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ABREVIATURAS

ACV: accidente cerebro vascular

ALT: alanina aminotransferasa

CEP: colangitis esclerosante primaria

CHC: carcinoma hepatocelular

CI: colangitis isquémica

CPM: canulaciéon premortem

CPRE: colangiopancreatografia retrogada endoscopica

DA: donaciodn en asistolia

DAC: donacidn en asistolia controlada

DANC: donacidn en asistolia no controlada

DME: donacidon en muerte encefalica

Donante DAC: donante en asistolia controlada

Donante ME: donante en muerte encefalica

DPI: disfuncién precoz del injerto

EAH: estenosis de arteria hepatica

ECMO: circulacion extracorporea con oxigenacion de membrana
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EHNA: esteatohepatitis no alcoholica

ELA: esclerosis lateral amiotrofica

EPOC: enfermedad pulmonar obstructiva cronica

ESR: extraccion superrapida

FPI: fallo primario del injerto

IMC: indice de masa corporal

ITBL: ischemic type biliary lesion, lesion isquémica de la via biliar

LTSV: limitacion terapéutica del soporte vital

IRA: Insuficiencia renal aguda

LIR: lesion por isquemia reperfusion

ME: muerte encefalica

MELD: model score for end-stage liver disease

NECMO: circulacion extracorporea con oxigenacion de membrana en normotermia

OH: alcohol

ONT: Organizacion Nacional de Trasplantes

PNR: perfusion normotérmica regional

PCC: parada cardiocirculatoria

Pmp: por millon de poblacion
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RMN: resonancia magnética nuclear

SPR: sindrome postreperfusion

TAH: trombosis de arteria hepatica

TAS: tension arterial sistolica

TCE: traumatismo craneoencefalico

TH: trasplante hepatico

TIC: tiempo de isquemia caliente

TICF: tiempo de isquemia caliente funcional

TICT: tiempo de isquemia caliente total

TIF: tiempo de isquemia fria

UCI: unidad de cuidados intensivos

UK: Reino Unido

VHC: virus hepatitis C

VHB: virus hepatitis B

VIH: virus de inmunodeficiencia humana.
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Introduccion

1. INTRODUCCION

El trasplante hepatico (TH) supone la tinica opcion terapéutica de aquellos pacientes que
desarrollan insuficiencia hepatica fulminante que no responde a tratamiento médico,
independientemente de la causa que la produzca, siendo a su vez la mejor alternativa de
tratamiento de ciertas enfermedades como la hepatopatia cronica avanzada y algunos
tumores hepaticos. En los ultimos afios se estan desarrollando otras nuevas potenciales
indicaciones, muchas de ellas atin en estudio, en las que el TH podria tener un papel
terapéutico oncoldgico incluso con intencidon curativa. Es el caso del colangiocarcinoma
tanto intra como extrahepatico y las metastasis hepaticas de origen endocrino y/o colorectal,
que pueden considerarse indicaciones para el trasplante hepatico en pacientes muy

seleccionados y bajo estrictos criterios. !

A pesar de los claros beneficios demostrados del TH, este sigue siendo un tratamiento mas
o menos restringido seglin los diferentes paises, debido en parte a que la puesta en marcha
de unidades de trasplante conlleva un gran esfuerzo econdémico y logistico; pero sin duda, es
la limitacion de organos disponibles la mayor dificultad a la que se enfrentan estos
programas. De hecho, es esta limitacion la que, de forma directa, regula la actividad
trasplantadora de las diferentes unidades y, de forma indirecta, la capacidad de indicacion
de TH de estas. De forma figurada, si dispusiéramos de un nimero ilimitado de 6rganos,
probablemente el TH podria indicarse en otras multiples enfermedades como forma de

tratamiento incluso oncologico, beneficiando a un numero mayor de pacientes.

Aunque hemos de aceptar que el numero de 6rganos disponible es limitado, también
sabemos que disponemos de un importante margen de mejora para aumentar esta
disponibilidad, tal y como nos ha demostrado la historia de la donacion de érganos y del

trasplante. De hecho, y a pesar de todas estas limitaciones, en los ultimos afios hemos visto
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una rapida y progresiva generalizacion del trasplante de 6rganos solidos, fundamentalmente
en los paises desarrollados, que ha permitido realizar mas de 31.000 trasplantes hepaticos
en 2020 a nivel mundial, con injertos procedentes de mas de 36.000 donantes cadavéricos
validos*. Sin embargo, la historia del trasplante de drganos solidos es relativamente reciente
y no hace tanto tiempo que los cirujanos discutian el futuro de estas técnicas, en ese momento

consideradas experimentales.

1.1 Historia del trasplante

Los primeros trasplantes de 6rganos solidos se realizaron en rifiones debido a la menor
complejidad técnica del trasplante renal y a la mayor resistencia de este érgano a la isquemia.
El primer homotrasplante renal fue realizado en 1933 por el Dr. Voronoy en Ukrania®. El
donante era ABO incompatible con el receptor y los riflones fueron extraidos 6 horas después
de la defuncion del donante. En ese momento, poco se sabia de la importancia de la
incompatibilidad de grupos sanguineos y de los tiempos de isquemia de los 6rganos, y el
injerto nunca funciond. A pesar de ello, esta experiencia puso de manifiesto el creciente
interés en este tema que el mundo de la medicina estaba desarrollando a nivel mundial. De
hecho, tuvieron que pasar 20 afios para que en 1953 se publicaran los resultados de la
primera serie de nueve trasplantes renales, la mayor parte de ellos procedentes de donantes
fallecidos por parada cardiocirculatoria (PCC)S. A pesar de que atn no se disponian de
tratamientos efectivos contra el rechazo, estos injertos sobrevivieron varias semanas, aunque

finalmente la supervivencia de ninguno de los receptores superd los dos meses.

La historia del trasplante hepatico comienzé en 1963 cuando el grupo de Starzl realizé el

primer trasplante hepatico en Denver-Colorado, en un nifio de tres afios con atresia de las
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vias biliares utilizando un donante en asistolia (DA)’. El paciente falleci6 en la mesa de
operaciones cuatro horas tras la reperfusion. Ese mismo afo realizaron otros dos trasplantes
hepaticos que sobrevivieron 22 y 7 dias respectivamente. Pero no es hasta 1967 cuando tiene
lugar el primer TH con supervivencia prolongada, realizado a una nifa de un ano y medio
de edad con un carcinoma hepatocelular, que sobrevivid 13 meses y fallecio por
diseminacion de la enfermedad®. Al afio siguiente, en mayo de 1968 se llevo a cabo con éxito
el primer TH en Europa, realizado por Sir Roy Calne, en la universidad de Cambridge’. Es
innegable la importante aportacion a la historia y al desarrollo del TH de los trabajos
realizados por Starzl en Estados Unidos y Calne en Reino Unido, asi como por el resto de
los grupos europeos que se fueron uniendo contemporaneamente (Hannover, Paris,...). Sus
investigaciones no solo definieron las técnicas quirurgicas para el trasplante hepatico que
ain hoy se mantienen vigentes, sino que también ayudaron en el desarrollo de medicamentos
inmunosupresores dirigidos a evitar uno de los grandes problemas relacionados con el

10-15 En este sentido, el descubrimiento de la

trasplante: el rechazo de los oOrganos
ciclosporina A en 1976 se ha considerado uno de los mayores avances que ha contribuido al
desarrollo del trasplante, dado que permiti6 alcanzar supervivencias del 30% a 5 afios del
trasplante, nunca antes logradas'®. Durante los afios ochenta y noventa se dieron importantes
progresos en la preservacion de los érganos, asi como en el manejo perioperatorio de los
pacientes trasplantados, el control de la coagulacion y el desarrollo de nuevas terapias
antibidticas para tratar las multiples complicaciones infecciosas que estos pacientes
desarrollaban!’-?2, Gracias a todos estos avances, lo que antes era considerado un tratamiento
experimental, paso a ser una alternativa terapéutica con un futuro prometedor. De hecho, en
1983 se celebro la primera reunion de consenso del National Institute of Health (Bethesda -

USA)?, en la que se presentd el TH como de utilidad terapéutica demostrada para el

tratamiento de las enfermedades hepaticas irreversibles, intratables y en estados terminales.
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En ese momento, tan solo se habian realizado en el mundo 540 TH, asociando un 20-40 %
de mortalidad en el primer mes. Ademads, se definieron las bases para el establecimiento de

los diferentes programas de trasplante.

El primer trasplante hepatico de Espana se realizé en el Hospital Universitario de Bellvitge
el 23 de febrero de 1984 por los doctores Carlos Margarit y Eduardo Jaurrieta?*. Desde
entonces, la actividad de TH se ha desarrollado de manera rapida y exponencial en todas las
comunidades de forma que, en la actualidad, disponemos de 27 centros de TH, donde se
realizan mas de 1000 TH al afio lo que supone, junto con otros paises como Portugal, Bélgica

y USA, la mayor actividad de TH mundial®® (26,5 TH pmp)(Fig.1), (Fig.2).

Fuente: Actividad de donacidn y trasplante hepdtico. Espafia 2020. Organizacion nacional de trasplantes, ONT
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Figura 1: Actividad de trasplante hepatico (nimero absoluto y pmp). Espaiia 2020. ONT?,

De forma similar hay que destacar la actividad del trasplante renal (72 pmp) y del trasplante

pulmonar (8 pmp). Esta importante actividad trasplantadora, asociada a la mayor tasa de
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donacioén de 6rganos del planeta (37,4 donantes pmp), nos convierte en un pais referente en
trasplantes, siendo responsables del 10 % de la actividad trasplantadora a nivel mundial, a

pesar de solo representar el 2 % de la poblacién® (Fig.3).

LIVER TRANSPLANTS
(all combinations included) f
Annual Rate p.m.p
2019

Figura 2: Trasplante hepatico por millon de habitantes. International Figures on Organ Donation

and Transplantation. Newsletter transplant 2020%.

En el hospital de Cruces realizamos el primer TH en febrero de 1996 y desde entonces mas

de 1600 pacientes se han beneficiado de é1%.
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50 4 49
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Figura 3: Tasa anual (pmp) de donantes de 6rganos en Espaiia y otros paises 2015-2019. ONT?*®

1.2 Evolucion historica de los donantes

En los primeros afos del trasplante la practica totalidad de los donantes provenian de
donantes a corazén parado o donantes DA fallecidos por diferentes circunstancias, a veces
incluso en el medio extra-hospitalario. Esto generaba importantes conflictos éticos entre la
comunidad cientifica del momento, tanto en relacion al concepto y diagnostico de la muerte
de los potenciales donantes, como relativas al uso de los 6rganos de estos pacientes. Por
otra parte, los resultados obtenidos con la DA no eran muy satisfactorios y el concepto de la
isquemia caliente, asociado a la DA, como factor determinante en los resultados del TH,
cobraba cada vez mas importancia. En 1968, se publicaron los Criterios de Harvard®’ (Fig.4)
que presentaban y definian el concepto de muerte encefalica (ME) como una situacion de
“coma irreversible” o muerte con corazén latiente. La ME se definia como el cese

irreversible en las funciones tanto de los hemisferios cerebrales como del tronco encefalico

8
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y fue rdpidamente aceptada como la muerte del individuo, por las legislaciones de la mayoria
de los paises occidentales. Asi, los pacientes en ME podian ser considerados como
potenciales donantes, minimizando las complejas consideraciones éticas y legales
caracteristicamente asociadas a la DA. Ademads, la ME presentaba la ventaja de que, dado
que estos pacientes tenian ya declarada la situacion de éxitus, era posible la perfusion y
preservacion directa de los drganos sin pasar por un tiempo de isquemia caliente, lo que sin
duda, constituia un beneficio para la preservacion de los injertos. Por todo ello, y a partir de
la publicacion de estos criterios, se actualizaron los protocolos de donacién-obtencion de
organos y la practica totalidad de la actividad relacionada con la obtencion de 6rganos se
centrd en los donantes en ME, que pasaron a ser el “gold standard” de la donacion?®. En este
sentido, la legislacion espafiola recoge por primera vez la posibilidad de donaciéon en ME,
en el Real Decreto 30/1979%° y posteriormente, en el Real Decreto 2070/19993°, desarrolla
especificamente el concepto de la ME y en su anexo I, recoge de forma detallada como debe

realizarse su diagnostico.

Criterios de Harvard de muerte cerebral

* Falta de receptividad y respuesta

 Ausencia de movimientos (observado por una hora)

* Apnea (3 minutos sin el respirador)

* Ausencia de reflejos (Troncoencefalicos y espinales)

* EEG isoeléctrico (“gran valor confirmatorio™)

* Excluir hipotermia (menos de 32,2°C)

 Ausencia de depresores del SNC

* Todas las pruebas deben de ser repetidas 24 horas después.

Figura 4: Criterios de Harvard de muerte cerebral®’.
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El uso de donantes en ME, ha sido también un factor clave en el desarrollo del TH, ya que
nos ha permitido obtener 6rganos con los que se han demostrado excelentes resultados
postrasplante, consiguiendo mejorar no solo la supervivencia, sino también la calidad de

vida de los receptores.

Espafia es considerado un referente mundial en donantes en ME, alcanzando cifras
superiores a los 35 donantes pmp (Fig.5). Sin duda alguna, para obtener estas tasas de
donacidén, es necesario no solo la solidaridad de las personas, sino también un sistema
sanitario solido y universal, acompanado de campafias de concienciacion ciudadana. Sin
embargo, la actividad de donacidon ha estado histéricamente siempre por detrds de la
actividad trasplantadora, condicionando un incremento en los tiempos en lista de espera para
el trasplante y como consecuencia, un empeoramiento de la situacion clinica de los
receptores y una mayor posibilidad de fallecer en lista o de ser excluidos por progresion de

la enfermedad de base.

ki NGimero wsfi==Tasa (PMP) 160 18 49 o

2500
45

2000 - 343 353
33.6 33.733.834.6 35.133 . 34.2 34.4 . 34.835,1 36

33.9 325

35
1500 - 30
25

1000 - 20

15

500 10

1993 1995 1997 1999 2001 2003 2005 2007 2009 2011 2013 2015 2017 2013 2021

Figura 5: Numero total y tasa anual (pmp) de donantes de érganos. Espaia1993-2021. ONT

2020%.
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En la figura 6 se puede observar como en 2012, casi un 6% de los pacientes en lista de espera
fallecieron sin ser trasplantados, y mas de un 13% fueron excluidos de esta, por
empeoramiento clinico o progresion de su enfermedad de base. De hecho, se trasplantaron
1016 higados en receptores adultos y a pesar de ello, 86 pacientes fallecieron en lista de
espera y 198 fueron excluidos de lista por diversas causas. Finalmente el numero de
pacientes en lista de espera al final de afio fue superior al del principio de afio, poniendo de

manifiesto la incapacidad del sistema?'. (Fig. 7).

100%
90%
80%
70%
60%
50%
40%
30%

Pacientes a final de afio

20%
10%

o 2011 | 2012 | 2013 2014 | 2015 2016 | 2017 | 2018 | 2019 | 2020
mTrasplante| 1068 1011 1036 1013 1093 1093 1199 1164 | 1149 957
M Fallecido 123 84 110 97 93 71 57 47 45 37
1 Exclusion 259 198 215 208 226 229 219 155 128 141
M Activo 592 607 632 708 756 615 420 354 357 379

Figura 6: Evolucion del estado a fin de afio de la lista de espera para trasplante hepatico.

Receptores adultos. Espaiia 2011-2020. ONT 2020%°. Modificada.

Segun la Organizacion Nacional de trasplantes (ONT), en los afios 2004-2005 se alcanzaron
las mayores tasas de donacidon conseguidas hasta el momento (35 donantes pmp) y desde

entonces, a pesar de los esfuerzos de los diferentes programas de trasplante, la tasa se ha
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mantenido constante hasta el afio 2015. A partir de el afio 2015, y gracias al establecimiento

de los programas de DA, se consigue superar los 45 donantes pmp?°(Fig.5).

RECEPTORES

01/01/2012 ADULTOS
594

- -

INCLUSIONES
durante 2012
1314

N2 TOTAL DE PACIENTES EN LISTA
DURANTE 2012

1098

EXCLUSIONES TRASPLANTES EXITUS
198 1016 86

RECEPTORES
31/12/2012

608

Figura 7: Evolucién de la lista de espera. Adultos ONT 20123'.

Es por esto, que una de las principales inquietudes de los cirujanos del TH, asi como de los
coordinadores y de todo el personal implicado en el mundo de los trasplantes, ha sido la de
aumentar el grupo de donantes disponibles, mediante la expansion de los criterios clasicos

de seleccion de los donantes y la exploracion de nuevas alternativas a la donacién en ME.
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Ademas, la seleccion de donantes también ha tenido que evolucionar y amoldarse a los
cambios que la sociedad ha ido experimentando de forma natural’’. Todo ello ha
condicionado que con el tiempo el perfil de los donantes fuese cambiando. Asi por ejemplo,
las mejoras en las medidas de seguridad vial generaron un descenso en los traumatismos
craneoencefalicos (TCE), fundamentalmente de trafico, cldsicamente asociados a donantes
jovenes. Por otra parte, aumentaron los donantes fallecidos por accidentes cerebrovasculares
(ACV), caracteristicos de pacientes mas afiosos. Una fotografia de esta evolucion se muestra
en la figura 8, que presenta como en el afio 2000 aproximadamente el 70 % de los donantes
eran menores de 60 afios y esta cifra descendio hasta el 45 % en el afio 2011, con un 55% de

donantes mayores de esa edad?. Esta tendencia se mantiene atin hoy en nuestros dias.

100%
90%
80%
70%
60%
50%
40%
30%
20%
10%

0%

2008 2009 2012 2014 | 2015

z80years | 09 | 07 | 1 12 | 1,7 | 21 2 |24 3 |37 |49 67 75|84 |89 |97 99|89 87 | 85 54 38
m70-79years| 11,3 | 127 | 13,7 | 152 | 16,5 | 16,1 | 176 | 186 | 20,2 | 21,7 | 206 | 25,7 | 22,8 | 232 | 21,2 | 225 | 226 | 21,9 | 22,6 | 23,6 | 226 | 23.7
m60-69 years| 19,2 | 204 | 19,7 | 17,5199 | 198 | 192 | 21,9209 | 195 (21,1 21,4 205|209 | 238 | 21 | 221|237 258|243 | 26,1 | 26,2
m45-59 years| 28,1 | 288 30 (28,7 30 |292| 29 | 291|287 298324 28 | 284|304 287|311 293|307 288|295|298 309
m30-44years| 17 | 16,3 155 )|16,2 14,7 | 16 | 16,7 | 16,1 | 158 148|127 12,7 /135 /108 118 /103 98 | 94 | 87 | 86 | 101 | 98
m16-29years| 186 | 17,2 15 | 162 /123 |122|123 88 | 86 67 |63 | 37 | 55| 36 | 39 |38 43 (39|34 4 4 38
m<16years | 48 | 37 | 51 |49 |48 |47 |33 | 3 |26 39| 2 19 |19 [ 27 |16 |16 | 2 14 | 21 |15 | 2 1.9

Fuente: Organizacién Nacional de Trasplantes

Figura 8: Evolucién de la edad del donante. Espafia 2000-2021.ONT 2021%,
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Aunque la edad ha sido el criterio mas ampliamente expandido, otros como los injertos con
esteatosis, incluso con cierto grado de disfuncion hepdatica sin superar unos limites
establecidos; también aquellos con el tiempo de isquemia fria prolongado o los donantes
positivos a ciertas infecciones como el VHC,VHB, VIH,... también se han aceptado como

posibles donantes.

En relacion a la busqueda de alternativas a la donacion convencional en ME, se exploraron
multiples alternativas como el donante vivo, los injertos parciales (Split), los donantes
domind y la DA, entre los mas comunes. Esta ultima, estaba ya ampliamente establecida en
otros paises con peores tasas de donaciéon en ME y en los que la necesidad de 6rganos

resultaba un problemas mas acuciante.

Todo este grupo de donantes que se alejaban del donante convencional fueron englobados
en un nuevo concepto: los donantes suboptimos, también llamados marginales o donantes
con criterios expandidos, con los que se asumia un mayor numero de complicaciones y una

3340 A pesar de considerarse marginales, su uso se extendio

menor supervivencia
rapidamente en la mayor parte de los programas de TH, dado que su incorporacion al grupo

de donantes utiles permitia mitigar de forma importante el desequilibrio donante-receptor.

La incorporacion de la DA, ampliamente establecida a partir del afio 2015 en nuestro pais,
ha permitido un aumento en el numero de trasplantes y como consecuencia un acortamiento
de las listas de espera e importantemente, una reduccion de las exclusiones y de la mortalidad

en lista®>, tal y como se muestra en la figura 9.
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100% -
90% -
80% -
70% -
60% -
50% -
40% -
30% -

Pacientes a final de afio

20% -
10% -

0% -
2011 | 2012 | 2013 | 2014 | 2015 | 2016 | 2017 | 2018 | 2019 | 2020

WTrasplante| 1068 | 1011 | 1036 | 1013 | 1093 | 1093 | 1199 | 1164 | 1149 | 957
M Fallecido 123 84 110 97 93 n 57 47 45 37
1 Exclusion | 259 198 215 208 226 229 219 155 128 141
M Activo 592 607 632 708 756 615 420 354 357 379

Figura 9: Evolucion del estado a fin de afio de la lista de espera para trasplante hepatico. Adultos.

ONT Espaiia 2011-2020%. Modificada

Multiples autores han incluido a los donantes obtenidos de la DA (tanto DANC como DAC)
dentro del grupo de donantes con criterios expandidos, independientemente de la técnica de
preservacion utilizada, y de los tiempos de isquemia resultantes, solo por el hecho de

provenir de un donante DA 374146 (Tablal).
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Tabla 1: Criterios de la donacion con criterios expandidos

Introduccion

Barshes  Nickkholgh Northup Burroughs Blok Bruzzone Feng
(2007)  (2007)* (2007)* (2009)* (2012)*  (2013)% (2014)3
7

UCI (dias) >7 DVA >5 >7 >7 -
IMC >30 >30 - Alto >30 >30
Causa de Anoxia Anoxia Anoxia
muerte ACV ACV ACV

no-TCE
Edad / >=60 >65 negro >35 > 65 >80 > 60
raza negro negro
Esteatosis > 40% > 40% Si Si
Na* >165 elevado elevado >165 mmol/L

mmol/L
Funcion ALT > 5x Bb elevada ALTy/o ALT>105U/L
hepatica normal;Bb Bb Bb >3 mg/mL
>3 mg/mL elevada
VHC/VHB +
Injerto Split Split
DA DA* DA DA
Tiempos TIF >12h TIF >12h Region
TIC > 40 al/nacio
nal
Otros Sepsis, DM, OH
drogas, tumores
tumores drogas

* asociando otro factor: > 40 afios, ACV, Anoxia, negro,...; DVA, drogas vasoactivas; Na",sodio

plasmatico; Bb, bilirrubina; TIF, tiempo de isquemia fria; TIC, tiempo de isquemia caliente; DM,
diabetes Mellitus; OH, alcohol.
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1.3 Donacion en Asistolia

La donacién en asistolia (DA) se define como la donacion de 6rganos a partir de personas
cuyo fallecimiento ha sido diagnosticado por criterios circulatorios y respiratorios. Aunque
en nuestro medio, DA es la denominacion mas ampliamente aceptada, en la bibliografia
pueden encontrarse otros multiples términos como : donacién en parada cardio-circulatoria

(donation after cardiac death) o donacién a corazén parado ( non-heart beating donation).

En la Primera Conferencia Internacional sobre la “Non Heart Beating Donation”, que tuvo
lugar en la ciudad holandesa de Maastricht en 199547, se definieron cuatro categoria de DA,
en funcion de la forma de fallecimiento. En las dos primeras categorias, denominadas DA
no controladas (DANC), la asistolia acontece de forma brusca y no esperada, incluso en el
medio extrahospitalario, sin presencia ni control médico y sin éxito tras las maniobras de
reanimacion cardiopulmonar. La DA controlada (DAC) hace referencia a las dos ultimas
categorias, en las que la asistolia se produce en un contexto hospitalario y con control
médico. En la practica clinica, la DANC hace normalmente referencia a los donantes tipo 2
de Maastricht, mientras que la DAC se refiere a los donantes tipo 3, por ser ambos los mas
frecuentes. Posteriormente, esta clasificacion fue modificada en 2011 en Madrid, para

adaptarse a nuestro medio*®(Fig.10).

Aunque en Espafia, su desarrollo mas en profundidad, se ha llevado a cabo en los ultimos 10
afios, su interés en este tema ya quedo patente en el Documento de consenso espafiol sobre
extraccion de organos de DA, que se publicé en el afio 1996, inmediatamente a continuacion

del consenso de Maastricht®. En dicho documento, se animaba a la creacion de programas
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de DANC y se establecia una moratoria para los programas de DAC. De igual manera, con la
publicacion del Real Decreto 2070/1999°°, la DANC quedaba encuadrada en este marco legal,
pero no se hacia referencia directa a la DAC e incluso indirectamente la ilegalizaba, dado que

solo hacia referencia al fracaso de la maniobras de resucitacion y no a la LTSV programada.

| | Fallecido fuera del hospital | Incluye victimas de una muerte sibita, traumética o no,
acontecida fuera del hospital que, por razones obvias, no
son resucitadas.

Il | Resucitacién infructuosa Incluye pacientes que sufren una parada cardiaca y son

sometidos a maniobras de reanimacién que resultan no
exitosas.

En esta categoria se diferencian dos subcategorias:
Il.a. Extrahospitalaria

La parada cardiaca ocurre en el ambito extrahospitalario y
es atendida por el servicio de emergencias
extrahospitalario, quien traslada al paciente al hospital con
maniobras de cardio-compresion y soporte ventilatorio.

DONACION EN ASISTOLIA
NO CONTROLADA

IL.b. Intrahospitalaria

La parada cardiaca ocurre en el ambito intrahospitalario,
siendo presenciada por el personal sanitario, con inicio
inmediato de maniobras de reanimacién.

Il [A la espera del paro |Incluye pacientes a los que se aplica limitacion del
cardiaco tratamiento de soporte vital* tras el acuerdo entre el equipo
sanitario y éste con los familiares o representantes del
enfermo.

IV | Paro cardiaco en muerte | Incluye pacientes que sufren una parada cardiaca mientras
encefélica se establece el diagnéstico de muerte enceflica o
después de haber establecido dicho diagnéstico, pero
antes de que sean llevados a quiréfano. Es probable que
primero se trate de restablecer la actividad cardiaca pero,
cuando no se consigue, puede modificarse el proceso al
de donacion en asistolia.

CONTROLADA

DONACION EN ASISTOLIA

Figura 10: Categorias de DA, segun la clasificacion de Maastricht. Tomado del documento de

consenso nacional de DA, 2012,

Es por esto, por lo que en Espaiia se desarrollaron programas de DANC en hospitales como

el Complejo Hospitalario de A Coruia, el Hospital 12 de Octubre, el Clinico San Carlos de
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Madrid y el Hospital Clinic de Barcelona. Estos programas fueron pioneros y referentes a
nivel mundial en DANC3%>2, Aunque su aportacion cuantitativa al TH en nuestro pais fue
anecdotica, no superando, en el mejor de los casos, el 2% de los TH anualmente realizados,
supuso un importante avance cualitativo en el tema de la preservacion de 6rganos en DA. Nos
ensefiaron no solo la técnica a emplear sino también, la complicada logistica que habia que
organizar. En el afio 2007, el grupo del Hospital Clinic de Barcelona present6 su protocolo de
DANC en el que mantenian y preservaban los 6rganos de los potenciales donantes mediante
un sistema de circulacion extracorporea normotérmica®®. En 2012 publicaron sus resultados,
habiendo realizado 34 TH durante 8 afios, tras haber activado 400 veces el protocolo de
DANC?3, Sus resultados ponian de manifiesto que la técnica de preservacion era factible y

los 6rganos viables, pero el sistema poco rentable y altamente complejo.

Al contrario que nosotros, en EEUU y en ciertos paises Europeos (Inglaterra, Holanda,
Bélgica,...) las legislacion existente en ellos y la falta de donantes en ME favorecio el
desarrollo de la DAC, que ya en 2015 llegd a representar hasta el 30-40% del total de la

donacion, en esos paises®*.

Con el tiempo, la politica con respecto a la DAC se ha ido modificando en Espafia, por una
parte motivada por el interés del mundo del trasplante en la utilizacion de estos donantes y
por otra parte, impulsada por el desarrollo y la creciente demanda de protocolos de “cuidados
al final de la vida” en las unidades de cuidados intensivos (UCI), en los que estaria incluido
el ofrecimiento de la donacion. Este interés queda reflejado en el Documento de Consenso
Nacional de Donacidn en Asistolia del afio 2012*, y en el nuevo Real Decreto 1723/20123°,
que entr6 en vigor en enero de 2013 y que por primera vez dio soporte legal para la obtencion

de organos de donantes DAC (Fig.11).
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DIAGNOSTICO DE MUERTE POR CRITERIOS CIRCULATORIOS Y
RESPIRATORIOS

1. Constatacion de forma inequivoca de ausencia de circulacion y de ausencia de
respiracion espontanea, durante un periodo no inferior a cinco minutos.

2. Se cumple una de las siguientes condiciones:
1. Se han aplicado, durante un periodo de tiempo adecuado, maniobras de

reanimacion cardiopulmonar avanzada, que han resultado
infructuosas. Cobertura a la DANC

2. No se considera indicada la realizacion de maniobras de reanimacion
cardiopulmonar en base a razones médica y éticamente justificables.
Cobertura a la DAC

3. La ausencia de circulacion se demostrard mediante la presencia de al menos uno
de los siguientes hallazgos:

1. Asistolia en un trazado electrocardiogréafico continuo.

2. Ausencia de flujo sanguineo en la monitorizacion invasiva de la presion
arterial.

3. Ausencia de flujo adrtico en un ecocardiograma.

4. Podra utilizarse cualquier otra prueba instrumental que acredite absoluta
garantia diagnostica.

Figura 11: Adaptado de el Real Decreto 1723/2012 de 28 de diciembre™.

1.4 Consideraciones éticas de la DAC

La donacion de organos en general y mas particularmente la DAC genera una serie de

cuestiones €ticas que es importante analizar y mencionar.

La donacion de organos se basa principalmente en la solidaridad como principio social

respetando siempre el derecho a la autonomia de los donantes. A diferencia del donante en
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ME, el donante DAC es un paciente que atin no ha fallecido y al que, dado su mal pronostico,
se le va a realizar una limitacion terapéutica del soporte vital (LTSV), como parte del
conjunto de cuidados destinados al final de la vida. Si tenemos en cuenta la regla bésica de
la donacién “death donor rule”, un paciente no puede ser considerado donante hasta que se
ha determinado medicamente su fallecimiento®. Este hecho, a diferencia de lo que ocurre
con los donantes en ME, determina la complejidad y especial logistica de los donantes DAC,
que no pueden ser considerados donantes hasta que han fallecido después de la LTSV. Como
sabemos, durante el proceso de fallecimiento los 6rganos se deterioran y con la idea de
mejorar la preservacion y posterior funcionalidad de estos, el donante y/o sus familiares
aceptan el que sea sometido a un conjunto de procedimientos encaminados exclusivamente
al mantenimiento y preservacion de dichos organos, como es el caso de la canulacion
premorten y la heparinizacion previa a la LTSV. Por todo ello , adquiere especial importancia
el respeto a los principios bioéticos y a los derechos fundamentales de la persona. Hay que
tener en cuenta que, por una parte, el sistema tiene éticamente la obligacion de promocionar
los intereses individuales del paciente (principio de beneficencia) y que se le ofrezca la
posibilidad de donar, asi como a que se respeten sus decisiones y opciones personales
(principio de autonomia) y ser el mismo, o sus allegados, los que puedan decidir si ser
donante o no. Pero por otra parte, dados los procedimientos a los que hay que someterle en
vida, es imprescindible defender la integridad del donante como ser humano que es,
basandose en el primum non nocere (principio de no maleficencia)’’->%. Establecer un justo
equilibrio entre todos estos principios no es sencillo y atin hoy en dia genera un intenso
debate entre los especialistas en bioética. Por todo ello, y teniendo en cuenta las
consideraciones anteriormente mencionadas, se considera potencial donante DAC a
cualquier paciente ingresado en el hospital con una patologia de mal pronostico en el que los

familiares conjuntamente con los médicos directamente encargados de su mantenimiento,
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han decidido realizar una LTSV. Es importante destacar que la decision de la LTSV ha de
basarse en criterios estrictamente médicos y protocolos de extubacion terminal y debe ser
consensuada con la familia. A la hora de realizar la LTSV, el Documento de Consenso de la
ONT de 2012 recomienda basarse en las “recomendaciones de tratamiento al final de la vida
del paciente critico” realizadas por el grupo de Bioética de la SEMICYUC. ‘Ademas, la
LTSV ha de ser siempre independiente y previa a la decision de donar. Finalmente, el
proceso de la donacion serd llevado a cabo por el equipo de coordinadores del Hospital,
segun sus protocolos y sin interferencia alguna por parte de los especialistas implicados en

el proceso de extraccion y trasplante.

Hay que tener en cuenta que, dado que la DAC tiene cldsicamente una efectividad
significativamente inferior a la donacion en ME, fundamentalmente en cuanto a la tasa de
utilizacion de donantes y 6rganos, no se considera una alternativa a la ME y solo se plantea
cuando no sea esperable dicha evolucion. Por lo tanto, la mayoria de los donantes seran
pacientes con lesiones intracraneales graves de mal prondstico, en los que no se prevea la
evolucion a ME, pacientes con patologias médicas (respiratorias, cardioldgicas...) con

pronostico desfavorable y enfermedades neurodegenerativas en fases terminales.

1.5 Técnicas de preservacion del injerto hepatico en el donante DAC

Como hemos comentado, para poder preservar y/o extraer 6rganos de un donante DAC es
necesario que este se encuentre en PCC. Durante este tiempo, asi como durante el tiempo en
el que se produce la PCC tras LTSV, los 6rganos estan necesariamente sometidos a la
isquemia caliente. Es por eso, que las técnicas de preservacion de drganos adquieren especial

importancia en la DAC y es que, ademas de preservar los 6rganos, tienen la finalidad de
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intentar reducir al minimo ese tiempo de isquemia caliente, atenuando la lesion por isquemia

reperfusion (LIR).

Las técnicas que se han descrito para la preservacion de injertos DAC son las siguientes:

1.5.1 Técnica de extraccion superrapida

La técnica de extraccion superrapida (ESR), consiste en la realizacion de una laparotomia
lo mas rapidamente posible y posterior canulacion y perfusion de los 6rganos con solucion
de preservacion fria, reduciendo los tiempos al minimo. Fue descrita por el grupo de
Pittsburg en 1995 y desde entonces se ha convertido en la técnica de eleccion para la

preservacion de drganos DAC y por lo tanto, la mas ampliamente extendida a nivel mundial.

Hasta el afio 2011, casi la totalidad de las experiencias y resultados publicados con la DAC,
fueron con esta técnica. Sin embargo, los resultados postrasplante presentados eran muy
inferiores a los conseguidos con los donantes ME. El uso de esta técnica se asociaba a un
incremento de complicaciones como la disfuncién precoz del injerto (DPI), la trombosis
arterial (TAH) y en general, todas las complicaciones biliares®!. Dentro de estas tltimas,
fundamentalmente se relacionaba con el desarrollo de colangiopatia isquémica (CI), una
complicacién casi exclusivamente asociada a la DA y que en algunas series se presentaba

hasta en mas de un 40 % de los casos®>%3

. Como consecuencia de todas estas complicaciones,
se generaba un incremento en ingresos hospitalarios y procedimientos invasivos en los
receptores y finalmente una menor supervivencia del injerto, con la consiguiente necesidad

64-67

de retrasplante o el fallecimiento del paciente®*°’. Aunque con el tiempo y la adquisicion de

experiencia por los diferentes grupos de trasplante, los resultados de la DA mejoraron®,
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siguieron manteniendo cifras de CI elevadas y resultados inferiores a los de la ME®. Es por

todo ello que los donantes DAC se englobaron en la categoria de donantes suboptimos?’.

En nuestro pais, en sus inicios también esta fue la técnica de eleccion para la
preservacion/perfusion de 6rganos en DA, pero en los ultimos afios ha sido sustituida por la

perfusiéon normotérmica regional (PNR)®!(Fig.12).

M Superrapida LiDoble Balon M PAH M PAN
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90%
80%
70%
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2012 2013 2014 2015 2016 2017 2018 2019 4%

Figura 12: Tipo de técnica de preservacion regional abdominal-extraccion. Donacion en asistolia

Maastricht tipo I11. Espafia 2012-2020. ONT 2020°'.

1.5.2 Perfusién normotérmica regional.

La PNR consiste en la conexion de un donante a un circuito de circulacion extracorpérea con
membrana de oxigenacion ( ECMO, extracorporeal membrane oxygenation), tras la declaracion
del éxitus y el mantenimiento en circulacion normotérmica (37°C, NECMO) (Fig.13). Tras un

tiempo determinado de funcionamiento del circuito de normotermia, los Oérganos son

24



Introduccion

perfundidos con solucidon de preservacion fria y almacenados en frio (4°C). La conexion del
sistema puede realizarse mediante la canulacion previa al éxitus del donante (canulacion
premortem, CPM), ayudando a minimizar el tiempo de isquemia caliente, o mediante una

canulacion rapida postmortem.

—
T l —(___) Heparin

pump® Oxygenator
Drain TubeE \ — =

Balloon

Figura 13: Esquema de funcionamiento de la PNR. Tomado de Talbot D. Organ donation and

transplantation after cardiac death. 1° edicion. United States: Oxford University press, 2009.

ISBN 978-0-19-921733-5.

Como ya hemos comentado previamente, esta técnica fue inicialmente desarrollada para el

mantenimiento y la preservacion de organos en los DANC y posteriormente se aplico a la

DAC50-53’70.
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La PNR tiene la ventaja de que aparte de preservar los 6rganos, es capaz de minimizar la lesion
por isquemia caliente que sufren los injertos durante el periodo de PCC e incluso, reparar los

tejidos de dicha lesion, reduciendo la LIR y mejorando los resultados postrasplante.

Ademas, con el uso de la PNR y la asociacion de CPM se han evidenciado otras ventajas como
el acortamiento de los tiempos de isquemia caliente (Fig.14) y otras, que se discutiran

posteriormente en esta tesis.

La PNR en la actualidad, es la técnica mas ampliamente usada en nuestro pais para la

preservacion de higados en los donantes DAC (Fig.15) y en nuestro hospital, es la tinica técnica

que hemos utilizado desde el inicio del programa en 2015772,

* Técnica de extraccion superrapida. Hipoperfusion:
TAS <60 mm Hg
menfesnfenfesnfenfe——) :x1rACCION
z _J; E 5 min ? g §
. 'g § E Extraccion E 2
o 5 s &
E—E =4
s t. isq caliente &
* PNR con precanulacion
ebeslenbeenbelam ¢ xrAcclON
g z .g- 2 5 min E: f_,?
:T ) 'E é ; PNR_Extraccion g
g: = 5 zm S
" 2. e—F 3
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Figura 14: Comparacion de las técnicas de extraccion- preservacion en el donante DAC

(Elaboracion propia).
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Figura 15: Evolucion cuantitativa de las técnicas de extraccion-preservacion de los donantes

DAC en Espaiia, desde 2012. ONT 2020°'.

1.5.3 Perfusidn fria in situ con canulacién de arteria y vena femorales

Consiste en la realizacion de una CPM vy posterior perfusion de los 6rganos abdominales

con solucion de preservacion fria y oxigenada mediante una membrana de oxigenacion’.

1.5.4 Perfusidn in-situ con catéter de doble baldn v triple luz.

Consiste en la exanguinacion del donante y posterior perfusion y recirculacion de los
organos abdominales con solucion de preservacion fria. Para ello es necesario una bomba de
propulsion y generar un circuito cerrado de recirculacion mediante el catéter de doble

balon’.

27



Introduccion

Thoracic balloon

Celiac trunk

Renal arteries|

Superior and inferior
mesenteric artery

DBTL catheter Abdominal balloon

Foley catheter,

W]

Figura 16: Sistema de perfusion con doble baléon. Tomado de Talbot D. Organ donation
and transplantation after cardiac death.1® edicion. United States: Oxford University

press, 2009. ISBN 978-0-19-9217335

Con estas dos ultimas técnicas no existe experiencia ni evidencia para la preservacion de

higados, por lo que se utilizan casi exclusivamente para la obtencion de rifiones.

1.6 Lesion por isquemia reperfusion

El fenémeno de la LIR hace referencia a la lesion celular y molecular que se produce en un
organo, en este caso en el higado, cuando es reperfundido con sangre tras haber sido privado
del flujo vascular y en consecuencia del oxigeno, durante un tiempo determinado. Por lo
tanto, no es exclusivo del trasplante ya que también se presenta en las resecciones hepaticas

con clampaje vascular y en las diferentes situaciones que llevan a un estado de shock’.
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Conocer algo de su fisiopatologia en el TH es importante para entender las complicaciones
asociadas a los donantes DAC, y el papel que pueden jugar los diferentes métodos de

preservacion.

Como consecuencia de una lesion isquémica en el higado se ponen en marcha una serie de
mecanismos moleculares, tanto en los hepatocitos como en las células endoteliales, que van
a alterar la estructura y el metabolismo celular, pudiendo generar una lesion irreversible en

el drgano.

Las principales consecuencias, a nivel celular, de la lesion isquémica se resumen a

continuacion (Fig.17)7475:76;

- Activacion del metabolismo anaerobio intracelular con aumento de produccion de acido

lactico y alteraciones en el pH intracelular.

- Pardlisis de la Na-K ATPasa alterando los niveles eléctricos transmembrana y

favoreciendo el acumulo de Na*y el edema intra-celular.

- Parélisis de la bomba de membrana del ion Ca* generando una sobrecarga intracelular

que altera el citoesqueleto celular y favorece la lesion mitocondrial.

- Inhibicion del proceso de fosforilacion oxidativa mitocondrial con la subsiguiente

reduccion en la sintesis del ATP.

Sin embargo, la principal lesion celular se produce durante el periodo de reperfusion, cuando

se restablece el aporte de Oz y de elementos sanguineos.
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Figura 17: Fisiopatologia de la lesién por isquemia-reperfusion hepatica. Tomado de Guan LY.

En la fase mas precoz de la LIR se produce la activacion de las células de Kuppfer y como
consecuencia una reaccion inflamatoria mediada por el sistema del complemento y la
activacion de los linfocito T CD-4. Mas tardiamente, es caracteristico la infiltraciéon masiva
de neutrofilos que alcanza su pico méximo en 18 — 24 horas tras la reperfusion. Estos
neutro6filos activados liberan radicales de oxigeno y proteasas, causantes ambos del estrés
oxidativo y de la lesion hepatocelular.

Las consecuencias clinicas de la LIR son mas importantes en los donantes DAC, dado que
ademads de sufrir isquemia fria, como ya hemos comentado, llevan implicitamente asociado
un tiempo de isquemia caliente (TIC), empeorando la LIR. Aunque la LIR se considera la
causante de la disfuncion precoz del injerto y del desarrollo de lesiones isquémicas de la via

biliar entre otros, su efecto en el postrasplante puede ser muy variable, pudiendo pasar desde
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casi desapercibido hasta generar un fallo primario del injerto (FPI) con necesidad de
retrasplante urgente o un fallo multiorganico’7’.

Por ultimo hay que destacar que multiples estudios experimentales han demostrado una

disminucién de la LIR y sus consecuencias, mediante la utilizacion de la PNR3-80,

1.7 Colangiopatia isquémica

La CI hace referencia a la lesion postrasplante de la via biliar que se manifiesta
radiologicamente en forma de estenosis difusas del arbol biliar. Aunque radiologica y
clinicamente esta complicacion puede desarrollarse tras el TH con donantes en ME en
diversas circunstancias como la estenosis-trombosis de la arteria hepatica o la
incompatibilidad ABO, tras el TH con donantes DA es frecuente que se desarrolle ““ a priori”
sin estos factores de riesgo asociados. La relacion entre la Cl y los donantes en DA fue por
primera vez descrita por Abt et al. en 2003%. Desde entonces ha recibido multiples
denominaciones, aunque lo mas frecuente es que se encuentre como CI (IC Ischemic

cholangiopathy) o lesiones isquémicas de la via biliar (ITBL, ischemic type biliary lesions).

Aunque no hay un consenso claro de su definicion la mayoria de autores y guias clinicas

practicas la definen como®%#3:

e La presencia de estenosis difusas no anastomoticas.

e Desarrolladas durante el primer afio tras el TH.

e Demostradas radiologicamente ( colangiografia transparietal, colangiografia retrograda
endoscopica (CPRE), resonancia magnética nuclear (RMN) o colangiografia trans-

Kehr)
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e En ausencia de otros factores de riesgo asociados como la TAH o estenosis severa de la

arteria hepatica (EAH).

La importancia de la CI reside en que se ha considerado el “talon de Aquiles” del TH con
donante DA y por lo tanto, el area mas vulnerable donde se centran la mayoria de las
complicaciones del TH. De hecho, esta complicacion se describia en hasta mas del 40 % de
los TH con DA, en las primeras series publicadas®?. Aunque con la experiencia, estas cifras
han descendido a niveles mas tolerables (10-15%), la CI sigue siendo causa importante
morbimortalidad postrasplante y justifica, en gran medida, la menor supervivencia del injerto

que se atribuye a estos donantes®468:34-86,

Radioldgicamente, seglin el grado de afectacion y severidad se distinguen 4 subtipos de CI¥,

que se asocian directamente a un mejor o peor pronostico®’*°(Fig.18):

e Necrosis difusa

Estenosis difusa de la via biliar intrahepatica con irregularidades, defectos y perdida de
continuidad de la via biliar. Suele presentarse precozmente (menos de 2 meses) y el tinico

tratamiento es el retrasplante.

e Multifocal bilateral progresiva

Estenosis difusas de caracter leve moderado que progresan en el tiempo hacia formas mas
severas. Hasta el 65 % de ellos acaban en retrasplante, aunque ocasionalmente pueden

manejarse de forma conservadora.
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e En la confluencia

Estenosis localizadas proximas a la confluencia biliar, que preservan los segundos y mas
distales radicales biliares. Aunque también pueden evolucionar a formas mas severas. Rara

vez se hacen difusos y precisan de retrasplante (16%).

e Formas menores

Alteraciones difusas de la via biliar que nunca evolucionan a estenosis. El manejo conservador

es muy favorable y rara vez precisan de retrasplante.

Figura 18: Clasificacion de la CI. A, formas menores; B, Multifocal Bilateral difusa; C de la

bifurcacién; D, necrosis difusa. Tomado de Lee et al®’.
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2. JUSTIFICACION DEL ESTUDIO

En el afio 2015 iniciamos el programa de trasplante hepatico con donantes DAC con PNR

en el Hospital Universitario Cruces.

Dado los resultados tan insatisfactorios que habian sido publicados hasta el momento con
este tipo de donantes, decidimos hacer un seguimiento prospectivo de todos los TH
realizados con los donantes DAC. Contrario a lo esperado, los resultados iniciales fueron
muy prometedores y aparentemente similares a los que observabamos con la DME. En
2018, publicamos un primer estudio descriptivo con los primeros 46 TH con donantes
DAC, realizados en un periodo de treinta meses. En ¢él, y tras un seguimiento medio de
19 meses, no se observé ningln caso de colangiopatia isquémica ni de fallo primario del
injerto y se obtuvieron supervivencias del paciente y del injerto superiores a los minimos
establecidos para el TH con donantes en ME’!, A pesar de estos excelentes resultados
iniciales, quedaba pendiente demostrar que los resultados eran efectivamente

comparables a la ME, confirmando asi la no inferioridad de los donantes DAC.

Por todo ello, decidimos realizar el presente estudio comparativo de los resultados del

TH entre donantes ME y donantes DAC con PNR.
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3. HIPOTESIS.

La hipotesis de trabajo de esta tesis es la de demostrar la no inferioridad en los resultados
del trasplante hepatico, de los donantes en asistolia controlada (DAC) con canulacién
premortem preservados con perfusion normotérmica regional (PNR) respecto a los
donantes en muerte encefalica (ME), considerados el gold-standard de la donacion.

Para ello, compararemos los resultados postrasplante hepatico con donantes DAC con
PNR (grupo de casos), con un grupo emparejado de donantes ME (grupo control),

realizados durante el mismo periodo de tiempo.
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4. OBJETIVOS

El objetivo principal del estudio es analizar y comparar la supervivencia del injerto
hepatico de los donantes DAC y de los donantes ME. Analizaremos tanto la supervivencia
global del injerto como la censurada por el fallecimiento del paciente con injerto

funcionante.

Como objetivos secundarios se han definido:

- Analisis comparativo de la supervivencia del paciente en ambos grupos.

- Estudio comparativo del desarrollo de complicaciones postrasplante:

- Analisis de las complicaciones biliares incluyendo la CI.

- Incidencia del sindrome postreperfusion (SPR).

- Incidencia de la disfuncion precoz del injerto (DPI).

- Analisis de las complicaciones arteriales.

- Incidencia de insuficiencia renal aguda en el postrasplante inmediato.

- Estudio de factores independientes asociados a la perdida del injerto.

- Estudio de los resultados del TH en el grupo de donantes DAC, en funcion de la edad

de los donantes (<65 frente > 65 afios)

- Analisis comparativo de la rentabilidad del sistema para la obtencion de drganos, entre

los dos programas de donacion (DAC y DME).
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5. MATERIAL Y METODOS

5.1 Diseiio del estudio

Presentamos un estudio observacional unicéntrico y retrospectivo de casos y controles con
emparejamiento (“matching”) 1:2. El estudio esta dirigido a evaluar los resultados del TH
y la rentabilidad de la donacion, con el uso de donantes procedentes de la DAC con
canulacion premortem (CPM), preservados con perfusiéon normotérmica regional (PNR)
(Casos) y compararlos con los obtenidos con la DME (Controles). Asi mismo, analizamos
las posibles causas asociadas a la perdida del injerto, mediante la realizacion de un estudio
multivariante. Por ultimo, presentamos un subanalisis y estudio de los resultados del TH en
el grupo de donantes DAC en funcion de la edad de los donantes, analizando los resultados
dependiendo de si los donantes DAC eran menores o iguales a 65 afios, 0 mayores de 65

anos.

La inclusion de pacientes para el estudio comenzé en enero de 2015, momento en que se
realiza el primer TH con donantes DAC, y finaliz6 en junio de 2019 incluido, coincidiendo
con la realizaciéon del TH numero 100 con donantes DAC. Por lo tanto, el grupo de casos
esta constituido por los 100 primeros TH con donantes DAC realizados en el Hospital
Universitario Cruces. Durante ese mismo periodo de tiempo se realizaron también los 200
TH con donantes procedentes de la DME que posteriormente fueron seleccionados tras el

emparejamiento y que constituyen el grupo de control.
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La seleccion y el emparejamiento de los controles se realizo a finales del afio 2019, teniendo
en cuenta la edad del donante (£ 2 afios), la puntuacion MELD (model score for end-stage

liver disease) del receptor (+ 2 puntos) y el tiempo de isquemia fria (TIF) (+ 1 hora).

El seguimiento de los casos y controles se mantuvo hasta el 31 de enero de 2020,

garantizando un periodo minimo de seguimiento de 6 meses.

5.2 Proceso de obtencion de donantes DAC

Aunque todos los TH incluidos en el estudio se realizaron en el Hospital Universitario
Cruces, los injertos hepaticos se extrajeron en cinco centros regionales diferentes: Hospital
Universitario Basurto, Hospital Universitario Donostia, Hospital Universitario Santiago de
Vitoria , Hospital Universitario Txagorritxu (Estos dos ultimos hoy en dia conforman el
Hospital Universitario de Alava) y Hospital Universitario Cruces. El procedimiento de
extraccion fue realizado siempre por el mismo equipo quirargico, procedente del Hospital

Universitario Cruces, que se trasladd a los diferentes hospitales donantes.

El proceso de donacidn y extraccion de 6rganos se realizé conforme a la ley de donaciones
espafiola (Real Decreto 1723/2012, de 28 de diciembre®®) y a los protocolos de DAC tanto
del Hospital Universitario de Cruces’! como de la Organizacion Nacional de Trasplantes

(ONT)™.
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5.2.1 Seleccion de los donantes DAC

Los criterios de seleccion de donantes DAC fueron los mismos que los establecidos para la

DME.

Considerando que, en gran parte de la bibliografia existente hasta el momento, la edad
elevada del donante se asociaba a un aumento en el numero de complicaciones postrasplante
y a una mayor perdida del injerto, al inicio del programa establecimos el limite superior de
edad para los donantes DAC en 70 afos. Sin embargo, dado los buenos resultados obtenidos
durante el primer afio, decidimos suprimirlo y no establecer ningun limite superior en la
edad del donante. De esta manera, los donantes afiosos eran valorados individualmente en

funcion de sus comorbilidades, de la misma manera que lo hacemos en la DME.

Consideramos contraindicacion absoluta para la donacion la presencia de :

e Proceso neopldsico en los ultimos cinco afios, excluyendo el céncer cutaneo no
melanoma, y los tumores primarios cerebrales a excepcion del linfoma cerebral primario.

¢ Infeccion activa sistémica no controlada.

e Infeccion VIH.

e Enfermedades producidas por priones ( Creutzfeldt-Jacob)

Y por lo tanto, consideramos donante DAC potencial a cualquier paciente:

¢ Independientemente de la edad (Edad menor o igual a 70 durante el primer afio del

estudio).
e Con patologia grave sin evolucion a ME.

e Tomada la decision consensuada de LTSV.
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e Con aceptacion de la donacion y firma de los consentimientos informados.

e En ausencia de contraindicaciones generales ni especificas para la donacion hepatica.

5.2.2 Aspectos técnicos-logisticos de la DAC

Seguin nuestro protocolo’!, la LTSV debe realizarse, siempre que sea posible, en la misma
cama de la unidad de cuidados intensivos en el que el paciente se encuentra recibiendo
tratamiento. Se favorecera la presencia de familiares, excepto en los casos con extraccion
pulmonar simultanea, que se llevara a cabo en el quirdéfano para poder realizar una ESR de

los pulmones.

El mismo dia que se va a llevar a cabo la donacion, 2 o 3 horas antes de la LTSV, se procede
a la CPM en la sala de radiologia intervencionista (Anexo I). Alli, bajo control
fluoroscopico, a través de la arteria femoral, se introduce un balon de clampaje adrtico
intraluminal (Reliant 12 F, Medtronic®) que debera quedar justo por encima del diafragma.
Se comprueba, mediante aortografia a través de la luz de perfusion del catéter, que el tronco
celiaco y la arteria mesentérica se encuentran inferiores al balon. Es importante mencionar
que la arteriografia ademas nos permite identificar la presencia de arterias aberrantes como
la existencia de una arteria hepatica derecha accesoria dependiente de la arteria mesentérica
superior u otras. Tras esto, se comprueba el correcto sellado del area de perfusion mediante
el inflado del balén de clampaje, se anota el volumen de inflado necesario para colapsar la
aorta y se vuelve a vaciar. Esto nos permitira clampar correctamente la aorta justo antes del
inicio de la PNR, tras el éxitus de paciente. Mediante ese mismo acceso se coloca el catéter
de perfusion aortico y, en el lado contralateral, el catéter de drenaje venoso que debera
quedar situado en posicion de cava retrohepatica. Se recomiendan catéteres de 19 o 21 F

para la arteria, segiin el peso del paciente y 23 F para la vena. Los catéteres deberan
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permanecer heparinizados y adecuadamente fijados para evitar su desplazamiento y mal
posicion. Dada la posibilidad de que el potencial donante no fallezca, es importante procurar
instalar las cadnulas manteniendo los flujos distales para evitar la isquemia de las

extremidades.

Una vez de vuelta a la UCI, se realiza el purgado y conexion de los catéteres de perfusion
arterial y venoso a la maquina de perfusion. Todos los injertos hepaticos procedentes de la
DAC se han preservado utilizando el mismo equipo de perfusion (Bomba centrifuga
RotaFlow RF-32, Maquet®), presente en cada uno de los hospitales donantes y de acuerdo

al mismo protocolo.

Todas las extracciones hepaticas se han llevado a cabo por el mismo equipo quirurgico
formado por dos cirujanos y una enfermera perfusionista, procedentes del hospital de Cruces,

que se desplazan a los diferentes hospitales donantes.

Tras la LTSV, el paciente es heparinizado (3 mg / kg) y se controla la presion arterial y la
saturacion de oxigeno. Cuando el medico encargado de la LTSV considera que el paciente
esta en parada circulatoria y de acuerdo a la ley (Real Decreto 1723/2012)°, comienza el
periodo de observacion del paciente durante cinco minutos, tras los cuales se certifica la
defuncion. En ese momento, se procede al inflado del balon adrtico (con el volumen
previamente determinado en cada caso), se confirma la ausencia de flujo radial y se
desclampan las cdnulas venosas y arteriales, en este orden, iniciando asi la PNR. Finalmente,
se conecta una via arterial al sistema de perfusion con la idea a de monitorizar la presion de
perfusion. Dado que el sistema de perfusion es una bomba de flujo constante no pulsatil, la

presion del sistema equivaldria a la presion arterial media de la perfusion abdominal.

53



Material v métodos

Con la idea de disponer de la mayor cantidad de informacién que nos ayude en el proceso
de validacion del higado, es importante tener recogida toda la informacion relativa al proceso
de fallecimiento del donante. Para ello, en la hoja de recogida de datos (Anexo II) se debe
anotar la hora de la extubacién, el momento en el que la presion arterial sistémica desciende
por debajo de 60 mm de Hg, el de la parada circulatoria, el del éxitus y la hora en la que la
PNR queda establecida. Ademas, con la idea de tener una valoracion mas precisa de la lesion
isquémica y ayudarnos en la posterior validacion, se registraran cada 5 minutos, las
constantes respiratorias y hemodinamicas del donante desde la extubacion hasta la asistolia.
Una vez comprobado el correcto funcionamiento del circuito de PNR, en el caso de que el
paciente se encuentre en la UCI se traslada al quir6fano, conectado a la bomba de perfusion.
Para evitar la perdida de temperatura, siempre que sea posible, se debe evitar la laparotomia
durante la primera hora. Posteriormente, se realiza una laparotomia supra-infraumbilical
ampliada a esternotomia media y se canula la vena porta, preferentemente a través de la vena
mesentérica inferior. Tras esto, se realiza la identificacion de la via biliar con seccion,
exploracion y lavado de la misma. El lavado de la via biliar se realizard con solucion de
preservacion fria a 4°Cy a presion mediante el clampaje digital de la misma para conseguir
un lavado de la via intrahepatica lo mas completo posible. Por ultimo, una vez terminado el
tiempo de PNR se procede a la perfusion fria (4°C) dual con solucion de preservacion
Celsior® (1000 ml por vena porta y 1500 ml por aorta), a la vez que se detiene la bomba de
perfusion y se desconecta la via venosa que se aprovechard como via de drenaje. Se
recomienda, si es posible, la seccion de la vena cava inferior suprahepatica para mejorar el
drenaje y evitar la congestion hepatica. Dado que la aorta ya ha sido clampada al inicio de
la PNR, el momento en el que detenemos la PNR y comenzamos la perfusion fria marcara
el inicio del tiempo de isquemia fria. Finalmente, el higado es almacenado en solucién de

preservacion fria (Celsior®, 4°C) para su posterior implante.
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En el caso de que se asocie una extraccion pulmonar, los cirujanos toracicos realizan una
ESR de los pulmones, tras clampar la vena cava supradiafragmatica. Con esto, se mantiene
el circuito abdominal cerrado y los tiempos abdominales sin cambios. Es importante que los
cirujanos toracicos minimicen el sangrado, asi como el uso de soluciones frias que podrian

interferir con la normotermia intraabdominal®!.

5.2.3 Evaluacién de la viabilidad del injerto

Para tratar de minimizar las complicaciones asociadas a la donacion DAC, es imprescindible
una exhaustiva valoracion de la viabilidad del injerto basandonos en los siguientes

parametros:

A. Tiempos de isquemia (Anexo II).
B. Evolucion analitica durante la PNR (Anexo II).

C. Exploracién macro-microscopica del injerto.

A. Tiempos de isquemia

Tiempo de isquemia caliente total (TICT): tiempo desde la LTSV hasta el inicio de la PNR.

Tiempo de isquemia caliente funcional (TICF): tiempo desde que se produce el primer

episodio de TA <a 60 mm Hg, determinado por monitorizacion arterial, hasta el inicio de la

PNR.

Tiempo de isquemia fria (TIF): tiempo desde el final de la PNR e inicio de la perfusion fria,

hasta el implante y desclampaje en el receptor.
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Tiempo de preservacion PNR : tiempo desde el inicio de la PNR hasta el inicio de la

perfusion fria.

En lineas generales, aceptamos los siguientes limites para los diferentes tiempos de

isquemia:

Tiempo de isquemia caliente total de 2 horas. De forma individualizada, en el caso de
donantes que no fallezcan en 2 horas se debe valorar los pardmetros respiratorios y
hemodindmicos recogidos durante la LTSV. En caso de que el donante se encuentre estable
hemodindmicamente y bien ventilado se puede considerar prolongar este tiempo. En caso

contrario, la donacién hepatica se abandonara.

Tiempo de isquemia caliente funcional inferior a 30 min. Este limite de tiempo se

mantiene sin excepciones.

Tiempo de isquemia fria reducido. Dado que en general el tiempo de isquemia fria
prolongado se ha asociado a un empeoramiento de la lesion por isquemia caliente y en
consecuencia a un aumento de complicaciones postoperatorias, se intentara reducir al

minimo, no debiendo superar las 10 horas.

B. Evolucion analitica durante la PNR

Es importante estabilizar el flujo y las presiones de perfusion durante la PNR. De la misma
manera, el hematocrito/hemoglobina, el pH y la gasometria se mantendran dentro de los

limites establecidos.

Para garantiza una adecuada perfusion hepatica, el flujo de la bomba debe mantenerse por
encima de 1,7 L/min, manteniendo las presiones de perfusion en 60 mm Hg, el ph de 7 a 7,4

,la temperatura controlada por intercambiador estable a 37°C, la pO2 de 100-150 mmHg y
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el Hematocrito superior a 20%. Coincidiendo con el inicio de la perfusion se extrae la

primera (analitica 0) y posteriormente se repetiran cada 20 min.

La duracion de 1la PNR debe ser lo mas proxima posible a dos horas.

Consideramos predictor de buena funcion del injerto el que las transaminasas no superen en
tres veces el limite normal, al inicio de la PNR, y en cuatro veces al final de esta. Superar
estos limites conllevaria rechazar el 6rgano y la consecuente finalizacion de la extraccion
hepatica. Ademads, controlamos la evolucion del lactato en sangre durante la PNR.
Consideramos aceptables cifras normales de lactato ( hasta 2 mmol/L) o cifras que, no siendo
normales, muestren una curva descendente durante la PNR. Aun asi, una elevacion
progresiva del lactato o el que se mantenga elevado durante la PNR no constituye, en si
mismo, un rechazo directo del injerto hepdatico, sino que se valorard individualmente

teniendo en cuenta el resto de los factores de validacion.

C. Valoracion macroscopica / microscopica

El aspecto macroscopico del higado, asi como la buena perfusion del injerto son clave en la

valoracion de la viabilidad del injerto hepético.

Durante la PNR, la primera valoracion se realizard previa a la perfusion fria, como en la
DME. Se debe valorar el aspecto general del higado: la presencia de bordes agudos o romos,
la homogeneidad, la existencia de lesiones sospechosas, la consistencia del parénquima para
descartar la fibrosis, y la presencia o no de esteatosis. Por protocolo, no se realizan biopsias
de rutina durante la extraccién. Se considera aceptable la presencia de esteatosis

macrovacuolar hasta un 50%°2. La estimacion de esta se realiza mediante la exploracion

57



Material v métodos

visual del injerto por el cirujano extractor. En caso de dudas en la cuantificacion de la
esteatosis, en la presencia o no de fibrosis o en cualquier otro factor que pudiera influir en la
validacion del 6rgano, se realizaria una biopsia urgente, quedando supeditada la aceptacion

definitiva del injerto al resultado de la misma.

Ademas, es importante prestar especial atencion a la vesicula y via biliar, mas sensibles a la
isquemia caliente. La via biliar se debe seccionar precozmente para valorar su
vascularizacion/sangrado asi como explorar la presencia de placas de necrosis en la pared de

la via y de la vesicula biliar.

Tras la reperfusion en frio, se realiza una segunda valoracién de la viabilidad del injerto
prestando especial atencion a la homogeneidad de la perfusion y a la consistencia del higado,

y se extraen los érganos segun técnica convencional.

5.3 Proceso de la DME

El donante ME esta considerado el donante estdndar, tanto en nuestro protocolo como a nivel
mundial. Este donante tiene la ventaja de tener diagnosticado el fallecimiento por criterios
neurologicos, antes de considerarse potencial donante, y por lo tanto, se le puede realizar
una extraccion de organos con corazon latiente y en una situacion hemodinamicamente

estable, evitando asi los tiempos de isquemia caliente.

De acuerdo con nuestro protocolo, consideramos donante ME hepatico a cualquier potencial

donante en situacion de ME, con los mismos criterios que la DAC:
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* Independientemente de la edad
= En ausencia de contraindicaciones generales ni especificas para la donacioén
hepatica:

e Proceso neoplasico en los ultimos cinco afios excluyendo el cancer cutaneo
no melanoma y los tumores primarios cerebrales a excepcion del linfoma
cerebral primario.

e Infeccion activa sistémica no controlada.

e Infeccion VIH.

e Enfermedades producidas por priones ( Creutzfeldt-Jacob).

La técnica de extraccion hepatica esta también estandarizada. Mediante un abordaje por
esternolaparotomia media se realiza una técnica clasica de extraccidn multiorganica, tal y
como fue descrita por Starzl en 1984%. Se realiza perfusion dual con 1000 ml por vena
mesentérica inferior y 1500 ml por aorta, con solucion de preservacion fria Celsior © a 4°C
y posteriormente, el higado se almacena en frio ( proximo a 4°C) hasta su posterior implante

en el receptor.

La aceptacion definitiva del injerto se realiza tras la exploracion visual de este, antes y
después de la perfusion, utilizando los mismos criterios descritos previamente para los
donantes DAC. De la misma manera, no realizamos biopsias de rutina que se podran plantear

ante la presencia de dudas durante la exploracion y validacion.
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5.4 Seleccion de los receptores

La asignacion de 6rganos se ha basado en el sistema MELD, la puntuacion de Child-Pugh y
el tiempo en lista de espera, en ambos grupos por igual. Eso significa que no se han
seleccionado receptores de mayor o menor riesgo para ninguno de los grupos de donantes.
De hecho, hemos realizado e incluido en el estudio las insuficiencias hepaticas agudas con
indicacion de trasplante urgente, los retrasplantes y los dobles trasplantes hepatico-renales.
Tampoco hemos excluido indicacion alguna, habiendo realizado TH en colangitis

esclerosante primaria, en ambos grupos.

5.5 Técnica quirurgica en el receptor

La técnica quirurgica realizada en el trasplante fue similar en ambos grupos. Tras la seccion
de las estructuras vasculares del hilio hepatico realizamos una hepatectomia total con
preservacion de la vena cava (piggy-back), sin derivacion portocava. Continuamos con el
implante hepatico ortotdpico con anastomosis venosas y arteriales estandar. Durante el
implante y mientras se realizan las anastomosis venosas, lavamos el injerto hepatico con
1500 ml de suero Ringer-lactato. Una vez finalizadas las anastomosis vasculares, se realiza
una reperfusion secuencial del injerto (primero portal y luego arterial). Sistematicamente se
controla la existencia y calidad de los flujos arteriales y venosos mediante el medidor de
flujos (Medistin® veriQ3), inmediatamente tras la reperfusion del injerto y posteriormente
al final del trasplante, justo después de la anastomosis biliar. Finalmente, para la
reconstruccion de la via biliar llevamos a cabo una coledococoledocostomia termino-
terminal sobre un tubo en T de goma de 2,5 F, extraido por contraincision en el colédoco

del receptor®. En los casos en los que la indicacion fue la colangitis esclerosante primaria,
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la reconstruccidn biliar se realiz6 mediante hepaticoyeyunostomia termino lateral con asa en

Y de Roux.

Previo al cierre de la laparotomia, se tomd una biopsia hepética en cufia para su posterior

analisis (cufa postreperfusion).

5.6 Seguimiento postoperatorio

Una vez finalizado el trasplante, los pacientes ingresan en la Unidad de Anestesia y
Reanimacion, donde son extubados y en donde se controlan diariamente los pardmetros
clinico-hemodinamicos y la funcion hepatica y renal. Cuando estos son estables, el paciente
pasa a planta donde se le realizan controles analiticos de la funcion hepatica y renal, y niveles
de tacrolimus cada 48 horas, hasta el alta hospitalaria. Asi mismo, para confirmar la
permeabilidad de los vasos del hilio hepéatico y de las venas suprahepaticas, se realiza un
Eco-doppler de control a las 48 horas y al séptimo dia del trasplante. Aunque con la Eco-
doppler valoramos todas la estructuras vasculares, por su trascendencia, prestamos especial
atencion a las ondas y velocidades en la arteria hepatica. Desde el punto de vista arterial,
consideramos Eco-doppler patologico a la ausencia de ondas doppler arteriales, el aumento
de las velocidades picosistolicas, el descenso en las resistencias en la arteria y la presencia
de una onda de tipo parvus tardus (Indice de resistencia menor de 0.5 y tiempo de aceleracion
mayor a 0,08 segundos)®>. Si ambos Eco-doppler son normales, el paciente puede ser dado
de alta sin mas pruebas de imagen. En caso de Eco-doppler patoldgico, se confirmaria con
un angio-TAC y posteriormente se realizaria una arteriografia para valorar la gravedad y la
posibilidad de tratamiento angiografico.Una vez dado de alta, se realizard Eco-doppler a los

seis meses y angio-TAC anual, salvo que precise un control mas estricto®,
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En algunos casos seleccionados establecemos un protocolo de “arteria de riesgo” con un
seguimiento mas intensivo de la permeabilidad arterial. Estarian incluidos en este protocolo
todas las arterias con reconstruccion arterial en banco, todas aquellas en las que el cirujano
responsable considere que tienen mas riesgo de trombosis que lo normal (mala calidad de
las arterias, malos flujos en quir6fano, trombosis repermeabilizada quirtirgicamente,...) y
siempre que las primeras Eco-doppler hayan sido patologicas. El objetivo es identificar
precozmente las estenosis/trombosis arteriales para poder actuar sobre ellas
angiograficamente, tratando de evitar asi la perdida del injerto®®. En caso de identificar una
arteria de riesgo realizamos una Eco-doppler a las 24 horas, posteriormente cada 72 horas
durante las primeras dos semanas, pasando a uno a la semana hasta completar el mes y por
ultimo, uno cada quince dias hasta los tres meses. Si todas las Eco-doppler fuesen normales
pasariamos al control estdindar de seguimiento. Ademas antiagregamos, con 100 mg de acido

acetilsalicilico, a todos los pacientes del protocolo, durante minimo 6 meses.

Para el control de la via biliar realizamos una colangiografia trans-Kehr a la semana del
trasplante, repitiéndose tres meses después, justo antes de la retirada definitiva del tubo de
Kehr. Para realizar esta Gltima, los pacientes ingresan 24 horas y se aprovecha para realizar
un control analitico, con Eco-doppler y consulta con los hepatdlogos®®. Tras la retirada del
tubo de Kehr, la integridad de la via biliar se vigila mediante controles analiticos de las
enzimas de colostasis. En caso de sospecha o cuadro compatible con colangitis, alteracion
del patron de colostasis o dudas en la colangiografia trans-Kehr se realizaria una

colangioRMN.

Nuestro protocolo inmunosupresor estandar para los receptores de donantes ME esta basado
en la triple terapia con tacrolimus de liberacion prolongada (Advagraf®) “de novo”, mofetil

micofenolato y esteroides”’. En pacientes con disfuncion renal previa al trasplante, o que
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presentan mala funcion renal durante la cirugia, o con alto riesgo de fracaso renal tras la
misma, la inmunosupresion inicial se realiza con anticuerpos monoclonales (basiliximab-
Simulect®) combinados con mofetil micofenolato y esteroides. La introduccion del
tacrolimus se retrasa hasta que se normaliza la funcion renal. Dado que en la bibliografia
existente hasta el momento del comienzo del protocolo, la DAC se asociaba de forma
importante a disfuncidon renal postrasplante, al inicio del estudio todos los receptores de
donantes DAC fueron inmunosuprimidos con basiliximab e introduccidon tardia del
tacrolimus. Sin embargo, debido a que en la evolucion del programa no vimos cambios
significativos en la funcién renal, decidimos unificar la inmunosupresion tal y como venia
determinada en el protocolo estdndar, dejando el basiliximab para casos seleccionados, al

igual que en los donantes ME.

5.7 Definicion de las variables a estudio

Variables de la donacion

Donante potencial: Paciente en situacion de muerte encefélica o en situacion clinica de mal

pronostico al que se va a realizar una LTSV, sin contraindicaciones para la donacion
hepéatica y que ¢l o sus familiares han firmado los consentimientos informados para la

donacién.

Donante ME: Donante potencial en situacion clinica de muerte encefalica.

Donante DAC: Donante potencial al que se va realizar una LTSV.
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Rentabilidad de la donacién: numero de injertos hepaticos implantados en relacion al numero
de veces que se activa el protocolo de donacion hepatica. El protocolo de donacion se activa
en el momento que el coordinador de trasplantes informa al cirujano responsable de la

presencia de un potencial donante hepatico .

Variables donante/ receptor

Edad del donante-receptor: afios

Genero donante-receptor: hombre/mujer

Indice de masa corporal: Relacion entre el peso y la altura de acuerdo a la formula: peso

(kg)/talla (m?). Consideramos desnutricion <18,50, normopeso 18,50 — 24,99, sobrepeso

>25,00 y obesidad >30,00 kg/ m?

Indice de riesgo de donacién UK: clasificacion de los TH con donantes DAC con el objetivo
de estimar el riesgo de fallo primario del injerto, basados en parametros tanto del donante y
del receptor, como de la preservacion. Divide a los trasplantes hepaticos en: bajo riesgo (<5

puntos), alto riesgo ( 5 a 10 puntos) y futiles ( >10 puntos)’®.

Estancia en unidades de cuidados intensivos (UCI): Dias que transcurren desde el final del

trasplante hasta el ingreso en planta.

Estancia hospitalaria: Dias que transcurren desde el final del trasplante hasta que es dado de

alta del hospital (incluyendo la estancia en UCI).

Esteatosis _hepatica: Presencia en la biopsia hepatica de infiltracion grasa citoplasmatica

macrovacuolar. Se clasifica en leve (< 30%), moderada (30-60 %) y severa (>60%).
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MELD score (Model for End-stage Liver Disease): Modelo matematico de valoracion de

gravedad de pacientes en situacion de insuficiencia hepatica. Calculado en base a la siguiente

ecuacion:
1 . mg
MELD = 3.78 X loge Bilirrubina (E) + 11.2 loge INR +

9.57 loge Creatinina (%) + 6.4

Tiempos de preservacion

Tiempo de isquemia caliente total: el tiempo desde la LTSV hasta el inicio de la PNR, en el

donante DAC.

Tiempo de isquemia caliente funcional: el tiempo desde que se produce el primer episodio
de TA <a 60 mm Hg, determinado por monitorizacion arterial, hasta el inicio de la PNR, en

el donante DAC.

Tiempo de isquemia fria:

DAC: tiempo desde el final de la PNR e inicio de la perfusion fria, hasta el implante y

desclampaje en el receptor.

DME: Tiempo desde el clampaje adrtico en el donante e inicio de la perfusion fria hasta el

implante y desclampaje en el receptor.

Tiempo de preservaciéon PNR: Tiempo desde el inicio de las PNR hasta el inicio de la

perfusion fria.
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Variables intraoperatorias

Fibrinodlisis: Descenso de los niveles normales de fibrindgeno, tras la reperfusion del injerto

hepético, diagnosticada mediante tromboelastometria rotacional (ROTEM).

Sindrome postreperfusion (SPR): Disminucion de la presion arterial media, minimo un 30%,

dentro de los 5 minutos posteriores al desclampaje y que dura al menos 1 minuto®.

Tiempo de cirugia: Duraciéon en minutos del periodo comprendido desde el inicio de la

laparotomia en el trasplante hasta el cierre completo de la misma.

Necesidades transfusionales: Unidades de trasfusion de concentrados de hematies, plasma

fresco congelado y/o plaquetas requeridos durante el tiempo de la cirugia.

Variables postoperatorias

Pico de Alanin-transaminasa (ALT): Nivel maximo de ALT (U/L) detectado durante los

primeros 7 dias del postrasplante.

Disfuncién precoz del injerto (DPI): Definida de acuerdo a los criterios de Olthoff como la

presencia de una de los siguientes factores: bilirrubina > 10 mg/dL o INR >1.6, ambas al 7°

dia postoperatorio o ALT > 2000 U/L durante los primeros 7 dias del postrasplante!®.

Ademéas, graduamos la disfuncion del injerto en leve (I-11), moderada (III) y grave (IV), en

funcion de los grados definidos por el grupo de Toronto!?!. (Tabla 2)
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Tabla 2: Grados de disfuncion precoz del injerto, definidos por el grupo de Toronto

Grado | 11 111 1A%
DPI
AST (U/L) <1000 > 1000 > 2500 > 2500
Produccion de >40 >40 <40 0

bilis (mL/dia)
Coagulopatia Leve Leve Moderada Grave

INR <2 INR <2 INR 2-25 INR >2,5

Insuficiencia renal aguda postrasplante: Definida en funcion de la clasificacion KDIGO

(Kidney Disease Improving Global Outcomes), durante el primer mes postrasplante!??, como

un incremento en la creatinina sérica en mas de 1,5 veces respecto el valor de la creatinina

basal.

Rechazo celular agudo: Probado mediante biopsia hepatica de acuerdo a los criterios de

Banff'y el RAI score para rechazo celular agudo!%31%4,

Fuga peri-Kehr: Presencia de fuga de contraste por el orificio de salida del Kehr durante la

colangiografia trans-Kehr.

Trombosis arteria hepatica (TAH): Cierre completo de la arteria hepatica en el postrasplante,

diagnosticado por angio-TAC.

Estenosis arterial (EA): Estrechamiento significativo (mayor a un 50 %) de la arteria hepatica

en la anastomosis o fuera de ella debido a giros o malposiciones, diagnosticado mediante

angio-TAC.
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Fallo primario del injerto: Ausencia de funcién del injerto diagnosticada durante los

primeros siete dias postrasplante, en ausencia de trombosis arterial, y que conlleva al

retrasplante precoz o el éxitus del paciente

Variables del seguimiento

Estenosis de la anastomosis biliar: Existencia mediante técnica de imagen

(colangioresonancia o colangiografia trans-Kehr), de un estrechamiento de la anastomosis

biliar con dilatacion preanastomotica.

Peritonitis biliar: Presencia de bilis libre en el interior de la cavidad abdominal, como

consecuencia de un problema en la anastomosis biliar y que requiere de

actuacion/reintervencion urgente.

Colangiopatia isquémica (CI) Existencia de una o varias estenosis en la via biliar intra o

extrahepatica no anastomotica, en presencia de una arteria hepatica permeable, y confirmado

mediante una colangiografia trans-Kehr o una colangioresonancia®!-#?,

Perdida del injerto: Ausencia de funcion del injerto hepatico en cualquier momento del
seguimiento del paciente, incluyendo la muerte del paciente por causas ajenas al higado

(tumores de novo, traumatismos, infecciones,...).

Perdida del injerto censurada: Ausencia de funcion del injerto hepatico en cualquier

momento del seguimiento del paciente, excluyendo la muerte del paciente por causas ajenas

al higado.
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Retrasplante: Necesidad de un nuevo trasplante hepatico por disfuncion/fallo del anterior.
Se considera precoz cuando acontece en el primer mes y tardio cuando es posterior a este

periodo.

Supervivencia global del injerto: Tiempo en dias transcurrido desde el trasplante hasta la

perdida del injerto.

Supervivencia censurada del injerto: Tiempo en dias transcurrido desde el trasplante hasta

la perdida del injerto por causa hepatica (disfuncion, rechazo crénico, trombosis

vasculares,...) excluyendo las causas ajenas al higado.

Supervivencia del paciente: Tiempo en dias transcurrido desde el trasplante hasta el éxitus

del paciente o la perdida en el seguimiento

5.8 Recogida de datos

La recogida de datos de los donantes DAC se ha realizado de forma prospectiva desde el
inicio del programa en enero de 2015.
La recogida de datos de los donantes en ME ha realizado de forma retrospectiva, una vez

identificados los dos controles emparejados con cada donante DA.

5.9 Estudio estadistico

El emparejamiento 1:2 se ha realizado con el programa IBM SPSS version 24 (IBM

Corporation Armonk, Nueva York, EE. UU.).
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Los datos se han analizado con el software estadistico R (version3.6.2) (R: Un lenguaje y un
entorno para la computacion estadistica. R Foundation para Computacion Estadistica, Viena,

Austria).

Las variables categdricas se describen como frecuencias y porcentajes, las variables
continuas con distribucion normal se presentan como media y desviacion estandar y las

variables no normales se describen como medianas con rango intercuartilico.

Se realizo un estudio bivariante y multivariante incluyendo las variables con significacion

estadistica o aquellas que tendian a la significacion.

La significacion estadistica se ha establecido con p < 0,05.

Las diferencias entre variables categoricas se han evaluado con una prueba de Chi-cuadrado,
y entre variables continuas con la prueba t de Student o la prueba U de Mann-Whitney, segiin

la distribucion de la muestra.

La supervivencia se ha analizado con las curvas de Kaplan-Meier y las diferencias entre

curvas se ha realizado mediante la prueba de rango logaritmico.
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6. RESULTADOS

Durante el periodo de estudio se exploraron en quir6fano 493 donantes hepaticos potenciales
(Fig. 19). De ellos , 133(27%) eran donantes DAC, mientras que 360 (73%) eran donantes
en ME. A lo largo de las diferentes fases del proceso de validacion de los injertos hepaticos,
se rechazaron 23(17%) donantes DAC y 47(13%) donantes en ME. Por lo tanto, 110(83%)
injertos hepaticos de donantes DAC y 313(87%) de donantes en ME fueron aceptados para
el trasplante. Del total de higados aceptados (423), 66 6rganos validos (16 % del total) fueron
enviados a otros centros nacionales de trasplante debido a la presencia de una urgencia 0
(United Network for Organ Sharing, E-1) en dichos centros, o a la falta de un receptor
apropiado en nuestra lista. Todos ellos fueron implantados. De estos 66 drganos enviados
fuera, 10 (15%) eran DAC y 58 (18%) eran DME.

Por lo tanto, durante el periodo de estudio se realizaron en nuestro hospital 100 trasplantes
hepaticos con donantes DAC (casos) y 257 con donantes en ME. De estos ultimos, y de
acuerdo a los criterios de emparejamiento establecidos, se seleccionaron los 200 controles
emparejados (controles) (Fig.19).

La rentabilidad media del programa de trasplante hepatico con donantes DAC, entendida
como el porcentaje de injertos hepaticos aceptados respecto de los potenciales donantes

valorados, fue del 83%, siendo comparable a la del programa en ME que fue del 87%.
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[ 493 Donantes ]

potenciales
‘ ) ¥
[ 133 (27%) DAC ] [ 360 (73%) DME J
[ 110 (83%) ] [ 313 (87%) ]
Aceptados Aceptados

—l-;—

100 TH DAC 257 TH ME

Figura 19: Manejo de los donantes potenciales durante el periodo de estudio.

Las causas mas frecuentes de rechazo del injerto, en los donantes DAC fueron, el mal aspecto
macroscopico del higado, valorado por un cirujano con experiencia en la extraccion hepatica,
la presencia de tumores incidentales diagnosticados durante el proceso extraccion y la

elevacion de las transaminasas durante la PNR.

Las razones que llevaron al rechazo de los injertos hepaticos en DAC se enumeran en la

Tabla 3.
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Tabla 3: Evolucion e la donacion DAC durante el periodo de estudio y causas de rechazo.

Donantes TH DAC DAC DAC Razones de
DAC (% sobre enviado rechazados rechazo
Total TH total) fuera
2015 15 9 - 6 (4()%) - 2 superan limite
ALT
- 1 mal aspecto
81 TH 11% P
(_) macroscopico*®
- 1 fallo técnico
PNR

- 2 cancer incidental

2016 27 23 - 4 (15%) - 4 mal aspecto
- macroscopico*®
87 TH (26%)
2017 27 22 1 4 (15%) =2 malra.specto
TH 299/ (4%) ?licr:jgzglio limite
75 29%) LT
-1 esteatosis
moderada**
2018 42 30 7 5 (12%) - 2 cancer
75 TH (400/ ) (17%) inczldzriltlalaspecto
2 macroscopico*®

- 1 fibrosis en biopsia

Junio 22 16 2 4 (18%) - 2 superan limite

M ( 41% ) (9%) f%ijf:émcer incidental
- 1 necrosis de

39TH vesicula biliar

Total 133 100 10 23 (17%)

357 TH (28%) (8%)

Frecuencias (porcentajes); * Exploracion de cirujano experto en extracciones ; **Biopsia: esteatosis macrovacuolar mayor al 50%.

Durante la PNR, monitorizamos la evolucion de las transaminasas y el lactato al inicio de la
perfusion (minuto 0) y a los 20, 40 y 60 minutos posteriores. La mayoria de los donantes
mantuvieron los niveles de transaminasas estables y el lactato con cierta tendencia a la

disminucién (Fig.20). Solo en tres casos los niveles de transaminasas aumentaron
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progresivamente, superando el limite de 4 veces establecido. Estos tres casos fueron

rechazados para el trasplante. Ningtin higado fue rechazado por elevacion aislada del lactato.

EEmE  TEEe

Basal 20 minutos 40 minutos 00 minutos Basal 20 minutos 40 minutos G0 minutos

ALT (U/L) Lactate (mmol/L)

Figura 20: Evolucion de ALT y Lactato durante NRP.

Hay que destacar que solo un donante fue rechazado por problemas técnicos durante la PNR,
ocurriendo durante el primer afio de experiencia y que, en ningin caso hubo problemas

importantes en la canulacion que derivasen en la perdida de un donante.

Aunque durante el periodo de estudio unicamente el 28% de los TH se llevaron a cabo con
donantes DAC, tal y como se muestra en la tabla 3, la evolucion y adquisicion de consistencia
y confianza del programa fue progresiva. Asi, en el afio 2015 el 11 % de los TH se realizaron
con donantes DAC y progresivamente, esta cifra fue creciendo hasta que en el afio 2019

constituy6 el 41% del total de TH realizados.
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6.1 Caracteristicas de los donantes

Resultados

Las caracteristicas demograficas y clinicas de los donantes se muestran en la Tabla 4.

Tabla 4: Caracteristicas demograficas y clinicas de los donantes. Analisis univariante DAC/

ME.
DAC ME p
n=100 n=200

Edad (afios) 62 [53; 69] 62 [50,8; 72] 0,673
Edad 0,650
categorizada:

< 65 afios 60 (60%) 113 (56,5%)

>65 afios 40 (40%) 87 (43,5%)
Genero: 0,310

Masculino 33 (33,3%) 94 (47,2%)

Femenino 66 (66.7%) 105 (52,8%)
Indice masa 26.0 [23; 29,1] 25.9[24,2; 28,1] 0,797
corporal:
Causa de <0,001
fallecimiento:

-ACV 38 (38%) 150 (75%)

-Anoxia 35 (35%) 20 (10%)

cerebral

-Traumatismo 8 (8%) 30 (15%)
craneoencefalico

-Insuficiencia 19 (19%) 0
respiratoria
Estancia UCI 7[4;12] 2 [1; 4] <0,001
(dias)
Inotrépicos 43 (43%) 133 (67,2%) <0,001
Sodio (meq/L) 142 [140; 145] 147 [143; 152] <0,001
Esteatosis 11 (11,1%) 51 (25,6%) 0,006

leve / moderada 11/0 50/1

Frecuencias (porcentaje); mediana [rango intercuartilico]; ACV accidente cerebro-vascular.; UCI unidad de cuidados
intensivos;.
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En ella podemos ver que, en general, no hubo diferencias significativas entre los dos grupos
de donantes. Sin embargo, el manejo en la UCI fue diferente, ya que los donantes DAC
tuvieron una necesidad de inotrdpicos significativamente menor, mejor control del sodio y
estancias mas largas en UCI (7 dias frente a 2)(p <0,001) frente a los donantes ME. El
numero de donantes con esteatosis fue mayor entre los donantes ME (25,6% vs. 11%) (p =

0,006), aunque fue leve en todos los casos excepto en uno, que fue moderada.

La causa de muerte de los donantes también fue diferente entre los dos grupos (Fig.21).
Aunque los accidentes cerebrovasculares (ACV) fueron la causa mas importante de
fallecimiento en ambos grupos de donantes, en los de ME supuso un 73,9% frente al 38%
en los DAC. Compensatoriamente, en los donantes DAC hubo un crecimiento importante de
las lesiones anoxicas cerebrales (35%) y la aparicion de un nuevo grupo de donantes que no
entran en ME y por lo tanto son exclusivos de la DAC como son los donantes fallecidos por
insuficiencia respiratoria: esclerosis lateral amiotrofica (ELA), fibrosis pulmonar y
enfermedad pulmonar obstructiva cronica (EPOC) que supusieron un 19% del global de los

donantes DAC.

DAC Donante ME

mACY mACV

m Anoxia cerbral
[ CH

mELA

W Anoxia
cerebral
TCE

M Fibrosis pulmonar

mEPOC

Figura 21: Causas de fallecimiento del donante.
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6.2 Tiempos de isquemia/ preservacion en DAC.

En todos los casos incluidos en el estudio se cumplieron los tiempos de isquemia
establecidos en el protocolo de DAC, no habiendo ningun caso (ni aceptado, ni rechazado)

en el que se superasen los tiempos de isquemia caliente establecidos.

Tal y como se muestra en la figura 22, la mediana de TICT fue de 13 [8; 18,1] minutos, la
de TICF fue de 10 [8,5; 12,2] minutos, la duracion de la PNR fue de 121 [118; 128] minutos

y la mediana de TIF de 274 [241; 311] minutos

* Perfusion Normotermica Regional.

Hipoperfusion:

TAS <60 mm Hg
Sat 02 <80%
Benfiesfesfenfe—) £XTRACCION
P - § 2 R ESTANDAR
= T 2. 5min =
2 7 b a e >
o < 0 o @ g
g_ 3 o B TIF 274 min
o g o [241;311)
3 I
— 4
TICF 10 min [8,5; 12,2] PNR 121 min [118; 128]
IMPLANTE

TICT 13 min [8; 18,1]

Figura 22: Mediana [rango intercuartilico] de los tiempos asociados a la donaciéon DAC.
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6.3 Caracteristicas de los receptores

esclerosante primaria (CEP).

Los datos recogidos de los receptores se muestran la tabla 5.

Resultados

No hubo diferencias significativas entre los dos grupos de receptores y la mediana de
MELD score fue de 12 en ambos casos. Hay que destacar que se realizaron 6 trasplantes
combinados hepético-renales y 3 retrasplantes con donantes DAC: uno urgente en un
paciente en situacién anhepatica y portocava por un fallo primario del injerto y dos

diferidos en el tiempo: una disfuncion del injerto y una recidiva de la colangitis

Tabla 5: Caracteristicas demograficas de los receptores. Analisis univariante DAC/ ME.

DAC ME P
n=100 n=200
Edad (afios) 59 [54; 64] 58 [53; 64] 0,795
Género: 0,735
Femenino 25 (25%) 45 (22,5%)
Masculino 75 (75%) 155 (77,5%)
Score MELD 12 [9; 18] 12 [9; 16] 0,634
Trasplante 6 (6%) 6 (3%) 0,348
combinado
Hepato-renal
Retrasplante 3 (3%) 17 (8,5%) 0,120
Indicacién de trasplante:
Cirrosis OH 48 (48.%) 78 (39%) 0,961
HCC 22 (22%) 36 (18%)
Cirrosis VHC 31 (31%) 54 (27%) 0,129
HCC 17 (17%) 40 (20%)
CEP 3 (3%) 5(2,5%) 1,000
Otras 18 (18%) 63 (31,5%) 0,316
Frecuencias (porcentaje); mediana [rango intercuartilico |; MELD model for end-stage liver disease; CEP colangitis
esclerosante primaria; CHC carcinoma hepatocelular.

80



Resultados

Las indicaciones para el trasplante fueron también similares, siendo la mas frecuente la
cirrosis por hepatopatia alcohdlica (OH) y en segundo lugar la cirrosis asociada al virus de

Hepatitis C (VHC). En ambos grupos la presencia de CHC fue muy significativa (Fig.23).

DAC DME

W VHC-CHC
OH-CHC
mOH
mOH
OH-CHC
W VHC-CHC =VHC

mVHC m Criptogenica

OH-VHC-CHC EHNA-CHC

 EHNA-OH M EHNA-OH

m Criptogenica OH-VHC-CHC

nCep ks
mTAH
W Autoinmune
W VHB-HCC
mOtras
W Autoinmune

mOtras

Figura 23: Causas de indicacion de trasplante hepatico.

6.4 Resultados perioperatorios

El tiempo de isquemia fria fue de 274 minutos en el grupo DAC y de 264 minutos en el
grupo de ME vy el tiempo total de cirugia fue de 222 y 227 minutos, respectivamente. Los
porcentajes de fibrinolisis (13%) y de sindrome postreperfusion (11%) también fueron
similares, no requiriendo practicamente de transfusion de hemoderivados, en ninguno de los
grupos.

Los datos perioperatorios estudiados en el analisis univariante no mostraron diferencia entre

los dos grupos a estudio (Tabla 6).
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Tabla 6: Resultados perioperatorios. Analisis univariante DAC/ ME.

Resultados

Frecuencias (porcentaje); mediana [rango intercuartilico]

DAC ME p
n=100 n=200
Tiempo isquemia fria 274 [241; 311] 264 [228; 340] 0,886
(minutos)
Tiempo de cirugia 222 [200; 258] 227 [205; 257] 0,558
(minutos)
Fibrindlisis post-reperfusion 13 (13,1%) 27 (13,5%) 1,000
Requerimientos
transfusionales en quiréfano:
-Concentrado 1[0;2,25] 01[0; 2] 0,313
de hematies
(Unidades)
-Plaquetas (Unidades) 01[0; 1] 01[0; 1] 0,786
-Plasma fresco 01[0; 0] 0[0; 0] 0,871
congelado (pool)
Sindrome post-reperfusion 11 (11%) 23 (11,5%) 1,000

6.5 Postrasplante inmediato

Lo mas destacable del postrasplante inmediato, es que ningin paciente del grupo DAC

desarroll6 fallo primario del injerto y solamente 2 en el grupo de ME (p = 0,564) (Tabla 7).

Cuando analizamos el riesgo de perdida del injerto en el postrasplante inmediato con los

donantes DAC en funcion del “UK risk score”, nos encontramos que un 72% de los

trasplantes DAC fueron de bajo riesgo, un 25 % de alto riesgo y un 3% fltiles, siendo la

puntacion media de riesgo de 5 [2,8; 6,0] (Tabla 8). Sin embargo, independientemente de la

estimacion del riesgo, ningun paciente desarrollo fallo primario del injerto.
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Tabla 7: Complicaciones en el postrasplante inmediato. Analisis univariante DAC/ ME.

por biopsia

intensivos

DAC ME P
n=100 n=200
Fallo primario del 0 2 (1%) 0,564
injerto
Disfuncién precoz 19 (19,2%) 42 (21%) 0,832
ALT pico (U/L) 836 [573; 1422] 909 [454; 1725] 0,528
Insuficiencia renal 19 (19,8%) 56 (29,3%) 0,112
aguda
Estancia en UCI 413;5] 43; 6] 0,855
(dias)
Estancia 14 [12; 22,5] 15[12; 22] 0,622
hospitalaria (dias)
Rechazo agudo 5(5,1%) 8 (4,1%) 0,747

Frecuencias (porcentaje); mediana [rango intercuartilico] ALT, Alanin transaminasa; UCI, unidad de cuidados

Tabla 8: UK Donor Risk Index®®

PARAMETROS

DE PUNTUACION
DEL DCD UK

RISK SCORE:

e Edad del donante
e IMC del donante,

° TICF

DAC
n=100
Mediana 5,00 [2,75; 6]
Bajo riesgo 72 (72%)
Alto riesgo 25 (25%)
Futil 3 (3%)

e TIF
e Edad del receptor,
e MELD score
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De acuerdo con la clasificacion de Olthoff, el 19 % de los trasplantes DAC y el 21% de los
receptores ME desarrollaron disfuncion precoz del injerto (p = 0,832)(Tabla 9). Sin embargo,
segun la clasificacion de Toronto, en el 90 % de los DAC y en el 83 % de los receptores de
ME, esta disfuncion fue de caracter leve y se debié fundamentalmente al pico elevado de
transaminasas en ambos grupos (Tabla 9). En el caso de los receptores DAC no hubo ningtin

caso de disfuncion severa y solo un paciente en el grupo ME.

Tabla 9: Disfuncion del injerto. Analisis univariante DAC/ DME

DAC ME P
n 100 n 200
Disfuncién precoz (Olhoff) 19 (19,2%) 42 (21%) 0,832
Graduacion de disfunciéon n 97* n 195* 0,753
primaria (Toronto)*
Leve 88 (90.7%) 162 (83%)
I 54 (55,7%) 107 (55%)
II 34 (35%) 55 (28%)
Moderado (III) 9 (9,2%) 31 (15,9%)
Severo (IV) 0 1 (0.5%)
Parametros de la disfuncion 1,000
Nivel de transaminasas 100 (100%) 100 (100%)
INR 0 0
Produccion de bilis 0 0
*Se excluyen las hepaticoyeyunostomias y un FPI que se retrasplantd en las primeras 24 horas.
frecuencias (porcentaje);
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Para aplicar la clasificacion de Toronto hemos excluido las hepaticoyeyunostomias por no

poder controlar la produccion de bilis.

El pico de transaminasas fue algo mayor en el grupo de ME, aunque sin diferencias

significativas (836 [573; 1422] en DAC vs. 909 [454; 1725] en DME).

En relacion al desarrollo de insuficiencia renal aguda postrasplante, la incidencia fue mayor
en el grupo de ME (29,3%) que en el de DAC (19,8%), aunque sin significacion estadistica
(p = 0,112)(Tabla 7). Por ultimo, no encontramos diferencias en la tasa de rechazo celular

agudo probado por biopsia, ni en los dias de ingreso en UCI, ni en la estancia hospitalaria.

6.6 Complicaciones arteriales.

La tasa de complicaciones arteriales fue similar en ambos grupos ( 5% vs. 6%) (p = 0,873),
siendo mas frecuentes en la fase precoz (durante los primeros 30 dias) (Tabla 10). De hecho

no se desarrollo ninguna complicacion arterial tardia en el grupo de TH con donantes DAC.

Tabla 10: Complicaciones arteriales. Analisis univariante DAC/ ME.

DAC ME P
n=100 n=200
Complicaciones arteriales 5(3B%) 12 (6%) 0,873
Precoces 5 (5%) 8 (4%)
Trombosis 1 (1%) 3 (1,5%) 1,000
arteria hepatica
Estenosis (=50%) 4 (4%) 5(2,5%)
Tardias 0 4 (2%)
Estenosis (=50%) - 4 (2%)
Frecuencias (porcentaje)

En la tabla 11 podemos observar las complicaciones arteriales detalladas por paciente
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Tabla 11: Complicaciones arteriales detalladas.

Protocolo Tipo Tiempo Doppler  Doppler Angio- Tratamiento  Evolucion
art-riesgo diagnostico 48 h 7 dia TAC*
DAC1 NO Estenosis 7 dia (%] P-T 75% Stent TAH
DAC2 NO Estenosis 1 mes %] %] 70% Stent Estenosis
biliar
DAC3 SI Estenosis 1 mes (%] (%] 80% Stent Buena
DAC 4 SI Estenosis 15 dias %] 1] 50% Stent Estenosis
biliar
DACS5 SI TAH 2 dia Ausencia - TAH Re-TH Buena
ondas
DME 1 NO Estenosis 7 dia (%] Aumento 75% Stent Buena
velocidad
DME 2 NO TAH 2 dia Ausencia - TAH Re-TH Buena
ondas
DME 3 NO Estenosis 7 dia Bajas Bajas 50% Control Buena

resistencia resistencia

DME 4 SI TAH 7 dia (%] Ausencia TAH Stent Buena
ondas
DME 5 SI Estenosis 2 dia Estenosis - 50% Stent Buena
50%
DME 6 SI Estenosis 2 dia P-T P-T Estenosis  Control Buena
AHD AHD
DME 7 SI TAH 4 dia (%] Ausencia TAH Re-TH Buena
ondas
DME 8 SI Estenosis 7 dia (%] P-T 40-50% Control Buena
DME 9 NO Estenosis 3 meses (%] %] 90% Stent Buena
DME 10 NO Robo de 4 meses (%] (%] Art EAE Buena
esplénica filiforme
DME 11 SI Estenosis 2 meses (%] %] 50% Control Buena
DME 12 SI Estenosis 2 meses (%] (%] Estenosis  Control Buena

P-T. Parvus-Tardus: Onda con indice de resistencia menor de 0.5 y aceleraciéon mayor a 0.08; TAH: trombosis de arteria hepatica; EAE.
Embolizacion arteria esplénica; AHD, arteria hepatica derecha; *Grado de estenosis presentado como frecuencias (porcentaje) cuando conocido,
O Normal
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La complicacion mas frecuente fue la estenosis en el area de la anastomosis, considerando
como tal la afectacion de minimo el 50% de la luz interna del vaso. La tasa de trombosis de
arteria hepatica fue del 1% en el grupo DAC y del 1.5% en el ME (p = 1,000) (Tabla 10). En
el grupo de receptores DAC, nuestro programa de seguimiento estandar con Eco-doppler
solo fue capaz de diagnosticar la complicacion arterial en dos de los cinco casos (40%). En
los otros tres, las ondas no presentaron patologia y fueron diagnosticadas finalmente por
angio-TAC. De las cinco complicaciones, 4 fueron tratadas mediante stent intraarterial por
angiografia y uno requirio retrasplante. Hay que mencionar que en el grupo DAC, 3 de las 5
complicaciones arteriales (60%) estaban incluidas en el protocolo de arteria de riesgo.

En el caso de los donantes en ME, el sistema de seguimiento estandar con Eco-doppler
detecto alteraciones en las ondas en 8 de 12 casos (66%). las Eco-doppler fueron patoldgicos
en todos los casos en los que se diagnostico patologia arterial precoz, aunque posteriormente
se confirmaron con un angio-TAC. En el caso de las complicaciones tardias, los Eco-doppler
no fueron eficaces en la sospecha, ni siquiera en los casos que continuaban con controles por
estar en programa de arteria de riesgo, y el diagnostico se realizd6 mediante angio-TAC.
Respecto al tratamiento, del total de las complicaciones arteriales en este grupo, cinco
(41,6%) no se trataron y se dejaron a control evolucionando satisfactoriamente. Estas se
corresponden con las estenosis del 50 % y las de afectacion a arterias lobares.

El porcentaje de pacientes incluidos en el protocolo de arteria de riesgo fue similar al del

grupo DAC (7 de 12, 58%).
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6.7 Complicaciones biliares.

La tasa de complicaciones biliares fue también similar entre ambos grupos (5% vs. 6%) (p
=0,897) (Tabla 12).
Lo mas destacable es que no se desarrolld ninguin caso de CI ni en el grupo DAC ni en el de

ME.

Tabla 12: Complicaciones biliares. Analisis univariante DAC/ ME.

DAC ME p
n 100 n 200
Complicaciones 5(B%) 12 (6%) 0,897
biliares
Precoces (ingreso) 3 (3%) 6 (3%)
Fuga peri-Kehr 2 (2.%) 5(2,5%)
Peritonitis biliar 1 (1.%) 1 (0,5%)
Tardias (3 meses) 2 (2%) 6 (3%)
Estenosis 2 (2.%) 6 (3%)
anastomosis
Colangiopatia 0 0
isquémica
Frecuencias (porcentaje)

La complicacion precoz mas frecuente fue la fuga peri-Kehr en ambos grupos. Cuando
analizamos detalladamente las complicaciones precoces, observamos que a excepcion de
una, todas las fugas peri-Kehr se trataron mediante la apertura del Kehr por un espacio de
tiempo de entre 5 a 13 dias en funcion de la intensidad de la fuga (Tabla 13). Antes del
cierre del Kehr y para confirmar la completa resolucion de la fuga, se les realizo una nueva
colangiografia trans-Kehr. En un caso, dada la importancia de la fuga de contraste, optamos

por la realizacion directamente de una colangiopancreatografia retrograda endoscopica

88



Tabla 13: Complicaciones biliares detalladas

Resultados

Tipo Tiempo Colangio Colangio Clinica Tratamiento  Evolucién Factores
trasplante TK 7dias TK 3meses asociado
DAC Peritonitis 5 dias -- (H-Y) -- (H-Y) Dolor Laparotomia Estenosis H-Y
biliar abdominal drenajes subclinica
DAC Fugap-K 7 dias Fuga p-K -- Asintomatico ~ CPRE-protesis  Resolucion -
plastica
DAC Fugap-K 7 dias Fuga p-K Resolucion  Asintomatico  Apertura Kehr 5  Resolucion --
dias
DAC EAB 3 meses Normal Fuga- Asintomatico  Retirar  Kehr. Resolucion Stent
estenosis Drenaje I-E arterial
DAC EAB 3 meses Normal EAB Asintomaético CPRE- Resolucion Stent
Dilatacion arterial
DME Fugap-K 7 dia Fuga p-K Normal Asintomatico  Apertura Kehr. Resolucion -
13 dias
DME Fugap-K 7 dias Fuga p-K Normal Asintomatico  Apertura Kehr Resolucion --
5 dias
DME Fugap-K 7 dias Fuga p-K Normal Asintomatico  Apertura Kehr. Resolucion -
7 dias
DME Perdida del 12 dias Fuga p-K Normal Asintomatico  Laparotomia Resolucién --
Kehr Recolocacion
del Kehr
DME Fugap-K 7 dia Fuga p-K Normal Asintomatico  Apertura Kehr. Resolucion -
5 dias
DME Fugap-K 7 dia Fuga p-K Normal Asintomatico  Apertura Kehr. Resolucion --
5 dias
DME EAB 3 meses Normal EAB Asintomatico  Retirar  Kehr. Resolucion -
Control
DME EAB 3 meses Normal EAB Asintomatico ~ Retirar  Kehr. Resolucion -
DME EAB 3 meses Normal EAB Asintomatico CPRE- protesis  Re-TH (41 meses) --
DME EAB 3 meses Normal EAB Asintomatico ~ Retirar  Kehr. Resolucion -
DME EAB 3 meses Normal EAB Asintomatico  Retirar ~ Kehr  Estenosis Stent
Control subclinica arterial
DME EAB 3 meses Normal EAB Asintomatico ~ Retirar  Kehr. Resolucion -

EAB, estenosis anastomosis biliar; Fuga p-K, fuga peri tubo de Kehr; H-Y, hepaticoyeyunostomia; drenaje I-E, drenaje transhepatico interno externo.
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(CPRE) y la colocacion de una proétesis plastica temporal con completa resolucion del cuadro
tras la retirada de esta. Todas las fugas peri-Kehr fueron hallazgos radiolégicos y por lo tanto
asintomaticas y no se asociaron a estenosis ni a otra complicacion biliar tardia durante el
seguimiento.

En cada grupo se reintervino quirdrgicamente a un paciente. En el grupo DAC por una
peritonitis biliar secundaria a una fuga de la hepaticoyeyunostomia que curso con dolor
abdominal. Esta se trat6 mediante reparaciéon con puntos de la hepaticoyeyunostomia,
lavados y drenaje. Y en el grupo ME, por una pérdida accidental del tubo de Kehr en un
paciente que se encontraba asintomatico y que fue diagnosticada casualmente en un TAC.
En esta ultima, se pudo reintroducir el tubo de Kehr por el orificio de salida del colédoco y
fijarlo después con puntos. Solamente el paciente con la fuga de la hepaticoyeyunostomia
que se reintervino por peritonitis en el postoperatorio inmediato, desarrolld una estenosis
tardia que de momento esta bajo control aunque en buena evolucion. El resto de las
complicaciones precoces evolucionaron satisfactoriamente.

La complicacion biliar tardia mas frecuente fue la estenosis de la anastomosis, que se
presentd en 8 pacientes y en tres de ellos, se relacioné con complicaciones vasculares
previas. En todos estos casos, las colangiografias de la primera semana fueron normales.
Ademas, todas las complicaciones tardias fueron asintomaticas y diagnosticadas mediante la
colangiografia del tercer mes. Es de mencionar, que en 5 de las 7 estenosis (71%) la tnica
actuacion de tratamiento fue la retirada del Kehr y todas evolucionaron favorablemente.
Solo en dos paciente con estenosis de la anastomosis se realizo tratamiento por CPRE
consiguiendo en una, la resolucion del cuadro y en la otra, un tratamiento temporal y que
tras multiples colangitis de repeticion fue retrasplantado, al de 41 meses del primer TH.
Con la idea de detectar precozmente el posible desarrollo de complicaciones biliares y mas

en concreto de CI, registramos la evolucion de la fosfatasa alcalina y de la bilirrubina total,
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al mes, a los tres meses y a los 6 meses del trasplante (Tabla 14). En la mayoria de los

pacientes las enzimas de colestasis descendieron durante la evolucion, manteniendo un perfil

comparable en ambos grupos (Fig.24 y 25).

Tabla 14: Evolucion de la colestasis durante el seguimiento. Analisis univariante DAC/ ME.

DAC ME P
n=100 n=200
Bilirrubina(mg/dL) 0,47
1 mes 0,9 [0,6; 1,5] 0,8 10,6; 1,8]
3 mes 0,6 [0,4; 0,9] 0,6 [0,5; 0,9]
6 mes 0,6 [0,4; 0,9] 0,510,4; 0,8]
Fosfatasa Alcalina (U/L) 0,53
1 mes 106 [70,2; 154] 101 [65,8; 163]
3 mes 76 [63,2;97,7] 72 [64,2; 98,3]
6 mes 78 [65-110,5] 78 [63,7-104]
Frecuencias (porcentaje); mediana [rango intercuartilico |

16
14
12

038
06
04
02

Evolucién de la Bilirrubina: DAC Evolucién de la Bilirrubina: DME

\___—_— \

1mes 3 meses 6 meses 1lafio 1mes 3 meses 6 meses 12 meses

p75 p25 e=@==\ediana p75 p25 e=®==\ediana
p 0,470

Figura 24: Evolucion de la bilirrubina durante el primer afio de seguimiento.
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Evolucion de FFAA: DAC Evolucion de FFAA: DME
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Figura 25: Evolucion de la fosfatasa alcalina durante el primer afio de seguimiento.

6.8 Seguimiento
El seguimiento medio de nuestro estudio fue de 36 meses con un seguimiento minimo de

seis meses. Durante este, no encontramos diferencias significativas entre los grupos en los

parametros estudiados (Tabla 15).

La tasa de retrasplante fue similar en ambos grupos, del 1% en el grupo DAC y de 3,5% en
el grupo ME (p = 0,290), siendo las complicaciones vasculares la causa mas frecuente. En
la figura 26 podemos ver las causas del retrasplante y su evolucion tras este. Como
curiosidad, la causa de retrasplante precoz de un paciente del grupo de donantes ME, fue la
trasmision donante-receptor de una purpura trombocitopenica idiopatica que se manifesto
precozmente en forma de trombocitopenia severa y hemorragias agudas, y que obligd al

retrasplante urgente con resolucion completa e inmediata del cuadro clinico.
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Tabla 15: Seguimiento. Analisis univariante DAC/ ME.

DAC ME p
n=100 n=200
Retrasplante 1 (1%) 7 (3,5%) 0,290
Precoz (< 30 dias) 1 (1%) 4 (2%)
Tardio 0 3 (1,5%)
Perdida del injerto 2 (2%) 9 (4,5%) 0,372
censurada
Muerte del paciente 4 (4%) 22 (11%) 0,068
Causas de muerte: 0,778
ACV 0 2 (1%)
Neoplasia de novo 1 (1%) 11 (5,5%)
Disfuncion 1 (1%) 3 (1,5%)
del injerto*
Infarto de 0 1 (0,5%)
miocardio
Sepsis 2 (2%) 5(2,5%)
Frecuencias (porcentaje); *muerte por disfuncion del higado asociando diversas causas (morbilidad alta, tumores, edad,...) que impide
el retrasplante

24 horas

Rechazo crénico ]—[ Vivo l
8 meses

1 paciente (14%)

Trombosis suprahepaticas
aloe H Exitus ]
Fallo primario del injerto
3 dias
Precoz (< 30 dias) Fallo primario del injerto Vivo ]
6 pacientes (86%) 2 dias
Trombosis arteria hepatica Vie
3 dias
Retrasplante DME Trombosis arteria hepatica Vi
7 pacientes 2ldias vo
Trombocitopenia trasmitida

‘ Tardia

Retrlas Retrasplante DAC Precoz (< 30 dias) Trombosis arteria hepatica Vivo ]
paslients 1 pacientes (100%) Sl

Figura 26: Causas de retrasplante y evolucion.
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Aunque no fue estadisticamente significativo, murieron mas pacientes en el grupo de ME
que en el DAC ( 11% vs. 4%, p = 0,068). Esto fue debido fundamentalmente al desarrollo
de neoplasias de novo (11 casos, 5,5% frente a 1 caso, 1%). Un paciente en el grupo DAC y
tres en el ME fallecieron debido a disfuncién crénica del injerto, en pacientes que no se

pudieron retrasplantar debido a comorbilidades asociadas.

Cuando analizamos la variables relacionadas con la perdida del injerto en el andlisis bi y
multi-variante, solo encontramos asociados factores ampliamente conocidos por
relacionarse con la perdida del injerto, como son el nivel de sodio en el donante, el ser un
retrasplante, la disfuncion precoz del injerto, el desarrollo de trombosis arterial y el rechazo
probado por biopsia. El tipo de donante (ME / DAC) no se presenta como factor asociado a

la perdida del injerto. (Tabla 16).
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Tabla 16: Relacion de variables asociadas a la perdida del injerto y analisis bi y multivariante.

ANALISIS BIVARIANTE MULTIVARIANTE
ALL No (n=289) Yes (n=11) HR p
(n=300) 95% CI)
Factores
donante/injerto
Tipo de donante: 0,352
ME 200 (66,7%) 191 (66,1%) 9 (81,8%)
DAC 100 (33,3%) 98 (33,9%) 2 (18,2%)

Edad 62,0 62.0 62.0 0,848

[51,0,71,0] [51,0;71,0] [55,5;69,5]
>65 aflos 127 (42,3%) 124 (42,9%) 3(27,3%) 0,360
Sexo (masculino) 127 (42,6%) 123 (42,9%) 4 (36,4%) 0,748
MC 25,9 25,9 26,6 0,543

[23,7;28,5] [23,7;28,5] [24,6;29,0]
Estancia UCI 3,00 3.00 2,00 0,197
(dias) [1,00;7,00] [1,50;7,00] [1,00;6,00]
Inotrépicos 176 (59,1%) 167 (58,2%) 9 (81,8%) 0,124
Niveles de sodio 145 [140;149] 145 [140;150] 141 [136;146] 0,066 -
TIF 266 [230;320] 265 [229;321] 280 [260;290] 0,287
Esteatosis 62 (20,8%) 59 (20,5%) 3 (30,0%) 0,693
Factores del
receptor
Edad 5,6 (8,71) 57.7 (8,39) 53,2 (14,8) 0,333
Sexo (masculino) 70 (23,3%) 68 (23,5%) 2 (18,2%) 0,752
MELD score 1 2,0 12,0 8,00 [7,00;1,0] 0,260

[9,00;16,0] [9,00;16,0]
Hepatico-renal 12 (4,00%) 12 (4,15%) 0 (0,00%) 1,.000
Retrasplante 20 (6,67%) 16 (5,54%) 4 (36,4%) 0,005 -

Frecuencias (porcentaje); mediana [rango intercuartilico]
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Tabla 16 (Continuacion): Relacion de variables asociadas a la perdida del injerto y analisis bi y

multivariante.

ANALISIS BIVARIANTE MULTIVARIANTE
ALL No (n=289) Yes p HR p
(n=300) (n=11) (95% CI)
Indicacion de
trasplante
Cirrosis 232 (77,3%) 224 (77,5%) 8 (72,7%) 0,729
CHC 137 (45,7%) 33 (4,.0%) 4 (36,4%) 0,747
Otros 55 (18,3%) 52 (18,0%) 3 (27,3%) 0,698
Resultados
postrasplante
Fibrinolisis 40 (13,4%) 40 (13,9%) 0 (0,00%) 0,362
Disfuncion 61 (20,4%) 54 (18,7%) 7 (70,0%) 0,001 10,94 0,004
precoz (2,1452,9)
Insuf. renal aguda 75 (26,1%) 72 (25,7%) 3 (42,9%) 0,380
Pico ALT 902 887 2565 0,002 - -
[502;1653] [487;1575] [1164;3086]
Estancia UCI 4,00 4,00 8,00 0,125
(dias) [3,00;5,00] [3,00;5,00] [3.00;13.0]
Estancia hospital 15,0 15,0 23,0 0,115
(dias) [12,0;22,0] [12,0;22,0] [15,5:32,2]
Postreperfusion 34 (11,3%) 32 (11,1%) 2 (18,2%) 0,627
Rechazo por 13 (4,42%) 10 (3,50%) 3 (37,5%) 0,004 16,57 <0,001
biopsia (3,53;398)
Seguimiento 2,99 2,98 [ 3,57 0,408
(afios) [1,67:4,03] 1,68:4,02] [1,65:4,72]
Complicaciones 17 (5,92%) 17 (6,03%) 0 (0,00%) 1,000
biliares
Trombosis 4 (1,33%) 1 (0,35%) 3(2,3%) <0,001 38,49 0,002
arterial. (3,71;398)
Frecuencias (porcentaje); mediana [rango intercuartilico]
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6.9 Supervivencia

Con una mediana de seguimiento de 36 meses [20,0; 48,3], la supervivencia global del
injerto a 1 y 3 afios fue significativamente mayor en el grupo de DAC con un 99% y 93%,
frente a un 92% y 87% para el grupo de ME (p = 0,036) (Fig.27). Sin embargo, no
encontramos diferencias en la supervivencia del injerto censurada a 1 y 3 afios (100% y 97%
para DAC frente a 96% y 96% para ME) (p = 0,321) (Fig.28) , ni en la supervivencia del
paciente a 1 y 3 afios (99% y 94% para DAC frente a 95% y 80% para ME) (p = 0,116)

(Fig.29) (Tabla 17)

100 g P
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Figura 27: Curvas Kaplan-Meier de supervivencia global del injerto.
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Figura 28: Curvas Kaplan-Meier de supervivencia del injerto censurada.
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Figura 29: Curvas Kaplan-Meier de supervivencia del paciente.
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Tabla 17: Supervivencias estimadas (Kaplan- Meier).

Resultados

DAC ME P
Supervivencia global del 0,036
injerto
1 afio 99% 92%
2 afios 96% 90%
3 afios 93% 87%
Supervivencia del injerto 0,321
censurada
1 afio 100% 96%
2 afios 99% 96%
3 afios 97% 96%
Supervivencia del paciente 0,116
1 afio 99% 95%
2 afos 98% 94%
3 afios 94% 89%

Al analizar la supervivencia de los receptores de donantes DAC en funcion del UK risk-

score observamos que los mejores resultados se presentan en el grupo de alto riesgo, que

representan el 25% de la muestra, con un 100% de supervivencia a 1 y 3 afios. Por otra parte,

los peores resultados se presentan en el grupo futil con una supervivencia a tres afos del

50%, aunque solamente representan el 3% del total de donantes DAC (Tabla 18).
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Tabla 18: Supervivencias estimadas en funcién del UK-risk score.

Bajo Alto Futil p

riesgo riesgo

(72%) (25%) (3%)
Supervivencia global del injerto 0,036

1 aflo 99% 100% 100%

2 afios 93% 100% 100%

3 afios 93% 100% 50%
Supervivencia del injerto 0,284
censurada

1 afio 100% 100% 100%

2 afios 99% 100% 100%

3 afios 99% 100% 50%
Supervivencia del paciente 0,067

1 aflo 99% 100% 100%

2 afos 97% 100% 100%

3 afios 94% 100% 50%

6.10 Estudio en funcion de la edad del donante

Cuando analizamos los resultados del trasplante hepatico con donantes DAC, nos
encontramos que 60 trasplantes (60%) fueron realizados con donantes menores de 65 afos

y 40 (40%) con donantes mayores o igual a 65 anos.
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Tabla 19: Caracteristicas demograficas de los donantes, categorizadas en funcion de la edad.

Donantes n=100 Edad Edad P
<65 >65
n=60 n=4(0
Edad donante 62,0 55,0 71,0 <0,001
[53,0;69,0] [46,0;60,2] [68,8;75,0]
Sexo donante: 0,717
Hombres 33 (33,3%) 21 (35,6%) 12 (30,0%)
Mujeres 66 (66,7%) 38 (64,4%) 28 (70,0%)
IMC: 26,0 25,6 26,2 0,598
[23,0;29,1] [22,9;29,1] [23,7;29,1]
Causa: 0,079
-ACV 38 (38%) 20 (33,3%) 18 (45%)
-Anoxia cerebral 35 (35%) 22 (36,6%) 13 (32,5%)
-Insuf. respiratoria 18 (18%) 10 (16,6%) 8 (20%)
-TCE 9 (9%) 8 (13,3%) 1(2,5%)
Estancia en UCI (dias) 7,00 8,50 5,50 0,010
[4,00;12,0] [4,75:15,0] [3,75:8,00]
Necesidad de inotropicos 43 (43,0%) 25 (41,7%) 18 (45,0%) 0,902
Niveles de sodio 142 [140;145] 142 [140;144] 142 [139;145] 0,929
Esteatosis 11 (11,1%) 7 (11,9%) 4 (10,0%) 1,000
Frecuencias (porcentaje); mediana [rango intercuartilico] ; IM, indice de masa corporal; UCI, unidad de cuidados intensivos; ACV,
accidente cerebrovacular; TCE, traumatismo craneoencefélico.

En la Tabla 19 podemos ver y comparar los datos demograficos de los donantes en funcion
de la edad, no observando diferencias significativas entre los grupos, salvo en la estancia en
UCI. Los pacientes menores de 65 afios tuvieron una estancia mas prolongada (8,5 dias vs.
5,5 dias) (p = 0,01). Tampoco encontramos diferencias significativas en las caracteristicas
de los receptores (Tabla 20), aunque hay que mencionar que no utilizamos ningun donante
DAC mayor de 65 para un retrasplante ni para trasplantes combinados hepatico-renales. Los
tiempos de preservacion del injerto también fueron comparables en ambos grupos (Tabla

21).
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Tabla 20: Caracteristicas demograficas de los receptores, categorizadas en funcion de la edad.

Receptores N=100 EDAD <65 EDAD >65 P
N=60 N=40
Edad (afios) 58 [19,0;69,0] 58 [19,0;68,0] 59 [26,0;69,0] 0,890
Sexo (masculino) 75 (75%) 45 (75%) 30 (75%) 0,779
MELD 12 [6,0;27,0] 12 [6,0;27,0] 11[7,0;27,0] 0,576
Retrasplante 2 2 (3,3%) 0 0,264
Hepatico-renal 4 4 (6,6%) 0 0,354
Indicacion de 0,435
trasplante:
-Cirrosis 45(45%) 28 (46,6%) 17(42,5%)
-OH 21 14 7
-VHC 14 9 5
-CEP 3 1 2
-otras 7 4 3
-CHC 43(43%) 28(46,6%) 15(37,5%)
-otras 12(12%) 4(6,6) 8(20%)

Frecuencias (porcentaje); mediana [rango intercuartilico] ; VHC, virus hepatitis C; CEP, colangitis esclerosante primaria; CHC, carcinoma hepatocelular

Tabla 21: Tiempos de preservacion, categorizados por la edad del donante.

N=100 EDAD < 65 EDAD>65 P
(N=60) (N=40)
TICF (MIN) 10 10 10 0,892
[8,4;12,2] [8,4;12,2] [7,6;11,8]
PNR (MIN) 121 121 122 0,672
[118;318]] [223:303] [201;314]
TIF (MIN) 274 259 282 0,152
[241;311] [230;314] [256;304]
Mediana [rango intercuartilico]: TICF, tiempo de isquemia caliente funcional, PNR, perfusion normotérmica regional; TIF, tiempo de isquemia fria
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De la misma forma no encontramos diferencias entre los grupos cuando analizamos los
resultados perioperatorios (Tabla 22), ni los postoperatorios a corto y medio plazo (Tabla

23).

El desarrollo de complicaciones biliares (3,3% vs. 7,5%) (p = 0,369) y estenosis arteriales
(5% vs. 2,5%) (p = 0,394), fue similar en ambos grupos. Es de destacar que en el grupo de

mayores de 65 anos no hubo ninguna TAH, ni retrasplante, ni perdida del injerto (Tabla 23)

Tabla 22: Resultados perioperatorios, categorizados por la edad del donante.

N=100 Edad < 65 Edad >65 p
(n=60) (n=40)
Snd. Postreperfusion 11 (11,0%) 6 (10,0%) 5(12,5%) 0,746
Fibrinolisis 13 (13,1%) 8 (13,6%) 5 (12,5%) 1,000
Requerimientos
transfusionales:
Concentrado 1,00 0,00 1,00 0,561
hematies (U) [0,00;2,25] [0,00;2,25] [0,00;2,25]
Plaquetas (pool) 0,00 0,00 0,00 0,435
[0,00;1,00] [0,00;1,00] [0,00;0,00]
Plasma (U) 0,00 0,00 0,00 0,542
[0,00;0,00] [0,00;0,00] [0,00;0,00]
Fallo primario del injerto 0 0 0
Disfuncion precoz 19 (19,2%) 12 (20,3%) 7 (17,5%) 0,927
Pico ALT (U/L) 836 [573;1422] 898 [617;1414] 772 [463;1495] 0,288
Insuficiencia renal aguda 19 (19,8%) 8 (14,3%) 11 (27,5%) 0,180
Estancia en UCI (dias) 4,00 4,00 4,00 0,264
[3,00;5,00] [4,00;5,00] [3,00;5,00]
Estancia en hospitalaria 14,0 14,0 14,0 0,883
(dias) [12,0;22,5] [12,0;20,5] [11,0;25,8]
Frecuencias (porcentaje); mediana (rango intercuartilico); ALT, Alanin transaminasa; UCI, unidad de cuidados intensivos
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Tabla 23: Complicaciones postrasplante, categorizadas por la edad del donante.

Resultados

censurada

Frecuencias (porcentaje); CI, colangiopatia isquémica

N=100 EDAD < 65 EDAD>65 p
(N=60) (N=40)

Complicaciones 5 (5%) 2 (3,3%) 3 (7,5%) 0,369
biliares

Fuga peri-Kehr 2 0 2

Estenosis anastomosis 2 1 1

Peritonitis biliar 1 1 0

CI 0 0 0
Estenosis arterial 4 (4%) 3 (5%) 1(2,5%) 0,394
Trombosis arterial 1 (1%) 1. (1,7%) 0 1,000
Retrasplante 1 (1%) 1 (1,7%) 0 1,000
Muerte paciente 4 (4%) 3 (5%) 1(2,5%) 0,653
Perdida del injerto 2 (2%) 2(3,3%) 0 0,499

Durante el seguimiento, la supervivencia global del injerto a 1 y 3 afios fue similar,

independientemente de la edad de los donantes DAC, con un 98% y 92% para los menores

de 65 afios y un 100% y 92% para el grupo de donantes mayores (p = 0,428) (Fig.30). De

la misma manera no encontramos diferencias en la supervivencia del injerto censuradaa 1 y

3 afios: 100% y 96% frente a 100% y 100%, respectivamente (p = 0,289) (Fig.31), nien la

supervivencia del paciente a 1 y 3 afios: 98% y 94% frente a 100% y 92, respectivamente (p

= 0,643) (Fig. 32).
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Figura 30: Curvas Kaplan-Meier de supervivencia global del injerto en funcion de la edad del

donante.
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Figura 31: Curvas Kaplan-Meier de supervivencia del injerto censurada en funcion de la edad del
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Figura 32: Curvas Kaplan-Meier de supervivencia del paciente en funcion de la edad del donante.
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6. DISCUSION

Uno de los problemas clasicos del trasplante de 6rganos sélidos es el desequilibrio existente
entre los pacientes que esperan un trasplante y el numero de donantes disponibles. En el
trasplante hepatico, mas concretamente, esta situacion se ha visto agudizada en los tltimos
afios debido en parte a los buenos resultados obtenidos, lo que lo ha convertido en un
tratamiento solidamente establecido en nuestra sociedad, facilitando un mayor acceso a él.
Como consecuencia, las indicaciones y la necesidad de trasplante han ido progresivamente
aumentado. Sin embargo, el nimero de donantes no ha aumentado de la misma manera como
para poder satisfacer esta demanda y en la actualidad, es insuficiente. Este desequilibrio entre
la oferta y la demanda tiene un efecto directo sobre nuestros pacientes y sobre la lista de
espera. Por una parte, al prolongarse los tiempos de espera en lista, aumenta el riesgo de
progresion de la enfermedad de base lo que lleva asociado un incremento de la mortalidad
de los pacientes en lista de espera, asi como un deterioro de los que finalmente son
trasplantados, condicionando peores resultados postrasplante. Por otra parte, la falta de
donantes condiciona una mayor restriccion a la hora de indicar el TH a determinados

pacientes, privandoles de un tratamiento del que se podrian beneficiar!%>-1%%,

Ante esta evidente falta de donantes, debemos explorar todas las alternativas disponibles y
tratar de optimizarlas. Es posible que en un futuro mas o menos cercano los avances en
ingenieria genética para el desarrollo de 6érganos a través de matrices celulares, nos permitan
trasplantar “a demanda” con 6rganos especificamente disefiados para su receptor!®. De
momento, su aplicabilidad en el ser humano parece lejana y mientras tanto, el TH seguira
dependiendo de la donacion y de la mejor utilizacion que podamos hacer de nuestros

donantes.
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Una de las posibilidades mas frecuentemente exploradas para aumentar el numero de
donantes es la donacion en asistolia controlada. El uso de donantes DAC tiene como
principal finalidad aumentar ese grupo de potenciales donantes disponibles y que en
definitiva, determine un aumento del numero total de trasplantes y una disminucién del
tiempo medio de lista de espera de los receptores, asi como una mayor indicacion. En este
sentido, nuestra experiencia en el Hospital Universitario Cruces, ha sido muy positiva. En
los cuatro anos y medio de este estudio hemos realizado 100 TH con donantes DAC, lo que
nos ha llevado a realizar una media de 79 TH al afio (DAC mas ME). Previo al inicio de este
programa, nuestra media de trasplantes anuales era de aproximadamente 60, con lo que
hasta el 2019 incluido, ha supuesto un incremento del 28 % del numero de TH realizados en
nuestra unidad (Fig.33). De hecho, esta subida tan importante generd una brusca reduccion
de la lista de espera, minimizando el tiempo en lista a dias, menos de una semana y como
consecuencia, mas de un 20 % de los 6érganos generados eran enviados a otras comunidades
por falta de receptores adecuados. En la actualidad, este numero tan importante de donantes
nos ha permitido plantear la expansion de nuestros criterios de indicacioén de trasplante (

110,111

edad del receptor, Criterios de Milan ,...) € incluso la incorporacion de nuevas

1112-115

indicaciones como el colangiocarcinoma o las metéstasis de origen colorecta , siempre

en receptores altamente seleccionados.

En los afios 2020 y 2021, esta cifra ha retrocedido levemente, probablemente por la pandemia
Covid-19 que hemos sufrido y que ha generado, entre otras consecuencias, la caida
importante del nimero de donantes. Sin embargo, y teniendo en cuenta el potencial de la
DAC, es esperable que regresemos a las cifras previas a la era Covid-19 y que incluso las

podamos superar.
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Datos del Hospital Universitario Cruces
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Figura 33: Evolucion de la donacion / TH desde 2011, en el hospital Universitario de Cruces

(Elaboracion propia).

De forma paralela a nivel nacional, a partir del afio 2015, con el inicio de los diferentes

programas de TH con donantes DAC, se ha producido un aumento en el numero de

trasplantes y como consecuencia un acortamiento de las listas de espera e importantemente,

una reduccion de las exclusiones de lista y de la mortalidad en esta?®. Con todo esto, podemos

concluir que la incorporacion de los donantes DAC a los programas de TH, ha colaborado

de forma importante en la reduccion del desequilibrio donante receptor.
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Donantes en asistolia/ donantes marginales

La DA, desarrollada de forma importante en los paises anglosajones, no habia sido
considerada en Espaiia, salvo excepcionalmente. De hecho, de 2001 a 2005 la donacion en
asistolia suponia el 1-5% del total de trasplantes hepaticos realizados. Ademas, contrario a
la experiencia Europea, la mayor parte de la DA realizada en Espafia consistia en donantes
DANC o Maastricht tipo II. Sin embargo, a partir del afio 2014 y ,como ya hemos comentado
en la introduccidn, gracias el nuevo Real Decreto 1723/20125° que entr6 en vigor en enero
de 2013, comenzaron a desarrollarse multiples programas de TH con donantes DAC. Como
consecuencia, en el afio 2019, la actividad DAC supuso un 32% del total de los TH realizados

en Espafia®®.

La principal razén de la baja aceptacion/implantacion en nuestro pais probablemente era que
los donantes DAC se consideraban donantes marginales, dado que el TH con ellos se
asociaba a un incremento importante de las complicaciones postrasplante,
fundamentalmente biliares, y mas en concreto al desarrollo de la CI con una incidencia
descrita de hasta el 40%, en algunas series®>6>81:82 Ademas, diversos estudios relacionaban
el uso de donantes DAC con un incremento en la incidencia del fallo primario del injerto, de
trombosis arterial aguda y de insuficiencia renal aguda postrasplante®’-3483116 Todo ello
condicionaba un descenso en la supervivencia de los injertos y un incremento en la tasa de
retrasplante. De hecho, en 2006 Feng et al.>® en su definicion de indice de donante riesgo,
ya presentaba a los donantes DAC como un factor independiente y altamente asociado al
fallo del injerto postrasplante. Posteriormente, otros grupos también incluyeron a los

donantes DAC en la definicion de donantes con criterios expandidos?4-36:41-46,

Tradicionalmente, los injertos obtenidos de los donantes DAC se extraian y preservaban

mediante la técnica de ESR, que estaba considerada la técnica estandar y que con una
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canulacion superrapida trataba de disminuir en lo posible el TIC relacionado con el proceso
de muerte del donante®. El aumento de complicaciones parecia estar en parte justificado por
ese dafio isquémico, exacerbado por el almacenamiento posterior en solucion de
preservacion fria’>7¢, En la mayoria de los estudios con donantes DAC se establecié una
correlacion directa entre el TIC y los resultados postrasplante. De hecho, en la practica
totalidad de las guias clinicas y protocolos se recomendaba reducir al minimo el TIC,
limitdndolo a un maximo 30 minutos e incluso recomendando que no excediese de 20

minutos!!7-129,

Con idea de optimizar estos donantes, se identificaron otros multiples factores asociados a
peor pronostico y que habia que tratar de evitar como: la edad mayor de 50 afios, el IMC
mayor a 35, la presencia de macroesteatosis mayor al 30% y el TIF prolongado, entre
otros'?!"124 Evitando estos factores, se consiguid reducir la tasa de complicaciones asociadas
de forma importante. Asi, en 2010, el grupo de Kings College present6 una reduccion en la
incidencia de las complicaciones biliares al 14,7%, limitando el TIC a menos de 20 minutos,
el TIF a menos de 8 horas, la edad del donante a 60 afios y el MELD del receptor a 25, Sin
embargo, limitar tanto los donantes DAC también tenia como consecuencia una reduccion
de la tasa de utilizacion de estos, quedando muy por debajo de la rentabilidad media de la
ME y poniendo en duda tanto la rentabilidad como la aplicabilidad de los programas de

donacion DAC.

Estos donantes fueron considerados tan marginales, que en 2018 Schlegel et al. publicaron
un score donante-receptor especifico para donantes DAC, que trataba de proveer de un
modelo de prediccion de perdida del injerto, el UK DCD Risk Score®s. Valorando
determinados parametros del donante y del receptor, establecian tres perfiles de riesgo: el de

bajo riesgo con una supervivencia del injerto al afo superior al 95%, el de alto riesgo,
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superior al 85 % y el futil, con una supervivencia inferior al 40%, debido fundamentalmente
a FPI (27%) y ala CI (16%). En nuestra serie este score no tuvo mucho valor a la hora de
predecir los resultados, dado que los de alto riesgo consiguieron las mejores supervivencias.
Por el contrario, si fue capaz de predecir malos resultados, a medio plazo, en los futiles (50%
de supervivencia a 3 afios), pero segun nuestra opinion esto tiene escaso valor dado que solo
suponen un 3% de la serie y ademas son aquellos en los que se combina un mal donante
(afioso, BMI elevado, TIF prolongado) con un mal receptor (afioso, MELD elevado,
retrasplante) y esto es sabido que se acompafia de peores resultados, también con los
donantes ME. De la misma manera tampoco ha podido ser validado en la serie espafiola, en
la que la supervivencia del injerto de donantes DAC con PNR considerados futiles fue
superior (100%, 1 afio), a la de los considerados alto riesgo ( 91%, 1 afio ) y a la de los de

bajo riesgo (87%)!'%.

En nuestro estudio, a pesar de no seleccionar ni los donantes ni los receptores mas alla de
nuestros criterios generales, los resultados obtenidos estdn muy por encima de los limites
establecidos en la literatura tanto para el trasplante hepatico en general como con el uso de
donantes DAC!2%!27, De hecho, nuestra mediana de edad del donante DAC fue de 62 afios
con un 40% de donantes mayores de 65, siendo esta superior a lo que se considera un factor
de riesgo para los TH con donantes DAC. Los receptores tampoco fueron seleccionados y el
emparejamiento donante-receptor se realizd segun los criterios previamente descritos
(MELD, Child y tiempo en lista), independientemente del tipo de donante. De esta forma,
utilizamos los donantes DAC en el trasplante combinado hepatorenal, en la CEP y en el

retrasplante incluso precoz por FPI.

Todo ello, pone en duda el concepto de marginalidad asociado a la DAC, cuando el injerto

hepatico se preservan con PNR.
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DAC vy Colangiopatia isquémica

Tal y como hemos definido previamente, la CI consiste en el desarrollo de estenosis no
anastomoticas y dilataciones secundarias a lo largo del arbol biliar, en ausencia de trombosis-

estenosis arterial, comprobado mediante colangiografia (trans-Kehr o RMN)82:83.87-89,

La CI es la principal complicacién asociada al uso de donantes DAC y como hemos
comentado, su incidencia es muy variable segun la series, siendo en algunas superior al 40%,
cuando se asocia a ESR. Asi como es relativamente frecuente detectar estenosis no
anastomoticas de la via biliar con el uso de donantes ME, asociadas a problemas arteriales

)128

(trombosis o estenosis) =, en ausencia de lesion arterial es una complicacion casi exclusiva

de los donantes DAC.

Aunque la patogénesis es desconocida, se ha sugerido que el dafio isquémico podria
favorecer el desarrollo de arteriolonecrosis y posterior necrosis celular del conducto biliar
produciendo las estenosis!?®. También la lesion de isquemia reperfusion parece jugar un

130

papel en su desarrollo Algunos autores han presentado menores incidencias de CI

acortando el TIF y asociando el lavado adicional del injerto con agentes tromboliticos como

BI-133 En este sentido, estudios

el activador del plasmindgeno tisular o la uroquinasa
experimentales han demostrado como el uso de la PNR para la preservacion del higado, por

si mismo, parece reducir la lesion isquémica sobre la via biliar reduciendo asi la incidencia

de C17°.

Tampoco esta claro el tiempo de desarrollo de esta complicacion. La mayor parte de los

autores coinciden en que la mayoria de los casos se producen durante los seis primeros meses
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postrasplante, no siendo raro detectarlos hasta un afio e incluso se han descrito casos tras

varios afios del TH®8:8,

Su importancia reside en que la CI aumenta de forma considerable la morbilidad y el coste
del trasplante debido a las multiples hospitalizaciones por colangitis de repeticion y a los
frecuentes procedimientos invasivos a los que se someten los pacientes. Todo ello, en
definitiva genera una disminucion de la supervivencia del injerto e incrementa la necesidad
de retrasplante. La severidad de las lesiones es muy variable y dificil de prever por lo que se

hace imprescindible la sospecha clinico-analitica y el diagnostico por imagen3!-84,

En nuestra serie de 100 trasplantes, con un seguimiento medio de 36 meses y minimo de 6,
no hemos diagnosticado ningtn caso de CI. En general, nuestra tasa de complicaciones
biliares fue baja ( 5% en DAC y 6% en ME). Hay que destacar que todos los pacientes,
excepto los que precisaron de una hepaticoyeyunostomia, portaban un tubo de Kehr y se les
realizo colangiografia trans-Kehr de control a la semana y a los tres meses. Ademads, tuvieron
un seguimiento clinico-analitico cercano y ante la minima clinica sugestiva de colangitis o
elevacion de las enzimas de colestasis se les realizd una colangio RMN. Fue con este control
tan estricto con el que pudimos evidenciar la total ausencia de CI asociada a nuestros
donantes. Esto fue crucial para demostrar que el uso de donantes DAC con PNR no parece
estar relacionado con el desarrollo de CI y sin embargo, si que aumenta el numero de
donantes Tttiles disponibles, con los que se optienen resultados postrasplante Optimos,

similares a los de la ME.
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DAC v edad el donante.

La edad el donante sigue siendo uno de los factores mas frecuentemente asociado a malos
resultados en el TH tanto con donantes DAC como en ME'?*124. En los donantes en ME, el
limite de edad ha sido practicamente suprimido, siempre y cuando no asocie otros factores
de mal pronostico. Sin embargo, en casi la totalidad los protocolos y publicaciones que
implican a donantes DAC, se hace una mencion especial al limite de edad. Aunque pueda
no existir una contraindicacion absoluta, la mayoria no recomienda el uso de donantes DAC
mayores de 60 anos y de hecho, los grupos que presentan buenos resultados lo hacen a
expensas de limitar mucho la edad!**13¢, En el ya mencionado UK- risk score®®, la edad por
encima de 60 afios supone dos puntos en la clasificacion, asumiendo que con 5 puntos se

considera un trasplante de alto riesgo.

Teniendo en cuenta que la edad es probablemente el factor que mas ha limitado la obtencién
de d6rganos, existe un autentico interés en aumentar este limite y mejorar los resultados con
donantes afiosos. Esto nos permitiria aumentar el nimero de potenciales donantes y asi
optimizar el proceso de la donacion. En 2018, Croome et al.!* presentan su experiencia
comparando los resultados del trasplante hepatico con donantes DAC mayores de 50 afos
frente a menores de esta edad. Con ello, pretendian demostrar que con donantes mayores de
50 afios se obtenian resultados similares a con donantes mas jovenes y recomendaban su
valoracion y uso, minimizando otros factores de riesgo asociados como el TIF prolongado.
Mas recientemente, en 2019 Mihaylov et al.!3” presentaba sus resultados con donantes DAC
con criterios expandidos entre los cuales estaba la edad del donante, también mayor de 50
afios. Con ellos, presentaban una tasa de CI del 5% y una supervivencia anual del injerto del

93%. Es importante destacar que conseguian incrementar un 20 % el volumen de trasplantes
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hepéticos realizados en su unidad. Un paso mas dio el grupo de Murcia, presentando su
experiencia con 32 donantes DAC mayores de 70 afios y buenos resultados en cuanto a CI

(3%) con una supervivencia anual del injerto del 70%!38.

Todas estas experiencias y otras, fueron las que permitieron ampliar la edad de los donantes
DAC hasta los 60 - 65 afios, tal y como en quedé registrado en el protocolo nacional de
donantes en asistolia’. Sin embargo, de nuevo estos limites estaban basados casi en su
totalidad en series con donantes DAC obtenidos mediante la ESR. No habia, en ese

momento, experiencia con la PNR.

Nuestro grupo presentd nuestra experiencia inicial con los primeros donantes DAC afiosos’!.
De 46 trasplantes realizados , 13 (28%) fueron con donantes mayores de 65 afios 'y 7 (15%)
de estos, mayores de 70 afios. Con una mediana de seguimiento de 19 meses, no encontramos
diferencias significativas en cuanto al desarrollo de complicaciones postrasplante a corto y
medio plazo, comparado con los donantes mas jovenes. Como limitacion, tanto el nimero
de pacientes como el seguimiento era pequeiio por lo que no se podian obtener grandes

conclusiones.

En este sentido, el resultado de esta tesis si nos aporta mayor evidencia. En este estudio, un
40% de los trasplantes DAC fueron realizados con donantes mayores de 65 afios, con una
mediana de edad de 71 afios y un 10 % de los donantes fueron mayores de 75 afios. Cuando
comparamos las caracteristicas demograficas de los donantes en funcion de la edad, no
encontramos diferencias significativas salvo en la estancia en UCI que fue mayor en los
donantes mas jovenes (8,50 [4,75;15,0] vs. 5,50 [3,75;8,00]) (p = 0,010). Tampoco
encontramos diferencias entre las caracteristicas de los receptores, ni en los tiempos de
isquemia. Aunque clasicamente, los donantes afosos se han asociado a una mayor disfuncién

del injerto y a menores supervivencias, en nuestro estudio no fue asi y la tasa de disfuncioén
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del injerto (12 (20,3%) vs. 7 (17,5%)) ( p = 0,927) y el pico de transaminasas (898
[617;1414] vs. 772 [463;1495]) (p = 0,288) fueron similares en ambos grupos,
independientemente de la edad. Lo mismo ocurri6 con la supervivencia a 1 y 3 afios que fue

similar (98% y 92% vs.100% y 92%) (p = 0,428).

Estos resultados ponen en duda el limite de edad maximo en 65 afios establecido para la
donacion DAC con PNR. Por nuestra parte consideramos que los donantes afosos, al igual
que en la donacion en ME, deberian ser considerados donantes con criterios expandidos
individualizando su valoracidén y aceptacion, en funcidon del resto de las caracteristicas
donante-receptor, de forma que la edad no constituya, en si mismo, una contraindicacién

para el uso de estos donantes.

DAC con CPM vy PNR. Ventajas frente a la técnica de ESR.

La DAC con PNR y CPM tiene claras ventajas frente a la ESR7!:72:139-143,

La principal ventaja de la PNR es que nos ofrece beneficios a nivel celular similares a los
producidos en un preacondicionamiento hepatico. Experimentalmente se ha demostrado que
durante la isquemia caliente se produce una reduccion de la fosforilacion oxidativa
mitocondrial y como consecuencia la degradacion y disminucién de los niveles de ATP
intracelular. Multiples estudios han demostrado los beneficios de la PNR en la restauracion
de los sustratos de energia y en la reduccion de los productos de degradacion celular,
disminuyendo la lesion tisular y mejorando la funcion del injerto postrasplante, en higados
previamente dafiados por la isquemia caliente’s”®. En este sentido, las primeras experiencias
clinicas se dieron en el contexto de la donacién no controlada. Como ya se ha mencionado,

en 2007 Fondevila et al. presenté un novedoso protocolo de trasplante hepatico con érganos
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de donantes Maastricht tipo II (DANC) preservados con PNR. A pesar de los prolongados
tiempos de isquemia que manejaban, la tasa de CI fue del 8% con una supervivencia del

injerto al afio del 70%°%.

A diferencia de la técnica clasica (ESR), en la que los injertos son almacenados con una
lesion por isquemia caliente establecida, el preacondicionamiento isquémico generado por

la PNR nos permite preservar en frio 6rganos recuperados de la isquemia caliente.

Una segunda ventaja de la PNR es que nos ayuda a discriminar los injertos en funcion de la
mayor o menor lesion isquémica establecida. Esto lo realizamos durante la PNR, mediante
el control analitico de la ALT y el lactato. La primera analitica tras el inicio de la PNR nos
evalua el dafio isquémico al que ha sido sometido el injerto durante el TIC, mientras que la
evolucion de las analiticas nos informa de la capacidad de regeneracion de este, en situacion
de normo-osmolaridad y normo-temperatura. Esto nos permite diferenciar los injertos en los
que bajan las enzimas durante la PNR, entendiendo esto como una respuesta favorable al
preacondicionamiento, de los que suben las enzimas durante la perfusion posiblemente como
consecuencia de una mala respuesta a la isquemia o a la presencia de dafio tisular ya
establecido. Tedéricamente, esto nos permitiria preseleccionar aquellos 6rganos “a priori” de
menor riesgo. Evidentemente, esto es una teorizacion basada en las técnicas de
preacondicionamiento isquémico, dado que cientificamente no se ha establecido una
correlacion directa entre la evolucidon de las transaminasas y los resultados del injerto

postrasplante.

La tercera ventaja, es la posibilidad de realizar una CPM. Al tener al paciente previamente
canulado, el TIC se reduce importantemente quedando limitado al inevitable tiempo de

fallecimiento del donante . Teniendo en cuenta las experiencias hasta ahora publicadas y la
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relacion directa del TIC con el desarrollo de complicaciones, la reduccion del TIC supone,

en si mismo, una gran ventaja!!’-120,

Otro factor positivo a tener en cuenta, es que el uso de la PNR nos permite realizar una
extraccion hepatica “sin estrés”. Al estar la PNR funcionado y los 6rganos privados de
isquemia, la extraccion se equipara a técnica clasica de la ME. Esto permite hacer una
valoracion del 6rgano “en caliente”, previo a la perfusion en frio. Valorar el aspecto, los
bordes y la consistencia del 6rgano, la vascularizacion de la via biliar y del resto de los
organos intraabdominales, la presencia de anomalias arteriales,... y por ultimo, el aspecto
tras la perfusion fria. De hecho, en nuestra serie pudimos identificar una necrosis de la

vesicula biliar durante la PNR, por lo que el injerto fue rechazado.

Por ultimo y no menos importante, este sistema de perfusion/preservacion en “caliente” es
también ventajoso para el resto de los organos abdominales. Nos permite preservar y
regenerar de la lesion isquémica a los rifiones y al pancreas!#+14. Ademas, es totalmente
compatible con la extraccion rapida y “en frio” de los pulmones**!, La técnica de extraccion
combinada con los pulmones ha sido detalladamente descrita, y desde su aplicacion en
nuestro pais en 2014, se ha extendido ampliamente, suponiendo en la actualidad el 28 % de
todos los trasplantes pulmonares en adultos realizados en nuestro pais'*’. En los tltimos
afios, se ha presentado la posibilidad incluso, de extraer el corazon. Mediante un complejo
protocolo en el que tras el clampaje de los troncos supraaorticos se va reduciendo la actividad
de la maquina de perfusion a la vez que se reactiva el corazon, consiguiendo finalmente un
donante a corazén latiente, similar a la ME. Aunque todavia no esta ampliamente
establecido, algunos centros ya han publicado sus experiencias!'*!#°, Esto convierte a la
donacion DAC con PNR, en un sistema de donacién tan rentable (en numero de drganos

extraidos) como el donante en ME y muy superior al donante DAC con ESR.
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En nuestra opinidn, los buenos resultados de nuestro programa no solo dependen de la
reduccion del TIC y del preacondicionamiento de la lesion isquémica por la PNR, sino de
todos los factores anteriormente descritos. Gracias a todos ellos hemos conseguido
aceptar para el TH 110 organos de 133 donantes DAC valorados en 4 afios y medio,
generando una rentabilidad media del 83%. Ademads tras el TH con estos injertos, los
resultados han sido excelentes y claramente superiores a los limites establecidos en la
bibliografia (incluso para donantes en ME). La tasa de complicaciones arteriales y biliares
tras el TH fue, en ambos casos del 6%, destacando la ausencia de ningln caso de fallo
primario del injerto ni de colangiopatia isquémica. Finalmente la supervivencia global del

injerto a 1 y 3 aflos fue de 99 % y 93%, respectivamente.

Las primeras experiencias clinicas con la PNR en el TH con donantes DAC se publicaron en
2014. Rojas Pefia et al.!*® valoré 34 donantes DAC, realizando 13 TH. Solo un paciente
desarrollo un cuadro compatible con CI, presentando una superivencia del injerto del 86% y

71% a uno y dos afios respectivamente. Ese mismo afio, Oniscu et al.!>!

presentd su primera
serie clinica con 11 TH y ningiin caso de CI. En ambas series, la canulacion habia sido
postmortem. Desde entonces, se han publicado algunas series mas extensas como la de

Mifiambres et al.!>2

que en 2017 presento la primera serie espafiola con CPM. Nuestro grupo
publico en 2018 los resultados preliminares de esta tesis. En ella, presentamos la serie mas
larga de TH con donantes DAC preservados con PNR, hasta el momento publicada, con una
tasa de utilizacion hepatica del 80% y sin desarrollar ningtn caso de CI’!. Posteriormente,
dos estudios comparativos demostraron la superioridad de PNR sobre la ESR. Hessheimer

et al.!33

en el estudio multicéntrico espafiol revisd la experiencia nacional en TH con
donantes DAC entre 2012 y 2016, comparando los resultados de la PNR y la ESR. En ese

momento la técnica en uso mas frecuente era la ESR, aunque ambas estaban incluidas en el

protocolo nacional. Como resultados, present6 una reduccion significativa de la tasa de Cl y
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de FPI asociada al uso de la PNR. Watson et al'>*, en un estudio similar, concluy6 que la
PNR era un factor independiente asociado a la reduccion de la incidencia de CI, a pesar de
que en su serie la canulacion era postmortem y no podian beneficiarse de la reduccion del
TIC. Esto confiere valor a la PNR como forma de regeneracion de la lesion por isquemia

caliente, independientemente de que haya o no CPM.

Aunque todos estos estudios sugieren una superioridad de la PNR respecto de ESR, el valor
de la PNR no se ha demostrado aun en ningun ensayo clinico aleatorizado. Esto es debido a
multiples razones. Por una parte, a nivel internacional existe cierta polarizacion en relacion
a las técnicas de preservacion de los DAC. Paises claramente defensores de la ESR y paises
detractores de esta y defensores de la PNR. De hecho, esta ultima es la técnica de obligada
utilizacion, en donantes DCD, en paises como Italia, Francia y Noruega y en otros como

135-158 "Por el contrario, paises

Espaiia es claramente predominante, aunque no obligatoria
como Reino Unido son indudables defensores de la ESR, no viendo claro el papel de la PNR.
Esto conlleva a que haya pocos centros que realicen las dos técnicas de preservacion,
dificultando una posible aleatorizacion de donantes. Ademas, en general, con la utilizacién
de la PNR se tiende a ser mas laxo en los criterios de aceptacion de donantes. Por ello, seria
dificil conseguir grupos comparables y partiriamos de un sesgo de seleccion salvo, que
utilizdsemos criterios de seleccion restrictivos con lo que seguro perderiamos potenciales
donantes. Por ultimo, en nuestra opinidon y dado los buenos resultados obtenidos con PNR,
comparables a los de la ME en nuestra experiencia, la utilizacién de la ESR como técnica de

preservacion en donantes DAC nos resulta éticamente cuestionable, dado que tenemos una

alternativa claramente mejor que ofrecer a nuestro receptores.

En esta misma linea, en 2019 se definieron los criterios de consenso para el uso de donantes

DAC por la Sociedad Espafiola de Trasplante Hepatico'>®. En ellos, aunque se seguia
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aceptando la ESR, se propuso la PNR como técnica de eleccion para los donantes DAC,
apoyando asi mismo el uso de la CPM, siempre que fuera posible. Ademas, se establecieron
diferentes criterios de seleccion de donantes en relacion a la técnica de preservacion elegida.
Se limit6 el TIC a 30 minutos con la ESR, pero no en la PNR que podia superar este limite,
en funcion de la valoracion individual y el comportamiento en la PNR. De la misma manera,
se asumid que no habia que seleccionar los receptores en el caso de usar la PNR, no
recomendando el uso de DAC con ESR para los receptores de alto riesgo. Por el contrario,
a nivel internacional no se ha aceptado esta superioridad de la PNR respecto a la ESR. En la
ultima reunién de consenso de la ILTS ( International Liver Transplantation Society),
celebrada en Venecia en 2020, se considero la posibilidad de ampliar algo el TIC cuando se
usaba la NRP. Sin embargo, los donantes DAC, se siguieron considerando marginales, sin
distincion en funcién del tipo de preservacion, recomendandose la estricta seleccion de

donantes y receptores con la idea de conseguir resultados minimos y aceptables!®0-162,

Recientemente en 2021, Hessheimer et al.'®® ha presentado una renovada fotografia de la
situacion actual de los DAC en Espafia. Entre 2012 y 2019 se han realizado 803 TH con
donantes DAC de los cuales 545 (68%) han sido extraidos tras la PNR. La PNR, que era
una técnica de uso meramente anecdotico en 2012, ha pasado a ser, en la actualidad, la
técnica preferida por los centros de trasplante. Destaca la tasa de complicaciones biliares del
12 % con una anecdotica tasa de CI del 1%, significativamente inferior a la obtenida con la
ESR (9%) (OR 0,112 (0,042-0,299)) (p = 0,001). Igualmente y de forma significativa
presenta una reduccion en la perdida del injerto (14% vs. 34%)(OR 0,371 (0,267-0,516))
(p=0,001) y en la tasa de retrasplante (3,5% vs. 12%) (OR 0,279 (0,147-0,531)) (p =0,001),
con la PNR. Probablemente estos buenos resultados han promovido un cambio de tendencia
en la mayoria de los grupos de trasplante, incrementando no solo el uso de la PNR, sino en

general el numero de TH con donantes DAC realizados.
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En los ultimos afios, con la idea de revertir el dafio celular que sufren los injertos DAC con
ESR durante el TICF, se han desarrollado diferentes estrategias de preservacion dindmica en
forma de maquinas de perfusion “ex-situ” (MP). Inicialmente se describieron como una
alternativa al almacenamiento en frio, previo al implante y tras la ESR del injerto. La
diferencia entre ellas reside en la temperatura con la que se perfunden los injertos
(normalmente hipotermia o normotermia) y en el liquido de perfusion utilizado para
trasportar el oxigeno, que puede basarse en la sangre o en soluciones de preservacion
especificas. En experiencias iniciales publicadas, solo pudieron demostrar una disminucién
del pico de transaminasas y una menor incidencia de DPI, pero no una menor tasa de

CIl64,165

complicaciones biliares o de . Recientemente, los resultados han mejorado

1.1 en un estudio controlado macheado

mostrandose muy prometedores. Schegel et a
compar6 los resultados del TH usando 3 grupos de donantes diferentes: ME, DAC y DAC
tratados con perfusion hipotérmica oxigenada (HOPE) antes de el implante. Como resultados
presentd excelentes supervivencias del injerto a 5 afnos similar entre los donantes DAC
tratados con HOPE y los de ME, siendo muy superior a los de los donantes DAC no tratados
con HOPE (94%, 90%, 78% respectivamente) ( p = 0,02). Sin embargo, también presento
un 32 % de estenosis en la via biliar, con un 8% de CI en el grupo de DAC tratado con
HOPE. Mas recientemente en 2021, se ha publicado un estudio multicéntrico randomizado

comparando la ESR con o sin HOPE. Con un seguimiento de seis meses ha demostrando un

descenso en la incidencia de CI en los pacientes DAC con HOPE (18% vs. 6%) (p = 0,03)'¢".

Dado que en la experiencia espanola publicada, los resultados postrasplante con donantes
DAC con PNR son dificilmente mejorables: FPI 3%, Trombosis arterial 4%, CI 1% y un
12% de perdida del injerto'*3, no creemos que el papel futuro de las maquinas de perfusion

sea sustituir a la PNR sino ayudar a mejorar y rescatar 6rganos con criterios expandidos que
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de otra manera hubiésemos rechazado, ampliando asi el conjunto de donantes

168,169

disponibles

Un ejemplo del uso combinado de las dos técnicas lo vemos en la experiencia Italiana en la
que, sistematicamente compaginan ambas técnicas'’’. En un reciente estudio multicéntrico
italiano'”!, a pesar de tener una mediana de TICF de 40 min (el tiempo obligado de
declaracion de la muerte en Italia es de 20 min), con la asociacién del HOPE tras la PNR en
donantes DAC, presentan una supervivencia del paciente al afio del 98 %, supervivencia del

injerto al afio del 91 % y un 2 % de CI.

Donacién DAC vy donacién ME

A pesar de los buenos resultados obtenidos con la donacién DAC con PNR, hasta el 2019
no existia ningtn articulo que los comparase con los resultados del donante en ME, no

habiendo evidencia alguna de la no inferioridad de estos donantes respecto del estandar.

La mayor parte de la experiencia publicada con los donantes DAC es con la ESR, y dado
que esta ofrece claramente peores resultados, tampoco hay muchos estudios comparativos

entre la DAC con ESR y la ME.

En los altimos anos, los resultados de la ESR habian mejorado mucho respecto a las series
iniciales. Por una parte, gracias a una mayor experiencia de los grupos extractores y
encargados de la seleccion de estos donantes y por otra parte, gracias a que al ser
considerados marginales, los criterios de seleccion tanto de donantes como de receptores

1 172

eran muchos mas restrictivos. Kalisvaart et al.'’*, en 2017 presentd un estudio comparativo

con 115 DAC con ESR frente a 326 en ME. A pesar de sus buenos resultados con la DAC

(3% de FPIL y 11% de CI), estos fueron significativamente inferiores a los presentados con
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la ME, a pesar de que los donantes DAC estaban mas seleccionados. Posteriormente dos
estudios consiguen reducir la tasa de complicaciones biliares, obteniendo resultados
similares a los de la ME. En 2018, Kollmann et al.!”3 compara 77 DAC frente a su serie de
706 donantes en ME presentando una tasa de CI en los donantes DAC del 2 % comparable
a la de la ME (4,8%) (p = 0,42). De esta forma se igualan también las supervivencias del
injerto ( 87% vs 86% ). Similares resultados presenta el grupo de Murcia en 2019'74,
comparando el TH con 77 DAC frente a 77 ME. Aunque la tasa de CI fue superior en el
grupo DAC (6% v.s 1%) (p = 0,209), no alcanzo significacién estadistica. Los autores
concluyeron que el TH con donantes DAC con ESR obtiene resultados no inferiores al de la
ME, aunque esta gravado con un incremento en las complicaciones biliares que condiciona

un descenso en la supervivencia del injerto. (69% v.s 79%) (p = 0,209).

Solo se han publicado tres articulos comparativos entre el donante DAC con PNR vy el
donante en ME en el TH. A pesar de esta escasa experiencia, en ellos se refleja claramente
los beneficios de la PNR en los resultados del TH. Uno de ellos es el articulo que representa

esta tesis (Tabla 24)!7>-177,

Lo mas destacable de estas tres publicaciones es la anecdotica tasa de CI que presentan, que
en dos de ellos es del 0% y en uno del 2%. Probablemente como consecuencia de ello, las
supervivencias los injertos DAC son también muy destacables, presentando supervivencias

no solo comparables sino incluso superiores a las de la ME.

127



Discusion

Tabla 24: Estudios publicados comparando el TH con donantes DAC-PNR f{rente a
donante ME.

Autor DAC/ Macheado TICF PNR Edad TIF MELD CI FPI Sup.
DME (min) (min) donante (min) injerto
(m)
Rodriguez-
San Juanet 11/51 NO 15,8 101 49 vs. 64 240 vs. 14,7 0% vs.  9,1% vs. 24,6
al. 201975 (7-40) (47-150) | p=0.003 360 vs.14 5% 2% vs.32,3
p=0.009 p=NS  p=NS meses
Savier etal. | 50/100 SI
2020176 Egag donante 22 190 47 vs. 49 354 vs. 7vs. 10 | 2% vs.  18%%*vs. 2 afnos
ndicacion TH | (20-268) (151223 p=NS 378 P 0.08 1% 32% 88%
p=0.029 p=NS p=NS VS.
85%
Ruizetal. 100/200 SI
2021177 :??I’jd donante 10 121 62 vs. 62 274vs.  12vs12 | 0% vs. 0% vs. 3 afios
MELD (85-12) | (118-128)  p=NS 279 p=NS 0% 1% 93% vs.
p=NS p=NS p=NS 87%

TICF, tiempo de isquemia caliente funcional; PNR, perfusién normotérmica regional; TIF tiempo de isquemia fria; CI, colangiopatia isquémica.; FPI, fallo
primario del injerto ; * no distinguen entre FPI y disfuncion primaria del injerto; NS, no significativa (> 0,05)

Como en nuestro estudio, Savier et al.!”® presenta un estudio metodoldgicamente similar con
50 y 100 TH con donantes DAC y en ME respectivamente, macheado 1:2, consiguiendo
grupos de donantes y receptores comparables. Se presentan los resultados de los TH
realizados por 6 centros franceses, en un periodo similar al nuestro, de 2015 a 2019, y con
un seguimiento minimo de 2 afios. Aunque no detalla la tasa de FPI, tanto la disfuncion del
injerto (18% vs. 32%) (p = 0.49) como la perdida global de este (2% vs. 5% ) (p = 0.66)
fueron bajas e inferiores en el grupo DAC, aunque no llegaron a la significacion estadistica.
Los autores concluyen diciendo que su estudio aporta evidencia de la seguridad y efectividad
de la PNR en receptores seleccionados. Y es que hay que destacar, que en este estudio se
seleccionan, no solo los receptores sino también los donantes. Segin sus criterios de
inclusion, los donantes tienen que ser menores de 66 afnos, con una esteatosis por biopsia
obligada menor del 20% y con un TIF menor a 8 horas. Los receptores también eran menores

de 66 afios y con un MELD score menor de 25, excluyendo retrasplantes y trasplantes
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urgentes. Tampoco se aceptaban pacientes con cirugia abdominal previa o con cualquier

grado de trombosis portal.

Nuestro estudio va un poco mas alla, dada la ausencia completa de seleccion de donantes y
receptores. A excepcion del ya comentado limite inicial de edad que teniamos, y que
retiramos el primer afio, nuestros donantes DAC son evaluados igual que los donantes en
ME. Valoramos su edad, IMC, causa y forma de fallecimiento, antecedentes personales y
comorbilidades asociadas, de igual forma en ambos grupos. Lo mismo podemos decir de los
receptores. Hemos realizado TH con donantes DAC en insuficiencias hepaticas fulminantes,
trasplantes combinados hepatico-renales, retrasplantes incluido urgentes y por supuesto, en
trombosis portales de cualquier grado. Como curiosidad mencionar que el cuarto paciente
de nuestra serie fue un receptor de 64 afos que hizo un FPI con un donante en ME y estando
en urgencia 0 desarrollo un higado “toxico”, por lo que nos vimos obligados a realizar una
hepatectomia total y porto cava, dejando al paciente en anhepatica. Tras 72 horas en
anhepatica el paciente fue retraplantado con un donante DAC de 62 afios. El paciente fue
dado de alta tras tres semanas del trasplante con un injerto funcionante y sin desarrollar
complicaciones derivadas del TH, salvo disfuncion renal. Desgraciadamente, fallecio 2 afos
después del TH por un rechazo crénico que no se pudo retrasplantar por comorbilidades

asociadas al receptor.

De forma similar funcionamos a la hora de realizar la asignacion donante-receptor. Tenemos
en cuenta el tiempo en lista, los pardmetros morfoldgicos, el MELD score y por ultimo, el
Child Pugh. Y nunca valoramos de forma especial el que sea un donante DAC o en ME. En
nuestra unidad nunca hemos tenido un programa de DAC con ESR. Esto es debido en parte,
a nuestra alta tasa de donacidon que nos ha permitido mantener la lista de espera corta y con

baja mortalidad y en parte, a los nada favorables resultados publicados con ESR, que no
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animaban a iniciar un programa. Sin embargo, desde el principio vimos las posibilidades que
la PNR tenia en la preservacion de 6rganos y en la regeneracion tras la isquemia y confiamos

en ella para iniciar el programa de donacion DAC.

Un beneficio afiadido que hemos encontrado en el postrasplante es la mejoria de la funcion
renal. El uso de donantes DAC se ha asociado clasicamente con una tasa elevada de IRA

postrasplante, comparado con la ME. Leithead et al'!®

, presentd una incidencia del 53,4%
de IRA postrasplante en TH realizados con donantes DAC y ESR, considerando el pico de
ALT como marcador de dafio por isquemia-reperfusion y en consecuencia, predictor de la
disfuncion renal. Basandonos en estas experiencias publicadas, cuando iniciamos el
programa, nuestro protocolo de inmunosupresion se basdé en terapia inmunosupresora
nefroprotectora. Todos los paciente eran inducidos con basiliximab (ademds de mofetil
micofenolato y corticoides), iniciando el Advagraf® cuando la funcion renal se recuperase.
Con el tiempo vimos que la disfuncion renal era aparentemente similar a la de la ME. De
hecho, en nuestra primera serie de 46 pacientes publicada presentamos una tasa de IRA del
8,6%. Esto nos animd a cambiar a nuestro protocolo de inmunosupresion estandar con la
introduccion del Advagraf® el primer dia postrasplante. En esta serie, presentamos una tasa
de IRA del 19,8%, comparable a la de los donantes ME del 29,3% (p = 0,11). Estos
resultados coinciden con otras experiencias como la de Savier et al.!’® ,que en su estudio

macheado presenta una tasa de IRA algo inferior en el grupo de DAC, aunque sin

significacion estadistica (26% vs. 36%) (p = 0,49).

Un resultado inesperado de nuestro estudio ha sido que la supervivencia del injerto fue
significativamente mayor en el en el TH con donantes DAC frente a la ME. Sin embargo,
cuando analizamos la curva de supervivencia del injerto censurada por muerte del paciente,

no encontramos tales diferencias. Parece que esto podria estar justificado porque la principal
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causa de pérdida del injerto fue la muerte del paciente por el desarrollo de neoplasias “de
novo”. No tenemos muy claro porqué, pero los receptores en ME han desarrollado mas
tumores que los receptores de donantes DAC. Una razén que explicaria esto, podria ser la
diferencias en el tiempo de seguimiento. Aunque sin diferencias significativamente
estadisticas, el seguimiento medio de los donantes DAC fue mas corto que el de los donantes
ME (2,98 [1,68;4,02] en DAC vs. 3,57 [1,65;4,72] en ME) (p = 0,408). Durante el primer
afio del estudio, el porcentaje de donantes DAC fue del 11 % frente al 40 % al final de nuestra
serie y esto sin duda repercuti6 en la diferencia de los seguimientos. Esta diferencia puede
participar en el hecho de que hayamos diagnosticado mas tumores en el grupo con mayor
seguimiento. Otro factor podria ser el efecto de la inmunosupresion, teniendo en cuenta que
la inmunosupresion fue algo diferente en los dos primeros afios del estudio. Cuando
analizamos los factores asociados a la pérdida del injerto en el andlisis multivariante, solo
identificamos factores previsibles como la disfuncion del injerto, la trombosis de la arteria

hepatica y el rechazo del injerto demostrado por biopsia.

Por ultimo, es importante mencionar que los buenos resultados obtenidos no se deben
exclusivamente al uso de la CPM y la PNR. Otros factores como el TIF y el TICF tan cortos,
sin duda, son parte de la explicacion de estos resultados. El TIF corto en nuestro programa
de trasplante es algo normal, explicado en parte por el hecho de que nuestra unidad de TH
hace referencia al Pais Vasco, un area geografica relativamente pequeiia. Por otra parte, una
adecuada organizacion de los tiempos en el proceso del trasplante y unos tiempos
quirargicos cortos también influyen en el TIF. Sin embargo, el TICF esta més relacionado
con la CPM, con los protocolos de LTSV y con la gestién de los donantes en las unidades
de criticos. Otro factor que influye positivamente en nuestros resultados es la baja
puntuacion MELD de nuestros receptores. Esto probablemente sea debido a que el

carcinoma hepatocelular es la principal indicacion de trasplante (48% de los receptores
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DAC) y estos, son pacientes que rara vez se deterioran clinicamente y menos con listas de
espera cortas. Ademas la puntuacion MELD que usamos es estrictamente “de laboratorio”
sin puntos adicionales de excepcion MELD. No obstante, este valor bajo de MELD es

frecuente encontrarlo en articulos de impacto recientes asociados con la donacién

DAC166’168.

Teniendo en cuenta los resultados de esta experiencia, apoyado por otros articulos previos,
consideramos que los donantes DAC deberian dejar de ser considerados donantes marginales
“per se”. Al igual que ocurre con la ME en la que existe un subgrupo de donantes suboptimos
en funcion de ciertas caracteristicas como son: la edad del donante, la esteatosis, los injertos
parciales, las comorbilidades asociadas y otras..., con la DAC ocurrird los mismo y habra
que definir ese subgrupo de donantes con criterios expandidos. Es en este subgrupo donde
previsiblemente las MP pueden juegar un papel importante. Para todo ello, es preciso mas
experiencia con la DAC con PNR y probablemente, seran necesarios estudios multicentricos

que nos ayuden a agrupar a un mayor nimero de pacientes.

Consideraciones éticas de la DAC con PNR v CPM

Como ya hemos comentado en la introduccion, a pesar de que en 1999 se establecen las
bases para la donacion DA en Espaiia, la DAC no tuvo un marco legal apropiado hasta el
nuevo Real Decreto 1723/20125°, que entrd en vigor en enero de 2013 y que queda reflejado
en el Documento de consenso nacional de donacion en asistolia de ese mismo afio*®. Sin
embargo, a diferencia de la ME cuyos criterios tanto para el diagnostico como para la
donacion estdn mas uniformemente aceptados, la DAC esta legislada de manera muy

diferente entre los paises occidentales. Asi por ejemplo, en algunos como Alemania, Grecia
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o Croacia, no esta permitida la donacion DA de ningun tipo, por impedimentos ético-legales
mientras que en otros, como Francia e Italia, solo se considera potencial donante DAC a
aquel derivado exclusivamente de una lesion cerebral devastadora, no aceptando pacientes
de lesiones degenerativas o de insuficiencias respiratorias en fase terminal. Por el contrario,
existen paises con legislaciones mas laxas donde incluso se ha considerado la donacion tras
la eutanasia, como es el caso de Bélgica y los Paises Bajos. Recientemente con la nueva ley

de Eutanasia del afio 2021, Espafia ha pasado a ser uno de estos paises'’s.

Con todo esto, vemos que la DA tiene importantes dificultades ético-legales para extenderse
a determinados paises y que estas, se hacen mas patentes cuando hablamos de la DAC. A
esto hay que sumar los diferentes tiempos de observacion previo a la declaracion de la
muerte, que se definen en cada pais. En Espafa y en la mayoria de los paises este tiempo es
de 5 minutos, pero en otros puede ser de 10 minutos (Austria, Irlanda, Portugal), de 20

minutos (Italia) e incluso de 30 minutos (Rusia)!7%-182,

Asi mismo, la legislacion espafiola permite no solo las intervenciones pre-mortem como la
CPM vy la heparinizacion, sino también el uso de medidas paliativas que den confort al
paciente en el proceso final de su vida, siempre que estén regulados por protocolos de LTSV
y que estos sean independientes del proceso de la donacion. Esto genera importantes dudas
deontologicas y bloqueos legales en la mayor parte de los paises de nuestro entorno, dado
que los consideran procedimientos invasivos que pueden dafiar la integridad corporal del
paciente. Por ello, su aplicacion esta muy limitada. De hecho, la CPM es uno de los
procedimientos que mas dudas genera a nivel internacional y solo esta aceptada en Austria,
Bélgica y Espana, utilizandose solamente en los dos ultimos y tras la firma de un

183-188

consentimiento informado especifico . Recordemos que, el que la CPM no este

permitida, no impide beneficiarse de la PNR en los donantes DAC. En nuestro pais, también
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algun centro de trasplante tienen limitada la utilizacion de la CPM por sus comités éticos,
utilizando la canulacion postmortem, tal y como se comenta en la experiencia

Espafiola!>315?,

Limitaciones del estudio.

Nuestro estudio tiene varias limitaciones. En primer lugar esta su naturaleza retrospectiva.
Hay que mencionar que los datos relativos a los donantes DAC se recogieron en una base de
datos disefiada al inicio del programa, de forma prospectiva. Esto aporta mayores garantias
en la recogida de datos y limita su perdida. En segundo lugar, nos faltaria un grupo de ESR
de control. Esto no fue posible dado que , como ya mencionamos, nunca hemos utilizado la
técnica ESR en nuestra unidad. Sin embargo, tras analizar nuestros resultados, y los
presentados en el estudio multicéntrico de la serie espafiola, consideramos que un ensayo
controlado aleatorizado que compare la técnica ESR con la PNR no seria ético en nuestro
entorno’ 133159177 Una tercera limitacion de nuestro estudio es la diferencia de seguimiento
entre los grupos. Aunque no se ha significado estadisticamente, parece tener cierto valor en
la interpretacion de los resultados y puede ser la razon de las diferencias encontradas en la
supervivencia de los injertos. Una ampliaciéon del estudio con un mayor seguimiento,
probablemente reduciria esta diferencia y podria igualar los resultados, a este respecto.
Finalmente, la ultima limitacion observada en el estudio es el bajo TICF y la baja puntuacioén
MELD. El primero es algo generalizado en la experiencia espafola, y es debido a que solo
se precisan 5 minutos de espera para declarar la muerte y a que la ley espafiola permite el
uso de medidas medicas de confort en el proceso del final de la vida y estas, tienden a acortar

el periodo de fallecimiento. Respecto al MELD, ya esta comentado que es debido a que el
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CHC es la primera indicacion de TH en nuestra serie, y a que solo usamos la puntuacion

MELD de laboratorio sin puntos de excepcion adicionales.

Como resumen, podemos decir que en este estudio presentamos la mayor experiencia
publicada hasta el momento con el uso de CPM y PNR en el TH con donantes DAC. Ademas,
realizamos un estudio emparejado (ratio 1:2) para comparar esta experiencia con los
resultados de TH con donantes “gold standard” en ME, realizados durante el mismo periodo

de tiempo.

Lo mas destacable de €I, es que con este sistema de donacidén/preservacion de organos,
hemos logrado resultados muy destacables con el TH, muy por encima de los limites

minimos establecidos en la literatura!26-127

y comparables a los publicados con los donantes
en ME. Con una mediana de seguimiento de 36 meses, no tuvimos ningun caso de FP1 y las
complicaciones biliares fueron poco frecuentes (5,1%), sin desarrollar ningun caso de CI.
Ademas, la supervivencia del injerto y del paciente a 1 y 3 afios fue excelente y similar en
ambos grupos de estudio. Por todo ello, consideramos que el donante DAC con PNR no se

debe considerar como un donante con criterios expandidos y de mayor riesgo de

complicaciones.

Asimismo, presentamos un programa de donacion de alta rentabilidad (83%) similar a la
descrita con los programas de donacion en ME. Considerando que desde su primer afio
presento buenos resultados y tasas de utilizacion de los injertos superiores al 80%, creemos

que debe de considerarse, ademas, un programa de facil implantacion.
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8. CONCLUSIONES

Con una mediana de seguimiento de 36 meses, la supervivencia global del injerto a 1y 3
afios fue significativamente mayor en el grupo de donantes DAC, aunque la supervivencia

censurada del injerto a 1 y 3 afios fue similar en ambos grupos.

No se encontraron diferencias estadisticamente significativas en la supervivencia del

paciente, entre los grupos.

El andlisis comparativo de las complicaciones postrasplante no encontré diferencias
significativas en los parametros analizados como objetivos secundarios: Complicaciones
biliares, arteriales, sindrome postreperfusion, disfuncion precoz del injerto, y el desarrollo

de Insuficiencia renal aguda.

En el estudio de los factores asociados a la perdida del injerto solo se identificaron como
independientes aquellos factores cuya relacion con la pérdida del injerto es ampliamente
conocida como: los niveles de sodio en sangre periférica, el retrasplante, la disfuncion y
el pico de ALT, el rechazo del injerto y la TAH. El tipo de donante (DAC vs. ME) no se

asoci6 a una mayor pérdida del injerto.
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5. En el analisis de los resultados del TH en funcion de la edad del donante (<65 frente >
65 afios), no se encontraron diferencias significativas en la supervivencia del injerto, ni

en la supervivencia del paciente, ni en el desarrollo de complicaciones postrasplante.

6. La rentabilidad de programa de TH con donantes DAC en nuestro medio, a pesar de que
en los inicios fue ligeramente inferior, finalmente fue similar a la del programa de

donacion en ME.

7. El TH con donantes DAC obtiene, a corto y medio plazo, resultados postrasplante

similares a los obtenidos con donantes en ME.

8. Entendemos que los donantes DAC deben de dejar de considerarse como donantes
marginales “per se”, para pasar a ser considerados una expansion del conjunto de

donantes disponibles.
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ANEXO II: Monitorizacién de la Limitacién Terapéutica del Soporte Vital
(LTSV).
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Favorable Outcomes After Liver Transplantation
With Normothermic Regional Perfusion From
Donors After Circulatory Death: A Single-center

Experience

Patricia Ruiz, MD,"! Mikel Gastaca, MD," Francisco Javier Bustamante, MD,? Alberto Ventoso, MD,"
Ibone Palomares, MD,! Mikel Prieto, MD," Jose Ramén Fernandez, MD,? Patricia Salvador, MD,?
Jose Ignacio Pijoan, MD,® and Andres Valdivieso, MD'

Y

Background. Controlled donation after circulatory death (cDCD) has been associated with a high incidence of ischemic
cholangiopathy and other perioperative complications. In an attempt to avoid these complications, we implemented an
active protocol of cDCD liver transplant (LT) with normothermic regional perfusion (NRP) preservation. Methods. This
is a descriptive analysis of data collected from a prospective date base of cDCD LT preserved with NRP from January
2015 to June 2017 with a minimum follow up of 9 months. Results. Fifty-seven potential cDCD donors were con-
nected to the NRP system. Of these, 46 livers were transplanted over a 30-month period (80% liver recovery rate). The
median posttransplant peak in alanine transaminase was 1136 U/L (220-6683 U/L). Seven (15%) patients presented
postreperfusion syndrome and 11 (23%) showed early allograft dysfunction. No cases of ischemic cholangiopathy were
diagnosed, and no graft loss was observed over a medium follow-up period of 19 months. Of note, 13 donors were
older than 65 years, achieving comparable perioperative and midterm results to younger donors. Conclusions. As far
as we know, this represents the largest published series of cDCD LT with NRP preservation. Our results demonstrate
that cDCD liver grafts preserved with NRP appear far superior to those obtained by the conventional rapid recovery

technique.
(Transplantation 2019;103: 938-943

5

% espite increasing transplant activity, there is still a
I’ significant imbalance between supply and demand in
liver transplantation (LT), which has led to the use of so-
called marginal donors to expand the donor pool.
Controlled donation after circulatory death (cDCD)
represents an important source of liver grafts in countries
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with an appropriate legal framework, accounting for
27% of LT donors in the Netherlands and 18% in the
United Kingdom.! However, cDCD has been associated
with a high incidence of ischemic cholangiopathy (IC),
reported in up to 34% of cases,2* as well as other perio-
perative complications, such as primary nonfunction
(PNF), hepatic arterial thrombosis (HAT), and acute kid-
ney injury (AKI).58 These apparently poor results have
been attributed to the unavoidable warm ischemia time
(WIT), which enhances organ preservation injury. As a
result, according to the donor risk index, cDCD status
is considered an independent factor, strongly associated
with graft loss and therefore with the need of retrans-
plantation or patient death.? 5 9 Normothermic regional
perfusion (NRP) has been reported to decrease the inci-
dence of IC in c¢DCD LT.10-12 Unlike other countries,
Spanish donation law permits the premortem cannula-
tion (PMC) of potential donors;!3 thereby significantly
reducing WIT as urgent cannulation is not required.
Based on these facts, we implemented an active cDCD
LT program with PMC and NRP.

Herein, we present and analyze the experience and
preliminary outcomes of this program, which is, to our
knowledge, the largest series of ¢cDCD LT with PMC and
NRP. We also discuss the advantages of NRP when select-
ing good quality cDCD liver grafts.

www.transplantjournal.com
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MATERIALS AND METHODS

Study Design

We performed a descriptive analysis of donor, recipient,
and operative variables collected from a prospective data-
base of cDCD LT with NRP. The study was conducted from
January 2015 to June 2017, and all patients had a mini-
mum follow-up period of 9 months. All transplants were
performed at the same hospital, although liver grafts were
retrieved at 5 different regional centers. All grafts were
obtained using standardized NRP equipment according to
the institutional protocol, performed by the same surgical
team which moved to the donor hospitals. The PMC pro-
cedure, withdrawal of life-sustaining treatment, donation,
acceptance by next of kin, and signing of informed consent
were conducted according to Spanish donation law.!3 This
study was approved by the institutional review board.

The donor selection criteria were the same as for dona-
tion after brain death (DBD). Although an initial age
limit of 65 years was established, from the tenth patient
onwards we did not consider a specific limit but tried
to avoid multiple associated comorbidities (AC) such as
hypertension, diabetes, dyslipidemia or peripheral vascu-
lopathy in older donors. Considering this protocol modifi-
cation, we performed a comparative analysis of outcomes
between donors aged under and over 65 years.

Procurement, Preservation, and Transplantation
Protocols

Our NRP protocol was similar to that published by
Mifiambres et al.12 In brief, PMC was performed in an
interventional radiology room 2-3 hours before withdrawal
of life-sustaining treatment. The donor was then returned
to the intensive care unit, where catheters were primed
and connected to the NRP system. After extubation, the
donor was heparinized (3 mg/kg), and blood pressure was
observed. Upon confirmation of death by an independent
physician and after a 5-minute standoff period, the aortic
balloon was inflated, absence of radial flow in the arte-
rial catheter was confirmed, and the NRP system was ini-
tiated. The WIT was considered the time from when the
systolic blood pressure reached lower than 60 mm Hg until
the time at which NRP perfusion was initiated, including 5-
minute nontouch period. We only accepted livers with a
WIT of <30 minutes. The pump flow kept above 1.7 L/min,
perfusion pressure above 60 mm Hg, pH between 7.35 and
7.45, hematocrit above 20%, and temperature stable at
37°C. Serum transaminase and lactate levels were moni-
tored every 20 minutes. According to protocol, the liver
was discarded if the transaminase level exceeded >3 times
the normal level at initiation or 4 times this level at the end
of NRP. Afterward, we transferred the donor, with con-
tinuous NRP continuing, to the operating room where a
laparotomy was performed to assess the quality of the liver
and bile duct, which was sectioned in order to evaluate
its vascularization and macroscopic aspect. Finally, after
approximately 2 hours of NRP, a standard donor procure-
ment surgery, including a dual cold organ perfusion, was
performed (4°C; Celsior) and cold-stored.

Organ allocations were based on the model for end stage
liver disease (MELD) system and Child-Pugh score and were
the same as for DBD LT. As with our conventional recipients,
we performed a piggy-back technique without portacaval
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shunt and an end-to-end choledochocholedochostomy with
T tube for biliary reconstruction. A routine cholangiogram
was performed at 1 week and 3 months posttransplantation
before elective T tube removal,* and a Doppler ultrasound
exploration was conducted within the first 48 hours, at 1
week and 1 and 3 months after LT. The immunosuppres-
sive therapy involved basiliximab (Simulect), mycopheno-
late mofetil, and steroids with a delayed introduction of
extended-release tacrolimus (Advagraf).

Endpoints

The primary endpoint was graft survival. The secondary
included the development of biliary complications (anas-
tomotic strictures or leaks and IC), patient survival, inci-
dence of postreperfusion syndrome (PRS),!5 posttransplant
alanine transaminase (ALT) peak (highest level within the
first 7 days), and early allograft dysfunction (EAD) rate.

Postreperfusion syndrome was considered when the
mean arterial blood pressure was 30% lower than the pre-
vious value within 5 minutes of unclamping, which lasted
for at least 1 minute. Early allograft dysfunction was
defined according Olthoff’s criteria,’6 and IC was defined
as the presence of nonanastomotic biliary strictures with-
out a concomitant hepatic artery thrombosis.* 17. 18

Statistical Analysis

Qualitative variables are presented using the num-
ber and percentage and quantitative variables using the
median and range. Comparisons between groups were
performed using Fisher and Mann-Whitney U tests for
qualitative and quantitative variables, respectively. The
significance threshold was P <0.05. The patient and graft
survival data were analyzed by the Kaplan-Meier method.
Analyses were conducted using Stata software (version
14.2; StataCorp, College Station, TX).

RESULTS

A total of 215 deceased LT were performed at our center
during the studied period, 169 of which were DBD LT
and 46 DCD LT, comprising the study group. Fifty-seven
potential ¢DCD donors were identified and connected
to the NRP system. Of these, 11 grafts were discarded,
6 due to suboptimal macroscopic aspect, 2 exceeded the
ALT limit during NRP, 1 due to a kidney tumor, 1 due to
bilateral hepatolithiasis, and 1 caused by a technical failure
of the pump. Therefore, 46 livers were transplanted, rep-
resenting a liver recovery rate of 80%. Donor and recipi-
ent demographics are presented in Table 1. Although the
median donor age was 58 (27-76) years, 13 donors were
older than 65 years (7 of them older than 70 y). Seven liver
grafts (15%) had mild macrovesicular hepatic steatosis
(<30%). cDCD grafts were also implanted in 2 combined
liver-kidney transplantations, 1 elective retransplantation,
and 1 urgent 2-stage liver retransplantation. The median
MELD score was 12 (7-27), but in the subgroup of 4
(8.6%) patients who developed AKI (peak serum cre-
atinine =2 times the baseline level) was 25 (20-27). The
transaminase level remained stable during NRP preserva-
tion, with median ALT and AST levels of 27.5 U/dL (5-84
U/dL) and 32 U/dL (6-152 U/dL), respectively, at the begin-
ning, and 30.5 U/dL (7-116 U/dL) and 34.5 U/dL (9-171 U/
dL), respectively, at the end of the NRP preservation. The
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Donor and recipient demographics, categorized by donor age
N=46 Age, <65y (n = 33). Age, >65y (n = 13) P
Donors
Age,y 58 (27-76) 51 (26-65) 71(68-75) —
Sex (male/female) 30/16 20/13 10/3 0.493
Body mass index 27 (20-35) 27 (20-35) 27 (23-31) 0.920
Cause of death: 0.438
Cerebrovascular accident 19 12 7
Hypoxic brain injury 22 15 7
Traumatic brain injury 5 5 0
Respiratory failure 1 1 0
ITU stay, d 9(1-41) 10 (3-41) 7(1-29) 0.222
AC number 0(0-3) 0(0-3) 1(0-2) 0.023
Inotropic need 14 (30.4%) 11 (33.3%) 3 (23.1%) 0.724
Sodium levels, meg/L 141 (133-153) 141 (133-153) 144 (136-149) 0.438
Steatosis 7 (15%) 4 (12%) 3 (24%) 0.385
Recipients
Age,y 56 (19-69) 57 (19-67) 55 (26-69) 0.238
Sex (male/female) 34/12 25/8 9/4 0.650
MELD 12 (7-27) 14 (7-27) 11.5(7-27) 0.155
Indication for transplantation: 0.139
Alcoholic 27 21 6
HCC 12 9 3
Hepatitis C 3 3 0
Two-step urgent retransplant 1 1 0
Liver-kidney 2 2 0
Hepatitis C 14 8 6
HCC 10 5 5
Hepatitis B 2 1 1
Retransplant 1 1 0
Autoimmune 2 2 0
PSC 1 0 1
Others 5 5 0
Data are shown as number (percentage) and medxan (range)
AC, associated comorbidities; HCC, h ; ITU, therapy unit; MELD, model for end stage liver disease; PSC, primary sclerosing cholangitis.

lactate levels decreased from a median level of 40 mg/dL (5-
140 U/dL) at the beginning of NRP to 17 mg/dL (7-58 U/
dL) at the end (Figure 1). As shown in Table 2, the median
duration of WIT, NRP, and cold ischemia time (CIT) were
10 minutes (6-22 min), 126.5 minutes (86-161 min), and
284.5 minutes (149-409 min), respectively. Seven (15%)
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patients developed PRS and 6 (13%) showed fibrinolytic
syndrome detected by thromboelastography. The median
ALT peak was 1136 U/L (220-6683 U/L), and 11 (23%)
patients developed EAD. Neither retransplantation recipi-
ents nor the combined liver-kidney transplantations needed
renal replacement therapy, which was only required in a
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FIGURE 1. Evolution of analytical parameters during NRP (median). ALT, alanine transaminase; NRP, normothermic regional perfusion.
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Preservation times and overall perioperative and midterm outcomes, categorized by donor age
N =46 Age, <65y (n =33) Age,> 65y (n=13) P

WIT, min 10 (6-22) 10(7-22) 9 (6-18) 0.272
NRP time, min 126.5 (86-161) 125 (86-161) 131 (115-144) 0.209
CIT, min 284.5 (149-409) 278 (149-409) 292 (166-352) 0.247
PRS 7 (15%) 5 (15%) 2 (15%) 0.999
Fibrinolysis 6 (13.0%) 5 (15.2%) 1(7.7%) 0.659
Surgical transfusion needs:

RBC 1(0-13) 0(0-13) 0(0-10) 0.942

Platelets 0 (0-6) 0(0-6) 0(0-2) 0.566

FFP 0(0-9) 0(0-9) 0(0-4) 0.449
EAD 11 (23.9%) 7 (21.2%) 4 (30.8%) 0.702
ALT peak 1136 (220-6683) 919 (419-6683) 1575 (220-2845) 0.168
AKI 4 (8.6%) 4 (12%) 0 0.313
Tacrolimus introduction, d 4(1-22) 4(1-22) 4(2-9) 0.523
ITU stay 4 (1-24) 4(1-24) 4 (2-20) 0.289
Hospital stay 14 (7-55) 14 (7-55) 12 (7-30) 0.951
Biliary complications/IC 1(2%)/0 0/0 1(2%)/0 0.999
Arterial stenosis 4 (8.7%) 3(9.1%) 1(7.7%) 0.999
Graft loss 0 0 0 ——
Data are shown as number (percentage) and median (range).
AKI, acute kidney injury; ALT, alanine i CIT, cold ischemia time; EAD, early allograft dysfunction; FFP, fresh frozen plasma; IC, ischemic chol thy; ITU, i therapy unit; NRP,

normothermic regional perfusion; PRS, postreperfusion syndrome; RBC, red blood cells; WIT, warm ischemia time.

patient with a severe PRS. Extended release tacrolimus was
introduced at a median of 4 days (1-22 days) after LT. The
median intensive care unit and hospital stay were 4 days
(1-24 days) and 14 days (7-55 days), respectively. Although
there were more donor ACs for the group with donors
aged over 65 years (Table 1), outcomes between donors
aged over and under 65 were comparable (Table 2). Over
a median follow-up of 19 (9-40) months, no grafts were
lost and all patients remained alive, with neither clinical
nor radiological evidence of IC. One patient developed an
asymptomatic biliary anastomotic stricture and 4 (8.7%)
cases of arterial stenosis were successfully treated with
stents during the postoperative period.

DISCUSSION

The use of liver grafts from cDCD donors remains con-
troversial because of the risk of graft failure and biliary
complications. In an attempt to avoid these complications,
we implemented a PMC and NRP protocol to reduce WIT
and optimize graft selection. In our series of 46 consecu-
tive liver transplants over 30 months, we achieved com-
parable perioperative and midterm results to our series of
DBD LT20 without any graft loss and with an outstanding
80% liver recovery rate, similar to that obtained with DBD
donors in Spain.?! Noteworthy, over a medium follow-up
period of 19 months, only 1 patient presented an asympto-
matic biliary stenosis, and no cases of IC were diagnosed.
We transplanted 13 livers from ¢cDCD donors older than
65 years. At the beginning of the study, donor age was lim-
ited to 65 years; however, given the initially good perio-
perative results, in terms of graft function, we decided to
cross this age threshold, achieving the same perioperative
and midterm results as younger donors. Although some
authors have recently reported good experiences with
donors older than 60 years,?2 donor age still remains as

a limiting factor in cDCD LT results. In fact, in a recent
multicenter analysis, authors reported greater risk for bil-
iary complications and IC with ¢cDCD donors older than
50 years.23 This contrasts with our excellent results, and
it could be justified by the use of NRP. Ischemic cholan-
giopathy is a characteristic complication of cDCD LT and
has been linked to arteriolonecrosis and microthrombi for-
mation during warm ischemia and graft preservation.” 24
Indeed, some authors have reported improved results by
shortening the ischemia time and additional flushing of the
graft with thrombolytic agents such as tissue plasminogen
activator or urokinase.” ?> 26 However, the use of NRP
for liver preservation, by itself, seems to limit arteriolar
and biliary necrosis,?’ thus reducing postoperatory biliary
complications. Predictably, donors aged over 65 years had
a significantly higher number of ACs; however, it seemed
to have little impact on the outcomes, probably due to the
ability of NRP to differentiate poor from adequate grafts.
Our favorable results might be partly related to the recipi-
ents’ low MELD score. In our center, we use the laboratory
MELD score without additional MELD exception points,
but recipients are also evaluated by Child-Pugh score, so
refractory ascites, encephalopathy, and other clinical situ-
ations can be prioritized. In addition, due to a high dona-
tion rate, the median waiting time for LT is <3 months,
thus avoiding the deterioration of the patient.

Higher incidence of HAT has been already described
after cDCD LT.¢ We also observed a relatively high rate of
arterial stenosis (8.7%) that did not evolve to HAT. In our
experience, protocol Doppler follow-up permitted early
detection of these complications, which were treated with
stents, thereby avoiding progression to HAT. Of note, all
cases of stenosis occurred during the first 10 transplants
and, to date, we have performed >55 ¢DCD LT with no
further arterial complications, even though we have not
changed any technical aspects (data not shown).
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The incidence of EAD, PNF, and AKI in our recipients
was not different to what has been reported for DBD LT.20
These results are in contrast with other reports in which
cDCD grafts were associated with a high risk of periop-
erative complications, such as EAD, PNF, and AKI, which
significantly impacted graft survival.2® In our series, only
4 patients developed postoperative AKI (8.6%) coinciding
with EAD and high ALT peak. Leithead et al® reported an
increased frequency of AKI with ¢cDCD donors and a cor-
relation between AKI and the AST peak as a marker of
ischemia-reperfusion injury. Therefore, the low incidence
of AKI and low ALT peak makes us believe that the use of
NRP is associated with the decrease of ischemia-reperfu-
sion injury. Some experimental studies have evidenced that
the recirculation of warm, oxygenated blood significantly
improves the viability of livers previously subjected to
warm ischemia, decreasing ischemia-reperfusion injury.2”
28 Normothermic regional perfusion has also shown
improvements in clinical results after uncontrolled DCD
LT,?° and more recently, application of NRP in c¢DCD has

_also been associated with improved outcomes. Rojas-Pefia
et al'® performed 13 ¢DCD LT with 1 case each of PNF
and 1 of IC and a 1-year graft survival rate of 85%. Simi-
larly, Oniscu et al'! and Mifiambres et al'2 reported results
from different cohorts of 11 ¢cDCD LT with no evidence of
IC, although 1 patient in each series suffered PNF and died
as a result. With a median follow-up period of 19 months,
our results support these experiences with no cases of IC
or PNF and 100% graft/patient survival.

In our opinion, NRP offers multiple benefits for the
recovery and evaluation of suitable grafts. First, NRP
restores blood flow to the liver before cold storage in a
way that is similar to the ischemic preconditioning tech-
niques used during liver resection.2¢ Second, NRP permits
real-time monitoring of transaminase and lactate levels
while maintaining the donor in a more physiological situ-
ation. This allows us to anticipate and discriminate the
livers, depending on the degree of ischemic injury and
recovery capacity of each one. In our experience, lactate
levels, which increase due to anaerobic metabolism during
cardiac arrest,3° were found to be decreased during NRP,
reflecting adequate organ perfusion and clearance capacity
of the functioning liver. An unexpected progressive eleva-
tion in lactate without justifiable cause could be consid-
ered an indicator of poor organ perfusion and therefore
a reason to refuse the liver. Finally, NRP permits a more
relaxed laparotomy favoring proper assessment of hepatic
perfusion and the bile duct.

Premortem cannulation is another key factor for our
good results. Premortem cannulation reduces WIT, help-
ing to attenuate the ischemic injury. Premortem cannula-
tion was always performed by a specialized radiologist in
an interventional radiology room, allowing us to identify
anatomic anomalies, confirm the correct placement of
the balloon, and estimate the filling volume of the bal-
loon required to block the aorta. These data were always
registered to guarantee adequate closure of the thoracic
aorta and it is confirmed by the absence of radial artery
pulse, thereby avoiding unwanted donor resuscitation. We
understand that PMC can raise obvious ethical and legal
concerns that make it nonapplicable to some countries.
Spanish law permits the cannulation and heparinization of
donors before treatment withdrawal,'® whereas in many
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other countries, premortem interventions are prohibited.
However, it is possible to benefit from the NRP without
PMC. Oniscu et al'? described a novel procedure with
postmortem cannulation and subsequent connection to
NRP, showing good posttransplant outcomes and higher
liver utilization rates when compared with the super rapid
recovery procedure.

Our study has several limitations, such as the small num-
ber of patients and absence of a control group; however,
it included a homogeneous cohort and was carried out
using an easily reproducible technique. On the other hand,
this is the largest published series of cDCD LT preserved
with NRP, with the strengths being a significant follow-up
period and similar results to DBD in terms of survival and
complications. Based on our excellent results, we do not
consider the need for a control group with the super rapid
recovery technique.

In summary, we believe that NRP is a valuable tech-
nique to achieve quality cDCD grafts irrespective of donor
age, therefore allowing expansion of the donor pool. We
do not consider c¢DCD livers to be marginal grafts, per se,
and its use is a well-established procedure in our trans-
plant system contributing with >30% of all transplanted
hepatic grafts. Although more extensive multicenter stud-
ies are required, our excellent results and the recently pub-
lished results of others demonstrate that cDCD liver grafts
preserved with NRP are superior to those obtained with
the conventional rapid recovery technique and even com-
parable to DBD grafts.
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Similar Results in Liver Transplantation
From Controlled Donation After
Circulatory Death Donors With
Normothermic Regional Perfusion and
Donation After Brain Death Donors: A
Case-Matched Single-Center Study

Patricia Ruiz 2,1 Andres Valdivieso 1 1 Tbone Palomares,! Mikel Prieto @ )1 Alberto Ventoso,!
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Although good results have been reported with the use of normothermic regional perfusion (NRP) in controlled donation after
circulatory death (cDCD) liver transplantation (LT), there is a lack of evidence to demonstrate similar results to donation after
brain death (DBD). We present a single-center retrospective case-matched (1:2) study including 100 NRP c¢DCD LTs and 200
DBD LTs and a median follow-up of 36 months. Matching was done according to donor age, recipient Model for End-Stage
Liver Disease score, and cold ischemia time. The following perioperative results were similar in both groups: alanine transami-
nase peaks of 909 U/L in the DBD group and 836 U/L in the cDCD group and early allograft disfunction percentages of 21%
and 19.2%, respectively. The 1-year and 3-year overall graft survival for cDCD was 99% and 93%, respectively, versus 92% and
87%, respectively, for DBD (P = 0.04). Of note, no cases of primary nonfunction or ischemic-type biliary lesion were observed
among the cDCD grafts. Our results confirm that NRP cDCD LT meets the same outcomes as those obtained with DBD
LT and provides evidence to support the idea that cDCD donors per se should no longer be considered as “marginal donors”
when recovered with NRP.

Liver Transplantation 27 1747-1757 2021 AASLD.
Received April 21, 2021; accepted August 21, 2021.

Liver transplantation (LT) is limited by the shortage
of organ donors available, resulting in a significant
imbalance between supply and demand that has led to
the use of organs with higher risks of complications
and failure, the so-called “marginal donors,” to expand

Abbreviationso: AKI, acute kidney injury; ALT, alanine transaminase;
cDCD, controlled donation after circulatory death; CIT, cold ischemia
time; DBD, donation after brain death; ERT, extended-release
tacrolimus; FFR fresh frozen pl ; fJWIT, fa [ warm isch

time; HCC, hepatocellular carcinoma; HOPE, hypotbermic oxygenated
perfusion; ITBL, ischemic type biliary lesion; ITU, intensive therapy

the donor pool. Controlled donation after circulatory
death (cDCD) is classically considered to be such a
category.(1-®)

The use of cDCD grafts has been associated with
a high incidence of ischemic type biliary lesions
(ITBLs), reported in up to 34% of cases, and a con-
sequential decrease in graft survival. These complica-
tions seem to be associated with the ischemic damage
that organs suffer during warm ischemia time (WTTD),
which worsens organ preservation injury.(- In fact,
according to the donor risk index, cDCD status is con-
sidered an independent factor strongly associated with
graft loss.©
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Normothermic regional perfusion (NRP) restores
the abdominal blood circulation, recovering the organs
from the ischemic injury before cold storage, helping in
better organ selection.("? The first L'T using a cDCD
and NRP in Spain was carried out in 2013 following
a modification of the Spanish law that allowed the use
of those patients who died after withdrawal of life-
sustaining therapy (WLST) as organ donors.(? Since
then, its use has exponentially grown so that today it
represents the most frequent abdominal graft preserva-
tion technique performed in cDCD in Spain. Recently,
good results from Spanish and UK centers have been
published in LT with NRP and even its superiority
over the super-rapid recovery has been reported in
different studies.(>1112) Nevertheless, given the lack
of evidence to demonstrate similar results to LT with
donation after brain death (DBD), some authors still
consider all cDCDs as “marginal donors.”:%

This article reports our experiences since the begin-
ning of our cDCD LT program in 2015 and compares
LT results with cDCD donors preserved with NRP
with those obtained after a DBD LT.

unit; LT, liver transplantation; MELD, Model for End-Stage Liver
Disease; NRE, normothermic regional perﬁuiaﬂ; PMC, premortem
cannulation; PSC, primary sclerosing cholangitis; RBC, red blood
cell; WIT, warm ischemia time; WLST, withds [ of life ini;
therapy.

S

Address reprint requests to Patricia Ruiz; M.D., Hepatobiliary Surgery
and Liver Transplant Unit, Cruces University Hospital, BioCruces
Health Research Institute, Plaza de Cruces s/n, 48903 Barakaldo,
Spain. Telephone: (+34) 94 600 6372; FAX: 0034 94 600 6597;
E-mail: patruor@gmail.com

Patricia Ruiz participated in the study concept and design, acquisition
of data, statistical analysis, lysis and interpr of data,
manuscript writing, critical revision of the manuscript, and approval
of the final version. Andres Valdivieso participated in the statistical
analysis, analysis and interpretation of data, manuscript writing,
critical revision of the manuscript, and approval of the final version.
Thone Palomares, Mikel Prieto, Alberto Ventoso, Patricia Salvador,
Maria Senosiain, Jose Ramon Fernandez, Milagros Testillano, and
Francisco Javier B; te participated in the acquisition of data,
critical revision of the manuscript, and approval of the final version.
Mikel Gastaca participated in the analysis and interpretation of data,
manuscript writing, critical revision of the manuscript, and approval
of the final version.

Copyright © 2021 by the American Association for the Study of Liver

Diseases.
View this article online at wileyonlinelibrary.com.
DOI 10.1002/1£.26281

Potential conflict of interest: nothing fo report.

1748 | ORIGINAL ARTICLE

Articulos derivados de esta tesis

LIVERTRANSPLANTATION, December 2021

Patients and Methods
STUDY DESIGN

We present a single-center, retrospective, case-matched
study to compare the results of LT’ with cDCD donors
preserved with NRP and premortem cannulation (PMC)
versus those obtained after DBD LI All I'Ts were per-
formed at Cruces University Hospital from January 2015
to June 2019 inclusive. Patients were followed up until
January 31, 2020; thus, the minimum follow-up period
was 6 months. Matching was performed on a 1:2 ratio
with respect to donor age (42 years), recipient Model for
End-Stage Liver Disease (MELD) score (2 points),
and cold ischemia time (CIT; +1 hour). cDCD donors
were stratified according to the UK DCD risk score.(!3

Liver grafts were retrieved at 5 different regional
centers, all of them provided with standardized NRP
equipment according to institutional protocols and
performed by the same surgical team, which moved
to the donor hospitals. The PMC procedure, WLST,
donation, and the acceptance by next of kin and sign-
ing of informed consent were conducted according
to Spanish donation law (Royal Decree 1723/2012,
December 28) and to the Spanish National Transplant
Organization.1%% Qur local protocols have been
approved by institutional ethics committees, and all
recipients signed an informed consent.

DONOR SELECTION, PROCEDURE,
AND ORGAN ALLOCATION

The donor selection criteria were the same for DBD
and cDCD, with no specific limit for donor age or
body mass index.

Our cDCD NRP donation protocol was described
previously,” and since then it has not been modified. In
brief, PMC was performed in an interventional radiol-
ogy room 2 to 3 hours prior to WLST. Following extu-
bation, the donor was heparinized (3 mg/kg) and blood
pressure was observed. Upon confirmation of death by
an independent physician and after a 5-minute stand-
off period, the aortic balloon was inflated, absence of
radial flow in the arterial catheter was confirmed, and
the NRP system was initiated. The functional WIT
(fWIT) was considered as duration from systolic blood
pressure lower than 60 mm Hg until NRP perfusion was
initiated, including a 5-minute nontouch period. We
only accepted livers with fWI'Ts of less than 30 minutes.
During NRP, alanine transaminase (ALT) and serum
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lactate levels were monitored every 30 minutes, and the
liver was discarded if the transaminase level exceeded
more than 3 times the normal level at initiation or 4
times this level at the end of NRP. After approximately
2 hours of NRP, a dual cold organ perfusion (4°C; Celsior,
Institut Georges Lopez Institut Georges Lopez - IGL
Parc Tertiaire du Bois Dieu RN6, Lissieu, France) and
standard procurement surgery were performed and cold
stored. Routine biopsies were not performed. Because
we accept up to 50% of graft steatosis, we only perform
a biopsy when the procurement surgeon determines that
the graft may exceed this limit. DBD liver retrieval was
conducted according to the classic procurement tech-
nique and static cold storage.('>)

Organ allocation was based on the MELD system
and the Child-Turcotte-Pugh score in both groups
equally. The recipient surgical technique was the same
in both study groups.(® We performed a piggy-back
technique without portacaval shunt, sequential reper-
fusion (first portal and then arterial), and an end-to-end
choledochocholedochostomy with T-tube for biliary
reconstruction. By protocol, wedge biopsies were per-
formed immediately before closing. Our pathologists
only consider the macrovacuolar steatosis, which is
categorized as mild if fat is present in less than 30% of
hepatocytes, moderate if between 31% and 60%, and
severe when it involves more than 60%.(7)

A Doppler ultrasound exploration was conducted
within the first 48 hours and at 1 week and 1 and
3 months after L'T. Our standard immunosuppressive
protocol for DBD LT was based on de novo extended-
release tacrolimus (ERT) (Advagraf, Astellas Pharma
Europe B.V EMEA/H/C/000712 Regulatory Affairs
Europe, Leiderdorp, The Netherlands), mycopheno-
late mofetil, and steroids,(!® but for the cDCD, LT
initially involved basiliximab (Simulect, Simulect
Novartis Europharm Limited, Dublin, Ireland),
mycophenolate mofetil, and steroids with a delayed
introduction of ERT; however, since mid-2018, we
switched to the standard protocol, initiating ERT on
postoperative day 1 and restricting basiliximab and
delayed ERT introduction for those patients with pre-
transplant renal dysfunction and those at risk or with
established acute kidney injury (AKI).

ENDPOINTS

The primary endpoints were overall graft survival and
death-censored graft survival, defined as graft survival
censored for patient death with a functioning liver. The
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secondary endpoints included patient survival, the devel-
opment of biliary complications (anastomotic strictures
or leaks and ITBL), incidence of postreperfusion syn-
drome, posttransplant ALT peak (highest level within
the first 7 days), early allograft dysfunction rate, and
posttransplant AKI.

Postreperfusion syndrome was considered when the
mean arterial blood pressure was 30% lower than the
previous value, for at least 1 minute, within 5 minutes
of unclamping. Early allograft dysfunction was defined
according to Olthoff's criteria,(!” and AKI was diag-
nosed based on the Kidney Disease Improving Global
Outcomes classification.??

BILIARY COMPLICATIONS
SURVEILLANCE

ITBL was defined as the presence of a nonanasto-
motic biliary stricture in the presence of a patent he-
patic artery and confirmed based on cholangiographic
evidence (T-tube cholangiogram or magnetic reso-
nance).?D During the postoperative period, a routine
T-tube cholangiogram was performed at 1 week and
3 months posttransplantation, before elective removal.
In addition, a strict analytical monitoring (bilirubin
and alkaline phosphatase) of the recipients was car-
ried out, so a magnetic resonance cholangiography was
done whenever there were clinical or laboratory abnor-
malities that suggested injury to the bile duct.

STATISTICAL ANALYSIS

Statistical analysis was carried out by the Bioinformatics
and Statistics Platform, BioCruces Bizkaia Health
Research Institute. Matching was performed with IBM
SPSS version 24 (IBM Corporation, Armonk, NY),
and data were analyzed with R statistical software (ver-
sion 3.6.2; R Foundation for Statistical Computing,
Vienna, Austria). Categorical variables are described
as frequencies and percentages. Continuous variables
with normal distribution are presented as mean (stan-
dard deviation); non-normal variables are reported as
median (interquartile range). Differences between cat-
egorical variables were assessed with a chi-square test
and between continuous variables with a Student # test
or the Mann-Whitney U test according to the sample
distribution. Cox regression models were made to ana-
lyze graft loss. The Kaplan-Meier survival curves were
performed, and the differences were analyzed using the
log-rank test.
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Results

During the study period, 493 consented donors were
evaluated (Fig. 1). Among these, 27% were cDCD,
whereas 73% were DBD. During retrieval, 23 and
47 liver grafts were rejected, respectively. Thus, 83%
c¢DCD grafts and 87% DBD grafts were accepted
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for LT. Because of different list management rea-
sons, such as emergency 0 (United Network for
Organ Sharing, status 1), or lack of an appropriate
recipient, 66 valid grafts (16%) were sent to another
transplant center in Spain (10 cDCD and 56 DBD).
Finally, 100 -cDCD LTs and 257 DBD LTs were
performed, and of these, 200 matched controls were
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FIG. 1. Donor management and liver recovery rate during the studied period.
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TABLE 1. Evolution of cDCD Donation During the Studied Period and Reasons for Liver Discarding

¢DCD LT (% Over cDCD
Year of LT Total LT ¢DCD Donors Total LT) ¢DCD Sent Out Discarded Reasons for Discarding
2015 81 15 9(11) - 6 (40) « 2 exceeded ALT limit
< 1 poor macroscopic aspect*
« 1 fechnical failure of NRP
« 2 undiagnosed cancer
2016 87 27 23 (26) - 4 (15) « 4 poor macroscopic aspect”
2017 75 27 22 (29) 1) 4 (15) 2 poor macroscopic aspect”
« 1 exceeded ALT limit
- 1 moderate steatosis’
2018 75 42 30 (40) 707) 5(12) - 2 undiagnosed cancer
= 2 poor macroscopic aspect*
« 1 fibrosis biopsy proven
June 2019 39 22 16 (41) 29 4(18) = 2 exceeded ALT limit
- 1 moderate steatosis’
« 1 gallbladder necrosis
357 133 100 (28) 10 (8) 23(17)

NOTE: Data are provided as n or frequency (%)
*Subjective assessments of expert liver procurement surgeons.
TBiopsy: macrovacuolar steatosis more than 50%.
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TABLE 2. Donor and Graft Characteristics: Univariate

Analysis of cDCD and DBD
¢DCD Overall

Variables (n=100) DBD (n=200) PValue
Age, years 62 (53-69) 62 (50.8-72) 0.67
Categorized age 0.65

<65 years 60 (60) 113 (56.5)

>65 years 40 (40) 87 (43.5)
Donor sex 0.03

Male 33 (33.3) 94 (47.2)

Female 66 (66.7) 105 (52.8)
Body mass index 26.0(23-29.1) 25.9(24.2-:28.1) 0.80

(Kg/m2)
UK donor risk index 5.00 (2.8-6.0) =

Low risk 72(72) B

High risk 25 (25) =

Futile 3(3) B
Cause of death <0.01

Cerebrovascular 38 (38) 147 (73.9)

accident
Anoxic brain injury 35 (35) 19 (9.6)
Traumatic brain 8(8) 30(15.1)
injury

Respiratory failure 19(19) 0
ITU stay, days 7(4-12) 2(1-4) <0.01
Inotropic need 43 (43) 133 (67.2) <0.01
Sodium levels (mEq/L) 142 (140-145) 147 (143-152) <0.01
Steatosis 11QaLn 51 (25.6) <0.01

Mild/moderate 110 50/1
CIT, minufes 274 (241-311) 264 (228-340) 0.89
fWIT, minutes 10(8.5-12.2) - -
NRP, minutes 121 (118-128) - B

NOTE: Data are provided as n, frequency (%), or median (inter-
quartile range).

selected. Reasons for rejections are listed in Table 1.
It should be noted that only 1 donor was rejected as
a result of technical problems during the beginning
of the program.

Donor and graft characteristics are shown in Table 2.
Although steatosis was higher in the DBD group
(11.19% versus 25.6%; P = 0.06), in all cases except 1 it
was mild. The main donor cause of death was anoxic
brain injury (35% versus 9.6%) in the cDCD group
versus mainly cerebrovascular accidents (73.9% ver-
sus 38%) in the DBD group. As a consequence, the
management in the intensive therapy unit (ITU) was
different with longer ITU stay (7 versus 2 days) and
less inotropic need (43% versus 67.2%) in the cDCD
group. In the cDCD recipients, the median UK DCD
risk score was 5 (interquartile range, 2.8-6.0), with
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25% of high-risk donors and 3% futile; median fWIT
was 10 (interquartile range, 8.5-12.2) minutes, and the
duration of NRP was 121 (interquartile range, 118-
128) minutes. During the NRP, ALT and serum lac-
tate levels remained stable (Fig. 2).

Table 3 shows that there were no differences between
recipient demographics, either in the MELD score or
in the indication for transplantation.

The following perioperative data and posttrans-
plantation complications were also similar in both
groups (Table 4): ALT peak 836 U/L in the cDCD
group and 909 U/L in the DBD group (P'= 0.53),
early allograft dysfunction 19.2% and 21% (P=0.83),
and AKI 19.8% and 29.3% (P = 0.11), respectively.
The evolution of bilirubin and alkaline phosphatase
were similar during follow-up. There were also no
differences in the rates of hepatic artery thrombo-
sis (1% cDCD versus 1.5% DBD; P = 1.00), biliary
complications (5.2% cDCD versus 6.3% DBD; P =
0.90), and need for retransplantation (1% cDCD ver-
sus 3.5% DBD; P = 0.29). Of note, no cases of pri-
mary nonfunction or ITBL were observed among the
cDCD grafts, including the 28% of high-risk/futile
transplants.

When analyzing variables related to graft loss
(Table 5), only EAD, ALT peak, follow-up, and
hepatic artery thrombosis were identified.

With a median follow-up of 36 months (interquar-
tile range, 20.0-48.3 months), the 1-year and 3-year
overall graft survival rates were significantly higher in
the cDCD group: 99% and 93% for cDCD versus 92%
and 87% for DBD, respectively (P = 0.04). We did not
find differences either in the 1-year and 3-year cen-
sored graft loss (100% and 97% for cDCD versus 96%
and 96% for DBD, respectively; P = 0.28) or in the
1-year and 3-year patient survival rates (99% and 94%
for cDCD versus 96% and 90% for DBD, respectively;
P=0.07; Fig. 3A-C).

Discussion

In this article, we present the largest experience com-
paring the use of NRP ¢DCD donors with DBD do-
nors in LT. With the use of NRP, we achieved excellent
results compared with those obtained after DBD LT,
Importantly, no cases of primary nonfunction were
observed in the cDCD LT group, and biliary compli-
cations were uncommon in this group: 5.2% overall,
with no cases of ITBL. Finally, the 1-year and 3-year
censored graft and patient survival rates were similar in
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FIG. 2. Evolution of (A) ALT and (B) serum lactate during NRP.
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TABLE 3. Recipient Characteristics: Univariate Analysis of cDCD and DBD

Variables ¢DCD (n = 100) DBD (n = 200) Overall P Value
Age, years 59 (54-64) 58 (563-64) 0.79
Sex 0.74
Male 25 (25) 45(22.5)
Female 75 (75) 155 (77.5)
MELD score 12 (9-18) 12 (9-16) 0.63
Simuttaneous liver-kidney fransplantation 6 (6) 6(3) 0.35
Refransplant 3©) 17 (8.5) 0.12
Indication for fransplantation
Cirrhosis 36 (36) 64 (32) 0.96
PSC 3@ 5(2.5) 1.00
HCC 39 (39) 98 (49) 0.13
Others 22 (22) 33(16.5) 0.32

NOTE: Data are provided as frequency (%) or median (interquartile range).

both groups, and overall graft survival was significantly
higher in the cDCD LT group.

It is important to note that donor selection crite-
ria are the same for both groups and that our median
donor age of 62 years (40% older than age 65 years) is
superior to what is considered a risk factor for cDCD
LT.(26:22.23) Recipients were also not selected, having
similar recipient median age and MELD score, in both
groups. In fact, we used cDCD grafts for simultaneous

1752 | ORIGINAL ARTICLE

liver-kidney transplantations, retransplantation, or ful-
minant hepatic failure.

In our opinion, the use of NRP with PMC in cDCD
LT has allowed us to achieve similar results to those
obtained with the “gold standard” DBD donors and is
clearly superior to the benchmark established in the lit-
erature,®¥) without a selection of donors or recipients.

The cDCD donors represent an important source,
widely established in countries with an appropriate legal
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TABLE 4. Perioperative Data and Posttransplantation Complications and Outcomes: Univariate Analysis of cDCD and DBD

Variables ¢DCD (n = 100) DBD (n = 200) Overall P Value
Postreperfusion fibrinolysis 13(13.1) 27 (13.5) 1.00
Surgical fime, minutes 222 (200-258) 227 (205-257) 0.59
Surgical fransfusion needs

RBCs, U 1(0-2.3) 002 0.31

Platelets, U 01 0@©1) 0.79

FFP, pool 0(00) 0(0-0) 0.87
Postreperfusion syndrome 11(71) 23 (11.5) 1.00
ALT peak, UL 836 (573-1422) 909 (454-1725) 0.53
Bilirubin, mg/dL* 0.9 (0.6-1.5) 0.8 (0.6-1.8) 047

3 Months 0.6 (0.4-0.9) 0.6 (0.50.9)

6 Months 0.6 (0.4-0.9) 0.5 (0.4-0.8)
Alkaline phosphatase, U/L* 106 (70.2-154) 101 (65.8-163) 0.53

3 Months 76 (63.2-97.7) 72 (64.2-98.3)

6 Months 78 (65-110.5) 78 (63.7-104)
Early allograft disfunction 19(19.2) 42 (21) 0.83
AKI 19(19.8) 56 (29.3) 0.1
ITU stay, days 4(3-5) 4 (3-6) 0.86
Hospital stay, days 14 (12-22.5) 15(12-22) 0.62
Biopsy-proven rejection 5(.1) 8(4.1) 0.75
Biliary complications 5.2 12 (6.3) 0.90

Peri THube leak 2 (2) 5 (2_ 5)

Anastomotic stricture 2(2) 6(3)

Biliary peritonitis Tm 1(0.5)

ITBL 0 0
Arterial complications 5(.1) 12 (6.3) 0.87
Hepatic arfery thrombosis 1M 3(1.5 1.00
Retfransplantation 1M 7 (3.5) 0.29
Primary nonfunction 0 2 0.56
Graft loss 2(2) 9(4.5) 0.37
Patient death 44 22(11.1) 0.07
Cause of death 0.78

Cerebrovascular accident 0 2(

De novo neoplasm 1M 11 (5.5)

Graft disfunction 1M 3(1.5)

Myocardial infarction 0 1(0.5)

Sepsis 2(2) 5(2.5)

NOTE: Data are provided as frequency (%) or median (interquartile range).

*At 1 month of follow-up.

framework,19-1425) but their use is classically associated
with an increase of mainly biliary complications, such as
ITBL, and a decrease in graft survival. These complica-
tions seem to be associated with the ischemic damage
that organs suffer during the implicit WIT related with
the donor death process, exacerbated during the cold
storage after the super-rapid recovery.!"¥ Multiple
experimental studies have shown the benefits of NRP
in the restoration of cellular energy substrates and the

reduction in degradation products in liver grafts before
implantation,® but first clinical experiences with NRP
and cDCD LT are relatively recent. In 2014, Rojas-
Pefia et al.%?%) and Oniscu et al.?”) presented their first
clinical series with 13 and 11 LTs, respectively. Since
then, some longer series have been published.(7-11,12,28)
Our group referred 46 NRP cDCD LTs without
either ITBL or graft loss after a medium follow-up
period of 19 months.(”) Recently, 2 comparative studies
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TABLE 5. Summary of Variables Related to Graft Loss
Bivariate Analysis
Variables All (n = 300) No (n = 289) Yes(n=11) Overall P Value
Donor/graft factors
Type of donor 0.04
DBD 200 (66.7) 172 (64.4) 28 (84.4)
cDCD 100 (33.3) 98 (36.6) 2(15.6)
Age, years 62 (51-71) 62 (50-71) 66 (54.8-73.2) 0.13
>65 years 126 (42.1) 110 (41.2) 16 (50) 0.45
Sex, male 127 (42.8) 110 (41.5) 17 (53.1) 0.29
Body mass index (Kg/m2) 25.9 (23.7-28.5) 25.9 (23.7-28.5) 25.9 (23.9-28.5) on
ITU stay, days 3(-7) 3.527) 2(1-4.5) 0.12
Inotropic need 175 (58.9) 156 (58.9) 19 (59.4) 0.12
Sodium levels (mEg/L) 145 (140-149) 145 (140-150) 141 (136-146) 0.07
CIT, minutes 265 (230-320) 263 (228-320) 287 (260-348) 0.05
Steatosis 62 (20.8) 52 (19.5) 3(32.3) 0.15
Recipient factors
Age 57.6 (8.7) 57.6 (8.5) 56.9 (10.8) 0.33
Sex, male 70 (23.3) 68 (23.5) 2(18.2) 0.70
MELD 12 (9-16) 12 (9-16) 11 (6-16) 0.42
Simultaneous liver-kidney 12 (4) 12 (4.5) 0(©0) 0.37
fransplantation
Retransplantation 20 (6.7) 16 (5.6) 5(15.6) 0.05
LT indication
Cirrhosis 231 (77.3) 207 (77.5) 24 (75.0) 0.92
HCC 136 (45.5) 119 (44.6) 17 (83.1) 0.47
Others 55 (18.4) 47 (17.6) 8(25.0) 0.43
LT outcomes
Fibrinolysis 40 (13.4) 36(13.5) 4(12.5) 1.00
EAD 61 (20.5) 547(17.6) 14 (45.2) <0.01
AKI 75(26.1) 66 (25.6) 9(32.1) 0.60
ALT peak 902 (500-1656) 876 (482-1575) 1279 (1164-2680) 0.01
ITU stay, days 4(3-5) 4(3-5) 5(3-10.8) 0.08
Hospital stay, days 15(12-22) 15(12-21.5) 16 (12-30) 0.09
Postreperfusion syndrome. 34(11.4) 30(11.2) 4(12.5) 1.00
Biopsy-proven rejection 13(4.4) 10 (3.8) 3(10.3) 0.13
Follow-up, years 3.1(1.94.0) 3.01 (1.74) 3.8(2.8-4.8) <0.01
Biliary complications 17 (6.9 15 (65.7) 209.1) 0.60
Hepatic artery thrombosis 4(1.3) 0(0) 4(12.5) <0.01

NOTE: Data are provided as frequency (%) or median (interquartile range). EAD, early allograft dysunction.

demonstrated the superiority of NRP over super-rapid
recovery. Hessheimer et al., in the Spanish multicenter
study that compared the results of NRP ¢cDCD LT ver-
sus super-rapid recovery, presented a significant reduc-
tion in ITBL and graft loss,' and afterward, Watson
et al,, in a similar study, concluded that NRP was an
independent factor in reducing the incidence of ITBL
in cDCD LT."» These good results may depend not
only on the experimentally proven benefits of NRP but
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also on the fact that it allows a better assessment of the
ischemic damage of the liver by monitoring the ALT
and serum lactate levels during the NRP time (Fig. 2).
Moreover, cDCD procurements with NRP allow for a
meticulous in situ examination, similar to DBD retriev-
als, identifying those grafts with a gross macroscopic
appearance and helping in the selection of appropriate
organs. All of these factors have probably contributed
to the well-performing Spanish multicenter study,
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regardless of the limited experience of the different par-
ticipating centers.(!)

Although good outcomes have been occasionally
reported with the use of old DCD grafts recovered
with the super-rapid recovery technique,?” donor age
older than 60 years is still considered a risk factor in
this type of LT.® Opposite to these experiences, we
reported favorable results with cDCD donors aged
older than 65 years in our initial experience,”) com-
parable with those with younger donors. Moreover, in
the current study, we report an extremely low biliary
complication rate with 40% of donors aged older than
65 years. In our view, the use of NRP ¢cDCD donors
aged older than 65 years should not be considered a
contraindication but should be assessed individually.

NRP also appears to have a benefit in renal function.
The use of cDCD donors has classically been associated
with an increasing rate of posttransplant AKI. Leithead
et al. presented a 53.4% incidence of posttransplant
AKI in cDCD LT, considering the ALT peak as a
marker of ischemia reperfusion injury, and as a conse-
quence, a predictor of renal dysfunction.®” Based on
these reports, in our first cDCD LT, we used a nephro-
protective immunosuppressive therapy, but given that
our rate of AKI was lower than expected (19.2%), we
decided to change to our standard DBD LT protocol
with the introduction of ERT on posttransplant day 1,
keeping the results similar to DBD LT.

Initially emerging as an alternative to super-rapid
recovery, the good results obtained with NRP have
allowed its rapid expansion, becoming the most fre-
quently used technique for liver retrieval in our
country.™) Since the implementation of our c<DCD

eeeeee P R

program in 2015, the use of cDCD donors has pro-
gressively increased, so that today, they account for
more than 40% of our L'Ts (Table 1). In addition, the
¢DCD program has turned out to be as profitable as
the DBD program with an 83% liver recovery rate
(Fig. 1). Notably, NRP has recently been considered
as the recovery method of choice for cDCD liver grafts
in the consensus statements from the Spanish Liver
Transplantation Society.3?

An unexpected result of our study is that graft sur-
vival was significantly higher in the cDCD LTs than in
the DBD LTs. However, when we analyzed the graft
survival curve censored by patient death, we did not find
such differences. This is because the main cause of graft
loss was the death of the patient attributed to the devel-
opment of de novo neoplasms (Table 4). Somehow,
DBD recipients have developed more tumors. One
reason that would explain this could be that the min-
imum follow-up of 6 months was not enough to ade-
quately assess medium-term to long-term survival
rates and that with a longer follow-up this difference
would attenuate. Another factor could be the effect of
the immunosuppression, considering that immunosup-
pression was somewhat different in the first 2 years of
the study. On the other hand, when we have analyzed
the factors associated with graft loss, only foreseeable
factors such as graft dysfunction, hepatic artery throm-
bosis, and follow-up were identified.

It should be noted that short CIT and fWIT are
undoubtedly part of the explanation for the good
results obtained. The short CIT is partly explained by
the fact that our transplant center refers to a relatively
small geographic area and partly by the short surgical
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times. However, the fWIT is more related to PMC
and donor management in the ITU. Spanish law per-
mits not only premortem interventions such as PMC
and heparinization but also the use of palliative medi-
cal support that give comfort to the end-of-life patient,
provided they are regulated by WLST protocols inde-
pendent of the donation process.(!%'¥ However, the
use of premortem interventions raises several ethical
and legal concerns that might limit their application in
many countries where they are considered invasive pro-
cedures that can damage body integrity.? Although
shortening ischemia times is certainly involved in our
excellent results, this should not detract from the value
of NRP. The benefits of NRP itself have already been
demonstrated experimentally, and good clinical results
have also been reported in LT with NRP ¢cDCD with-
out PMC or other comfort therapies.1227)

Another factor that positively influences the results
are the low MELD scores of our recipients, proba-
bly attributed to hepatocellular carcinoma (HCC)
being the first indication and the use of the laboratory
MELD score without additional MELD exception
points. Nevertheless, a low MELD value is also fre-
quently found in recent impact articles associated with
DCD donation,333% so more experience in patients
with higher severities is needed.

In recent years, with the idea of reverting the cellu-
lar damage that cDCD grafts suffer during the WIT of
super-rapid recovery, different machine perfusion strat-

ies have emerged as an alternative to static cold stor-
age.537) Schlegel et al., in a controlled matched study
that compared LT results using 3 different donor groups
(DBD, cDCD, and cDCD treated by hypothermic oxy-
genated perfusion [HOPE]), reported 5-year outcomes
of HOPE-treated cDCD LT similar to those of DBD
transplants and superior to those of untreated cDCD
L'Ts.63 Recently, Muller et al. compared HOPE and
NRP in L'Ts from cDCD, concluding that both strategies
achieved similar posttransplant patient and graft survival
rates.®¥ Seeing this emerging interest and the increas-
ingly better results obtained, there is no doubt about
the fundamental role that machine perfusion, including
NRBP, will play in the near future in I'T. An added advan-
tage of the NRP is that it allows the concomitant perfu-
sion of other abdominal organs, such as the kidneys and
pancreas, and the procurement of extra-abdominal grafts
including the lungs and heart, contributing to making
the donation process more effective.38-40)

A considerable limitation of our study is that it is a
retrospective analysis and we do not have a super-rapid
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recovery study group. This is because we have never
used the super-rapid recovery technique in cDCD LTs.
However, after analyzing our results, a randomized
controlled trial comparing the super-rapid recovery
technique and NRP in cDCD LTs would be unethical
in our center.

Our study has also several strengths. To our knowl-
edge, this is the largest experience comparing the use
of NRP ¢cDCD donors with DBD donors in LT per-
formed in a short period of time and with a median
follow-up of 36 months. It is important to highlight
that we have not selected our recipients and that, as
we routinely placed a T-tube in the biliary tract, nearly
every recipient (96%) underwent a cholangiography at
least 3 months after transplantation, thus increasing
the diagnostic accuracy of biliary complications.

In summary, our results suggest strong evidence that
LTs with NRP ¢cDCD donors meet the same outcomes
to those established in the literature for the “gold stan-
dard” DBD LTs.
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Letter to the Editor
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The Authors’ Reply: To NRP or Not to NRP, That Is

the Question...

Patricia Ruiz, MD," Mikel Gastaca, MD," Francisco Javier Bustamante, MD,? and Andres Valdivieso, MD'

thank Ayorinde et al' for their interest in our arti-
cle? and the editor for giving us the opportunity to
clarify concerns.

In our manuscript,”> we reported our initial experience
with 46 consecutive controlled donors after circulatory
death (cDCD) liver transplants (LTs) preserved with nor-
mothermic regional perfusion (NRP), presenting an 80%
organ recovery rate and an outstanding low rate of com-
plications (no cases of primary nonfunction or ischemic
cholangiopathy [IC]).

As the authors mentioned,’ it can be argued that the
positive results could be partly justified by the short func-
tional warm ischemia time due to premortem interventions
or by a highly selected cohort. However, in the UK experi-
ence,’ they also presented excellent results with postmor-
tem cannulation, despite a significantly longer functional
warm ischemia time. Moreover, our donors cannot be con-
sidered highly selected, because our median donor age was
58 years (higher than that reported in other studies)* ™ and
almost 30% were over 65 years of age. It is accepted that
NRP allows a better evaluation of the graft according to
liver function tests and macroscopic aspect.

The authors suggest a randomized controlled trial
between the rapid recovery (RR) and NRP to achieve evi-
dence. Although it is not completely clear why NRP is ben-
eficial, several experimental studies have demonstrated a
replenishment of intracellular ATP that may help organs
tolerate the subsequent cold ischemia.>® Moreover, RR
and NRP have been recently retrospectively compared in
2 studies™* that demonstrate an evident benefit of NRP
and even present NRP as an independent factor preventing
IC. In addition, the use of NRP in Spain has significantly
increased during the past years, currently being almost the
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only preservation system in cDCD. NRP also offers the
advantage of being a relatively inexpensive technique that
allows the perfusion of not only the liver but also the kid-
neys and pancreas and even combining with intrathoracic
organ retrieval.” Given the excellent results that we have
experienced with NRP, it seems unlikely that any center
would abandon NRP to perform RR and expose its recipi-
ents to a higher IC rate and graft loss.

Therefore, the authors propose! another trial compar-
ing NRP and RR followed by ex situ machine perfusion
(MP). Because NRP has shown superb results from its
initial experiences,” we do not consider NRP ¢cDCD as
marginal donors “per se,” rather donors that allow for a
safe expansion of the donor pool. So, it seems to have no
sense to associate MP. In our opinion, MP must still find
its role in LT, although it seems to be useful in discard
grafts. Our more extended experience with 83 NRP ¢cDCD
LTs has been recently presented in the International Liver
Transplantation Society meeting in Toronto; primary non-
function and IC rates remain 0% with a median follow-up
of 24 months.

In our opinion, although large trials would be advis-
able in the interest of evidence-based medicine, the results
show that the benefits of NRP are so overwhelming that
the adoption of the technique by worldwide active groups
involved in ¢cDCD LT is only a matter of time.
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Reply

We would like to thank Muller et al.® for their interest
in our article and their important comments.

Based on our results,® the authors present 3 inter-
esting questions to discuss.(!)

First, the authors refer to the ethical considerations
of the premortem cannulation and the super-rapid
recovery (SRR) in our setting. We have already men-
tioned the ethical-legal concerns of the premortem
cannulation, highlighting that its use is not strictly
necessary, as has been demonstrated.? Even so, the
ethical-legal framework is not unchangeable, but it is
in constant evolution, often in parallel with the devel-
opment of science and new technologies. The results
obtained with the SRR are still poor, as shown in the
article referred by the authors (18% ischemic chol-
angiopathy and 40% early allograft dysfunction).®
Since we have an alternative with significantly better
outcomes and according to the Spanish experience, a
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randomized controlled trial comparing normother-
mic regional perfusion (NRP) versus SRR with cold
storage in controlled donation after circulatory death
(cDCD) would be unethical and unlikely accepted by
Spanish groups. In fact, NRP is considered the recov-
ery method of choice for cDCD by the Spanish Liver
Transplantation Society.(Y

We strongly defend the upcoming organ. preser-
vation challenge we face, which certainly encom-
passes the NRP and its proven benefits, including the
improvement in profitability and cost-effectiveness of
the organ procurement.

Second, we agree that there is no evidence with the
use of NRP and liver grafts with prolonged ischemia and
that liver grafts may benefit from the combination of
NRP and hypothermic oxygenated perfusion as reported
by Italian groups.® However, 14 patients are not enough
to question NRP results, and more experience is needed.

Finally, related to the graft assessment, we fully
agree that more specific molecules are needed as long
as they are accessible, quick to perform, and supported
by clinical evidence.

In conclusion, NRP benefits are clearly proven in
standard cDCD, but more well-designed studies are
needed, specifically with high-risk donor-recipient

combinations.
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Controlled donation after circulatory death up to 80 years for
liver transplantation: Pushing the limit again

To the Editor,

We read with great interest a study recently published in the
American Journal of Transplantation by Cascales-Campos et allIn
this report, midterm outcomes of 77 liver transplantations (LTs) per-
formed using grafts from controlled donation after circulatory death
(DCD) recovered with super-rapid technique (SRR) were not inferior
to the control group LTs using grafts donated after brainstem death
(donation after brain death; DBD). Nevertheless, a closer analysis of
the data shows a 37% rate of biliary complications within the DCD
group, including the occurrence of biliary stenosis and ischemic chol-
angiopathy (IC) in 22% and 6.5% of patients in the DCD group, re-
spectively. In addition, 1-year graft survival for the DCD group was
72.7% vs 78.5% for the DBD group. Considering that retransplanta-
tions and combined transplants were excluded from the study, that
hepatocellular carcinoma was the indication for 47% and 35% of the
DCD and DBD LTs, respectively, and that mean MELD (Model for
End-Stage Liver Disease) score was 11.7 and 13 points for DCD and
DBD groups, respectively, 1-year graft survival for LTs seems to be
lower than current standards regardless of the type of graft used.

Data from the Scientific Registry of Transplant Recipients (SRTR)
show a 10% rate of graft failure after 1 year in adult deceased-donor LT
recipients and an approximate 85% 1-year rate of graft survival among
DCD donor LT recipients.? According to the Spanish Liver Transplant
registry (RETH), 1-year graft survival during the same period of time
that was evaluated in the study by Cascales-Campos et al. was 85.5%,
including all type of transplantations and grafts.® This value is consis-
tent with that observed in the SRTR report. Moreover, in a recent anal-
ysis of the Spanish experience in the controlled DCD LT in which the
use of normothermic regional perfusion (NRP) was compared with the
SRR technique, 1-year graft survival was 88% vs 83%, respectively. In
addition, this report showed that the overall biliary complication rate
was 8% and 31% in the NRP and the SRR groups, including IC rates of
2% and 13%, respectively.

Data from the RETH show 1-year graft survival over 90% in our
center, including all types of grafts and recipients.® Moreover, our
experience in Bilbao with the use of NRP in controlled DCD LT has
been recently published.® After a median follow-up of 19 months, 1-
year graft survival was 100% in a cohort of 46 DCD LTs maintained
with NRP, including 13 donors aged older than 65 years of age with
a maximum age of 75 years. The overall biliary complication rate was
2%, and we found no cases of IC.

Although we recognize that there are no statistical adjustments
and this might justify some differences in outcomes, the main issue

to be discussed, after analyzing the study by Cascales-Campos et
al,! is not if the results of LTs with DCD grafts obtained with the
SRR technique are not inferior to those with DBD grafts. Rather, we
question whether 1-year graft survival in both types of? LTs is in ac-
cordance with the current standards.
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1 | INTRODUCTION

The imbalance between supply and demand in organ transplantation
is a global problem affecting all organs. Controlled donation after
circulatory death (cDCD) represents an important source of grafts

Abstract

Combining simultaneously lung and liver procurement in controlled donation after
circulatory death (cDCD) using normothermic abdominal perfusion (NRP) for ab-
dominal grafts and cooling and rapid recovery technique (RR) for the lungs increases
the complexity of the procurement procedure and might injure the grafts. A total of
19 cDCDs from two centers using this combined procedure were evaluated, and 16
liver and 21 lung transplantations were performed. As controls, 34 donors after brain.
death (DBDs) were included (29 liver and 41 lung transplantations were performed).
Two ¢DCD liver recipients developed primary nonfunction (12.5%). No cases of is-
chemic cholangiopathy were observed among cDCD recipients. The 1-year and 2-
year liver recipients survival was 87.5% and 87.5% for the cDCD group, and 96% and
84.5% for the DBD group, respectively (P = 496). The 1-year and 2-year lung recipi-
ents survival was 84% and 84% for the cDCD group and 90% and 90% for the DBD
group, respectively (P = .577). This is the largest experience ever reported in cDCD
with the use of NRP combined with RR of the lungs. This combined method offers
an outstanding recovery rate and liver and lung recipients survival comparable with
those transplanted with DBDs. Further studies are needed to confirm our findings.

KEYWORDS

clinical research/practice, donors and donation: donation after circulatory death (DCD),
extracorporeal membrane oxygenation (ECMO), liver transplantation/hepatology, lung
transplantation/pulmonology, organ perfusion and preservation, organ procurement and
allocation

in countries with an appropriate legal framework, accounting for
30%-40% of organ procurement activity.

In cDCD, the effects of warm ischemia during the hypotensive
phase following the withdrawal of life-sustaining therapy (WLST) and
after circulatory arrest are further exacerbated during the later period

Abbreviations: cDCD, controlled donation after circulatory death; CIT, cold ischemic time; DBD, donation after brain death; DCD, donation after circulatory death; ECMO, extracorpo-

real membranous oxygenation; FWIT, functional warm ischemic time; ICU, intensive care unit; ITBL, ischemic-type biliary lesions; NRP, normothermic regional perfusion; RR, rapid

recovery; WLST, withdrawal of life-sustaining therapy.
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of cold ischemia. These phenomena increase the incidence of isch-
emic-type biliary lesions (ITBL) and graft loss in liver transplantation
recipients, compared to livers obtained from donors after brain death
(DBDs).2 As a result, according to the donor risk index, cDCD status is
considered an independent factor strongly associated with liver graft
loss and, therefore, with the need for retransplantation or death.®*

In most transplant centers, the recovery of abdominal organs
in ¢cDCD is performed using a rapid recovery (RR) technique.®
Nevertheless, recent years have seen a growing interest in using
abdominal normothermic regional perfusion (NRP) with extracor-
poreal membrane oxygenation (ECMO) devices to restore blood
flow after death has been determined and prior to organ recovery
in cDCD.®™ This in situ preservation strategy could restore cellular
energy substrates and improve the quality of ischemically damaged
organs. Furthermore, the ability to assess organ function prior to
transplantation, allowing better graft selection, might lead to supe-
rior outcomes compared to classic cDCD transplantation results.812
NRP also turns an urgent into an elective organ recovery procedure,
which could potentially reduce organ damage and losses due to
surgical events.!® Recent studies have demonstrated that NRP im-
proves the number and quality of livers in cDCD.“"?

In contrast, lung transplantation using cDCD grafts has been
adopted widely worldwide, with outcomes equivalent to those
transplanted through DBD. Indeed, most single- and muiti-institu-
tional experiences have been described as similarly favorable 118
However, the utilization of cDCD lungs remains poor for several rea-
sons, including less experience with cDCD procurement and inade-
quate lung management in the intensive care unit (ICU).*%2°

The lungs are recovered in cDCD donors using the RR technique,
decreasing the lung temperature with topical cooling as quickly as pos-
sible, whereas NRP seems to be the ideal method for liver grafts. This
combined method was first described as a single case report by two
United Kingdom (UK) groups.?>?? A variant of the technique, using pre-
mortem interventions, where the risk of potential transdiaphragmatic
cooling of the liver is minimized, has been proposed by our group.*®
Nevertheless, there is still some reluctance among professionals in com-
bining the cooling and RR techniques in the lungs with NRP for abdom-
inal grafts. This method increases the complexity of the procurement
procedure and might injure the grafts because of the dual temperature
(affecting the low temperature to the liver and normothermia to the
lungs) or due to inadequate perfusion pressure in the pump as a result
of the bleeding into the chest after the heart-lung block is removed
or after clamping the vena cava. The aim of this study was to report
the initial experience of the use of NRP in liver cDCD donation com-
bined with concomitant lung recovery in two Spanish centers based
on a common protocol, focusing on the complications of simultaneous

recovery and its impact on liver and lung recipient outcomes.

2 | METHODS

This is a retrospective review of all actual cDCDs performed in two

centers using identical procedures in which lungs and liver were

simultaneously evaluated, using NRP for abdominal preservation
and the RR technique for lung recovery from the start of the two
programs (September ‘2014 and March 2015) to December 2018. As
controls, we evaluated all DBD donors in which lungs and liver were
simultaneously recovered.

2.1 | Donors

cDCD was considered in patients in whom the treating team had
made the decision to WLST. Neurocritical patients were considered
as potential cDCD donors only if the Glasgow Coma Scale score was
below 5 points. No upper age limit was considered.

Functional warm ischemic time (FWIT) for abdominal grafts
was defined as the time from systolic blood pressure <60 mm Hg
to when NRP was started (5-minute no-touch period is included).
FWIT for lungs was defined as the time from systolic blood pressure
<60 mm Hg to the administration of Perfadex solution through the
pulmonary artery (5-minute no-touch period is included). For FWIT,
an upper time limit of 30 minutes for liver and 60 minutes for lungs
was considered.?®

The ECMO device used was a Maquet Rotaflow (Maquet,
Rastatt, Germany).

In accordance with the Spanish regulatory framework, specific
informed consent was obtained from the legal representatives of
the potential donor for premortem interventions. These consisted
of the administration of heparin (500-600 units/kg) and cannulation
of the femoral vessels prior to the WLST. Cannulation of the femoral
artery (FA) and femoral vein was performed open or percutaneously.
An aortic occlusion balloon was placed at the contralateral groin to
prevent brain and coronary perfusion during NRP.

To ensure that the thoracic aorta was blocked with the aortic oc-
clusion balloon after determination of death, two arterial lines (one
from the femoral arterial cannula and the second one from the left
radial artery) were monitored in the potential cDCD donor, as pub-

lished previously.1%?*

2.2 | Lungrecovery

Once death had been determined and NRP initiated, the thoracic
surgeon performed a quick sternotomy. At the same time, the donor
is reintubated and ventilated 5 minutes after NRP with 100% oxygen
and positive end-expiratory pressure of 5 cmH,0. The pulmonary
artery is cannulated for cold flush perfusion with Perfadex (50 mL/
kg). Only one liter of 4°C saline is delivered in both hemithoraxes
for topical cooling. Finally, the superior vena cava is ligated to sepa-
rate the thoracic and abdominal compartments. Once the lungs
have been preserved with Perfadex solution, pulmonary extraction
is initiated with the same technique as in the DBD donors. Thus
the heart-lung block was removed, and cautious hemostasis was
ensured. The azygos vein was ligated, and the thoracic cavity was
checked to detect any other bleeding point to perform an adequate
hemostasis. To avoid a low blood flow in the pump because of the

absence of venous return from the thorax and head, 1-1.5 liters of
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19 ¢cDCD

v
38 lung grafts recovered
19 liver grafts recovered

3liversrejected " N -il 1 lung graft rejected ;

16 liver transplang] 21 lung transplants
* 5 Unilateral

« 16 Bilateral

FIGURE 1 Study profile. Two liver grafts were rejected for an
increasing of liver enzymes during NRP. One case was rejected for
macroscopic evaluation during recovery. One left lung graft was
rejected because no unilateral recipient was available

serum saline was administered to the cDCD donor just before the
vena cava ligation.

2.3 | Liver recovery

Once death was declared, the thoracic aortic balloon was filled and
NRP was started. The aim with abdominal NRP was to maintain a
pump flow of 2-2.4 L/min.

After the thoracic surgeon had perfused the pulmonary artery
with preservation solution, a laparotomy was performed to assess
the quality of the abdominal grafts and a cannula was placed in the
inferior mesenteric vein (IMV). After 2 hours of NRP, the ECMO de-
vice was then stopped and a rapid dual (FA and IMV) cold organ per-
fusion was performed.

A continuous pressure of 60-65 mm Hg in the FA cannula, tem-
perature of 37°C, pH of 7.35-7.45, and a hematocrit >25% were
targeted.

Blood samples from the ECMO device were obtained just after
starting NRP and at least every 30 minutes. Biochemistry analysis,
serum lactate levels, and hematocrit were analyzed. If alanine trans-
aminase (ALT) or aspartate transaminase (AST) were more than four
times the upper normal limit during NRP, the liver was discarded,
even with a normal macroscopic appearance. Lactate levels were
also monitored during NRP.

2.4 | Outcome data

Information was collected on organs recovered and transplanted
from cDCD donors during the study period. Reasons for organ dis-
card were also analyzed. Recipient outcome data for patients and
grafts from cDCD donors were obtained from the donor center da-
tabase or from those centers in which some grafts were eventually
transplanted.

Primary nonfunction (PNF) for the liver was defined as imme-
diate graft failure resulting in either emergent retransplantation
or death. Early allograft dysfunction‘ (EAD) was assessed accord-
ing to both Olthoff's definition?> and the Model for Early Allograft
Function (MEAF) score.?® The diagnosis of ITBL was made in the
posttransplant period based on the presence of nonanastomotic
biliary strictures, with or without prestenotic dilatations, in the pres-
ence of a patent hepatic artery.?’ Liver allocation was based on the
laboratory Model for End-Stage Liver Disease (MELD) system with-
out additional MELD exception points.

Primary graft dysfunction for the lungs was defined according
to the International Society for Heart and Lung Transplantation
definition.?®

e

TABLE 1 Donor characteristics and technical data

Gender (male) 13 (38.2%) 10 (52.6%) <11
Age (years) 62(IQR52-67)  54(IQR47-59) 007
Cause of death
Brain 18 (52.9%) 5(26.3%) 009
hemorrhage :
Ischemic stroke 5 (14.7%) 3(15.8%)
Anoxicbrain  3(8.8%) 71(36.8%)
injury - v
Traumatic brain 4(11.8%) 0
injury
AlS 0 3(15.8%)
Others 4 (11.8%) 1(5.3%)
ICU stay (days) 2(IQR 1-4) 7(IQR 4-9) .0001
Withdrawal 11 (IQR 7-14)
to asystole
(minutes)
WIT for liver 16 (IQR 12-19)
grafts (minutes)
FWIT for liver 12 (IQR 10-13)
grafts (minutes)
WIT for lung 38 (IQR 26-43)
grafts (minutes)
FWIT for lung 34 (IQR 24-36)
grafts (minutes)
NRP duration 114 {IQR 58-121)
(minutes)
Blood units 3(IQR 1-7)
transfused
Liver grafts 29(853%) | 16(840%) 605
transplanted o
Lung grafts 60 (88.2%) 37 (97.4%) 101

transplanted

DBD, donation after brain death; cDCD, controlled donation after
circulatory death; ALS, amyotrophic lateral sclerosis; ICU, intensive care
unit; WIT, warm ischemic time; FWIT, functional warm ischemic time;
AST, aspartate aminotransferase; ALT, alanine aminotransferase; Min,
minute; NRP, Normothermic Regional Perfusion.
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Cold ischemia time (CIT) for recipients was defined as the time
from the end of abdominal NRP to liver reperfusion in the recipient.
For lung recipients, CIT was defined as the time from Perfadex®
administration to organ perfusion in recipients.

All transplant recipients had 2 minimum 1-month follow-up. The
outcome for the recipients was recorded at 3 months, 1 year, and
2 years after the transplant procedures. A magnetic resonance chol-
angiopancreatography was performed when biliary complications
were suspected based on symptoms, clinical signs, or laboratory
studies. In liver recipients with a T-tube, a per-protocol cholangio-
gram was performed on day 7 and month 3.

2.5 | Statistical analysis

A descriptive analysis of the sample was performed. Results are pre-
sented here as absolute numbers and percentages for categorical
variables, and as measures of central tendency and dispersion for
continuous variables. The Kolmogorov-Smirnov and Shapiro-Wilk
tests were used to test for normality of distribution of the data.
Comparisons between cDCD and DBD donors and recipients were
performed with the Student's t test or the Mann-Whitney U test
for continuous variables according to the sample distribution. To
compare categorical variables, the )(2 test was performed. Repeated
measures analysis of quantitative variables was carried out using the
Friedman test.

Patient and graft survival data were studied according to the
Kaplan-Meier method.

3 | RESULTS

A total of 19 ¢cDCDs were performed (Figure 1) and 34 DBDs were
included as controls. Demographic characteristics and technical fea-
tures are shown in Table 1.

>
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3.1 | Liver transplantation

A total of 19 liver gi’aft-s were assessed from the ¢DCD group.
The median NRP time was 114 minutes (interquartile range [IQR]:
57-120 minutes). The liver enzymes remained stable during NRP,
while the median lactate value decreased significantly (see Figure 2).
Sixteen livers (84.2%) were finally transplanted and three (15.8%)
were eventually rejected, in two cases due to rising ALT/AST levels
during NRP and in one case due to suboptimal macroscopic aspect,
also during NRP. In the DBD group, a total of 29 livers were finally
transplanted (85.3%); 5 were rejected after macroscopic evaluation.
Liver recipient demographics are presented in Table 2.

Median follow-up was 6 months (IQR: 3-18 months) for the
cDCD group and 16 months (IQR: 12-20 months) for the DBD
group. In the cDCD group, there were two cases of PNF (12.5%),
resulting in the recipients’ death, and no cases in the DBD group
(P =.121). One patient in each group was retransplanted within the
first month due to hepatic artery thrombosis (P = .590). The other
13 liver recipients had neither clinical nor radiological evidence of
ITBL. Five cDCD recipients developed EAD (according to Olthoff's
criteria), with a median MEAF score of 3.7 (IQR 3.2-4.5), suggesting
a very low severity of EAD. No differences were observed in the
peak of transaminases, rate of EAD, ICU, or hospital stay between
groups (see Table 2).

The two cases of PNF were relatively young (36 and 57 years)
with short FWIT (14 and 13 minutes) and CIT (285 and 365 minutes),
comparable to the rest of the cohort. Recipients were in their 60s
with a MELD score of 22 and 14.

Both cases had a shorter period of NRP for technical reasons (40
and 65 minutes, respectively) and higher profile of transaminases
and lactate than the other recipients (Figure 2). Nevertheless, other
grafts from the same donors were successfully transplanted: pan-
creas, kidneys, and lungs in the first case and lungs and kidneys in
the second one.

B 100
90 d
80
®
70 P'S

Lactate (mg/dL)
g

30 min. 60 min.

1 min.

FIGURE 2 Time course of the transaminases (AST and ALT) (A) AND serum lactate (B) during NRP period. Sampled data are given as
median and interquartile range. min., minute; AST, aspartate transaminase; ALT, alanine transaminase. The ® symbol and the ¢ symbol
represent the two liver recipients who developed primary nonfunction. For AST the P-value was .368. For ALT the P-value was .567. The
lactate level along the time was statistically significant (P < .001)
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The 3-month, 1-year, and 2-year patient survival was 87.5%,
87.5%, and 87.5% for the cDCD group, and 96%, 96%, and 84.5% for
the DBD group, respectively (P = .496; see Figure 3A).

We also analyzed all cDCD donors (n = 24) obtained in the same
period in which only the liver was recovered; no differences were ob-
served in PNF (P = .157) or recipient survival (P = .313). Nevertheless,
the duration of NRP was longer than in liver-lungs DCD donors (120
[IQR: 117-123] vs 114 [57-120]; P = .021).

3.2 | Lung transplantation

From these 19 cDCDs a total of 21 lung recipients were transplanted
(16 bilateral lung transplants [BLTs] and five unilateral lung trans-
plants [ULTs]). One left graft was rejected because no compatible
recipient was available.

A total of 41 lung transplantations were performed with DBD
donors: 19 BLT and 22 ULT. A total of six lung grafts were rejected
during recovery, both grafts in one DBD donor and four single
grafts. The main characteristics of lung recipients are presented
in Table 3. No differences were observed in the partial pressure of
oxygen in arterial blood/fraction of inspired oxygen (PaO,/FiO,)
at ICU admission, primary graft dysfunction, bronchiolitis obliter-
ans syndrome, mechanical ventilation, or ICU stay between groups.
Hospital stay was lower in cDCD recipients compared to DBDs (see
Table 3).

Mean follow-up was 6 months (IQR: 4-19 months) for the cDCD
group and 16 months (IQR: 11-24 months) for the DBD group.

The 3-month, 1-year, and 2-year patient survival was 90%, 84%,
and 84% for the cDCD group and 90%, 90%, and 90% for the DBD
group, respectively (P = .577; see Figure 3B).

4 | DISCUSSION
This is the largest experience published to date describing the simul-
taneous recovery of liver (using NRP) and lungs (with the RR tech-
nique) in cDCD donors. The two cDCD programs were implemented
in September 2014 and March 2015, and NRP was the only procure-
ment method in all cases. Initially, only kidneys were recovered, later
livers and pancreata, and finally, in March 2015 and January 2017,
lungs were also recovered. Indeed, 3 cDCD donors were obtained
in 2016, 6 in 2017, and 10 in 2018. Today, both programs are fully
developed, recovering kidneys, livers, pancreata, and lungs.
Although donor age is by far one of the most important factors
related to the recipient's outcome in cDCD,? we did not make any
particular selection. Indeed, our median donor age was 54, older than
most published experiences in liver transplantation with cDCD%43%
34 and lung transplantation.’®'®% Nevertheless, it is remarkable that
the high recovery rates observed in our cDCD donors (97.4% lungs
and 84.2% livers) with comparable outcomes to DBD recipients. No
case of ITBL was observed in the cDCD liver transplant group, in ac-
cordance with recently reported studies.!***> The published ITBL
incidence has been around 16% in cDCD using RR technique.*®
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TABLE 2 Liver recipients’ characteristics and outcomes

DBD (n = 29) cDCD(n=16) P
Gender (male) 120 (69%) 10 (71.4%) 472
Age (years) 60 (IQR 53-64) ~ 60(IQR .849
52-64)
Indication
Alcohol-related liver 13 (44.8%) 9 (56.3%) 142
disease :
Hepatitis C cirrhosis 7 (24.1%) 5(31.3%)
Budd Chiari 0 1(6.2%)
Primary sclerosing 1(3.5%) 1(6.2%)
cholangitis
Others 8(27.6%) o0%
MELD 15(IQR: 13-18)  12(IQR:8-21) .207
Cold ischemic time 324 (113) 311 (88) 690

(minutes)

Surgery time (minutes) 275 (240-325) 270(197-312) .277

Units of blood during 2 (IQR: 1-7) 2 (IQR: 0-7) 866
surgery '
Maximum ALT (U/L) 813 (IQR 1287 (IQR 480
525-1511) 642-1436)
Maximum AST (U/L) 706 (1IQR 999 (IQR 495
445-1201) 481-1588) ;
INR (at 7th day) 1.1 (IQR 1-1.3) 1.2(IQR .056
1.2-1.4)
Bilirubin at 7th day 1.5(IQR1-2.1) 24(1QR .049
(mg/dL) 1.7-4)
Early allograft 5(17.2%) 3(18.8%) .600
dysfunction
PNF 0 (0%) 2(12.5%) 21
Hepatic artery throm-  1(3.4%) 1(6.3%) .590
bosis in first month
ICU stay (days) 5(IQR 3-65) 5(QR 3-7) 682
Hospital (stay) 21 (IQR 14-30 14 (IQR 1326 .294
Early retransp}ant 1(3.4%) . 1 (673%) 7 7 .590

Abbreviations: MELD, Model for End-stage Liver Disease; PNF, Primary
nonfunction; ICU, intensive care unit; ALT, alanine aminotransferase;
ALT, aspartate aminotransferase; IQR, interquartile range; INR,
International Normalized Ratio; Min, minute.

We were unable to find a clear reason for the PNF in both cases.
Both cases occurred during our very early learning curve (third and
eighth cases), and duration of NRP was lower than usual (40 and
65 minutes, respectively) because it was stopped for decreasing
blood flow in the pump. We can hypothesize that the pump prob-
lems that led us to stop NRP could have caused significant ischemic
damage to the liver, leading to an increase in transaminases and
lactate that, although not significant, were clearly higher than that
observed in the rest of the donors, as shown in Figure 2. We believe
that the reduction in the NRP to below an hour seems to be the main
reason for these two unfortunate cases, as a longer NRP could have
allowed us to recognize more significant changes in the liver function
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tests or macroscopic aspect that might have allowed us to predict
graft dysfunction.

Other causes such as slight increases in biomarkers, less-than-
ideal recipients with higher MELD values, or a second transplant
might have increased the risk of PNF. However, this should be con-
firmed in larger series.

The outcomes in lung recipients were identical in the cDCD and
DBD groups, and no differences were observed in primary graft
dysfunction, mechanical ventilation, or ICU stay. Itis highly remark-
able that even with a much longer ICU stay for cDCD donors (com-
pared to DBDs), which increases the possibility of lung damage or
lung infection, a higher PaO,/FiO, at ICU admission was observed
in cDCD recipients. We did not make any special selection for lung
recipients in the cDCD group, who were older (median 58 years)
than in most of the published series, and recipient outcomes were
excellent and identical to those observed in DBDs. In no case were
lungs transplanted using ex vivo lung perfusion (EVLP). Our ap-
proach to EVLP is to use it always in uncontrolled DCD donors,*®
but in cDCD and DBD donors, it is used only in cases of unexpected
low PaO, during evaluation with the presence of lung edema or
uncertainty about the lung quality at retrieval.

Knowledge gained over the years has allowed experienced cen-
ters to better select grafts for cDCD liver transplantation, to the
point that outcomes may be comparable to those achieved with
livers arising through DBD.*”"*? However, these good results were

30,32,37,40

obtained using very young cDCD donors, with a high liver

discard rate.**

(]

The use of NRP to restore blood flow to the liver prior to cold
storage and its benefits has been well characterized in experimental
studies*? and in several clinical experiences in Spain, the UK, and the
United States US.2™! Two recent studies comparing liver transplan-
tation obtained with NRP vs the RR technique demonstrated that
NRP improved early allograft function, decreased ITBL and graft
loss, and improved graft survival. Indeed, the multivariate analysis
emphasized the potential of NRP as an independent factor for pre-
venting ITBL.*4%

Unlike liver transplantation, lung transplantation using cDCD
has been adopted widely worldwide, with outcomes equivalent to
those transplanted through DBD. However, lungs are recovered
from only 10%-20% of organ donors,*? although sevéral strate-
gies such as increasing the availability of lungs from DCD,'¢17:3¢
better donor management,**** and normothermic ex vivo lung
strategies46 have been proposed to expand the lung donor
pool. Unfortunately, the utilization of ¢cDCD lungs still remains
low in most countries.*”* The use of NRP to preserve abdom-
inal grafts could increase the complexity of donor management
and represent a potential conflict with the current approach to
cDCD lung procurement. Spain had 12.3 DCD donors per million
population in 2017, with ¢DCD lung transplantations account-
ing for less than 9% of the total lung transplantations carried
out.*® Although NRP is used increasingly for cDCD donation in
the US, France, the UK, and Spain, potential reasons for the low
recovery of lungs include the fear of liver teams regarding the

low flow in the pump during NRP after vena cava clamping, as
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Post transplant follow up (months) Post transplant follow up (months)
Time (months) Time (months)
Number at risk 0 6 12 18 24 30 Number at risk 0 8 12 18 24 30
DBD 29 26 22 1 6 3 DBD 41 35 29 19 12 5
DCD 16 7 6 4 2 1 DCD 21 10 7 6 2 0

FIGURE 3 Kaplan-Meier survival curves for cDCD and DBD liver recipients (A). Kaplan-Meier survival curves for cDCD and DBD lung
recipients (B). cDCD, controlled donation after circulatory death; DBD, donation after brain death
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well as the complexity of the combined procurement procedure,
which might injure the grafts because of the dual temperature by
affecting the low temperature to the liver and the normothermia
to the lungs.

The use of NRP in cDCD donors combined with RR of lungs was
first proposed by two UK groups.242? Recently, our group published
a variant of this technique, adding premortem interventions to mini-
mize FWIT and complications during recovery.'® Our results confirm
that this combined retrieval method is safe for lung grafts, and that
abdominal grafts may benefit from the use of NRP as a preservation
procedure. Curiously, despite the ischemia, the transaminases barely
increased, and remained stable or even decreased during the NRP.
This experience has already been described!! and is probably ex-
plained by the short FWIT due to the use of premortem cannulation.

One of the complications of this combined organ procurement
was the volume loss through bleeding into the chest after the
heart-lung block was removed. This blood loss could decrease the
pump flow in the ECMO circuit, increasing the risk for inadequate
perfusion pressure for the abdominal organs. Significant volume
loss occurred through the cut azygos vein, and this required careful

TABLE 3 Lung recipients’

hemostatic control. Strict monitoring during NRP is mandatory, and
blood samples from the ECMO device were obtained just after
starting NRP and at least every 30 mihutes. Infusion of volume with
cross-matched, group-spébiﬁc blood and volume expanders was re-
quired in most cases. Accordingly, 1 L of serum saline was quickly
infused in the ECMO circuit just before the vena cava was clamped
to prevent a reduction in the pump flow.

The optimal duration of abdominal NRP in cDCD is yet to be
determined. In our protocol, abdominal NRP is usually maintained
for 90-120 minutes. This allows cellular energy substrates to be
restored, and to carefully assess the suitability of the grafts, 1234
mainly the liver, based on the macroscopic examination and ALT
and AST levels 60 minutes after abdominal NRP. NRP permits
real-time monitoring of transaminases and lactate Tévels while
maintaining the donor with adequate blood perfusion. In our ex-
perience, lactate levels, which increase due to anaerobic metab-
olism during cardiac arrest,*’ were found to be decreased during
NRP, reflecting the adequate organ perfusion and clearance ca-
pacity of the functioning liver. In our initial cases, liver validation
was based on macroscopic evaluation, FWIT, and evolution of the

characteristics and outcomes

N:41 cDCD N: 21 P

Gender (male) 26 (63.4%) 13 (61.9%) 907
Age (years) 60 (IQR 55-64) 58 (IQR 42-60) .024
Indication

Pulmonary fibrosis 21 (51.2%) 7 (33.3%) 249

COPD 12 (29.3%) 8(38.2%)

Cystic fibrosis 3(72.3%) 2 (9.5%)

Pulmonary hypertension 0 2(9.5%)

Others 5(12.2%) 2(9.5%)
Bilateral lung transplantation 19 (46.3%) 16 (76.2%) .025
Cold ischemic time first graft (minutes) 263 (75) 293 (71) g4
Cold ischemic time second graft 365 (88) 283 (67) .519

{minutes)
Use of ECMO during surgery 7U77%) 4 (19%) 2553
Primary graft dysfunction .328
0 31 (75.6%) 15(71.4%)

1 3(7.4%) 1(4.8%)

2 4(9.6%) 1(4.8%)

3 3(7.4%) 4(19%)
Pa0,/FiO, at ICU admission 262 (IQR 165-337)  332(IQR 287-337)  .032
Pa0,/Fi0,at24 h 308 (IQR 274-364)  342(IQR295-385) .316
Mechanical ventilation (days) 1 (IQR 1-3) 2 (IQR 1-13) 158
ICU stay 6 (IQR 4-11) 6(IQR4-21) 450
Hospital stay (days) 27 (IQR 23-33) 24 (IQR 4-19) .018
BOS 3(7.7%) 0 (0%) .267

Abbreviations: COPD, Chronic obstructive pulmonary disease; min, minute; H, hours; ICU,

Intensive Care Unit; IQR, interquartile range; ECMO, extracorporeal membrane oxygenation; BOS,
bronchiolitis obliterans syndrome; PaO,/FiO,, partial pressure of oxygen in arterial blood/fraction

of inspired oxygen.
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transaminases during NRP. Although initially, lactate values were
only monitored, today, we do believe that the lactate level has a
role in decision making as an excellent biomarker of inadequate
perfusion.

An extended withdrawal perjod is detrimental to the viability of
grafts and prolonged FWIT is a strong indicator of poor graft sur-
vival.2%%5% In current practice, FWIT >30 minutes is applied as a
contraindication for liver and 60 minutes for lungs in most centers,??
but the strict upper limit of FWIT remains controversial.”? According
to the Spanish regulatory framework, premortem interventions are
permitted (specific informed consent from the legal representatives
of the potential donor is mandatory). Therefore, the FWIT is reduced
by nearly 10-15 minutes compared to those countries where pre-
mortem interventions are not allowed. Therefore, in our view, there
is no need to use copious volumes of cold saline for topical cool-
ing of the lungs, because the FWIT for lungs is also shortened. The
risk of potential trans-diaphragmatic cooling of the liver is thereby
minimized, decreasing the concerns among clinicians for differences
in temperature between thorax and abdomen during the recovery
procedure.

There were ethical concerns about the use of abdominal NRP and
premortem interventions in cDCD,> such as the possibility of restoring
brain circulation after the declaration of death if the aortic occlusion
balloon technique fails. A specific methodology to avoid restoring cir-
culation to the brain after the determination of death when using NRP
and antemortem cannulation has been described recently'® and vali-
dated in a multicenter study.?* This proposal avoids the aforementioned
ethical concern, guaranteeing the absence of cerebral resuscitation.

This combined procedure increases logistical issues and the
complexity of the whole organ procurement process, so the ex-
perience of all the individuals involved is critical in this matter.
Unfortunately, it remains unclear what professional background
is needed for donor management, when there are so many pitfalls
and potential for errors.>* The involvement of an experienced in-
tensivist in the management of potential DBD donors has been
shown to increase the number of transplantable organs.®® This
may also be applicable to the cDCD setting, and in particular to
this combined organ procurement.

Although our results are encouraging on many accounts, such as
organ recovery rate superior to those obtained with DBD donors in
Spain®® and in most of the published series for livers and !ungs,1'8’9'48
there are several limitations in our study. First, the number of cases
is small, and these results need to be replicated in larger studies.
Second, the rate of PNF was higher than expected, although they
occurred during the very early learning curve and were probably re-
lated to technical problems with the NRP.

In summary, this is the largest experience ever reported with
the use of abdominal NRP combined with RR of the lungs. This
combined method offers an outstanding recovery rate, is safe for
lung grafts, and liver grafts may benefit from the use of NRP as
a preservation procedure. Liver and lung recipients transplanted
with this combined technique had outcomes equivalent to those
transplanted through DBD, although PNF was higher than desirable

in the cDCD group. Further studies are needed to confirm our find-
ings in combined liver and lung procurement procedure in this ini-
tial promising experience.
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in controlled donation after circulatory death liver transplantation

Amelia J. Hessheimer', Elisabeth Coll?, Ferran Torres>, Patricia Ruiz*, Mikel Gastaca?,

José Ignacio Rivas®, Manuel G6mez>, Belinda Sanchez®, Julio Santoyo®, Pablo Ramirez’,
Pascual Parrilla’, Luis Miguel Marin®, Miguel Angel G6mez-Bravo®, Juan Carlos Garcia-Valdecasas’,
Javier Lépez-Monclas®, Andrea Bosca'®, Rafael Lopez-Anddjar', Jiliam Fundora-Suarez'’,
Jesis Villar'!, Alvaro Garcia-Sesma'?, Carlos Jiménez'?, Gonzalo Rodriguez-Laiz'®, Laura Llad6'?,
Juan Carlos Rodriguez'”, Manuel Barrera'®, Ramén Charco'’, Jose Angel Lopez-Baena'®,

Javier Bricefio'®, Fernando Pardo?’, Gerardo Blanco?', David Pacheco®, .
Beatriz Dominguez-Gil?, Victor Sanchez Turrién®, Constantino Fondevila'*'

!Department of General & Digestive Surgery, Institut de Malalties Digestives i Metaboliques (IMDiM), Hospital Clinic, CIBERehd, IDIBAPS, University
of Barcelona, Barcelona, Spain; 2Organizacién Nacional de Trasplantes, Madrid, Spain; *Medical Statistics Core Facility, IDIBAPS, Hospital Clinic
Barcelona & Biostatistics Unit, Faculty of Medicine, Universidad Auténoma de Barcelona, Barcelona, Spain; “Hospital Universitario Cruces, Bilbao,
Spain; *Complejo Hospitalario Universitario La Coruiia, La Corufia, Spain; ®Hospital Regional Universitario de Mdlaga, Mdlaga, Spain; "Hospital
Clinico Universitario Virgen de la Arrixaca (IMIB), Murcia, Spain; ®Hospital Universitario Virgen del Rocio, Seville, Spain; ®Hospital Universitario
Puerta de Hierro, Majadahonda, Spair; *®Hospital Universitario y Politécnico La Fe, Valencia, Spain; ''Hospital Universitario Virgen de las Nieves,
Granada, Spain; "*Hospital Universitario 12 de Octubre, Madrid, Spain; '>Department of General & Digestive Surgery, ISABIAL, Hospital General
Universitario de Alicante, Alicante, Spain; “*Hospital Universitario de Bellvitge, Hospitalet de Llobregat, Spain; '>Hospital Universitario Marqués de
Valdecilla, Santander, Spain; *®Hospital Universitario Nuestra Sefiora de Candelaria, Santa Cruz de Tenerife, Spain; '”Hospital Universitario Vall
d’Hebrén, Barcelona, Spain; *®Hospital General Universitario Gregorio Marafién, Madrid, Spain; *“Hospital Universitario Reina Sofia, Cérdoba, Spain;
20Clinica Universitaria de Navarra, Pamplona, Spain; 'Hospital Universitario Infanta Cristina, Badajoz, Spain; >*Hospital Universitario Rio Hortega,
Valladolid, Spain

Background & Aims: Although there is increasing interest in its
use, definitive evidence demonstrating a benefit for postmortem
normothermic regional perfusion (NRP) in controlled donation
after circulatory death (cDCD) liver transplantation is lacking.
The aim of this study was to compare results of ¢cDCD liver
transplants performed with postmortem NRP vs. super-rapid
recovery (SRR), the current standard for cDCD.

Metheds: This was an observational cohort study including all
¢DCD liver transplants performed in Spain between June 2012
and December 2016, with follow-up ending in December
2017. Each donor hospital determined whether organ recovery
was performed using NRP or SRR. The propensity scores tech-
nique based on the inverse probability of treatment weighting
(IPTW) was used to balance covariates across study groups;
logistic and Cox regression models were used for binary and
time-to-event outcomes.

Results: During the study period, there were 95 cDCD liver
transplants performed with postmortem NRP and 117 with
SRR. The median donor age was 56 years (interquartile range
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45-65 years). After IPTW analysis, baseline covariates were bal-
anced, with all absolute standardised differences <0.15. IPTW-
adjusted risks were significantly improved among NRP livers
for overall biliary complications (odds ratio 0.14; 95% CI 0.06-
0.35, p <0.001), ischaemic type biliary lesions (odds ratio 0.11;
95% ClI 0.02-0.57; p=0.008), and graft loss (hazard ratio 0.39;
95% CI 0.20-0.78; p = 0.008).

Conclusions: The use of postmortem NRP in ¢DCD liver trans-
plantation appears to reduce postoperative biliary complica-
tions, ischaemic type biliary lesions and graft loss, and allows
for the transplantation of livers even from c¢DCD donors of
advanced age.

Lay summary: This is a propensity-matched nationwide obser-
vational cohort study performed using livers recovered from
donors undergoing cardiac arrest provoked by the intentional
withdrawal of life support (controlled donation after circulatory
death, cDCD). Approximately half of the livers were recovered
after a period of postmortem in situ normothermic regional per-
fusion, which restored warm oxygenated blood to the abdomi-
nal organs, whereas the remainder were recovered after rapid
preservation with a cold solution. The study results suggest that
the use of postmortem normothermic regional perfusion helps
reduce rates of post-transplant biliary complications and graft
loss and allows for the successful transplantation of livers from
older ¢cDCD donors.

© 2018 European Association for the Study of the Liver. Published by
Elsevier B.V. All rights reserved.
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Introduction
Donation after circulatory death (DCD) donors, who are declared
dead following cardiorespiratory arrest, are an increasingly com-
mon source of organs. The period of donor warm ischaemia sur-
rounding arrest can damage the quality of organs in general and
the liver in particular, because biliary cells are exquisitely suscep-
tible to warm ischaemia.' Thus, initial experiences with DCD liver
transplantation described high rates of graft dysfunction and
non-function and ischaemic type biliary lesions (ITBL). Although
complication rates have improved with experience, the rate of
post-transplant ITBL remains higher among recipients of DCD
grafts vs. those receiving donation after brain death (DBD) grafts
(16% vs. 3%, according to 2 meta-analyses**). Development of ITBL
leads to repeat biliary procedures and hospitalisations; up to 70% of
patients with ITBL either require retransplantation or die.*

Although DCD donors are typically classified among 4 cate-
gories depending on conditions surrounding cardiac arrest,’ cat-
egory III controlled DCD (cDCD) donors are the most frequent
source of DCD organs for transplantation globally. These are
ventilated patients with a devastating brain injury that does
not meet the criteria for brain death; the decision is made to
withdraw life-sustaining therapy because it is no longer benefi-
cial. Experience gained over the years has allowed for better
donor and graft selection to the point that outcomes are compa-
rable to those achieved with livers arising through donation
after brain death.®” However, achieving these results has come
at the cost of high liver discard rates.®

In contrast to most of the Western world, the initial Spanish
experience with DCD was with donors suffering sudden out-of-
hospital cardiac arrest who were unable to be resuscitated after
repeated attempts. Category Il uncontrolled DCD (uDCD) donors
are declared dead in the hospital, and femoral vasculature is
cannulated to establish normothermic regional perfusion
(NRP) to reperfuse and reoxygenate abdominal organs while
donor evaluation and preparations for organ recovery are
undertaken.”'? Using NRP, even livers with extensive prerecov-
ery warm ischaemic periods of up to 2.5 h have been success-
fully transplanted, with biliary complication and graft survival
rates comparable to those seen using cDCD livers exposed to
considerably shorter periods of warm ischaemia.® 1>

In 2009, cDCD was piloted in Spain, and a legal and ethical
framework for its widespread practice was established in
2012.'*'® Unlike the rest of the world, where reports of the
use of NRP in ¢DCD have been anecdotal,'®!” approximately
25% of all cDCD transplants and 50% of all cDCD liver transplants
performed in Spain have included postmortem NRP. Here, we
report an analysis of the first years of the Spanish experience
with ¢DCD liver transplantation, in particular regarding the
hypothesis that the use of postmortem NRP improves organ
utilisation rates and post-transplantation outcomes.

Patients and methods

Study design

This was an observational cohort study of all potential cDCD
liver donors evaluated and the resulting transplants that took
place between June 2012 and December 2016 in Spain, in accor-
dance with the Spanish National DCD Protocol.'”> Qutcomes
were evaluated until the end of December 2017.

Donor selection and procedure
Potential cDCD donors are ventilated patients with devastating
brain injury who do not meet brain death criteria, but in whom
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the decision is made to withdraw life-sustaining therapy on
grounds of futility. Transplant coordination converses with next-
of-kin to determine whether organ donation is consistent with
the wishes and values of the patient. A decision is made regarding
the location and timing of ventilator withdrawal. If any premortem
intervention (i.e., heparinisation or cannulation) is considered,
specific authorisation is obtained from legal representative(s).
The local liver transplant team is alerted regarding the potential
¢DCD donor. If the local team declines the offer, it is extended to
other groups, in order of geographic proximity.

Each donor hospital determines its practice regarding the
process by which ¢cDCD organs are recovered. Options include
NRP with premortem vessel cannulation, NRP with postmortem
cannulation, and super-rapid recovery (SRR).

NRP with premortem vessel cannulation

A bolus of heparin is administered, and cannulation of unilateral
femoral vessels is performed, as described previously.'® The
contralateral femoral artery is cannulated with a deflated aortic
occlusion balloon catheter, advanced into the supracoeliac aorta
under radiographic control. For a visual representation of the
NRP set-up, we refer readers to a previous publication depicting
its use in uDCD.?

With cannulation complete, the physicians in charge of
patient care disconnect the endotracheal tube from the ventila-
tor, marking the start of total warm ischaemia (>90 min being a
contraindication to liver recovery). The time at which systolic
blood pressure drops below 60 mmHg andjor the arterial OXy-
gen saturation drops below 80% marks the start of functional
warm ischaemia (>30 min being a contraindication to liver
recovery). Death is declared after 5 min of complete absence
of spontaneous circulation and respiration.’* The aortic occlu-
sion balloon is then inflated and the NRP circuit initiated. Proper
positioning of the balloon excluding the aortic arch vessels is
confirmed by chest radiograph and absence of flow measured
in the left radial arterial catheter.

Blood is sampled at baseline and every 30 min during NRP to
determine biochemical, haematological and acid-base parame-
ters. Pump flow is maintained >1.7 L/min/m?, temperature at
37 °C, Pa0O, at 100-150 mmHg and haematocrit >20%. Hepatic
transaminases should remain stable throughout NRP; levels
more than 3 times the upper limit of normal at baseline
and/or more than 4 times the upper limit of normal at the
end of NRP are considered relative contraindications for liver
recovery.”'? In general, NRP is run for 60-120 min to allow
adequate reconditioning of the abdominal organs.

NRP with postmortem vessel cannulation

Once death has been declared, the surgical team performs a
midline laparotomy to cannulate the abdominal aorta and infra-
renal inferior vena cava, proximal to and distal to their bifurca-
tions, respectively. The supracoeliac aorta is clamped, and NRP
is initiated.

SRR

Once death has been declared, the surgical team performs a
midline laparotomy to cannulate the distal abdominal aorta,
clamp the supracoeliac aorta, and flush the cold preservation
solution, which is vented through the inferior vena cava.

Recipient selection and procedure

Individual programs have their own policies regarding the
recipients of cDCD livers, some choosing the first on the waiting
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list organised according to their model for end-stage liver dis-
ease (MELD) score, whereas others opt for low-risk patients.

Outcomes

Primary non-function was defined as immediate graft failure
resulting in either retransplantation or death within the first
week. Early allograft dysfunction was defined according to Olth-
off's definition.'® Diagnosis of ITBL was contemplated in recipi-
ents with cholestasis and confirmed based on cholangiographic
evidence (typically coming from magnetic resonance cholan-
giopancreatography) of diffuse non-anastomotic biliary stric-
tures, with or without prestenotic dilatations, in the presence
of a patent hepatic artery.' All deaths were considered graft
loss, even if the patient died with a functioning liver.

Legislative, institutional and recipient approval

The legal basis for the application of NRP in cDCD in Spain was
established by Royal Decree 1723/2012 and national proto-
cols. Local protocols have been approved by the institutional
ethics committees in each participating centre. Patients listed
for liver transplantation at each centre were informed of the
possibility of receiving a DCD liver and signed their consent.

Data and statistical analysis

Categorical variables are described as frequencies and percent-
ages, and continuous variables as mean (standard deviation) or
median (25-75% interquartile range). Survival was evaluated
according to the Kaplan-Meier method. The propensity score
method, which simulates the effects of a randomised trial for
observational data, was used to estimate study outcomes.
Inverse probability of treatment weighting (IPTW) of the
propensity scores was used to create a pseudo-population in
which study groups were balanced across covariates using data
blinded to outcomes. The weights were derived using logistic
regression to estimate average treatment effects in treated
patients and stabilised by treatment prevalence. The following
covariates were included in the propensity models: donor age,
sex, cause of death, and intensive care stay; donor total and
functional warm ischaemia; cold ischaemia; cold preservation
solution; recipient age, sex, laboratory MELD, and transplant
indication; and liver transplant centre volume. Baseline categor-
ical variables were compared using the chi-square test and con-
tinuous variables using ANOVA with rank-transformed data for
both raw and IPTW-adjusted analyses. Raw and IPTW-adjusted
logistic and Cox regression models were used to estimate risks:
odds ratio (OR), and hazard ratio (HR) with 95% Cls for binary
and time-to-event variables, respectively. Covariate balance

Articulos derivados de esta tesis

Transplantation

was assessed using the standardised difference, which is the dif-
ference between groups divided by the pooled standard devia-
tion, with a goal-to-achieve value <0.15. Statistical significance
was defined as p <0.05. Statistical analyses were performed
using SAS 9.4 (SAS Institute, Inc., Cary, NC, USA) (see ‘Supple-
mentary CTAT Table’ in the supplemental information online).

Results

During the study period, 342 potential cDCD liver donors were
evaluated. Among these, postmortem NRP was used in 152 liv-
ers (43%), with premortem femoral vessel cannulation being
performed in 132 livers (87%). SRR was performed in the
remaining 190 livers (57%).

Postmortem NRP was run for 120 min (79-136). In total, 52
livers (34%) from c¢DCD donors undergoing NRP were turned
down for transplantation for reasons listed in Table 1. Only 4
livers (3%) were discarded during NRP, all because of altered
hepatic transaminases. There were 6 cases (4%) where NRP
could not be run because of technical complications; in 5 cases,
cold preservation was performed and the livers were recovered
and ultimately transplanted. Given the mixed nature of organ
recovery, these cases have been excluded from further analysis.
Among livers undergoing immediate postmortem SRR, 73 (38%)
were turned down for reasons listed in Table 1. Ultimately, 95
cDCD liver transplants performed with postmortem NRP and
117 ¢DCD performed with SRR were analysed.

Table 2 provides donor and graft characteristics. Given that
femoral cannulae were typically in place at the moment at
which death was declared, functional and total warm ischaemic
times were shorter by ~3 and ~4 min, respectively, with NRP
compared with SRR. When cannulation for NRP was performed
post mortem, warm ischaemic times were longer: functional
warm ischaemia was 19 min [14-24] for postmortem cannula-
tion vs. 12 min [9-15] for premortem cannulation, and total
warm ischaemia was 27 min [22-33] for postmortem cannula-
tion vs. 18 min [13-22] for premortem cannulation (p = 0.003
for both comparisons). In addition to total and functional warm
ischaemia, the use of colloid-containing cold preservation solu-
tions (University of Wisconsin or IGL-1 [Institut Georges Lopez,
SAS, Lissieu, France]) and colloid-free histidine tryptophan
ketoglutarate also differed between NRP and SRR livers, with
absolute values for standardised differences of >0.5. After IPTW
analysis, all variables were well balanced, with absolute stan-
dardised differences of <0.15.

Table 3 provides recipient- and transplant-related character-
istics. Based on a raw analysis, recipient age, sex and laboratory

Table 1. Reasons for discarding controlled donation after circulatory death livers for transplantation.

Reason NRP (n = 52/152) SRR (n =73/190) p value
Poor macroscopic aspect at recovery® 32 (21%) 51 (27%) 0.254
Technical and/or logistical problem(s) assocxated with recovery 4 (3%) 11 (6%) 0.190
Prolonged warm ischaemic time 4 (3%) 7 (4%) 0.761
Altered laboratory value(s) 4 (3%) 2 (1%) 0413
Atheromatous lesion(s) of hepatic artery 2 (1%) 1 (0.5%) 0.587
Pathological biopsy 2 (1%) 1 (0.5%) 0.587
Previously undiagnosed cancer 2 (1%) , 0 0.197
Active untreated infection 1(0.7%) 0 0.444
Technical failure of NRP 1(0.7%) - =

2 Poor macroscopic aspect at recovery refers to an unfavourable visual impression of the liver as seen by the donor surgeon and includes visual impression of moderate-to-
severe steatosis, heterogeneous and poor perfusion, and/or graft fibrosis. NRP, normothermic regional perfusion; SRR, super-rapid recovery.
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Table 2. Donor- and graft-related characteristics.

Characteristic Raw analysis . IPTW analysis
NRP SRR p value Standardised NRP SRR Standardised
(n=95) (n=117) difference® difference’
Age (yr) 53.8(15.2) 54.5 (12.0) 0.796 —0.050 52.8 (16.7) 539 (13.3) —0.068
57(45-65) 56 (47-64) 58 (44-65) 56 (46-64)
Sex male 63 (66.3%) 77 (65.8%) 0.939 0.011 61 (62.0%) 79 (69.0%) —0.148
Cause of death
CVA 42 (44.2%) 49 (41.9%) 0.733 0.047 39 (39.7%) 48 (41.2%) —0.031
Anoxic brain injury 38 (40.0%) 47 (40.2%) 0.980 —0.004 48 (48.2%) 48 (42.0%) 0.125
Traumatic brain injury 8 (8.4%) 13 (11.1%) 0.514 —0.091 7 (7.4%) 13 (11.0%) —0.126
~ Other , 7 (7.4%) 8 (6.8%) 0.881 - 0.021 5(4.7%) 7(57%) —0.048
ICU stay (days) 9.2 (9.9) 9.5 (8.5) 0.460 —0.033 9.7 (9.5) 8.7 (7.8) 0.117
7 (4-12) 7 (5-11) 7 (5-13) 7 (5-11)
Total WIT” (min) 19.2 (8.2) 23.1(6.7) <0.001 —0.515 228 (11.9) 21.9(6.3) - 0.092
: 18 (13-23) 22 (19-26) 20 (15-30) 21 (17-25)
Functional WIT® (min) 13.3 (5.3) 16.1 (5.3) <0.001 —0.541 15.7 (7.2) 15.0 (4.9) 0.102
12 (9-16) 15 (12-20) 14 (11-20) 13 (11-19)
CIT (min) 333.1 (109.8) 340.7 (94.2) 0.141 . ~0075 3494 (123.3) 3414 (895) 0.074
315 (265-365) 340 (285-383) - 315(280-375) 340 (287-390)
Preservation solution
UW or IGL-1 37 (38.9%) 15 (12.8%) <0.001 0.625 23 (23.6%) 27 (23.6%) 0.000
HTK 1(1.1%) 27 (23.1%) <0.001 —0.719 11 (11.4%) 15 (13.4%) —0.062
_ Celsior 57 (60.0%) 75 (64.1%) 0.540 —0.085 64 (65.0%) : 72 (62.9%) 0.043

Descriptive statistics are frequencies (%) for categorical variables and mean (standardised difference) and median (25-75% interquartile range).

“ Bold marked figures are greater in absolute value than 0.15.

® withdrawal of life support to start of NRP or cold preservation.

© SBP <60 mmHg to start of NRP or cold preservation. CIT, cold ischaemia time; CVA, cerebrovascular accident; HTK, histidine tryptophan ketoglutarate; ICU, intensive care
unit; NRP, normothermic regional perfusion; SBP, systolic blood pressure; SRR, super-rapid recovery; UW, University of Wisconsin; WIT, warm ischaemia time.

Table 3. Recipient- and transplant-related characteristics.

Characteristic Raw analysis IPTW analysis
NRP SRR p value Standardised NRP SRR Standardised
(n=95) (n=117) difference’® difference’
Age (yr) 548 (11.9) 57.7 (7.1) - 0.119 -0.294 55.8 (9.8) 56.7 (7.4) —0.092

. 56 (52-61) 59 (53-63) : 58 (52-60) 58 (52-62) :
Sex male 74 (77.9%) 99 (84.6%) 0.209 —-0.173 82 (82.6%) 92 (79.9%) 0.069
Laboratory MELD score” 15.1 (6.2) 14.1 (6.2) - 0.182 . 0170 14.6 (5.8) 146 (6.7) 0.009
15 (11-19) 13 (9-18) 15(10-17) 14 (9-21)
High-volume transplant centre® 69 (72.6%) 88 (75.2%) 0.670 -0.059 73 (74.0%) 85 (73.8%) 0.004
Transplant indication

Cirrhosis 53 (55.8%) 75 (64.1%) 0.218 —-0.170 66 (66.9%) 72 (62.5%) 0.094
Hepatocellular carcinoma 35 (36.8%) 38 (32.5%) 0.506 . 0.092  28(28.4%) 39 (33.7%) - D116
Retransplantation or fulminant liver failure 2(2.1%) 2(1.7%) 0.833 0.029 2(1.9%) 2 (21%) —0.011
Other 5(5.3%) 2 (1.7%) 0.150 0.195 3 (2.8%) 2(1.7%) 0.070

Descriptive statistics are frequencies (%) for categorical variables and mean (standardised difference) and median (25-75% interquartile range).

* Bold marked figures are greater in absolute value than 0.15.

" Excluding patients with HCC, laboratory MELD scores were 16 (12-22) and 15 (12-19) among NRP and SRR recipients, respectively (p =0.123).

“Defined as >50 liver transplants per year. IPTW, inverse probability of treatment weighting; MELD, model for end-stage liver disease; NRP, normothermic regional
perfusion; SRR, super-rapid recovery.

Table 4. Post-transplantation complications and outcomes.

Complication NRP SRR Raw analysis IPTW analysis

(n=95) (n=117) Risk estimate (95% CI)* p value Risk estimate (95% CI)’ p value
Early allograft dysfunction 21(22%) 32 (27%) 0.75 (0.40-1.42) 0381 0.97 (0.53-1.80) 0.931
Primary non-function 2 (2%) 3 (3%) 0.82 (0.13-4.99) 0.827 0.24 (0.04-1.56) 0.135
Hepatic artery thrombosis 4 (4%) 3(3%) 1.67 (0.36-7.65) 0509 0.79 (0.16-3.85) 0.770
All biliary complications” 8 (8%) 36 (31%) 0.21 (0.09-0.47) <0.001 0.14 (0.06-0.35) <0.001
ITBL 2(2%) 15 (13%) 0.15 (0.03-0.66) 0.012 0.11 (0.02-0.57) 0.008
Retransplantation 5(5%) 11 (9%) 0.54 (0.18-1.60) 0.263 0.24 (0.07-0.78) 0.018
Patient death - 7(7%) 20 (17%) 0.44 (0.19-1.05) 0.064 053 (0.23-1.22) 0.135
Graft loss 11 (12%) 28 (24%) 0.49 (0.24-0.98) 0.043 0.39 [0.20-0.78] 0.008

Figures in bold are statistically significant.

@ Risk estimates are odds ratios from logistic regression models for all variables except for patient death and graft loss, where hazard ratios from Cox models are shown.
" Including 5 and 16 cases of anastomotic biliary strictures arising among recipients of cDCD livers recovered with NRP and SRR, respectively (p = 0.041). Cl, confidence
interval; IPTW, inverse probability of treatment weighting; ITBL, ischaemic type biliary lesions; NRP, normothermic regional perfusion; SRR, super-rapid recovery.
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Table 5. Causes of graft loss.

Recovery Case Cause of graft loss Qutcome
method
NRP
1 Bacterial infection Death within first
month
2 HCV recurrence Death at 9 months
3 TIBL Retransplantation
at 5 months
4 HHV-6 infection Death within first
month
5 Bacterial infection Death at 2 months
6 PNF Immediate
retransplantation
7 HAT Death within first
month
8 HAT Immediate
retransplantation
9 Bacterial infection Death at 2 months
10 INBL Retransplantation
at 7 months
11 PNF Immediate
retransplantation
SRR
12 HCV recurrence Death at 41 months
13 HCC recurrence Death at 37 months
14 PNF Immediate
retransplantation
15 ITBL Retransplantation
at 18 months
16 ITBL Retransplantation
at 11 months
17 TIBL Death at 3 months
18 ITBL Retransplantation
at 3 months
19 HCC recurrence Death at 21 months
20 Chronic rejection Death at 2 months
21 PNF Immediate
retransplantation
22 ITBL Retransplantation
at 5 months
23 HCV recurrence Death at 14 months
24 ITBL Retransplantation
at 13 months
25 Sudden cardiac death Death within first
month
26 Bacterial infection Death within first
month
27 Hyperacute rejection Death within first
month
28 [ITBL Death at 4 months
29 PNF Immediate
retransplantation
30 Necrotising pancreatitis Death at 7 months
31 ITBL Retransplantation
at 17 months
32 HAT Death at 13 months
33 HAT Death within first
month
34 Refractory ventricular fibrillation  Intraoperative
following reperfusion death
35 ITBL Death at 4 months
36 Fungal infection Death at 1 month
37 De novo neoplasm Death at 5 months
38 ITBL Retransplantation
at 5 months
39 ITBL Death at 6 months

HAT, hepatic artery thrombosis; HCC, hepatocellular carcinoma; HCV, hepatitis C
virus; HHV-6, human herpesvirus 6; ITBL, ischaemic type biliary lesions; NRP,
normothermic regional perfusion; PNF, primary non-function; SRR, super-rapid
recovery.

Articulos derivados de esta tesis

Transplantation

MELD score, and the transplant indications cirrhosis and ‘other’
were imbalanced between NRP and SRR liver recipients. After
IPTW analysis, all absolute standardised differences were <0.15.

Median intensive care unit (ICU) stays were 4 (3-6) vs. 3 (2-
6) days, respectively (p = 0.135), and overall hospital stays were
15 (12-23) vs. 17 (11-21) days, respectively (p = 0.818), in NRP
vs. SRR recipients. Table 4 details the raw and adjusted postop-
erative complication rates and outcomes of 212 cDCD livers that
were transplanted. No differences were found in IPTW analysis
for early allograft dysfunction, primary non-function or hepatic
artery thrombosis. Results were improved among NRP livers for
overall biliary complications (OR 0.14; 95% CI 0.06-0.35;
p<0.001) and ITBL (OR 0.11; 95% CI 0.02-0.57; p=0.008).
Among recipients of livers recovered with SRR (13%), 15 cases
of ITBL were diagnosed, at a median of 83 days (47-212). Only
2 cases were diagnosed among the recipients of livers recovered
with NRP (2%), at 88 and 212 days, respectively.

Table 5 details the causes of graft loss, including outcomes
for individual cases of ITBL. In addition to 11 cases of ITBL in
the SRR group that ended in graft loss, there were an additional
4 with ITBL that were alive with their original grafts at the end
of follow-up, with follow-ups ranging from 13 to 51 months.
There was significantly less graft loss (HR 0.39; 95% CI 0.20-
0.78; p = 0.008), and fewer retransplantations among recipients
of NRP livers during follow-up (OR 0.24; 95% CI 0.07-0.78;
p=0.018). With a median follow-up of 20 months, 1- and 3-
year survival rates were both 93% for NRP recipients vs. 88%
and 84% for SRR recipients, respectively, and both were 88%
for NRP grafts vs. 83% and 76%, respectively, for SRR grafts
(Fig. 1).

Discussion

This is the largest study published to date describing the use of
postmortem NRP in ¢DCD liver transplantation and the first to
suggest that the application of NRP reduces postoperative bil-
iary strictures and ITBL and improves graft survival compared
with SRR. At 1 year, rates of overall biliary complications, graft
loss and patient death for those receiving cDCD livers with
NRP were 8%, 12% and 7%, respectively. These were achieved
despite a high median donor age of 57 years. Recently published
benchmarks have established <28% biliary complications, <11%
graft loss, and <9% patient death as the goals for standard
DBD liver transplantation in high-volume centres.”” The fact
that this was an initial experience and that results did not vary
according to centre volume support the reproducibility of these
findings.

There are a few publications from centres in North America
and the UK describing the transplantation of cDCD livers recov-
ered with SRR that also report relatively low rates of overall bil-
iary strictures (17-25%) and ITBL (0-8%). However, in those
series, the donors themselves were very young, with mean or
median donor ages ranging from 28 to 42 years (6, 7, 21-23).
Two reports from the Mayo Clinics in Florida, Rochester and Ari-
zona in the USA and University Hospital Birmingham in the UK
described results of ¢DCD liver transplants performed using
grafts from older donors (>50-60 years) recovered with
SRR.'>'> Rates of biliary complications in these 2 studies were
similar to those we observed with SRR (overall 30-33%, ITBL
12%), as were 1-year patient and graft survival rates (~90%
and 80-87%, respectively) (Table 6). Although older cDCD livers
undergoing SRR can be used for transplantation, they present a

662 Journal of Hepatology 2019 vol. 70 | 658-665

217



100+ NRP

SRR
804

60+

401

Patient survival (%)

0 T T 1
0 12 24
Time (months)

SRR 17 103 48 24

Articulos derivados de esta tesis

JOURNAL
OF HEPATOLOGY
100+
NRP
80 SRR
i% 60
% 40+
o
20
LN
0 T T J
0 12 24 36

Time {months)

nuz 97 44

Fig. 1. Kaplan-Meier survival curves for controlled donation after circulatory death) liver recipients and grafts. The IPTW-Cox analysis hazard ratio (95%
CI): patient survival 0.53 (0.23-1.22), p = 0.135; graft survival 0.39 (0.20-0.78), p = 0.008. IPTW, inverse probability of treatment weighting; NRP, normothermic

regional perfusion; SRR, super-rapid recovery.

Table 6. Recent series of controlled donation after circulatory death liver transplantation performed by experienced groups.

Centre, period n Donor Functional CIT (min) All biliary ITBL 1-yr 1-yr

age (yr) WIT (min) complications patient graft

survival survival

Washington University in St Louis, 2005-2014°" 49 28(8-60) 12 (1-25) 318 (174-618) 20% 8% 96% 94%

Indiana University, 2011-2015% 30 31(9-55) 11(7-26) 294 (201-354) 23% 0 88% 88%

Toronto General Hospital and Ochsner Clinic Foundation, 857 36 (15) 21 (8) total 306 (72) 17% 4% 98% 96%
Jefferson, 2009-20137’ '

Ochsner Clinic Foundation, Jefferson, 100° 38 (15) 20 (8)° 304 (92) 25% 3% 93% 92%

2010-2016

Kings College, London, 2001-2010% 167 49 (0-85) 16 (5) total 420 (12) 20% 2% >90% >90%

Mayo Clinics Florida, Rochester and Arizona, 2002-2016'% 316 32 (11) 19 (8) total 324 (120) 18% 8% 92% 86%

155 56 (5) 20 (9) total 318 (84) 30% 12% 91% 87%

University Hospital Birmingham, UK, 2005-2015'? 222 45(27-52) 17 (14-21) 414 (342-492) 27% 11% ~92% ~85%

: 93 67 (64-71) 18(14-21) 426 (348-480) 33% 12% ~88% ~80%

Spanish multicentre, 2012-2016 117 56 (47-64) 15(12-20) 340 (285-383) 31% 13% 88% 83%

95° 57 (45-65) 12 (9-16) 315 (265-365) 8% 2% 93% 88%

2 Include some of the same patients.

P Starting from SBP <80 mmHg vs. <55-60 mmHg, which is the more standard definition.
< Performed using postmortem NRP. CIT, cold ischaemia time; ITBL, ischaemic type biliary lesions; NRP, normothermic regional perfusion; SBP, systolic blood pressure; SRR,

super-rapid recovery; WIT, warm ischaemia time.

greater risk for postoperative biliary complications. However,
the use of postmortem NRP could help neutralise this risk and
return cDCD livers closer to their prearrest state of viability.
When NRP is used, the period of warm ischaemia arising
between ventilator withdrawal and the initiation of NRP is, at
most, slightly longer than a period of hepatic inflow occlusion,
which is frequently used in hepatic surgery. Intermittent hep-
atic inflow occlusion is well tolerated in this context and has
even been used to achieve advantageous effects in human liver
transplantation.” Benefits of postmortem NRP have been char-
acterised in experimental studies and have been shown to
include restoration of cellular energy substrates, reduction in
nucleotide degradation products and improved concentrations
of endogenous antioxidants before graft recovery.®® It has been
shown that, by blocking the A2 receptors of adenosine, the ben-
eficial effects of NRP are abolished, indicating that NRP mediates
its effects, at least in part, through adenosine.?® Postischaemic
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NRP might also be useful to reduce the vasoconstrictive effects
of cold graft washout with the static cold storage (SCS)
solution.?”

Considering the limitations of SCS in preserving the viability
of liver grafts, especially those arising through the DCD process,
the past decade has seen an incremental rise in the popularity of
ex situ machine perfusion preservation. The limited clinical evi-
dence available to date, most of which comes from low-level
studies, suggests that machine perfusion offers advantages over
SCS in the preservation of livers arising through the cDCD pro-
cess.”®3? Recently, the results of an international randomised
trial were published comparing outcomes between liver trans-
plants performed with ex situ normothermic machine perfusion
(NMP, n=121) and SCS (n = 101). Controlled DCD donors were
included in the study at rates of 28% and 21% among grafts
undergoing NMP and SCS, respectively. The major finding of
the study was a significant reduction in peak aspartate amino-

663

218



Research Article

transferase among NMP vs. SCS livers during the first postoper-
ative week. Both post-transplantation patient and graft survival
rates were similar. In terms of postoperative biliary complica-
tions, ITBL were detected at rates of 11% and 26% among cDCD
livers undergoing NMP and SCS, respectively, whereas anasto-
motic biliary strictures were detected at rates of 48% and 58%,
respectively.>> Although NMP appears to offer promise in reduc-
ing hepatic ischaemia-reperfusion injury, it is unclear that its
use can help reduce postoperative biliary complications or graft
loss among cDCD livers.

In addition to being financially costly, machine perfusion
preservation can also be an arduous and technically complex
undertaking. Dissection, cannulation and haemostasis need to
be meticulous to avoid vascular injury that would complicate,
if not altogether preclude, subsequent transplantation as well
as loss of volume during perfusion in a closed circuit.?**%*® In
addition, inadequate inflow and oxygen delivery, because of
loss of volume of perfusate, haemolysis, or inflow and/or out-
flow obstruction, result in warm ischaemia at normothermic
temperatures, provoking injury that might ultimately lead to
inadvertent graft loss.>>*> At least in the context of cDCD, a
period of postmortem NRP is an economically favourable
option that can help reduce, if not obviate, the need for
machine perfusion.

There are ethical concerns surrounding the use of NRP that
might limit its widespread application in ¢cDCD. Whereas car-
diocirculatory arrest in uDCD has been proven irreversible
through the futility of advanced life support manoeuvres per-
formed over an extended period of time, the ability to declare
death based on cardiocirculatory criteria in ¢DCD is predi-
cated upon a condition of permanence. Permanence refers to
the fact that, although cardiocirculatory arrest might not be
irreversible, it will inevitably become so and, furthermore,
lead to irreversible loss of brain and brain stem function
(brain death) because circulation will not be restored. Concern
has been raised that partially restoring circulation through the
use of NRP might negate this permanence and the condition
of death. Through the use of NRP, circulation is only restored
to a limited region of the body, and a crucial aspect of NRP in
cDCD is ensuring a lack of flow to the aortic arch vessels,
thereby maintaining the permanence of circulatory arrest in
the brain and brainstem. With premortem cannulation, posi-
tioning of the aortic occlusion balloon in the supradiaphrag-
matic aorta distal to the left subclavian artery is confirmed
radiographically before the withdrawal of care. Once NRP is
initiated, adequate occlusion is confirmed through the use of
a left radial artery catheter demonstrating absence of flow.
Regions and countries where premortem manoeuvres, such
as the administration of heparin and femoral vessel cannula-
tion, are prohibited by law might consider postmortem can-
nulation to establish NRP. Although total and functional
warm ischaemic times were longer by ~9 and 7 min, respec-
tively, the results we observed with NRP with postmortem
cannulation were no different from those achieved with NRP
with premortem cannulation (91% 1-year graft survival and
no biliary complications).

There are limitations to the present study related to its
observational nature and the non-random distribution of
potential ¢cDCD donors and livers between the 2 recovery
methods. Although the raw differences in functional and total
warm ischaemic times were marginally but statistically differ-
ent between the 2 recovery methods, these differences are in
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fact inherent to the procedures themselves and because can-
nulation is typically performed premortem when NRP is used.
Warm ischaemic times were longer when cannulation for NRP
was performed post mortem, yet we did not detect any differ-
ences in outcomes when this approach was used, indicating
that the relevant variable was the use of NRP and not warm
ischaemia per se. In addition, there were significant variations
in the cold solutions used to preserve the livers in each
group. Given that cold ischaemic times in this study were
rather short (in general, <6 h), the specific solution used in
each case might not be as relevant. Nevertheless, IPTW anal-
ysis was applied to address these and other differences, and
the adjusted analyses continue to support the raw and unad-
justed findings.

In conclusion, the results of this study provide thé first indi-
cation that the use of postmortem NRP in cDCD liver transplan-
tation can help achieve improved outcomes over the use of SRR.
Livers from a broader range of ¢cDCD donors than have been
used previously can be successfully transplanted, with post-
transplant results that can meet current benchmarks for stan-
dard deceased donor liver transplantation.
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1 | INTRODUCTION

Postmortem normothermic regional perfusion (NRP) is a rising preservation strategy
in controlled donation after circulatory determination of death (cDCD). Herein, we
present results for cDCD liver transplants performed in Spain 2012-2019, with out-
comes evaluated through December 31, 2020. Results were analyzed retrospectively
and according to recovery technique (abdominal NRP [A-NRP] or standard rapid re-
covery [SRR]). During the study period, 545 cDCD liver transplants were performed
with A-NRP and 258 with SRR. Median donor age was 59 years (interquartile range
49-67 years). Adjusted risk estimates were improved with A-NRP for overall biliary
complications (OR 0.300, 95% Cl 0.197-0.459, p <..001), ischemic type biliary lesions
(OR 0.112, 95% Cl 0.042-0.299, p < .001), graft loss (HR 0.371, 95% Cli 0.267-0.516,
p < .001), and patient death (HR 0.540, 95% Ci 0.373-0.781, p = .001). Cold ischemia
time (HR 1.004, 95% Cl 1.001-1.007, p = .021) and re-transplantation indication (HR
9.552, 95% Cl 3.519-25.930, p < .001) were significant independent predictors for
graft loss among cDCD livers with A-NRP. While use of A-NRP helps overcome tradi-
tional limitations in cDCD liver transplantation, opportunity for improvement remains
for cases with prolonged cold ischemia and/or technically complex recipients, indicat-

ing a potential role for complimentary ex situ perfusion preservation techniques.

KEYWORDS

clinical research/practice, complication: surgical/technical, donors and donation: donation
after circulatory determination of death (DCD), extracorporeal membrane oxygenation
(ECMO), ischemia reperfusion injury (IRI), liver transplantation/hepatology, organ procurement
and allocation

cold ischemia), adequate results have been achieved using cDCD liv-
ers recovered with SRR.®~?

Controlled donation after circulatory determination of death (cDCD)
refers to donation from persons who die following withdrawal of
life-sustaining therapy (WLST), based on recognized futility of con-
tinuing such measures.™? Traditionally, organs from cDCD donors
have been recovered with rapid in situ cold preservation (standard
rapid recovery [SRR]) to halt warm ischemic injury as quickly as pos-
sible. By limiting risk factors (donor age, donor warm ischemia, graft

In the past 3 years, reports have come out of European coun-

10-15 and kidneys®® trans-

tries describing series of ¢cDCD livers
planted after recovery with postmortem in situ normothermic
regional perfusion (NRP). Normothermic regional perfusion re-
lies on placement of cannulae and occlusion balloons or clamps
to isolate a region of circulation (abdomen [A-NRP] or chest and

abdomen [TA-NRP]). An extracorporeal pump and membrane
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oxygenator are used to recover donor arterial blood, oxygenate
it, and return it to venous circulation in the region of interest.” In
situ NRP may be considered “machine perfusion;” it is distinct from
ex situ machine perfusion, however, in that it restores oxygenated
blood flow to multiple cDCD drgans (A-NRP: kidneys, liver, pan-
creas; TA-NRP: kidneys, liver, pancreas, heart, lungs), without any
intervening cold ischemia. While the exact mechanism by which
the beneficial effects of NRP are rendered remains unclear, ev-
idence suggests NRP functions, at least in part, by converting
the period of donor hypoperfusion and cardiac arrest into one of
ischemic preconditioning, restoring energy substrates, removing
waste products, and increasing endogenous antioxidants prior to
cold preservation and recovery.8-2!

In Spain, cDCD was piloted in 2009 and formally regulated in
2012.222% The national protocol created a unique situation in the
country, allowing for either SRR or in situ A-NRP to be used for ab-
dominal organ recovery. This is contrast to other countries where
use of A-NRP has been either anecdotal or compu(sory.24 In 2019,
we published the results of the Spanish experience 2012-2016
transplanting 117 ¢cDCD livers recovered with SRR and 95 recovered
with A-NRP. The results of the study indicated postmortem A-NRP
was superior to SRR in ¢cDCD liver recovery and allowed for suc-
cessful transplantation of cDCD livers from donors of advanced age,
without increased risk for ischemic biliary complications and other
adverse posttransplant events.*®

Since the aforementioned publication, nearly 600 more cDCD
liver transplants have been performed in Spain, the great majority
with A-NRP. The objective of the present analysis is to describe
updated data on a much larger experience in cDCD liver trans-
plantation, evaluate dynamics and impact of different strategies
for establishing A-NRP, and determine what risk factors may pre-
dispose to an adverse outcome among cDCD livers recovered with
A-NRP.

2 | PATIENTS AND METHODS

2.1 | Study design

This is an observational cohort study analyzing all cDCD liver trans-
plants performed in Spain between 2012 and 2019, with outcomes
evaluated through at least December 31, 2020.

2.2 | Donor selection and procedure

Each donor hospital determined its practice for recovery of cDCD
abdominal organs. Options included A-NRP or SRR with either an-
temortem or postmortem cannulation. Detailed techniques for
each have been described previously.'®?° If any antemortem in-
tervention (heparinization, cannulation) was performed, specific
prior authorization was obtained from the potential donor's legal
representative(s).

t

As per Spanish Liver Transplant Society (SETH) consensus state-
ments,?® there was no upper age limit for considering ¢cDCD liver
donation. With SRR, liver donation was considered when donor
functional warm ischemia time (FWIT) was <30 min. For cDCD liver
donors recovered with postmortem A-NRP, no concise upper limit
was placed on the period of donor FWIT, as long as relevant param-
eters measured during subsequent A-NRP were adequate (see next
section).

2.3 | Abdominal normothermic regional perfusion
Postmortem A-NRP was generally run 1-4 h. Tem?erature was
maintained 35-37°C and pump flow 2.2-2.4 L/min/m?. Perfusate
transaminases (AST, ALT) and lactate levels were measured every
30-60 min during A-NRP. Ideally, hepatic transaminase levels re-
mained stable and <200 1U/L, and perfusate lactate trended down-
ward. Hemoglobin was monitored and red blood cells administered
to maintain hemoglobin >8-10 g/dl. Heparin was re-dosed to main-
tain therapeutic activated clotting time.

During A-NRP, the abdominal cavity was thoroughly explored,
paying special attention to the macroscopic aspect of the liver, gall-
bladder, bile duct, and bowel. At the end of A-NRP, the cold preser-
vation solution was flushed via the arterial cannula, typically with
additional cannulation and flushing of a portal vein tributary. The
fiver was removed as quickly as possible and placed in cold storage.
Neither TA-NRP nor ex situ machine perfusion were used in any liv-
ers included in this study.

2.4 | Recipient selection

In Spain, while cDCD livers recovered with A-NRP were considered
for any recipient on the waiting list, transplantation of cDCD livers
recovered with SRR into high-risk recipients {e.g., undergoing re-
transplantation or presenting severely decompensated liver disease)
was only considered for well-selected grafts with short donor warm
ischemia.?® Livers from cDCD donors were first offered to recipients
with urgent liver transplant status. If a graft was not accepted for an
urgent recipient, it was offered locally and then nationally.

2.5 | Data sources, variables, and definitions

Data for this study were recovered from the Spanish Liver Transplant
Registry (RETH), under the management and with the collaboration
of the Organizacién Nacional de Trasplantes (ONT). Additionally, the
ONT provided information regarding total numbers of cDCD livers
offered and evaluated in situ.

Registry data were assessed for missing information, which was
recovered after contacting individual centers. The following donor
variables were recorded: age, sex, body mass, height, days intubation
preceding WLST, cause of death, timing of cannulation (antemortem:
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prior to WLST; postmortem: following death declaration), location of
WLST (intensive care unit [ICU] or operating room), and warm isch-
emia times. Total warm ischemia time (TWIT) was the period in the
donor between WLST and the start of organ preservation (cold flush
with SRR or start A-NRP). Functional warm ischemia time started
when danor systolic blood pressure dropped <60 mmHg and ended
at the onset of organ preservation.? Asystolic warm ischemia time
(AWIT) was the period between cardiac arrest and preservation; it
included the 5-minute “no-touch” observation period of absence of
respiration and circulation used to declare death.?® Additional graft
variables included cold ischemia time (CIT), defined as the period be-
tween the onset of cold preservation in the donor and removal from
cold preservation at the time of transplantation in the recipient, and
the static cold preservation solution(s) used.

The following recipient variables were recorded: age, sex, body
mass, height, laboratory MELD, and transplant indication. As well,
the UK DCD Risk Score was imputed. The UK DCD Risk Score strat-
ifies cDCD liver recipients according to seven variables (donor age,
donor body mass index, FWIT, CIT, recipient age, recipient MELD,
and re-transplantation indication) into three risk categories (low-risk,
high-risk, and futile), based on likelihood of 1-year graft loss.”

Intraoperative deaths were imputed as hours or minutes between
graft reperfusion and recipient death declaration and were subse-
quently converted into days. Primary allograft non-function {(PNF)
was defined as graft failure resulting in re-transplantation or death
within the first week. Early allograft dysfunction (EAD) was defined
according to the Olthoff definition.?® Ischemic-type biliary lesions
(ITBL) were diagnosed in patients with a patent hepatic artery, signs
or symptoms of cholestasis, and direct or indirect cholangiographic
imaging reflecting strictures of the intra- and/or extrahepatic bili-
ary tree proximal to the transplant anastomosis.?’ They were fur-
ther classified anatomically according to the system described by
Croome et al.>°

2.6 | Legislative, institution, and recipient approval

Legal basis for performing cDCD liver transplantation in Spain was
provided by Royal Decree 1723/2012% and national protocols.?%?’
Local protocols were additionally approved by the institutional eth-
ics committees. Patients listed for transplantation were informed of
the possibility of receiving a DCD liver and signed their consent. This
analysis was additionally approved by the SETH and the Hospital
Clinic Committee on Ethics in Medical Research (protocol number

HCB/2021/0678).

2.7 | Statistical analysis

Categorical variables are described as frequencies and percent-
ages and continuous variables as median [25%-75% interquartile
range]. Categorical variables were compared using Pearson chi-
square test and continuous variables using Mann-Whitney U test for

independent samples. Logistic and Cox regression models were used
to estimate risks: odds ratio (OR) and hazards ratio (HR), with 95%
confidence intervals (Cl), for binary and time-to-event outcomes,
respectively. In order to identify risk factors independently associ-
ated with graft loss, multivariate Cox proportional hazards regres-
sion analysis was performed, starting with predictors with univariate
p < .2. Backward stepwise elimination was performed, with p > .1
used as criterion for removal, and stratifying according to transplant
center. Data were missing for <1.3% of all covariates; missing data
were handled by case-wise deletion. A value of p < .05 was con-
sidered significant. Statistical analyses were performed with SPSS®
Statistics version 25 (IBM®).

3 | RESULTS

During the study period, 1384 livers were offered from cDCD
donors, and 1165 ¢DCD livers were evaluated in situ. Ultimately,
803 livers recovered at 86 hospitals were transplanted at 22 liver
transplant centers, among which 545 were recovered with postmor-
tem A-NRP (68%) and 258 with SRR (32%). Causes for graft discard
are provided in Table 1.

Figure 1 depicts year-to-year evolution of ¢cDCD liver trans-
plants, separated according to recovery strategy. Considering the
cut-off for high- versus low-volume centers of 250 liver transplants
per year,* 80% and 20% of cDCD liver transplants performed with
A-NRP were performed at high- and low-volume liver transplant
centers, respectively, versus 83% and 17%, respectively, performed
with SRR (p = .358). There were 14 combined liver-kidney trans-
plants using organs from cDCD donors, all of which were recovered
with postmortem A-NRP.

For the entire cohort, median donor age was 59 years [49-67]
and body mass index (BMI) 26.3 [24.2-28.7]; 65% of cDCD do-
nors were men. Cerebrovascular accident was the primary cause
of death, followed by anoxic brain injury. Table 2 provides donor
and graft characteristics for A-NRP and SRR subsets. Antemortem
cannulation was performed in the majority of cases with A-NRP
(N =506, 93%) and a minority of cases with SRR (N = 37, 14%). While
WLST was performed in ICU in 146 cases with A-NRP (27%), it was
performed in ICU in only nine cases with SRR (3.5%). Donor warm
ischemia times (TWIT, FWIT, and AWIT) were shorter in cases with
A-NRP versus those with SRR by approximately 4, 2, and 2 min, re-
spectively (p < .001 for all comparisons) (Figure S1). Use of different
cold preservation solutions also varied significantly according to re-
covery technique.

Globally, recipient age was 59 years [53-63] and BMI 26.9 [23.7-
29.91; 80% of recipients were men. Cirrhosis was the most common
indication for transplantation, followed by hepatocellular carcinoma
(HCC). Laboratory MELD values including and excluding HCC patients
were 12 [9-16] and 13 [10-17], respectively. Median UK DCD Risk
Score was 5 [3-8], with 457 classified as low risk (57%), 304 as high
risk (38%), and 42 as “futile” (5%). Table 3 provides characteristics
associated with ¢cDCD liver recipient and transplant procedures for
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TABLE 1 Reasons for discarding

controlled DCD livers for transplantation Reason for discard

Poor macroscopic

s aspect at recovery®

Technical problem

Altered laboratory
values

Prolonged donor WIT

Pathological liver
biopsy

Previously undiagnosed

donor malignancy

Calcified hepatic artery

Active untreated
infection

A-NRP failure
Other

asL®

Overall A-NRP SRR
(N = 362/1165) (N =230/775) (N=132/390) pvalue
245 151 (19%) 94 (24%) .276
270 4 10 (1%) 17 (4%) .003
23 21 (3%) 2 (0.5%) .004
18 8(1%) 10 (3%) 084
14 10 (1%) 4 (1%) 531
13 13(2%) 0 .005
o

5(0.6%) 1(0.3%) 310
4 2(0.3%) 2{0.5%) .571
1 1(0.1%) - 448
11 9 (1%) 2(0.5%) 201

Abbreviations: A-NRP, abdominal normothermic regional perfusion; SRR, super-rapid recovery;

WIT, warm ischemia time.

? Poor macroscopic aspect at recovery refers to an unfavorable impression of the liver as seen by
the donor surgeon and includes visual impression of moderate-to-severe steatosis, heterogeneous
and poor perfusion, and/or graft fibrosis/cirrhosis.

Bold indicates p < .05.

FIGURE 1 VYear-to-year evolution of 200
controlled DCD liver transplant activity

in Spain, separated according to recovery

method. A-NRP, abdominal normothermic

regional perfusion; SRR, standard rapid 150
recovery
100
30

A-NRP and SRR subsets. Overall UK DCD Risk Score and percentages
in each risk category did not vary according to recovery method.
Rates and unadjusted and adjusted risks estimates for relevant
post-operative complications and outcomes are provided in Table 4.
Observed rates of EAD, PNF, hepatic artery thrombosis (HAT), over-
all biliary complications (including leaks and anastomotic and non-
anastomotic strictures), and ITBL were 15%, 3%, 4%, 12%, and 1%,
respectively, for cDCD livers recovered with A-NRP, versus 23%,
6%, 7%, 29%, and 9%, respectively, for those recovered with SRR.
Among livers recovered with A-NRP, risk ratios for EAD (OR 0.562,
95% C10.363-0.871, p = .010), HAT (OR 0.452, 95% C10.219-0.932,
p = .032), overall biliary complications (OR 0.320, 95% CI 0.211-
0.485, p < .001), ITBL (OR 0.115, 95% Cl 0.044-0.302, p < .001),

0 M-w..._,ml_mw W&W :

2012 2013

2017 2018 2019

re-transplantation (OR 0.258, 95% Cl 0.135-0.494, p < .001), overall
graft loss (HR 0.435, 95% C10.313-0.604, p < .001), and patient death
(HR 0.517, 95% Cl 0.357-0.748, p < .001) were improved. Table S1
provides further information regarding timing of presentation, number
of hospital admissions and invasive biliary procedures, anatomical dis-
tributions, and outcomes of the 30 ¢cDCD liver transplants that devel-
oped ITBL (6 recovered with A-NRP, 21 recovered with SRR).

Survival curves are provided for patients and grafts in Figure 2.
Median follow-up was 31 months. One- and 3-year patient survival
rates were 92% and 89%, respectively, for transplants performed
with A-NRP, and 86% and 76%, respectively, for those performed
with SRR. One- and 3-year graft survival rates (not death censored)
were 90% and 87%, respectively, for A-NRP, and 79% and 68%,

225



Articulos derivados de esta tesis

6_L AJT : HESSHEIMER eT AL.
TABLE 2 Controlled DCD donor- and graft-related characteristics
A-NRP (N = 545) SRR (N = 258) p value % Missing

Age(y) 59 [49-67] 58 [48-67] e T 0
Sex male (%) 351 (64) 167 (65) 928 0
BMI < 26.5[24.2-28.9] 26.2[24.2-28.2] 536 0.5
Intubation prior to WLST (days) 7 [4-11] 7 [4-11] 991 04
Cause of death (%) 0

CVA 252 (46) 107 (42) .205

Cerebral anoxia 173(32) 93(36) 226

TBI 52(9.5) 26 (10) .811

Other 68 (12.5) 32(12) 976
Antemortem cannulation {%) 506 (93) 37 (14) <.001 0
WLST location ICU (%) 146 (27) 9 (3.5) <.001 0 -
TWIT {min) 18 [13-23] 22 [17-26] <.001 0.1
FWIT (min) 12 [9-16] 14 [11-20] <,001 0.1
AWIT (min) 6 [5-6] 8[7-91 <.001 0.1
A-NRP duration (min) 111 [81-126] r - 1.3
CIT {min) 320 [270-3791 333 [284-388] 141 1.2
Preservation solution (%) 0

UWoriGL-1 125(229) 31(12) <.001

Celsior 329 (60.4) 156 (60.6) 979

HTK 73(13.4) 61(23.6) <.001

Other 18(3.3) 10(3.9) .689

Abbreviations: A-NRP, abdominal normothermic regional perfusion; AWIT, asystolic warm ischemia time; BMI, body mass index; CIT, cold ischemia
time; CVA, cerebrovascular accident; FWIT, functional warm ischemia time; ICU, intensive care unit; SRR, standard rapid recovery; TBI, traumatic
brain injury; TWIT, total warm ischemia time; WLST, withdrawal of life-sustaining therapy.

Bold indicates p < .05.

TABLE 3 Controlled DCD recipient- and transplant-related characteristics

A-NRP (N = 545) SRR (N = 258) p value % Missing

Age (y) 59 [53-63] 58 [53-63] 701 0
Sex male (%) 431(79) 213 (83) .248 0
BMI 26.9[23.8-30.1] 26.7 [23.4-29.4] 216 0.4
Laboratory MELD score 12 [9-171 12 [8-16] 1858 - 1
Transplant indication 0

Cirrhosis 349 (64) 163 (63.2) .841

HCC 139 (25.5) 70(27.1) 617

PSC 10(1.8) 1(0.4) 110

Re-transplantation 172 (3.1) 3°(1.2) .089

Acute liver failure 1(0.2) 5(1.9) .007

Other 29(5.3) 16 (6.2) 617
UK DCD Risk Score 5[3-8] ; 5[3-8] 297 0

Low risk (%) 319(58.5) 138 (53.5) 194

High risk (%) 199 (36.5) 105 (40.7) 271

Futile (%) 27 (5) 15(5.8) 617

Abbreviations: A-NRP, abdominal normothermic regional perfusion; BMI, body mass index; HCC, hepatocellular carcinoma; MELD, Model for End-
stage Liver Disease; PSC, primary sclerosing cholangitis; SRR, standard rapid recovery.

? Including five very early re-transplants (within 2 weeks of previous transplant), six early re-transplants (between 2 weeks and 3 months after
previous transplant), and six late re-transplants (>3 months from previous transplant).50 Of note, one late re-transplant was the patient's third liver
transplant and one early re-transplant was the patient’s fourth.

b Including one very early re-transplant and two late re-transplants; one late re-transplant was the patient's third liver transplant.
Bold indicates p < .05.
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TABLE 4 Controlled DCD posttransplant complications and outcomes

Unadjusted Adjusted®
A-NRP SRR Risks estimate (95% Risks estimate (95%
(N =545) (N = 258) cnb p value cn® p value
EAD (%) " 81(15) 60(23) 0.576 (0.397-0.837) .004 0.562 (0.363-0.871) .010
PNF (%) 16 (3) 15 (6) 0.490(0.238-1.007) .052 0.573 (0.252-1.303) 184
HAT (%) 22(4) 19(7) 0.529 (0.281-0.996) .049 0.452 (0.219-0.932) .032
All biliary complications (%)° 63(12) 75 (29) 0.319(0.219-0.464) <.001 0.300 (0.197-0.459) <.001
ITBL (%) 6(1) 24 (9) 0.109 (0.044-0.269) <.001 0.112 (0.042-0.299) <.001
Re-transplantation (%) 19 (3.5) 31(12) 0.265 (0.146-0.478) <.001 0.279 (0.147-0.531) <.001
Graft loss® (%) 77 (14) 88 (34) 0.422 (0.311-0.574) <.001 0.371(0.267-0.516) <.001
Patient death (%) 65(12) 66 (26) 0.494 (0.350-0.696) <.001 0.540(0.373-0.781) = .001

Abbreviations: A-NRP, abdominal normothermic regional perfusion; CI, confidence interval; EAD, early allograft dysfunction; HAT, hepatic artery
thrombosis; ITBL, ischemic type biliary lesions; PNF, primary non-function; SRR, standard rapid recovery.

Observed rates and unadjusted and adjusted risks estimates.

? Adjusted for donor age, donor sex, donor body mass index, donor days of intubation prior to withdrawal of life-sustaining therapy, donor cause
of death, donor asystolic warm ischemia time, cold ischemia time, cold preservation solution, recipient age, recipient sex, recipient BMI, recipient
laboratory MELD score, and transplant indication. Donor total and functional warm ischemia times as well as timing of cannulation (ante- vs.
postmortem) were not included in the regression models, based on collinearity.

® Risks estimates are odds ratios from logistic regression models for all variables except for patient death and graft loss, where hazards ratios from

Cox models are shown.

€ Including biliary leaks and anastomotic and non-anastomotic biliary strictures.

4 Not censored for patient death.
Bold indicates p < .05.

respectively, for those performed with SRR. Death-uncensored graft
survival further stratified according to UK DCD Risk classification is
depicted in Figure S2.

Risk factors for both death-censored and -uncensored graft
loss were evaluated among the subset of cDCD livers recovered
with A-NRP. Table 5 and Table S2 provide results of uni- and multi-
variate Cox proportional hazards models. Cold ischemia time and
re-transplantation as transplant indication were the only significant in-
dependent predictors for graft loss among cDCD livers recovered with
A-NRP. A potential interaction between cold preservation solution and
cold ischemia time was also investigated, but none was found. Seven
hours cold ischemia was determined to be the optimal cut-off point at
or beyond which graft survival decreased significantly. Survival curves
stratified according to CIT (<7 h vs. 27 h) and transplant indication
(re-transplantation vs. all other indications) are provided in Figure 3.

4 | DISCUSSION

Normothermic regional perfusion is a rising technology in solid
organ transplantation. This is the largest experience reported to
date describing results of ¢cDCD liver transplants performed with
postmortem A-NRP. Relative to SRR, significant reductions were ob-
served in rates of all relevant posttransplant complications, including
HAT, biliary complications, graft loss, and patient death. Biliary com-
plications arose among 12% of A-NRP livers, and ITBL arose in only
six cases (1%), among which three recipients are still alive with their
functioning, native grafts at 23, 38, and 52 months.

While at present ex situ machine perfusion treats a single
organ, in situ A-NRP offers the ability to treat up to four transplant-
able organs. Simultaneous treatment of multiple organs using the
same device and resources is a distinct advantage of this perfusion
preservation modality relative to ex situ machine perfusion of the
individual organs. Nonetheless, the impact of in situ A-NRP has yet
to be evaluated in the context of a randomized clinical trial (RCT).
This is due, in part, to the compulsory nature of A-NRP application
in DCD in several European countries (France, ltaly, Norway)?*: in-
creasing preference for A-NRP in countries where different options
for cDCD recovery are permitted (e.g., Spain)®?; and above all dif-
ficulty in identifying clear, objective endpoints for clinical trials. In
situ A-NRP is applied in cDCD immediately following declaration of
death and prior to organ assessment. An RCT comparing A-NRP with
the alternative—SRR—would require randomizing donors and organs
at a point when none have been accepted. As such, any RCT on A-
NRP is inherently prone to selection bias. It is impossible to blind
donor surgeons to recovery method and probable that disparate
numbers of organs would be accepted and donor profiles vary sig-
nificantly according to the method used. Donor surgeons might be
more inclined to accept organs with a “riskier” profile recovered with
A-NRP, for example, as A-NRP allows for some viability assessment
not offered by SRR. Even in the context of an RCT, any endpoint that
might be assessed (graft or recipient complications, survival, etc.)
would be conditioned by these confounding variables. Alternatively,
the option of comparing in situ A-NRP with ex situ machine perfu-
sion in the liver still does not ensure the absence of selection bias:
does not adequately address risk to and potential loss of “bystander”
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organs (kidneys, pancreas); and is, above all, illogical, given that in
situ A-NRP and ex situ machine perfusion are not competitive pres-
ervation strategies and can and have been successfully applied in
the same grafts.}>*®

Median donor age in the series was 59 years and higher than
that typically described in previous series of cDCD livers recovered
with SRR.3>%3* Donor age has been identified as a risk factor for
ischemic biliary injury in DCD liver transplantation.®>%® Aging in-
duces changes in choleretic function, and injury response in senes-
cent cholangiocytes is impaired.3**° Cholangiocytes themselves,
however, appear less implicated in the pathogenesis of ischemic
biliary injury relative to peribiliary arterioles and deep peribiliary
glands (PBG),**™*® the latter acting as a progenitor cell niche in the
setting of severe injury. A role for postmortem A-NRP in restoring

FIGURE 2 Kaplan-Meier survival
curves for cDCD liver recipients and
grafts, stratified according to recovery
method. Graft survival was not censored
for patient death with functioning
allograft. Adjusted Cox proportional
hazards ratio (95% Cl): patient survival
0.517 (0.357-0.748, p < .001), graft
survival 0.435 (0.313-0.604, p < .001).
A-NRP, abdominal normothermic
regional perfusion; SRR, standard rapid
recovery
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PBG viability in the setting of DCD is plausible and warrants further
investigation.

Unlike previous reports on dynamic liver preservation strategies
applied at expert centers and oftentimes after considerable prior donor
and graft selection,***° the present analysis includes a national cohort
of donors performed at over 80 centers, and the denominator for graft
discard is all cDCD livers evaluated in situ in the country during the in-
clusion period. As such, it offers a rather impartial view of what can be
expected from this preservation modality in real-world practice. There
were more technical problems during organ recovery that resulted in
liver discard when SRR was the recovery method, while more livers
were discarded based on altered laboratory values (i.e., hepatic trans-
aminases and lactate levels) measured during A-NRP. Interestingly,
while 13 ¢cDCD livers recovered with A-NRP were discarded following
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TABLE 5 Univariate and multivariate Cox proportion hazards analyses evaluating risk factors for overall graft loss among cDCD livers

recovered with A-NRP

Univariate Mulﬁv:a‘riate
Hazardsratio  95%Cl p value Hazardsratio  95% CI p value
Donor age »1.011 0.992-1.030 .268
Donor sex male 1.483 0.873-2.518 145
Donor BMI 0.982 0.926-1.042 .551
Donor days intubation prior 0.994 0.976-1.102 1493
to WLST
Donor cause of death
CVA Reference category
Cerebral anoxia 1.013 0.583-1.763 962 -
TBI 1.281 0.606-2.708 517
Other 0.645 0.283-1.469 296
Donor TWIT 1.010 0.983-1.036 482
Donor FWIT 1.005 0.966-1.047 796
Donor AWIT 1.040 0.989-1.094 126
Antemortem cannulation 0.736 0.189-2.868 .659
WLST location ICU 1.505 0.753-3.009 247
A-NRP duration 0.998 0.992-1.005 .609
CiT 1.003 1.000-1.006 .025 1.004 1.001-1.006 015
Preservation solution
UW or IGL-1 Reference category
Celsior 0.997 0.266-3.733 996
HTK 1.509 0.121-18.801 749
Other 0.635 0.075-5.380 677
CIT * preservation solution® 1.001 1.000-1.002 225
Recipient age 0.982 0.958-1.007 157
Recipient sex male 1.095 0.624-1.922 752
Recipient BMI 0.982 0.937-1.030 453
Recipient laboratory MELD 0.996 0.953-1.040 .845
score
Recipient transplant
indication
Cirrhosis Reference category
HCC 1.126 0.649-1.952 673
PSC 3.405 0.766-15.133 107
Re-transplantation 6.214 2.469-15.641 <.001 6.449 2.548-16.325 <.001
.227

Other 1.726 0.713-4.182

Abbreviations: A-NRP, normothermic regional perfusion; AWIT, asystolic warm ischemia time; BMI, body mass index; Cl, confidence interval; CIT,
cold ischemia time; CVA, cerebrovascular accident; FWIT, functional warm ischemia time; HCC, hepatocellular carcinoma; ICU, intensive care unit;
MELD, Model for End-stage Liver Disease; PSC, primary sclerosing cholangitis; TBI, traumatic brain injury; TWIT, total warm ischemia time; WLST,

withdrawal of life-sustaining therapy.
? Interaction term.

discovery of previously undiagnosed malignant cancer at the time of
organ recovery, no livers recovered with SRR were declined for this
reason. This novel observation is important and should serve as note of
caution for cDCD donor surgeons to ensure equally meticulous donor
cavity explorations regardless of the recovery method.

In Spain, very few cDCD donors are turned down for liver re-
covery due to prolonged donor warm ischemia. Antemortem can-
nulation reduces donor warm ischemia, although it is currently only
permitted in certain centers in Belgium and Spain.?®> The mandatory
no-touch period for declaring death is 5 min in Spain, as opposed
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i S FIGURE 3 Death-censored graft
Eofisiane L ~FCIT <7 hours, no re-LT survival among cDCD livers recovered
3  — ot el Cwith A-NRP-and stratified according
2 wIICIT > (=7 hours, re-LT to cold ischemia time < versus 27 h
L—————-———] and re-transplantation versus all other
g indications. Cox proportional hazards
3 . - ratios, stratified according to transplant
'g center, relative to CIT <7 h and no re-
ol transplantation (reference category): CIT
B >7 h and no re-transplantation HR 2.732
v e . (95% Cl 1.301-5.740, p = .008), CIT <7 h
and re-transplantation HR 7.604 (95% Cl
® 2.560-22.581, p < .001), CIT 27 h and re-
transplantation HR 27.141 (95% Cl 4.506~
163.464, p < .001)
0“’ 2 : 24 3% <% &0
FOLLOW-UP TIME GRAFT (MOS)
No. at risk 0 12 24 36 48 60
CIT <Thours,nore-LT 437 408 3 147 74 b3
CIT 27 hours, no re-LT 82 66 30 26 14 10
CIT <7 hours, re-LT 14 10 7 2 1 0
0

CIT 27 hours, re-LT 3 1

to 20 min in Italy.*>?* As well, sedo-analgesia is applied during
WLST prior to cDCD in the same manner as it is applied in cases of
WLST where no subsequent organ donation is contemplated. Sedo-
analgesia is applied at the discretion of the physician or team of phy-
sicians managing WLST, which is entirely separate from the NRP and
organ recovery team(s). In other settings, sedo-analgesia prior to or
during WLST is not allowed, in order to avoid “hastening” death in
the context of cDCD.?® It remains unclear, however, whether this
practice varies with respect to cases of WLST without subsequent
donation and/or whether lack of sedo-analgesia during withdrawal
induces undue suffering due to progressive dyspnea and asphyxia in
the final moments of life.*

The optimal length of time for running postmortem A-NRP in
¢DCD has remained an issue of debate. In general, expert consen-
sus supports maintaining A-NRP 1-4 h.2>2¢% In our series, A-NRP
lasted a median of 111 min, with most centers opting for 2 h and a
few at least 1 h. On multivariate Cox proportional hazards analysis,
A-NRP duration was not observed to be associated with graft loss,
indicating that the typical strategy of 1-2 h postmortem A-NRP ap-
pears adequate in our setting.

In this study, apart from describing outcomes of cDCD liver
transplantation performed with A-NRP, we aimed to identify specific
risk factors for graft loss. On multivariate Cox proportional hazards
analysis, cold ischemia and re-transplantation were the significant
independent predictors that were identified. Neither of these risk
factors had anything to do with the transplant graft itself but rather
the logistical process and complexity of the recipient. While the UK
DCD Risk Score imputes increased risk of graft loss for cold ischemia
>6 h,” we identified CIT >7 h as the optimal cut-off for risk stratifica-
tion in our A-NRP cohort. That said, we were not interested so much
in creating our own risk score for graft loss with A-NRP livers as we

were in identifying characteristics that might indicate a role for addi-
tional use of ex situ perfusion preservation strategies.

All ex situ perfusion strategies are complimentary and do not
compete with in situ A-NRP. A recently published randomized clinical
trial demonstrated that ex situ dual hypothermic oxygenated perfu-
sion (D-HOPE) led to a significant reduction in ITBL detected within
6 months of transplantation among cDCD livers recovered with SRR,
from 18% with static cold storage to 6% with end-ischemic D-HOPE
(p = .03).*® While it is unlikely that we will be able to improve rates of
biliary complications or ITBL among cDCD livers recovered with A-
NRP in our setting, there may be a role for ex situ perfusion to reduce
rates of graft loss in cases with more difficult transplant logistics
and/or recipients. The strategy of A-NRP followed by end-ischemic
D-HOPE, in particular, is one that has offered good results in ltaly. In
the most recent Italian multicenter publication (Table 6), in spite of
median FWIT of 40 min, the in situ A-NRP + end-ischemic D-HOPE
strategy offered good posttransplant outcomes (98% one-year pa-
tient survival, 91% one-year graft survival, and 2% ITBL) among 44
relatively low-risk recipients (median MELD 9, 66% transplanted for
Hco).

The present study has limitations related to its retrospective
nature and the fact that different recovery strategies were not
randomized. Data for the study were recovered from a registry,
and some information was missing, although this was largely over-
come by contacting individual centers directly. Potential addi-
tional risk factors, such as donor hepatectomy and transplantation
warm ischemia times, and specific parameters related to A-NRP
(pump flows, transaminases, etc.), were not available for consid-
eration. As well, the average degree of recipient severity at the
time of liver transplantation, including MELD scores and need for
intensive care and organ replacement therapy, tends to be lower
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TABLE 6 Modern national/multicenter experiences using postmortem A-NRP in cDCD liver transplantation

One-year

All biliary

Indication re-

One-year graft
survival (%)

patient survival

(%)
92
95

ITBL
(%)

complications

(%)
12
17
22

transplantation

(%)

CIT (min)

FWIT (min)
12 [9-16]

Donor age (y)
59 [53-63]
50 [39-59]

N

Center, period

90
93?
91

320 [270-379]

545
132
44
43

Spanish multicenter, 2012-2019

0
5
5

22 [19-26] 342 [282-396]

French multicenter, 2015-2019 (13)
Italian multicenter, 2015-2019 (15)

UK multicenter, 2011-2017 (11)

98

394 (range 180-660)°

382 [303-502]

40 (range 34-69)

59 (range 37-70)

41 [33-57]

95

95

Total WIT 30 [26-36]

Abbreviations: CIT, cold ischemia time; FWIT, functional warm ischemia time; ITBL, ischemic type biliary lesions.

ACensored for tumor-related death.

bAdditional end-ischemic ex situ dual hypothermic oxygenated perfusion (D-HOPE) applied in 37/44 cases (84%).

in Spain relative to other countries, such as the United States, and
a degree of caution should be exercised when extrapolating these
results to distinct settings. It is important to note that no recip-
ient selection was performed herein based on MELD, and ¢DCD
livers are considered the same as livers arising from DBD donors
in Spain (offered to the same recipients according to the same al-
location policy).‘w

In summary, in this large experience using postmortem A-NRP in
cDCD liver transplantation, biliary complications were consistently
low, and development of ischemic type biliary lesions was anecdotal.
The use of postmortem A-NRP can help overcome many of the tradi-
tional limitations seen with cDCD liver transplantation. Nonetheless,
there is still opportunity for improvement in outcomes ?:)r cases with
prolonged cold ischemia =7 h and/or technically complex recipients,
indicating a potential complimentary role for ex situ perfusion pres-
ervation techniques.
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The UK DCD Risk Score: Still no consensus on futility
in DCD liver transplantation

To the Editor:

The UK DCD Risk Score, recently published in March 2018, strat-
ifies controlled donation after circulatory death (cDCD) liver
recipients according to 7 variables and aims to predict 1-year
graft survival. Donor age >60 years, cold ischemia >6 hours,
and recipient lab Model for End-stage Liver Disease score >25
are assigned 2 points each; donor body mass index >25, func-
tional warm ischemia >20-30 minutes, and recipient age
>60 years 3 points; functional warm ischemia >30 minutes 6
point and retransplantation 9 points. Scores of 0-5 are “low-
risk” (estimated 1-year graft survival >95%), 6-10 “high-risk”
(1-year graft survival >85%), and >10 “futile” (1-year graft
survival <40%)."

We have recently reported the Spanish experience with cDCD
liver transplantation, including all grafts transplanted between
2012 and 2016 and comparing outcomes between grafts under-
going either post-mortem normothermic regional perfusion
(NRP, n = 95) or super rapid recovery (SRR, n = 117).? The median
UK Score for ¢DCD livers transplanted in the study was 5
(interquartile range 3-6) with NRP and 5 (3-7) with SRR. Among
cDCD livers transplanted with NRP, 70 were “low-risk” (74%), 22
“high-risk” (23%), and 3 “futile” (3%). When graft survival was
stratified according to UK risk class, we observed 100% 1-year
graft survival among livers in the “futile” group, 91% 1-year graft
survival among livers in the “high-risk” group, and 87% 1-year
graft survival among livers in the “low-risk” group (Fig. 1A).
Among ¢DCD livers transplanted with SRR, 64 of the trans-
planted livers were classified as “low-tisk” (55%), 48 “high-risk”
(41%), and 5 “futile” (4%). When graft survival was analysed
according to UK risk class among cDCD livers with SRR, the sur-
vival curves were virtually the same in all 3 groups, with 81%,
85%, and 80% 1-year graft survival rates, respectively (Fig. 1B).
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Of note, the only graft that was lost in the “futile” group was sec-
ondary to patient death due to early hepatocellular carcinoma
recurrence in a “Milan in” recipient.

Aside from the fact that the use of post-mortem NRP led to
significant improvements in cDCD liver graft survival in general,
the UK Score still failed to accurately predict outcomes of livers
undergoing standard preservation with SRR. In order to deter-
mine why this might be, one should consider i) the components
of the score itself and ii) how cDCD liver transplantation prac-
tice patterns may have artificially minimized if not entirely
eliminated the effects of certain important risk factors.

The UK Score aims to predict risk and futility in the context
of cDCD liver transplantation, taking into account the fact that
the initial warm ischemic injury makes these grafts more mar-
ginal than similar livers recovered through donation after brain
death. However, 3 of the 7 variables considered - recipient lab
model for end-stage liver disease and age and retransplanta-
tion - have nothing to do with the graft itself. According to
the UK Score, a 61-year-old recipient undergoing retransplan-
tation is a futile procedure, regardless of the relative marginal-
ity or not of the graft used. It is well known that results of
retransplantation are inferior to those of primary liver trans-
plantation, yet no one would consider retransplantation a uni-
versally futile venture. Results of transplantation for acute liver
failure are also inferior to those of transplantation for other
indications, in particular during the first year, yet this indica-
tion is not considered in the UK Score, very likely because
¢DCD livers are rarely - if ever — used for acute liver failure
recipients.

This last fact raises another very important point: when
there has been previous manipulation of the inputs, some of
the most important risk factors may appear less important or
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Fig. 1. Kaplan-Meier survival curves for cDCD livers. Livers recovered with post-mortem (A) normothermic regional perfusion or (B) super rapid recovery,
stratified according to UK DCD risk score class. cDCD, controlled donation after circulatory death.
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not even appear at all in a final risk stratification score. The UK
Score considers donor age, repeatedly cited as a risk factor for
the development of ischemic-type biliary lesions and, conse-
quentially, graft loss,>” to be less relevant in predicting 1-year
graft survival than recipient age, which has never been identi-
fied in any prior study as significantly associated with cDCD
liver transplant outcomes. Upon examination of the training
and test populations used to formulate and validate the UK
Score, it becomes clear, based on median ages of 49 and
34 years, respectively, that many livers from older ¢DCD donors
were previously excluded during the donor evaluation/organ
recovery stage. Consequentially, when the UK Score was applied
to the cDCD liver transplants performed in the aforementioned
Spanish series, where the donor age was higher (median
56-57 years), it performed poorly regardless of the recovery
method used.

Overall, our results indicate that the UK DCD Risk Score is not
very useful for predicting outcomes after cDCD liver transplan-
tation in our setting. While risk scores may be useful to stratify
some groups of patients and guide clinical decisions, their utility
may decline significantly when they are created using restricted
populations and later applied to groups with distinct or broader
characteristics.
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Reply to: “Normothermic regional perfusion ~ What is the benefit?”

To the Editor:

We thank Drs. Schlegel, Muiesan, and Dutkowski for their inter-
est in our manuscript’ and are delighted to provide clearer and
updated information regarding the use of normothermic regio-
nal perfusion (NRP) in controlled donation after circulatory
death (cDCD) liver transplantation.

Our manuscript describes the Spanish experience with cDCD
liver transplantation from national application in 2012 through
2016, comparing outcomes of transplants performed with NRP
versus those performed with super rapid recovery (SRR).? Trans-
plants were included from 20 centers, only 3 (15%) with previ-
ous experience performing uncontrolled donation after
circulatory death. The results that we present can be achieved
by not just perfusion and DCD “experts” but by virtually any
liver transplant team. That said, the results we achieved with
SRR are the same as those described by experienced centers
using cDCD livers of a comparable profile,>* and improvements
achieved with NRP are strikingly similar to those recently
reported by 2 UK centers describing 43 ¢DCD liver transplants
performed with NRP.”

The Letter's authors claim the “risk” of the ¢cDCD grafts we
used was low based on a scoring system they developed.® The
UK DCD Risk Score has not been independently validated but
has found to be ineffective at predicting 1-year cDCD liver sur-
vival (its aim) in our recipients’ and other British cohorts.® The
authors do correctly describe our median functional donor
warm ischemia times: 12 and 15 minutes when NRP and SRR
were used, respectively. Femoral cannulae were placed prior
to withdrawal of ventilatory support in 87% of cases using
NRP, and warm ischemia times were shorter when NRP was
employed. That said, the implication that the authors consis-
tently experience longer warm ischemia times than even those
for livers recovered with SRR is surprising. Only 11 of 342 cDCD
donors considered for liver donation during the study period
were turned down due to prolonged warm ischemia (3%). The
facts that i) indication for proceeding with ¢DCD in Spain is
strict and predicated on likelihood of arrest within 60 minutes
of withdrawal of care and ii) cDCD donors in Spain have been
in intensive care 7-10 days prior to withdrawal (vs. 2-3 days
in the UK)>® may explain the consistently shorter warm ische-
mia times we experienced.

While we did not argue in our manuscript that our discard
rates are similar to those in other countries, the authors are cor-
rect in pointing this out. Between 2012 and 2016, 38% of cDCD
livers recovered with SRR and 34% recovered with NRP in Spain
were ultimately discarded, similar to the 33% of retrieved cDCD
livers declined in 2017/2018 in the UK.° Our figures are national
averages, and individual centers have lower discard rates. Obvi-
ously, the “rate” depends on the denominator, and comparing

Journal of Hepatology 2019 vol. XXX | XXX—XXX

national averages with rates described in smaller pilot studies,
where pre-selection has been performed on grafts included, is
misleading.’

As in donation after brain death (DBD) liver transplantation,
cDCD liver evaluation is not exact, and visual assessment by the
surgical team is still the ultimate measure of viability when ex
situ perfusion is not employed. The majority of ¢DCD livers
turned down in our study were observed to be moderately-to-
severely steatotic, poorly perfused, fibrotic, or cirrhotic.? While
hepatic aminotransferases in the perfusate were assessed as an
indication of hepatic injury, they rose very little in most cases
(only 4 livers were turned down due to rising aminotrans-
ferases), and liver viability assessment in the strictest sense
was not performed. This does not mean that true viability
assessment may not be performed during NRP, as bile is pro-
duced, and evaluation of bile production and biochemistry
may serve as useful means to assess significant biliary injury.

When NRP is employed, the cost of the ¢cDCD process
increases €2,500-5,000 with respect to standard DBD or cDCD
with SRR. This cost is lower than that required to perfuse a liver
ex situ, where disposable components of the machine perfusion
circuit alone are at the higher end of the aforementioned range.
Considering costs, one also has to keep in mind that NRP is
simultaneously used to recover ¢cDCD kidneys, pancreata, and
hearts, as well, and benefits of NRP in terms of post-transplan-
tation outcomes extend to these organs.'?

In their final comments, the Letter’s authors call for a mora-
torium on widespread application of any perfusion technology
in human liver transplantation pending results of randomized
trials. This recommendation defies reality in countries such as
Spain, France, and Italy. In Spain, the use of NRP in ¢DCD has
risen exponentially since 2012 (Fig. 1A). In 2018, 189 ¢DCD liv-
ers were transplanted: 151 with NRP and 38 with SRR. NRP was
applied in >200 ¢DCD donors at 62 hospitals, in a third of cases
at non-transplant hospitals by local teams (Fig. 1B). The applica-
tion of NRP is widely disseminated here and has allowed for
implementation of cDCD at all levels. Given excellent post-
transplant results,” it seems improbable if not unethical that
centers currently using NRP would abandon it and risk
increased biliary complications and graft loss pending a level
1 clinical trial.

While NRP increases upfront costs associated with ¢DCD
transplantation compared with SRR, it may be used by both
transplant and perfusion experts and less experienced profes-
sionals to treat and potentially assess the quality of multiple
organs, not just the liver. At a time when healthcare systems
are concerned with achieving the greatest benefit at the lowest
cost, NRP appears to be the DCD perfusion strategy that best
meets this need.
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Fig. 1. Liver transplant approaches in Spain. (A) Year-to-year evolution of cDCD liver transplant activity in Spain, divided according to organ recovery
method: NRP, super rapid cold perfusion and SRR. (B) In the past 2 years, NRP has become the recovery method of choice in cDCD liver transplantation in Spain.
In 2018, it was applied 217 times at 62 different hospitals. In the majority of these cases (62%), NRP was performed at non-liver transplant centers using either
in-hospital or transported equipment. Source: Organizacién Nacional de Trasplantes (www.ont.es). cDCD, controlled donation after circulatory death; NRP,

normothermic regional perfusion; SRR, super rapid recovery.
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