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APTEM: variant del test ROTEM que analitza la presencia de fibrinolisi
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FIXa: factor IX activat

FXa: factor X activat

FXIlla: factor XIIl activat

g: grams

g/dL: grams/decilitre

g/L: grams/litre
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TACO: Sobrecarrega Circulatoria Associat a Transfusid (Transfusion Associated
Circulatory Overload)

TAFI: Inhibidor de la Fibrinolisi Activable per Trombina (Trombin Activatable
Fibrynolisis Inhibitor)

TEG: Tromboelastografia
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T-M: Trombomodulina
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TTPa: Temps de Tromboplastina Parcial activat
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u-PA: uroquinasa (urokinase Plasminogen Activator)
UCI: Unitat de Cures Intensives

Ul: Unitats Internacionals

VCI: Vena Cava Inferior

VMI: Ventilacié Mecanica Invasiva

VP: Vena Porta

VSH: Venes SupraHepatiques

VS: versus

WIT: temps d’isquémia calenta (warm ischemia time)

oC: graus centigrads
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Resum

Titol

Estrategia Transfusional guiada per Tromboelastograma en el Trasplantament Hepatic.

Introduccio

El fetge té un paper primordial en la sintesi dels factors de coagulacid. Les malalties
hepatiques tenen un gran impacte sobre el sistema hemostatic. En individus sans,
I’'hemostasia es manté gracies a un solid equilibri entre factors pro i anticoagulants, pero
en pacients amb hepatopatia cronica aquest equilibri és labil, fent-los més proclius a
episodis de trombosi i hemorragia, suposant un repte important en el Trasplantament

Hepatic Ortotopic (THO).

La tromboelastometria (TEM) mesura les propietats viscoelastiques del coagul a partir
d'una mostra de sang fresca, reflectint la interaccid de tots els factors de la coagulacio,
plaquetes i altres cel-lules sanguinies. Aquesta técnica es realitza a la capcalera del
pacient, proporciona informacié sobre la formacié i qualitat del coagul, i permet prendre
decisions terapeutiques en 10 minuts. Actualment és el metode d'eleccido per

monitoritzar la coagulacié durant el THO.

El parametre de la TEM més util és la maxima amplitud del coagul (MCF), que es
correlaciona amb I'amplitud del coagul als 10 minuts de I'inici de la seva formacié en el
test EXTEM. Representa la fermesa del coagul i depén de les plaquetes i del fibrinogen.
Quan disminueix per sota de 35 mm, la decisié de transfondre fibrinogen o plaquetes

s’indica pel test FIBTEM que informa exclusivament del fibrinogen.

Un nivell de fibrinogen preoperatori baix, es relaciona amb una transfusié de Concentrat
d’Hematies (CH) significativament major, pero, I'administracio profilactica de fibrinogen
no ha demostrat millors resultats. Un A10EXTEM 35-40 mm i un A10FIBTEM 8-11 mm,
son els rangs més adequats per reduir la transfusié de CH, i son les referencies actuals
per a la reposicid de fibrinogen i/o plaquetes en el THO. A10FIBTEM ha demostrat ser

un parametre util per predir la transfusié de CH. Per tant, prevenir la caiguda de
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fibrinogen per sota del nivell critic al llarg del THO, podria associar-se a una disminucid
del risc de sagnat. Seria de gran interes demostrar que la trombopenia pot ser
compensada per I'administracié de fibrinogen, mantenint ALOEXTEM en el rang de la
normalitat, permetent substituir, en certa mesura, I'administracido de plaquetes per

fibrinogen, que ofereix un millor perfil de seguretat.

Hipotesi
Com A10EXTEM representa el nivell de fibrinogen i plaquetes, nivells de fibrinogen fins

un valor A10FIBTEM 11 mm, podrien compensar la trombopénia mantenint A1IOEXTEM

en rangs normals; substituint parcialment I'administracio de plaguetes per fibrinogen.

Mantenir valors A10FIBTEM 11 mm, s’associa a reduccio del sagnat, i per tant, reduccié

de transfusié d’hemoderivats, en comparacié a nivells A1OFIBTEM 8 mm.

Obijectius

Administrar fibrinogen per obtenir AIOFIBTEM 11 mm versus (vs) A1OFIBTEM 8 mm:

1. Redueix I'administracio de CH durant el THO i primeres 24 hores (objectiu
principal).

2. Redueix I'administracié addicional de tots els hemoderivats: plaquetes, plasma,
fibrinogen, acid tranexamic i complex protrombinic.

3. Disminueix el Fracas Renal Agut (FRA) segons criteris KDIGO a la setmana i 90
dies del THO.

4. Disminueix les hores de ventilacié mecanica invasiva (VMI) en el postoperatori.

5. Disminueix les complicacions postoperatories valorades segons la classificacio de
Clavien-Dindo (CDC) a la setmana i 90 dies del THO.

6. No incrementa els esdeveniments trombotics en I'empelt ni pacient en els
primers 90 dies del THO.

7. Disminueix les reintervencions per hemorragia, retrasplantament i mortalitat en

els primers 90 dies del THO.
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Métodes

Assaig clinic fase IV multicéntric nacional, de superioritat, aleatoritzat 1:1, grups
paral-lels, controlat i emmascarat a simple cec, en pacients sotmesos a THO, de juny de
2019 a octubre de 2021, en 3 hospitals espanyols: Hospital Universitari de Bellvitge,
Hospital Clinic de Barcelona i Hospital Universitari Cruces de Bilbao. Assignacié aleatoria
estratificada pel valor d’hemoglobina (Hb), punt de tall 95 g/L, i centres. El farmac
administrat ha estat Fibrinogen. Maneig intraoperatori protocol-litzat per unificar

criteris i evitar biaixos.

Monitoritzacié externa i independent, financada pel projecte. Maneig d’acord a les

normes de Bona Practica Clinica i legislacio vigent aplicable.

Analisi descriptiu mitjancant els estadistics habituals i de dispersio, pels grups estudiats.
Test de Chi-quadrat per comparar la variable principal en els 2 grups d’estudi. Per la
resta de variables i comparat per grups, tests paramétrics o no paramétrics per les
variables continues segons normalitat de les mateixes i tests Chi-quadrat per la resta de

variables categoriques. Proves bilaterals amb un nivell de significacié del 5%.

Principals resultats

182 pacients aleatoritzats: 85 grup FIBTEM >/= 8mm (control) i 91 grup FIBTEM >/=
11mm (intervencid). No hi ha hagut diferéncies en les caracteristiques basals dels

pacients, incloent estratificacié de I’'Hb i entre centres.

1. No hi ha hagut diferéncies significatives en el percentatge de pacients que ha
requerit transfusié de CH durant el procediment i les seglients 24 hores. (72.9%
control vs 74.7% intervencid).

2. La necessitat de plasma fresc, plaquetes i acid tranexamic no ha diferit entre
grups. Els requeriments de fibrinogen per mantenir A1OFIBTEM han estat majors
en el grup intervencié (mitjana 5-7 grams vs 4-5 grams grup control).

3. No hi ha hagut diferencies significatives en la incidéncia de FRA per 100 individus

a 90 dies: 17.6 grup control i 13.2 grup intervencio.
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4. No hi ha hagut diferencies significatives en hores de VMI: mediana de 11.0 [9.00;
15.8] grup control i 13.0 [9.99; 19.5] grup intervenciod.

5. No hi ha hagut diferéncies significatives en la incidencia de complicacions
postoperatories valorades segons la CDC a la setmana i als 90 dies del THO.

6. No hi ha hagut diferencies significatives en la incidéncia d’events trombotics per
100 individus a 90 dies: 4.71 grup control i 4.40 grup intervencid.

7. No hi ha hagut diferencies significatives en la incidencia de reintervencio per
hemorragia per 100 individus a 90 dies (9.59 grup control i 9.23 grup
intervencid), retrasplantament, ni mortalitat per 100 individus a 90 dies (4.71

grup control i 2.20 grup intervencid).

Conclusions

A10FIBTEM 11mm per guiar la substitucié del fibrinogen no és superior a I'estandard de
8mm en termes de reduccié dels requeriments de CH. Tot i augmentar els nivells

plasmatics de fibrinogen i MCF sense afectar a la seguretat, no aporta beneficis clinics.
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(4

Introduccio

Contextualitzacio del trasplantament hepatic

El THO ha suposat un abans i un després en els pacients amb malaltia hepatica terminal.
Consisteix en la substitucio del fetge que ja no és funcional per un altre de competent

en la mateixa localitzacid, de donants en mort encefalica o de donants en asistolia.

Els primers programes de THO es van comencar a desenvolupar a |la década de 1960. El
ler trasplantament data de 1963 a la Universitat de Colorado per Thomas Starzl, tot i
que va ser infructuds™®. El primer trasplantament amb una supervivéncia al voltant de
I'any, es va assolir al 1967 en una pacient de 19 mesos diagnosticada

d’hepatocarcinoma.

Varis aspectes han sigut clau en la supervivencia dels receptors, com sén avengos en la
tecnica quirurgica, en la preservacio d’organs, en la immunosupressio, en el maneig

medic i maneig anestesic.

El Doctor Jorge Antonio Aldrete va ser I'anestesidleg pioner en el mén del THO"?, que
defensava que no es tracta d’una cirurgia abdominal major convencional, sind d’'un
procediment d’alta complexitat que requeria d’'una amplia formacié especialitzada des
del punt de vista anestésic i sense cap mena de dubte, la investigacidé en aquest camp

ha beneficiat a que s’estableixin programes de trasplantament arreu del mén degut a:

Avaluacié preoperatoria i optimitzacié dels pacients.

- Coneixement de les alteracions metaboliques per estandarditzar el maneig
intraoperatori i postoperatori.

- Monitoritzacio hemodinamica i maneig de la inestabilitat hemodinamica durant
el THO. Desenvolupament de sistemes d’infusié rapida.

- Maneig de I'estratégia transfusional en el context de la coagulopatia i paper de

la fibrinolisi durant el THO.

El present treball gira entorn al maneig de la coagulopatia i estrategia transfusional en

pacients sotmesos a THO, punts que s’ampliaran a continuacio.
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Conceptes basics sobre Hemostasia

L’hemostasia és el conjunt de mecanismes fisiologics que mantenen la sang circulant en

estat fluid i que faciliten la reparacio de lesions vasculars.

El model classic de la coagulacidé descriu una “cascada” de reaccions que impliquen
I'activacié de diversos factors de la coagulacié per via extrinseca o intrinseca. Segons
aquest model, I'estimulacié de qualsevol d’aquestes 2 vies pot donar lloc a la introduccio
d’una gran quantitat de trombina i la conseqlient formacié d’un coagul de fibrina.

Intrinsic Pathway Extrinsic Pathway

factor XII
HMK
PK

factor XI —» factor Xla

factor IX —» factor [Xa factor Vlla
factor Vllla Tissue Factor
PL, Ca'? PL, Ca*?

factor X ——» factor Xa —— factor X
factor Va
PL, Ca'?

prothrombin ————3» thrombin

fibrinogen —— fibrin

Figura 1: Representacid de la via intrinseca i extrinseca de la coagulacié®®

No obstant, tot i que aquest paradigma recolza I'avaluacié al laboratori dels trastorns de
la coagulacio, demostra les interaccions entre els factors de coagulacié i facilita la
comprensié i interpretacio de les proves basiques de laboratori, no explica
adequadament els mecanismes que condueixen a I’lhemostasia in vivo. A més, no aporta

molta informacio sobre la fisiopatologia del sistema hemostatic.

Adaptant-ho a un model cel-lular®, que si s’ajustaria més al que succeeix in vivo,
proposa que les cél-lules desenvolupen un paper molt actiu en el control de la
coagulacid, ja que certes caracteristiques de la superficie cel-lular dirigeixen el procés
hemostatic. Trobem com a elements essencials, la paret vascular, les plaquetes i els
mecanismes de coagulacié i mecanismes fibrinolitics de la sang dividit en una seqiiencia

de 4 fases superposades que tenen lloc en diferents superficies cel-lulars i que sén:
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1. Iniciacid, que té lloc a nivell de les cél-lules portadores de Factor Tissular (FT).

2. Amplificacid, on les plaguetes i cofactors s’activen per desembocar en la
formacié de trombina a gran escala.

3. Propagacio, on grans quantitats de trombina es formen a nivell de la superficie
plaquetar.

4. Consolidacié i dissolucié: com s’estabilitza el coagul i com es dissol mitjancant

mecanismes fibrinolitics.

cél-lula endotelial céllula endotelial

-l
cél-lula endotelial

() @
2 &%

PROPAGACIO

adhesid
plaguetar

Plaqueta activada

Figura 2: Representacio esquematica del model cel-lular de la coagulacid. Esquema propi a

partir de la interpretacio teorica de la literatura'®

Iniciacio

La lesid de la paret vascular provoca una alteracié del flux degut a vasoconstriccié
reflexa, despreniment endotelial, exposicié del col-lagen i activacid plaquetaria. Les
plaquetes s’agreguen i alliberen el seu contingut granular, que inclou adenosina difosfat,
tromboxa A2 i serotonina. Es produeix una reaccié en cadena amb la formacioé del tap

plaquetari primari format per la preséncia de col-lagen, factor de von Willebrand (FYW)

endotelial, plaquetar i plasmatic i els llocs d’unid de glicoproteina plaquetar.

El mecanisme de coagulacié s’inicia en part per I'exposicié al col-lagen i en part pel FT.
Un gran nombre de cél-lules inclosos els fibroblasts estromals, cél-lules mononuclears,
macrofags i cél-lules endotelials en tenen, perd el FT no sol estar en contacte amb la

sang fins que es produeix la lesio o estats d’inflamacid.
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La seva capacitat per formar complexos amb el factor VII activat (FVIla) és el pas
fonamental in vivo. El complex FT-FVIla té llavors 2 funcions: I’activacié directa del factor
X (FXa), i IX (FIXa) i I'estimulacié de I'amplificacié en la que el fosfolipid plaquetar (PF3)

també desenvolupara un paper critic.

El FXa, pot activar el factor V del plasma (FVa). Cal tenir en compte que el FXa és
rapidament inactivat per I'inhibidor de la via del factor tissular (TFPI) o I'antitrombina
(AT) si abandona la superficie cel-lular. El que roman a la superficie cel-lular es combina
amb el FVa per generar petites quantitats de trombina (Flla) que jugara un paper

important en |'activacio de plaquetes i Factor VIII (FVIIIa) en la fase d’amplificacio.

Amplificacio

Les petites quantitats de trombina generada, amplifiquen la senyal procoagulant inicial
potenciant I'adhesié plaquetar, activant per complet les plaquetes i activant els factors
V, VIIli XI. Es produira llavors I'explosié de trombina. En preséncia del FVIII i de ions calci
(Ca**), s’activa el factor X. A continuacid, el FXa activa la protrombina en preséncia del
factor Vi Ca**, pel que es genera trombina. La trombina formada estimula un bucle de
retroalimentacio positiva per accelerar I'activitat plaquetaria i produir I'explosié de

trombina, que depén en part també del factor XI.

La trombina té una importancia critica en |'activacid dels factors de coagulacié.
Completa I'activacié del factor V, que s’allibera de les plaguetes activades i és
responsable de |'escissid i posterior activacid del FVIII a partir del FvW. A més, els estudis
han demostrat que la trombina també pot activar al Factor XI que s’uneix als llocs
d’afinitat a la superficie de les plaquetes activades®®). Aixd pot explicar per qué el Factor

XIl i altres factors de contacte no sempre sdn necessaris per a la coagulacié.

Es disposa de diferents mecanismes per contenir la formacid de coaguls i prevenir la
trombosi com per exemple mitjangant I'AT del plasma, TFPI o mitjangant la
trombomodulina (TM) a nivell de les cél-lules endotelials, que neutralitza la trombina
que s’escapa a la circulacié des del lloc de lesié. A l'unir-se a la TM, es canvia especificitat

de la trombina evitant que activi al fibrinogen i les plaquetes de la circulacié sistemica, i
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la fa molt més eficag per activar la proteina C (PC), que forma un complex amb proteina

S (PS) que inactiva FVa i FVllla.

L’objectiu final de generar trombina, és activar al fibrinogen. Aquest s’activa per donar
lloc a la fibrina, que és un monomer actiu que polimeritza formant una “malla” de
fibrina. La hipofibrinogenémia, com és logic, dona lloc a una tendéncia hemorragica
anormal. Tot i aixi, quantitats bastant petites de fibrinogen, semblen ser suficients per

mantenir una hemostasia raonablement eficac'®.

Consolidacid i dissolucié

El coagul sanguini esta format per globuls vermells, globuls blancs i plaquetes, sustentat
per aquesta “malla” de fibrina que s’adhereix a la superficie subendotelial. Per
consolidar aquesta estructura, hi ha un pas addicional de reticulacio de la fibrina que
esta sota el control del factor XlIl, formant una estructura segura. Un cop activat (FXIlIla),

forma enllagos covalents entre les fibres de fibrina.

Al mateix temps que es forma i consolida el coagul sanguini, ja s’ha iniciat el procés de
dissolucié mitjangant un procés anomenat fibrinolisi. S’inicia a partir d’un precursor
inert, el plasminogen, que passa a plasmina en preséncia d’un estimul activador, que
prové de I’endoteli o d’altres teixits corporals com |'activador tissular del plasminogen

(t-PA) o la uroquinasa (u-PA), que és produida al tracte urinari.

La plasmina és I’encarregada d’iniciar la degradacié de la fibrina en fragments (dimer D
i fragment E). L’activitat de la plasmina esta regulada per la presencia d’a2 antiplasmina.
L'inhibidor de la fibrinolisi activable per trombina (TAFI), és capac d’inhibir la fibrinolisi
mitjancant la supressié tant de I'activacié de la plasmina com de la propia plasmina,
inhibint la lisi de la fibrina. Es logic doncs, que un increment en I'activitat del sistema
fibrinolitic predisposi a I’"hemorragia i defectes del sistema fibrinolitic, afavoreixi la

trombosi(?).
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Plasminégeno

Fibriné6geno

FXI

alfa-2-antiplasmina u-PA
t-PA
bri FH
Fibrina 4 plasmina
PAP T

PAI-1

Figura 3: Esquema de la fibrindlisi. t-PA: activador tissular del plasminogen; PAI-1: inhibidor

tipus 1 del t-PA; u-PA: uroquinasa; PAP: complexos plasmina-antiplasmina'”

Alteracions hemostasia en el pacient amb malaltia hepatica cronica

El fetge és un organ responsable de molts processos fisiologics'®, entre els que trobem:

- Metabolisme de macronutrients i emmagatzematge de micronutrients.
- Regulacio del volum sanguini.

- Recolzament al sistema immunitari.

- Control endocri.

- Homeostasi dels lipids i del colesterol.

- Descomposicié de compostos xenobiotics, inclosos molts farmacs.

- Emmagatzematge de glucosa i gluconeogénesi.

- Metabolisme de proteines i aminoacids.

A l'intervenir en tants processos biologics, és logic que la disfuncid hepatica pugui tenir

efectes sobre els components cel-lulars i solubles de la sang:
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e Amb excepcid del FVIII i FXII; el FIl, FVII, FIX, FX, FXI i el fibrinogen (Fl) se
sintetitzen a nivell dels hepatocits. També sintetitza varies proteines
anticoagulants com la PC, PSi I’AT.

e Responsable del 10% de produccié d’eritropoetina (EPO) i el principal lloc de
sintesi de trombopoetina, que és un factor de creixement plaquetar.

e Diposit i control del ferro, que afecta directament a I’eritropoesi.

e Aportaels lipids i colesterol necessaris a nivell de la membrana dels eritrocits per

contribuir a la seva capacitat de deformar-se.

La patologia hepatica també influencia en el sistema hematopoeétic; permet el segrest
de leucocits, plaquetes i eritrocits a nivell esplénic. En casos d’hipertensié portal (HTP),
la fraccid de cel-lules presents a melsa augmenta, i per tant, pot produir citopenies

(anémia, trombocitopénia, leucopeénia).

Liver
Protein biosynthesis
Lipid metabolism
Iron storage

Portal blood flow

Platelets
Leukocytes
Red cells

Hepcidin

Hematopoietic
growth factors

Thrombopoietin
Erythropoietin (~10%)

Coagulation
factors

Procoagulants
Anticoagulants

Figura 4: Diagrama esquematic de les funcions rellevants del fetge relacionades amb el sistema

hematologic®

Ens podem trobar doncs amb:

e ANEMIA: I'etiologia de I'anémia és multifactorial:

o Perdues agudes o croniques degudes a sagnat gastrointestinal.
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o Alteracions de la membrana dels hematies. Inicialment s’augmenta la
seva superficie i posteriorment disminueix la seva deformabilitat, donant
lloc a eritrocits espiculats o acantocits, més susceptibles a I’hemolisi.

o Altres: la terapia antiviral administrada per I’hepatitis C, per exemple, pot
associar-se a citopénia de qualsevol de les 3 séries.

e TROMBOCITOPENIA, degut a:

o Disminucio dels nivells de trombopoetina.
o Segrest esplénic degut a hiperesplenisme.
e LEUCOPENIA:
o Aparicié tardana i normalment en combinacié amb altres citopénies que
a part de pel comentat, també es deuen a incompeténcia de la Medul-la
Ossia.
o Atribuit a HTP severa.

e COAGULOPATIA: desequilibri tant de factors procoagulants com de factors

anticoagulants.

La falsa creenca que els pacients amb hepatopatia cronica estan autoanticoagulats, s’ha
descartat al tenir major coneixement de les alteracions dels factors procoagulants i dels

factors anticoagulants.

El pacient amb hepatopatia cronica, presenta el qgue anomenem hemostasia en equilibri
inestable o fragil, al comparar-la amb la d’individus sans. Aquest fet, predisposa tant a
esdeveniments hemorragics com esdeveniments trombotics. Les condicions que
afavoreixen I'hemorragia en aquests pacients sén la HTP, la disfuncid endotelial, la

infeccid bacteriana i el fracas renal(9),
Si analitzem quins sén els problemes de la coagulacié que apareixen, trobem que:

1. Les plaquetes en condicions normals, tenen una funcié dual:
a. Adhesid ala paret dels vasos lesionats, a través de la interaccié amb FvW,
generant el tap hemostatic primari.
b. Intervé en la produccio de trombina, mitjangant I'acoblament de factors

de coagulacid activats en la seva superficie.
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La trombocitopenia, com hem dit, és habitual en hepatopatia cronica, el que
podria contribuir al sagnat. No obstant, I'augment dels nivells de FvW en els
pacients amb hepatopatia cronica, contribueixen a I'adhesié plaquetar. A més,
ADAMTS13, una metaloproteasa que limita les funcions del FvW sobre les
plaguetes, es troba disminuida en pacients amb cirrosi, el que compensa la
trombopénia. Els pacients amb un recompte plaquetar més baix, generen nivells
més baixos de trombina. Per tant el recompte plaquetar juga un paper important
en la generacio de trombina. Tot i aixi, s’ha vist que un recompte plaquetar de
50x10° per litre en pacients amb cirrosi, és suficient per preservar la generacid
de trombina en nivells equivalents a un individu sa*V).
Fibrindlisi: es tracta d’un mecanisme altament regulat en que la fibrina vascular
és degradada per plasmina (forma activa del plasminogen). Aquest procés esta
controlat tant per activadors (t-PA, u-PA, FXllla) com inhibidors (PAI, inhibidor de
la plasmina, TAFI). Qualsevol pertorbacié d’aquest sistema, resultara en
hiperfibrinolisi (incrementant el risc de sagnat) o hipofibrinolisi (incrementant el
risc de trombosi). Els canvis que podem trobar en hepatopatia cronica sén:

a. Augment dels valors de t-PA (activador).

b. Disminucio6 dels valors de TAFI (inhibidor).

c. Disminucid dels nivells de plasminogen.

d. Augment dels nivells de PAI (inhibidor).
Com s’observa, hi ha canvis tant en profibrinolitics com antifibrinolitics, el que
permet un equilibri (fragil) d’aquest sistema.

Hipercoagulabilitat mediada per TM: deguda a 3 alteracions freqlientment

trobades en pacients amb hepatopatia cronica:

a. Augment dels nivells de FVIII: per disminucié de la seva eliminacié del
plasma degut als nivells incrementats de FVYW que, al unir-se-li, el
protegeix de ser degradat.

b. Disminucié del receptor per a lipoproteines de baixa densitat (LDL): en
condicions normals capta FVIII per a la seva conseqlient degradacio.

c. Disminucid dels nivells de PC: per disminucié de la capacitat de sintesi

hepatica.
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El grau de desequilibri procoagulant, augmenta amb la gravetat de la cirrosi avaluada

per la puntuacié de Child Pugh®?),
Aquest fet explica per que aquests pacients no estan protegits d'events trombotics com:

- Trombosi Venosa Periferica.

- Trombosi Arterial.

- Trombosi Portal: augmenta amb la severitat de la malaltia (1% en cirrosi
compensada, 8-25% en candidats a THO), no només degut a alteracions del flux,
sind també a alteracions en la paret dels vasos (triada de Virchow). Empitjora el
pronostic post THO.

- Fibrosi hepatica i la seva progressio: hi ha una teoria que implica que la formacié
de microémbols provoca isquemia tissular, mort cel-lular i consequent fibrosi per
extincié del parenquima. Una altra teoria manifesta que l'activacido de la

coagulacio en el sistema vascular hepatic contribueix a la progressid de la fibrosi.

Antihemostatic drivers Prohemostatic drivers

Equilibrium

Normal hemostasis

Antihemostatic drivers Prohemostatic drivers
Thrombocytopenia
Abnormal platelet function Elevated level of von Willebrand factor

Decreased production of thrombopoietin Primary

hemaostasis Low level of ADAMTS 13

Increased production of nitric oxide
and prostacyclin

Elevated level of factor VIII
Low levels of factors 11, V, VII, IX, X, and XI Low levels of protein C, protein S,

Vitamin K deficiency Coagulation antithrombin, and heparin cofactor I

Dysfibrinogenemia Inherited thrombophilia

Low levels of e2-antiplasmin, — .
factor XlII, and TAFI Fibrinolysis

Elevated level of t-PA

Low level of plasminogen

™

Hemostasis in patients with
chronic liver disease

Figura 5: Balang entre antihemostatics i prohemostatics en diferents fases de I’lhemostasia en

pacients amb hepatopatia cronica™?

Per tant, els pacients amb hepatopatia cronica no estan autoanticoagulats. Es més, no
es troben protegits d’esdeveniments trombotics sind que tenen un risc incrementat

d’aquests, sobretot a nivell del sistema portal (tot i que no exclusivament).
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Consideracions hemostasia en el Trasplantament Hepatic

El THO, és I’Ginica opcid curativa per a les malalties hepatiques terminals. Es important

conéixer les diferents fases del procediment®3, per entendre la transcendéncia de la

cirurgia i les conseqiiéncies que pot comportar a nivell del sistema hemostatic!'*.

Diferenciem basicament 3 fases:

Hepatectomia: o fase de disseccid. Mitjangant una incisié subcostal dreta,
accedirem a la cavitat abdominal per a I'extraccié del fetge nadiu. La dificultat
resideix en que degut a HTP, pot existir abundant circulacié col-lateral densa i
fragil. A part, pot haver-hi adheréncies en casos de cirurgies previes o peritonitis
previes. Per tant, s’ha de ser minucids per minimitzar les perdues sanguinies en
aquesta fase. Cal seccionar el cistic, I'arteria hepatica, la vena porta (VP) i
finalment les venes suprahepatiques (VSH), que es fa mitjangant interrupcio del
flux de la Vena Cava Inferior (VCI), o amb preservacié d’aquesta mitjancant la
tecnica “piggyback” (técnica més utilitzada actualment). Aixo permet alliberar el
fetge de la VCl i continuar la disseccid fins lligar les VSH, mantenint |'estabilitat
hemodinamica al mantenir permeable la VCI.

Fase anhepatica: es procedeix a hemostasia del llit de la hepatectomia i es

procedeix a la incorporacio del nou fetge (que roman en sistemes de preservacio
estatic o dinamic) i es confeccionen les anastomosis venoses (VSH i VP) i arterial
(arteria hepatica). Durant aquesta fase, la sintesi i aclarament hepatics estan
absents i la hiperfibrinolisi pot augmentar rapidament amb I'acumulacio de t-PA.
A més, hi ha una aturada en la produccié de fibrinogen i es promou el consum
de fibrina, bloquejant la formacié de coaguls i afavorint el sagnat.

Fase neohepatica o de reperfusié: es procedeix al desclampatge vascular. Es un

moment crucial i on cal una bona comunicaciéo amb I'equip d’anestesiolegs per
anticipar-se i prevenir el sindrome post reperfusio (SPR) i alteracions
metaboliques. El SPR consisteix en una disminucié de la Pressid Arterial Mitja
(PAM) superior al 30% per sota del valor basal, que dura al menys 1 minut i es
produeix durant els 5 minuts després de la reperfusié de I'empelt hepatic!®®.

Quedaria per completar la reconstruccié biliar i hemostasia abans del tancament

TR 4
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de I'endoteli isquémic de I'empelt hepatic. A més, hi ha una disminucié del
recompte plaquetar degut al segrest per sinusoides de I'empelt hepatic,

extravasacio cap a espais dissecats i fagocitosi per cel-lules de Kupffer.

Processes that may affect Hemostatic
Function after Graft Reperfusion

Disseminated intravascular coagulation (DIC)
Increased fibrinolysis

Trapping of platelets in the graft

Release of heparin or heparin-like factors
Dilutional effect of preservation fluid
Humoral and metabolic factors

Graft preservation damage

Taula 1. Processos que afecten a I’hemostasia en la fase de reperfusic'*®

El THO suposa, per tant, una agressié important per I'organisme, el que pot posar de
manifest la inestabilitat de I'equilibri hemostatic dels pacients amb hepatopatia cronica,

desembocant tant en fenomens hemorragics com trombotics.

Tradicionalment, el THO s’ha associat a una pérdua sanguinia significativa, repercutint
negativament tant en la supervivéncia del pacient com de I'empelt hepatic, ja que la
transfusié de sang i hemoderivats, son un factor predictor important de supervivencia
després del THO®), S’ha vist que requeriments de >3CH, augmenten lestada

hospitalaria i requeriments de >6CH, disminueixen la supervivéncia®),

Si bé és cert que la transfusié s’ha anat reduint des dels seus inicis i actualment molts
procediments transcorren sense la necessitat d’aquesta, la transfusié de sang i derivats
segueix sent un problema clinic important. Encara més de la meitat dels pacients
receptors d’un empelt hepatic sén transfosos i I’'hemorragia massiva succeeix en un 10%

de casos(1419),

Es important centrar esforcos en reduir aquests percentatges, sobretot la transfusié
massiva (T-M), degut a les seves conseqiiencies cliniques negatives sobre pacient i

empelt hepatic (afecta a la supervivéncia a 1 any).
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Identificar els factors de risc associats a la transfusié en el THO per intentar anticipar-

nos és basic1?. Els dividim basicament en 2 grans grups: factors preoperatoris i factors

intraoperatoris o quirargics®?),

Factors preoperatoris

Factors relacionats amb el pacient: I'Hb preoperatoria és el factor predictor més

important de transfusid, tot i que el punt de tall no esta del tot definit. Cal tenir
en compte que la transfusié no només depen de I’'Hb basal i de les perdues sind
del llindar al qual s’inicien les transfusions.

L’augment de I'edat del receptor és un predictor de T-M, aixi com la severitat de
la malaltia hepatica, ponderada per I'escala Child-Pugh (que té en compte el
nivell de bilirubina, d’albimina, TP i presencia d’ascitis i encefalopatia) i MELD.
Tot i que hi ha controversia a la bibliografia, un MELD elevat (>30) s’ha relacionat
com a predictor estadisticament significatiu de T-M. Els trastorns previs de la
coagulacid i baix recompte plaquetar, també s’han trobat com predictors
estadisticament significatius de major consum d’hemoderivats a nivell
intraoperatori en alguns estudis.

La preséncia d’ascites també s’ha relacionat com a factor de sagnat i transfusio,
ja que no deixa de ser un marcador de HTP que promou la preséncia de circulacio
col-lateral, amb vasos dilatats i fragils.

Etiologia de la malaltia hepatica: les alteracions de ’"hemostasia que precipiten a

coagulopatia i risc de sagnat, difereixen segons la causa de I’'hepatopatia. Per
exemple, en la cirrosi biliar primaria, la generacidé de trombina esta preservada i
hi ha menys activacio fibrinolitica durant la fase anhepatica, comparat amb altres
estats cirrotics.

Factors que dificulten la técnica quirurgica o augmenten els temps quirurgics: la

cirurgia abdominal prévia s’ha associat de manera independent amb la T-M
intraoperatoria. El retrasplantament i la trombosi portal prévia també
augmenten la dificultat i els temps quirdrgics i per tant el consum

d’hemoderivats.
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Mc Cluskey et al'?V), van voler analitzar quins factors podien predir T-M, validant un index
de risc basat en 7 parametres (manca de validacid externa) que inclou: edat (> 40 anys;
1 punt), Hb basal (<10 g/L; 1 punt), INR (1.2-2; 1 punt i >2; 2 punts), plaquetes
(</=70.000x10°% 1 punt), creatinina (>110 mg/dl en dones; 1 punt i >120 mg/dl en
homes; 1 punt), albiumina (</= 24 g/L; 1 punt) i retrasplantament (1 punt). La puntuacié
obtinguda varia de 0 a 8 punts. Un valor de >/= 3 presentava una sensibilitat del 58%,
especificitat de 87%, valor predictiu positiu de 76% i valor predictiu negatiu del 73% de

T-M.

Factors intraoperatoris o quirurgics

Els avencos en la tecnica quirdrgica han estat crucials per a la reduccioé de la pérdua
hematica. El coneixement i experiencia de I'equip quirdrgic és un predictor independent

de transfusié4).

La técnica classica comporta el clampatge de VP i VCI. En canvi, |la técnica “piggyback” o
preservacio de cava evita el clampatge de la cava, mantenint el flux d’hemicés inferior
al cor durant el THO. Mantenir la precarrega, preserva |'estabilitat hemodinamica i evita
grans infusions de volum, vasopressors i necessitat de bypass veno-vends necessaris en
la tecnica classica. La duracié total del temps d’isquémia calenta (WIT) es redueix
significativament (es requereix una anastomosi menys), temps que també s’ha

relacionat com un factor predictor de transfusio.

A més, la preservacio de la cava del receptor, disminueix la reseccio extensa a nivell

retroperitoneal al comparar-ho amb la técnica classica disminuint el risc de sagnat.

Per tant, la tecnica “piggyback” o preservacié de cava, comporta una reduccié de la
transfusié comparat amb la técnica classica o bypass veno-vends. El bypass a més, és un
factor independent d’increment de pérdua hematica i transfusio, probablement degut
a que el contacte amb les canules predisposi a fibrinolisi, hemolisi i activacié plaquetar,

empitjorant I’hemostasia.
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Millores en els dispositius quirurgics també ajuden a minimitzar les perdues hematiques
al permetre un millor abordatge i disseccio de plans i estructures. La preservacié de

I’empelt hepatic, també ha comportat una millora en els resultats postoperatoris.

En paral-lel, millores en el maneig anestesic i un millor coneixement de la fisiopatologia,

també ha permes millorar la supervivéncia i reduir els requeriments transfusionals:

= Maneig fluidoterapia: politiques restrictives de fluidoterapia i hemoderivats,

disminueixen els requeriments transfusionals perioperatoris, a [levitar la
sobrecarrega de volum i és que els pacients amb malaltia hepatica terminal
presenten HTP i col-laterals. A I'augmentar el volum plasmatic circulant hi ha
redistribucid cap a territori esplancnic, el que sumat a la funcié cardiaca i
vasodilatacié periferica, provoca que els fluids i hemoderivats administrats,
augmentin encara més la pressio portal, resultant en sagnat secundari al trauma
quirargic (probablement degut a congestio venosa).

= Antifibrinolitics: la fibrinolisi com hem comentat, juga un paper molt important en

els pacients sotmesos a THO, sobretot en la fase anhepatica i de reperfusié. A part
de l'alliberacié de t-PA per part de I'endoteli de I'empelt hepatic i disminucié del
“clearance” hepatic, també s'ha associat a un consum d'a2antiplasmina (principal
inhibidor de I'activitat de la plasmina) i PAI-1(16),

= Técniques de recuperacid de sang intraoperatoria: si bé és cert que en pacients

adults sotmesos a cirurgia electiva es va concloure que era una técnica efica¢ per
reduir la necessitat de transfusid al-logénica®?, segueix sent un tema de
controversia en el THO, ja que no es disposen de dades que indiquin si I'Gs de
tecnigues de recuperacio es tradueix en una reduccié de la necessitat de transfusio.
A més, s’ha relacionat amb una major perdua de sang a causa de fibrinolisi,
probablement degut a que productes de degradacié de la fibrinolisi de la sang
recuperada no s’eliminen mitjancant el rentat. Si s’ha vist que no augmenta la
recurréncia d’hepatocarcinoma ni afecta a la mortalitat(?3).

= Llindar transfusional: la majoria de centres segueixen les directrius de practica de la

Societat Americana d’Anestesiolegs (ASA) per a transfusié de productes sanguinis
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durant el THO, tot i que hi ha grups en la que el llindar transfusional és més baix, el
que genera variabilitat en els resultats(?4).

= FEines per a la valoracié de I'hemostasia i coagulacid: els tests de laboratori

convencionals (TLC) i monitors de coagulacio a peu de llit.

Eines per a la valoracié de I’hemostasia en el trasplantament hepatic

Tests de laboratori convencionals

Degut a totes les alteracions hemostatiques comentades, és habitual trobar alteracions
en el TP, TTPa, INR, recompte plaquetar i fibrinogen en els pacients amb malaltia
hepatica cronica. Tot i indicar la tendéncia hemorragica, s'ha comprovat que en els
pacients amb malaltia hepatica, les proves rutinaries de coagulacié anormals no
indiquen necessariament una major tendéncia hemorragica'®®, perqué sén insensibles

als nivells plasmatics de proteines anticoagulants com PCi PS.

El TP informa sobre la via extrinseca (que inclou activacié dels factors VII, X i V) i TTPa
informa sobre la via intrinseca. Ambdds informen sobre la cascada de la coagulacié fins
la formacio de la fibrina i sén incapagos d'informar sobre la contribucié del fibrinogen i

les plaquetes a la fermesa del coagul?®),

L'index Internacional Normalitzat (INR) permet estandarditzar els resultats del temps de
protrombina sense importar el métode d’analisi. Es utilitzat dins 'escala MELD (Model
for End-stage Liver Disease) junt amb la bilirubina i la creatinina, per predir la mortalitat,
ajudant a estratificar i prioritzar els pacients pel THO, pero no es pot utilitzar per avaluar
la generacio de trombina i risc de sagnat en pacients amb cirrosi, pels mateixos motius
gue el TP. A més, recordem que aquests pacients també tenen risc de complicacions
tromboemboliques i TP, TTPA, INR i recompte plaquetar preoperatoris no son aptes per

predir esdeveniments tromboembolics postoperatoris?”),

El recompte plaquetar és quantitatiu, i per tant, no informa de la seva funcié o disfuncid.
La determinacid de la concentracid de fibrinogen a plasma ve influenciada per diversos

factors, com el metode de mesura (la determinacié foto-optica de Clauss sobreestima el
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valor de fibrinogen respecte al métode mecanic derivat del TP) i la dilucié causada pels
fluids de reposicié (sent major la provocada pels expansors plasmatics que pels

cristal-loides).

L’alteracid dels TLC, no justifica I’Gs rutinari de transfusié d’hemoderivats profilactica en
pacients amb malaltia hepatica cronica sotmesos a procediments invasius, al no
representar de forma clara el balan¢ de coagulacié in vivo. No hi ha evidencia cientifica
gue aquests proporcionin dades fiables per predir el sagnat i son per tant inadequats en
aquestes condicions adquirides?®2%), A més, la transfusio profilactica no només genera
uns costos innecessaris, sind que a més suposa un risc injustificat pels seus efectes

secundaris (hemodilucid, increment HTP, risc d’infeccid, TACO, TRALL...).

A més, els TLC no sén utils per guiar la terapia hemostatica en hemorragies greus degut

al seu temps de processament i resposta.

General risks

Transfusion related Accumulation of immune mediators in stored blood
immunomodulation
Transfusion associated Acute left ventricular failure or congestive cardiac failure

circulatory overload

Transfusion related acute lung ~ Capillary leak and neutrophil extravasation and activation caused by:

injury Immune mediated: Donor antibodies react with recipient white blood cells, forming leukoagglutinate that become
trapped in the lung
Non-immune mediated: Endothelium suffers initial insult (e.g., sepsis, surgery or trauma), attracting neutrophils
that are activated by biologically active compounds in stored blood

Haemolytic transfusion reactions Immediate: Donor membrane antigens react with antibodies against these present in recipient plasma

Delayed: Alloimmunised recipient with specific antibodies respond to re-exposure to antigen positive red blood cells

Acute non haemolytic Febrile: Donor leucocyte antigens react with recipient white cell antibodies

transfusion reactions Allergic: Soluble donor antigens react in an already sensitised recipient

Post-transfusion purpura Previous sensitisation produces antibodies which attach donor platelet antigens and additionally destroy their own
platelets

Transfusion associated graft s Donor lymphocytes proliferate within immunocompromised recipient, attacking host cells as “foreign”

host disease

Infection Bacterial 1:2000-1:500000

Viral: hepatitis B 1:450000; hepatitis C 1:32000000; HIV 1:5000000; human T-cell leukaemia virus 1:12500000

Taula 2: Riscos associats a la transfusié d’hemoderivats®®

En el THO, esta demostrat que una politica restrictiva en quant a la transfusid és possible
i resulta en una reduccié important de pacients que es trasplanten sense necessitat
d'hemoderivats®l). Es per aixd que ens basem en d’altres eines per valorar I'estat
hemostatic d’aquests pacients com és el cas de la tromboelastometria o

tromboelastograma.
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Tests viscoelastics: tromboelastografia i tromboelastometria

La tromboelastografia va ser descrita per primer cop al 1948. Permet una representacié
grafica de les propietats viscoelastiques del coagul. Actualment, i en funcié de la casa
comercial, es disposa de 2 variants: la tromboelastografia (TEG) o la tromboelastometria
rotacional (ROTEM). Aquesta ultima és la que s’ha utilitzat en I'estudi del present treball

i per tant, s’explicara el seu funcionament de forma més detallada.

Instrumentation TEG® ROTEM®
Measurement period - RT
Clot time (period to 2 mm amplitude) r CL
Period from 2 to 20 mm amplitude k CFT
Alpha angle o (slope between o (angle of tangent
r and k) at 2 mm amplitude)
Maximum angle - CFR
Maximum strength MA MCF
Time to maximum strength TMA MCF-t
Amplitude (at set time) A (A30, A6Q) (A5, A10...)
Clot elasticity G MCE
Maximum lysis - ML
Lysis at a fixed time CL30, CL60 LY30, LY45, LY60
Time to lysis TTL (2 mm drop CLT (10% from MCF)
from MA)
Maximum lysis - CLR (maximum tangent
post-MCF)

Taula 3: Nomenclatura utilitzada en TEG i ROTEM i equivaléncies®?

La tromboelastometria rotacional (ROTEM), es tracta d’'un métode d’estudi que permet
analitzar la formacid, fortalesa i lisi del coagul, analitzant les propietats viscoelastiques
del coagul en les diferents fases. L’avantatge principal és que permet prendre decisions
a peu de llit, disminuint el temps de resposta, donat que en 10 minuts, es pot disposar
de resultats i iniciar el tractament de forma precog. Aixd fa que sigui molt util en el
diagnostic i tractament de les alteracions de la coagulacié en fase aguda. Comparat amb
els TLC, té l'avantatge de reflectir al mateix temps la funcid del plasma, cel-lules
sanguinies i les plaquetes. Ara bé, tot i proporcionar-nos una visié més completa, no ens

ajuda a valorar I'estat dels factors anticoagulants33).

Per al seu Us es necessita Unicament una mostra de sang fresca completa, activant-se el

procés de coagulacidé tant per via extrinseca (mitjangant FT) com per via intrinseca
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(mitjangant acid elagic). A mesura que es forma el coagul, aquest genera una resistencia

(impedancia mecanica), que és processada mitjancant un processador de dades (o

software) i es representa en forma de figura. La figura obtinguda es mostrara com

EXTEM, si resulta de I’activacio inicial de la via extrinseca o INTEM, si prové de la via

intrinseca. Pero a part d’aquests 2 tests, podem obtenir més variants:

FIBTEM: conté un reactiu anomenat citocalasina D que es tracta d’un inhibidor
de la funcid plaquetar. Ens permet analitzar la contribucido exclusiva del
fibrinogen a la formacio del coagul.

APTEM: conté un reactiu anomenat aprotinina que es tracta d’un inhibidor de la
plasmina (responsable de la fibrinolisi). Ens permet confirmar la fibrinolisi.
HEPTEM: conté un reactiu anomenat heparinasa que inhibeix la heparina. Ens
permet analitzar si una eventual prolongacié en el test INTEM, és deguda a un

efecte d’heparina o a substancies heparinoides circulants.

En funcio dels valors i morfologia de les diferents variants del test, podem orientar la

causa del sagnat i realitzar una terapia dirigida. Les variables més importants sén:

CT: “clotting time” o temps de coagulacid. Es defineix com el temps d’inici de
formacié del coagul. Representa la formacid inicial del coagul que depén de la
petita quantitat de trombina alliberada inicialment. Si esta incrementat, reflexa
un deficit de trombina (equival a deficit de factors de la coagulacid). EL CT EXTEM
és superior per assessorar el sagnat en pacients cirrotics comparat amb INR, el
qgue pot reduir I'administracio de plasma fresc congelat (PFC) i complex
protrombinic significativament, ajudant a evitar el sobretractament i I'augment
d’esdeveniments tromboembolics33).

MCEF: “maximum clott firmness” o fermesa maxima del coagul. Es defineix com
I'amplitud maxima de formacio del coagul. Representa la fortalesa de la malla de
fibrina que depén de la interaccié de plaquetes activades i fibrinogen funcionant.
Si esta disminuit, el pacient precisa plaquetes o fibrinogen. S’acostuma a utilitzar
I’A10 (amplitud del coagul als 10 minuts d’inici de formacié del mateix) per tenir

una molt bona correlacié amb el MCF i ser més precocg.
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e ML: “maximum lysis” o lisi maxima. Representa |'estabilitat del coagul; un coagul
poc estable, es lisa precogcment. El valor normal és de 15% als 60 minuts. Quan
esta augmentat, informa d’hiperfibrinolisi o lisi patologica. Si és menor del 3%

representa situacié d’hipercoagulabilitat.

Coagulation factors,
anticoagulants, FDPs,
fibrinogen, tissue factor

Platelets, Fibrinolytic enzymes
fibrinogen, fibrinolysis inhik rs
FXIII, colloids FXIII, fibrinogen

fﬁm\ Alpha angle [°]
E ; Maximum clot firmness (MCF) [mm]
El o0 X mer g
§ Maximum lysis (ml) [%] = decrease in CF
E in percentage of MCF during run time
= Lysis index (LI30, LI45, LI6! ] = residual
° ‘. CF in percentage of MCF 30/45/60 min
o - . after CT [%]
ASIA10 = amplitude §/10 min after CT [mm]
ﬂ: Coagulation time (CT) [s]
.’ Clot formation time (CFT) [s]
Run time [min] i
Figura 6: Tragat del ROTEM (temograma) que mostra els parametres clinicament més
importants i el seu valor informatiu. FDPs: productes de divisié de la fibrina®?
coagulation time clot formation amplitude after CT [mm] maximum clot firmness  clot lysis index [%]
CTis] time CFTISl 4o minat0  20mina2z0  MCF* [mm] 30 min CLI30 60 min CLIGO
INTEM 100-240 30-110 44-66 50-71 50-72 94-100 85-100
EXTEM 38-79 34-159 43-65 50-71 50-72 94-100 85-100
HEPTEM  100-240** 30-110 50-72
FIBTEM 7-23 8-24 9-25%**
APTEM 38-79 34-159 50-72

*usually available after 20-40 min; **A markedly reduced CT in HEPTEM compared to INTEM indicates a heparin effect.
¥**MCF < 9 mm indicates reduced fibrinogen plasma concentration (<100 mg/dl) or fibrin polymerization disorders. MCF > 25 mm increased
fibrinogen plasma concentration (=300 mg/dl). Therefore, analyses possibly show normal MCF in INTEM and EXTEM despite thrombocytopenia.

Taula 4: Rang de normalitat dels principals parametres de la tromboelastometria®*

L’administracié d’"hemoderivats guiada per ROTEM s’ha convertit en una part essencial
del Patient Blood Management (PBM), concepte important per millorar la seguretat del
pacient. En aquest context, les intervencions hemostatiques guiades per ROTEM han de
vincular-se a algoritmes basats en |'evidéncia i especifics de I'entorn, adaptats a la

poblacié especifica de pacients.
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Una reduccié en la transfusié d’hemoderivats, esta associada a disminucié de la
mortalitat en pacients amb cirrosi i sagnat gastrointestinal. Aixi doncs, la reduccié de
transfusié de plaquetes durant el THO esta associat amb reduccio de la mortalitat a 1
any®%), A més, la transfusid de plasma esta associada a infeccions nosocomials,
intoxicacid per citrat, TRALI, TACO i HTP que promou el sagnat i esta associat amb

I’'augment de la mortalitat hospitalaria, pel que és important reduir-ne el consum9),

En conseqliencia, els algoritmes guiats per ROTEM implementen el concepte de
medicina personalitzada en el tractament perioperatori de les hemorragies. Han
demostrat ser eficacos per reduir la necessitat de transfusions, les tasses de
complicacions i els costos sanitaris. Aixi doncs, millora la seguretat dels pacients i els

resultats, inclosa la morbiditat i la mortalitat perioperatories.

La tromboelastometria disposa de marca CE, certificacié ISO i aprovacié per la FDA. Per
tant, ha superat la validacio i s’ha verificat adequat pel seu Us previst. A més, en un
estudi multicéntric de validacié®®®, s’ha demostrat que presenta valors coherents entre

centres, proporcionant rangs de referéncia.

Els primers algoritmes basats en TEG daten de 1985, evolucionant des de llavors. Els
algoritmes basats en TEG/ROTEM redueixen la necessitat de transfusid i els costos,
optimitzant el maneig del sagnat, permetent que la terapia hemostatica sigui dirigida.
També assessora sobre la fibrindlisi i guia la terapia antifibrinolitical®”). Per tant, la
tromboelastometria ens ajuda a discernir la causa probable i evitar el sobretractament,

disminuint la transfusio liberal d’hemoderivats.

A l'igual que amb els TLC, la tromboelastometria té les seves limitacions.

No es poden detectar alteracions de I’hemostasia in vivo, a causa de condicions previes
alterades com la hipocalcémia i/o acidosi degut a que la mostra de sang utilitzada és
citrada i recalcificada. Tampoc les alteracions degudes a la hipotérmia, si I'analisi es
realitza a 379C. Tot i aixi, aquestes condicions causants de deteriorament de
I’'hemostasia es poden detectar, mitjancant la mesura de la temperatura corporal o amb
la realitzaci6 de gasometries seriades, permetent la seva optimitzacio al llarg del

procediment quirudrgic.
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Es un métode in vitro i no permet analitzar la contribucié endotelial de ’'hemostasia. No
diagnostica alteracions de ’lhemostasia degudes a déficit de factor de von Willebrand o
de I'adhesié plaquetaria a I’endoteli. Aixi doncs, el deterior de ’lhemostasia primaria a
causa de la malaltia de von Willebrand o farmacs antiagregants (AAS, clopidogrel,

Prasugrel, ticagrelol...) no es poden detectar mitjangant ROTEM38),

Tampoc considera el deficit d’anticoagulants ni replica les condicions de flux que es

donen in vivo.

Per tant, donat el desequilibri entre factors procoagulants i anticoagulants, I’avaluacié
del risc real d’hemorragia en pacients amb hepatopatia, requereix d’un enfoc sistematic
gue incorpori, a part de I'avaluacié de I'estat clinici TLC (recompte complet de cél-lules
sanguinies, fibrinogen i TP/INR, TTPa) que permeten orientar sobre el grau de disfuncié

hepatica, altres proves de coagulacié més especifiques, com el tromboelastograma.
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Figura 7: Tragats de la tromboelastometria en diferents contextos clinics. Modificat de la font

original®®
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Aplicacio de la tromboelastometria en el trasplantament hepatic

En el maneig de I'"hemostasia i coagulacid, a banda de la tromboelastometria, no ens
hem d’oblidar d’aspectes lligats a la coagulacié i que hem d’incloure en el maneig
intraoperatori del THO, ja que poden agreujar els trastorns de la coagulacié i, per tant,

agreujar o perpetuar ’lhemorragia. Aquests son:

- Hipotérmia: Cal monitoritzar la temperatura corporal durant tot el procediment
quirargic i assegurar la normotermia, mitjangant I'is de mantes termiques i
administracio de fluidoterapia amb control de temperatura.

- Acidosi: Cal anar realitzant gasometries seriades en les diferents fases del
procediment quirurgic i valorar la necessitat de bicarbonat sodic.

- Ca*™: cal evitar la hipocalcémia, pel que caldra anar realitzant gasometries
seriades en les diferents fases del procediment quirdrgic per assegurar els seus
nivells i ajustar els valors mitjangant I’'administracio de clorur calcic.

- Hipoxia: caldra evitar la hipoxia tissular, pel que cal assegurar uns nivells
d’oxigenacio correctes, optimitzant els parametres respiratoris i assegurant un
correcte transport d’oxigen, mantenint uns nivells minims d’Hb al llarg del THO.
Basant-nos en les recomanacions del PBM, el llindar terapeutic per a indicar
transfusié sera una Hb < 80 g/L.

- Fluidoterapia: grans volums de cristal-loides, col-loides i/o hemoderivats,
empitjoren la coagulopatia (hemodilucid). La fluidoterapia s’ha de considerar un
tractament més. Per tant, no ens podem basar en terapies liberals de fluids. Si
bé és cert que una terapia molt restrictiva de fluids pot comportar efectes
secundaris no desitjables, com fracas renal en el postoperatori, hem de basar-
nos en un model restrictiu que asseguri la reposicié de les perdues amb col-loides
i/o cristal-loides, mantenint una dilresi horaria de 0.5ml/kg/h. A més, hem de
tenir en compte la fase del THO en la que ens trobem i el context clinic, com ja

hem comentat en punts anteriors, per adequar la fluidoterapia.
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El maneig de la fibrinolisi, juga un paper molt important en el THO comparat amb altres

escenaris clinics.

Aproximadament un 60-80% de pacients sotmesos a THO presenten fibrinolisi, sobretot
a la fase de reperfusio. Tot i aixi, la majoria sén autolimitades (15-20 min) i per tant,
sense necessitat de tractament addicional. Cal diferenciar la fase del trasplantament en
la que apareix: durant la fase d’hepatectomia (disseccid), s’associa a augment de la
mortalitat a 30 dies; la que apareix post reperfusio, s’associa a trombosi portal i de

I’arteria hepatica.

Totilafalta de proves clares de risc d’hipercoagulabilitat associat a I'us d’antifibrinolitics
durant el THO, un nombre no despreciable de casos han descrit esdeveniments
trombotics dramatics on no es pot descartar la contribucié de I'administracié de
farmacs, sobretot a nivell de I'artéria hepatica. Aixo fa que I'administracio de farmacs
antifibrinolitics s’hagi de considerar curosament, pel que actualment no es pot
recomanar I"administracié profilactica rutinaria en pacients sotmesos a THOX% pel que

caldria reservar-ho dins I'algoritme terapeutic guiat per tromboelastometria.

Hemorragia activa
Transfusio requerida?

|
| I |

LI60ex<85% | |ASex< 25mm ASex<25mm | [ASex< 25 mm CTex >75 seg CTin> 280 seg CTin i CTiep> 280 seg
preanhepatica CTFIB > 300 seg ASpa< 8mm ASss >/: 8mm A58 >/=8mm CTiy /CT;{EP
I.Bpi:( 50% ‘ No esdeven;zipsls trombotics ] l I ratio >/= 1.25

)|

Al0g <35mm | | A0 <35mm||AL0p <35mm| |CTex >75 seg
CTFIB>300seg | | A10F <9 mm|| AL0rs>/=9mm| [AL0FB>/=9mm

No esdeveniments trombotics| l

previs
Acid tranexamic(15-25 mg/kg) en
bolus (es pot repetir 1 vegada més)

Fibrinogen per
A5 >/=10mm

Plaquetes CCP 10-15 Ul/ke (*) Protamina | ["considerar
(5-10ml/kg) o PFC 10-15mli/kg (0.3-0-5mg/kg) | PFC 10mi/kg

* valorant risc trombatic

Figura 8: Algoritme transfusional en base a la tromboelastometria utilitzant I’A5 o A10 com a

punt de tall en el context d’hemorragia en el trasplantament hepatic. Esquema propi

El parametre de la tromboelastometria més util és I'amplitud del coagul als 10 minuts
de la seva formacio en el test EXTEM (A10 EXTEM), ja que permet reposar derivats

sanguinis de manera precog. Esta estretament correlacionada amb I'amplitud maxima
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del coagul (MCF) i s’estableix en 40-45 mm{#), Aquest parametre representa la fermesa

del coagul i depén de les plaquetes i del fibrinogen.

En quant a les plaquetes, els valors considerats normals oscil-len entre 150-400 x 10° per
litre, pero com ja hem comentat en punts anteriors, els pacients amb hepatopatia poden
presentar trombopénia, més pronunciada a major severitat de malaltia. Tot i aixi, nivells
de 50 x 10° per litre sén suficients per assegurar nivells de trombina correctes en aquest

col-lectiu de pacients.

En quant al fibrinogen, s’assumeixen com normals xifres de fibrinogen plasmatic entre
2-4 g/1, considerant-se critics valors per sota 1 g/L*?. La determinacié de fibrinogen a
plasma ve influenciada pel méetode de mesura (la determinacid foto-optica de Clauss
sobreestima el valor de fibrinogen respecte el métode mecanic derivat del temps de
protrombina). Cal tenir en compte que el fibrinogen és el primer factor procoagulant en

disminuir per sota del nivell critic i requereix substituciéo en hemorragies greus.

L’augment de la concentracié plasmatica de fibrinogen després de I'administracié de
concentrat de fibrinogen ha estat demostrada per varis autors. S’ha observat un
increment mig de fibrinogen de 0.2-0.3 g/L per 1 g de concentrat de fibrinogen
administrat (en pacients amb un pes corporal mig d’uns 80 kg). Aquest increment, també
pot calcular-se a partir del volum plasmatic dels pacients. Un increment de la
concentracié plasmatica de fibrinogen de 0.25 g/L correspon a un augment de
I’A10FIBTEM (MCF) d’aproximadament 2 mm. Per suposat, l'increment en la
concentracié plasmatica de fibrinogen i A10 FIBTEM (MCF) depen del volum plasmatic
dels pacients, la dinamica de I'hemorragia i de la terapia de volum simultania amb

expansors plasmatics i cristal-loides®.

Quan I'A10EXTEM disminueix per sota del rang normal, la decisié de transfondre
fibrinogen o plaquetes ve indicada per una variant del mateix test (FIBTEM) que al
contenir citocalasina, inhibeix la contribucid al coagul de les plaquetes i informa
exclusivament del fibrinogen. De manera similar com succeeix amb I'amplitud maxima
del coagul en I'EXTEM, el parametre més util en el FIBTEM és I'amplitud maxima als 10

minuts (A10FIBTEM).
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L’equivalencia entre FIBTEM i els nivells plasmatics de fibrinogen, varia en les diferents
séries. Pel general, valors plasmatics de 1 g/L es corresponen amb FIBTEM 8 mm(“#344)_ E|
FIBTEM, que a més de la quantitat de fibrinogen, informa de la polimeritzacié del mateix,
s’afecta en major mesura per I'administracié de col-loides®?). El FIBTEM tendeix a
sobreestimar el fibrinogen a nivells baixos (1-1.5 g/L) i a subestimar-lo en nivells alts
(>2.5 g/L). Pel que en situacions de nivells baixos de fibrinogen, s’haurien d’aconseguir

nivells superior de FIBTEM.

Mentre no es posa en dubte que la tromboelastometria és I'eina més adequada per
valorar I’estat de I’'hemostasia i coagulacié en el THO, el punt critic d’A10EXTEM a partir
del qual s’ha d’iniciar la reposicié de fibrinogen i/o plaquetes, és encara font d’estudi.
D’altra banda, donat que I'amplitud del coagul (A1I0EXTEM) informa de la fermesa global
del mateix, els déficits de fibrinogen i/o plaquetes poden compensar-se entre si. AQuest
concepte té implicacions molt interessants ja que existeix una gran diferéncia respecte
als efectes secundaris de la transfusié d’ambdds hemoderivats. S’han reportat efectes
adversos a nivell pulmonar, increment de la lesié per isquemia en la reperfusio hepatica
i augment de la mortalitat amb I'administracié de plaquetes®®®), mentre que
I"administracié de fibrinogen sembla ser bastant segura a la llum de les dades reportades

fins la data(*®),

Un estudi que comparava dos cohorts de pacients de THO, va demostrar que la reduccid
en un 35% dels valors estandard d’A10EXTEM, no va comportar un increment del
sagnat®’). També s’han reportat casos aillats de pacients que tot i valors d’A10EXTEM
per sota del limit inferior de la normalitat al llarg de tot el trasplantament, no han

requerit administracio de cap tipus d’hemoderivat(4®),

Pel contrari, 'administracié de fibrinogen per sobre de valors critics s’ha associat a
resultats variables en la reduccié dels requeriments transfusionals en aquest context. En
una serie de pacients, la introduccié de fibrinogen en l'algoritme transfusional, va
disminuir I'administraci6 de CH, plasma i plaquetes®?. En una altra série, el
manteniment de valors de FIBTEM > 8mm va incrementar el consum de fibrinogen
significativament i va reduir el consum de tots els hemoderivats, el percentatge de
pacients transfosos i el percentatge de pacients que van presentar hemorragia massiva,

respecte a una cohort retrospectiva®?.
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No obstant, un estudi que va avaluar I'impacte sobre el sagnat i la transfusio de I’us del
tromboelastograma en el THO, va evidenciar un increment no significatiu del consum de
fibrinogen sense que aixd comportés una reduccié en el consum de CH®Y. En dit estudi
el valor A1OEXTEM utilitzat com a criteri transfusional es va establir en 30 mm, el qual

esta notablement per sota del considerat limit inferior de la normalitat (40-45 mm).

La principal limitacié dels estudis que defensen tant per incrementar com per reduir el

valor critics d’A10EXTEM-A10FIBTEM és que son retrospectius i per aixo no concloents.

Un altre estudi, va mostrar que els pacients sotmesos a THO que preoperatoriament
presentaven un nivell de fibrinogen plasmatic < 2 g/L rebien una quantitat
significativament major de CH, i que el 39% d’aquests pacients disminuien per sota del
que es considera nivell critic (1 g/L)®2). Un posterior estudi aleatoritzat, va evidenciar la
futilitat de I'administracio profilactica de fibrinogen, tot i que en ambdds grups, estudi i
control, no es van administrar quantitats diferents de fibrinogen intraoperatoriament,
sent aquesta una limitacié en la valoracié dels resultats(®3. En I’analisi post-hoc d’aquest
mateix estudi controlat, un A1I0EXTEM 35-40mm i un A10FIBTEM entre 8-10mm, van
resultar ser el rang més adequat per reduir la transfusié de CH, sent A10FIBTEM el
parametre que millor va predir la transfusié de CH, amb un area sota la corba de 0.788.
El mateix estudi va mostrar que dels 86 pacients candidats a THO inclosos, 56
presentaven preoperatoriament un AI1OEXTEM </= 40mm; el 79% van requerir
transfusié de CH, mentre que només el 46% dels que presentaven preoperatoriament
un A10EXTEM > 40 mm ho van requerir. Entre els 56 que van ser transfosos, 36 d’ells
tenia un A10FIBTEM </= 8mm i 20 un A10FIBTEM > 8mm. La transfusio de CH va ser del

88% i del 69% en ambdds grups respectivament.

En resum, els pacients amb FIBTEM basal < 8mm tenien el doble de possibilitats de rebre
CH, que els pacients amb FIBTEM basal > 8mm. De manera similar, s’objectivava que

valors de FIBTEM > 11mm no aportaven un benefici addicional.

Aquests resultats condueixen a pensar que més que l'administracié profilactica de
fibrinogen plasmatic (supraoptim), és la prevencié de la caiguda per sota del nivell critic

al llarg del mateix, el que s’associaria a una reduccio del risc de sagnat.
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De manera que, els pacients sotmesos a THO poden estar exposats a ambdues
situacions: una infracorreccié dels déficits de fibrinogen i/o plaquetes i a una sobre
administracié de fibrinogen i/o plaquetes. D’altra banda seria de molt interés demostrar
gue nivells suboptims de plaguetes poden ser compensats mitjangant I'administracié de
fibrinogen, de manera que A10EXTEM romangui en el rang de la normalitat. Aixo
significaria substituir I'administracio de plaquetes per la de fibrinogen, que ofereix un

millor perfil de seguretat.
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Hipotesi

Un A10EXTEM de 35-40 mm i un A10FIBTEM entre 8-11 mm sén els rangs més adequats

per reduir la transfusié de CH.

Els pacients amb FIBTEM basal < 8mm tenen el doble de possibilitats de rebre CH, que
els pacients amb FIBTEM basal > 8 mm. De manera similar s’objectiva que valors de

FIBTEM > 11 mm no aporten un benefici addicional.

La nostra hipotesi és que mantenir valors d’A10FIBTEM de 11mm, s’associaria a una
reduccio del sagnat, i per tant de transfusié d’hemoderivats, en comparacio a nivells

d’A10FIBTEM de 8 mm.

Ates que A10EXTEM representa el nivell de fibrinogen i plaquetes, nivells de fibrinogen
supraoptims fins un valor A10FIBTEM de 11mm podrien compensar la trombopénia
mantenint I'A10EXTEM en el rang de la normalitat; substituint parcialment
I'administracio de plaquetes per la de fibrinogen, que ofereix un millor perfil de

seguretat.

Per tant, més que I'administracid profilactica de fibrinogen a l'inici del procediment
quiruargic, (que porta a nivells de FIBTEM i/o fibrinogen plasmatic supra-optims), podria
ser la prevencid de la caiguda per sota del nivell critic al Ilarg del mateix el que
s’associaria a una reduccid del risc de sagnat. D’altra banda, seria de molt d’interés
demostrar que nivells suboptims de plaquetes poden ser compensats mitjangant

I’administracio de fibrinogen.

48



Estrategia Transfusional guiada per Tromboelastograma en el Trasplantament Hepatic Marta Caballero Milan

Objectius

Objectiu Principal

Demostrar que la correccid de valors d’A10FIBTEM mitjancant I'administracié de
fibrinogen fins a obtenir un valor A10FIBTEM de 11mm, redueix I'administraciéo de CH
durant el procediment del trasplantament i en les primeres 24 hores posteriors, en
comparacio amb I'administracié de fibrinogen fins obtenir un valor AIOFIBTEM de 8mm

(considerat aquest valor com el valor minim requerit en la practica estandard).

Objectius Secundaris

Demostrar que la correccid de valors d’A10FIBTEM mitjangant I'administracié de
fibrinogen fins obtenir un valor A10FIBTEM de 1lmm en comparacié amb

I’administracio de fibrinogen fins obtenir un valor A1OFIBTEM de 8 mm:

1. Redueix l'administracié addicional de tots els derivats sanguinis: plasma,
fibrinogen, complex protrombinic, acid tranexamic.

2. Disminueix el fracas renal agut (FRA) segons criteris KDIGO a la setmana i als 90
dies post trasplantament.

3. Disminueix les hores de Ventilacié Mecanica Invasiva (VMI) en el periode
postoperatori.

4. Disminueix les complicacions postoperatories valorades segons la classificacio de
Clavien-Dindo (CDC).

5. No incrementa els esdeveniments trombotics en I'empelt hepatic o en el
pacients en els primers 90 dies del trasplantament.

6. Disminueix les reintervencions per hemorragia, retrasplantament, i la mortalitat

en els primers 90 dies del trasplantament.
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Material, métodes i resultats

Resum Article 1

Un nivell baix de fibrinogen plasmatic, influeix en la transfusido de components sanguinis.
La tromboelastometria és una eina per guiar la substitucié de fibrinogen en el
trasplantament hepatic. S’ha plantejat la hipotesi que les infusions de concentrat de
fibrinogen per assolir un valor A1OFIBTEM de 11 mm durant el trasplantament hepatic,
podrien reduir les necessitats de concentrats d’hematies i altres components i fluids en

comparacio amb la practica habitual (A10FIBTEM de 8 mm).

S’ha realitzat un assaig clinic fase IV multicentric nacional, de superioritat, aleatoritzat
1:1, de grups paral-lels, controlat i emmascarat a simple cec, en pacients als que s’ha
realitzat un trasplantament hepatic ortotopic. S’han reclutat un total de 189 pacients
programats per a Trasplantament Hepatic, finalment 176 pacients s’han sotmes a
trasplantament hepatic i han estat assignats al grup intervencié (A10FIBTEM 11 mm) o
al grup control (A1OFIBTEM 8 mm). Les dades s’han analitzat per intencié de tractar,

obtenint 91 pacients al grup intervencio i 85 pacients al grup control.

S’han realitzat determinacions analitiques al llarg del trasplantament hepatic (inici del
trasplantament, després del pingament de la vena porta, després de la reperfusié de
I'empelt i al final del procediment) i s’han preparat kits de fibrinogen per augmentar el

nivell de fibrinogen de cada pacient al nivell assignat per tromboelastometria.

El resultat principal ha estat la proporcié de pacients que han requerit transfusié de

concentrat d’hematies durant el trasplantament hepatic o les 24 hores seglients.

La proporcid de pacients que han requerit de concentrat d’hematies, no ha diferit entre
grups: 74,7% al grup intervencidé (65,5% - 83,3%, IC 95%) i 72,9% al grup control
(62,2% - 82,0%, IC 95%), amb una diferencia absoluta del 1,8% (-11,1% - 14,78%, IC 95%)
(p =0.922). Els episodis trombotics han succeit en el 4% dels pacients en ambdés grups;
les tasses de reintervencid, retrasplantament i mortalitat no han diferit entre grups.
Aproximadament el 70% dels pacients en ambdds grups ha requerit de fibrinogen per
assolir I'objectiu. Utilitzar un objectiu A10FIBTEM de 11 mm, augmenta la maxima

fermesa del coagul sense afectar a la seguretat, perd no aporta un benefici clinic.

50



Estrategia Transfusional guiada per Tromboelastograma en el Trasplantament Hepatic

Recaived: 12 August 2022

Revised: 28 September 2022

Marta Caballero Milan

‘ .’] C.‘.i'lm:lt for updales

Accepted: 18 October 2022

httpsa/Ydoi.org/10. 1016/ jtha 2022.10.025

ORIGINAL ARTICLE

Blood component requirements in liver transplantation: effect

jth

of 2 thromboelastometry-guided strategies for bolus
fibrinogen infusion—the TROMBOFIB randomized trial

Marta Caballero’ | Antoni Sabate’ | Rosa Gutierrez® | Joan Beltran® |

Lourdes Pérez' | Roger Pujol® | Laura Viguera® | Marta Costa’ | Raquel Reyes® |
Alberto Martinez® | Gorka Ojinaga® | Ariadna Leon’ | Antonio Navarro® |

Marta Barquero® | Guillermo Alonso® | Guillermo Puig' | Annabel Blasi®

'‘Department of Anesthesiclogy, University
Hespital of Bellvitge, University of
Barcelona Health Campus, IDIBELL.
Barcelona, Spain

‘Department of Anesthesiolngy, University
Hospital of Cruces, Bilbae, Spain

"Department of Anesthesiclogy, Clinic
Hosgital. University of Barcelona Health
Campus, IDIBAPE. Barcelona, Spain

Corraspondance

Antond Sabate, Departrment of
Anesthesledogy, University Hospital of
Ballvitge, University of Barcelona Health
Campus, IDIBELL. Feixa Llarga sin.
Hospitalet. Barcelona 08 $07, Spain.
Emall: asabs

Dhelvilgehospital cal and

atahaiepiE

Funding Infarmation

This study was funded by the Institute de
Salud Carlos 111 throwgh the: project PI17Y
00743, C5L Behring providad the fibvinogan
concentrate, The funders af the study had
o rede in the study dosign. data collection
data anabysis, data interpratation, or writing
af the report. Data guality manitoring was
funded by Spanish Clinical Research
Metwork [SCReM)-UICEC. the Bellvitge
Biomedical Research Institute (IDIBELL),
SCRaM Plabborm (PT170017/0010, PT20/
QO000E), State Plan 2020-2017, and EECTI
2021-2027).

Abstract

Background: A low plasma fibrinogen level influences blood component transfusion,
Thromboelastometry provides clinical guidance for fibrinogen replacement in liver
transplantation (LT},

Objectives: We hypothesized that infusions of fibrinogen concentrate to reach an
Ad0g, 7o value of 11 mm during LT could reduce red blood cell (RBC) and other
component and fluid requirements in comparison to standard care.

Methods: This randomized, blinded, multicenter trial in 3 hospitals enrolled 189 LT-
scheduled patients allocated to an intervention target (A10,7..,, 11 mm) or a stan-
dard target (810r .7 8 mmj); 176 patients underwent LT with fibrinogen replacement.
Data were analyzed by intention-to-treat (intervention group. 91; control group, 85).
Blood was extracted, and fibrinogen kits were prepared to bring each patient’s
fibrinogen level to the assigned target at the start of LT, after portal vein clamping, and
after graft reperfusion. The main cutcome was the proportion of patients requiring
RBC transfusion during LT or within 24 hours.

Results: The proportion of patients requiring RBCs did not differ between the groups:
intervention, 74.7% (95% Cl, 65.5%-83.3%); control, 72.9% (95% CI, 62.2%-B2.0%); ab-
splute difference. 1.8% (95% Cl, =111% to 14.78%) (P = 922). Thrombotic events
occurred in 4% of the patients in both groups: reoperation and retransplantation rates
and mortality did not differ. Nearhy 70% of the patients in both groups required fibrin-
ogen concentrate to reach the target Using an 11-mm Al0g, 1, target increased the
maximum clot firmness without affecting safety. However, this change provided no
clinical benefits.

Conclusion: The similar low plasma fibrinegen concentrations could explain the lack of
significant between-group outcomes.

Manscript handled by, Alan Mast

Final decision: Alam Mast, 18 October 2022
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MWC-ND license (httpe/foreativecommons.org/licensesy-no-nd 44 07,

J Thrombr Haemost, 2023;21:37-44

ithisthorg | ar

51



Estrategia Transfusional guiada per Tromboelastograma en el Trasplantament Hepatic

Marta Caballero Milan

CABALLERD 1 a1

sa|j.l.h

KEYWORDS

blood component transfusicn, fibrinogen, hemostasis, liver transplantation, thromboelastography

1 | INTRODUCTION

Hemeostatic and coagulation disorders related to severe liver disease are
known to cause massive bleeding In liver transplantation {LT}, and
packed red blood cells {RBCs) are commanly transfused, For examgple, in
a recent large case series, 19% of patients received mare than & units [1],
an amount approaching massive transfusion, Although the altered he-
mostasis of end-stage liver disease ks multifactorlal, 2 low plasma
fibrinogen level plays a part and influences blood companent transfusion
[2,3], Fluid resuscitation after surgical bleeding may aggravate the
probiem by decreasing the concentration of fibrinagen [4]

In a previous randomized, multicenter, double-blinded, placeba
controlled trial of a single dose of preemptive fibrinogen concentrate
administered just before surgery, cur group found that the interven-
Lion did not influence transfusion reguirements [5). That strategy gave
amean increase in the fibrinogen level of only 0.32 g/l per gram of the
concentrate infused and failed to maintain average levels within the
targeted range over the course of the procedure. Therefore, it seemed
that further study of a stralegy Lo maintaln plasma fibrinogen levels
throughaut the course of an LT procedure would be required.

Fibrinogen infusion guided by thromboelastometry is strongly rec-
ommended as a way Lo tailor management [6-10), There is a correlation
between plasma concentration and maximum clot firmness (MCF),
demonstrated by thromboelastometry for Aibrin function (FieTem), and
an MCF of & mm has been reported to predict a plasma concentration of
1 g/L in children undergoing LT [11). We found that a value of B mm for
the MCF amplitude at 10 minutes by FmTes (A10p,1..) predicts blood
product requirements and hypothesized that A10g,7,,. might also pro-
vide clinical guidance for fibrinogen replacement in LT [12], We foundna
studies exploring the utility of values higher than 8 mm in this scenaria
and currently use that target for guidance in clinical practice,

For this randomized trial, we hypothesized that, assuming com-
parable patient risk factors for RBC transfusion, bolus infusions of
fibrinogen concentrate to reach and then maintain a high A0, p..
value of 11 mm at critical phases of LT could reduce RBC and other
bioed product requirements more effectively than our standard
management approach of maintaining an Al .. of B mim.

2 | MATERIALS AND METHODS
2.1 | Study design

This randomized, biinded, multicenter trial was conducted in 3 teaching
haspitals in Spain after approval was obtained from the institutional
review board (IRB} of the lead hospital (University Haospital of Bellvitge,
approval number AC 033/18), the IRBs of the other participating

Essentials

v Low plasma fibrinogen Influences blood component re-
quirements in liver transplantation,

« Patients were randomized to fibrincgen replacement

puided by thromboelastometric readings of 11 or 8 mm.

The proportion of patients requiring red bload cell

transfusion did not differ between the groups.
+ Similar plasma fibrinogen concentrations in both groups
could explain the lack of significant differences

centers, and the Spanish Ministry of Health and Science. The trial was
registered In the European Clinical Trials Database (EudraCT 2018-
002510-13) and at Clinical Trials.zov (NCTO1539057)

22 | Patients

Adults aged 18 to 80 years scheduled for LT were eligible. From
Auggust 2, 2019, to November 2, 2021, we assessed patients for
eligibility. The exclusion criteria were as follows: a preoperative he-
maglabin level of >130 g/L; a history of allergic reaction to fibrincgen
concentrate; receiving aspirin, warfarin, or other anticoagulation
therapy; a known history of thromboembolic events in the fast 30
days; known or suspected pregnancy; retransplantation in a patient
previously randomized in this trizl; and known presence of a
congenital bleeding disorder. We also excluded patients whose indi-
cation for LT was familial pelyneuropathy, who were receiving a graft
from living donors, because of wvariabllity in surgical technigques.
Similarly. patients undergoing LT for reascns associated with a high
risk of hypercoagulation (acute liver failure or complete portal vein
thrombosis) were excluded.

The trial was explained to all patients, who were also given
printed information, Patients were enrolled if they gave their written
informed consent. Recruitment took place at 2 university teaching
haspitals in Barcelona (University Hospital of Bellvitge and the Hos-
pital Clinic of Barcelona) and 1 in Bilbao (University Hospital of
Cruces), Mo center could enroll more than 40% of the patients,

23 | Donor procurement, anesthesia, and surgical
management

Liver allografts from braln-dead organ donors were preserved in Uni-
versity of Wisconsin solution. Organ recovery from controlled cardiac-
death donors met the acceptance criteria established by the Spanish
Liver Transplantation Society [13] Normothermic regional perfusion
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was performed In the recovery of organs from nonliving donors in all
centers, In brief, a bolus of heparin was administered and cannulation
was established before withdrawal of ventilatory support and after
obtaining consent. After cannulation of 1 femoral artery, the contra-
lateral fermoral artery was cannulated with a deflated aortic ocelusion
balloon catheter, which was advanced inta the supraceliac aorta under
radiclogic centrol. With canmulation complete, the endotracheal tube
was disconnected from the wentilator, marking the start of warm
ischemia Death was declared after 5 minutes of complete absence of
spontanecus circulation and respiration, The acrtic occlusion balloon
was then inflated, the normothermic regicnal perfusion circuit was
opened, and in situ cold perfusion with preservation fluid was started.

The anesthesia protocols were monitored to ensure consistency
and compliance across all of the research centers, All patients were
placed on a convective air blanket (WarmTouch, Mallincrod Medical),
Oxygen was given for 5 minutes before standard anesthesia man-
agement was started, Arterial and central venous cannulas were
placed, and crystalloid fluid replacement (2 mL/kg'h) was performed
to maintain volurme: 8 g of albumin 20% was infused per liter of ascites
evacuated, Sodium bicarbonate (1/6 M) was administered to maintain
apH of 7.3, Intravenous calcium was administered to keep the plasma
calcium ion concentration within the reference ranges stipulated by
each hospital's laboratory. Mormothermia was maintained. Vena cava
preservation was attempted in all patients. The surgical technique was
recorded in the patient's electronic case record form (CRF).

Before reperfusion of the graft, it was flushed with 1000 mL of
Hartmann's solution at 38 *C to remove air and detritus fram the wall
af the graft’s inferior vena cava. Next, the distal end of the donar's
vena cava was closed with a vascular stapler. Vasoconstrictor drugs
were administered to compensate for reperfusion syndrome. AL the
end of surgery, all patients remained mechanically ventilated on

transfer to a surgical intensive care unit,

24 | Intracperative and postoperative transfusion
management

The protocols for blood compenent transfusions were monitored to
ensure consistency and compliance across the 3 hospitals. The infu-
sion criteria were as follows: RECs to maintain a hemoglobin level of
=80 g/L, platelet concentrates if a count fell below 30 000/mm®, and
intravenaous tranexamic acid boluses of 500 mg il fibrinalysis {le, »15%
lysis at &0 minutes) was detected by FieTem, Cell saver devices were
nat used. Hemostatic surgical management followed a standard pro-
tocol. In case of massive bleeding (> 150 mL/min), we also monitored
MCF by extrinsic thromboelastometry for fibrin tissue factor activa-
tion (ExTes) (A 10e. .. IF we detected a value of <15 mm ar a clotting
time of =300 seconds by FIETe, we simultaneously transfused 4 units
of RBCs, 1 g of tranexamic acid, 2 g of fiibrinogen concentrate, 1 unit of
apheresis platelets, and 15 mL/kg of fresh frozen plasma.
Thromboelastometry was performed with a ROTEM device (Tem
International GmbH) at all of the centers. Fibrinogen plasma concentra-
tion was measured fully by the automated Clauss method at each center.

jth-—=
25 | Randomization and masking

Al trial data were collected and anonymoushy stored in each patient's
electronic CRF; each patient was assigned a unique study number and
a unique randomization number. The randomizalion sequence was
created using a computer-generated random list, which was then
stratified according to whether the baseline hemoglobin concentra-
tion was <%3 g/L or not and by center (1:1 ratio, in blocks of multiples
of 2 units). Just before surgery, patients were allocated to 1 of 2
parallel groups to receive human fibrincgen concentrate (1 gin S50 mL
of water. RiaSTAP, CSL Behring) according to whether an A10g,7,..
value of 8 mm or 11 mm would guide fibrinogen replacemant,

The anesthesia nurse was responsible for obtaining blood samples
for thremboelastometry readings and preparing the fibrinogen infusion
kit appropriate for each patient's group assignment. The nurse extracted
blood samples for the anabysis of Al0p, 7., and A10p,y,, at successive
stages of LT as follows: T1, before anesthesia induction; T2, 10 minutes
after portal clamp; T3, 10 minutes after graft reperfusion; and T4, end of
surgery. At T1, the nurse prepared a fibrinogen kit to bring the patient's
A0 . value to 11 mm (intervention group) or 8 mm {contrel group).
At T2 and T3, the nurse again prepared a kit to bring the A10g 1., value
to the level assigned to each patient At T4, the Aldpre., value was
recorded in the CRF. To calculate the dose for an intervention-group
patient, the nurse subtracted the A10p 1., value from 11 mm and
multiplied by 1.1 g fie, [11 mm - AlDrr.] * 1.1 gl according to the
mean increase of 0.32 g/L per gram of concentrate infused, which was
determined in our previous study® For the contral group, the fermula
was as follaws: (B mm - AlDkgrol ® 1.1 g Once a kit was prepared, the
murse brought it into the operating reom. The surgeon and anesthetist
remained masked, as did patient and outcome assessors,

A data guality monitoring procedure was established to ensure
that all the aforementioned fibrinogen level checks were performed at
the stipulated times in each hospital and that the results were
recorded and reported in accordance with the trial protocol and good
clinical practice. The Abrinogen and bloed component ameunts pro-
vided by the pharmacy and blood bank were also recorded and
checked against the amounts used according to the CRFs. Members of
the IRBs and the public health funding agency had access to patient
data throughout the study period. Outcome assessments were per-
formed regularly at preset follow-up intervals as patients were
included in the trial. The protocal, informed consent sheets, statistical
analysis plan, CRFs, and datasets were stored by the IRB of the lead
hospital and the IDIBELL Foundation.

26 | Ouicomes

The primary outcome measures were the proportion of patients
requiring RBC transfusion during LT and within the next 24 hours in
each group and the number of units reguired.

The secondary outcome measures included requirements in each
group for the infusion of apheresis platelets, fresh frozen plasma and
cther blood compenents, and tranexamic acid in each group during LT
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Assessed for eligibility

et Excluded {n=7)
Duplicate enralment (n= 1]
Preoperative hemogiobin >130g/L (n=3)

Randomized (n = 132)

Decdlired enralment {n = 1)
Polycystic liver diseasa |n=1)
On anticoagulant drugs (n = 1)

w

L

Allocated to intervention group
{n=92)

Altlocated to standard care group
{n = 90}

Last to follow-up n=1 for
Maon performance of LT

—

3

Lost to follow-up [n = 5) for
MNen performance of LT

Analyzed (no=91)

Analyzed [n = 85)

FIGURE 1

and within the next 24 hours. The amounts administered were also
recorded. During LT and for the foliowing %0 days, we also evaluated
the incidence of acute kidney injury according to the scale recom-
mended in guidelines [14], Other sutcomes that were analyzed up to
%0 days were the duration of mechanical ventilation in hours in each
group, thrombatic events in the graft or legs (assessed via Doppler
ultrasound), and throembotic events in the lung (by computed tomog-
raphy|. Recperations for any cause, retransplantations, and deaths
were also recorded,

All adverse events related to fbrinogen administration were
recorded in the CRF, and the principal investigator (8.5.) was notified
immediately. The data monitoring committee also reviewed all
adverse events, and an annual safety report was sent to the Spanish
Agency for Drugs and Medical Products and the IRBs that approved
the protocol.

2.7 | Statistical analysis

We estimated a sample size of 176 patients (88 per group); the sta-
tistical power would be B0% for detecting an abselute reduction of
30% in the proportion of patlents requiring transfusion. We assumed
that BO% of patients would receive RECs in the standard-care arm, a
2-sided « level of 0.02%4 adjusted for the interim analysis sample size
{overall two-sided o, 5%), and a 10% drop-out rate. The interim
analysis by the independent data monitoring commitbee was planned
to take place when data were available for 90 patients in case early
termination was necessary because the null hypothesis was rejected
using the Pocock group's sequential method or because of futility in
using a conditional power cut-off point of 30%.

Intention-to-treat {ITT) analysis was used to assess the main
endpoint, secondary endpeints, and safety variables. Thus, all ran-
domized patients who underwent LT as scheduled were included,

Flowchart showing patient enrolment, exclusions, and losses for nonperformance of surgery. LT, liver transplantation,

regardiess of protocol adherence, to control for bias. Only patients
who did not undergo the LT procedure were excluded from the
analysis, Patient characteristics and hemoglobin, coagulation, and
fibrinogen baseline profiles were calculated according to the nature of
each variable. The absolute between-group difference {and 25% CI) in
the proportion of patients requiring RBC transfusion during LT or
within 24 hours (the primary outcome) was also calculated. To
compare primary and secondary outcomes according to group
assignment, parametric or nonparametric tests were used far
continuous variables (according to normality or nonnormality of dis-
tribution). For categorical variables, chi-square tests or Fisher exact
tests were used. The relative risk (RR) and its 95% Cl were also
calculated.

We compared median (1QR) plasma fibrinogen levels and ExTea
and FiaTem MCF measurements during LT between groups using the
Kruskall-Wallis test. We alse compared the changes In these variables
before and after infusions at the time of each measurement corre-
sponding to an LT phase using this test, All criteria for the application
of the test were checked. The statistical package used for the analyses
was R, version 4.1.0 (2021-05-18) for Windows (R Foundation far
Statistical Computing) [15].

3 | RESULTS

A total of 189 patients were recruited; 7 patients were excluded
kefore randomization for wvaricus reasons, leaving 182 to be ran-
domized (Figure 1) Ninety-bwo patients were initially assigned to the
intervention group (A10:, .. target, 11 mm) and 90 patients were
assigned to the control group (standard-care target, 8 mm). However,
3 patients assigned to the intervention group and 1 patient assigned
to the control group were excluded owing to cancelation of their LT
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TABLE 1

and fibrinogen baseline values.

Patient characteristics and hemeglobin, coagulation,

intervention group  Control group
FieTen = 11 mm FiaTew = & mm
Patients (n = 51) n = 85)
Age (y) 58 (8.83) 587 (8.43)
Male 20.2% TIAW
Female 19.8% 22.4%
Welght (ke) 784 {14.3) 778159
Height {em) 169 (8.7} 170 (%19)
BMI {kg/m?) 27.4 (4.39) 7.4 (5.0
Alcohalic cirrhosis 54.9% 61.7%
MASH B.7% F4%
Tumor 2.9% ]
Dther 265% 20%
Pricr abdominal surgery 2B.6% 36.5%
Diabetes 35% 065
Partial portal thrombasis FHDH 3.53%
Aldtered echocardiogram 13:2% 20%
Pulmonary disease 18.7% 16.5%
Ascites A6% 55.3%
Sodium (mEgu/L) 134 (5.4 135 (5.24)
Creatinine [mg/dL) 104 (0.78) 113 (0.49)
MELD scare 18.5 (6.7} 188 (7)
Child-Pugh scere
A 15.3% 15.3%
B 374% 0.4%
C 47.2% 54.1%
Hemaglobin (g/L) %4 [84.5-110) 91 (83-108)
=95 gL 51.5% 60%
2% gl 38.5% a0%
Platelet count (10%/mm?) 75.0 {525-98.5) 71.5 (528-101)
PTT 123 {1.06-1.35) 120 {1.04-1.38)
IMR 155 (1.34-1.77) 155 (1.33-192)
Fibrinogen (g/1) 200 {1,35-3.05) 1.92 (1.30-3.02)
ExTes
Coagulation time {s) &4 |58-76) G4 (40-74.2)
MCF {mm) 51 (42.5-40) 50 (43-59)
Lysis {3} 0100} 0 {0-0)
FTeu MCF (mm) 11 (7-17) 12 {4-18}

Data are presented as mean (S0, median (1QR), or percentage.
BMI, body mass Index; ExTen, extrinsic thramboelastometry for fibrin

tissue factor activation; FieTem, thromboelastometry for Rbrin tissue factor
activation and platelet Inhibaltlon; INR, international normalized ratio: MCF,
i clot firmness; MELD, Model for End-Stage Liver Disease; NASH,
nenalcohelic steatchepatitls; PTT, partial thrombeplastin ratio.
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jth
precedures and were, therefore, never treated with replacement
fbrinogen concentrate. Twe major protecol violations accurred in the
intervention group when data quality monitoring detected that the
wrong fibrincgen replacement dose formula had been used for kit
preparation; these patients were included in the analysis {ITT). The
independent data monitoring committee released their report on
March 2, 2021 Their analysis of both the primary endpoint and sec-
cndary endpoints using data for the first %0 patients enrclied indi-
cated that the trial should continue.

Ma significant differences emerged in patient baseline charac-
teristics between the 2 groups, including hemoglobin stratification
[Table 1) Similarly, patient characteristics were distributed similarly
across the 3 centers, with no significant differences. However, brain-
dead donor grafts were used more often in the intervention group
6% patients [75.8%] vs 51 [60.0%] in the control group, P = 037

Platelet counts, plasma hbrinagen and hemoglobin levels at the 4
measurement times, and ExTem and FieTem MCF measurements are
shown in Table 2 and illustrated in Figure 2. Baseline {T1) values of
plasma fibrinogen of <1 g/L and MCF of <& mm were detected in 8
[B.9%) patients and 23(25.3%) patients, respectively, in the interven-
tion group; the same findings were recorded in 7 (B.4%) patients and
24(28.9%] patients, respectively, in the control group. The amounts of
fibrinogen concentrate administered were similar, and the highest
amounts of fibrincgen were given after graft reperfusion {T3) in both
groups. Patients in the intervention group required significanthy larger
infusions of fibrinogen concentrate (median, 5to 7 g vs 4 to 5 gin the
control group at the different times) to reach the target. In spite of
fibrinogen bolus doses during LT in the majority of patients in both
groups, plasma fibrinogen concentrations remained <1g/L in 2 (2.25%)
patients at T2, in 3 {3.33%) patients at T3, and in no patients at T4 in
the intervention group (vs in 2 [2.41%] patients at T2, 10 [11.9%]
patients at T3, and 5 [6.02%] patients at T4 in the contrel group).
Platelet counts and ExTem MCF values increased during LT in both
groups. In contrast, hemoglobin levels, which were lowest at reper-
fuslon (T3}, decreased in both groups and remained lower than
baseline at the end of LT,

The ITT analysis revealed no significant between-group differ-
ences in the percentage of patients requiring RBC transfusions during
LT and within the next 24 hours (primary outcome): intervention
group, 74, 7% (95% Cl, 65.5%-833%}) control group, 72.9% (%5% CI,
62, 2%-820%), The absclute difference was 1.8%, (%5% CI, -11.1 to
14.78) (P = 0%22). In addition, the number of RBC units reguired did
nat differ. The RR for RBC transfusion overall was 0.95 (95% C1,0.77-
1.18) (Tanle 3). Although a slightly higher percentage of patients in the
intervention group required massive RBC transfusions (=6 units), the
difference was not significant. All activations of the massive bleeding
(=150 mL/min] protocol happened at graft reperfusion (T3], This
event cccurred in 10 patients in the intervention group and 9 patients
In the control group {areund 10% of the series overall). Five [5.49%)
patients in the intervention group and 10 {11.8%) patients in the
contral group required apheresis platelets during liver resection (T2),
Even so, the need for fresh frozen plasma, platelets, and tranexamic
acid infusion did not differ belween the groups (Table 3).
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TABLE 2 Hemoglobin, platelet count, and fibrinogen values and extrinsic thromboelastemetry for Abein tissue factor activation and
thromboelastometry for Abrin tissue factor activation and platelet inhibition maximum clot firmness measurements at each stage of liver

transplantation.

Patients
Hemoglabin (gL
T1
T2
T3
T4

Platelet counts (10%mm?)

T1
T2
T3
T4

Plasma fibrinogen {g/L)

T1
T2
T3
T4
ExTesa MCF ()
T1
T2
T3
T4
FaTes MCF {mim)
RN
T2
T3
T4

Fibrinogen administered (g)

T1 ta T2*!
T2 to T3

T3 to T4

Differences after fibrinogen boluses
ExTer MCF {mm)

TiwsT2
Tiws T3
Tivs T4

Plasma fibrincgen (g/L)

Tiws T2
Tiwvs T3

Ti ws T4

Intervention group

FieTaq = 11 mm [(n = 91)

4.0 1845 to 110.0
4.0 (825 to 110.0)
91.0 {74.5 to 100.0)

B9.0 (815 to 96.5)

75 |52.5 to #8.5)
BE {65.5 to 117)
BO (62 to 126)
91 |67 to 133)

2 {1.35 to 3.05)
2.24 (162 to 287)
188 (143 to 2.34)
197 (15 to 2.48]

51 {425 to &0
55.5 (50 to &2.8)
54 {51 to 59
56 (51 to 415}

117 w17

12 (10 to 18]
12 {10 to 14
14 {12 to 14)

514%: 5 (2 to 4.5)
64.8% 5(3to 7)
F0:3%: 7 (4 to 10)

5.1{3.6t0 6.5)
28407 to 48)
55(351to0 74)

0.1 4{-01 to -0.2)
-0.3 (=05 to -0.1)
-3 (~0.5 to ~0.1)

Control group

FieTem = 8 mim (n = 85)

910 (83.0 to 108.0]
93.0 (800 to 107.0)
B&D (760 to 101.0)

E3.0 (B30 to 1000}

715 (528 to 101)
97 (72 to 138)
A7 (54 1o 120)
94 (67 to 124)

192 (13 to 203)

2,03 (140 to 2.66)
162 (1356 to 2.20)
1.6% [1.35 to 2.05)

50 (43 to 5%)
54 (48 to $0.9)
52 (49 to &0)
53 (49 to &0)

1216 to 18}
1018 to 15}
10 (8 ta 13}
10.5 (8 to 15)

419%: 4 (20 5)
529%: 4 (3t 7)
&4.7%: 5 (4 ta 7)

4.9 (3.1 to 48]
2.1 (-05 to 4.4)
4.8 (2.2 to 7.5)

0.1 (-02 to -0)
-05 (-0:6 to -0.3)

0.5 {-0.7 to =0.3)

P value™

484
532
i
208

L
2590
565
413

B33

077
M0

558
238
A56%

T3
02
005
001

2155 241"
475 305"

5257 033"

407
Aa54
g23

A09
518
155

{Continues)
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TAEBLE 2 (Continued}

Intervention group
Patients FieTem = 11 mm (n = 91)
FnaTFM MCF {mm]
TlvsT2 1.24{-25 to 2.6
T1vsT3 =05 {-1.7 to 0.7
T1ws T4 1501 to 2.8)

Data are presented as median (IQR) and percentage.

Cantrol grop

FieTen = 8 mm {n = 85}

<01 (=142 to 1.7
=15 (~25to =05}
=1 (2.6 to 0.6)

Pualue

020
A2
001

ExTem, extrinsic thromboelastometry for fibrin tissue factor activation: FieTes, thromboelastometry for fibrin tissue factor activation and platelet
inhibition; MCF, maximum clot firmness; T1, baseline; T2, 10 minutes after portal clamp; T3, 10 minutes after reperfusion of the liver graft; T4, end of the

procedure,
! The percentage refers to patients who received fibrincgen concentrate,

" The median (IQR) refers to the amount of Abrincgen concentrate infused in grams.

" The P value referring to percentage comparison.
“ The P valun referring to median comparisan,

Similarly, there were no between-group differences in the rates of
LT-related adverse events {Table 3). Although hepatic artery, portal
vein, and ather systemic thremboses were present in 4 patients in
each group, 3 of the B patients {2 in the intervention group and 1 in

Platelet

the contral group) had received no fibrinogen concentrate infusions.

Acute renal failure was present in similar percentages of patients in

both groups. Furthermore, the median hours of postoperative me-
chanical ventilation did not differ between the groups.
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FIGURE 2 Graphs illustrating hiow similar platelet and hemoglobin requirements, measurements of maximum clot firmness (MCF) by
extrinsic thromboelastometry for fibrin tissue factor activation (ExTem) and thromboelastometry for fibrin tissue factor activation and platelet
inhibition (FieTen), and fibrinogen plasma concentrations were in the intervention group (blue lines) and control group (Black lines).
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TABLE 3 Red bloed cell, Meoed component and fluid therapy requirements, surgical events, and outcomes.

Intervention group
FreTem = 11 mm (n = 91)
380 {302 to 1421

Patients
Length of surgery {min)

Cold ischemia {min) 380 (277 to 437)

Warm ischemia (min) 40 (24 to 53)
Reperfusion syndrome 443
During LT
RBCs,™" funits) &4.8%; 3 (2 to &)
FFR, funits) 111%; 2 (2 to 3.5

Platelets,*" funits) F89%:; 1 (1 to 1)

36 (39.4%)

Tranexamic acid [n)

During and 24 h after surgery

RBCs™" {units} T4.7%: 4 (2 to 7.25]
=6 units RBCs [n) 11 (12.1%)
=10 units RECs {n} 4 14.40%)
FEES funits) 18.7%; 2 (2 to 4)
Platelsts™" {mL} 209:111t0 2)
Fibrinogen™" (g T25%; 7.5 [4 to 10)
Fluid therapy” {mL) 5334 (4131 to 7184)
Reacperations (n) 10 (11%}
Thrombotic complications {n} 4 14.40%)
Acute renal failure (n} 12 (13.2%})
Mechanic ventilation [hours) 13 (9o 19.5)
Retransplantation. or death (n) 1{11%)

Control group

FuTew = 8 mm (n = 85} P walue™" RR value

390 {305 to 1457) -4 918" -

365 (286 to 400) < 988

37 (29 to 52) < 958

A49.4% EEL 0,89 [0.64 to 1.22)
68.2%; 3 (2 to 4.75) J5% a2 0.%5 077 to 1.18)
14.1%; 22 to &) SO 90 078 {0.35 o 171)
17.4%:; 1 (1o 2) 217 31° 0,56 (025 to 1.19)
31 (36.5%) 79 108 0.7 to 1.4)
72.9%; 35 (2 to 5} T T 102 {0.86 to 1.23)
5 05.9%) 243 205 {0.75 to 6,3}
2 (2.355) S8 187 10.37 to 13.23)
17.9%; 2 (2 to 4) Ll Gl b 105 {056 to -1.99)
25.9%; 2 (1 1o 3) 547 o7e° 0,81 (046 to 1.38)
B5.9%; & 4 ta 9 4297153 1.1 (0.9 to 1.35)
5198 (4200 to 7099) BE

11 (12.9%) B8 0.85 0,27 to 1.91)
4 (4.713) 10 0.7310.23 to 3.84)
15 (17.6%) 541 0.75 (0,36 to 1.5)
11 (% to 15.8) 118

A4 (715 158 0.23 (001 to 1.54)

Diata are presented 2¢ n (%) of patients, followed by median (1QR) where shown,
FFP, fresh frozen plasma; LT, liver transplantation; RBCs, red blood cells; RR, relative risk; T, baseling; T2 10 min after portal clamp; T3, 10 min after

reperfusion of the liver graft; T4, end of procedure,

" The percentage refers to patients who received RBC.

" The rredian (IGR) value refers to the amount of fluid infused

" Flukd therapy refers to nonblocd products (collodds, crystallaids),
4P yalye referring to percentage comparisen,

“ P value referring to median comparison,

4 | DISCUSSION

Balus fibrinogen Infuslons to maintain an A10:, 1., of 11 mm during LT
were asscciated with intraoperative and 24-hour RBC transfusion and
fresh frozen plasma and platelet reguirements, which were similar to
those in the standard-practice group {target A0z +,., reading. 8 mm).
Blood product infusions were needed the most after graft reperfusion,
when bleeding and hemodilution led to a clear decrease in hemeglobin
levels and instability, These events, even though temporary, contrib-
uted to high REC transfusion requirements in both groups,

Mearly 73% of our patients in both groups required RBC
carrection during LT and in the following 24 hours, This fgure is
consistent with the low baseling hemoglobin concentrations of 95 g/L
or less in approximately 0% of patients in both groups, indicating a

high risk for RBC transfusion, Hemaglohin levels further decreased

during LT, as indicated by a median cencentration of approximately 88
g/L in both proups at the end of surgery. A post hoc analysis af aur
data showed that nearly all patients with baseline hemoglobin levels
lower than 110 g/l required RBCs (92.85% in the intervention group
and 94.34% in the control group). In contrast, only approximatehy 40%
of patients with hemeglobin concentrations higher than 110 p/L
required transfusions.

In parallel, we observed that the plasma fibrincgen level and MCF
FieTem walues decreased in both groups, indicating consumption of
fibrinogen in spite of bolus infusions that met the randomly assigned
A0k targets, The more prenounced decrease after graft reper-
fusion is probably the effect of hemodifution and is expected at this
stage of LT. As a result, nearly 70% of our patients in both groups
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required fibrinogen replacement at this time. Even so, MCF FieTem
values were significantly different between the groups after the first
fibrinogen infusion (during liver resection), during reperfusion of the
graft, and at the end of the procedure. There were no inconsistencies
between the planned fibrincgen replacement targets and the actual
MCF results achieved during the procedure. On the contrary, both
groups showed decreases in plasma fibrincgen in all phases of LT, even
though 10 patients in the control group (11.9%) reached a plasma
fibrinogen concentration of 1g/L or lower at reperfusion and only 3
patients (3.33%) did so in the intervention group, A lack of correlation
between plasma fibrinogen concentration and FmTem values after
reperfusion has been reported previously [12] and could explain why
the differences in MCF FieTem findings between the groups did not
translate to higher plasma fibrinogen concentrations, The randomi-
zation sequence ensured that variations affected both groups in all
centers. Therefore, the coefficient of variation fer fibrinogen mea-
surements by the Clauss method used would have influenced the
plasma fibrinogen concentration values similarly across the groups
and centers. Functional Abrinogen can alse be calculated autematically
on the basis of clot firmness by eliminating the platelet contribution in
viscoelastic tests; however, in bleeding patients during surgery and
after graft reperfusion, the calculated wvalues seem to be ower-
estimated compared with the values measured using the conventional
Clauss method [7]. The similar low plasma fibrinogen concentrations
we observed could explain the lack of significant between-group
autcomes.

Few patients required fresh frozen plasma and apheresis plate-
lets, consistent with successful management of blood component
infusion guided by thromboelastometry [9]. We also found that MCF
measured by ExTem stayed above the baseline during the whole
procedure. The intervention group had higher median ExTem MCF
readings in all phases of LT, even when a lower platelet count was
registered, The higher MCF values could conceivably be explained by
the greater amount of fibrinogen concentrate these patients were
given to meet the 11-mm A10g 1., target. We noted a slight tendency
to administer mare apheresis platelets in the control group during
liver resection, a time at which increased bleeding is expected; how-
ever, the difference was not significant

Continuous blood ocozing, a result of fibrinolysis that can be
detected by thromboelastometry and requires tranexamic acid
administration, was also similar in both groups, consistent with previ-
ous reports [5,%]. However, a post hoc analysis of the data showed that,
after adjustment for the Model for End-5tage Liver Disease score, the
RRs for tranexamic acid infusion in relation to baseline 8107, and
baseline fibrinogen concentration were 0.77 (95% CI, 0.60-0.97) and
0.59 (95% ClI, 0.43-0.78), respectively, indicating the advantage of
carrecting low A10g.1.. and fibrinogen concentration values.

Significantly fewer patients in the intervention group received
grafts from controlled cardiac-death denors, which might have
contributed to bias in our results. However, a recent study of a
consecutive retrospective series demonstrated the noninferiority of
cardiac-death donation with respect te RBC transfusion requirements
and the occurrence of reperfusion syndrome [14]. Liver graft quality
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has alsa been linked te ischemia times [17]. However, Ischemia times
were similar in our study groups and would not have influenced the
interpretation of results.

Fibrinogen supplementation to maintain the A10:.7,. at 11 mm
Increased the substrate avallable for fibrin generation over that pro-
vided by our hospitals’ standard use of an S-mm target, potentially
increasing the risk of vascular thrembosis in the intervention group.
However, we did not observe moere thromboembalic events in the
intervention group, supporting the safety of the 11-mm target. The
propartion of such events stayed at approximately 4% in both groups,
consistent with previous studies [5.2] and a large surveillance program
[1&].

The main principles of patient blood management in surgical
settings are to minimize blood loss and optimize blood hemostasis, as
we attempted in our trial. We did not take steps to improve the he-
maglobin concentration before surgery. Hemoglobin eptimization in
patients with liver disease is clinically challenging. However, given the
impact of baseline hemoglobin concentration on RBC reguirements
that we and others have abserved, this principle merits attention in
future research.

Qur study is the enly completed randomized trial to assess the
efficacy of a fibrincgen replacement strategy carried out during the
entire LT procedure. The strengths of our trial include the participa-
tion of 3 high-volume LT hospitals, on-time recruitment of patients
even in the context of the COVID-1% pandemic, high adherence to
protocols, and monitoring of data guality by an independent com-
mittee. & limitation of our trial was that the fibrinogen infusion kits
were not prepared and masked in the pharmacy departments of our
participating hospitals. However, this was a necessary aspect of
providing fibrinogen replacement on the basis of the Al0g .., values
Just before and at 2 points during LT. To maintain masking in our
study, the surgical nurse responsible for reading the A10g .10, values
and preparing the kits worked in an adjacent room away from the
cperating area, where the surgeon and anesthetist were present.
Thus, these caregivers could remain blinded to group assignment
during LT and in the next 24 hours as well as during data analysis. In
addition, there were no inconsistencies between the targets guiding
fibrinogen replacement and the actual MCF walues and plasma
fibrinogen concentrations achieved during the procedure.

Qur study confirms that using an A10g.7,,, target of 11 mm to
guide fibrinegen replacement was not superier to the standard 8-mm
target in terms of reducing RBC requirements, Secondarily, we also
confirmed the marked and similar loss of plasma fibrinogen during LT
in both groups, possibly explaining the lack of a significant between-
group difference in cutcomes, Although raising the target to 11 mm
increased plasma levels of fibrinogen and MCF without affecting
safety, this change provided no clinical benefits in this randomized
multicenter trial.
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Resum Article 2

Es tracta d’un analisi de risc que té com objectiu explorar tots els factors modificables
associats a la ventilaci6 mecanica perllongada (de duracié > 24h) després d’'un
trasplantament hepatic, basat en dades recollides prospectivament d’un assaig clinic.
S’han avaluat 306 candidats, pero s’han exclos 93 pacients per baix risc de transfusio
(hemoglobina preoperatoria > 130 g/L) i 31 pacients per tractament anticoagulant,
trastorns hemorragics, polineuropatia familiar o casos urgents. Els factors de risc s’han
identificat inicialment amb un model de regressié log-binomial i posteriorment s’ha
calculat el risc relatiu i s’"han ajustat per edat, sexe i gravetat de la malaltia hepatica

avaluada per I'escala MELD.

En 149 pacients (84,7%) s’ha aconseguit una extubacio precoc i en 27 pacients (15,3%)
s’ha requerit de ventilaci6 mecanica perllongada. El 6,04% dels pacients extubats
precocment i el 44% dels pacients sotmesos a ventilaci6 mecanica perllongada han
precisat de reintervencio (p = 0,001). La puntuacié MELD > 23 ha estat el principal factor
de risc de ventilaci6 mecanica perllongada. Un cop ajustats els factors de risc
modificables per la puntuacid MELD, sexe i edat, 3 factors s’han associat de forma
significativa amb la ventilaci6 mecanica perllongada: la infusid d’acid tranexamic
(p =0,007), la transfusié de concentrat d’hematies (p = 0,001) i I'aparicié de la sindrome
de post reperfusio (p = 0,004). La mediana (IQR) d’estancia a la UCI ha estat de 3 dies (2
- 4 dies) en el grup d’extubacio precocg i de 14 dies (10 - 24 dies) en el grup de ventilaciod
mecanica perllongada (p = 0,001). 8 pacients del grup d’extubacié precocg (5,52%) han
requerit de reingrés a la UCI (quasi bé tots per reintervencio), pero no hi ha hagut
diferencies entre els grups en quants al reingrés (3,7% en el grup de ventilacié mecanica

perllongada).

Es conclou que I'hemorragia i la sindrome post reperfusido sén els principals factors
modificables associats a la ventilacid mecanica perllongada i la duracié de I'estancia a
UCI, el que suggereix que s’han d’explorar estrategies de suport vasopressor i altres
intervencions previes a la reperfusié de I'empelt que puguin prevenir una possible

fibrinolisi.
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Factors associated with mechanical 2t
ventilation longer than 24 h after liver
transplantation in patients at risk for bleeding

Marta Caballero’, Antoni Sabate'”, Lourdes Perez', Julia Vidal®, Enric Reverter’, Rosa Gutierrez”,

Gonzalo Crespo®, Judith Penafiel® and Annabel Blasi®

| Abstract

Background This risk analysis aimed to explore all madifiable factors associated with prolonged mechanical ventila-
tion {lasting = 24 h) after lver transplantation, based on prospectively collected data from a clinical trial.

Methods ‘We evaluated 306 candidates. Ninety-three patients were excluded for low risk for transfusion (preopera-
tive haemoglobin> 13061}, and 31 patients were excluded for anticoagulation therapy, bleeding disorders, familial
polyneurapathy, of emergency status. Risk factors were initially identified with a log-binomial regression model. Rela-
tive risk was then calculated and adjusted for age, sex, and disease severity (Model for End-Stage Liver Disease [MELD)
scora).

Results Early tracheal extubation was perfarmed in 149 patients (§4.7%}, and 27 patients {15.3%) required prolonged
rmechanical ventilation. Reoperations were required for 6.04% of the early extubated patients and 44% of patients
wha underwent prolonged ventilation (p=0.001) A MELD score > 23 was the main risk factor for prolonged ventila-
tion. Once medifiable risk factors were adjusted for MELD score, sex, and age, three factors were significantly assoc)-
ated with prolonged ventilation: tranexamic acid {p=0.007) and red blood cell (p=0001) infusion and the occur-
rence of postreperfusion syndrome (p=0004). The median (2R} ICU stay was 3 {2-4) days In the early extubation
group vs. 5 (3-10) days in the prolonged ventilation group (p=0.001). The median hospital stay was also significantly
shorter after early extubation, at 14 {10-24} days, vs. 25 (14-55) days in the prelonged ventilation group {o=0.001).
Eight patients in the early-extubation group (5.52%) were readmitted to the ICU, nearly all for reaperations,

with no between-group differences in ICU readrmissions (prolonged ventilation group, 3.7%). Conclusion.

We conclude that bleeding and postreperfusion syndrome are the main modifiable factors associated with prolonged
mechanical ventilation and length of ICU stay, suggesting that trials should explore vasopressor support strategies
and other interventions prior to graft reperfusion that might prevent potential fibrinalysis.

Trial Registration.
Eurcpean Clinical Trials Database (EudraCT 2018-002510-13 .} and an ClinicalTrials.goy (NCTO1539057).

Keywords Blood companents, Liver transplantation, Mechanical ventilation, Patient outcome, Surgical Intensive care
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Background

Early tracheal extubation in liver transplantation implies
a shorter stay in a postoperative ICU[1] and the avoid-
ance of the side effects of mechanical ventilation on
splanchnic blood flow, which is detrimental to the liver
graft. However, adequate liver function and the absence
of bleeding ar other adverse conditions that may require
a return to the operating theatre cannot always be ascer-
tained at the end of surgery [2]. Furthermore, most gross
haemodynamic and respiratory disturbances, bleeding
or hepatic artery thrombosis can appear in the first 24 h
after a liver transplant [2]. Among retrospective series
from the early 20005, immediate reintubation was nec-
essary in 11.7% of cases [3]. That rate would be unac-
ceptable today. In some series fast-track extubation was
performed in patients with low Model for End-Stage
Liver Disease (MELD) scores (around 12) [4, 5], but as
waiting lists have come to include older and more over-
weight patients, average MELD scores have risen in
recent series [6]. In this scenario, anaesthesiologists have
developed an interest in finely tuning fast-track protocols
in keeping with risk for reintubation and ICU readmis-
sion and, if possible, reducing that risk,

We aimed to explore all modifiable preoperative and
intraoperative risk factors associated with a need to
maintain mechanical ventilation for more than 24 h after
liver transplantation in a multicentre series of recipients
registered prospectively for a randomised clinical trial.

Methods

Data from a multicentre, haemoglobin-stratified, ran-
domised controlled trial on fibrinogen infusion and
blood product requirements by our group [7] were used
for this secondary analysis, which was foreseen in the
initial protocol registered in the European Clinical Trials
Database (EudraCT 2018-002510-13,) and on Clinical-
Trials.gov (NCT01539057), ‘The protocel was approved
by the institutional review board (IRB) of the lead hos-
pital (University Hospital of Bellvitge, approval number
AC 033/18) as well as the IRBs of the other participating
centres {University Hospital of Cruces and Clinic Hospi-
tal of Barcelona). Patients were enrolled if they gave their
written informed consent.

Patients

All adults who were scheduled for liver transplanta-
tion were assessed for eligibility from 2 August 2019 to
2 November 2021. Exclusion criteria were low risk for
intraoperative  transfusion  (preoperative  haemoglo-
bin>130 g1™") or high risk for intraoperative transfusion
{patients on anticoagulation therapy and with bleeding
disorders). Also excluded were patients whose indication
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for transplantation was familial polyneuropathy or who
were undergoing an emergency procedure.

Graft and anaesthesia management, surgery,

and transfusion protocols

Organ recovery from controlled cardiac-death donors
met the acceptance criteria established by the Spanish
Liver Transplantation Society in all centres [8]. Those
criteria stipulate normothermic regional perfusion in the
recovery of organs from non-living donors.

The anaesthesia protocol was monitored to ensure con-
sistency and compliance across all the research centres,
Swan-Ganz catheterization was used for in-procedure
monitoring, and patients with echocardiographic abnor-
malities at baseline additionally underwent transesopha-
geal echocardiography. Vena cava preservation, with or
without a portacaval shunt depending on the surgeon’s
preference, was attempted in all patients. Crystalloid
fluid replacement (2 mL/kg/h) was used to maintain
blood volume, Sodium bicarbonate 1/6 M was given to
maintain pH 7.3. Intravenous calcium was administered
to keep the plasma calcium ion concentration within the
ranges of reference stipulated by each hospital’s labora-
tory. Normothermia was maintained. The liver allograft
was preserved in University of Wisconsin solution.

Prior to reperfusion, the graft was flushed with
1000 mL Hartmann's selution at 38 °C to remove air and
detritus from the wall of the graft’s inferior vena cava.
Patients were placed in the Trendelenburg position. Next,
the distal end of the donor'’s vena cava was closed with
a vascular stapler, We used a modified definition of pos-
treperfusion syndrome as outlined by Aggarwal et al.,[9]
namely, a 30% or more decrease in blood pressure or
heart rate from baseline for more than 1 min within
5 min of reperfusion of the liver graft that required addi-
tional compensatory measures such as vasoconstrictor
drugs or rapid fluid infusion.

Blood product infusion criteria were as follows:
red blood cells (RBECs) to maintain a haemoglobin
level of =80 gl™', platelet concentrates if a count fell
to < [30,000% 10777, and intravenous tranexamic acid
boluses of 500 mg if fibrinolysis (> 15% lysis at 60 min)
was detected by thromboelastometry for fibrin tissue,
Cell saver devices were not used. Haemostatic manage-
ment was also guided by thromboelastometry. In case
of massive bleeding (=150 mlmin~'), we monitored
maximum clot firmness by extrinsic thromboelastometry
amplitude at 10 min. If we detected a value of<15 mm
or a clotting time = 300 5, we simultaneously transfused 4
units of RBCs, 1 g of tranexamic acid, 2 g of fibrinogen
concentrate, 1 unit of apheresis platelets, and 15 mlkg™'
of fresh frozen plasma.
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Weaning process and tracheal extubation

At the end of surgery, a propofol infusion was started to
ensure sufficient sedation for patients to tolerate the tra-
cheal tube. On arrival to the ICL, the patients were con-
nected to mechanical ventilation with a starting fraction
of inspired oxygen (FiO2) of 50%, a driving pressure of
15 emH20, and a positive-end expiratory pressure of 5
cmH20. Haemodynamic stability was checked by assess-
ing systolic blood pressure (=110 mm Hg) and heart
rate (=100 beats per minute), and when favourable res-
piratory values {oxygen saturation = 95% with FiO2 < 50%)
were achieved, the propofol infusion was stopped. Once
patients regained full consciousness and spontancous
ventilation was maintained with a respiratory rate<25
breaths per minute, normocapnia without acidosis, oxy-
gen saturation>95% with FiO2<50%, and absence of
bleeding, tracheal extubation was performed.

Primary outcome, other outcomes of interest, and risk
factors

The primary outcome was the need for mechanical ven-
tilation for more than 24 h, used as a definition of extu-
bation failure. Although postoperative respiratory failure
has been defined as the need for mechanical ventilation
for longer than 48 h in a large study of patients undergo-
ing non-cardiac surgery, the study did not include liver
transplant recipients [10].

Variables considered as possible risk factors included
recipient and donor characteristics and data collected
during surgery. Recipient characteristics were age, sex,
BMI, diabetes mellitus, hypertension, cardiac disease,
respiratory disease, indication for transplantation, MELD
score, Child score, hospitalization when the procedure
was scheduled, haemoglobin and creatinine levels, glo-
merular filtration rate, plasma fibrinogen levels, pro-
thrombin time and the international normalised ratio,
platelet count, and baseline thromboelastometry profile.
Donor characteristics were tvpe of donor (after brain or
cardiac death} and cold ischaemia time. Intraoperative
data were surgical time; warm ischaemia time; infusions
of blood components, fibrinogen concentrate, tranexamic
acid, crystalloid, and albumin; and the development of
postreperfusion syndrome.

During liver transplantation and in the following
90 davs, we recorded the incidence of intra- and postop-
erative thrombaotic events in the graft or legs (assessed by
Doppler ultrasound), and in the lung (assessed by com-
puted tomography). Reoperations after 24 h or admission
to the ICU for any cause were also recorded.

The data monitoring committee reviewed all adverse
events, and an annual safety report was sent to the Span-
ish Agency for Medicines and Medical Products and the
[EBs that approved the protocol.
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Statistical analysis

Descriptive statistics for patients and surgeries were
expressed as mean (SD) for discrete variables and median
(IOR) for continuous variables. Categorical variables
were expressed as number of cases and percentage. Sta-
tistics related to actuarial patient mortality and graft sur-
vival were also compiled.

We used a log-binomial regression model to evaluate
the associations between the risk factors and prolonged
mechanical ventilation (> 24 h}. Risk was adjusted for age,
sex, and MELD score based on their positive association
not only with the outcome {dependent) variable but also
with other modifiable variables because we detected that
there was substantial interaction when analysing the data.
Relative risk and 95% Cls were also calculated. All analy-
ses were performed with the statistical software package
R, version 4.1.0 for Windows (http://www.R-project.org,
The R Foundation).

Results

During the period of the trial, 306 candidates were evalu-
ated, and 93 patients were excluded because their base-
line haemoglobin was =130 g.l_l. Thirty-one patients
were excluded for the other criteria listed above. A
total of 182 patients were enrolled. After 6 procedures
were cancelled, 176 patients were finally included in the
analysis.

In 149 patients (34.7%), the trachea was extubated
early (<24 h). The remaining 27 patients (15.3%)
required > 24 h of mechanical ventilation. Nine patients
in the early extubation group (6.04%) required reopera-
tion. Twelve patients who underwent prolonged mechan-
ical ventilation {44.4% of the 27 patients in that group)
also required reoperation {(p==0.001).

Patient’s characteristics for all patients and in the two
assigned groups are shown in Table 1. Diagnoses of cir-
rhosis, partial portal vein thrombosis, plasma sodium and
creatinine values, MELD scores, and haemoglobin and
coagulation and thrombelastometry profiles were differ-
ent between the groups. Echocardiographic abnormali-
ties were observed in 16.50% of patients, but there were
no between-group differences, The preoperative echocar-
diogram indicated some degree of pulmonary hyperten-
sion in 44% of patients with early extubation vs, 22% of
those requiring prolonged mechanical ventilation. Angi-
ography confirmed the presence of pulmonary hyperten-
sion in two patients in the early extubation group and
one patient in longer mechanical ventilation group. Base-
line PO2<80 mm Hg, was found in 11.4% of patients
in the early extubation group vs. 15% in the prolonged
mechanical ventilation group. Some degree of pulmonary
dysfunction was found in the preoperative computerized
tomography scans in both groups, with normal function
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Table 1 Patient characteristics Data are number (%} or percentage of patients, unless otherwise indicated as mean {30, median

(ICRYE, or median {range)®

All
(P=176, 100%)

MV =24 h
{n=27,15.3%)

MV = 24 h
(n=149, 84.7%)

Patient characteristics
Age (years;”
Male
Female
Weight kgl
Height {cm)®
BMI (kg-my*
Diagnoses and preoperative data
Indications far LT
Alcoholic cirrhasis
WASH
Hepatacarcinanme
Biliary cirrhiosis
Other
Frior abdominal surgery
Diabetes
Partial portal thrembosis
Altered echocardicgram
Pulmonary disease
Ascites/pleural effusian
Ascites valurme (17
Precperative kidney dysfunction
Sodium (mmal. ™"
Creatinine [mgkg ™"
MELD score”
Child-Pugh score
A
B
C
UMOS dassification
At home
Cin wardd
KL
Haemeghobin (gl
Platelet count (= 160510
.:.-l—l-h
PTAINRY
Fibrinogen (gI™'}"
ExTew
Caagulation time (5"
WICF tmm)®
Lysis®
A0 FigTen MCF (mm)®

SO0 [350-64.2)
0000
21.008
FB.20015.0)
16500 (B.92)
27.30 [4.58)

58,00
9.06%
8.66%
7.39%
15895
32.40%:
33008
£.82%
16500
17.6%
54008

3400.00 [150000-6925.00]

26.10%:

13600 (131.00-139.00)
0.94 [0.76-127
1901302300

15508
33005
S0.60%

56.25%
34055

0.66%

0300 [(54.00-108.000
2400 [52.50-107.00)
1.20 {1.06-136)
1,55 (1.33-181)
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6500 (59.00-75.00)
51.00 [43.00-60.00)
0 {000

11.00 (6001600

G000 (57 00-65.50
25 20%

14 B0%
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16E.81 {837}
2748 (3.83)

77 7R
7Aa1%
7%
%%
14 81%
33133%
21I1%
1852%
1451%
2963%
BE67H

335000 [1500.00-6550.00]

40.74%

13200 {129.00-136.00)
109 (0.83-1 400
2100117 50-26 50

11115
13 22%
GHETH

3704%
37 4%

25930

G 00 (81 00-109.00)
G500 (45 50-84.00)
13001.16-1.53)
177 (152-2.24)
154 (1.18-201)

7200 (62 00-86 50
7200 {62 00-86 50
0m-2

700 (45012500

S9.00 [53.0-64.0)
77.85%

2215
FEAT(1544)
16%32 (9.05)
27.22 [4.83)

5d.536%

9.40%

10 70%

8.7 2%

17.45%,

32.21%

34,905

4.70%

16.78%

15.44%

51.68%

3400000 [1450.00-6825.001
23.45%
136.00(131.00-139.00)
0.92 (0.75-1.20)
18.0{13-220)

16.33%
36.05%
47.62%

59.73%

33.56%

671%

10300 (B EL00-1 1800}
10300 (BELO0-1 1800}
1.20 {1.04-1.35)

1.52 {130-1.73}

215 {140-3.03}

64,00 [58.75-73.25)
7200 (62.00-56.50)
-

11.00 (7 00-1600

0403
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observed in 32% of those extubated early vs. 44% of those
requiring mechanical ventilation for longer than 24 h,

Vena cava preservation was achieved in 96% of patients
in both groups. Intraoperative venovenous bypass
was used in four patients (three in the early extubation
group and one in the prolonged mechanical ventilation
group). A portocaval shunt was used in 65 (35.93%) vs. 12
patients (44.44%) (p=0.508),

There were no differences in sociodemographic val-
ues or donor characteristics, Between-group differences
were also detected in intraoperative data related to cold
ischaemia time, postreperfusion syndrome, and use of
tranexamic acid and blood products (Table 2). No dif-
ferences in the use of intraoperative fluid therapy were
found. However, more fluid therapy was used in the first
24 h after surgery in the group that required prolongation
of mechanical ventilation,

In the regression model, age, sex, and donor type were
not significantly related to prolongation of mechanical
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ventilation. However, MELD scores=23 were sig-
nificantly more common in patients who could not be
extubated early, Once the model was adjusted for age,
sex, MELD score, and donor type, the only variables
that were significantly different in patients mechanical
ventilated for > 24 h were the baseline creatinine value,
the presence of postreperfusion syndrome, and the
amounts of tranexamic acid and RBCs used {Fig. 1).

The median (IQR) stay in the postoperative ICU was
3 (2-4) days for patients in the extubation group<24 h
vs., 5 (3-10) days for those who reguired prolonged
mechanical ventilation (p=0.001). Eight patients in
the extubation group (5.52%) were readmitted to the
ICU. MNearly all of the ICU readmissions were related to
reoperations, Only one patient (3.7%) in the prolonged-
ventilation group was readmitted. The median length
of hospital stay was 14 (10-24) days after early extuba-
tion and 25 {14-55) days after prolonged ventilation
(p=0.001).

Table 2 Patient surgical data. Data are numibber (%) or percentage of patients, unless otherwise indicated as mean (500", median 1R,

or madian (range)”

All MV =24 h MV <24 h pvalue
(n=176, 100%) {n=27,15.3%) (n=149, 84.7%]
Donor and intraoperative data
Cionar type
Brain death 68,200 7037% 47 900 097
Cardiac death 31.80%: 29653% 32.21%
Draror age (years) S8.00 (180052 00) 5800 (25 00-84 00} H0.00 (18.00-78.000 0ag
Lergth of surgery (min)® 360,00 (303.00-1436.00) 426000 (32500145500 3E000 (295.00-1430.00) 0398
CIT (rvin)™ 37300 (284.00-445 00} A00.001{359.00-467.00) 356.00 (278.00-43000) 004
WIT {min)® 36.00 (26.00-50.000 3500 {28 50-45.00) 36.00 (26.00-50.000 0738
Postreperfusion syndrome 46 G0 F407% 41.61% It
Transfusion During LT
RBC {units)® 200 [0 O0-4 00} 300 01.00-500) 100 [0 .00-3 000 0001
RBC infusions (o
0 units 33500 741 38268
1=6 units 57400 0374 55.03%
=6 units 9.09% 23 % 6.71%
Fresh frozen plasma 12508 29A3% 9.40% 0008
Apheresis platelets 13.64% 2963% 10.74% QoS
Tranexamic acid 39.20% 62 965% 33.56% Q007
Crystallaids imil)* 2280 (1228-3424) 2H00 {1275-350721 2280 (1238-3200) 0&0s
Albumin® 67.43% B880% 6351% 0018
Transfusion during and 24 h after LT
RBC {units) 250 [0-5 00 400 (2.00- 700 200 000400 0001
RBC infusions 0007
0 units 26.100 3700 30200
|- units 55.70% T4 05 065
=& Lnits 18,200 50 26% 10 74%
Fluid therapy® tmi 5234 [4153-7184) G550 {4800-2055) 4862 (3951-6833) 0004

CIT Cald ischaermia tirme, BT Warm ischagmia time

e6 |




Estrategia Transfusional guiada per Tromboelastograma en el Trasplantament Hepatic

Caballera et ol BMC Anesthesiology (2023} 23,358

Marta Caballero Milan

Page&of &

Machanical Ventilation = 24h
B Unacjusted 0 A jeieg iR [95% Confiderce Bmits
Unadjusted Adpusted*
Sew: Female va. make 085 0.2,1.57] =
Age 1.0%[0.08:1 08 -
Ascites or pleural effusion: yes va. no 1.71[0.83,3.79] 1,08 |0.48,2.43]
Alterad echocardiogrem: yas va. no 0.B8 [D.27.2 09 081 [0.24:1.55]
Pulmanary deeass: ves ve no 1.7 [0.88,2 53] 1.37 [0.68:3,25]
Preoperative kidney dysfuncton: ves va. no 1.94 [0.94:3 B4] 1.7 [0.88:3.25]
MELD 1.0 [1.02:1.17] =
MELDr {19;23) v, (13.18) .26 [0.82:6.51)]
MELD: {23:30) va [13:10) 2.54 [1.09;7 18] .
Chibd-Pugh score: Bva A 0002 [0.26:4.08) 0.7 [0.23. 18]
Chid=Pugh seare: Cva, A 1.84 [0.68;7 44] 093 [0 4 26]
Haemeglatin ig b 1= 076053108 102 [0.721.45)
Haemaglobin (g1']: (84:93) vs. {6384} 0435013112 QLB [D17; 1.4]
Haemaglabin ig): (83:108,25) vs, (52;84) 0.58 [0.22;1 36] 000 [04;2 47]
Haemogiobin (g7 (108,26, 133] ve. (59,64) 047 [0.16:1.17] 0.89 [0.36:2,19]
Platelats {x 10-0]-7)"* 0.86[0.38,1.02] 0,73 [0.43:1.26]
Fibrinogen (g1-'r* 0.5 [0.29;,0.82] 0,83 [0.35,1.06]
B 146[1.13;1.78] 1.34 [0.9;7.86]
CT Extem,seg"* 1.2 [0.08;1.48) 11 [0.94:1.28]
A10 Extermn,mm™ (.69 (0.51,0 87 OB (058112
A10 Fibbam,mm™ 0.8 [0.38:;0.91] 0.78 [0.47,1.21)
Creatinire (mmol-' )= 127 [1.21;1.33) 1.19[1.19:1.27)
Donor type; COD ve. BOD 0.9 [0.30,1 84] 1.03 [0.45:2.08]
Posiraperfusion syndrome: yas va. no 326[154.788 274 [1.25601]
Surgical tima min** 1,12 [0.79:1.58] 1.22 [0.92:1.89]
Surgecal time: (303.75:390} v, (157:303.75) 1.64 [0.53:5.91] 1.03 [0.32;3.28]
Surgecal ima: (380,1436.25) va. (157303 75) 215 [0.73;7 56| 1.62 [0.54,4 53]
Surgeeal time; (1438.25,2124) ve. (157,203.75) 2 [0.58;7.06) 1,95 [0.67:5.69]
CIT mun™ 143 [1.03:1.82) 127 [0.8;1.78]
CIT: (284.374) va, (0,284) 167 [D.44,7 74] 154 [0.42,638)
CIT- (374;445) vs, (0;284) 29300851259 3.1 [0.84:10.15]
CIT: (445:665) vs, (0,284) 341 [1.4314.26] 242 [A7E8.18]
WiTmin "™ 097 [0ES 128 097 062127
WIT: (26,56) va. (1028} 1.43 [0.54;4 03 1,53 [0.64;3.85]
WWIT: (CBRG0) w. (10528) 119 [0.43:2.44] 1.14 [0.42:3.01]
WIT: (50.150] va. (1026} 1.18 [0.39;3.42) 1.12 [0.4:3.16]
Tranexamic acid: yes vs. no 2ITL.AT50B4] 238115492
Crystakoids + Alburmm total mi* 1.53[1.41:1.67] 144 [1,16:1.8]
Crystalioids + Albumin folal: (4153:5233.5) vs, (18494153} 1,71 [0.45.7.91] 1,95 [0.5,7.83]
Crystaliosds + Albumin tolal: (5233 5.7 182 25) vs_{B48.4163) 232071108 238062823
Crystalicids + Albumin tolal: (T164.25; 19443) ve. (18484153} . 4 [1.38;,168,7] 316 [0.96; 1079

001
“Adjusiod by MELD, sov ond npa
= Snaviehead vk

=L raves probiatality- -

010 0.:250.501.002.004.0¢
~JHighar probabiily—--=

Fig. 1 Relative risk af factors of all factars evaiuased for associaban with prolonged mechanical ventilation {= 24 b sfter fiver transplantaton.
Upper and lower cut peints for varlable stratification are shown in parentheses in the first column, A grey square dengtes unadjusted refative

risk {BRY; a blue square denotes BR adjusted by MELD score, sex and age. The whiskers indscate the 95% O BDD, brain-dead donors, COD0,
cardigc-death donors. CIT, cotd ischaemia tirme. CT, coagulation time. ExTes, extrinsic thramboslastometry for filbrn tissue factor activaton. Feles,
thromboetastometry for fibinm tissue. MELD, Medel for End-Stage Liver Disease. PT, prethrambin time, WIT, warm ischaemia time

Discussion

Our study to identify modifiable preoperative and
intraoperative risk factors associated with prolonged
mechanical ventilation (>24 h) found no relevant pre-
surgical respiratory or cardiac risk factors. Associ-
ated intraoperative variables included blood product
requirements, postreperfusion syndrome, and the use
of tranexamic acid, In a recent series, high blood trans-
fusion requirements during liver transplantation were
significantly associated with the need for prolonged
mechanical wentilation [11]. Even this association,
we were unable to include the amount of blood prod-
ucts infused in the relative risk analysis because usage
was very low in the early-extubated patients, nearly
all of whom received =2 units of RBCs. After graft

reperfusion, the concurrent return of normal splanch-
nic circulation and the washout of preservation solu-
tion from the transplanted liver can lead to the severe
haemodynamic disturbances of postreperfusion syn-
drome, and these events may i turn lead to major sur-
gical bleeding and high blood product and tranexamic
acid usage, which were risk factors for prolonged
mechanical ventilation in our study, This observation is
consistent with reports from retrospective series, [12,
13] These findings suggest to us the possibility that pos-
treperfusion syndrome might be prevented by using
vasopressor support stralegies and infusing a bolus
dose of 500 mg of tranexamic acid prior to graft rep-
erfusion to cut potential fibrinolysis, A controlled trial,
however, would be required to confirm this hypothesis,
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Severity of liver disease (the preoperative MELD score}
was the main, but non-modifiable, risk factor for late
extubation in our series, supporting previously reports [4,
5]. All the patients requiring prolonged mechanical ven-
tilation in our series, however, had much higher MELD
scores {>23), This is in concordance with a recent study,
where a MELD score of > 22 was associated with longer
mechanical ventilation [14]. In that study, however, sur-
gical technique {venovenous bypass) was used in 20% of
patients and was a risk factor for prolonged mechanical
ventilation, whereas in our study, nearly all patients were
managed with vena cava preservation, and only in four
patients (2.27%) a venovenous bypass was required.

Donor type was not associated with prolonged venti-
lation, an unsurprising finding given that normothermic
and hypothermic oxygenation perfusion machines cur-
rently improve graft viability after procurement. [15]

Once the model was adjusted for MELD score, only
creatinine level was maintained as a preoperative risk
factor for prolonged mechanical ventilation. No other
baseline characteristics such as coagulation or throm-
boelastometry parameters remained relevant. Both,
hepatopulmonary syndrome and pulmonary hyperten-
sion, were similar distributed in both groups, therefore
did not influence early extubation.

One study assessed a large number of preoperative
and intraoperative variables to select patients at risk for
prolonged mechanical ventilation and developed a risk
model that used a MELD cutoff of 12 or less in the equa-
tion, [16] indicating a much lower level of severity of liver
disease than in our series. That model was applied in a
clinical study to stratify patients for very early extubation.
[5] However, besides the difference in disease severity
between patients in our study and these previous ones,
it is important that they were not designed to seek modi-
fiable factors. In contrast, we generated separate relative
risk assessments of all factors that could be modified dur-
ing the surgery.

Early extubation was associated with a shorter ICU stay
in our series overall, but it did not protect against ICU
readmission. However, second readmissions were mostly
related to reoperations, underlining the importance of
careful vigilance of graft response to reperfusion and
management of complications.

This was a post hoc analysis of a randomised controlled
trial, where most of the data related to intraoperative
homeostasis and haemostasis management. This is a
possible limitation of our study, The main limitation of
this study is related to the exclusion of 93 patients who
were at low risk for transfusion (baseline haemoglo-
hin levels> 130 gl "). These exclusions were necessary
for the randomised controlled trial which provided the
data [7]. However, the excluded patients also had also
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low MELD scores, whereas the median MELD score in
patients included in our trial was 19, which is common
in the majority of patients on waiting for liver grafts in
European registries [17]. Strengths of the study are the
participation of three hospitals with high volumes of liver
transplantation, prospective data collection, on-time
compliance with the short patient recruitment period in
spite of the SARS-CoV-2 pandemic, high adherence to
protocols, and the monitoring of data quality by an inde-
pendent committee,

We conclude that a MELD score=23, bleeding, and
postreperfusion syndrome are the main factors associ-
ated with prolonged mechanical ventilation and longer
ICU stays. Only intraoperative bleeding and postreper-
fusion syndrome allow for modifiable interventions, Our
hypothesis would therefore be that to improve outcomes
we should design trials to explore vasopressor support
strategies and interventions to prevent potential fibrinol-
ysis prior to reperfusion,
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Resum Article 3

Les complicacions postoperatories en el trasplantament hepatic, s’associen a la pérdua

de I'empelt pel receptor i a mortalitat.

L’objectiu del treball ha estat explorar els factors perioperatoris associats a les
complicacions als 90 dies del trasplantament hepatic mitjangant un analisi secundari de
les dades de 176 pacients d’un assaig clinic aleatoritzat multicentric. Els principals
criteris d’exclusid han estat pacients amb baix risc de transfusié intraoperatoria

(concentracio preoperatoria d’hemoglobina de > 130 g/L).

El resultat primari ha estat la incidencia de complicacions definides per una classificacid
Clavien-Dindo de 3 a 5 (CDC 3-5) als 90 dies del trasplantament hepatic. El resultat
secundari ha estat el Fracas Renal Agut (FRA). Per avaluar les associacions s’ha utilitzat

un model de regressio log-binomial.

49 pacients han estat classificats com CDC 3-5, el que representa un 27,8% dels pacients
(21,2% - 34,5%, IC 95%). La hemoglobina basal [amb un risc relatiu ajustat de 0,79 (0,62
- 1,00, IC 95%)], un TP/INR elevat [amb un risc relatiu ajustat de 1,62 (1.34 1-,96, IC
95%)], la transfusié de concentrat d’hematies de > 2,5 concentrats [amb un risc relatiu
ajustat de 2,02 (1,09 — 3,73, IC 95%)] i un temps quirargic de > 390 minuts [amb un risc
relatiu ajustat de 2,55 (1,25-6,03, IC 95%)], s’han associat amb CDC 3-5.

La presencia de FRA s’ha donat en 27 pacients, el que correspon a un 15,34% dels
pacients (10,02% — 20,67%, IC 95%). La concentracié d’hemoglobina [amb un risc relatiu
ajustat de 0,65 (0,42 — 0,97, IC 95%)], el valor de MELD [amb un risc relatiu ajustat de
2,2(1,77-2,75,1C95%)] i la transfusié de > 5 concentrats d’hematies [amb un risc relatiu

ajustat de 2,64 (1,16 — 6,15, IC 95%)], s’"han associat amb FRA.

Sembla doncs que I'anemia i els trastorns importants de la coagulacid expressats per
TP/INR s’associen amb la preséncia de FRA i complicacions catalogades com CDC 3-5. La
transfusiéo de > 2,5 concentrats d’hematies implica un risc de complicacions. Donat

aquests resultats, val la pena considerar la correccid de I'anemia preoperatoria.
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(—Ahstract 3

Purpose: Postoperative complications are associated with graft recipient loss or death in Liver Transplantation (LT). We
aimed to explore perioperative factors associated with complications at 90 days after LT,

Methods: Secondary analysis of data for 176 patients from a multicenter randomized trial. Main exclusion eriteria was
patients at low risk for intraoperative transfusion {preoperative Hemoglobin [Hb] concentration =130 g/L). The primary
outcome was the incidence of complications defined by a Clavien-Dindo classification of 3 to 5 (CDC 3-3) at 90 days
after LT, The secondary outcome was acute kidney injury {AKI). We used a log-binomial regression model to evaluate
associations,

Results: Forty-nine patients were classified as CDO 3-5 (27.8%, 95% C1 21.2%-34.5%) Baseline Hb concentration { adjusted
relative risk [aRR] 0.79, 95% Cl 0.62-1.00), high international normalized ratio of prothrombin time (PT/INR) (aRR 1.62,
Q5% CI 1,34-1.96}), red blood cell (RBC) wansfusion =2.5 units (aRR 2.02, 95% C1 1.09-3.73), and surgical time =390
minutes (aRR 2.55, 95% C1 1.25-6.03) were associated with CDC 3-5. AK] cceurred i 27 patients (15.34%, 95% CI
10.02%-20067%). Hb concentration (aRR (.63, 95% CI 0.42-0.97), MELD score =23 (aRR 1.05 95% CI 1.00-1.09), PT/
MR (aRR 2.2, 95% CI 1.77-2.75), and RBC transfusion of =3 units (aRR 2.64, 95% C1 1.16-6.13) were associated with
AKIL

Conclusions: Anemia and major coagulation disorders expressed by PT/INR are associated with both AKID and CDC 3-5
grading. RBC transfusion of >2.5 units indicates risk for complications. Given these results, it seems worthwhile to consider
the correction of preoperative anemia. P
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Abbreviations: A10 . MCF amplitude at 10 min by
ExTem; A10, 0 MCF amplitude at 10 min by FiTem; CIT:
Cold Ischemia Time; CRF; case record form; ExTem:; Extrinsic
Thromboelastometry For Fibrin Tissue Factor Activation; FinTewm:
Thromboelastometry For Fibrin Tissue Factor Activation And
Platelet Inhibition; INF: International Normalized Ratio; [RB:
Institutional Review Board; LT: Liver Transplantation; MCF:
Maximum Clot Firmness; MELD: Maodel For End-Stage Liver
Disease; NASH: Nonalcohelic Steatohepatitis; PT; Prothrombin
Time

PT/INR: INR of PT; RBCs: Packed Red Blood Cells; RR/aRR:
Unadjusted And Adjusted Relative Risk; UNOS: United Network
for Organ Sharing

l{eywnrds: Acute  kidney injury; Blood component
transfusion; Hemostasis: Liver transplantation; Mean hemoglobin
concentration; Morbidity; Mortality

Introduction

Although clear improvements have been made in Liver
Transplantation (LT) techniques over time, LT continues to be
associated with high risk for postoperative complications. mainly
when sicker patients are included in transplantation programs.
[1] During the last decade, waiting lists began to incorporate
older patients and more overweight and obese patients with
nonalcoholic  steatohepatitis.[2.3] Consequently,  postoperative
complications are present in more than hall of patients and are
associated with higher risk of graft recipient death or graft loss. [4]
LT is also associated with a higher financial burden on survivors
who do not achieve an optimal outcome. [5] Models combining
age, MELD score (Model for End-Stage Liver Disease), and cold
ischemia time {CIT} have been reported to predict complications.
[6,7] However, the main factors determining risk in these models
are high MELD scores and variability in organ allocation. Graft
survival was significantly lower in recipients with MELD scores
above 35 in one retrospective study, [8] and mortality after redo
transplantations was significantly higher in patients with MELD
scores over 30 in a prospective cohort. [9] Besides hepatic,
coagulation and neurelogic complications, lung and kidney failures
are also present in patients with high MELD scores, influencing
outcomes. [10,11] These patients are outliers in terms of their use
of intraoperative resources during LT and Intensive Care Unit
(ICL) requirements afterwards; therefore they should be studied
separately. In addition, patients with equivalent MELD scores
can have divergent post-transplantation outeomes, depending on
severity of preoperative organ failure and graft characteristies [17].

Parallel to advances in surgical techniques, critical organ
shortages have prompted greater utihization of higher nsk grafts,
from donors after brain or cardiac death, yet most outcome studies

and meta-analyses have looked only at type of donor, without
taking into consideration the method of preserving the grafl.
Normothermic and hypothermic oxygenation perfusion machines
are increasingly used in most centers to improve grafl viability
after procurement, and today these validated methods represent the
standard process for liver graft procurements [12-15]. Recently,
a score for defining surgical difficulty in LT was published [16];
however, the score is based mostly on patients admitted to an ICU
prior to surgery and on a donor risk index, although certain marginal
cases with specific technical difficulties (e.g., split livers and non-
standard arterial reconstruction) were also meluded. In another
risk study, [17] surgical difficulty {defined by a higher percentile
of blood loss and longer surgical time until graft reperfusion) was
associated with liver disease decompensations prior to LT. In a
recent large, multicenter retrospective series of LT, [18] one-year
patient and graft survival rates were significantly lower in patients
who required more than six units of packed Red Blood Cells
{RBCs) during surgery, an amount considered 1o be a massive
transfusion. Patients receiving such transfusions had a higher
incidence of postreperfusion syndrome, possibly contributing to
higher mortality in this group. Other than the risk factors identified
by these studies on short- and long-term outcomes, certain factors
such as perioperative hemodynamic instability, blood component
requirements, fluid management, and unexpected technical
vascular issues have not been extensively analyzed in prospective
series setin the context of today’s surgical and donor procurement
processes. We aimed to explore all modifiable risk factors
{preoperative, intraoperative, or postoperative within 24 hours of
surgery) associated with major complications within 90 days after
LT in a multicenter series of recipients registered prospectively
for a randomized controlled trial of two sirategies of fibrinogen
correction during LT [ 19].

Methods

Data from a multicenter, hemoglobin-stratified, randomized
controlled trial on fibrinogen administration and blood product
requirements by our group [19] were used for a secondary analysis
foreseen in the initial protocol. That protocol was approved by the
Institutional Review Board (IRB) of the lead hospital {University
Hospital of Bellvitge, approval number AC 033/18, ) as well as
the IRBs of the other participating centers (University Hospital of
Cruces and Clinic Hospital of Barcelona). The trial was registered
in the European Clinical Trials Database (EndraCT 2018-002510-
13,) and at ClinicalTrials.gov (NCTO1339057). Patients were
enrolled if they gave their written informed consent.

Patients

All adults aged 18 to 80 vears old who were scheduled for LT
were assessed for eligibility from August 2, 2019, to November 2,
2021, Exclusion criteria were low risk of intraoperative transfusion
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{preoperative hemoglobin concentration =130 g/L} or high risk of
intraoperative transfusion (patients on aspinn, warfarin, or other
anticoagulation therapy, and patients with complete portal vein
thrombosis or a known history of thromboembolic events in the
last 30 days or bleeding disorders). Also excluded were patients
who were undergoing an acute retransplantation, whose indication
for LT was familial polyneuropathy, or those who were receiving a
graft from living donors given the variability in surgical techniques
in those settings. Patients undergoing an emergency LT because of
acute liver failure were likewise excluded.

Graft and anesthesia management, surgery, and transfusion
protocols

Liver allografts were preserved in University of Wisconsin
solution. Organ recovery from controlled cardiac-death donors
met the acceptance criteria established by the Spanish Liver
Transplantation Society in all centers." Those criteria stipulate
normothermic regional perfusion in the recovery of organs from
nonliving donors. The anesthesia protocol was monitored to ensure
consistency and compliance across all the research centers. Vena
cava preservation was attempted in all patients. If exceptionally
such preservation was not feasible, a venovenous bypass or a
complete caval clamp was used and the decision registered in
the patient’s electronic case record form. At the end of surgery,
all patients remained mechanically ventilated on transfer to a
postoperative [CU. The protocels for blood product transfusions
were also monitored to ensure consistency and compliance across
the three hospitals. Infusion criteria were as follows: RBCs to
maintain hemoglobin above 80 g/L, platelet concentrates if a
count fell below 30 000/mm’, and intravenous tranexamic acid
boluses of 500 mg if fibrinolysis (=15% lysis at 60 minutes) was
detected by thromboclastometry for fibrin function (FieTem). Cell
saver devices were not used. Hemostatic management was also
guided by thromboelastometry. In case of massive bleeding (=150
mL/min), we monitored maximum clot firmness by extrinsic
thromboelastometry amplitude at 10 minutes {AIDI_.\TI e I we
detected a value of <15 mm or a clotting time =300 seconds by
FiaTem, we simultancously transfused 4 units of RBCs, | g of
tranexamic acid, 2 g of fibrinogen concentrate, | unit of apheresis
platelets, and 15 mL/kg of fresh frozen plasma.

Primary Outcome, Other Outcomes of Interest, and Risk
Factors

The primary outcome was the incidence of a composite
of major postoperative complications defined by a Clavien-
Dinde Classification [20] of 3 to 5 (CDC 3-5) at 90 days after
LT. The main secondary outcome was the specific incidence of
acute kidney injury (AKI) classified as grade 2 or 3 according
to the guidelines of the Kidney Disease: Improving Global
Outcomes) organization. [21] Other secondary outcomes were

infectious complications (specifically respiratory infection when
pneumonia was diagnosed), abdominal infection with signs of
wall or organ/space involvement, and other {bladder or catheter-
related infection); a need for mechanical ventilation for more
than 24 hours; and prolonged length of hospital stay. Variables
considered as possible risk factors included recipient and donor
characteristics, intraoperative data related to LT, and anesthetic
management. Recipient characteristics were age; sex; body
mass index; diabetes mellitus; hypertension; cardiac disease;
respiratory disease; indication for LT; MELD score; Child score;
hospitalization when LT was scheduled; hemoglobin, creatinine,
glomerular filtrate, plasma fibrinogen levels: and the international
normalized ratio of prothrombin time (PT/INR); platelet count;
and baseline thromboelastometry profile. Donor characteristics
were type of donor {after brain or cardiac death), donor age,
and CIT. Intraoperative data were surgical time; warm ischemia
time; infusions of blood components, fibrinogen concentrate,
tranexamic acid, crystalloids, and albumin; and the development
of postreperfusion syndrome.

During LT and in the following 90 days, we recorded the
mcidence of intra- and postoperative thrombotic events in the
graft or legs (assessed by Doppler ultrasound), and in the lung
{assessed by computed tomography). Reoperations for any cause
and retransplantations were alsoe recorded. The following specific
adverse events were registered: cardiac arrest, cardiac arrhythmia,
pneamothorax, hepatic artery and  portal wein  anastomosis
reconstruction, biliary reconstruction and reoperation for bleeding,
and actuarial graft and patient survival rates.

All adverse events were recorded in the patient’s electronic
case record form, and the principal investigator (A.S.) was notified
immediately. The data monitoring committee also reviewed all
adverse events, and an annual safety report was sent to the Spanish
Agency for Medicines and Medical Products and the IRBs that
approved the protocol.

Statistical Analysis

Descriptive  statistics  for patients and  surgeries  were
expressed as means (SD) for discrete variables and medians
(interquartile range [IQR] or range) for continuous variables.
Categorical variables were expressed as numbers of cases and
percentages. Statistics related fo actuarial praft and patient
survival were also compiled. We used a log-hinomial regression
madel to evaluate the associations between the risk factors and
CDC 3-5 status. Associations between variables and AKI were
also estimated. Risk was adjusted for age, sex, and MELD score
based on their positive associations with the dependent outcome
variables in most of the predictive models, indicating that these
variables had substantial effects on associations between other
madifiable variables and the outcome of interest. Relative risk
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(RR) and adjusted RR (aRR) and 95% Cls were also calculated.
Regression coefficients, standard errors and any constants were
caleulated for inclusion in supplementary data. All analyses were
performed with the statistical soflware package R, version 4.1.0
for Windows (http://www.R-project.org, The R Foundation).

Data access statement: The protocol, informed consent sheets,
statistical analysis plan, CRFs and datasets are stored by the IRB
of the lead hospital and the IDIBELL Foundation.

The work has been reported in ling with the STROBE Statement.
Results

A total of 306 LTs were performed during the period of
analysis, and 93 of the operated patients were excluded because
their hemoglobin indicated they would be at low risk for transfusion
(=130 g/L), Thirty-one patients were excluded for other reasons
listed above. A total of 182 patients were enrolled in the trial,
[19] After & procedures were cancelled, 176 patients were finally
included in the analysis, The primary composite outcome of major
postoperative complications indicated by CDC 3-3 status was
present in 49 patients (27.8%, 95% CI, 21.2%-34.5%), Twenty-
two patients required reintervention, 11 of them for postoperative
bleeding, three for hiliary complications, & for organ'space
infection, and one for vascular thrombosis; one required a redo
LT within 90 days of the first. Thrombotic complications (hepatic
artery, portal vein, and other systemic thromboses) developed in 8
patients. Infective complications that required specific treatment
oceurred in 21 patients; 8 of these patients had pneumonia, & had
abdominal organ/space infections, and 7 had catheter infections,
Two pneamothoraxes occurred related to central venous line
placement, Four patients required cardioversion for arrhythmias,
The median (IQR) length of hospital stay in the full cohort was 15
days (11-27 days), and 27 patients {15.3%) required mechanical
ventilation for more than 24 hours, Four patients died within
i) davs of the LT, another patient died after 90 days but during
hospitalization for the surgery and was therefore classified as CDC
5, Later, four patients were readmitted and died within one vear of
the LT, all of them from multiorgan failure and previously graded
CDC 3-5. Two additional patients died after the one-year follow-
up period; neither of them experienced CDC 3-5 complications
during the trial period.

Patient, donor, and surgical characteristics and blood product
requirements were similar for patients in the two CDC grade
ranges shown in Table 1. Donor age and transplantation ol a graft
from a cardiac death donor were also similar in the two CDC grade
ranges. Only PT/INR and RBC requirements during LT and up to
24 hours alterwards were significantly associated in the bivariate
analysis. RRs and aRRs for CDC 3-5 status are shown in Figure 1.
A low baseline hemoglobin concentration was associated with this
outcome in the bivariate analysis, whereas a concentration over
94.86 g/l conferred protection. That threshold had a sensitivity
of 0.65 (95% CI, 0.5-0.78) a specificity of 0.54 (93% CI, 0.44-
0.62), a negative predictive value of 0.8 (95% C1, 0.7-0.88), and
a positive predictive value of 0.35 (95% CL, 0.25-0.46). High PT/
INR values were associated with CDC 3-5 status. Intraoperative
RBC wansfusion volume during LT and up to 24 hours afterwards
was likewise associated with these major complications, and the
association was strongest in the higher quartiles (> 2.5 units):
aRR 2.02 (95% CI, 1.09-3.73). A surgical time =390 minutes was
also associated with CDC 3-5 grading. However, we found no
associations between CDC 3-5 and CIT, intra- and postoperative
flurd administration, reperfusion syndrome, tranexamic acid
infusion, donor type or age, warm ischemia time, or initial
patient diagnoses. AKI occwrred in 27 patients (15.34%, 95% CI,
10.02%-20.67%), and renal replacement therapy was required by
4 patients {2.27%). Body mass index was higher in AKI patients
{mean [SD] 29.8 [4.01] kg/m?® vs. 26.8 [4.66] kg/m?, p=0.001),
and the MELD score was also higher {median [IQR] 21 [15-25-
5] ws. 18 [13-22], p= 0.039). RRs and aRRs for AKI are shown
in Figure 2. Higher median baseline hemoglobin concentrations,
baseline platelet counts, and higher baseline A10 ExTewm values
protected against AKL In contrast, a MELD score higher than 23,
a higher baseline PT/INR, and plasma sodium levels at the high
end of the normal range were associated with risk for AKI. RBC
transfusion of =5 units was likewise associated with AKL On the
other hand, baseline plasma creatinine concentration, age and
tvpe of donor, and tranexamic acid infusion were not associated
with risk. Reperfusion syndrome occurred in 17 patients with AKI
(63% of the 27 patients with that complication) and 65 patients
without AKI (43.6% of 149 patients). This difference, however,
did not reach statistical significance (p= 0.1 and aRR 1.95, {95%
CI0.96-4.19).
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Variables

Paticnts

All (=176, 100.%)

CDC grade, 3-5 (n= 49, 17.8.%)

CDC grade, 0-2 (n=127, 72.1%)

Patient characteristics

Age (years )t

9.0 (55.0-64.2)

61,0 (56,0-65,00

59015306410

Male 7% 79.6% TR 7%
Female 1% 20.4% 21.3%

Weight (kg)*

TEI(15.0)

7964 (14.67)

T7.61 (13.20)

Height {cm)*

|69 (8.92)

168,88 (3.71)

169, 39 {9,04)

BMI (kg m*)*

27.3 (4.68)

2788 (4.36)

27.02 (4.80)

Diagnoses, preoperative data

Indications for LT

dysfunction

Alcoholic cirrthosis 58% 55% 59%
NASH 9.06% 10.2% B.66%:
Hepatocarcinoma 966y B.16% 10.3%
Riliary cirrhosis 7.39% 8.16% TV
Chiher 15.89%, 18.84% 1 5.04%
Prior abdominal surgery 32.4% 42, 86% 28.35%
Diabetes 33% 38.78% 30.71%
Partial portal thrombaosis 6820 4.08% T.87%%
Abnormal echocardiogram 16.5% 12.24% I8 11%
Pulmonary disease 17.6% 16.32% I8.11%
Ascites/pleural effusion 4% 46,93% 560,699
i e 26.1% 22.45% 27.56%

Sodium (mEqg/L)T

136 (131-139)

136 (131-140)

136 (131-13%)

Creatinine {mg/'dL )+

0.94 (0. T6-1.22)

0.9 (0.76-1.26)

.94 (1.75-1.22)

MELL scoret

19.0 (13.0-23.0)

19.0 (14-24)

19.0(13-22,5)

Child-Pugh score

A 15.5% 12.25% 16.53%
B 33.9% 32.65% 35.4%
C 50.6% 55.1% 48,0:3%
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Location on LINGS
classification

At home
On ward

([N

56.25%
34.09%

9.66%

59.18%
34.69%

6. 12%

55.12%

33.86%

11.02%

Hemoglobin (/L)

93 (84-108)

OO (H4-104)

96,0 (84-110)

Platelet count { 109/ mm*)¥

T4 0 (525 -101)

B6.5 (47.2-101)

T5.0(53.5-101)

PT {sec)t

1-200(1-06-1-36)

L21(1.00-1.41)

1.20 (1.06-1.35)

PT/ANRT

1-55(1-33-1-81)

1.62 (1.41-2.08)

1.54 (1.30-1.77)

Fibrinogen (/1)1

200(1-31-30)

2.00(1.44-2,799

2000 (1.30-3.07)

ExTemt

Coagulation tme (s)

65 (38-T53)

64 (59-74.8)

63 (00-75)

MCF {mm)

51 (43-60)

52 (43.8-60.2)

50 (42.5-59.5)

Lysis (%) 0 {0-10) 0 {000y 0 {0-0)
AlD FieTen MCF (mm) 11 {616} 12 (7-16) 10 (6-15.8)
Donor type

Brain death 68, 2% 69, 4%, 67.72%

Cardiac death 318% 30.6% 32.28%
Donor age (years)* 30 (18-Kd) 38 (25-34) 60 {18-78)

Length of surgery (min)t

FEO(302-1420

435 (330-14200

380 (295-1448)

Cold ischemia time (min)t

374 (284-445)

357 (272-445)

380 {287-444)

Warm ischemia time {min)f 37.0(26.8-52.00 35(26-32) 40 {27-52)
Reperfusion syndrome A46.6% 53% 44%
Transfusion during LT
RBC {units) T 2(0-4) 3(1-5) 1 {0-3)
Patient RBC needs, by volume
) units 33.5% 24.48% 3%
1-6 unils 57.4% 6:5,3% 54,33%
=6 units 9.09% 10.2% 8.60%
Fresh frozen plasma 12.50% 16.33% 11.02%
Apheresis platelets 13.64%) 20.41%, 11.02%
Tranexamic acid administration | 39.2% 44 G0 35.5%

Crystalloids (ml)yt

2280 (1228-3424)

2300 ( 1600-3583)

2104 1200-3242.75)

Albumin

67.43%

0l.22%

69, 84%
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Total transfusion during LT and

24 h after
RBC (units)t 2.5(0-5) 4(2-1) 2 (0-4)
Patient RBC needs, by volume
1 units 26.1% 16.3% 29.9%
1-6 units 55. 7% 35.1% 55.%%
=6 units 18.2% 28.57% 14.17%

Fluid therapy including

albumin (mL)t 5294 (4135 T181)

511 {4125-8400) 5184 (4153-6760)

Diata are pereentages ol patients, unless otherwise indicated as mean (SD)*, or median (interquartile range)’, or median (range)i. Donor
age expressed as median and range. ExTem |, extrinsic thromboelastometry for fibrin tissue factor activation; FisTem=thromboelastometry
for fibrin tissue factor activation and platelet inhibition; ICU, intensive care unit; MCF, maxim clot firmness; MELD, Model for End-
Stage Liver Discase; NASH, nonaleoholic steatohepatitis; PT, prothrombin time; PT/INR, international normalized ratio of PT; UNOS,

United Network for Orzan Sharing.

Table 1: Patient characteristics and surgical data.

Discussion

Because 90-day mortality was low {2.8.%) in our patients
al intermediate risk Tor complications enrolled in the trial, [19]
we chose CDC 3-5 status as the primary outcome, as that grading
system includes mortality. The incidences of this outcome (27.8%)
and AKI (15.34%), the main secondary outcome, were similar o
findings in other series [4.14,21,22] and gave us sufficient data 1o
explore relative risk. Both CDC 3-5 grades and AKI were associated
with a low baseline hemoglobin concentration (<95 g/L ). Thus, our
findings confirm the relevance ol preoperative anemia, consistent
with two retrospective series in which anemia was linked 1o
major complications and 90-day and one-year mortality. [23.24)
Both series applied the World Health Organization’s criteria for
anemia {e.g., <130 g/l for men). [25] However, we excluded
all patients with hemoglobin levels above that mark because we
sought o identify the critical level associated with complications.
Our entire cohort was al least at intermediate risk for transfusion,
with a median hemoglobin concentration of 93 g/L, allowing us 1o
identify 95 gL as the cut-point at which patients might benefit from
a preoperalive optimization strategy. Hemoglobin optimization in
patients with liver disease is clinically challenging. [26] bul we
coneur with others who suggest that it merits further consideration.
[27] Our findings suggest a starting point for testing the feasibility
of strategies before possibly moving on to a randomized wial.

Likewise, both CDC 3-5 status and AK1 were associated with
high PT/INR values, but with none of the variables derived rom
ExTes or FisTem. Those findings indicate that a major deficit of
liver-produced coagulation factors is influencing the development
of complications, and that PT/INR is more sensitive than the

thromboelastometry data. So far, however, efforts to improve
baseline hemostasis and coagulation before LT by preventive
admimnistration  of coagulation factors has been  considered
contraindicated based on consensus, [28] and our group recently
showed it offered no benefit in a randomized trial. [19] Longer
duration of surgery and RBC requirements were associated only
with CDC 3-5 status, confirming previous studies on surgical
difficulty. [16,17] Diagnoses leading to LT, comorbidities, CIT, and
thromboelastometry readings during LT, however, did not emerge
as risk factors for either the primary or secondary outcomes. Nor
were donor type or age nsk factors for the primary outcome;
this is unsurprising given that normothermic and hypothermic
oxygenation perfusion machines currently improve graft viability
after procurement. [12-15] AKI was associated with both MELD
score and body mass index in our prospective cohort, consistent
with findings from a retrospective study. [29] Preoperative plasma
sodium level in the upper range of normal was associated with
AR, an observation that is consistent with the findings of another
retrospective  series.  [30] Sedium  concentration may  reflect
systemic vascular filling status, influenced by the use of diuretic
drugs, which lead to higher sodium wvalues. [31] In contrast,
creatining level and preoperative ascites were not associated with
AKI. The prevalence of hepatorenal syndrome in LT candidates
is currently low, related to early albumin replacement in patients
with ascites: this treatment 1s also recommended during LT [32].

Intraoperative  variables  associated with AKI in  the
unadjusted analysis were mainly recorded during graft reperfusion
{e.g., the occurrence of reperfusion syndrome and massive
bleeding requiring tranexamic acid): however, after adjustment
for the MELD score, the association was not significant. The
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importance of such intraoperative events has been reported in a
large systematic review of modifiable risk factors for AKIL [31]
A small patient sample size, the main limitation of this study, was
related to the necessary exclusions during the trial. [19] From all
the LT procedures in the three hospitals during the trial period, we
excluded 31 {around 10% of the 306 LTs performed during the
period of the trial} because the patients presented acute-on-chronic
liver failure or were on coagulation therapies. Five ofthese excluded
patients died (16.1%), due to acute decompensation related to
neurclogic, respiratory, and kidney failure already present hefore
LT. The relevance of such complications are the main causes of
mortality, depending on the grade of liver failure. [33] We also
excluded 93 patients with hemoglobin levels =130 g/L, who were
at low risk for transfusion and complications, In these excluded
patients, 90-day mortality was 2.15%, and the two deaths were
related to donor graft viability and major surgical events. With
these exclusions of both high- and low-risk patients, our cohort
represented patients at intermediate risk. Such patients account for
the majority of those waiting for liver grafts in European registries,
where the mean MELD score s 18.7 and only 10% are classified
as urgent, [34,35] Swrengths of the study are the participation of
three high-volume LT hospitals, on-time compliance with the short
patient recruitment period in spite of the SARS-CoV-2 pandemic,
prospective data collection, high adherence to protocols, and
the monitoring of data quality by an independent committee.
We conclude that major coagulation disorders expressed by a
high PT/INR plus preoperative anemia and the volume of RBCs
transfused are the factors that influence major complications as
reflected in CDC 3-5 status and the development of AKI after
LT. We hypothesize that in spite of the challenges of correcting
preoperative anemia, intravenous iron mfusion in patients on
waiting lists may be feasible. If so. blood component consumption
could possibly be reduced and improved outcomes could possibly
be demonstrated in a randomized controlled trial.
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Taula 5: Cronograma de la recollida de dades de I'estudi
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Figura 10: Diagrama de flux que mostra el total de pacients reclutats, les exclusions i les

pérdues (ITT: analisi per intencid de tractar; PPA: analisi per protocol)

84



Estrategia Transfusional guiada per Tromboelastograma en el Trasplantament Hepatic

Marta Caballero Milan

Grau

Definicio

/

Qualsevol desviacio del postoperatori normal que NO requereixi reintervencio
(oberta ni endoscopica). Es considera incloure I'is de solucions electrolitiques,

antiemetiques, antipiréetics, analgesics i fisioterapies. Inclou infeccié superficial

tractada al llit del pacient.

)

sanguinies o d’hemoderivats i nutricid parenteral.

Es requereix tractament farmacoldgic diferent als anteriors. Us de transfusions

1

Requereix reintervencio quirurgica endoscopica o radiologica.

a | Sense anestésia general.

b | Amb anestésia general.

v

cures intermédies o intensives.

Complicacions que amenacen la vida del pacient i requereixen tractament en

a | Disfuncid organica unica (inclou la dialisi).

b | Disfuncio organica multiple.

Mort del pacient.

Taula 6: Classificacié de Clavien Dindo que diferencia les complicacions segons la gravetat

A1l A2 A3
FILTRAT GLOMERULAR Normal a | Moderadament | Severament
Categoria, descripcid i rang lleument augmentada augmentada
(ml/min/1.73m2) augmentada
<30 mg/g 30-300 mg/g > 300 mg/g
< 3 mg/mmol 3-30 mg/mmol | > 30 mg/mmol
G1 Normal o alta >90
G2 Lleument 60-89
disminuida
G3a Lleu a 45-59
moderadament
disminuida
G3b Moderada a 30-44
severament
disminuida
G4 Severament 15-28
disminuida
G5 Fracas Renal <15

Taula 7: Nomenclatura actual KDIGO (Kidney Disease: Improving Global Outcomes) per al

Fracas Renal
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Discussio

Transfusio

L’administracié de fibrinogen per mantenir un A10FIBTEM de 11 mm durant el THO, s’ha
associat a taxes de transfusié de CH, plasma fresc i plaquetes a 'intraoperatorii a les 24

hores, similars a la practica habitual (objectiu A10FIBTEM 8 mm).

L'administracié d’hemoderivats ha estat més necessaria després de la reperfusio de
I’empelt, donat que el sagnat i I’"hemodilucié provoquen una clara disminucio dels nivells
d’Hb i inestabilitat. Aquests esdeveniments, tot i que temporals, expliquen I'elevada

necessitat de transfusido de CH en ambdds grups.

Gairebé el 73% de pacients en ambdds grups, ha requerit de CH durant el THO i a les 24
hores seglients. Aixo és consistent amb les baixes concentracions inicials d’Hb de 95 g/L
0 menys en aproximadament el 60% de pacients dels dos grups, indicant un alt risc de
transfusio de CH. Els nivells d’"Hb han disminuit encara més durant el THO, tal com indica

una concentracié mitjana de 88 g/L en ambdds grups al final de la cirurgia.

Un analisi post hoc de les dades rebel-la que gairebé tots els pacients amb nivells d’"Hb
per sota de 110 g/L, han requerit de transfusié de CH (92.85% en el grup intervencio i
94.34% en el grup control). En canvi, només aproximadament el 40% de pacients amb

nivells d’"Hb superiors a 110 g/L han requerit de transfusié de CH.

Paral-lelament, s’"ha observat que el nivell de fibrinogen plasmatic i el valor de MCF del
test FIBTEM, han disminuit en ambdds grups. Aquest fet indica un consum de fibrinogen
malgrat la reposicidé de fibrinogen complint I'objectiu A1OFIBTEM assignat de forma
aleatoria. La disminucid més pronunciada s’ha produit a la fase de reperfusid. Cal
recordar que en la fase de reperfusié es produeixen diversos esdeveniments: retorn a la
normalitat de la circulacié esplancnica, alliberacid del liquid de rentat i de substancies
del nou empelt, alteracions de la coagulacié o I’lhemodilucio, que podria explicar aquesta
disminucio en aquest punt del THO. Com a resultat, gairebé el 70% dels nostres pacients

en ambdds grups han requerit de reemplagament de fibrinogen en aquest punt.

Tot i aixi, els valors de MCF FIBTEM han estat significativament diferents entre grups

després de la primera administracié de fibrinogen (durant la reseccié hepatica), durant
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la reperfusié de 'empelt i al final del procediment. No hi ha hagut incoherencies entre
els objectius de substitucio de fibrinogen planificats i els resultats de MCF assolits durant
el procediment. Al contrari, tots dos grups han mostrat disminucions del fibrinogen
plasmatic en totes les fases del THO, fins i tot, 10 pacients del grup control (11,9%) han
arribat a una concentracié de fibrinogen plasmatic de 1 g/L o inferior a la reperfusid i

només 3 pacients (3,33%) ho han fet en el grup intervencid.

La falta de correlacidé entre la concentracio de fibrinogen plasmatic i els valors de MCF
FIBTEM després de la reperfusid s'ha informat anteriorment®*, el que podria explicar
per que les diferéncies en les troballes del MCF FIBTEM entre els grups no s’han traduit

en concentracions plasmatiques més elevades de fibrinogen.

La seqliencia d'aleatoritzacié ha assegurat que les variacions hagin afectat a tots dos
grups en tots els centres de forma similar. Aixi doncs, el coeficient de variacio per a les
mesures de fibrinogen pel meétode de Clauss utilitzat ha influit en els valors de la
concentracio de fibrinogen plasmatic de forma similar a tots els grups i centres. Si bé és
cert que el fibrinogen funcional també es pot calcular automaticament sobre la base de
la fermesa del coagul eliminant I'aportacio de les plaquetes en les proves viscoelastiques
(test FIBTEM), en pacients que sagnen durant el THO i després de la reperfusio de
I'empelt, sembla que sobreestima els valors de fibrinogen en comparacié amb els valors
calculats amb el meétode convencional de Clauss®®. Les baixes concentracions
plasmatiques de fibrinogen similars, podria explicar la manca de significacio dels

resultats entre grups.

Pocs pacients han requerit de plasma fresc i plaquetes, d'acord amb la gestio exitosa de
I"administracié d’hemoderivats guiada per tromboelastometria. També hem trobat que
MCF EXTEM, s’ha mantingut per sobre de la linia basal durant tot el procediment. El grup
intervencid ha mostrat uns valors de mitja de MCF EXTEM més alts en totes les fases del

THO, fins i tot quan s’ha registrat un recompte de plaguetes més baix.

Els valors més alts de MCF es podrien explicar per la major quantitat de concentrat de
fibrinogen administrat en aquests pacients per assolir I'objectiu A10FIBTEM 11 mm.

Hem observat una lleugera tendéncia a administrar més plaquetes al grup control
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durant la fase de reseccid hepatica, moment en que és esperable un augment del sagnat;

tanmateix, la diferéncia no ha estat significativa.

El sagnat difus continu, resultat de la fibrinolisi que pot ser detectat per
tromboelastometria i requereix de I'administracié d’acid tranexamic, també ha estat
similar en ambdos grups, d'acord a informes anteriors(®3°%), Tanmateix, un analisi post
hoc de les dades ha mostrat que, després de I'ajust per a la puntuacié MELD, el RR per
a la infusid d'acid tranexamic en relacié amb la linia basal d’A10FIBTEM i la concentracid
basal de fibrinogen, ha estat de 0.77 (IC 95%, 0.60 — 0.97) i de 0.59 (IC 95%, 0.43 — 0.78)
en grup control i grup intervencid respectivament, indicant I'avantatge de corregir els

valors d’A10FIBTEM i concentracio de fibrinogen baixos.

La suplementacio de fibrinogen per mantenir A1IOFIBTEM a 11 mm, ha augmentat el
substrat disponible per a la generacid de fibrina respecte al que ofereix I'Us estandard
dels nostres hospitals (A1OFIBTEM objectiu de 8 mm). Si bé és cert que podria
augmentar potencialment el risc de trombosi vascular en el grup intervencio, no hem
observat més esdeveniments tromboembolics al grup intervencid, donant suport a la
seguretat de I'objectiu de 11 mm. La proporcié d'aquests esdeveniments s’ha mantingut
al voltant del 4% en ambdds grups, coherent amb estudis anteriors i un gran programa

de vigilancial®357.58),

En quant a la procedencia de I'empelt, significativament menys pacients del grup
intervencié han rebut empelts de donants de mort cardiaca controlada (cDCD), el que
podria contribuir al biaix dels nostres resultats. No obstant aixo, un estudi recent d'unes
séries retrospectives consecutives, han demostrat la no inferioritat de donacié en mort

cardiaca pel que fa als requisits de transfusié de CH i a I'aparicié de la SPR(®?),

La qualitat de 'empelt hepatic també s'ha relacionat amb els temps d'isquémia®®. No
obstant aixo, els temps d'isquémia han estat similars en els nostres grups d'estudi i no

haurien influit en la interpretacio dels resultats.
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Hores de Ventilacid Mecanica Invasiva

Fruit dels resultats del present treball, també s’ha tractat d’identificar factors de risc
modificables a nivell preoperatori, intraoperatorii postoperatori, relacionats amb la VMI
perllongada. A nivell preoperatori, no s’han trobat factors de risc respiratoris o cardiacs
rellevants. En un estudi previ, que ha avaluat factors de risc per predir la insuficiencia
respiratoria postoperatoria en cirurgia no cardiaca, s’ha associat a una VMI perllongada
alguns factors preoperatoris com I'edat (>60 anys), un baix nivell d’albumina, fracas
renal previ i historia prévia de Malaltia Pulmonar Obstructiva Cronica (MPOC), totique

no incloia pacients sotmesos a THO®%),

La gravetat de la malaltia hepatica, basada en la puntuacié MELD preoperatoria, ha estat
el principal factor de risc associat a VMI perllongada i per tant, d’extubacié tardana. Es
tracta pero, d’un factor de risc no modificable que es corrobora amb informes
anteriors(®2%3), Tots els pacients que han precisat de VMI perllongada en la nostra série,
tenien puntuacions de MELD > 23. Aix0 concorda amb un estudi recent en el que una
puntuacié de MELD > 22 s’ha associat a VMI perllongada®. No obstant, en aquest
estudi, el bypass veno-vends, s’ha utilitzat en el 20% dels pacients i ha estat un factor de
risc de VMI perllongada, mentre que en el nostre estudi, els pacients s’han tractat amb
preservacio de vena cava, i només 4 pacients (2.27%) han requerit de la utilitzacio de

bypass veno-vends.

Un estudi que ha avaluat un gran nombre de variables preoperatories i intraoperatories,
per tal de seleccionar factors de risc de VMI perllongada, ha determinat que pacients
amb un patré respiratori restrictiu, un MELD pre THO elevat i I'Us de bypass veno-vends

s6n factors de risc de VMI perllongada‘®®).

En un estudi previ, s’ha desenvolupat una férmula per predir els pacients que es
beneficiarien d’una extubacié precog(®?. Dins d’aquesta, s’estableix un valor de MELD
</=12 en I'equacid, i s’ha utilitzat per estratificar als pacients per a una extubacié molt
precoc (< 3h post THO). Al igual que en un altre estudi, on s’ha generat una féormula per
decidir el desti del pacient a la finalitzacié del THO, també s’ha inclos un MELD baix en
els items a tenir en compte, a part d’altres factors com per exemple I'edat, IMC,

diagnostic primari de la cirrosi hepatica, estada hospitalaria pre THO, transfusio o temps
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quirargic®®. Si un MELD elevat és factor de risc de VMI perllongada, s’entén que si es
busquen factors que permetin una extubacid precog dels pacients o criteris d’alta a la
planta quirdrgica en comptes de la UCI, com en aquests estudis, hi tingui influencia un

MELD baix.

La puntuacié mitja de MELD dels pacients inclosos en el present treball ha estat de 19,
qgue és comu en la majoria dels pacients en espera d’empelts hepatics en registres
europeus'®”). Cal tenir en compte, que a més de la diferéncia en la gravetat de la malaltia
hepatica entre els pacients del present treball i els d’aquests, no s’han dissenyat per
buscar factors modificables. El present treball, en canvi, ha generat riscs relatius

separats de tots els factors que podrien ser modificables durant la cirurgia.

Un cop ajustat el model per la puntuacié de MELD; només el nivell de creatinina s’ha
mantingut com a factor de risc preoperatori de VMI perllongada. Cap altra caracteristica
basal, com els parametres de la coagulacié o de la tromboelastometria, han estat
rellevants. A més, tant la sindrome hepatopulmonar com la HTP, han tingut una
distribucid similar en ambdds grups, pel que no han influenciat en I'extubacié tardana

dels pacients.

El tipus de donant no s’ha associat a VMI perllongada, el que no és sorprenent, ja que
les maquines d’oxigenacido normotérmica i hipotérmica milloren la viabilitat de I'empelt

després de la obtenci6(®8),

A nivell intraoperatori, si que s’ha trobat associacié amb alguns factors com I'us
d’hemoderivats, la SPR i I'Us d’acid tranexamic. Cal tenir en compte que després de la
reperfusid de I'empelt, el retorn de la circulacié esplancnica a la normalitat i el rentat de
la solucio de preservacio del fetge trasplantat, poden donar lloc a greus alteracions
hemodinamiques caracteristiques de la SPR que, a la vegada, poden provocar una
hemorragia quirdrgica greu i un consum elevat d'hemoderivats i acid tranexamic. Tot i
I’associacié entre I'elevada transfusio sanguinia durant el THO i la necessitat de VMI
perllongada, no s’ha pogut incloure la quantitat d’hemoderivats infosos en I'analisi de
risc relatiu, perquée I'Us d’aquests ha estat molt baix en els pacients que s’han pogut

extubar de manera precog; gairebé tots ells han rebut menys de 2CH.
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Aquestes observacions, concorden amb els informes d’altres séries retrospectives(®>79),
Aquestes troballes suggereixen la possibilitat que la SPR es pugui prevenir mitjangant
estrategies de suport vasopressor i infonent una dosi en bolus de 500 mg d'acid
tranexamic abans de la reperfusio de I'empelt per reduir la possible fibrinolisi. No

obstant aix0, es necessitaria un assaig controlat per confirmar aquesta hipotesi.

A nivell postoperatori, I’extubacié precog s’ha associat a una estancia més curta a la UCI
en el present treball, perdo no ha modificat el risc de reingrés a la UCI. No obstant, els
segons reingressos han estat per reintervencions, el que subratlla la importancia d’una

vigilancia curosa de la resposta de I'empelt a la reperfusié i de les complicacions.

Es conclou que la puntuacié MELD > 23, ’'hemorragia i la SPR sén els principals factors
associats a VMI perllongada i a estancies més perllongades a la UCI. Només I’hemorragia

intraoperatoria i la SPR, sdn potencialment modificables.

Complicacions i mortalitat

Donat que la mortalitat a 90 dies ha estat baixa (aquest esdeveniment s’ha produit en
un 2.8% dels casos), s’ha ampliat la forquilla a les complicacions catalogades com CDC
3-5, on l'estat 5, inclou la mortalitat (taula 12). En aquest estudi, les incidéncies de
complicacions greus i de FRA han estat del 27.8% i del 15.34%, respectivament. Aquests
resultats, sén similars a les troballes d’altres séries’*"74), i han proporcionat dades
suficients per explorar el RR. Si bé és cert que a la bibliografia, la incidéncia de FRA és
variable (17-95%), aquesta probablement és deguda a una falta de consens en la
definicié de FRA (augment de la creatinina plasmatica >/= 0.3 mg/dl 48h post THO,
augment de la creatinina plasmatica >/= 1.5 vegades el valor basal o diliresi < 0.5ml/kg/h
durant al menys 6 hores). En el present treball s’ha optat per utilitzar els criteris KDIGO
(Kidney Disease Improving Global Ouctomes) ja que combina criteris tant de la RIFLE
(Risk Injury, Failure, Loss and End-stage kidney disease) i la AKIN (Acute Kidney Injury

Network).
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Tant els graus CDC 3-5 com el FRA s’han associat a una concentracié basal baixa d’Hb
(valor < 95 g/L). Aixi doncs, aquestes troballes confirmen la importancia de I'anemia
preoperatoria, en consonancia amb dues series retrospectives en que I'anémia s’ha
associat a mortalitat a 90 dies i a I'any després d'haver ajustat per les puntuacions de
MELD>78), Ambdues séries han aplicat els criteris de la Organitzacié Mundial de la Salut
(OMS) per a I'anémia (< 130 g/L per als homes)”) . No obstant, en el present treball,
s’han exclos tots els pacients amb nivells d’'Hb superiors a 13 g/L perqué el que es
buscava era identificar el nivell critic associat amb les complicacions. Tota la cohort
presentava almenys un risc intermedi de transfusid, amb una concentracié mitjana d’Hb
de 93 g/L, cosa que ens ha permes identificar el valor de 95 g/L com el punt de tall en
gue els pacients podrien beneficiar-se d'una estrategia d'optimitzacié preoperatoria. La
optimitzacié de I’Hb en pacients amb malaltia hepatica és un repte clinic’®, perd va
alineat amb altres autors que suggereixen que el maneig de I'anémia preoperatoria

mereix una major consideracio(”,

Tant els estats CDC 3-5 com el FRA, s’han associat a valors elevats de TP/INR. Per contra,
no s’han associat amb cap de les variables derivades del test EXTEM o test FIBTEM.
Aquests resultats indiquen que un deficit important de sintesi hepatica, influeix en
I'aparicié de complicacions, i que el TP/INR sén més sensibles que les dades de
tromboelastometria. Fins ara, pero, els esforcos per millorar I’hemostasia i la coagulacid
basals abans del THO mitjangant I'administracié preventiva de factors de coagulacié
s'han considerat contraindicat en base al consens(®), i el present treball ha demostrat

recentment que no ofereix cap benefici(®?,

Nomeés la major durada de la intervencid quirurgica i les necessitats de CH, s’"han associat
amb els graus CDC 3-5, el que confirma les troballes d’estudis previs sobre la dificultat
quirargica®83), El diagnostic de malaltia hepatica, les comorbiditats basals del pacient,
el CIT i les lectures de la tromboelastometria durant el THO, no s’han associat als graus
CDC 3-5. Tampoc ho han fet el tipus de donant ni I'edat, el que no és sorprenent ates
gue les maquines de perfusié d'oxigenacid normotermica i hipotermica milloren
actualment la viabilitat de I'empelt després de la seva obtencié(®8728485) 3| reduir les
complicacions relacionades amb la lesié per isquéemia-reperfusié (hi ha menor dany

oxidatiu i mitocondrial el que genera menor resposta inflamatoria).
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El FRA, s’ha associat tant a la puntuacié de MELD (a major MELD major incidencia de
FRA), com amb I'IMC, fet que concorda amb les troballes d'un estudi retrospectiu
previ®), Cal tenir en compte que la obesitat no només comporta un augment del risc
potencial de sindrome metabolica, sind que a més, indueix canvis a nivell renal
(sindrome d’hiperfiltracio, hipertrofia glomerular i hiperplasia mesangial) que pot
afectar potencialment a la funcié renal en el postoperatori, tot i que préeviament el

pacient presentés una funcié renal normal.

Els nivells en el rang superior de la normalitat de sodi plasmatic preoperatori, també
s’ha associat a FRA, una observacié que concorda amb les troballes d'una altra série
retrospectival®”). Aquesta troballa podria ser deguda a que la concentracié de sodi pot
reflectir I'estat d'ompliment vascular sistemic, influenciat per I' s de farmacs diliretics,
que conduirien a valors de sodi més elevats(®). En canvi, el nivell de creatinina i I' ascites
preoperatoria no s’han associat amb FRA. Cal tenir en compte que el valor de creatinina
pot veure’s influenciat per la dieta, sobrecarrega de volum, massa muscular corporal i
funcio hepatica. Els pacients cirrotics, a diferencia dels individus sans, poden presentar
acumulacié de liquid que podria emmascarar I'augment de la creatinina, subestimant la
gravetat del FRA. La creatinina basal preoperatoria també s’ha de tenir en compte. Per
exemple, si es selecciona el valor de creatinina immediatament post administracié de
liquids o si es compara la creatinina del periode postoperatori, on s’ha produit

I’administracié massiva de liquids, amb la basal, podria conduir a infradiagnostics.

La prevalenca de la sindrome hepatorrenal (SHR) en candidats a THO és actualment
baixa (les principals causes de FRA sén la hipovolémia i la necrosi tubular aguda), en
relacio amb la instauracié de tractament preco¢ amb vasoconstrictors i a la reposicid
amb albumina en pacients amb ascites; la qual també esta recomanada durant el

THO®9),

Les variables intraoperatories associades a FRA en I'analisi no ajustat per MELD , s’han
registrat principalment durant la reperfusié de I'empelt (per exemple, I'aparicio de SPR
i hemorragia massiva que ha requerit acid tranexamic). No obstant aix0, després
d’ajustar-ho, I'associaci6 no ha estat significativa. La importancia d’aquests
esdeveniments intraoperatoris, s’ha reportat en una gran revisié sistematica de factors

de risc modificables de FRA. Factors com la hipotensio, el sagnat, |’Us de vasopressors,
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la transfusi6 de CH massiva i la SPR, s’han associat a augment del risc de FRA,
probablement degut a que tots aquests factors comporten una disminucié del flux

sanguini renal amb hipoxia tissular renal associada(®®.

S’arriba a la conclusio que el déficit de sintesi hepatica, I'anémia preoperatoria i el volum
de CH transfosos, sén els factors que influeixen en les principals complicacions

reflectides a I'estat CDC 3-5 i en el desenvolupament de FRA després del THO.

Fortaleses i limitacions de I'estudi

Fortaleses

El present treball és I'Unic assaig clinic aleatoritzat complet que avalua I'eficacia d'una

estrategia de reposicié de fibrinogen duta a terme durant tot el procediment del THO.

A més, la participacio de 3 hospitals amb un alt volum de THO, comporta que tinguin
gran experiéncia en el camp i permet que sigui un estudi multicéntric, el que ajuda a que

els resultats obtinguts tinguin un major impacte, major qualitat i rellevancia cientifica.

S’ha complert el reclutament de pacients en el periode de temps establert, tenint en
compte el context de la pandémia de COVID-19 i lI'impacte que va tenir amb els

programes de trasplantament.

L’elevat compliment dels protocols establerts, ha permes aportar fortalesa als resultats

i evitar el biaix de tractament entre centres.

La supervisid de la qualitat de les dades per un comité extern independent ha permes
assegurar que |'estudi, es dugui a terme d’acord a les normes de Bona Practica Clinica,
assegurar que la recollida de dades sigui precisa, completa i verificable a partir dels
documents font, assegurar que s’hagin obtingut els consentiments informats de tots els
pacients participants abans de la seva inclusio a I'assaig, revisar que els esdeveniments
adversos s’hagin recollit correctament al CRD i que s’hagin notificat els esdeveniments

adversos greus en els temps requerits.
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Limitacions

La mida de la mostra de pacients, ha pogut ser una limitacid, pero esta relacionada amb

les exclusions necessaries durant I'estudi(®?).

De tots els procediments de THO realitzats als 3 hospitals durant el periode de |'assaig,
s’han exclos 31 pacients (al voltant del 10% de tots els THO realitzats durant el periode
de I'assaig) perque els pacients presentaven insuficiencia hepatica aguda sobre cronica
o estaven en tractament amb anticoagulacid. 5 d'aquests pacients exclosos han mort
(16.1%), a causa d'una descompensacio aguda de causa neurologica, respiratoria o renal
ja present abans del THO. La importancia d'aquestes complicacions és que, depenent
del grau d’insuficiéncia hepatica, sén la principal causa de mortalitat en els pacients d’alt

risc que es troben en llista d’espera de THO9),

També s’han exclos 93 pacients amb nivells d'hemoglobina > 130 g/L, per tal d'evitar
incloure una cohort amb baix risc de requerir transfusions i que, en conseqiiéncia,
representés un baix risc de mortalitat i de complicacions. En aquests pacients exclosos,
la mortalitat a 90 dies ha estat del 2.15%; les 2 morts s’han relacionat amb la viabilitat

de I'empelt del donant i amb esdeveniments quirdrgics importants.

Amb aquestes exclusions (pacients de baix i d’alt risc), la série recopilada es composa de
pacients de risc intermedi i per tant, representen la majoria dels pacients que esperen
empelts hepatics en els registres europeus, on la puntuacido de MELD mitjana és de 18.7

i només el 10% es classifiquen com a urgents(®7.°1),

Una altra possible limitacio del treball ha estat que els “kits” d'infusié de fibrinogen no
han estat emmascarats en els departaments de farmacia dels hospitals participants.
Perd aquest era un aspecte necessari per a la reposicié de fibrinogen en base als valors
d’A10FIBTEM al llarg del THO. Per mantenir I'emmascarament, la infermera quirargica
responsable de llegir els valors d’A10FIBTEM i preparar els “kits”, ha treballat en una
sala adjacent allunyada del quirofan, on estaven presents el cirurgia i I'anestesioleg. Aixi,
aquests podien romandre cecs a l'assignacié de grup durant el THO i en les 24 hores
seglients, aixi com durant |'analisi de les dades. A més, no hi ha hagut incoheréncies
entre els objectius que han guiat la reposicié de fibrinogen i els valors reals de MCF i les

concentracions plasmatiques de fibrinogen plasmatic assolits durant el procediment.

95



Estrategia Transfusional guiada per Tromboelastograma en el Trasplantament Hepatic Marta Caballero Milan

Perspectives futures

Els pilars basics del programa PBM son:

1. Optimitzacié del volum sanguini.
2. Minimitzacio de I’hemorragia.

3. Optimitzacié de la tolerancia a I’'anémia.

En aquest estudi, s’ha intentat minimitzar la pérdua sanguinia optimitzant I’hemostasia,
objectius que anirien alineats amb els del programa PBM. Es cert que faltaria haver pres
mesures per millorar la concentracié d’Hb abans del THO, pero s’ha de tenir en compte
que la optimitzacié de I’'Hb en pacients amb malaltia hepatica és clinicament dificil.
Tanmateix, donat I'impacte de la concentracid inicial d’'Hb en els requisits de CH que
s’ha observat tant en el present treball com en d’altres, mereix atencid en investigacions
futures i suggereixen un punt de partida per provar la viabilitat de les estratégies abans

de passar possiblement a un assaig aleatoritzat.

L’aneémia s’ha relacionat en el present treball com a factor de risc de complicacions
perioperatories tals com la necessitat de major transfusio d’hemoderivats a
I'intraoperatori, augment del FRA en el postoperatori i d’altres complicacions
catalogades com a CDC 3-5. Aixo posa de manifest, que tot i les dificultats per corregir
I’anémia preoperatoria dels pacients en llista de THO (la causa sovint és multifactorial),
identificar i tractar aquells que es podrien beneficiar de I'optimitzacié preoperatoria de
I’'Hb, podria reduir el consum de components sanguinis i millorar els resultats del

trasplantament en un assaig controlat aleatoritzat.

També hem relacionat que el SPR pot tenir impacte en els resultats a curt termini en
pacients sotmesos a THO. Per tal d’intentar millorar els resultats, hauriem de dissenyar
assaigs per explorar estratégies de suport amb vasopressors per prevenir la inestabilitat

hemodinamica i intervencions per prevenir la fibrinolisi abans de la reperfusio.
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Conclusions

1. La utilitzacid d'un objectiu A10FIBTEM 11 mm per guiar la substitucido de
fibrinogen no ha estat superior a I'objectiu estandard de 8 mm en quant a la
reduccié de les necessitats de Concentrat d’Hematies.

2. Totique l'augment de 'objectiu a 11mm ha augmentat els nivells plasmatics de
fibrinogen i del “Maximum Clot Firmness” sense afectar a la seguretat, aquest
canvi no ha aportat beneficis clinics en aquest assaig aleatoritzat i multicentric.

3. La pérdua marcada i similar de fibrinogen plasmatic durant el Trasplantament
Hepatic Ortotopic en ambdds grups, podria explicar I'abséncia de diferéencies
significatives en els resultats entre els grups.

4. L’anémias’harelacionat com el factor de risc de major transfusié d’hemoderivats
a l'intraoperatori.

5. L’anemia s’ha relacionat com el factor de risc de complicacions perioperatories.

6. Lesvariables intraoperatories durant la reperfusié de I'empelt, com l'aparicié de
la Sindrome Post Reperfusié i I’hemorragia massiva que ha requerit
I'administracio d’acid tranexamic, han determinat les complicacions
postoperatories.

7. La prevencio de la Sindrome Post Reperfusié de I'empelt, podria tenir impacte
no només en la transfusio intraoperatoria i postoperatoria, sind també en els
resultats a curt i llarg termini dels pacients sotmesos a Trasplantament Hepatic
Ortotopic.

8. La correccié de I'anémia preoperatoria dels pacients en llista de THO, podria
reduir el consum de components sanguinis i millorar els resultats del
Trasplantament Hepatic. Aixo requereix d’un assaig clinic controlat i aleatoritzat

per a la seva validacid.
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