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Resumo

A participagdo dos neutrofilos como mediadores inflamatérios em processos infecciosos,
tromboticos e neoplasicos tem sido descrita nos ultimos anos. Além de seu papel primario na
imunidade inata através da fagocitose de patdgenos e degranulacio, os neutréfilos contribuem
para inflamacao e hemostasia através da liberagcdo de redes extracelulares (NETs -neutrophil
extracellular traps) em resposta a diversos estimulos antigénicos. O transplante hepatico (TH)
¢ uma situacdo de manejo clinico complexo, caracterizada por um estado inflamatorio
persistente cujo mecanismo fisiopatologico nao estd elucidado. Nesse contexto, ¢ possivel que
haja envolvimento de NETs e que estes tenham impacto no progndstico apos o TH. O objetivo
deste estudo ¢ avaliar a evolugdo da liberagdo de NETs durante o TH e seu impacto nos
desfechos clinicos e necessidades transfusionais em uma coorte prospectiva. Em pacientes
submetidos a TH, foram quantificados H3 citrulinado (cit-H3) ¢ DNA livre (cf-DNA) em trés
periodos: pré-transplante, imediatamente apds reperfusao do enxerto e pré-alta. Para as andlises
estatisticas utilizamos os testes de ANOVA com medidas repetidas e modelos de regressao
ajustados para idade, sexo e escore MELD (Model for end-stage liver disease) corrigido.
Noventa e trés pacientes foram incluidos. Observamos uma elevagdo significativa dos
marcadores de NETose apds a reperfusdao do enxerto, evidenciado por niveis de cf-DNA muito
superiores as dosagens do pré-operatério (mediana de cf-DNA no pré-transplante:45,4 ng/mL,
apos a reperfusdo: 595,4 ng/mL, pré-alta: 66,7ng/mL, p<0.001). Os niveis de cit-H3 duplicaram
no pos-reperfusdo (mediana de cit-H3 dosados no pré transplante: 0,5ng/mL, ap6s reperfusao:
1,2ng/mL e pre alta 0,5ng/mL, p<0.0001). A liberagdo de NETSs no intraoperatorio foi preditora
de obito intra-hospitalar (OR=1,17, CI 95%= 1,02-1,34, p=0,02). Nao se observou associa¢ao
entre NETose e transfusdo de hemocomponentes ou outros desfechos clinicos negativos
(rejeicdo, trombose, infec¢do ou disfungdo de o6rgdos). Em conclusdo, demonstramos haver
liberacao exacerbada de NETs apos a reperfusao no TH, bem como a associacao entre NETs e
obito intra-hospitalar. Dada a relevancia da associagdo entre NETose e obito, e o papel central
dos NETs na inflamacdo do transplante hepatico, consideramos que NETs sdo potenciais
biomarcadores de inflamacdo nestes pacientes. Ainda, o desenvolvimento de terapéuticas
focando na inibi¢do de NETose poderia ser uma estratégia plausivel para redug¢do de efeitos
deletérios da inflamacao exacerbada inerente ao transplante.

Palavras-chave: NETs, transplante hepatico, transfusdo de hemocomponentes, neutréfilos,

desfechos clinicos.



Abstract: The role of neutrophils as key mediators in infection, thrombosis and cancer has been
widely described in the past few years. Besides their role in innate immunity through
phagocytosis and degranulation processes, neutrophils also contribute to hemostasis and other
inflammation processes: they are able to assemble a scaffold of decondensed chromatin,
forming a web-like structure called neutrophil extracellular traps (NETS) in response to several
antigenic stimuli. Liver transplantation (LT) is a complex situation, characterized by persistent
inflammatory status, whose physiopathology is not completely elucidated. In this context,
NETs might play a role in the prognostic after LT. The aim of this study is to evaluate NETs
release during OLT and the effect of NETosis on transfusion requirements and adverse
outcomes in a prospective cohort of patients submitted to OLT. In patients submitted to LT, we
quantified citrullinated histones(cit-H3) and circulating-free- DNA (cfDNA) in three periods:
pre-transplant, immediately after graft reperfusion and before discharge. NETs markers were
compared between these periods using ANOVA test. The association of NETosis and adverse
outcomes was evaluated using regression models adjusted for age, sex and corrected MELD.
Ninety-three patients were included. We observed a peak of circulating NETs following
reperfusion, evidenced by an increase in cf-DNA (median levels of cf-DNA pre-transplant:45,4
ng/mL, post reperfusion:595,4 ng/mL, pre-discharge: 66,7ng/mL, p<0.001) and a 2-fold
increase in cit-H3 levels in the post-graft reperfusion period (median levels of cit-H3 pre
transplant: 0,5ng/mL, after reperfusion:1,2ng/mL and at discharge 0,5 ng/mL, p<0.0001). We
observed an association between increased levels of cit-H3 and in hospital death (OR=1.17,
95%CI 1.02-1.34, p= 0.02). No association was found between NETs markers and transfusion
requirements. Conclusions: There is a prompt release of NETs after reperfusion that is
associated with poorer outcomes and death. Intraoperative NETs release seems to be
independent of transfusion requirements.These findings highlight the relevance of
inflammation promoted by NETS and its impact on OLT adverse clinical outcomes. The
development of therapeutics focusing on NETosis inhibition might be a plausible strategy to
reduce deleterious effects in OLT.

Keywords: neutrophil extracellular traps, blood transfusion, NETosis, liver transplantation,

clinical outcomes.
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2. Introducéo

2.1- Neutrdfilos e Neutrophil extracellular traps — arcaboucos extracelulares de neutréfilos
Os neutrofilos sdo as células de defesa mais abundantes do sistema imune inato,
correspondendo a 50-70% dos leucdcitos circulantes (1,2). Em adultos sadios, a produgéo de
neutrofilos é estimada em cerca de 2x10*! células por dia. A granulocitopoese se inicia a partir
de mieloblastos onipotentes na medula, que dardo origem em JUltima instancia a
polimorfonucleares maduros com diametro de 7-10 um, ndcleo segmentado e citoplasma rico
em: 1- granulos enzimaticos primarios (peroxidase-positivos, azurofilicos, que contém
mieloperoxidase, elastase neutrofilica, proteinase 3, catepsina G); 2- granulos secundarios
(peroxidase negativos, carreadores de lactoferrina, proteina 3 secretora rica em cisteina,
lipocalina, catelicidina LL-37) e 3- granulos terciarios (ricos em arginase 1 e gelatinases ) (3-
5).

Além de granulos, os neutrofilos possuem também vesiculas secretoras, essenciais para o
transporte de proteinas para a superficie da célula (integrinas, envolvidas na adesédo celular) e

proteases, que facilitam a transmigracéo (6).

Sabe-se que em resposta a estimulos inflamatorios, os neutréfilos sdo capazes de migrar ao sitio
de injdria; e, se ativados, atuar contra agentes infecciosos através de trés mecanismos principais:
fagocitose, degranulacdo e formacdo de redes extracelulares de neutréfilos, ou Neutrophil
extracellular traps (NETs), através de um fenébmeno chamado NETose (7). NETs é a
denominacdo dada as estruturas extracelulares originadas dos neutréfilos, formadas por
cromatina descondensada, associada a granulos citoplasmaticos em resposta a varios estimulos.
Brinkmann et al. foi o primeiro autor a demonstrar que neutréfilos ativados sdo capazes de
formar redes extracelulares de DNA em resposta a infec¢Oes patogénicas e a liberagcdo de
DAMPs (damage-associated molecular patterns) (8). Demonstrou-se que NETS séo
arcaboucos extracelulares formados por DNA integrado a histonas e proteinas granulares com
propriedades antimicrobianas. Sua formagé&o decorre de um processo de 4 etapas (figura 1), em
que ocorre:

1- Producéo de espécies reativas de oxigénio (EROs) via NADPH oxidase(9,10);

2- Deslocamento de enzimas proteoliticas citoplasmaticas para o nucleo do neutréfilo (11),

auxiliando na descondensacdo da cromatina através da clivagem das histonas;
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3- Degradacédo e modificacdo das histonas, processo pelo qual a peptidilargininadeaminase 4
(PADA4) citrulina residuos de arginina da histona H3 e a elastase neutrofilica degrada a histona
H1 para descondensacdo da cromatina (12);

4- Quebra das membranas nuclear e citoplasmatica e liberacdo da cromatina para 0 meio

extracelular (9).
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Figura 1-Adaptado de Papayannopoulos, 2018- Mecanismos moleculares de NETose

A formagdo de NETSs pode ser desencadeada tanto por estimulos estéreis enddgenos quanto por microorganismos. Todas as
vias culminam na formacéo de espécies reativas de oxigénio, via MEK kinases, desencadeando a via da MPO. Ocorre oxidagao
da NE, que degrada o citoesqueleto e bloqueia a fagocitose. A NE entéo se desloca para o nucleo e direciona a descondensacéo
da cromatina processando a histona H1. A descondensagdo da cromatina também é promovida pela MPO e pela ativacdo de
PADA4, que citrulina o residuo de arginina da Histona H3. Abreviacdes: NETs= redes extracelulares de neutrdfilos, do inglés
neutrophil extracellular traps; MEK= proteina kinase ativada por mitégeno, do inglés,mitogen-activated protein kinase;
MPO=mieloperoxidase; NE= elastase neutrofilica, do inglés neutrophil elastase; HMGB1= proteina 1 do grupo de alta
mobilidade, do inglés high mobility group box-1, TLR= receptor do tipo toll-like, do inglés toll-like receptor;IRAK4=proteina
quinase do receptor associado a interleucina 1, do inglés interleukin 1 receptor-associated kinase; RIPK= proteina kinase que
interage com o receptor de treonina/serina, do inglés receptor-interacting serine/threonine protein kinase;PAD4=deaminase
proteina -arginina do tipo 4, do inglés protein-arginine deaminase type 4, PI3K=fosfoinositideo kinase 3, do inglés
Phosphoinositide 3 kinase; PSGL1= ligante 1 da glicoproteina P-selectina, do inglés P -selectin glycoprotein ligand-1; AKT=0
mesmo que PKB =proteina kinase B; ATG7= gene autofagico 7, do inglés autophagy gene 7; PKC= proteina kinase C, do
inglés protein kinase C; ROS=espécies reativas de oxigénio, do inglés reactive oxygen species, CG= catepsina G, CR3
=receptor de complemento3, RAGE= receptor de produtos de glicacdo avancada, do inglés receptor for advanced glycated end
products; MEK=proteina quinase ativada por mitdgeno, do inglés mitogen-activated protein kinase; AZU=granulo azurofilico;
m-TOR= alvo mecanistico de rapamicina, do inglés mechanistic target of rapamycin
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2.2- NETs como mecanismo de defesa contra infecgdes

Inicialmente, os NETs foram descritos como um mecanismo de defesa contra patdgenos,
atuando na captura e destruicdo de bactérias, fungos e protozoarios (13-16). Entretanto, hoje
em dia, sabe-se que NETose pode ser desencadeada por inumeros estimulos, infecciosos ou

estéreis.

Um dos mecanismos que parece desencadear a formacéo de NETs em infecgdes é o tamanho
do microorganismo (17). O direcionamento de fagocitose versus NETose em uma infeccao
deve-se a disponibilidade ou ndo da elastase neutrofilica. Microorganismos pequenos
englobados por fagossomos se fundem a granulos azurdfilos, sequestrando a elastase
neutrofilica do nucleo e blogueando a descondensacdo da cromatina. Na auséncia de
fagossomos, microorganismos que sdo grandes demais para serem “ingeridos” permitem que a
elastase neutrofilica transloque para o nucleo, permitindo a NETose. Ainda, a liberagdo de
elastase neutrofilica no citoplasma promove a degradacdo da actina do citoesqueleto,
bloqueando a fagocitose e direcionando o comprometimento da célula para a NETose (17). A
liberacdo de NETs também ja foi reportada em infeccdes por HIV (15), virus sincicial
respiratério (18) e SARS-CoV2 (19).

2.3- NETs, doencas hepéticas e NETose no transplante hepético

Mais recentemente, NETs também foram implicados na patogénese de algumas hepatopatias
cronicas, tais como doenca hepatica alcodlica, hipertensdo portal (20) e esteatohepatite ndo
alcodlica (NASH) (21,22). Na doenca hepatica alcodlica, sabe-se que a exposicao ao alcool
reduz a capacidade dos macrdfagos hepaticos realizarem o clearance de NETS, e tal mecanismo
propagaria inflamacdo hepética e injdria tecidual (23,24). Na hipertensdo portal, sabe-se que
células endoteliais dos sinusoides hepaticos sdo capazes de secretar o fator quimiotatico de
neutrofilos (CXC motif-ligand, CXCL1) em resposta a distensdo mecénica imposta pela
congestdo. Hilscher et al (20) demonstraram que NETs propagam a hipertensdo portal ao

promover trombose ao longo dos sinusdides microvasculares.

Além da participacdo dos NETSs nas hepatopatias, sabe-se que durante o transplante hepatico,
ocorre intensa NETose (25). Huang et al. analisou a formacdo de NETs em modelos murinos
de injuria e reperfusdo (I/R) hepaticos, simulando o que ocorreria durante o transplante

ortotépico de figado. Demonstrou-se que no modelo de I/R hepéatica em camundongos ha
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formacdo de uma quantidade de DNA livre e nucleossomos significativamente maior do que
em camundongos com cirurgia placebo. Ainda, demonstrou-se que citocinas inflamatdrias
aumentam de maneira significativa nas células de Kupffer em meios de cultura com NETS, se
comparados a meios de cultura controles. O mesmo estudo demonstrou que histonas e HMGB,
os principais DAMPs (do inglés damage associated molecular patterns) liberados dos
hepatdcitos sob stress I/R, induzem a formacéo de NETS pela via de sinalizagdo TLR4 (toll-like
receptor 4) ou TLR9 (25). Foi comprovada a via TLR4 na patogénese da NETose, pois modelos
murinos com deplecdo de neutrofilos ou modelos geneticamente modificados TLR4- knockout
tinham menos danos de I/R se comparados a modelos animais convencionais. Al-Khafajii
(26)avaliou camundongos tratados com alopurinol e N-acetilcisteina, evidenciando menores
niveis de superdxido, com menor formacdo de NETs e menos dano I/R, corroborando a

participacdo da via de formacéo de superoxido via NADPH- neutrofilos da NETose, (26)

2.4- Inflamacéo e transplante hepético

Todo transplante hepético pressupde producdo elevada de citocinas no intraoperatério. Os
fenbmenos de I/R promovem um estado inflamatdrio exacerbado, com dano hepatocelular.
Estes ocorrem em funcéo da interrup¢do temporéria de fluxo sanguineo durante a confeccdo de
anastomoses ou por choque hipovolémico (25). Tais fendmenos resultam em dano
hepatocelular por isquemia, seguido por uma resposta inflamatoria rapida durante a reperfusao.
(27)

Apos a reperfusdo, Huang et al e Tsung et al (28,29) demonstraram que 0s hepatécitos lesados
liberam particulas denominadas DAMPs, tais como a proteina HMGB1 e histonas
extracelulares. Isto exacerba a injuria hepatica através da ativagdo de receptores TLR-4 eTLR-
9 (28,29), criando um meio que incita o influxo de células inflamatdrias, incluindo os
neutrofilos do sistema imune inato. Os neutrofilos séo recrutados ao local de injuria hepética
logo apos o inicio da isquemia, mediando, portanto, as respostas inflamatdrias precoces no
processo de injdria tecidual. O acumulo e infiltracdo de neutrofilos no figado faz com que haja
liberacdo de espécies reativas de oxigénio, enzimas proteoliticas e uma variedade de
mediadores inflamatdrios. (30)

Esta inflamac&o inerente ao transplante hepatico estd associada a piores desfechos clinicos.
Estados inflamatorios persistentes foram reconhecidos como deflagradores de complicagdes no

pos-operatério do transplante ortotopico de figado (TOF), tais como transfusdo de
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hemocomponentes (39), que foi preditor independente de mortalidade. Varios autores
demonstraram correlacdo entre elevagdo da producdo de citocinas no perioperatorio de
transplante hepatico e indices elevados de complicagbes como infeccdo e rejeicdo no
transplante hepatico. (31,32). Hassan et al (31) evidenciaram niveis séricos de IL-6 quatro vezes
superior em pacientes de TOF com complica¢fes no pos-operatdrio se comparados a pacientes
sem complicagfes. Miki et al (32) demonstraram que picos de IL6 e IL-1 B estdo
independentemente relacionados com o nivel de bilirrubina & admissdo e o consumo de

hemocomponentes no intraoperatario.

Mais recentemente, Friedman et al (33)demonstraram que a mediana de niveis pds-operatorios
de IL6 era superior em pacientes pés TOF com disfuncdo precoce do enxerto , EAD (do inglés,
early allograft dysfunction) se comparado a pacientes sem EAD, porém, sem significancia
estatistica. O mesmo autor demonstrou niveis de MCP-1, RANTES e IL-8 significativamente

superior em pacientes com EAD se comparados a pacientes sem EAD. (33).

2.4.1- Inflamacéo induzida por transfusdo sanguinea no TOF e desfechos clinicos

A transfusdo de hemocomponentes € comum no TOF, sendo frequente a ocorréncia de
coagulopatia e transfusdo macica (34). A coagulopatia prépria do procedimento cirirgico
(hemodiluigdo, acidose, hipotermia, hipocalcemia) é exacerbada pelos disturbios tipicos do

hepatopata cronico, com desbalanco entre drives pro-coagulantes e anticoagulantes (35).

Peculiaridades das fases cirurgicas do TOF também contribuem para 0 sangramento e elevacdo
das necessidades transfusionais. Observa-se: I- Fase anepatica: reducdo da sintese dos fatores
de coagulacdo e do clearance de tPA (tissue plasminogen activator), com hipocoagulabilidade
e atividade fibrinolitica aumentada; I1- Reperfuséo: liberacdo de heparindides endogenos (36),
sequestro de plaquetas nos sinuséides do enxerto, reducdo global dos fatores de coagulacéo,
fatores antifibrinoliticos e inibidor do ativador do plasminogénio (PAI-1), com produgéo
simultdnea de tPA; Ill- Pos- reperfusdo: liberacdo de tPA do endotélio do enxerto, com
ocorréncia de hiperfibrinodlise (37). Tais alteracbes provocam distlrbios de hemostasia
complexos, com ocorréncia de sangramento profuso; e consequentemente, necessidade de
transfusdo de hemocomponentes. Os tempos de isquemia também podem repercutir nas
necessidades transfusionais no TOF (38).

Apesar de atualmente a transfuséo ser bastante segura e capaz de restabelecer a hemodinadmica
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e hemostasia em situagdes criticas irreversiveis, ndo € isenta de riscos (39). Houve grandes
avangos em seguranca transfusional, tanto com relacéo a reducdo de risco infeccioso quanto a
seguranca do processamento do sangue. Entretanto, a transfusdo ainda representa riscos
adicionais em diversos cenarios. Especificamente no TOF, alguns autores correlacionam
transfusdo a reducdo de sobrevida (40), a ocorréncia de injuria respiratdria aguda e aumento de
risco infeccioso dose dependente (41). Associado a isso, outros trabalhos mostram que a
reducdo do uso de hemocomponentes no TOF claramente se destaca como um dos fatores

relacionados a melhora da sobrevida e de desfechos clinicos (42).

Assim, 0 manejo hemoterapico dos pacientes submetidos a TOF vem sofrendo mudangas
importantes ao longo das décadas, com especial destaque a reducdo do uso de
hemocomponentes (43). Na década de 90, era frequente a ocorréncia de sangramento profuso
com evolugéo para transfusdo macica (44). Hoje, séo reportadas taxas de surpreendentes 79,6%
de transplantes hepaticos realizados sem nenhum tipo de transfusdo em alguns servicos (42).

Os mecanismos através dos quais se estabelece a ligacdo entre transfuséo e piores desfechos do
TOF ndo sdo completamente conhecidos, uma vez que necessidades transfusionais elevadas
também podem ser consequéncia de pacientes mais graves, cirurgias mais complexas, com

potenciais fatores confundidores nos desfechos analisados (43).

Entretanto, acredita-se que a transfusdo possa causar efeitos imunomodulatérios (TRIM,
transfusion related immune-modulation) como a supressao de células citotoxicas e da atividade
de mondcitos, liberacdo de prostaglandinas imunossupressoras, aumento na atividade

supressora de células T e inibicdo da produgdo de interleucina 2 (IL-2) (45).

Estudos “in vitro” demonstraram que a exposicao do sangue total ao sobrenadante de heméacias
leucodepletadas é capaz de desencadear a liberacdo de IL-6, IL-10 e fator de necrose tumoral
o (TNF o), e induzir a ativacdo das células T regulatorias (Treg) (46). A ativacdo das células
Treg é do tipo ndo antigeno especifica, uma vez que podem ser ativadas por lipopolissacarides
através da via dos receptores do tipo Toll (TLR) -4, e se tornar imunossupressoras (47). Estes
achados explicam o porqué da ocorréncia de inflamacéo e imunossupressdo apos a infusdo de

hemaécias, a despeito da leucodeplecéo .

Além dos leucécitos residuais biologicamente ativos, as hemacias também contém lipides ndo

polares e lisofosfatidilcolinas (Liso PC) pro-inflamatérias. (48). Liso- PC sdo capazes de
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modular a atividade de células NK e T, atuando como quimiotéxicas para NK, estimulando a

producdo de citocinas pré-inflamatorias e induzindo maturagdo dendritica. (49).

Demonstrou-se também que plaquetas coletadas por aférese sdo capazes de liberar lipides
bioativos, fatores de crescimento, quimiocinas e microparticulas (50) ap6s transfusdo. Ocorre
ainda a liberacdo de CD 40L, que induz proliferacdo de linfocitos B e funcBes na cascata
inflamatdria (51). Fatores de crescimento incluindo VEGF (Vascular endotelial growth fator),
fator de crescimento derivado de plaquetas, fator 2 de crescimento dos fibroblastos, fator
neurotropico derivado do cérebro, fator de crescimento epidermal e fator de crescimento
transformador Bl (TGFP1) estdo presentes em plagquetas leucodepletadas apds 6 dias de

armazenamento (52).

Com relacdo a transfuséo de plasma, a despeito de se tratar de um produto acelular, a adi¢do de
plasma ao sangue periférico de individuos saudéaveis induziu “in vitro” a liberacao espontanea

e dose-dependente de TNF o e IL 10. (53).

Em resumo, a transfusdo de produtos alogénicos é sabidamente associada com um estimulo
pré-inflamatorio no receptor. Muitos destes fatores biologicos potencialmente afetam a

imunidade inata.

Desta forma, sendo a transfusdo de hemocomponentes evento extremamente comum no TOF,
associada a estimulos pro inflamatorios e imunossupressores, acredita-se também estar
envolvida e contribuir para a fisiopatologia da inflamacéo e das complicacdes do transplante

hepatico.

3- Justificativa

A funcgdo classica dos neutrdéfilos como protagonistas da imunidade inata baseia-se na
fagocitose e resposta inflamatdria que protege o hospedeiro contra infecgdes. Entretanto, novos
aspectos relacionados a biologia dos neutréfilos e 8 NETose podem contribuir para os danos de
injuria inflamatdria e estimulo.

Clinicamente, ja foi descrito o papel dos NETs na inflamac&o, infec¢do e trombose em varios
cenarios. Em estudos com animais, foi demonstrada a participacdo dos NETs nos fendbmenos

de I/R inerentes a todo transplante hepatico.
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Apesar de NETS estarem presentes em diversas doencas com perfil inflamatorio grave e terem
sido relacionados a complicagdes pés TOF em murinos, a correlacdo entre NETSs e desfechos
clinicos no TOF é um assunto pouco explorado.

Desta forma, o presente estudo visa a descrever o papel dos NETs como preditores de
complicacdes em TOF e estabelecer uma correlagdo entre estes biomarcadores e transfuséo. A
identificacdo de novos marcadores preditivos de desfechos clinicos podera auxiliar na

identificacdo precoce de algumas complicacgdes, otimizando o manejo deste grupo de pacientes.

4- Objetivos
O objetivo geral deste estudo € determinar a evolucdo da concentragdo plasmatica de NETS
durante o TOF e correlaciona-la com desfechos clinicos negativos.
Os objetivos especificos sdo avaliar nos pacientes submetidos a TOF:
1- Presenca de NETSs circulantes no pré transplante, apos reperfusdo do enxerto e pré alta-
hospitalar
2- Quantidade de hemocomponentes transfundidos no intraoperatério e pos-operatério
imediato
3- Ocorréncia dos desfechos clinicos: eventos trombdticos no pds-operatério imediato;
infeccbes no pds-operatério imediato; ocorréncia de EAD; tempo de internacao
hospitalar; rejeicdo aguda, trombose.
4- Correlacionar a presenca de NETs com o consumo de hemocomponentes e os desfechos

clinicos.

5. Metodologia

5.1. Aspectos éticos da pesquisa

Os pacientes elegiveis foram convidados a participar do estudo, sendo-lhes reservado o direito
de recusa de participacdo. Foi explicado que ndo haveria qualquer prejuizo de seu tratamento,
ou modificagdo de sua assisténcia médica independentemente do aceite ou recusa na
participacdo do estudo.

O projeto foi encaminhado ao Comité de Etica em Pesquisa do Hospital Israclita Albert Einstein
(HIAE) e inscrito na Plataforma Brasil sob o CAAE 65116317.7.0000.0071. A inclusdo dos
pacientes foi feita através do “Termo de Consentimento Livre e Esclarecido” (TCLE) datado e
assinado. Ap0s a assinatura do termo, foram realizadas as coletas de amostras.

Durante o processo de analise dos dados, a identificacdo dos pacientes foi substituida pelo
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nimero do caso correspondente, assegurando o direito do sigilo pré-estabelecido nas
determinac6es do Conselho Nacional de Saude (Resolugdo 466/2012 e suas complementares).

5.2- Selecao de pacientes

Foram incluidos todos os pacientes com idade superior a 18 anos com doenca hepatica cronica
candidatos a TOF abril de 2017 a janeiro de 2020, recrutados dentre os pacientes do
Ambulatério de Transplantes do Programa de Transplantes do HIAE. A estimativa de inclusao
prevista era de 70 a 100 pacientes.

O histdrico e aspectos clinicos dos pacientes foram obtidos através do prontuéario médico e por
meio de uma entrevista com formulério padronizado.

Os pacientes incluidos no estudo foram seguidos prospectivamente desde o momento da
assinatura do TCLE até a alta hospitalar. Foram coletados os seguintes dados demograficos e
da evolugdo clinica: idade, sexo, diagndstico, comorbidades, histérico de tromboses,
classificacdo Child, escore MELD (Model for End Stage Liver Disease, modelo para doenga
hepética terminal), tempo cirargico, dados tromboelastograficos pré transplante, pds reperfuséo
e ao término da cirurgia, quantidade e tipos de hemocomponentes e hemoderivados utilizados
no intraoperatério e durante toda a internacéo hospitalar, tempo de internacdo em UTI (Unidade
de Terapia Intensiva), tempo de internacdo e ocorréncia dos desfechos clinicos: eventos
trombaticos no pos operatério imediato; infeccBes no pos operatdrio imediato; ocorréncia de

EAD; rejeicdo aguda.

5.3 —Coleta de dados clinicos dos pacientes durante e pés TOF

A coleta de dados clinicos foi feita mediante analise diaria do prontuario de todos os pacientes
durante toda a internacdo hospitalar, bem como contato com a equipe médica de transplantes
responsavel. No periodo pdés transplante, todos os pacientes foram acompanhados para
seguimento de sobrevida, sendo o tempo minimo de seguimento de 02 dias (6bito no 2° dia de
poOs operatdrio) e um tempo maximo de 1223 dias apos o transplante (data de ultimo retorno

ambulatorial realizado até a conclusdo de seguimento pds alta hospitalar deste estudo).

5.4- Coleta de material biologico

A coleta de amostras foi feita na admisséo do paciente para transplante hepatico (tempo A: pré-
operatdrio imediato: intervalo de tempo estimado até o inicio da indugdo anestésica: 2 horas),
nos pos reperfusdo (tempo B: tempo maximo estimado de coleta apds a reperfusdo: 10 minutos)

e no momento da alta (tempo C). Os tempos para coleta de amostra foram padronizados durante
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0 ato cirdrgico tanto para avaliacdo hemostética quanto para os propositos deste estudo.

A coleta foi realizada por puncdo venosa periférica, e o0 sangue distribuido em 2 tubos (1 tubo
de citrato e 1 tubo seco). Apds a coleta, os tubos com citrato permaneceram na posicao vertical
e foram transportados até o laboratdrio dentro de racks para tubos. As amostras de tubo seco e
citrato foram centrifugadas, em centrifuga refrigerada por 15 min a 1500 G, para a obtencéo de
plasma e soro. Tempo méaximo para centrifugacdo apés a coleta da amostra: 2 horas. Amostras
que ndo pudessem ser processadas dentro deste limite de tempo foram descartadas para evitar
erros pré-analiticos. O controle do tempos de coleta era realizado por meio de impresso com
registro contendo horério de coleta. O soro e o plasma obtidos por centrifugagdo foram
imediatamente separados em aliquotas, de 100 a 500 pul e armazenados em freezer a -80°c até
a realizacdo dos ensaios. Apenas foram incluidos os pacientes com amostras adequadas para
andlise dos tempos A e B. Quaisquer extravios de amostras dos tempos A e/ou B, falhas de
processamento dos tempos A e/ou B implicaram exclusdo do estudo. Apds o término de todos

0S ensaios as amostras foram descartadas.

5.5- Quantificacio de DNA livre no plasma pela técnica de PicoGreen

A quantificacio de DNA livre no plasma foi realizada pelo kit comercial QuantiT™
PicoGreen® dsDNAAssay Kit (ThermoFisherScientific, EUA), de acordo com instru¢des do
fabricante. A leitura da amostra foi realizada pelo leitor de fluorescéncia de microplacas nos
seguintes comprimentos de ondas: 480nm de excitagdo e 520nm de emissdo. A quantificagdo
de DNA livre se deu pelo fato de que este poderia ser um marcador indireto de NETose, podendo
o DNA livre mensurado refletir, de maneira inespecifica, o0 DNA liberado pelos neutrofilos.

Trata-se de um ensaio de fécil realizag¢do, porém inespecifico para NETose.

5.6- Quantificacio da concentracao de H3 citrulinado por ELISA

A quantifica¢do da concentracao de H3 citrulinado no plasma foi avaliada pelo kit comercial
Citrullinated histone H3 (cit-H3) (Clone 11 D3; Cayman, Inc). 100 pL de plasma foram
pipetados em cada pogo e deixados sob incubacdo em temperatura ambiente por 2 horas em um
agitador orbital. Apos, foram realizadas 5 lavagens com tampao de lavagem e adicionados 100
uL de solugdo de conjugado H3 HRP, seguido por um periodo de 30 minutos de incubagdo no
escuro, em agitador orbital. Entdo, adicionou-se 100 uL de solugdo stop e a placa foi lida a
frequéncias de 450 nm. O Cit-H3 ¢ um marcador bastante especifico e fidedigno da NETose,

discriminando exatamente a etapa de citrulinizacao das histonas H3.
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5.7- Quantificacio da concentracio de MPO por ELISA

A quantificacdo da concentragdo de MPO no soro foi avaliada pelo kit comercial Cell Death
detection ELISAPLUS (Roche Diagnostic Mannheim, Germany). 75 uL de anticorpo anti-
MPO (5ug/ml ) foram pipetados em cada pogo e feita incubagio durante a noite (12 horas ) a
4 graus Celsius. A placa foi lavada por 3 vezes com 200 pL com tampao de lavagem (PBS).
Adicionou-se a cada po¢o 150 pL de solucao de tampdo de bloqueio a 1% e incubado por 60
min a 37 graus Celsius. Procedeu-se entdo com lavagem da placa por 4 vezes com 200 uL de
tampao de lavagem. Foram pipetados 76 pL de amostra e/ou reagentes comerciais da curva de
calibragdo e apds, adicionados 4 puL de anticorpo anti-DNA. Esta reagdo foi incubada por 2
horas a 37 graus Celsius, sob agitacdo a 320 rpm. A seguir, as amostras foram lavadas com 200
nL de solugdo tampao de lavagem (PBS) por 3 vezes. Adicionou-se entdo 100 pL de substrato
peroxidase (reagente ABTS do kit Cell Death) a cada pogo e deixado em incubagdo a 37 graus
Celsius por 40 minutos, protegido da luz, sob agitagdo a 250 rpm. Foram pipetadas 100 pL de

solucao de bloqueio e feita leitura a 405 nm.

5.8- Analise Estatistica

Foi feita analise descritiva através de tabelas de frequéncias para variaveis categoricas e
medidas de posi¢do e dispersdo para varidveis numeéricas. Comparamos os marcadores de
NETose (CitH3 e c¢fDNA) entre todos os tempos (pré transplante, imediatamente apos
reperfusdo e pré alta) ao longo da internag@o hospitalar utilizando o teste de ANOVA. Para as
associacoes entre os marcadores de NETose e os desfechos continuos, foram feitas regressoes
lineares. Para as associagdes entre os marcadores de NETose e desfechos binarios, foram feitas
regressoes logisticas. Essas andlises foram ajustadas para sexo, idade e MELD corrigido. Para
associacdo entre os marcadores de NETose e sobrevida, foram feitos testes log-rank e curvas
Kaplan Meier de acordo com os tercis de PicoGreen e Cit-H3 e dias de sobrevida apds o
transplante. Para associacao entre os marcadores tromboelastograficos e niveis de CitH3 foram
feitas correlagcdes de Spearman. O nivel de significancia adotado para os testes estatisticos foi

5% (P<0.05).

6 - Resultados
6.1- Caracteristicas da populacio estudada
De 20 de abril de 2017 a 24 de janeiro de 2020, foram realizados 158 transplantes hepaticos.

Cento e vinte e quatro pacientes elegiveis foram abordados para obten¢do de consentimento.
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Destes, noventa e trés efetivamente participaram do projeto, com inclusdo de pelo menos coleta
de amostras dos tempos A e B. Trinta e um pacientes foram excluidos, por falha de coleta de
amostras dos tempos A ou B e/ou impossibilidade de aplicagao de TCLE, o que inviabilizaria
as analises (Figura 2).Tais exclusdes ocorreram de maneira totalmente aleatéria. O estudo foi
realizado entdo com noventa e trés pacientes elegiveis para analise de cf-DNA ,cit-H3 ¢ MPO
coletados nos tempos A, B e C. Todos os pacientes foram seguidos durante toda a internagao
hospitalar até alta ou Obito, diariamente. No pds operatorio tardio, todos os pacientes foram
seguidos por um periodo minimo de 2 dias (6bito no 2° dia de pds operatorio) e um maximo de
1223 dias apos o transplante (data de Gltimo retorno ambulatorial realizado até a conclusdo de

seguimento pos alta hospitalar deste estudo).

Figura 2- Recrutamento de pacientes

—

E—

De um total de 158 transplantes, foram abordados 124 pacientes para participagdo na pesquisa. Houve 14 recusas de
participagdo e ndo foi possivel abordar 20 pacientes por impossibilidade de aplicagdo de termo de consentimento. Dos 124
pacientes incluidos, houve 31 exclusdes, por falha de coleta e/ou impossibilidade de processamento das amostras dos tempos

Aec/ouB

Nao houve perda de follow-up neste periodo. A tabela 1 traz os dados demograficos dos
pacientes. Houve um predominio (62.4%) de pacientes do sexo masculino, sendo a maioria
(69.2%) com idade superior a 51 anos e de raca branca (66.3%). A tabela 2 traz dados clinicos
basais, da fase pré transplante. O diagndstico etiologico mais frequente dos pacientes foi cirrose
viral (24.7%), e o mais raro a hepatite fulminante (4.3%). Setenta e um por cento dos pacientes
tinha situagdo especial, sendo o motivo mais frequente o carcinoma hepatocelular (HCC)
(38%), seguido da ascite refrataria (32.7%). A grande maioria (95.3%) dos pacientes tinha status
funcional de Karnofsky entre 80-100 %.



Tabela 1- Dados demograficos

Pacientes submetidos a transplante
ortotdpico de figado) (n=93)

Sexo masculino, n (%) 58 (62.4)
Idade (min-max.) 21-72
20-30 9(9.6)
31-40 10 (10.6)
41-50 10 (10.6)
51-60 28 (29.8)
>61 37 (39.4)
Idade Min- Max 21-72
Etnia (n=89)
Branco, n (%) 59 (66.3)
Preto, n (%) 8(9)
Pardo, n (%) 21 (23.6)
Amarelo, n (%) 1(1.1)

IMC, mediana (IQR) n=77

27.16 (23.9-31.1)

IMC= Indice de massa corporea, IQR= intervalo interquartil, do inglés interquartil range
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Tabela 2- Dados clinicos
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Pacientes submetidos a
transplante ortotopico de

figado) (n=93)

Diagnostico Etiologico (n=93)
Cirrose viral, n (%)

Cirrose biliar primaria/ Hepatite autoimune/ ﬁ gig
Colangite esclerosante, n (%) '
Cirrose alcodlica+ virus, n (%) 6 (6.5)
Hepatite fulminante, n (%) 4 (4.3)
Alcodlica, n (%) 22 (23.6)
PAF/ Budd Chiari/NASH/Criptogénica/Tu neuroenddcrino, n (%) 27 (29)
Score MELD, mediana (IQR) 16 (11-25.5)
Score MELD corrigido, mediana (IQR) 29 (25.5-29)
Situacdo especial, n (%) 71 (76.3)
Situacdo especial motivo
HCC, n (%) 27 (38)
HCC sem downstaging, n (%) 2(2.8)
HCC com downstaging, n (%) 1(1.4)
PAF, n (%) 5(7)
Ascite refratéria, n (%) 23 (32.7)
Miscelanea (Colangite de repeticdo, tu neuroenddcrino, 13(11 '3)
hemangioendotelioma, doenca policistica, Budd Chiari), n (%) '
Score Child-Pugh (n=83)
A, n (%) 14 (16.9)
B, n (%) 31 (37.3)
C,n (%) 30 (36.2)
No6dulo ou Tumor Hepaético, n (%) 32 (34.4)
Hemorragias prévias, n (%) 12 (12.9)
Cirurgias prévias abdominais, n (%) 38 (40.9)
Trombose veia porta, n (%) 12 (12.9)
Varizes esofagicas, n (%) 15 (16.1)
Ascite, n (%) 42 (45.2)
Hipertensao portal, n (%) 43 (46.2)
Comorbidades, n (%) 47 (50.5)
Insuf renal dialitica pré transplante, n (%) 2(2.1)
DM, n (%) 21 (22.6)
HAS, n (%) 22 (23.6)
Tabagismo, n (%) 13 (14)
Obesidade, n (%) 68 (73.1)
Tireoidopatia 5(5.3)
Karnofsky (n=86)
80 - 100, n (%) 82 (95.3)
40 - 60, n (%) 4 (4.7)

Tabela 2 — Dados clinicos da populagdo estudada. HCC= hepatocarcinoma, PAF=poliamiloidose familiar, DM=diabetes

mellitus, HAS=hipertensdo arterial sistémica, , IQR= intervalo interquartil, do inglés interquartil range
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A tabela 3 traz dados de tempos cirirgicos. Os tempos de isquemia quente (TIQ= isquemia
durante a implantagcdo do 6rgdo, desde a remog¢do do gelo até a reperfusdo) e os tempos de
isquemia fria (TIF= periodo que vai do inicio da preservacao fria in vivo no doador até a
remog¢ao do armazenamento a 4 graus Celsius). Ambos os tempos influenciam no consumo de
hemocomponentes e estdo reportados abaixo. A tabela 4 mostra o consumo de transfusdo,
hemoderivados e antifibrinolitico no intraoperatdrio. O hemocomponente mais transfundido no
intraoperatorio foi o concentrado de hemacias, com uma mediana de 1 unidade (min :0, max:
5). Cerca de metade (51.6%) dos pacientes usou cell saver, com mediana de volume de sangue

recuperado de 916 ml (IQR 502-1286).

Tabela 3- Dados intraoperatdrios de tempos cirurgicos

Pacientes submetidos a transplante
ortotépico de figado) (n=93)

TIQ (min), mediana (IQR) 30 (25-38)

TIF (min), mediana (IQR) 371 (326-454)

Tempo total de cirurgia (min), mediana (IQR) 287 (240-360)

Tempo total de anestesia (min), mediana (IQR) 367 (301-455)
Intercorréncias cirurgia, n (%) 35 (37.6)
Trombectomia no intraoperatério, n (%) 10 (3.3)

Dados de tempos cirargicos. TIQ= tempo de isquemia quente; TIF= tempo de isquemia fria, IQR= intervalo interquartil, do

inglés interquartil range

Tabela 4- Transfusdo de hemocomponentes, uso de hemoderivados e agente

antifibrinolitico no intraoperatdrio:

Concentrados hemécias transfundidos, mediana (min-max.) 1 (0-5)
Unidades de plaquetas transfundidas, mediana (min-méx.)

Dose = 1 aférese ou 6 plaquetas randémicas (3x101) 0 (0-6)
Unidades de PFC transfundidas, mediana (min-méx.) 0 (0-4)
Unidades de crioprecipitado transfundidas, mediana (min-

méx.) 0 (0-8)
Volume recuperado no cell saver (n=48), mediana (IQR) 916 (502-1286)
Complexo protrombinico, n (%) 20 (22,2)
Uso de acido tranexamico, n (%) 7 (7,5)
Uso de concentrado de fibrinogénio, n (%) 36 (38,7)

PFC= plasma fresco congelado, IQR= intervalo interquartil, do inglés interquartil range
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Na tabela 5, encontramos dados laboratoriais do pré-transplante e poés reperfusdo. Dados de
tromboelastografia mostram de maneira geral discreto comprometimento hemostatico, com
alargamento de CT (clotting time) (mediana 67, IQR 61-82) e CFT (clot formation time)
(medianal 38, IQR 96-237) no EXTEM, acompanhado de plaquetopenia, que se exacerbam nos
po6s reperfusdo, CT (mediana 69, IQR 57-83), CFT (mediana 160 IQR 155-243).

Tabela 5- Dados laboratoriais do perioperatdrio

Pacientes submetidos a transplante ortotdpico de figado)
(n=93)
Pré - transplante Pos - transplante
Hb (g/dL), mediana (IQR) 11.1 (8.7-12.8) 9.5 (8.2-10.3)
PLAQUETAS (/mm3),
mediana (IQR) 70 000 (48000-113 000) 60 000 (44 000-104 000)
INR, mediana (IQR) 1.6 (1.4-2.0) NA
pH (n=79), mediana (IQR) 7.4 (7.3-7.4) 7.3(7.3-74)
HCOs3 (n=78), mediana
(IQR) 23.6 (20.9-26.6) NA
BE (n=77), mediana (IQR) 1.1(-1.1, -4.85) NA
Lactato (n=76), mediana
(IQR) 13 (9-18.5) 23 (14.5-32)
CT EX, mediana (IQR) 67 (61-82) 69 (57-83)
CFT, mediana (IQR) 138 (96-237) 160 (155-243)
ALFA, mediana (IQR) 66(56-74) 63 (52.7-72)
A5, mediana (IQR) 32 (23-40) 29.5 (22-34.2)
A10, mediana (IQR) 43 (33-51) 39 (31-43)
MCF, mediana (IQR) 51 (41-58) 49 (41-43.2)
A10FIB, mediana (IQR) 11 (7-16) 9 (6-11)
A5 FIB, mediana (IQR) 10 (6-15) 9 (6-11)
MCF FIB, mediana (IQR) 12 (7.5-17) NA
A20 FIB, mediana (IQR) 12 (7.7-17.2) 10 (7-13.5)

Hb: hemoglobina; IQR: interquartile range; INR= International normalized ratio; BE=base excess; EX= ensaios no EXTEM,

FIB= ensaios no FIBTEM, CT= clotting time, CFT= clot formation time; MCF=maximum clot firmness,NA=n&o aplicavel

Os pacientes apresentaram mediana de internagdo em Unidade de Terapia Intensiva (UTI) de 4
dias (IQR 3-8) e 11 dias (IQR 8-17) de internacdo hospitalar total. A mediana de dias sob
ventilagdo mecanica foi de 1 (IQR 1-2). Quarenta pacientes apresentaram infecc¢ao, sendo a
etiologia bacteriana a mais comum (58.1%). Cerca de metade (47.3%) dos pacientes
apresentaram disfuncdo organica. Destes, um ter¢o evoluiu com necessidade de dilise. Quinze
por cento dos pacientes evoluiu com rejei¢ao. Sete pacientes apresentaram trombose nova no
pOs-operatorio (desde o pds operatorio imediato até a alta hospitalar). Nove pacientes evoluiram

a obito. Estes dados estdo apresentados na tabela 6 abaixo:
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Tabela 6- Dados de internacdo e desfechos clinicos dos pacientes submetidos ao
transplante hepatico

Pacientes submetidos a transplante (n=93)
Dias de UTI, mediana (IQR) 4 (3-8)
Dias de internacdo, mediana (IQR) 11(8-17)
Dias em ventilacdo mecanica, mediana (IQR) 1(1-2)
Infeccéo, n (%) 43 (46.2)
Sitio de infeccéo
pulméo, n (%) 6 (13.9)
hemocultura do doador, n (%) 8 (18.6)
ICS, n (%) 11 (25.6)
ascite, n (%) 4(9.3)
ITU 8 (18.6)
Miscelanea* (liguor, cateter, TGI) 6 (13.9)
Agente
Bactéria, n (%) 25 (58.1)
Fungo (Candida e Trichosporon), n (%) 4(9.3)
CMV, n (%) 6 (13.9)
Th, n (%) 1(2.3)
Enxerto com Tb em AP, n (%) 1(2.3)
miscelénea, n (%) 3(
Disfuncdo orgénica, n (%) 44 (47.3)
Hemodidlise, n (%) 31 (33.3)
Trombose durante o pds-operatério, n (%) 10 (5.4)
Rejeicéo, n (%) 14 (15)
Biopsia / causa da rejeicdo
RCA moderada, n (%) 8 (57.1)
RCA grave, n (%) 5(35.7)
outros, n (%) 2(14.2)
Reabordagem, n (%) 11 (11.8)
Motivo da reabordagem
Second look, n (%) 3(27.3)
sangramento, n (%) 7 (63.6)
outros, n (%) 1(9.1)
Retransplante, n (%) 4(13)
Causa do retransplante
Primary nonfunction, n (%) 2 (50)
TAH, n (%) 2 (50)
Obito na internagéo, n (%) 9(9.7)
Causa do 6bito
Choque distributivo, n (%) 3(33,3)
Choque séptico, n (%) 5 (55,5)
Choque hemorrégico, n (%) 1(11.1)

Legendas: IQR: interquartile range, ICS= infeccdo de corrente sanguinea, ITU=infeccdo de trato urinario, * liquor, infeccéo de cateter, trato
gastrointestinal, CMV=Citomegalovirus, Th= Tuberculose, AP=Anatomo patolégico, RCA= Rejeicdo celular aguda, TAH= trombose de

artéria hepatica.
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6.2- Evolucgdo da concentracdo plasmatica de NETs durante a internacdo para TOF

A fim de documentar os niveis circulantes de NETs nos trés momentos analisados (momento
A: pré transplante imediato; momento B= pds reperfusdo e momento C= alta), realizamos
ensaios de PicoGreen para quantificagao de DNA livre e Cit-H3 circulante com as amostras dos
tempos A, B e C (Tabela 7)

Observamos uma ascensao dos niveis de DNA livre e Cit-H3 do momento A para o0 momento
B, com posterior declinio do momento B para o momento C, de maneira estatisticamente
significativa. Os valores de DNA livre nos 03 tempos foram: tempo A: mediana:45,4 ng/ml
(IQR 17,0-117,8) , tempo B: mediana 595,4 ng/ml (IQR 155,3-1230,6) , e tempo C mediana:
66,7 ng/ml (IQR =42,7-123,3) (p< 0.001). Os valores de Cit-H3 nos 03 tempos foram: tempo
A: mediana 0,5 ng/ ml (IQR 0,2-1,0 ng/ml), tempo B: mediana 1,2 ng/ml (IQR 0,7-3,0) e tempo
C: mediana: 0,5 (IQR 0,2-0,8 ng/ml, (P<0.0001). Estes dados estdo registrados na tabela 7

abaixo:

Tabela 7 — Marcadores de NETose nos tempos A, B C -

A B C
Cit-H3 (ng/mL) 0,5(0,2-1,0) 1,2 (0,7-3,0) 0,5(0,2-0,8) P<0.0001
(mediana, IQR)
DNA livre (ng/mL) 45,4 (17,0-117,8) | 595,4 (155,3-1230,6) | 66,7 (42,7-123,3) P<0.001
(mediana, IQR)

Marcadores de NETose ao longo do transplante hepatico. Essa tabela demonstra a evolu¢do da NETose no pré-operatdrio do
transplante (tempo A), no poés reperfusdo (tempo B) e no pré alta (tempo C).IQR: interquartil; A: pré-transplante ; B= ap0s

reperfusdo ; C= pré alta

6.3- Fatores associados a NETose no pré-operatorio

A tabela 8 demonstra os fatores relacionados aos niveis de H3 citrulinado do momento A, no
pré-operatério imediato. Consideramos idade, sexo, diagnostico etioldgico, MELD corrigido,
presenca de HCC, hemorragias prévias, trombose de veia porta, hipertensao portal e presenga
de comorbidades como possiveis fatores associados a NETose basal pré transplante.

Apenas o diagnostico etiologico foi independentemente correlacionado ao aumento dos niveis

de Cit-H3 encontrados antes do TOF. Dentre os diagnosticos etiologicos, os valores de Cit-H3
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estavam particularmente elevados nas hepatites fulminantes (média 10,2; DP=14,1), seguido
das doengas autoimunes (média 1,4; DP=3,3). Os menores valores de H3 citrulinado foram

observados nas doengas virais (média 0,3, DP=0,2) e na cirrose alcéolica (média 0,6, DP=0,6).

Tabela 8. Determinacao dos fatores de risco para NETose no pré-operatorio de TOF.

Parametros basais Beta Intervalo de
(coeficiente de confianga de 95% P
regressao linear)

Sexo -0,124 (-3,910a 1,431) 0,358
Idade 0,027 (-0,089 a 0,108) 0,847
Diagnostico Etioldgico 0,263 (-0,004 a 1,525) 0,051
Score MELD corrigido -0,073 (-0,313a 0,166) 0,543
No6dulo ou Tumor Hepatico 0,125 (-1,711a 4,176) 0,407
Hemorragias prévias -0,197 (-5,966 a 0,558) 0,103
Trombose veia porta -0,086 (-4,350 a 2,057) 0,478
Hipertenséo portal 0,049 (-2,143 a 3,077) 0,722
Cirurgias prévias 0,138 (-1,143 a 3,795) 0,288
Comorbidades -0,127 (-3,513a 1,124) 0,308

Fatores de risco para NETose basal - Nesta tabela demonstramos resultados da analise multivariada da associagdo entre fatores

clinicos basais associados e niveis de H3 citrulinado no pré-operatdrio (momento A).

6.4— Fatores associados a liberacio de NETs no intraoperatorio

Posteriormente, analisamos se fatores relacionados ao intraoperatorio, como tempos de
isquemia quente (TIQ), tempo de isquemia fria (TIF), tempo de clampeamento vascular, tempo
total de cirurgia, trombectomia ou intercorréncias na cirurgia (lesdes vasculares, lesdes de
arvore biliar, intercorréncias clinicas, dificuldades anastomoticas) estavam associados a
excessiva liberacao de NETs no periodo de pos-reperfusao, representados pelos valores de Cit-
H3. As andlises foram ajustadas para sexo e idade. Intercorréncias durante a cirurgia e
necessidade de trombectomia foram os fatores de risco independentemente associados a
liberacdo de Cit-H3durante o intraoperatério de TOF. As intercorréncias durante a cirurgia
foram associadas ao aumento da liberagao de Cit-H3 no intraoperatorio enquanto a necessidade
de trombectomia foi associada a menor liberacdo de Cit-H3 no intraoperatorio. Esses dados

estdo demonstrados na tabela 9.
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Tabela 9. Fatores associados & liberacéo de Cit-H3 no intraoperatdrio

Ocorréncias do Beta Intervalo de
intraoperatério (coeficiente de confianca de 95% P
regresséo linear)
Tempo de isquemia quente -0,009 (-0,108 a 0,090) 0,861
Tempo de isquemia fria 0,000 (-0,007 a 0,008) 0,902
Tempo de clampeamento 0,261 (-3,499 a 4,021) 0,891
Tempo total de cirurgia 0,001 (-0,011a 0,013) 0,870
Intercorréncias na 2,469 (0,423 a 4,515) 0,019
cirurgia
Trombectomia no - 2,991 (-6,089 a 0,107) 0,058
intraoperatoério

Fatores associados a liberagdo de NETs no intraoperatdrio- Essa tabela demonstra os resultados da analise multivariada para a
determinacdo de fatores do intraoperatdrio associados a excessiva liberagdo de CitH3 no periodo de reperfusdo, sendo que os

resultados foram ajustados para idade e sexo.

6.5 — Relacao entre a liberacao de CitH3 durante o intraoperatorio e a necessidade de uso
de hemocomponentes, hemoderivados e acido tranexadmico no TOF

Avaliamos se a ocorréncia de NETose do intraoperatdrio (representada pelos valores de CitH3)
teria impacto sobre a necessidade transfusional no TOF. Foram realizadas analises
multivariadas, ajustadas para sexo, idade e MELD corrigido, para avaliar a associag@o entre o
incremento de NETs entre os tempos A e B do TOF e o uso de hemocomponentes,
hemoderivados ou 4cido tranexamico. Observou-se que o aumento dos niveis de Cit H3 durante
0 intraoperatorio esteve associado a menor uso de uso de acido tranexamico. Entretanto, a
liberagao de NETs nao foi associada a nenhum outro desfecho transfusional. Esses dados estao

demonstrados na tabela 10 e figura 3.
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Tabela 10. Analises de regressdo para determinar a associagdo entre o incremento de

CitH3 no intraoperatorio (diferenca entre os tempos A e B) e a necessidade de transfuséo

Uso de hemoderivados Odds Intervalo de P
/acido tranexamico Ratio confiancga de 95%

Acido tranexamico 0,824 (0,705 a 0,964) 0,016
Concentrado de fibrinogénio 0,966 (0,859 a 1,086) 0,559
Complexo protrombinico 0,988 (0,874 a 1,116) 1,116
Unidades de Beta (coeficiente de Intervalo de P
hemocomponentes regressao linear) | confianca de 95%
Concentrado de hemaécias -0,004 (-0,280 a 0,271) 0,975
Plasma fresco congelado -0,020 (-0,074 a 0,034) 0,467
Crioprecipitado 0,005 (-0,015a 0,026) 0,621
Concentrado de fibrinogénio 0,032 (-0,038a 0,102) 0,366

Associacoes entre incremento de H3 citrulinado e uso de transfusdo, hemoderivados e dcido tranexamico. As analises foram

ajustadas para sexo, idade, MELD corrigido. Quanto maior a liberagéo de H3 citrulinado ap6s a reperfuséo, menores foram as

necessidades de acido tranexamico. Nao houve associagdo entre H3 citrulinado apés a reperfusdo e necessidade de transfuséo.

Figura 3- AssociacOes entre os niveis de Cit H3 (incrementos do tempo A->B), transfusao

de hemocomponentes e &cido tranexamico.
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Associagdes entre os niveis de Cit H3 (incrementos do tempo A->B), transfusdo de hemocomponentes e acido tranexdmico —

Os niveis de H3 citrulinado apds a reperfusdo estdo associados com menor uso de acido tranexamico. Nao houve associacdo

entre H3 citrulinado apds a reperfusio e necessidade de transfusdo



35

6.6- Relacio entre a liberacio de Cit-H3 e parametros tromboelastograficos

Analisamos se a liberagdo de Cit-H3 teria associagdes com parametros tromboelastograficos do
ROTEM coletado ao término do TOF, que refletiria a hemostasia ao final do transplante. Foram
feitas correlagdes de Spearman com parametros de coagulabilidade cinética e estrutural do
INTEM, EXTEM e FIBTEM e o nivel de CitH3 mensurado no pos reperfusio (tempo B) na
tabela 11. Observamos uma associagdo indireta, sugerindo maiores valores de CitH3 e
hipocoagulabilidade. Entretanto, ao analisarmos associagdes entre o0s parametros
tromboelastograficos do ROTEM e o incremento de Cit-H3 entre os tempos A e B, essa

associagdo se perdeu (Tabela 12)

Tabela 11- Associa¢des entre parametros tromboelastograficos ao término do TOF e Cit

H3 pés reperfusao (momento B)

INTEM EXTEM FIBTEM
FIB | FIB
CT CFT | alfa | A5 Al10 MCF CTex | CFT alfa | A5 | A10 | MCF | al0 A5 | A20
R 0,23| 29| -42™ -1 -,363" -307°| 0,103 | ,335"|-,268" -|-,300"| -,283" - - -
Spearman ,379™ ,370™ 0,207 | 0,181 | 0,144
P 0,092 | 0,031 0,001| 0,005| 0,007 0,024| 0,388 0,004| 0,023 | 0,001 | 0,010 | 0,016 | 0,083 | 0,131 | 0,232
Ndmero de 54 53 54 54 54 54 72 72 72 72 72 72 71 71 71
individuos
avaliados
Correlagdes de Spearman entre os niveis de Cit-H3 no pds reperfusdo (momento B) e os pardmetros tromboelastograficos ao término do TOF.
Observamos uma associa¢do indireta entre os niveis de Cit-H3 e hipocoagulabilidade. Quanto maiores os valores de Cit-H3, maior a
hipocoagulabilidade. Acreditamos ser esta uma concomitancia de fendmenos e ndo uma associagao causal. EX= ensaios no EXTEM, FIB= ensaios
no FIBTEM, CT= clotting time, CFT= clot formation time; MCF=maximum clot firmness,
Tabela 12- Associacdes entre parametros tromboelastogriaficos ao término do TOF e
incremento de Cit H3 entre os tempos A e B
INTEM EXTEM FIBTEM
FIB
CTin | CFT | alfa | A5 Al10 MCF | CTex CFT alfa A5 | A10 | MCF | al0 | FIBA5| A20
R 0,053 | 0,164 - -| -0,136| -0,094| 0,114 0,313 - - - - -1 -0,073 -
Spearman 0,184 | 0,132 0,198 | 0,210 0,171 | 0,127 | 0,085 0,046
P 0,703 | 0,240 0,184| 0,340| 0,326| 0,497| 0,339 0,007 | 0,096 | 0,076 | 0,152 | 0,289 | 0,481 | 0,544 | 0,704
ndmero de 54 53 54 54 54 54 72 72 72 72 72 72 71 71 71
individuos

Correlagdes de Spearman entre o incremento dos niveis de Cit-H3 de A para B e os pardmetros tromboelastograficos ao término do TOF. Néo se

observou qualquer associacdo. Quanto maiores os valores de Cit-H3, maior a hipocoagulabilidade. Acreditamos ser esta uma concomitancia de

fendmenos e ndo uma associagdo causal. EX= ensaios no EXTEM, FIB= ensaios no FIBTEM, CT= clotting time, CFT= clot formation time;

MCF=maximum clot firmness,




36

6.7 — Relacio entre a liberacio de NETs durante o intraoperatdrio e a ocorréncia de

desfechos clinicos negativos
Analisamos se a ocorréncia de NETose do intraoperatorio teria impacto sobre os seguintes
desfechos clinicos negativos do transplante hepatico: 6bito na internagdo, disfuncao de 6rgaos,
infeccao, rejeicdo e ocorréncia de trombose. Foram realizadas andlises multivariadas, ajustadas
para sexo, idade, MELD corrigido e transfusdo de hemacias, para avaliar a associagdo entre o
incremento de NETs entre os tempos A € B do TOF e os desfechos negativos. Observou-se que
o aumento dos niveis de Cit-H3 durante o intraoperatério estava independentemente associado
ao risco de obito durante a internagdo. Nao foram observadas quaisquer outras associagdes entre
o aumento dos niveis de Cit-H3 durante o intraoperatorio e demais desfechos clinicos negativos.

Esses dados estdo demonstrados na figura 4 e na tabela 13.

Figura 4 — Associagdes entre os niveis de Cit-H3 (incrementos do tempo A->B) e desfechos

clinicos
Death during hospitalization OR=1.168 (1.021-1.336) p: 0.024
Organ dysfunction OR= 1,003 (0.889-1.132) p: 0.956
Infection e OR=0.988 (0.874- 1.116) p: 1.116

Graft Rejection —o— OR=0.743 (0.538-0.1.027) p: 0.072

Thrombosis | - { OR= 1,007 (0.372-3.145) p: 0.991

r T T T T T T 1
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Associagdes entre os niveis de Cit H3 (incrementos do tempo A—>B) e desfechos clinicos ajustados para idade, sexo e MELD

corrigido. Observamos que os niveis de Cit-H3 estdo associados a maior risco de 6bitos intra-hospitalar.
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Tabela 13. Analises de regressdo para determinar a associa¢do entre o incremento de Cit-
H3 no intraoperatdrio (diferenca entre os tempos A e B) e os desfechos negativos do TOF

Desfechos negativos Odds Intervalo de p

) Ratio confianca de 95%

Obito durante a internagdo 1,168 (1,021 a 1,336) 0,024
Disfuncao orgéanica 1,003 (0,889a 1,132) 0,956
Infeccdo 0,988 (0,874 a 1,116) 1,116
Rejeicdo do enxerto 0,743 (0,538a 1,027) 0,072
Trombose 1,007 (0,322 a 3,145) 0,991

Anélises de regressdo para determinar a associagdo entre o incremento de Cit-H3 no intraoperatério (diferencga entre 0s tempos
A e B) e os desfechos negativos do TOF. As analises foram ajustadas para sexo, idade, MELD corrigido e transfusdo de
hemécias. Quanto maior a libera¢do de CitH3, maior o risco de dbito.

6.8- Relacdo entre a liberacio de NETs durante o intraoperatério e mortalidade a longo
prazo.

Analisamos se a ocorréncia de NETose do intraoperatorio teria impacto também sobre a
mortalidade a longo prazo. Foram analisadas as sobrevidas dos pacientes no longo prazo, num
periodo minimo de 1 até o periodo maximo de 1223 dias ap6s o transplante. Foram feitas curvas
de sobrevida correlacionando os valores de DNA livre e Cit-H3 mensurados no momento B,
bem como a diferenca entre os niveis de DNA livre e Cit-H3 nos p6s reperfusao e pré-operatorio

(momento B — A). Esses dados estdo demonstrados nas figuras 5 a 8.
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Figura 5- Sobrevida apds transplante até o Gltimo seguimento e associacdo com DNA livre

mensurado no tempo B:
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Esta figura avalia a sobrevida em dias no pos transplante, de acordo com os niveis de DNA livre mensurados no tempo B (pds
reperfusdo). No 1° tercil, estdo representados os pacientes com niveis de DNA livre mensurado ap6s a reperfuséo entre 0-226,6
ng/ ml; no 2° tercil estdo representados os pacientes com DNA livre entre 226,6ng/mL e 1008,1ng/mL no 3° tercil estdo
representados os pacientes com DNA livre> 1008,1ng/mL. N&o houve diferenca estatisticamente significante (p= 0,830) entre

o0s niveis de DNA livre mensurados no tempo B e sobrevida no pés transplante.



39

Figura 6- Sobrevida apds transplante até o Gltimo seguimento e associacdo com DNA livre
tempo B-A:
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Esta figura avalia a sobrevida em dias no p6s transplante, de acordo com o incremento de DNA livre entre os tempos A e B,
ou seja, quantidade de DNA livre ap6s a reperfusdo (tempo B) subtraida do DNA livre basal (tempo A)..No 1° tercil, estdo
representados o0s pacientes com incremento de DNA livre entre os tempos A e B entre 0 a 145,8 ng/ ml; no 2° tercil estdo
representados os pacientes com incremento de DNA livre entre 145,8 ng/mL e 750,1 ng/mLe no 3° tercil estdo representados
0s pacientes com incremento de DNA livre> 750,1 ng/mL. N&o houve diferenca estatisticamente significante (p=0,376)entre

os niveis de DNA livre mensurados no tempo B e sobrevida no pés transplante.
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Figura 7- Sobrevida apos transplante até o Gltimo seguimento e associagcdo com Cit-H3
tempo B:
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Esta figura avalia a sobrevida em dias no pés transplante, de acordo com os niveis de CitH3 mensurados no tempo B (p6s
reperfusdo). No 1° tercil, estdo representados os pacientes com niveis de citH3 mensurado apds a reperfusdo entre 0-0,84 ng/
ml; no 2° tercil estdo representados os pacientes com citH3 entre 0,84 ng/mL e 2,01/mLe no 3° tercil estdo representados 0s
pacientes com citH3>2,01 /mL. N&o houve diferenca estatisticamente significante (p= 0,116) entre os niveis de Cit-H3

mensurados no tempo B e sobrevida no pds transplante.
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Figura 8- Sobrevida ap6s transplante até o Ultimo seguimento e associacdo com Cit-H3 no

tempo B-A:
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Esta figura avalia a sobrevida em dias no p6s transplante, de acordo com o incremento de CitH3 entre os tempos A e B, ou
seja, quantidade de CitH3 ap6s a reperfusdo (tempo B) subtraida do Cit H3 basal (tempo A, ou seja, no pré transplante
imediato).No 1° tercil, estéo representados os pacientes com incremento de CitH3 entre os tempos A e B entre 0 a 0,18 ng/ ml;
no 2° tercil estdo representados os pacientes com incremento de Cit H3entre 0,18 ng/mL e 0,94 ng/mLe no 3° tercil estdo
representados os pacientes com incremento de CitH3 >0,94 ng/mL. O incremento dos niveis de CitH3 entre os tempos A e

B esta associado a sobrevida no p6s transplante (p=0,016)



42

7. Discussao

7.1 — NETose durante o transplante hepatico

Sabe-se que a inflamacgao ¢ um fenomeno inerente ao TOF. As lesoes de hepatocitos provocadas
pelo fendomeno de I/R foram previamente demonstradas (25,27), via ativagdo das vias TLR-4 e
TLR-9 (28-30), sendo a NETose protagonista deste cenario pro-inflamatorio. Alguns autores
correlacionaram esse status de inflamagdo exacerbada no perioperatério do TOF a transfusdo e
piores desfechos clinicos do transplante (31-32). NETs também contribuiriam para a morte
celular e disturbios da coagulagao. Nossa hipotese ¢ a de que a NETose estaria correlacionada
a piores desfechos clinicos, necessidades transfusionais e portando, atuar como biomarcador de
inflamacao e necessidades transfusionais.

Demonstramos que durante o TOF, hd uma eleva¢do nos niveis circulantes de NETs apos a
reperfusdo, seguida de posterior queda observada no momento da alta, conforme demonstrado
pelas técnicas de PicoGreen (DNA livre) e ELISA (Cit-H3) no pré transplante, pos reperfusao
e pré alta de pacientes submetidos a TOF. De maneira semelhante, von Meijenfeldt (54)
demonstrou marcadores de NETose ja presentes no pré-operatorio de TOF, com picos de DNA
livre (cell free DNA-cfDNA) e nucleossomos apds a reperfusdo e mieloperoxidase durante a
fase anepatica. Os autores atribuem os niveis elevados de NETs observados no pré-operatério
ao contexto de doenca hepética crénica de base (20). Além do impacto dos NETs na
fisiopatologia da hepatite associada ao alcool e da hipertenséo portal previamente citados, sabe-
se que os NETs tém papel tumorigénico importante. Varios estudos sugerem o envolvimento
dos neutrofilos na disseminacdo metastatica de tumores para o figado, através de captura de
células neoplasicas na rede de neutréfilos e interacdo com DNA extracelular, promovendo
adesdo, migracao e invasao de células cancerigenas na microcirculagdo hepatica. A formacéo
de NETs no meio intravascular também comprometeria a integridade endotelial, com
subsequente extravasamento de células tumorigénicas para a circulacdo (55). De maneira
semelhante, a NETose induzida por infec¢do ou inflamacdo promoveria ativagdo plaquetaria,
com adeséo e invasdo de células neoplasicas, em sinergia com os neutrofilos ativados (56).
Ainda, demonstrou-se que a inibicdo genética e farmacoldgica de NETs reduz de maneira
significativa a infiltragdo macrofagica, além do tamanho e nimero de HCCs formados em
modelos de NASH, sugerindo que a NETose teria papel pro tumorigénico neste cenario (57).
Tais achados séo coerentes com nossos resultados, que evidenciam ja no pré-operatorio DNA
livre circulante e H3 citrulinado, em decorréncia da hepatopatia de base.

Ainda, observamos elevacédo de cf-DNA e Cit-H3 pos reperfusdo, corroborando para a hipotese

de que de fato ha NETose decorrente da injuria I/R. A isquemia temporaria provoca danos as
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células endoteliais dos sinuséides, levando a supra regulacdo de P-selectina e adeséo
plaquetéria, com reducdo de fluxo sanguineo na rede sinusoidal e exacerbagdo da isquemia.
Esse fenbmeno € seguido de resposta inflamatoria profusa acompanhando a reperfusdo. Ha
infiltrado neutrofilico logo apds a reperfusdo, com a liberacdo de citocinas e espécies reativas
de oxigénio. (58), além da liberacdo de DAMP’s e HMGB-1, induzindo NETose via TLR4 e
TLR9 (25). Nossos achados foram consistentes com as evidéncias citadas, uma vez que também

demonstramos elevacédo de Cit-H3 e cf-DNA na fase de reperfusao.

7.2- NETose e transfuséo

A hemostasia do paciente hepatopata terminal ¢ bastante complexa, havendo tanto
comprometimento da hemostasia primdria quanto secundaria. Os hepatopatas apresentam
plaquetopenia e disfuncdo plaquetaria, baixos niveis de fatores pro-coagulantes e
anticoagulantes, bem como reducdo de fatores profibrinoliticos e anti-fibrinoliticos (59). No
TOF, além das intervengdes intrinsecas ao procedimento (hemodilui¢do, hipotermia, consumo,
reducdo de clearance e sintese de fatores de coagulacdo na fase anepatica), ainda ocorrem as
alteracdes hemostaticas decorrentes da lesdao I/R. Curiosamente, esses pacientes apresentam
geragdo de trombina normal. Isto ¢ explicado em parte pela redugdo concomitante de fatores
pro e anticoagulantes € mecanismos compensatorios como aumento de fator de von Willebrand
e reducdo da atividade de ADAMTSI13 (35). Porém, durante a fase anepatica, os pacientes
podem se tornar hiperfibrinoliticos em fun¢do do clearance reduzido de tPA (tissue plasminogen
activator), com posterior liberagao de tPA do enxerto apds a reperfusdo, o que poderia culminar
em sangramento. Avaliamos se a NETose seria capaz de prever esse status e correlacionar NETs
com consumo de transfusdo.

Nao observamos nenhuma correlagdo entre consumo de transfusdo e NETose. Estudos recentes
correlacionaram cfDNA e geragdo de trombina de maneira dose- dependente, bem como
ativacdo dos fatores XI e XII da via intrinseca (60-61). Ainda, demonstrou-se que cfDNA
diminui a fibrindlise, inibindo a ativagdo do plasminogénio e a plasmina, corroborando a
hipotese de que os NETs tém papel potencialmente trombogénico (62). Curiosamente, nossos
resultados mostraram que o aumento de NETs estava associado a menor necessidade de uso de
acido tranexamico, um agente antifibrinolitico indicado para tratar a hiperfibrinolise decorrente
do processo de reperfusdo hepatica.

O recrutamento e ativagdo de neutrdfilos fazem com que os NETs se transformem em um
arcabougo de ancoragem de plaquetas, hemacias, fibrina e fatores de coagulagdo, promovendo

trombose (63). Ainda, os neutrofilos também aumentam a produgdo de tromboxano A2 e



44

aumentam a NETose por vias que envolvem as integrinas, espécies reativas de oxigé€nio e
liberagdo de HMGB-1, bem como ativa o fator XII e mobiliza os corptsculos de Weibel-Palade
(64).

Frente aos estimulos pro-coagulantes dos NETs, uma explicagdao potencial para a auséncia de
associacdo entre NETs e redu¢do de uso de transfusdo nesta andlise estd na possibilidade de
termos subestimado os NETs circulantes do momento da reperfusdo, uma vez que NETs
liberados pelo figado aderem ao endotélio e ao fator de von Willebrand (65) e poderiam ter seus
niveis circulantes subestimados por essa limitacdo do método.

Observamos ainda uma associagao entre valores de Cit-H3 no momento p6s reperfusdo e maior
tendéncia a hipocoagulabilidade ao ROTEM. Acreditamos ser esta apenas uma concomitancia
de fenomenos, sem associa¢ao causa-efeito, no sentido de que pacientes com mais NETose

estariam mais graves e tendendo a maior hipocoagulabilidade.

7.3- NETose e desfechos clinicos do TOF

Frente as evidéncias de que estados de inflamagao exacerbada estariam relacionados a piores
desfechos no TOF, avaliamos se os marcadores de NETose teriam associacdo com Obito,
disfungdo organica, rejei¢do celular, infeccdo e trombose. Observamos associacdo entre
maiores valores de Cit-H3 e obito de maneira estatisticamente significativa. Apesar do pequeno
numero de eventos ocorrido (nove), foi possivel estabelecer esta associagdo, evidenciando o
impacto da NETose e inflamagdo nos desfechos clinicos negativos do transplante. Ainda,
observamos que a liberagdo de NETs , evidenciada pela mensura¢do de Cit-H3 no pos
reperfusdo tem impacto direto na mortalidade também a longo prazo, de maneira
estatisticamente significativa. Tal achado ndo se reproduziu na mensuracdo de cf-DNA,
marcador mais inespecifico, nem nos valores absolutos de Cit-H3 e cf-DNA do momento B
(p6s reperfusdo). Frente a esses achados, temos indicios de que ¢ a NETose do intraoperatorio
(ou os NETs formados no intraoperatdrio) que teria maior impacto na sobrevida,
independentemente dos NETs de base, presentes no pré transplante (momento A).

NETs ja foram associados a complicacdes clinicas em outros cenarios, como no transplante
pulmonar, em que se demonstrou a liberagdo de citocinas por macrofagos alveolares mediada
por NETs. Tal resposta inflamatéria mediou ativagdo de TCD4+, com aumento do risco de
rejeigdo do enxerto (66). Na nossa casuistica, ndo observamos outras associagoes de NETs e

desfechos clinicos negativos.

Dada a relevancia da associagdo entre NETose e 0bito e o papel central dos NETs na inflamagao
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do TOF aqui demonstrado, consideramos que terapéuticas focando na inibicdo de NETose
poderiam ser estudadas, a fim de minimizar os efeitos deletérios da inflamagdo exacerbada
inerente ao TOF. Terapias alternativas incluindo inibi¢ao de intera¢des neutréfilos-plaquetas ou
deoxirribonucleases poderiam ser estudadas a fim de minimizar o status pro6 inflamatorio deste

cenario. Mais estudos sdo necessarios a fim de confirmar esta hipotese

7.4- Limitacoes

Sabe-se que NETs tém associagao com potencial pré-hemostatico e fenomenos trombéticos, o
que em um primeiro momento nos levou ao raciocinio de que a NETose seria protetora para
fendomenos hemorragicos e fator de risco para eventos tromboéticos. Nao conseguimos observar
tal associacdo. Como potenciais justificativas, citamos algumas limitacdes dos métodos
utilizados. Apesar de o ensaio de Cit-H3 refletir de maneira bastante especifica a ocorréncia de
NETose, sendo um marcador de uma etapa crucial na via de formagdo de NETs, ele reflete
NETs circulantes ¢ ndo NETs observados diretamente no tecido hepatico, o que pode levar a
uma subestimativa da real quantidade de NETs. O Pico Green, por sua vez, ¢ um marcador
menos especifico, uma vez que o cf-DNA quantificado pode ser origindrio da NETose, mas
também de morte celular de hepatdcitos lesados na reperfusiao. Ainda, o desenho original do
estudo previa a realizagdo de mais um marcador especifico de NETose, a quantificacao de
mieloperoxidase (MPO). Entretanto, houve dificuldades na validagdo do método, que
inviabilizaram a analise de tal marcador, o que pode ter comprometido em parte os resultados.
Também ndo demonstramos associagdo entre NETose e trombose, por eventual subestimativa
da real quantidade de NETs gerada no TOF ou devido ao pequeno nimero de eventos de

trombose detectados na populagdo de interesse.

Outras limitagdes estdo relacionadas ao desenho do estudo, unicéntrico e observacional. Houve
um numero reduzido de eventos desfecho (6bito, rejei¢do, infeccao e disfuncao de 6rgaos), o
que pode ter dificultado a demonstragdo das associagdes. Mesmo assim, foi possivel demonstrar
a associacdo entre NETose no intraoperatério e mortalidade intra-hospitalar e a longo prazo.
Ainda, os achados podem refletir apenas as caracteristicas da populagdo estudada e ndo serem
generalizaveis para outros centros. Também citamos o fato de que houve algumas exclusdes
relacionadas a falhas de coletas de amostras dos tempos A e B. Devido ao desenho do estudo
de andlise sequencial de NETs durante o TOF, quaisquer falhas de coleta dos tempos A e/ou B
resultaria na exclusdo do estudo. Esta metodologia nos permitiria avaliar a NETose

verdadeiramente induzida pelo TOF, independentemente da presenca de NETose basal, que
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sofria variagdes consideraveis a depender da doenca de base. Este foi o motivo que nos permitiu
incluir pacientes com situagdes pro-inflamatdrias de base (pacientes com doengas autoimunes,
trombose pré TOF, presenca de lesdes carcinomatosas), uma vez que o que foi considerado para
as analises foi o delta de NETs (NETs produzidos no momento pés reperfusdo subtraidos dos
NETs basais). Tal desenho de andlise sequencial dos NETs permitiu a avaliagdo de NETose,

considerando variagdes interpessoais.

8-Conclusao

Neste trabalho, observamos uma associagdo entre NETs e risco de 6bito nos pacientes
transplantados, mesmo frente ao pequeno numero de eventos observado, reforcando a hipotese
de que a NETose representa um impacto significativo nos desfechos do TOF. Nao se observou
associacao entre NETose e transfusdo. Ainda, observamos que a liberagdo de NETs no
intraoperatorio tem impacto direto com a sobrevida a longo prazo, de maneira estatisticamente

significativa.
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Anexo 1 -Manejo hemostatico e transfusdo de hemocomponentes- Com relagdo ao
protocolo transfusional, todos os hemocomponentes sdo leucodepletados pré-estocagem e
irradiados na instituicdo avaliada. As hemacias séo obtidas do fracionamento de sangue total
ou coletadas por aférese, com contetido minimo de hemoglobina de pelo menos 40g. Cada dose
de plaquetas coletada por aférese contém pelo menos 3 x 10 plaquetas, sendo no caso de pool
de plaquetas randémicas, cada unidade randémica contém 5.5 x 10° , perfazendo volume
médio de 240-300 mL por dose. Cada unidade de plasma fresco contém aproximadamente 150
mL. Uma dose de crioprecipitado é preparada a partir de 7-10 unidades de crioprecipitado, com
contetdo minimo de 150 mg de fibrinogénio em 10 mL. N&o h& produtos com inativacao de
patdgenos na instituicdo. A politica transfusional é caracterizada pelo uso restritivo, sendo a
transfusdo de hemocomponentes e o uso de agentes hemostaticos guiados por metas
estabelecidas em protocolos. A tromboelastometria rotacional (ROTEM®), o tempo de
protrombina, tempo de tromboplastina parcial ativada, a dosagem de fibrinogénio e
hemograma sdo feitos no pré-operatorio na indugdo anestésica e ao final da cirurgia. Os testes
viscoelasticos, dosagem de hemoglobina e contagem de plaquetas sdo realizados também a cada
episédio hemorragico, apds a reperfusdo do enxerto e a cada intervencao terapéutica para
checagem de efetividade/ necessidade de medidas adicionais. No pds operatdrio, hemograma,
tempo de protrombina, tempo de tromboplastina parcial ativada sdo realizados diariamente, ao
passo que os testes viscoelasticos, testes convencionais e hemograma sdo realizados na
vigéncia de sangramento. A transfusdo de hemacias ocorre para um alvo de hemoglobina de 7-
8,0g/dL. Para diminuir as necessidades transfusionais, a recuperagdo intraoperatoria é realizada
em pacientes selecionados, sendo que neoplasia e infec¢do constituem contra-indicacGes para
este procedimento. A transfusdo de outros hemocomponentes, tais como plaquetas, plasma
fresco e crioprecipitado sdo realizados quando ha evidéncia de sangramento ativo e distlrbios

hemostaticos detectaveis pela tromboelastometria rotacional e/ou testes convencionais. O &cido
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tranexamico € utilizado quando hé evidéncia de hiperfibrindlise. O concentrado de fibrinogénio
e o complexo protrombinico (Beriplex®) também sdo utilizados; sendo o complexo
protrombinico evitado em casos de trombose ativa, trombofilia, malignidade.A transfusdo
terapéutica de plaquetas estd normalmente indicada quando A10 EXTEM esta abaixo de 43 mm
e A10 FIBTEM esta acima de 8 mm.

Adicionalmente, a transfusdo de plaquetas esté indicada quando h& sangramento significativo
e evidéncia de disfuncdo plaquetaria , tal como uso prévio de antiagregantes ou outra
trombocitopatia, ndo detectaveis pela tromboelastometria rotacional. Esta é uma situacdo
comum em pacientes com doenca hepatica terminal, especialmente apo6s reperfusdo. Se ha
sangramento macico e os testes viscoelasticos ndo estdo disponiveis, a transfuséo é realizada
para manter a contagem plaquetéria superior a 50 x 109 /L. Transfusdo de crioprecipitado ou
uso de concentrado de fibrinogénio sdo realizados quando A10 EXTEM esté abaixo de 43 mm
e A10 FIBTEM esta abaixo de 8 mm. A transfuséo profilatica de plaquetas ndo é realizada no
intraoperatério. No pds operatério, a transfusdo profilatica esta indicada para manter a
contagem acima de 10 x 109 /L e antes de procedimentos invasivos, tais como bidpsia hepatica,
reabordagens (alvo: > 50 x 109 /L ). Dosagem de célcio, pH e temperatura sdo continuamente
monitorados e corrigidos se necessario. A profilaxia de tromboembolismo venoso e protocolos
de antiagregacdo plaquetaria sdo reintroduzidos tdo logo cessado o risco hemorréagico. Dupla
antiagregacdo plaquetéria € utilizada em pacientes de alto riso cardiovascular. Reabordagens no
pOs operatorio sdo realizadas se sangramento ou eventos trombo6ticos nas anastomoses sdo

suspeitos.
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Termo de Consentimento Livre e Esclarecido
Pacientes com idade > 18 anos

Introducéo

O(a) senhor(a) esta sendo convidado a participar desse estudo porque tem uma doenca cronica do
figado e tem indicacdo de realizar transplante hepético. Este estudo quer avaliar como ocorre a
participacdo de um componente do sangue chamado neutrofilo na evolucdo do transplante. Sua
participacéo no estudo contribuird para o melhor entendimento da sua doenga e, consequentemente,

para a proposta de um tratamento mais eficaz para este tipo de doenca no futuro.

Este documento esclarece sobre o estudo que vocé deseja participar. Se vocé tiver qualquer
pergunta, por favor, sinta-se a vontade para entrar em contato com o médico responsavel pela
conducéo do estudo ou com algum profissional que participa do estudo e que possa esclarecer suas
duvidas. A decisdo de fazer parte do estudo é voluntaria e vocé pode recusar ou retirar-se do estudo

a qualquer momento sem nenhum tipo de conseqiiéncia para o seu tratamento.

Procedimentos realizados neste protocolo

Para tanto, coletaremos 20mLde sangue do(a) senhor(a) em trés ocasifes, através da puncado de veia
periférica em trés ocasifes: antes da realizacdo do transplante, no pds operatorio imediato e antes da
alta hospitalar da internagdo do transplante. As coletas serdo feitas em momentos em que o (a)

senhor(a) j& iré coletar exames de rotina. N&o havera punc¢des adicionais para este estudo.

Riscos e inconveniéncias
Os riscos a que o(a) senhor(a) estara sujeito ao participar da coleta sdo: hematoma (mancha roxa)
e/ou pequena dor no local da pun¢éo venosa. Este estudo ndo oferecerd a(o) senhor(a) nenhum outro

risco importante e ndo alterara o seu tratamento.

Beneficio do tratamento

NUmero: Iniciais:

Rubrica: 1) Paciente/Representante Legal/Testemunha Imparcial 2) Responsavel pelo consentimento

Versdo 4 de 25 de outubro de 2019
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A participacéo neste estudo é livre. Vocé ndo terd nenhum beneficio direto com esse estudo.

Porém, sua participacdo podera ajudar os pesquisadores a entender melhor a doenca e melhorar

o tratamento da doenca no futuro.

Alternativa (s) a participacéo no estudo
Caso o(a) senhor(a) ndo queira participar deste estudo, ndo ha problema algum. Vocé seguird com a

conduta clinica sem nenhum prejuizo a vocé.

Direitos do participante

Sua participacdo é voluntaria e vocé pode retirar seu consentimento ou ainda descontinuar sua
participacdo em qualquer momento, se o assim o preferir, sem penalizacdo e/ou prejuizo de
qualquer natureza. Ndo haverd nenhum custo a vocé proveniente deste estudo, assim como nao

havera qualquer tipo de remuneracdo pela sua participacéo.

Danos a Saude

Se uma lesdo ou qualquer dano a sadde ocorrer como resultado de sua participacdo nesta pesquisa,

assisténcia integral estara disponivel sem que vocé tenha gastos.

Indenizacéo
Caso vocé venha a sofrer qualquer tipo de dano, resultante de sua participacdo na pesquisa, dano
este previsto ou ndo neste Termo de Consentimento Livre e Esclarecido, vocé terd direito a

indenizag&o.

Armazenamento de amostras

O material sanguineo colhido neste estudo sera utilizado para os objetivos propostos acima
descritos. Caso vocé concorde, o material pode ser armazenado juntamente com outras amostras em
um local chamado biorrrepositorio. O armazenamento das amostras permitira a utilizagdo em outros
estudos que venham a ser desenvolvidos pelas instituicdes participantes. Caso suas amostras sejam
utilizadas em outro estudo, vocé sera convidado a formalizar sua autoriza¢do e um novo termo de
NUmero: Iniciais:
Rubrica: 1) Paciente/Representante Legal/Testemunha Imparcial 2) Responsavel pelo consentimento

Versdo 4 de 25 de outubro de 2019
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consentimento sera aplicado.Os pesquisadores comprometem-se a manter a confidencialidade dos
dados clinicos e a preservagdo do anonimato dos participantes.

() Concordo em participar deste estudo, mas NAO autorizo armazenamento de minhas amostras
para outros estudos.

() Concordo em participar deste estudo e SIM, autorizo armazenamento de minhas amostras para

outros estudos.

Confidencialidade

A equipe do estudo e a equipe assistencial, terdo acesso a seus dados, no entanto, seu anonimato é
garantido e possiveis publicacbes cientificas resultantes deste estudo ndo o (a) identificard em
nenhuma circunstancia como participante. Os dados obtidos serdo tratados sob estritas condi¢Ges de
confidencialidade.

Os seus dados também poderdo ser compartilhadas com os seguintes grupos / pessoas associadas a
este estudo de pesquisa ou envolvidos na revisdo de pesquisas: outros funcionarios da equipe de
pesquisa dos Pesquisador Responsével, equipe do Centro de Pesquisa Clinica, o Comité de Etica em
Pesquisa e 0 Departamento Juridico; e também os representantes do governo ou agéncias federais,
quando exigido por lei. Caso surjam novas informacdes que possam ser importantes a sua decicao
de continuar na pesquisa, vocé ou seu representante legal serdo informados assim que os dados

estejam disponiveis.

Este estudo foi aprovado pelo Comité de Etica em Pesquisa (CEP), cuja fungéo é o de aprovar os
estudos envolvendo seres humanos.

Para qualquer davida geral e/ou relacionada a direitos do participante (direito a informacéao clara,
relacionado a custos, acompanhamento médico e hospitalar em caso de danos decorrentes da
participacdo na pesquisa, confidencialidade de dados, acesso a resultados), entrar em contato com o
Comité de Etica em Pesquisa no telefone 11 2151 3729/ FAX 11 2151-0273/ e-mail
cep@einstein.br , horario de funcionamento: 8 as 17h, de segunda a sexta-feira. e/ou Comité de
Etica em Pesquisa da Secretaria Municipal da Saide — CEP/SMS - Rua General Jardim, 36 — 8°

andar - InformacOes/ davidas: Fone: 3397-2464 - E-mail: smscep@gmail.com. Para qualquer

NUmero: Iniciais:

Rubrica: 1) Paciente/Representante Legal/Testemunha Imparcial 2) Responsavel pelo consentimento

Versdo 4 de 25 de outubro de 2019
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duvida relacionada ao estudo, por favor, sinta-se a vontade para entrar em contato com o0s médicos

responsaveis pela conducdo do estudo, Dra. Fernanda Loureiro de Andrade Orsi Fone:
(19) 3521-8756 ou Dra. Ana Paula Hitomi Yokoyama - Fone: (11) 2151 0444.

Reclamacdes, elogios e sugestbes deverdo ser encaminhadas ao Sistema de Atendimento ao Cliente
(SAC) por meio do telefone (11) 2151-0222 ou formulario identificado como “fale conosco”

disponivel na pagina da pesquisa clinica ou pessoalmente.

Assinaturas de Consentimento
Fui informado de todos os detalhes relacionados ao estudo ao qual serei submetido. Apds
assinar, receberei uma via assinada e datada deste Termo de Consentimento Livre e Esclarecido.

Nome Completo do participante da pesquisa

Data: [/ [

Assinatura do participante da pesquisa

~

)

Nome completo e legivel do pesquisador responsavel

Data: [/ |/

Assinatura do pesquisador responsavel

-
/

AN

Nome completo do representante legal

Data: / /
Assinatura do representante legal
Relacdo do representante legal com o paciente /
Numero: tmicrars:
Rubrica: 1) Paciente/Representante Legal/Testemunha Imparcial 2) Responsavel pelo consentimento

Versdo 4 de 25 de outubro de 2019
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-

-

Nome completo da testemunha imparcial
**para casos de voluntarios menores de 18 anos, analfabetos, semi-analfabetos ou portadores
de deficiéncia auditiva ou visual.

Data: / /
Assinatura da testemunha imparcial
Numero: Iniciais:
Rubrica: 1) Paciente/Representante Legal/Testemunha Imparcial 2) Responsavel pelo consentimento

Versdo 4 de 25 de outubro de 2019
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@ ALEERT EINSTEIM
o F:.:'l:'\-l.-l FESO LGSR

HOSPITAL ISRAELITA ALBERT Plataforma
EINSTEIN-SP %ﬂﬂ

PARECER CONSUBSTANCIADO DO CEP

DADOS DO PROJETO DE PESQUISA

Titulo da Pesquisa: Papel de NETs (Neutrophil extracellular traps) e microparticulas como preditor de
transfusdo e desfechos clinicos em transplante hepatico

Pesquisador: ANA PAULA HITOMI YOKOYAMA

Area Temética:

Verséo: 5

CAAE: 65116317.7.0000.0071

Instituicdo Proponente: SOCIEDADE BENEF ISRAELITABRAS HOSPITAL ALBERT EINSTEIN
Patrocinador Principal: Financiamento Préprio

DADOS DA NOTIFICACAO

Tipo de Notificacdo: Envio de Relatério Final

Detalhe:

Justificativa: Relatorio final de estudos aprovados- andlises encerradas, dados submetidos para
Data do Envio: 09/09/2022

Situacdo da Notificac&o: Parecer Consubstanciado Emitido
DADOS DO PARECER

NUmero do Parecer: 5.701.999

Apresentacao da Notificacao:

Relatério Final do Estudo “Papel de NETs (Neutrophil extracellular traps) e microparticulas como preditor
de transfusao e desfechos clinicos em transplante hepatico” conforme documento anexo:
Relatorio_final_de_estudos_aprovados_2022.pdf de 09/09/2022
Objetivo da Notificagéo:

Submeter Relatério Final ao Sistema CEP/CONEP

Avaliagdo dos Riscos e Beneficios:
Riscos e beneficios avaliados na aprovacao do Projeto de pesquisa.

Comentarios e Consideragdes sobre a Notificagao:
Relatério Final do Estudo conforme documento anexo:

Endereco: Rua Comendador Elias Jafet, 755 - Piso L4, Sala 407-G /407-F

Bairro: Morumbi CEP: 05.653-000
UF: SP Municipio: SAO PAULO
Telefone: (11)2151-3729 Fax: (11)2151-0273 E-mail: cep@einstein.br
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@ ST, HOSPITAL ISRAELITA ALBERT Plataforma
EINSTEIN-SP b %“""

Continuagéo do Parecer: 5.701.999

Relatorio_final_de_estudos_aprovados_2022.pdf de 09/09/2022

1. Total de participantes recrutados em cada centro e no total:

124 — estudo unicéntrico

2. Total de participantes incluidos no estudo em cada centro e no total:

93

3.  Total de participantes selecionados para randomiza¢ao em cada centro e no total:
Nao aplicavel -estudo ndo randomizado

4. Total de participantes excluidos na randomizagdo em cada centro e no total:
Excluidos 31 pacientes

5. Total de participantes efetivamente incluidos no estudo (apés a randomizacédo) em cada centro e no total:
93

6. Total de participantes retirados/descontinuados em cada centro e no total:

31

7. Principais razdes de retirada/descontinuacao:
Falha de coleta de amostra nos tempos A (pré- transplante) e B (intraoperatério), inviabilizando a anélise
sequencial

8. Total de participantes que concluiram o estudo em cada centro e no total:

93

9. Total de eventos sérios ocorridos em cada um dos centros participantes e no total:
0

10. Condutas adotadas em relagdo aos eventos dos eventos adversos graves:

0

11. Houve pedido de indenizacdo por danos causados por este estudo em algum dos centros participantes?
N&o

* Se sim, em qual (is) centro(s)? Nao aplicavel

* Quial (is) foi (ram) o (os) dano(s)? Nao aplicavel

* Qual a conduta tomada? N&o aplicavel
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Rerani ™

Demonstrou-se liberacdo de NETs apés reperfusdo de enxerto, evidenciada pelo aumento dos marcadores

de NETose especificos (H3 citrulinado) e inespecificos ( PicoGreen). Ainda, evidenciamos que a NETose

intraoperatdria parece ndo estar associada a transfusdo de hemocomponentes e hemoderivados. Porém,

pacientes com NETose mais exacerbada utilizam menos agentes antifibrinoliticos, corroborando o papel

trombogénico dos NETs. Com relacdo aos desfechos clinicos, demonstramos associacao estatisticamente

significativa entre NETose intraoperatéria e 6bito nos pacientes de transplante hepatico. Os resultados

foram submetidos para publicagdo recentemente.

Consideracdes sobre os Termos de apresentacdo obrigatoria:

vide: Conclusdes ou Pendéncias e Lista de Inadequacdes.
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Resolucdo CNS n° 466 de 2012 e Norma Operacional n°® 001 de 2013 do CNS, manifesta-se pela aprovagéo

da notificacdo apresentada.
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Abstract

Background: Transfusion of blood products during ortho-
topic liver transplantation (OLT) is associated with increased
morbidity and mortality. Although risk factors associated
with intraoperative transfusion requirements have been
widely assessed, published data on the prediction of postop-
erative transfusion requirements are sparse. Objectives: The
aim of this study was to evaluate risk factors for postopera-
tive allogeneic transfusion requirements in OLT. Methods:
Clinical characteristics and intraoperative parameters of 645
consecutive adult patients undergoing OLT were retrospec-
tively reviewed. Multivariate logistic regression was used to
determine the main determinants for postoperative transfu-
sion requirements. Results: Determinants of postoperative
transfusion requirements of any blood product in the post-
operative period were the number of blood products trans-
fused in the intraoperative period (OR 1.17, 95% Cl 1.08-
1.28), warm ischemia time (OR 1.05, 95% Cl 1.02-1.08), MELD
score (OR 1.05, 95% ClI 1.01-1.08) and hepatocellular carci-
noma (OR 0.45, 95% Cl 0.28-0.72). A dose-dependent effect
between the number of units transfused in the intraopera-

tive period and transfusion requirements in the postopera-
tive period was also observed. The relative risk of postopera-
tive allogeneic transfusion of any blood component was 5.9
(95% Cl 3.4-10.4) for patients who received 1-2 units in the
intraoperative period, 7.3 (95% Cl 3.6-14.7) for those who
received 3-5 units in the intraoperative period, and 11.1
(95% Cl 4.7-26.4) for those who received 6 or more units,
when compared to no intraoperative blood transfusion.
Conclusion: Our study demonstrated an association be-
tween intraoperative transfusion and warm ischemia time
with postoperative transfusion requirements. The identifica-
tion of risk factors for transfusion in the postoperative period
may improve management of these patients by increasing
awareness to bleeding complications in this high-risk popu-
lation and by expanding hemostasis monitoring to the post-

operative period. ©2019 S. Karger AG, Basel

Introduction

Transfusion of blood products in orthotopic liver
transplantation (OLT) has been related with poorer prog-
nosis [1-3] since cohort studies consistently demonstrat-
ed that transfusion of blood products is associated with
increased posttransplant morbidity and mortality [1-8].
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Intraoperative transfusion of packed red blood cell
units have been dose-dependently associated with several
posttransplant complications, such as increase in the risk
of hepatic artery thrombosis [9], early surgical re-inter-
vention after OLT [10, 11], reoperations for hemorrhage
[12], higher rate of graft loss [1, 2], development of post-
operative infections [4], prolonged hospital stay [13], and
with significant decrease in the 1-year survival rate [14]
and in overall survival [3]. Plasma-containing blood com-
ponents, such as platelets and fresh frozen plasma (FFP),
were also associated with increased risk of graft loss [6],
reduced posttransplant survival rate [15], transfusion-re-
lated acute lung injury (TRALI) [4], and transfusion-as-
sociated circulatory overload [16]. Particularly, transfu-
sion of platelets was related to early mortality due to TRA-
LI [2] and this is probably the blood component most
associated with increase in morbidity and mortality dur-
ing OLT [2, 17, 18].

Not only intraoperative transfusion of blood products
was associated with adverse outcomes after OLT. Postop-
erative bleeding is a prominent risk factor for intensive
care unit readmission after OLT [19] and postoperative
transfusion requirement has been associated with in-
creased length of hospital stay and lower graft and patient
survivals [7, 20, 21]. Particularly, the risk for postopera-
tive bleeding may be evaluated by preoperative thrombo-
elastometry results [21].

Although risk factors for transfusion requirements in
the intraoperative period have been largely investigated,
such as Model for End Stage Liver Disease (MELD) score,
age, warm ischemia times, and Child Turcotte Pugh score
[13], data on postoperative transfusion requirements are
sparse.

The negative impact of blood product transfusion on
the posttransplant prognosis underscores the need to rec-
ognize risk factors associated with transfusion require-
ments and to reduce blood product use during OLT [13].
Therefore, to better understand the risk factors associated
with postoperative transfusion in OLT, we evaluated
whether clinical characteristics before transplantation
and factors during transplantation were associated with
blood transfusion requirements in the postoperative pe-
riod.

Materials and Methods

Patient Population

We retrospectively reviewed the liver transplant procedures
performed at Hospital Israelita Albert Einstein in Sdo Paulo, Brazil,
between January 2011 and December 2015. A total of 672 consec-
utive OLTs were performed in our center in that period. Patients
who underwent combined organ transplantations (# = 23) or had
relevant missing data (n = 4) were excluded. We considered rele-
vant missing data: MELD at the time of transplantation, age, and
unclear documentation of warm and cold ischemia times.
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Characteristics of the patients and transfusion data were ex-
tracted from the medical records and the database of the Hemo-
therapy and Cell Therapy Department at Hospital Israelita Albert
Einstein. Both registries are prospectively maintained. The study
was approved by the institutional review board of Hospital Isra-
elita Albert Einstein as secondary analysis of preexisting databases.
The analysis was conducted ethically in accordance with the World
Medical Association Declaration of Helsinki, and under Brazilian
legal recommendations.

Hemostasis Management and Blood Transfusion Policy

Blood Components

In our institution, we perform universal irradiation and pre-
storage leukoreduction, and all components are prepared accord-
ing to Brazilian National Health Agency regulations. RBC units are
prepared from whole blood or apheresis collection, and the hemo-
globin content of each unit is above 40 g. One dose of platelet con-
centrates can either be obtained through apheresis collection
(minimum content of platelets is 3 x 10! per apheresis product)
or platelet pooled concentrates (6 units of random donor platelets
are pooled into one bag, at least 5.5 x 10'° platelets per unit), with
a medium volume of 240-300 mL per dose. FFP units have ap-
proximately 150 mL. One dose of cryoprecipitate (CRYO) is pre-
pared by pooling of 7-10 units of CRYO, with a minimum fibrin-
ogen content per unit of 150 mg in 10 mL. No pathogen inactiva-
tion method is performed.

The transfusion policy in our hospital is characterized by re-
strictive use of blood products. Transfusion and hemostatic man-
agement were performed according to the institutional goal-di-
rected perioperative protocol for OLT. Rotational thromboelas-
tometry (ROTEM®), prothrombin time (PT), activated throm-
boplastin time (aPTT), fibrinogen dosage, and total blood count
are performed in the preoperative phase, at anesthesia induction,
and at the end of surgery. Viscoelastic assays and hemoglobin
quantification are repeated at each bleeding episode, post reper-
fusion of graft, and after each therapeutic approach to check the
effectiveness of hemostatic intervention or transfusion per-
formed. In the postoperative period, total blood count, aPTT,
and PT are performed daily, while viscoelastic assays, hemoglo-
bin, and conventional tests are collected only when bleeding epi-
sodes occur. Transfusion of RBC is performed to a target hemo-
globin of 8 g/dL. Additionally, an intraoperative cell salvage de-
viceis used in selected patients. Infection and active neoplasia are
contraindications for cell savage. Transfusion of other blood
components such as platelets, FFP, and CRYO are performed
when severe bleeding occurs coinciding with laboratory evidence
of hemostatic derangement by rotational thromboelastometry or
by conventional tests (prolonged PT or aPTT). Four-factor pro-
thrombin complex concentrate (PCC) and fibrinogen concen-
trate are also used. PCC is avoided in cases of active thrombosis,
thrombophilia, and malignant neoplasia because of the higher
risk of thrombosis associated with those conditions [22, 23].
Therapeutic platelet transfusion is indicated when A10 EXTEM
(tissue factor activated ROTEM assay), the amplitude or clot
firmness obtained 10 min after coagulation time, is below 35 mm,
and A10 FIBTEM (tissue factor activated ROTEM assay with
elimination of platelet contribution to clot firmness by cytocha-
lasin D) is above 8 mm. Additionally, platelets are transfused
when significant bleeding occurs and there is clinical evidence of
platelet dysfunction, such as prior use of antiplatelets or other
thrombocytopathy. Although viscoelastic assays are superior in
predicting the need for platelet transfusion [24-26], the method
is not capable of detecting platelet dysfunction [27], a common
situation among patients with end-stage liver disease [28], spe-
cifically after reperfusion [29]. Also, when major bleeding occurs
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CHECK AND CORRECT:
Hb>8g/dL

pH

Caleium

Temperature

AND
A10 FIBTEM > Bmm
OR
Platelet count < 50x10°

Transfuse 1 platelet
concentrate

Fig. 1. Criteria for transfusion. Flow chart
for transfusion indication according to
clinical and laboratory criteria.

A10 EXTEM < 35 mm
AND
Al0 FIBTEM < 8 mm

Pt

CT EXTEM > 80s

* Fibrinogen concentrate dose (g): A FIBTEM (mm) x body weight (kg)/140

Cryoprecipitate 1 Unit/10 kg

FFP 10 mi/kg OR
PCC 10-15 Ul/ke

with platelet counts under 50 x 10°/L, platelet transfusions are
performed if ROTEM assays are not available. CRYO or fibrino-
gen concentrate are transfused when A10 EXTEM is below 35
mm and A10 FIBTEM is below 8 mm. Prophylactic platelet trans-
fusion is not performed in the intraoperative period. In the post-
operative period, prophylactic transfusion is performed for a
platelet count of 10 x 10°/L and before invasive procedures such
as insertion of central venous lines, percutaneous liver biopsy, or
major surgeries [30, 31].

Calcium, pH, and temperature were monitored and corrected
if necessary. Venous thromboembolic (VTE) prophylaxis and an-
tiplatelet therapy protocols are started on cessation of hemorrhag-
ic risk, usually 24 h post-procedure. Enoxaparin is used for VTE
prophylaxis, and doses are adjusted if renal impairment is ob-
served. Dual antiplatelet therapy is used in patients with high-risk
cardiovascular disease [32]. Reassessments are performed if bleed-
ing or thromboembolic events were suspected. Figure 1 summa-
rizes the criteria for transfusion.

Statistical Analysis

Baseline characteristics are presented as counts and percent-
ages if they are categorical variables or mean + standard deviation
if they are continuous variables. Median and interquartile range
were used to express continuous variables that were not normally
distributed.

The association between potential risk factors with postopera-
tive transfusion requirements was assessed by the multivariable
logistic regression models. In each logistic regression model, odds
ratios (OR) and the 95% confidence interval (CI) were used to es-
timate the association of the predefined risk factors with postop-
erative transfusion requirement. We considered as potential deter-
minants (or risk factors) of postoperative blood product use the

Risk Factors for Transfusion after
Orthotopic Liver Transplantation

following variables: age, gender, body mass index, hepatocellular
carcinoma (HCC) diagnosis, MELD score, warm and cold isch-
emia times, and intraoperative transfusion requirements. The pri-
mary outcome was the postoperative transfusion requirements of
any allogeneic blood component. Autologous blood recovered
from intraoperative cell salvage devices and coagulation factor
concentrates were not considered in this analysis. The outcome
was grouped into binary categories based on postoperative trans-
fusion need: no transfusion or transfusion of at least one unit of
any blood product.

Additionally, subgroup analyses were performed to determine
the risk factors associated with the use of RBC, platelets, FFP, and
CRYO, separately. We performed multivariable logistic regression
analyses to determine the association between the predefined po-
tential risk factors for transfusion (age, gender, body mass index,
HCC diagnosis, MELD score, warm and cold ischemia times, in-
traoperative transfusion requirements, and duration of hospital
stay) and transfusion requirements of each blood product. Blood
products were grouped into binary categories based on no transfu-
sion or transfusion of at least one unit. The association of potential
risk factors with transfusion requirements was expressed as OR
and 95% CI.

A dose-dependent relationship between intra- and postopera-
tive blood product use was also assessed by logistic regression anal-
ysis. Intraoperative transfusion was grouped into 4 categories (no
transfusion, 1-2 units, 3-5 units- or 6 and above 6 units), accord-
ing to the cut-offs previously defined [4, 5], which were entered
into the model as determinants. Postoperative blood transfusion
and transfusion of RBC, platelet concentrates, FFP, and CRYO
were entered as dependent variables. All analyses were performed
with SPSS version 20.0 (IBM, Chicago, USA).
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Table 1. Baseline characteristics of patients before OLT
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Table 2. Intraoperative parameters and length of hospitalization

Characteristics N (%) or median (IQR) Parameters N (%) or median (IQR)
Age 55 (46-61) Warm ischemia, min 40 (35-45)
Male 452 (71) Cold ischemia, h 8 (6.8-9.4)
Body mass index 26 (23-29) Total transfusion requirements
MELD score 29 (24-31) 0 225 (43)
Primary diagnosis 1-2 units 144 (24)
Virus-related liver cirrhosis! 236 (36.5) 3-5 units 102 (17)
Cirrhosis due to other causes? 216 (33.5) 6 or more 90 (15)
Metabolic diseases? 32(5) Days in hospital 12 (8-22)

Miscellaneous* 32 (5)

Primary nonfunction 18 (2.8)
Autoimmune diseases’ 60 (9.3)
Vascular complications® 36 (5.6)
Fulminant hepatitis 16 (2.5)
Hepatocellular carcinoma 195 (30.2)

OLT, orthotopicliver transplantation; IQR, interquartile range;
MELD, model for end-stage liver disease. ! Virus-related cirrhosis:
hepatitis B virus and hepatitis C virus. 2 Cirrhosis due to other
causes: alcoholic cirrhosis, nonalcoholic steatohepatitis, crypto-
genic. * Metabolic diseases: hemochromatosis, alpha 1 anti-trypsin
deficiency, familial amyloid polyneuropathy, Wilson’s disease.
* Miscellaneous: hemangioendothelioma, Caroli’s disease, schisto-
somiasis, polycystic liver disease, adenomatosis, neuroendocrine
tumor. °> Autoimmune diseases: biliary atresia, autoimmune hepa-
titis, primary biliary cirrhosis, primary sclerosing cholangitis, duc-
topenic cholestasis, primary nonfunction. ¢ Vascular complica-
tions: Budd-Chiari syndrome, hepatic artery thrombosis, portal
vein thrombosis.

Results

Study Population

Patient baseline characteristics are shown in Table 1.
Intraoperative parameters and length of hospitalization
are presented in Table 2.

Transfusion of Blood Products

One hundred thirteen patients (17.5%) did not receive
any blood product during the entire hospitalization pe-
riod. Three hundred and twenty-six patients (50.5%) re-
ceived transfusion in both intraoperative and postopera-
tive period, whereas one hundred and sixty-seven pa-
tients (25.8%) received blood transfusions only in the
postoperative period. Thirty-nine patients (6.2%) re-
ceived transfusion only in the preoperative period. The
total number of RBC units transfused in the intraopera-
tive period was 1,623 units, less than half of the amount
transfused in the postoperative period (3,576 RBC units).
Similarly, 480 units of FFP were transfused in the intra-
operative period, while almost twice as many units (798
FFP units) were transfused in the postoperative period.
Transfusion requirements of all blood components was
higher in the postoperative period. Transfusion require-
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IQR, interquartile range.

ments in the intraoperative and postoperative period are
shown in Table 3. Postoperative transfusion require-
ments per diagnosis is detailed in Table 4.

Risk Factors for Postoperative Transfusion

Requirements

The determinants of blood transfusion requirements
are detailed in Table 5.

The main determinants of postoperative transfusion
requirements of any blood component were the number
of blood units transfused in the intraoperative period (OR
1.21, 95% CI 1.10-1.34), MELD score (OR 1.05, 95% CI
1.01-1.08), and warm ischemia time (OR 1.05, 95% CI
1.02-1.08). HCC was a protective factor for postoperative
transfusion (OR 0.45, 95% CI 0.28-0.72). Intraoperative
transfusion was a major determinant of postoperative
transfusion requirements regardless of the type of blood
component used during the surgery. Age, gender, BMI,
virus-related cirrhosis, and cold ischemia time were not
associated with the risk of postoperative blood transfusion.

As shown in Table 5, determinants of postoperative
transfusion of packed RBC were female gender, MELD
score, virus-related cirrhosis, number of blood compo-
nent units used in the intraoperative period, and warm
ischemia time. The determinants of postoperative platelet
transfusion requirements were MELD score and volume
of intraoperative blood transfusion. Transfusion of FFP
was related to the number of units of blood components
used in the intraoperative period, while CRYO usage was
determined by BMI, number of units of blood compo-
nents used in the intraoperative period, and cold ischemia
time. HCC was a protective factor for transfusion of RBC,
FFP, and CRYO.

As volume of intraoperative transfusion per unit was
a major determinant for transfusion requirements in the
postoperative period, we further investigated whether
there was a dose-dependent association between the
number of units transfused in the intraoperative period
and transfusion requirements in the postoperative period
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Table 3. Overall transfusion requirements during hospitalization for OLT
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Blood components

Intraoperative trans-

fusion, median (range)

Total intraoperative

transfusions, n

Postoperative,
median (range)

Total postoperative

transfusions, n

Total blood transfusion, UI
RBC, UI

FFP, Ul

Platelets, UI
Cryoprecipitate, Ul

1
1
0
0
0

(0-35)
(0-22)
(0-18)
(0-5)
(0-2)

1,623
906
480
155

82

3 (0-56)
2(0-27)
0 (0-25)
1(0-25)
0 (0-6)

3,576
1,962
798
701
115

RBC, red blood cell; FFP, fresh frozen plasma.

Table 4. Postoperative transfusion requirements per diagnosis

Diagnosis

Postoperative units

Postoperative units

Postoperative units of

Postoperative units of

of RBC transfusion of FFP transfusion CRYO transfusion platelet transfusion
mean SD mean SD mean SD mean SD
Etiological diagnosis
Virus-related liver cirrhosis 3.22 4.34 1.70 3.64 0.24 0.66 1.28 2.20
Cirrhosis due to other causes 3.00 3.79 1.25 2.85 0.15 0.46 1.01 1.50
Metabolic diseases 2.75 424 0.44 1.08 0.19 0.47 0.91 1.82
Miscellaneous 5.13 5.07 2.84 5.38 0.34 0.60 1.66 1.93
Primary nonfunction 10.22 6.73 6.56 7.50 0.50 0.86 2.06 2.10
Autoimmune diseases 493 4.73 1.92 432 0.20 0.82 1.38 2.01
Vascular complications 5.50 4.78 2.58 3.81 0.36 0.72 1.39 2.14
Fulminant hepatitis 4.25 5.05 2.00 2.68 0.13 0.34 2.44 6.14
Hepatocellular carcinoma
Present 1.67 2.43 0.78 2.45 0.1 0.48 0.71 1.12
Absent 4.70 4.98 2.21 4.15 0.28 0.66 1.51 2.43

SD, standard deviation; RBC, red blood cells; FFP, fresh frozen plasma; CRYO, cryoprecipitate.

Table 5. Risk of postoperative transfusion according the baseline characteristics and intraoperative parameters

Clinical parameters

Postoperative transfusion of any
blood component (compared to

no postoperative transfusion)

Postoperative RBC transfusion
>1 U (compared to no
postoperative RBC transfusion)

Postoperative platelet transfusion
21 U (compared to no
postoperative platelet transfusion)

21 U (compared to no

Postoperative FFP transfusion

postoperative FFP transfusion)

Postoperative cryoprecipitate
transfusion 21 U (compared

to no postoperative
cryoprecipitate transfusion)

OR  9%Cl p OR  95%CI p OR  9%Cl p OR  95%CI p OR  9%Cl p

Age 1.00 0.98; 1.02 0.90 1.00 0.99; 1.02 0.62 1.01 0.99; 1.02 0.37 1.00 0.98;1.01 0.90 1.02 0.99; 1.04 0.10

Gender 1.10 0.66; 1.85 0.70 1.66 1.02;2.71 0.04 1.02 0.69; 1.52 0.92 1.21 0.81;1.83 0.35 1.09 0.62; 1.91 0.76

BMI 1.03 0.98; 1.07 0.25 1.01 0.97; 1.05 0.76 1.04 0.99; 1.08 0.10 1.02 0.98; 1.06 0.25 1.03 1.00; 1.05 0.03

MELD score 1.05 1.01; 1.08 0.02 1.07 1.03;1.10  <0.001 1.02 1.00; 1.04 0.05 1.00 0.98;1.02 0.73 1.02 0.99; 1.04 0.13

Hepatocellular 0.45 0.28;0.72  <0.001 0.41 0.27;0.64  <0.001 0.72 0.48; 1.08 0.12 0.39 0.24;0.64  <0.001 0.29 0.13;0.64  <0.001

carcinoma

Virus-related 1.72 0.86; 3.40 0.18 2.44 1.24; 4.81 0.01 1.59 0.97; 2.59 0.06 1.44 0.88;2.38 0.43 1.26 0.69; 2.31 0.45

cirrhosis

Volume of intraoperative 1.21 1.10; 1.34  <0.001 1.20 1.10; 1.31  <0.001 1.16 1.10; 1.24  <0.001 1.17 1.11;1.23  <0.001 1.13 1.08;1.19  <0.001

blood transfusion

Warm ischemia time 1.05 1.02;1.08  <0.001 1.05 1.03;1.08  <0.001 1.01 1.00; 1.03 0.14 1.01 0.99;1.03 0.17 1.01 0.99; 1.03 0.84

Cold ischemia time 1.02 0.97; 1.14 0.71 1.02 0.92;1.14 0.68 1.08 0.99; 1.19 0.09 1.02 0.91;1.13 0.77 1.17 1.02; 1.35 0.03
OR, odds ratio; CI, confidence interval; RBC, red blood cells; FFP, fresh frozen plasma.
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Table 6. Risk of postoperative transfusion according intraoperative transfusions

Total intra-
operative

Postoperative transfusion
(any transfusion)

Postoperative RBC transfusion

Postoperative platelet transfusion

Postoperative FFP transfusion Postoperative CRYO transfusion

transfusion

required OR 95%CI  p OR 95%CI  p OR 95%CI  p OR 95%CI  p OR 95%Cl  p

0 reference reference reference reference reference

1-2 units 59 3.4;10.4 <0.001 5.4 3.3;89 <0.001 27 1.8;4.1 <0.001 2.5 1.5;4.2 <0.001 4.4 2.1;94 <0.001
3-5 units 7.3 3.6;14.7 <0.001 6.1 3.4;11.1 <0.001 5.4 3.2;88 <0.001 2.6 1.5;4.6 <0.001 3.8 1.7;8.7 0.001
6 or more 11.1 4.7;26.4 <0.001 11.7 5.4;25.2 <0.001 7.3 4.2;12.8 <0.001 10.4 5.9;18.1 <0.001 11.7 5.5;24.5 <0.001

OR, odds ratio; CI, confidence interval; RBC, red blood cells; FFP, fresh frozen plasma; CRYO, cryoprecipitate.

(Table 6). The OR for postoperative transfusion of any
blood component was 5.9 (95% CI 3.4-10.4) for patients
who received 1-2 units in the intraoperative period, 7.3
(95% CI 3.6-14.7) for those who received 3-5 units in the
intraoperative period, and 11.1 (95% CI 4.7-26.4) for
those who received 6 or more units, when compared to
no intraoperative blood transfusion. A similar dose-de-
pendent effect was also observed regarding transfusion of
platelet concentrates, FFP, and CRYO (Table 6).

Discussion/Conclusion

Several studies have demonstrated the negative impact
of blood transfusion in OLT, with increased rates of mor-
bidity and mortality, longer hospital stay, and higher
costs [1, 9]. So far, most of the studies have analyzed pre-
dictors of blood transfusion only in the intraoperative pe-
riod [7, 20, 33, 34].

Anemia and hemostatic derangements are also com-
mon situations in the postoperative period, contributing
to transfusion requirements. Early postoperative bleed-
ing is the most frequent life-threatening complication of
OLT [12, 35]. These bleeding episodes demand reopera-
tion in 10-15% of patients and increase costs [36]. Rota-
tional thromboelastometry parameters, such as CFT IN-
TEM, A10 FIBTEM, and MCF FIBTEM, were recently
identified as predictors of postoperative nonsurgical
bleeding in OLT in a retrospective analysis [21]. Standard
coagulation test, such as aPTT and PT, may also predict
postoperative bleeding, while fibrinogen concentration,
platelet count, and other ROTEM variables failed to iden-
tify bleeding risk [21]. Although these risk factors associ-
ated with transfusion requirements in the postoperative
period have been reported by previous studies [21], clini-
cal evidence on this issue remains sparse.

In this study, we aimed to determine predictors of
transfusion requirements in the postoperative period. We
included a large number of severe acutely ill patients and
those with mild abnormalities of liver function, which pro-
vided a wide range of transfusion requirements. We ob-
served that the volume of blood components transfused in
the postoperative period was higher than that in the intra-
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operative period. The number of RBC and FFP units trans-
fused was 2.2 times increased and the number of platelets
transfused were 4.5 times increased in the postoperative
period when compared with the intraoperative period.
This observation suggests that the need for therapeutic
transfusions was more pronounced in the postoperative
period. Although it is possible to argue that the differences
between intra- and postoperative platelet transfusion
guidance may have had an impact on transfusion indica-
tion [37-39], that would only be true for prophylactic
platelet transfusion because both post- and intraoperative
therapeutic transfusion were only guided by viscoelastic
tests. Furthermore, the same guidance for intra- and post-
operative RBC and FFP transfusion was applied.

Posttransplant thrombocytopenia is a common situa-
tion that affects the majority (90%) of patients immedi-
ately after the procedure [40, 41]. Nadir of thrombocyto-
penia is expected on days 3-5, when platelet counts may
drop as low as 60% of the baseline, followed by full recov-
ery within 14 days [42]. The use of standard laboratory
tests to guide prophylactic platelet transfusion in the
postoperative period and the occurrence of a transient
thrombocytopenia may explain our findings of increased
platelet transfusion need in the postoperative period.
However, they would not explain the increase in packed
RBC and FFP transfusion.

We observed that the main determinants of postop-
erative blood transfusion requirement were volume of
blood transfused in the intraoperative period, warm isch-
emia time, and MELD score. Besides these determinants,
female gender and virus-related cirrhosis were also risk
factors for the need of packed RBC transfusion, and cold
ischemia time and BMI for CRYO transfusion. HCC was
a protective factor for postoperative transfusions for all
components, except for platelets.

We observed that the diagnosis of virus-related liver
cirrhosis was a risk factor for RBC transfusion require-
ment in the postoperative period. This result was unex-
pected because hepatitis C infection is associated with in-
creased platelet activity [43, 44], which suggests that the
disease leads to a procoagulant state. Nevertheless, vol-
umes of platelets, CRYO, or FFP transfused were not as-
sociated with virus-related cirrhosis.

Yokoyama et al.



Intraoperative transfusion was dose-dependently as-
sociated with postoperative transfusion requirements
when considering all blood products and in subgroup
analyses of each product. This observation suggests that
the determinants of postoperative transfusion require-
ments are similar to those of intraoperative transfusion,
which are age [20, 33], preoperative hemoglobin and co-
agulation tests results [7, 20, 33, 34], bilirubin [3, 7], pre-
vious surgery [3, 5], and MELD score [20, 34].

Besides sharing the same risk factors, it is also possible
that intraoperative transfusion is directly associated with
the risk of postoperative transfusion. Severe coagulopathy
may occur following hepatic revascularization due to pro-
longed ischemia times [20], thrombocytopenia, heparin-
like effect [45], hyperfibrinolysis, and coagulation factor
deficiencies [8, 46]. These disorders may cause intraopera-
tive and postoperative bleeding [11, 12], affecting the risk
of both intraoperative and postoperative transfusion re-
quirements. The association between intraoperative trans-
fusion requirement and postoperative bleeding has been
determined before [8, 11, 12, 15]. In a retrospective study,
intraoperative blood transfusion was dose-dependently as-
sociated with the risk of reoperation due to bleeding [12].

In our study, warm ischemia time was also a determi-
nant for blood transfusion requirement in the postopera-
tive period. Warm ischemia has been described as a risk
factor for intraoperative transfusion requirements [3, 5].
A previous cohort study showed that prolonged warm
ischemia time affects immediate graft function, which
leads to reperfusion blood loss and transfusion need [3].
The risk of receiving massive transfusion during the sur-
geryincreased by 11% for each additional minute of warm
ischemia time [3].

We observed that increase in postoperative transfu-
sions was associated with increased length of hospital
stay. It is noteworthy that there is an association between
post-OLT complications and longer hospitalization peri-
ods. Therefore, length of hospital stay may be regarded as
a surrogate marker of post-OLT complications. From
that perspective, our study suggests that post-OLT ad-
verse outcomes are associated with the risk of postopera-
tive transfusion.

Our subgroup analyses on the risk factors for the use
of packed RBC, FFP, and CRYO in the postoperative pe-
riod yielded similar results as those on the risk for blood
products altogether, except for adjusted MELD, which
appeared as risk factor for packed RBC transfusion and
platelets, and HCC, which was a protective factor for all
blood components, except for platelets.

The role of HCC in OLT prognosis is controversial and
may be dependent on the stage of the disease. Although
selected patients with stage 1-2 HCC may have long-term
survival after OLT [47], it has also been reported that
HCC patients may require more blood products than
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those suffering from other pathologies [33]. In our center,
most of HCC patients are prioritized for transplantation
because of additional MELD points gained due to the tu-
mor and, therefore, they spend a shorter period on the
waitinglist. These recipients had preserved liver function,
little or no hemostatic derangements, and almost no co-
agulopathy. Furthermore, patients with HCC may have a
hypercoagulable state due to chronic inflammation and
circulating tissue factor-bearing cells [48-53], which may
contribute to lower transfusion requirements. Indeed, we
had a relatively elevated incidence of patients with HCC
(30.2%), with elevated adjusted MELD, but mild disease
and minimum impairment on liver function.

The association between MELD score and transfusion
requirements is also controversial [54, 55, 47]. In our
study, MELD score was only associated with packed RBC
and platelet requirements. In previous studies, blood
product use and reoperation due to hemorrhage was
more frequent in patients with higher MELD scores [10,
12], probably due to a persistent coagulopathy. However,
we had a significant proportion of patients with HCC
(33%), whose adjusted MELD score were high because of
the tumor and not because of a more compromised liver
function. A previous study that included a high propor-
tion of patients with HCC (16%) also reported no asso-
ciation between adjusted MELD score and transfusion
requirements [54]. Likewise, no significant correlation
between MELD score and coagulopathy measured by
thromboelastometric parameters was established [56],
suggesting a rebalanced hemostasis in such patients, ir-
respective of the extent of liver failure [56].

Our study has several limitations, which are addressed
in the following paragraph. First, this is a retrospective
study and some information on baseline characteristics
are missing, such as blood tests before the OLT. However,
we were still able to accurately evaluate the clinical condi-
tions of the patients because this information was sum-
marized in the adjusted MELD score. Second, as we aimed
to evaluate determinants of allogeneic transfusion, we did
not evaluate the use of cell salvage and the use of blood
products such as PCC and fibrinogen concentrates. It is
possible, however, that these therapies have an effect on
transfusion requirements in the postoperative period.
Third, this is a single-center study where OLT has been
performed by the same team of surgeons and anesthesi-
ologists for the last 5 years. Although single-center stud-
ies provide limited variability of practices and standard-
ized procedures, it may also comprise the generalizability
of the results. Finally, our findings suggest that blood
product use in the intraoperative period increases post-
operative transfusion requirements. Since blood transfu-
sion is associated with increased short- [2, 4, 11] and
long-term [5, 13, 14] morbidity and mortality, restrictive
transfusion strategies and methods to decrease blood loss
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[57] may potentially benefit the patients. However, these
strategies have to be evaluated in further studies.

In conclusion, our study demonstrated that there is an
association of intraoperative transfusion, warm ischemia
time, and length of hospitalization with postoperative
transfusion requirements. The identification of risk fac-
tors for transfusion in the postoperative period may im-
prove management of these patients by increasing the
awareness to bleeding complications in this high-risk
population and by expanding hemostasis monitoring to
the postoperative period. This may result in improved
outcomes and reduced morbidity and costs.
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Results: We observed a peak of circulating NETs following reperfusion, evidenced by a
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reperfusion:907.27 ng/mL, pre-discharge: 195.57ng/mL, p<0.001) and a 2-fold
increase in cit-H3 levels in the post-graft reperfusion period (mean levels of cit-H3 pre
transplant: 1.66ng/mL, after reperfusion:3.022ng/mL and at discharge 0.87ng/mL,
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p<0.0001). We observed an association between increased levels of cit-H3 and in
hospital death (OR=1.168, 95%CI 1.021-1.336, p= 0.024). No association was found
between NETs markers and transfusion requirements.

Conclusions: There is a prompt release of NETs after reperfusion that is associated
with poorer outcomes and death. Intraoperative NETs release seems to be
independent of transfusion requirements. These findings highlight the relevance of
inflammation promoted by NETS and its impact on OLT adverse clinical outcomes.
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Essentials

e Inflammatory phenomena have a direct impact on the prognosis of orthotopic liver
transplantation (OLT)

e Neutrophil extracellular traps contribute to the inflammation and hemostasis
imbalance during OLT and their role on clinical outcomes and transfusion
requirements is not determined

e In this study, NETs release during reperfusion phase was associated to in hospital
death

e Targeting against NETs formation may form a potential therapy in preventing OLT
complications
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Abstract

Background: Inflammatory phenomena have a direct impact on the prognosis of orthotopic liver
transplantation (OLT). Neutrophil extracellular traps (NETs) contribute to OLT inflammation and
hemostasis imbalance in OLT. The association between NETosis , clinical outcomes and

transfusion requirements is not determined.

Objectives: To evaluate NETs release during OLT and the effect of NETosis ontransfusion

requirements and adverse outcomes in a prospective cohort of patients submitted to OLT.

Methods: We quantified citrullinated histones(cit-H3) and circulating-free- DNA (cf-DNA) in
ninety-three patients submitted to OLT in three periods: pre-transplant, after graft reperfusion
and before discharge. NETs markers were compared between these periods using ANOVA test.
The association of NETosis and adverse outcomes was evaluated using regression models

adjusted for age, sex and corrected MELD.

Results: We observed a peak of circulating NETs following reperfusion, evidenced by a 6-fold
increase in cf-DNA (mean levels of cf-DNA pre-transplant:158.36 ng/mL, post reperfusion:907.27
ng/mL, pre-discharge: 195.57ng/mL, p<0.001) and a 2-fold increase in cit-H3 levels in the post-
graft reperfusion period (mean levels of cit-H3 pre transplant: 1.66ng/mL, after
reperfusion:3.022ng/mL and at discharge 0.87ng/mL, p<0.0001). We observed an association
between increased levels of cit-H3 and in hospital death (OR=1.168, 95%Cl 1.021-1.336, p=

0.024). No association was found between NETs markers and transfusion requirements.

Conclusions: There is a prompt release of NETs after reperfusion that is associated with poorer
outcomes and death. Intraoperative NETs release seems to be independent of transfusion
requirements. These findings highlight the relevance of inflammation promoted by NETS and its

impact on OLT adverse clinical outcomes.

Keywords: neutrophil extracellular traps, blood transfusion, NETosis, liver transplantation
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Introduction

The role of neutrophils as key mediators in infection (1), thrombosis (2) , cancer(3) and
autoimmune diseases (4) has been widely described. In response to inflammatory stimuli,
neutrophils are able to degranulate and assemble a scaffold of decondensed chromatin (1),
forming a web-like structure called neutrophil extracellular traps (NETs). These structures
actively participate in trapping and killing of pathogens (1), protecting against infection, but are
also involved in the pathophysiology of many events, such as atherosclerosis (5), thrombosis
(6,7), systemic thrombotic microangiopathies (8), transfusion acute lung injury (TRALI) (9),
amongst others. Indeed, despite crucial to many physiological events, NETs can trigger tissue

lesion when dysregulated (10) , through proinflammatory pathways.

NETs have also been described in the scenario of liver transplantation (11), contributing to
inflammation (11) and activation of coagulation (12). In murine models, the initiation of liver
ischemic/reperfusion (I/R) injury resulted in the release of damage-associated molecular
patterns (DAMP’s), neutrophil recruitment and NETs formation in sinusoidal lobes. Elevated
tissue level of citrullinated-histone H3 (cit-H3) and serum levels of myeloperoxidase (MPO)-DNA
complexes, which are considered NET markers, were shown to induce cytokines release and cell
death (11). Also, cell- free DNA (cfDNA) and nucleosome levels peaked after reperfusion and
were associated with activation of coagulation (13), contributing to the hemostatic rebalance

and prothrombotic state in orthotopic liver transplantation (OLT).

Previous studies have elucidated novel aspects of neutrophil biology, with NETs implicated in
the development of inflammatory events in many diseases. While NETosis has already been
associated to increased risk of rejection (13) and prothrombotic events (14) in lung
transplantation, the effect of NETs in OLT outcomes has not been described yet. Also, since it
has been shown they trigger thrombus formation and elevation of thrombin-antithrombin
complexes and prothrombin fragments (2,15) and thus contributes to hemostasis balance, they
might also have an impact on transfusion requirements during OLT. However, the association
between NETosis, clinical outcomes and transfusion of blood components in OLT remains
unknown. Considering that NETosis is an inherent phenomenon in I/R injury in OLT, we aimed
to determine the evolution of NETosis markers during OLT and whether they are associated with

blood transfusion requirements and clinical outcomes in these scenario.
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Methods

This is an observational prospective cohort study conducted at Hospital Israelita Albert Einstein,
a tertiary hospital in Sao Paulo, Brazil and the Hematology and Hemotherapy Center of the
University of Campinas (UNICAMP), Brazil. The study was approved by the Brazilian National
Committee for Research Ethics CONEP, CAAE 65116317.7.0000.0071 and by the Ethics and
Research Committees of participating institutions. From April 2017 to January 2020, all adult
patients who had been admitted for OLT at the center were assessed for inclusion. Patients
under the age of 18 years or who refused to participate in the study were excluded. Informed

consent was obtained from all the participants or their legal representatives.

The primary outcome was to describe the evolution of NETs release during OLT. The secondary
outcomes were to evaluate the association of intraoperative NETosis and: i. transfusion of blood
components, factor concentrates and hemostatic agents’ requirements in intraoperative and
postoperative period and ii. the occurrence of thrombosis, organ dysfunction (defined by acute
kidney injury, need and duration of mechanical ventilation for more than 1 day after OLT, need
of vasopressors and /or extracorporeal membrane oxygenation support), infection, graft

rejection and death.
Data collection

After inclusion, we recorded baseline clinical, laboratory and demographic characteristics.
Additional data related to surgical procedure, such as total duration of surgery, warm and cold
ischemia times, intraoperative complications, preoperative, post-reperfusion and end of OLT
thromboelastographic results (ROTEM) were also collected. During the entire hospital stay,
patients were daily assessed, and clinical and laboratory data were recorded to evaluate blood
product transfusions, incidence of thrombotic events in postoperative period, infections, acute
liver rejection, early allograft dysfunction, organ damage and death. There was no loss of follow

up among the ninety-three patients included in the study.
Laboratory procedures

Serum and plasma samples were obtained at three time points during hospital stay: at hospital
admission for OLT (which occurred within a two-hour timeframe from beginning of surgery- time
A), immediately after graft reperfusion (maximum estimated time after reperfusion: 10 minutes-
time B) and at hospital discharge (time C). The time points for sample collection for these
patients were standardized during surgical procedures for hemostatic evaluation and for the

purpose of this study. Samples were centrifuged for 15 min at 1500G within a 2-hour period
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from collection in order to avoid pre-analytical interferences. Plasma and serum were kept in
100 ul and 500 pl aliquots frozen at -80° C for further analysis. Only patients with adequate
samples for analysis at the admission for OLT and after graft reperfusion were included. Any
missing samples or samples compromised by pre-analytical issues at admission or post
reperfusion would implicate exclusion from the study. Sequential analysis of NETosis markers
allowed us to account for real procedure-induced NETosis, since the associations between
outcomes and OLT- NETosis were made from the delta between post reperfusion markers (time

B) and baseline pre-transplant NETosis status (time A).

In order to confirm NETosis, we performed assays to detect specific remnants of NETs, by using
ELISA based immunometric assay Citrullinated histone H3 (cit-H3) (Clone 11 D3; Cayman, Inc).
100 pL of plasma was added to the wells and incubated for two hours at room temperature on
an orbital shaker. After that, washes were repeated for five times with wash buffer and 100 uL
of anti-histone H3 HRP conjugate working solution was added. The plates were covered and
incubated for one hour at room temperature on an orbital shaker. Then, the plates were
emptied and rinsed for five times with wash buffer and 100 pL of TMB substrate solution was
added, followed by a 30-minute -period incubation in the dark on an orbital shaker. 100 pL of

HRP stop solution was then added and the plate was read at a wavelength of 450 nm.

To evaluate baseline, post-reperfusion and pre-discharge cf-DNA, we extracted DNA from serum
samples using QlAamp Circulating Nucleic Acid Kit ™. Quantitation was performed with 200uL
extracted DNA with Quant-iT ™ PicoGreen® dsDNAAssay Kit (ThermoFisherScientific, USA) A

fluorescence microplate reader to determine absorbance at 520 nm wavelength was used.
Statistical analysis

The trial was designed to enroll at least 50 patients. We calculated that this sample size would
provide 80% power to detect significant increase in cit-H3 levels from time A (pre-

transplantation) to time B (after graft reperfusion) at the 0.05 level of significance.

Descriptive analyses were expressed as counts and percentages in the case of categorical
variables. For continuous variables, means with standard deviations or medians with
interquartile ranges (IQR) were used, according to the data distribution. Continuous variables
were compared using Mann-Whitney U test, and categorical variables were compared using chi-
square test or Fisher’s exact test. We compared NETs markers (cf-DNA and cit- H3) between all
the time points (pre-OLT, immediately after reperfusion and pre discharge) throughout hospital

stay using a mixed-design ANOVA model.
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Next, we evaluated the association of NETosis and clinical outcomes using univariate and
multivariate models. We first performed univariate analysis comparing Cit-H3 and PicoGreen
levels for patients who had and had not the adverse outcomes on times A (pre-OLT), B
(immediately after reperfusion) and C (before hospital discharge). After that, we calculated the
absolute increase in Cit-H3 levels (delta) from pre-OLT (time A) to post-reperfusion (time B) by
subtracting the levels of Cit-H3 between both periods. As levels of Cit-H3 are the most specific
marker of NETosis among those evaluated in this study, we used Cit-H3 as a surrogate marker
of NETosis in this second analysis Delta Cit-H3 between times A and B was entered as
independent variable and blood product transfusion, factor concentrates and antifibrinolytics,
and adverse outcomes entered as dependent variables. No confounding factors were expected
in these paired analysis, since patients were compared to themselves over different times at
OLT. The regression models were adjusted for pre-determined factors potentially associated
with inflammation and poorer outcomes, such as age, sex and corrected Model for end stage
liver disease (MELD) score. All statistical analyses were performed with SPSS version 23.0 for

Windows (SPSS Inc., Chicago,IL, USA).

Results

From April 2017 to January 2020, 158 OLTs were performed at our center. One hundred and
twenty-four patients were enrolled for the study, among which thirty-one patients were
excluded from the analysis due to inadequate sample processing or missing samples, resulting
in ninety-three patients being included in the study. Patients whose samples collected at time A
or B were inadequate or missing were excluded from the analysis. These individuals were missed
completely at random. We ended up with ninety-three patients eligible for analysis of cf-DNA
and cit-H3 collected at times A and B, and forty-one and thirty-eight for analysis of cf-DNA and
cit-H3, respectively, at time C. These ninety-three patients were followed during the entire
hospital stay, until discharge or death, daily. There was no loss of follow up. Table 1 shows

baseline characteristics of the patients and Table 2 shows clinical data of liver disease.
NETosis during OLT

Circulating free-DNA and cit-H3 were measured in order to analyze NETosis in the three pre-
specified time-points of OLT (pre OLT -baseline, immediate post graft reperfusion and pre-
discharge).

We observed an increase in Cit-H3 levels and cf-DNA and from pre-OLT to post-reperfusion

phase, followed by a decrease afterwards (Table 3). The mean levels of cit-H3 were 1.66ng/ml

7
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(SD=4.61) pre-OLT, 3.02ng/ml (SD=4.61) after reperfusion and 0.87ng/mL (SD= 1.13ng/ml,
p<0.0001) at discharge. The mean levels of cf-DNA from all patients were 158.36ng/ml (SD=
308.13) pre-OLT, 907.27ng/ml (SD=1086.15) after reperfusion and 195.57ng/ml (SD= 591.85, p<
0.001) at discharge. See general data of NETosis during OLT on Table 3.

Clinical outcomes and NETosis

Median of ICU length of stay was 4 days (IQR 3-8) and median of hospital length of stay was 11
days (IQR 8-17) (Table 4). Forty patients developed infection during hospitalization, most of
them due to bacteria (58.1%). Half (48.7%) of the patients developed organ dysfunction, among
those, one third had acute kidney injury with renal replacement therapy requirement. Fifteen
percent of the patients had rejection and seven patients had new thrombosis in the post
operative period. Nine patients died during hospital stay and another five patients died within

the course of a year post OLT. One-year survival was 84.9%.

Use of blood products, coagulation factor concentrates, hemostatic agents are shown in Table
5. Most of the patients (69,9%) received at least one unit of red blood cells (RBC), median usage
was 3 units of RBC per patient. The majority of patients did not receive factor concentrates or
antifibrinolytics. Pre- OLT and post graft reperfusion laboratory data are shown in Table S1
(Supplementary Appendix). Overall, patients had mild hemostatic derangements, with CT
(median 67, IQR 61-82) and CFT (median 138, IQR 96-237) slightly increased on EXTEM,
associated to thrombocytopenia, which exacerbated in post reperfusion period (Table S1 in

supplementary appendix). Surgical times are shown on table S2

Absolute levels of Cit-H3 and Pico Green at times A, B and C from patients with infection, organ
dysfunction, occurrence of new thrombosis, graft rejection and in hospital death were
compared to patiens who had not had these events in Figure 1. Univariate analysis showed that
patients who developed graft rejection (p=0.009) and infection (p=0.029) had statistically
significant higher levels of cit-H3 prior to transplantation ( samples collected at time A). No other
associations were found on NETosis markers and occurrence of new thrombosis, death during

hospitalization and organ dysfunction in univariate analysis.

In order to determine whether the release of NETs was associated to OLT outcomes and blood
transfusion requirements, we performed multivariate models to analyse increases in cit-H3

levels from time A (prior to transplantation)to B (immediately after reperfusion) (Figure 2). In
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order to account for severity of the disease, baseline conditions, pre-OLT status these
multivariate analysis were adjusted for corrected MELD, age and sex. We observed that
increases in cit-H3 from time A to B were independently associated to the risk of in-hospital
death (p=0.024). No other associations were found between intraoperative NETosis and clinical

outcomes in OLT (Figure2).

When analysing intraoperative NETosis and blood products requirements among these patients,
we found no associations between increases in Cit-H3 levels and number of blood products
transfused. However, we observed that increases in Cit-H3 levels were associated with

reductions of tranexamic acid usage (OR 0.82, CI95% 0.71-0.96, p 0.02) (Figure 3).

Discussion

In this study of ninety-three patients submitted to OLT, we aimed to describe the associations
between NETosis markers, blood transfusion requirements and adverse OLT outcomes. We
demonstrated an increase in NETs markers after graft reperfusion, followed by a decrease pre-
discharge, as demonstrated by the measures of cit-H3 and cf-DNA pre-transplant, post
reperfusion and pre-discharge phases. These findings corroborate with the hypothesis that
there is indeed cell damage because of I/R injury, as previously demonstrated in animal models
(11) and as previously demonstrated (12).There is abundant neutrophil infiltrate immediately
after reperfusion, cytokine release and reactive oxygen species (ROS) (16). NETosis is an inherent
inflammatory phenomenon of OLT, as a consequence of I/R injury (11), upon DAMP’s release
such as high mobility group box-1 (HMGB-1), inducing NETosis via toll-like receptors 4 and 9(11).
Our results are consistent with this evidence and further confirm that these phenomena occur

in OLT patients, once we reported elevations of NETs markers after graft reperfusion.

We also investigated if NETs were associated with transfusion requirements. Chronic liver
disease is characterized by a complex hemostatic imbalance, with deficits on primary and
secondary hemostasis, low levels of procoagulant and anticoagulant factors, thrombocytopenia,
platelet dysfunction, dysfibrinogenemia, erratic fibrinolysis (17). In addition, during the
anhepatic phase of liver transplantation, hemostasis is even more challenged due to
hemodilution, hypothermia, reduced clearance of tissue plasminogen activator (tPA) and
reduced synthesis of coagulation factors, with further tPA release from the graft after
reperfusion. Since NETs do activate coagulation (2,8,18), enhance thrombin generation(19,20)
we assumed they might play a role on balancing hemostasis and reducing the need of blood

transfusion requirements in OLT.  Our first hypothesis was that NETs markers could be

9
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associated with a reduction on transfusion of blood components. We observed, however, no
association between NETosis and perioperative blood transfusions. Previous studies correlated
cf-DNA and thrombin generation in a dose-dependent manner, as well as activation of factors
Xl and XlI (20,21). Indeed, cf-DNA impairs fibrinolysis, inhibiting plasmin and plasminogen
activation, which reinforces the thrombogenic role of NETs (19,22). Curiously, our findings
suggest that the higher the increase of NETosis markers post reperfusion, the lower the
tranexamic acid requirements, an antifibrinolytic agent used to treat hyperfibrinolysis after
reperfusion, which may suggest that NETosis mitigates the stimulus for hyperfibrinolysis in the

post-reperfusion period.

Activation and recruitment of neutrophils form a scaffold to support platelets, histones, granular
enzymes, red blood cells, fibrin and coagulation factors, inducing thrombosis (23). Neutrophils
are also able to increase production of thromboxane A2 and enhance NETosis through integrins
pathways, ROS and HMGB-1, as well as activating factor Xl and mobilizing Weibel-Palade bodies
(24). Therefore, we evaluated interactions between NETosis markers and postoperative
thrombosis. At first, considering the prothrombotic potential of NETs, we expected that NETosis
would be protective for hemorrhagic events and a risk factor for postoperative thrombosis.
However, no association between NETs markers and thrombosis was found. Since NETs have
several prothrombotic triggers as mentioned above, one possible explanation for the absence
of an association between NETosis, thrombosis and transfusion requirements is the fact that we
may have underestimated circulating NETs post reperfusion. NETs are released by liver sinusoids
and end up adhering to endothelium and von Willebrand factor (25,26). Our study only
considered circulating NETs markers and we did not evaluate NETs in liver tissues, which may
have underestimated NET formation. Another explanation is that, as the incidence of thrombosis
was low in this cohort (10 events), our study may have been underpowered to evaluate a

potential association between NETosis and thrombotic events post-OLT.

Once proinflammatory states are associated with negative outcomes in OLT, we sought to
evaluate if NETosis would be associated to death, organ dysfunction, rejection, and infections.
We observed an association between NETosis and in hospital death. Despite the limited number
of events (nine patients died in the hospital), we were able to establish this association, which
emphasizes the impact of NETosis and worse outcomes in OLT. No other associations were

found between NET markers and clinical outcomes.

Our study has limitations inherent to a single-center observational study. First, we had a low

incidence of outcome events, which may have had impact on some negative results, such as

10
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those related to thrombosis and bleeding risk. Second, our findings may reflect the
characteristics of the studied population and generalization of the results to other centers may
not be feasible. Third, we only evaluated the circulating levels of NETs, which may have
underestimated the potential of NETosis formation in OLT, since NETs can also be formed in the
liver sinusoids and those were not detected by our methods. Also, we had several exclusions
due to pre analytical issues and missing samples for times A and B. Due to the study design of
sequential analysis of NETs release during OLT, we inevitably needed NETosis markers measured
at least pre transplant and post reperfusion. This methodology provided us the true procedure-
induced NETosis, no matter the baseline amounts of NETs before OLT, which suffers
considerable variations according to diagnostics. Conversely, this methodology resulted on
several exclusions. One of the strengths of the study relies on the fact that we included all acute
and chronic liver patients eligible for OLT, no matter the ethiology of liver disease. These study
design allowed us to evaluate release of NETs in several acute and chronic conditions. We are
aware that NETs do contribute to the pathogenesis of several forms of liver diseases (27), and
baseline NETosis was detected on samples collected prior to OLT. One might argue that NETosis
on time A may have influenced our results, but sequential analysis pre OLT, post reperfusion
and pre-discharge and analysis of delta between NETs markers from times A to B provided us
evidence to analyse remnants of NETs considering within-person variance. Finally, the follow-up
was limited to the in-hospital stay, which also prevented us from analyzing potential long-term

effects of intraoperative NETosis.

In conclusion, our study evaluated the evolution of NETs release during OLT in a clinical cohort
and demonstrated a peak of circulating NETs following reperfusion. While the peak of NETs
release after reperfusion was not associated with transfusion requirements, its association with
in-hospital death was evident. Considering the clinical relevance of NETs in post-OLT
complications, our findings may encourage the conduction of clinical studies focused on
evaluating alternative therapies - including inhibitions(28) of neutrophil-platelet interactions or

deoxyribonucleases - to mitigate NETs release and prevent adverse outcomes in OLT.
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Table 1- Baseline demographic data of 93 patients submitted to OLT between April 2017 to

January 2020

Patients submitted to orthotopic liver transplantation n=93
Male, n (%) 58 (62.4)

Age (min-max, %) 21-72

20-30 9(9.6)
31-40 10 (10.6)
41-50 10 (10.6)
51-60 28 (29.8)
>61 37 (39.4)

Ethnicity(n=89)

Caucasian, n (%) 59 (66.3)
African American, n (%) 29 (32.6)

Asian, n (%) 1(1.1)

BMI ( median, IQR)

27.16 (23.9-31.1)

BMI= Body mass index, IQR=interquartile range
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Table 2- Baseline clinical features of 93 patients submitted to OLT

88

Patients submitted to orthotopic liver transplantation

Diagnosis (n=93)

Viral cirrhosis, n (%)

Alcoholic, n (%)

Sclerosing cholangitis), n (%)
Alcoholic cirrhosis+ virus, n (%)
Fulminant hepatitis, n (%)
MELD score, median (IQR)
Corrected MELD score, median (IQR)
Special situation, n (%)
Special situation -reason
HCC, n (%)
PAF, n (%)
HCC no downstaging, n (%)
HCC with downstaging, n (%)

Miscellaneous (Recurrent Cholangitis, neuroendocrine tumors,
hemangioendothelioma, polycystic disease, Budd Chiari), n (%)

Child-Pugh score (n=83)
A, n (%)
B, n (%)
C, n (%)
Nodule or Tumor, n (%)
Previous hemorrhagic events, n (%)
Previous abdominal surgeries, n (%)

Portal vein thrombosis, n (%)

PAF/ Budd Chiari/NASH/Cryptogenic/Neuroendocrine tumor, n (%)

Autoimmune diseases (Primary biliar cirrhosis/ Autoimmune hepatitis /

(n=93)

27 (29)

23 (24.7)

22 (23.6)

11(11.8)

6 (6.5)
4(4.3)
16 (11-25.5)
29 (25.5-29)

71 (76.3)

27 (38)
5(7)
2(2.8)

1(1.4)

13(11.3)

14 (16.9)
31(37.3)
30 (36.2)
32 (34.4)
12 (12.9)
38 (40.9)

12 (12.9)
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Esophageal varices, n (%)
Ascitis, n (%)
Portal hypertension, n (%)
Comorbidities, n (%)
Obesity, n (%)
Hypertension, n (%)
Diabetes mellitus, n (%)
Tobacco smoking, n (%)
Thyroid disease, n (%)
Pre transplant chronic dyalitic therapy, n (%)
Karnofsky (n=86)
80 - 100, n (%)

40 - 60, n (%)

15 (16.1)
42 (45.2)
43 (46.2)
47 (50.5)
68 (73.1)
22 (23.6)
21(22.6)
13 (14)
5 (5.3%)

2(2.1)

82 (95.3)

4(4.7)
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Table 3-NETosis markers at times A, B C

90

A B C
Citrullinated H3 (median, 0,53 (0,24-1,2) 1,21 (0,73-3,34) 0,55(0,23-0,85) P<0.0001
IQR)
Pico Green 34,43 (18,21-78,53) | 556,39 (141,10-1033,19) | 66,66 (42,73-123,29) P<0.001
IQR: interquartile range; A: pre- OLT; B= after reperfusion; C= pre discharge
16
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Table 4- Secondary clinical outcomes and clinical data

Patients submitted to OLT (n=93)

ICU length of stay, median (IQR) 4 (3-8)
Hospital stay, median (IQR) 11(8-17)
Days on mechanical ventilation, median(IQR) 1(1-2)
Infection, n (%) 43 (46.2)
Infection sites

Bloodstream infection, n (%) 11 (25.6)
Urinary tract infection 8 (18.6)
Graft positive blood culture, n (%) 8(18.6)
Lung, n (%) 6(13.9)
Ascites, n (%) 4 (9.3)
Miscellaneous (central venous cateter

infection, meningitis, gastrointestinal

infection) 6(13.9)
Agent

Bacterial, n (%) 25 (58.1)
CMV, n (%) 6 (13.9)
Fungal(Candida e Trichosporon), n (%) 4(9.3)
Tb, n (%) 1(2.3)
Tb Graft, n (%) 1(2.3)
Miscellaneous, n (%) 3(7)
Organ dysfunction, n (%) 44 (47.3)
Renal replacement therapy, n (%) 31(33.3)
Postoperative thrombosis, n (%) 10 (10.8)
Rejection, n (%) 14 (15)
Type of rejection

Acute cellular rejection, moderate n (%) 8(57.1)
Acute cellular rejection, severe n (%) 5(35.7)
Other, n (%) 2 (14.2)
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Reoperation, n (%) 11 (11.8)
Reoperation

Bleeding, n (%) 7 (63.6)
Second look, n (%) 3(27.3)
Other, n (%) 1(9.1)
Retransplantation, n (%) 4 (1.3)
Retransplantation causes

Primary nonfunction, n (%) 2 (50)
Hepactic artery thrombosis, n (%) 2 (50)
Hospital death, n (%) 9(9.7)
Cause of death

Septical shock, n (%) 4 (44.4)
Distributive shock, n (%) 2(22.2)
Hemorrhagic shock, n (%) 1(11.1)
Cardiogenic shock , n (%) 1(11.1)

IQR: interquartile range; ICU= intensive care unit; UTI= urinary tract infection, CMV=

cytomegalovirus infection

Table 5- Transfusion of blood components and factor concentrates and antifibrinolytics

requirements

RBC, median (min-max.) 1 (0-5)
Platelet doses*, median (min-max.) 0 (0-6)
FFP, median(min-max.) 0 (0-4)
Cryoprecipitate, median (min-max.) 0 (0-8)

Intraoperative recovery volume on cell savage (n= 48), median

(I1QR) 916 (502-1286)
Prothrombin complex, n (%) 20 (22,2)
Tranexamic acid, n (%) 7(7,5)
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Fibrinogen concentrate, n (%)

36 (38.7)

93

RBC= red blood cell units; FFP= fresh frozen plasma units, IQR= interquartile range

*Platelet dose = 1 apheresis or 1 pool of 6 whole blood derived platelets
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Table S1- Perioperative laboratory data
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Patients submitted to OLT (n=93)

Pre OLT

Post OLT

Hb, median (IQR)

11.1(8.7-12.8)

9.5(8.2-10.3)

Platelet count, median (IQR)

70 000 (48000-113 000)

60 000 (44 000-104 000)

INR, mediana (IQR) 1.6 (1.4-2.0) NA

pH (n=79), median (IQR) 7.4 (7.3-7.4) 7.3 (7.3-7.4)
HCO;s (n=78), median (IQR) 23.6 (20.9-26.6) NA

BE (n=77), median (IQR) 1.1(-1.1,-4.85) NA
Lactate (n=76), median (IQR) 13 (9-18.5) 23 (14.5-32)
CT EX, median (IQR) 67 (61-82) 69 (57-83)

CFT, median (IQR)

138 (96-237)

160 (155-243)

ALFA, median (IQR) 66(56-74) 63 (52.7-72)
A5, median (IQR) 32 (23-40) 29.5 (22-34.2)
A10, median (IQR) 43 (33-51) 39 (31-43)
MCF, median (IQR) 51 (41-58) 49 (41-43.2)
A10FIB, median (IQR) 11 (7-16) 9 (6-11)
A5 FIB, median (IQR) 10 (6-15) 9 (6-11)
MCF FIB, median (IQR) 12 (7.5-17) NA

A20 FIB, median (IQR) 12 (7.7-17.2) 10 (7-13.5)

Hb: hemoglobin; IQR: interquartile range; INR= International normalized ratio; BE=base excess;

EX= EXTEM assays, FIB= FIBTEM assays, CT= clotting time, CFT= clot formation time;

MCF=maximum clot firmness
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Table S2- Surgical times
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Patients submitted to OLT (n=93)

Warm ischemia time (min), median (IQR)

30 (25-38)

Cold ischemia time(min), median (IQR)

371 (326-454)

Duration of surgery (min), median (IQR)

287 (240-360)

Duration of anesthesia course (min), median (IQR)

367 (301-455)

Surgical complications, n (%)

35(37.6)

Intraoperative thrombectomy, n (%)

10 (3.3)
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Figure 1- Cit- H3 levels and clinical outcomes — Times A, B and C
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1E - Infection
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Fig 1- Comparison between Cit-H3 levels collected at times A, B and C in patients and clinical
outcomes. Patients who developed graft rejection (p=0.009) and infection (p=0.02) had

statistically significant higher levels of cit-H3 prior to transplantation ( samples collected at time

A) in univariate analysis
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Figure 2 — Associations between CIT H3 levels (increme Ints from time A->B) and clinical

outcomes in OLT adjusted for sex, age, corrected MELD
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Figure 3-Associations between Cit-H3 levels (increments from time A->B) transfusion

requirements and antifibrinolytics, adjusted for sex, age, corrected MELD
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