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INTRODUCCION






1. LESION RENAL AGUDA

La lesion renal aguda (LRA) es un sindrome clinico caracterizado por la pérdida de la
funcion renal debida a una disminucion brusca del filtrado glomerular (FG) en un corto
plazo de tiempo (horas, dias). Puede ser secundaria a multiples etiologias y su
expresién comun es el aumento sérico de los productos nitrogenados acompafado o

no de disminucion de volumen de diuresis [1].

La incidencia de LRA en pacientes hospitalizados es de aproximadamente el 15% y
de mas del 50% en pacientes criticos, y se asocia a un aumento de morbimortalidad
[2-3].

1.1 Clasificacion de LRA

La primera clasificacién de consenso se publicé en 2004 [4]. La Acute Dialysis Quality
Initiative (ADQI) group publicé la clasificacion RIFLE, que incluia tres estadios de
LRA en funcion de los niveles de creatinina sérica (sCr), filtrado glomerular (FG y
volumen de diuresis. Se defini6 LRA como un incremento de sCr =2 50% a lo largo de
7 dias, descenso de FG > 25% o descenso del volumen de diuresis > 25 ml/kg/h
durante =6h. Esta definicion nos lleva a dos problemas, pues el tiempo requerido para
tener un aumento del 50% de sCr es directamente proporcional a la creatinina basal,
y el FG en si no es un buen indicador de funcién renal durante la LRA. El estadio
inicial de LRA se definio como “Risk”, que podia progresar a estadios mas avanzados:
el estadio 2 (injury) se defini6 como incremento de sCr =2 veces el valor basal,
descenso del FG>50% o volumen urinario <0.5ml/kg durante = 12 h; el estadio 3
(failure) se defini6 como incremento de la sCr = 3 veces el valor basal, descenso de
>75% del FG, sCr= 354 uymol/L (>4 mg/dL) con un incremento agudo de al menos
44pumol/L (> 0.5 mg/dl) , o un descenso del volumen de diuresis <0.3ml/kg/h = 24h o
anuria = 12h. La clasificacion también incluia dos estadios a largo plazo: lesién renal
persistente >4 semanas (loss) y la completa pérdida de funcién renal >3 meses

(enfermedad renal cronica terminal [ERCT]).



En el afio 2007, el grupo Acute Kidney Injury Network (AKIN) propuso una nueva
clasificacion que también incluia 3 estadios de LRA pero con algunos cambios [5]: se
incluy6 un incremento absoluto de sCr de al menos 26.4 ymol/L (0.3 mg/dL) con 48h
de diferencia en el estadio 1; los pacientes que requerian TRS se clasificaron como
estadio 3 independientemente de la sCr; y los cambios de FG y los estadios a largo
plazo se eliminaron. El diagndstico de LRA con esta nueva clasificacion se basaba en
el cambio entre dos valores de creatinina en un periodo de 48h en comparacién en la
semana requerida por los criterios RIFLE, pero la severidad de la LRA de la
clasificacion AKIN si requeria este periodo de una semana, basdndose en cambios

de sCr respeto los basales.

En el afio 2012, se crearon los criterios Kidney Disease Improving Global Outcomes
(KDIGO), los cuales incorporaron en el estadio 1, el incremento de 26.5 ymol/L (0.3
mg/dl) de creatinina en un periodo de 48h de la clasificacién AKIN pero también el
incremento de sCr 1.5-1.9 veces dentro de una semana, junto con el volumen de
diuresis <0.5 mL/kg/h durante 6 horas [6]. TABLA 1.
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Tabla 1. Criterios RIFLE, AKIN y KDIGO para la clasificacion de la LRA.

Criterio bioquimico

(creatinina sérica)

Criterio volumen de

diuresis

RIFLE (2004)

RISK

Incremento sCr = 1.5 x el
valor basal o descenso de
FG >25% en menos de 7

dias

<0.5 mL/kg/h por = 6

horas

INJURY

Incremento sCr = 2 x el
valor basal o descenso de
FG >50% en menos de 7

dias

<0.5 mL/kg/h por = 12
horas

FAILURE

Incremento sCr = 3 x el
valor basal o =2 354
pmol/L (4 mg/dL) con
incremento agudo de
almenos 44 pmol/L (0.5
mg/dL) o descenso de
FG >75% en menos de 7

dias

<0.3 mL/kg/h por = 24
horas o anuria = 12

horas

LOSS

Lesion renal persistente

>4 semanas

ESKD

Pérdida completa de
funcién renal por >3

meses

AKIN (2007)

Estadio 1

Incremento de sCr = 26.4
umol/L (0.3 mg/dL) o =
1.5 x el valor basal en 48

horas

<0.5 mL/kg/h por = 6

horas
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Estadio 2

Incremento de sCr=2 x el
valor basal en menos de
7 dias

<0.5 mL/kg/h por =
horas

12

Estadio 3

Incremento sCr = 3 x el
valor basal o = 354
pmol/L (4 mg/dL) con
incremento agudo de al
menos 44 pupmol/L (0.5
mg/dL) o inicio de terapia
renal  sustitutiva  en

menos de 7 dias

<0.3 mL/kg/h por =
horas o anuria =2

horas

24
12

KDIGO (2012)

Estadio 1

Incremento de sCr = 26.4
pumol/L (0.3 mg/dL) en
48h o =2 1.5 x el valor

basal en menos de 7 dias

<0.5 mL/kg/h por =

horas

6

Estadio 2

Incremento de sCr=2 x el
valor basal en menos de
7 dias

<0.5 mL/kg/h por =

horas

12

Estadio 3

Incremento sCr =2 3 x el
valor basal o = 354
pmol/L (4 mg/dL) en
menos de 7 dias o inicio
de terapia renal

sustitutiva

<0.3 mL/kg/h por =
horas o anuria =2

horas

24
12

*Tabla original

sCr: creatinina sérica; ESKD: enfermedad renal crénica terminal
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1.2 Controversias del uso de creatinina como biomarcador de LRA

Las clasificaciones de LRA utilizan la Cr como marcador, pero éste es controvertido
puesto que los cambios de creatinina reflejan cambios en el aclaramiento de ésta y
se corresponde con la funcién renal solamente en estados de estabilidad, pero no con
cambios abruptos de filtrado glomerular (se estima un tiempo aproximado de 48h en
alcanzar el equilibrio después de la reduccion del filtrado glomerular). Por otro lado,
los valores de creatinina pueden verse afectados por la masa muscular y dieta.

Se ha propuesto cistatina C como una mejor alternativa para la estimacion del filtrado
glomerular, al no verse afectada por dieta y masa muscular, pero requiere también de

un estado de estabilidad para reflejar el filtrado glomerular [7,8].

Dado que la elevacion de creatinina y cistatina C ocurren después de la caida del
filtrado glomerular, y que son marcadores de funcion renal, se estan intentando
incorporar biomarcadores que permitan detectar el dafio estructural del rifién, que
ocurre con antelacion a la elevacidn de creatinina y/o marcadores de aquel dafio que
va a persistir en el tiempo. Recientemente se ha propuesto una re-clasificacion de la
LRA [9] basada en biomarcadores funcionales (creatinina, cistatina C y diuresis) en
conjunto con nuevos biomarcadores de estrés tisular (tissue inhibitor of
metalloproteinases 2 (TIMP-2) e insulin-like growth factor binding protein 7 (IGFBP7)-
Nephrocheck ®) y dafio tisular (neutrophil gelatinase—associated lipocalin [NGAL],
Kidney Injury Molecule-1 [KIM1] etc), el estudio especifico de los cuales escapa del

proposito de la presente tesis.

La propuesta de re-clasificacibn menciona un estadio 1S, que identifica un estadio
precoz donde tenemos elevaciéon de biomarcadores de lesion tisular pero no elevacion
de creatinina ni disminucién de diuresis, asi como subestadios de lesion renal en

funcién de la elevacion o no de biomarcadores. TABLA 2.
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Tabla 2. Propuesta de nueva clasificacion de la LRA

Criterio funcional Estadio Biomarcador de estrés o

dano

Sin cambios en creatinina | 1S Positivo

ni volumen urinario

Incremento de sCr =2 26.4 | 1A Negativo
pumol/L (0.3 mg/dL) en 48h _

1B Positivo
0 = 1.5 x el valor basal
Incremento de sCr=2 x el | 2A Negativo
valor basal _

2B Positivo
Incremento sCr =2 3 x el | 3A Negativo
valor basal 0 = 354 umol/L _

3B Positivo

(4 mg/dL) con incremento
agudo de almenos 44
pmol/L (0.5 mg/dL) o

inicio de terapia renal

*Adaptacién de Ostermann M, Zarbock A, Goldstein S, et al. Recommendations on Acute Kidney Injury Biomarkers
From the Acute Disease Quality Initiative Consensus Conference: A Consensus Statement. JAMA Netw
Open. 2020;3(10):e2019209

sCr: creatinina sérica

1.3 Fenotipos de LRA

Los subfenotipos de LRA dependen de los mecanismos fisiopatolégicos de ésta.
Clasicamente se ha clasificado la LRA en pre-renal, renal y post-renal en alusién a un
mecanismo funcional, intrinseco u obstructivo. En el décimo encuentro de la ADQI en
2012 se recomend6 abandonar estos términos para ser sustituidos por “funcional”,
“dafio renal” o combinacién de ambos. El término funcional englobaria cambios que
impliquen baja perfusién (hipovolemia, congestion, sindrome hepatorrenal etc) y con

dafio renal se englobaria una lesion establecida. De nuevo, se sugiere el uso de
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biomarcadores para ayudar a una clasificacion mas precisa de la LRA [10]. Sin
embargo, tanto éste como otros biomarcadores similares, cuya descripcion queda
fuera del propésito de esta tesis, pueden no ser especificos de la enfermedad renal
y, en consecuencia, deben someterse a interpretacién en funcién del estado clinico
[11].

2. LESION RENAL AGUDA ASOCIADA A CIRUGIA CARDIACA

2.1 Definicidn y epidemiologia

La incidencia de lesion renal aguda post-cirugia cardiaca (LRA-CC) es de hasta un
30% y entre un 2-5% de los pacientes requieren terapia renal sustitutiva (TRS) durante
el episodio. La LRA en este contexto confiere a los pacientes hasta 5 veces mayor
riesgo de mortalidad durante el ingreso y cuando esta se asocia a TRS, la mortalidad
puede llegar a ser del 50% [12]. Su clara influencia en el pronéstico de estos pacientes

hace que su reconocimiento sea de vital importancia.

Uno de los mayores problemas en el estudio de la LRA es que a lo largo de los afios
ha habido diversas definiciones, haciendo dificil comparar los resultados de los
estudios realizados en este campo. Estudios recientes compararon las tres
definiciones de LRA mencionadas en el apartado anterior en el escenario de LRA-CC
y concluyeron que la clasificacion RIFLE era la mejor a la hora de predecir mortalidad
a corto plazo, seguida de la definicibn de LRA persistente (incremento de sCr >0.3
mg/dl en <48h que persiste a las 72h) [13]. En este sentido, otros estudios han
observado que la LRA de mayor duracién se correlaciona con un peor prondstico [14].
A pesar de ello, los criterios 6ptimos para definir LRA-CC aun estan en debate. A
pesar de que la LRA con necesidad de TRS es el escenario con peor pronéstico,
también la LRA estadio 1, la forma mas frecuente de LRA, ha demostrado

correlacionarse de forma independiente con mortalidad por todas las causas [15].

Es importante también considerar las limitaciones de la sCr, necesaria para la

definicion de LRA, en este escenario particular.  Por un lado, el valor de sCr se ve
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afectado por la dilucién posterior al bypass cardiopulmonar, lo cual conlleva una
potencial infraestimacion de la creatinina basal. Por otro lado, la produccion de
creatinina depende de la masa muscular y actividad fisica, la cual se ve reducida en
los pacientes en unidades de UCI [16]. En lo que respecta al volumen de diuresis
después de cirugia cardiaca, se ve afectado frecuentemente por el uso de manitol en
la solucion de cebado del bypass cardiopulmonar. Ademas, el uso de diuréticos en el
post-operatorio puede demorar el diagndstico puesto que su uso no se incluye en
ninguna de las tres definiciones de LRA [17]. Por estos dos motivos, la mayor parte

de estudios que valoran LRA-CC han excluido este criterio para su diagnostico.

La importancia de LRA-CC no solo se limita a prondstico a corto plazo sino también a
un mayor riesgo de desarrollar enfermedad renal crénica (ERC). En el afio 2018,
Legouis D et al desarrolla un score para predecir la ERC de novo un afio después de
una cirugia cardiaca, basado en edad, filtrado glomerular pre-operatorio, tipo de
cirugia, tiempo de clampaje y presencia o no de LRA y grado de ésta. Con mas de 3
puntos, el riesgo de ERC al afio era de >50%, definiendo ERC como al menos dos
valores de FG estimado (FG e) <60 ml/min separados por un intervalo de 90 dias de
acuerdo con las guias KDIGO y medido durante los primeros 12 meses después del

procedimiento [18].

2.2. Fisiopatologia

A pesar de que existen factores de riesgo preoperatorios para la LRA-CC que se
trataran en el proximo apartado, el bypass cardiopulmonar (BCP) durante la cirugia

cardiaca confiere por si solo el mayor contribuyente a la LRA-CC.

La fisiopatologia del dafio renal asociado al BCP es multifactorial y aun poco
conocida. Hay cuatro grandes factores a considerar: 1) EI mismatch aporte/consumo
de oxigeno; 2) Activacién de respuesta inflamatoria sistémica 3) Hemolisis y 4)
Microémbolos. FIGURA 1.
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2.2.1 Mismatch aporte/consumo de oxigeno

La oxigenacién de los 6rganos viene determinada por un equilibrio entre aporte de
oxigeno (DO2) y consumo de oxigeno (VO2). Uno de los principales mecanismos para
asegurar el balance entre DOz y VO2 es aumentando la extraccion de oxigeno (EOx).
Cuando el VO2 no puede mantenerse, la oxigenacion tisular se ve comprometida y se
inicia el metabolismo anaerdbico para mantener la produccion de energia. El nadir de

DO:2 sobre el que se inicia el metabolismo anaerdbico es diferente para cada 6rgano.

Aligual que en otros 6rganos, el gasto cardiaco (GC) y el contenido arterial de oxigeno
(Ca02) son los dos principales determinantes del DOz renal (RDO2). En el rifidn, la
médula es el area de mayor riesgo de disbalance RDO2/RVO:. Este alto riesgo es
causado por tres aspectos: en primer lugar, la distribucién de flujo renal no es
homogénea entre cortex y médula, yendo la mayor parte del flujo al primero, para
priorizar el filtrado glomerular. En segundo lugar, la médula es el area de mayor VO:
(principalmente por la reabsorcion tubular de sodio) a pesar de recibir menor flujo
sanguineo. El tercer aspecto es que la reabsorcion tubular de sodio y por tanto el VO2
de la médula dependen del FG vy la filtracion de sodio en el cortex. Asi, aumentos de
FG y filtracién de sodio en el cértex condicionan un mayor consumo de oxigeno en la
médula. Dado que la médula renal sufre de un bajo flujo sanguineo y aporte de
oxigeno mientras consume grandes cantidades de este, esto le confiere un estado de
constante riesgo de isquemia. EI BCP puede agravar esta condicion al afectar al flujo,

presion arterial media (PAM) y el contenido arterial de oxigeno [19].

El GC vy las resistencias vasculares periféricas determinan la PAM. Por un lado, el
flujo de bomba reemplaza el GC durante el BCP y por lo tanto, un aumento del flujo
de bomba condiciona un aumento de PAM. Este aumento de PAM puede contribuir
a mejorar la relacion RDO2/RVO: durante el BCP. Sin embargo, el aumento de PAM
mediante vasoconstrictores o el aumento de flujo de bomba, como se explicara en
apartados posteriores, son controvertidos como medidas de prevencion de LRA-CC
[20,21].

En cuanto a la CaOz, las condiciones que la afectan pueden inducir cambios en la

RDO:2. Principalmente un hematocrito bajo secundario a hemodiluciéon durante el BCP
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incrementa el riesgo de LRA-CC [22]. A pesar de esto, como se explicara en
apartados posteriores, no hay evidencia de que la transfusion de globulos rojos sea

efectiva en su prevencion [23].

2.2.2 Respuesta inflamatoria sistémica

El BCP induce un sindrome de respuesta inflamatoria sistémica (SRIS), el cual
conduce a un dafio endotelial, disrupcién de la microcirculacion y disfuncion organica
incluyendo LRA [24]. EI SRIS implica una activacion del sistema inmunitario y
reaccion inflamatoria masiva provocada por una liberacion sistémica de citocinas con
activacion del sistema de complemento. Se cree que los mecanismos del SRIS
asociada al BCP son: 1) El contacto de los componentes sanguineos con el material
del circuito de BCP lo que activa el sistema de complemento; 2) el dafio de isquemia
reperfusion generado por el clampaje aodrtico; 3) la endotoxinemia [25]. En cuanto a
la endotoxinemia, se ha demostrado la presencia de endotoxina (o lipopolisacarido)
en la sangre en pacientes con BCP y se cree que esto es debido ademas a
traslocacion bacteriana debido a vasoconstriccion, hipoperfusion e isquemia
esplacnica, aunque no se ha correlacionado el grado de endotoxinemia con peor

prondstico [26-28].

Cuando el SRIS es desproporcionado y no contrabalanceado, el resultado final es
trombosis microvascular, disrupcion endotelial, disfuncién mitocondrial, apoptosis y

finalmente fallo organico [29].

2.2.3 Hemolisis

Los mecanismos que inducen a hemdlisis en el BCP incluyen el contacto sangre-
circuito, contacto sangre-aire, la presion de succion negativa y tensioén de corte. Los
glébulos rojos dafados liberan hemoglobina libre (fHb) al plasma, la cual
desencadena un estado proinflamatorio y estrés oxidativo. Se han asociado mayores
niveles de fHb después de cirugia cardiaca a mayor incidencia de LRA-CC [30,31].
Los mecanismos de dafio tubular renal asociado a fHb son en primer lugar, el depdsito
directo de fHb que obstruye los tubulos renales y en segundo lugar, la ruptura de fHb

en productos que desencadenan estrés oxidativo y respuesta inflamatoria. Por otro
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lado, la liberacién de hierro por la fHb producto de la hemdlisis y mioglobina producto
de la rabdomiolisis también juega un papel en la LRA-CC. La liberacion aguda de
hierro satura la transferrina y conduce a niveles anormales de hierro libre en plasma
gue genera especies reactivas de oxigeno (ROS), dafian las membranas celulares y

contribuye al dafio renal [32-33].

2.2.4 Microémbolos

La liberacion de microémbolos lipidicos (MEL) en pacientes sometidos a BCP causan
un dafio directo mecanico e indirecto mediante citotoxicidad de los lipidos y acidos
grasos que forman los MEL [34]. Se han descrito también microémbolos de fibrina,

agregados plaquetarios, celulares y de aire [35].

Figura 1 Fisiopatologia de la LRA asociada a cirugia cardiaca.
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radicales libres de oxigeno; NO, 6xido nitrico; fHb, hemoglobina libre.
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2.3 Escalas de riesgo

Identificar a los pacientes con mayor riesgo de LRA-CC en el preoperatorio es de vital
importancia tanto en la clinica como en el campo de la investigacion, para asi extremar
las precauciones y también detectar a aquellos que podrian beneficiarse de estudios

de intervencion.

Se han desarrollado diversos scores predictivos basados en factores de riesgo
preoperatorios, siendo el Cleveland Clinic Score (CCS) el mas ampliamente extendido
y validado, no sélo para predecir riesgo de requerir TRS sino también LRA severa.
Esta escala se cre0 en el afio 2012 pero mas recientemente se ha afiadido a las
variables del modelo el hematocrito nadir intraoperatorio para mejorar el area bajo la
curva de la escala, especialmente en aquellos pacientes sin enfermedad renal crénica
previa. El score original contiene como variables: sexo, presencia de insuficiencia
cardiaca, fraccion de eyeccion reducida, uso preoperatorio de baléon de
contrapulsacion, enfermedad pulmonar obstructiva cronica, cirugia cardiaca previa,

cirugia emergente, tipo de cirugia y creatinina preoperatoria [37].

Otro score predictivo de amplio uso en la cirugia cardiaca es el European System for
Cardiac Operative Risk Evaluation Il (EuroSCORE IlI), modelo que predice mortalidad
tras cirugia cardiaca, actualizado en 2012 desde el primer EuroSCORE publicado en
1999 [38]. Aunque no es su objetivo, se ha observado asociacion entre el
EuroSCORE y la LRA-CC pero al igual que el CCS, la prediccion se relaciona

fundamentalmente en la LRA grave.

Posteriormente, Birnie K et al crearon en 2014 un score especifico de LRA-CC de
cualquier grado (Leicester Score), con mejor discriminacién que CCS [39]. Dicho
score incluye: edad, sexo, indice de masa corporal (IMC), habito tabaquico, disnea,
diabetes, enfermedad vascular periférica, hipertensiéon, hemoglobina preoperatoria,
filtrado glomerular preoperatorio, tiempo desde cateterismo cardiaco hasta cirugia,
enfermedad de tres vasos, fraccion de eyeccion, urgencia quirurgica y tipo de cirugia.
TABLA 3. En el afio 2020, Grieshaber P et al realizaron un estudio en que se

estratificaban pacientes por CCS y Leicester score (LS) y en aquellos con alto riesgo,
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se evaluaba TIMP-2- IGFBP-7 en orina (nephrocheck®) a las 4h de la cirugia. En este

estudio, nephrocheck® no afiadié valor a los datos clinicos [40].

Tabla 3. Variables incluidas en el EuroSCOREII, Cleveland Clinic Score y Leicester

Score.
EuroSCORE I Cleveland Clinic Score Leicester Score
Edad Edad
Género Género
Funcién renal pre- | Funcion renal | Funcion renal
operatoria (férmula | preoperatoria (creatinina, | preoperatoria (férmula
Cockroft-Gault, ml/min): | mg/dL): <1.2, 1.2-2.1, | Cockroft-Gault, ml/min):
>85, 50-85, >2.1 >90-60-89, 30-59, <30
Mobilidad reducida
Enfermedad Pulmonar | Enfermedad pulmonar
Cronica obstructiva crénica que

requiere tratamiento

Cirugia cardiaca previa

Cirugia cardiaca previa

Endocarditis activa

Estado preoperatorio

critico

de

contrapulsacion

Uso balén de

intraadrtico preoperatorio

Diabetes mellitus con uso

de insulina

Diabetes mellitus con uso

de insulina

Diabetes mellitus

NYHA clase (I-1V) /angina

clase IV

Insuficiencia cardiaca

NYHA clase (I-1V)

Funcién ventricular
izquierda (%): >50, 31-50,

21-30, <21

Funcién ventricular

izquierda <35%

Funcién ventricular
izquierda (%) 50, 40-49,

<40

Infarto agudo de
miocardio reciente (<90
dias)
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Hipertension  pulmonar:
presion arterial sistolica

31-55 mmHg, >55 mmHg

Urgencia quirurgica:

(electiva, urgente,

emergente, desesperada)

Cirugia emergente

Urgencia quirargica
(electiva, urgente,
emergente)

Tipo de procedimiento
(bypass, no-bypass, 2
procedimientos, 3

procedimientos)

Tipo de procedimiento
(bypass, valvular, valvular

+ bypass, otro)

Tipo de procedimiento:
bypass, valvula aislada,
valbula + bypass,

otro/multiple

Intervencién sobre aorta

toracica

indice de masa corporal
(kg/m?): <20, 20-24, 25-
29, 30-34, >34

Héabito tabaquico: no

fumador, exfumador,

fumador

Hipertensién

Enfermedad vascular

periférica

Hemoglobina
preoperatoria (g/dL) (<10,
10-11.9, 2 12)

Enfermedad coronaria de

tres vasos
Tiempo desde
cateterismo hasta la
cirugia

*Tabla original
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Recientemente se han desarrollado scores que combinan variables clinicas y
biomarcadores. En el afio 2019 McBride WT et al publicaron un score de riesgo que
incluia variables pre-quirargicas (edad, IMC y diabetes), intraoperatorias (tiempo de
clampaje, tiempo de BCP, necesidad de balon de contrapulsacion, necesidad de
transfusion y re-esternotomia) asi como biomarcadores que se median pre-cirugia y
durante las primeras 24h. En el pre-operatorio, el biomarcador tumor necrosis factor
receptor -1 (STNFR1) tuvo el mayor valor predictivo en cuanto a riesgo de LRA-CC y
en el post-operatorio, la mayor capacidad predictiva la obtuvo una combinacion de
Heart-type fatty acid binding protein (H-FABP), midkine y soluble tumour necrosis
factor receptor -2 (sSTNFR2). La combinacién de biomarcadores con factores de riesgo
clinicos pre-operatorios y intraoperatorios mejoro el area bajo la curva por lo que los
autores consideran que esta deberia ser la direccién de los nuevos scores que se

desarrollen [41].

2.4. Estrateqgias de prevencion intraoperatorias

El BCP es considerado uno de los factores claves en la LRA-CC. FIGURA 2. Aun asi,
no se ha demostrado que la realizacion de la cirugia cardiaca sin BCP reduzca el
riesgo de LRA-CC [42]. El principal problema cuando se trata de buscar estrategias
de prevencion de la LRA-CC es que la fisiopatologia es compleja y multifactorial. A
continuacion, se describirdn las estrategias de prevencién intraoperatorias mas

estudiadas.
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Figura 2. Factores de riesgo de LRA asociada a cirugia cardiaca.
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2.4.1 Modificaciones del circuito de BCP

La evidencia que soporta los supuestos beneficios de cambiar los sistemas de
perfusion en el BCP de continuos a pulsatiles es controvertida. Un sistema de
perfusion pulsatil parece ser mas fisiolégico ya que imita el flujo sanguineo normal
producido por el corazon. Este flujo condiciona un aumento del estrés endotelial,
liberacion de moléculas vasodilatadoras y descenso de la resistencia vascular
sistémica con una tedrica mejoria de la perfusion organica. Sin embargo, debido a la
falta de uniformidad en los sistemas de perfusién pulsatil, los resultados en cuanto a
descenso de LRA-CC no son claros [33].

También hay una ventaja tedrica a favor del uso de bombas centrifugas en contra de

bombas de rodillo puesto que se considera que hay menor hemdlisis, formacion de
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trombina y activacion plaquetaria con las primeras. A pesar de que las bombas
centrifugas son las recomendadas para cirugias largas, no se han demostrado

beneficios clinicos de su uso [43].

2.4.2 Relacién aporte/consumo de oxigeno y presion de perfusion

En los dltimos afios se ha propuesto el seguimiento de la medicion de la relacion entre
el DOz y VO:2 durante la circulacién extracorpérea. Teniendo en cuenta que la formula
de la DO2 es DO2=CO x CaO, los parametros modificables para mantener la DO2 por
encima de un valor critico serian el flujo de bomba y el contenido de oxigeno. Los
valores de DO: criticos para prevenir un disbalance DO2/VO2 no son claros, con
valores propuestos oscilantes entre 260 ml/min/m? y 300 ml/min/m? siendo también

importante el tiempo en que la DOz se encuentra por debajo del valor critico [44,45].

En cuanto a la anemia como factor de riesgo de LRA, se ha evidenciado que tanto la
anemia pre-quirurgica como la transfusion durante la cirugia aumentan su incidencia
[46]. Sin embargo, no hay diferencias en la incidencia de LRA-CC cuando se
comparan estrategias de transfusion liberales frente a restrictivas [37]. La estrategia
actual se basa en prevenir niveles bajos de hemoglobina durante el BCP en lugar de
transfundir para lograr una hemoglobina nadir especifica. Para ello, se aplica una
optimizacién de la hemoglobina preoperatoria y la autotransfusion con recuperador
celular como estrategia para evitar niveles bajos de hemoglobina y a la vez la
necesidad de transfusion sanguinea. Como se ha mencionado anteriormente, la
definicion de un valor nadir especifico de hematocrito sigue siendo controvertida y las

directrices recientes proponen adaptar el valor de hematocrito a la DO2 [47].

El déficit de presion de perfusion intraoperatorio también contribuye a la LRA-CC. La
presion de perfusion media (PPM) se define como la diferencia entre PAM y presion
venosa central (PVC). Dado que la PVC durante el BCP se considera cercana a 0
mmHg, la PPM durante la cirugia seria similar a la PAM. Histéricamente, la PAM
durante la cirugia con circulacién extracorpérea se mantiene entre 50 y 70 mmHg
debido al riesgo de complicaciones hemorragicas con niveles superiores. Estudios
recientes han demostrado que mantener la PAM entre 80-100 mmHg no se asocia a

mayores complicaciones cerebrales/cardiacas [48]. Por el contrario, respecto a la
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funcion renal, se ha demostrado que una PAM <60 mmHg durante la cirugia cardiaca

se asocia a una mayor incidencia de LRA [49].

Por dltimo, una estrategia para reducir el consumo renal de oxigeno es la induccién
de hipotermia. Sin embargo, el periodo de recalentamiento puede tener efectos
deletéreos. Se recomienda evitar una diferencia de temperatura mayor a 3° entre la
linea arterial y venosa, con un calentamiento no superior a 1°C cada 5 minutos.
[50,51].

2.4.3 Respuesta inflamatoria sistémica y hemolisis

Se ha propuesto la administracién de 6xido nitrico (NO) o quelantes de hierro para
reducir la respuesta inflamatoria sistémica. Hu J et al realizaron en 2019 una revision
sistematica y metaanalisis concluyendo que el NO reduce el riesgo relativo de LRA-
CC [52]. La hemdlisis provocada por el BCP conduce a una deplecion de NO
conduciendo a un aumento de la resistencia vascular renal. La administracion de NO
gaseoso, al inicio del BCP podria prevenir la LRA al reponer el almacenamiento
intrinseco de NO y la produccién de metabolitos de NO que protegen frente a la lesion

por isquemia-reperfusion.

Por otro lado, la liberacion de hierro libre esta implicada en el estrés oxidativo durante
la lesion por isquemia-reperfusién y, por lo tanto, est4 estrechamente relacionada con
la LRA-CC. La deferoxamina y otros quelantes del hierro se han propuesto como
posibles opciones terapéuticas para su prevencion. Sin embargo, la mayoria de las

pruebas actuales se basan en estudios no randomizados [32].

Se ha probado también el uso membranas de hemodidlisis con capacidad adsortiva
como OXIRIS® durante el BCP para reducir los niveles plasmaticos de citoquinas con
el objetivo de reducir la lesion renal aguda (NCT02518087) sin resultados por el
momento, asi como estudios con el inhibidor del factor C5 ravulizumab, pendiente
tambien de resultados [53]. Algunos estudios recientes sugieren una reduccion de
LRA-CC con el uso del alfa-2-agonista dexmedetomidina intraoperatoria, con una

reduccion de la inflamacion asociada al BCP [54,55].
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Por ultimo, se ha postulado el precondicionamiento isquémico remoto, que consiste
en ciclos repetidos de isquemia de corta duracion en las extremidades, con el fin de
producir una liberacién controlada de DAMPs (Damage-associated molecular
patterns). Se postula que la exposicion breve de las células tubulares renales a los
DAMPs puede inducir cambios celulares adaptativos para mitigar el efecto renal de la

lesion por isquemia-reperfusion [56].

2.5 Estrategias de prevencién postoperatorias

Las medidas que proponen las KDIGO de 2012 para la prevencion de la LRA incluyen
la monitorizacion estrecha de creatinina y diuresis, optimizacion de los parametros
hemodindmicos y volemia para la que recomienda considerar la monitorizacion
dinamica o funcional en base a algoritmos, control de la hiperglicemia y suspension
de tratamientos a base de inhibidores del sistema renina-angiotensina / antagonistas
del receptor de angiotensina Il (IECA, ARA2) y nefrotdxicos [6]. Un estudio publicado
por Meersch M et alen 2017 (PrevAKI) demostro que la aplicacion de estas medidas
en pacientes post-operados de cirugia cardiaca con riesgo de LRA reducia de forma
significativa la aparicion de éste [57]. En el ensayo, los pacientes con riesgo de LRA
se seleccionaron mediante la determinacion de biomarcadores TIMP2-IGFBP7
(nephrocheck®), demostrando que es posible modificar el curso de la LRA-CC si se
interviene de forma precoz en pacientes con riesgo mediante las medidas

recomendadas por las KDIGO.

En los ultimos afios, se ha estudiado la congestidon renal como factor que contribuye
al desarrollo de la LRA [58], ya que se ha demostrado la importancia de los dos
componentes que intervienen en la presion media de perfusion renal (PAM-PVC).
FIGURA 3. Estudios retrospectivos en pacientes postcirugia cardiaca y en pacientes
sépticos avalan que un déficit de PPM respecto a la presion de perfusién basal se
asocia a una mayor incidencia de LRA [59-61] pero existen importantes limitaciones
dado el caracter retrospectivo de estos estudios. Una de las principales limitaciones
en los estudios es la estimacién o la medicion de la PVC. En el post-operatorio de
cirugia cardiaca, se ha tomado el ecocardiograma basal para su estimaciéon mediante
la medicion del diametro y colapsabilidad de la vena cava inferior. Dado que el

examen ecocardiografico no se realizaba justo antes de la cirugia, la PVC estimada
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podria haber cambiado en el periodo de lista de espera. En pacientes sépticos, donde
los pardmetros basales son dificiles de estimar, se ha asumido una PVC de 6 mmHg
en pacientes con historia de enfermedad cardiovascular y de 2 mmHg en los que no,
asi como una presion arterial basal de 130/85 cuando no existen valores basales.

Figura 3. llustracion de las variables que componen la presion de perfusion

Presidn arterial media Presion de perfusion Presion venosa central
Circulacién Graatio Circulacién
arterial venosa

Presion de perfusion = Presion arterial media - presién venosa central

*Figura original

Podemos concluir que la fisiopatologia de la LRA-CC es multifactorial y compleja, lo
gue hace dificil implementar estrategias de proteccion. Para ello, sera importante la
correcta identificacion de pacientes con elevado riesgo para la realizacion de estudios

randomizados dirigidos a esta poblacion.
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Tabla 4. Resumen de principales estrategias de prevenciéon de LRA-CC

Escalas de riesgo para

identificacion

preoperatoria

Estrategias

intraoperatorias

Estrategias

postoperatorias

aporte/consumo de oxigeno:
**Prevenir anemia

**Seguimiento de la
medicién del ratio DO, VO3

Cleveland Clinic Score Modificaciones del circuito | Guias KDIGO 2012
de BCP:
*»*Sistema de  perfusion
pulsatil
*Bomba centrifuga
EuroSCORE I Minimizar mismatch | Evitar déficit de presion de

perfusion media

**Administracion de 6xido
nitrico o quelantes de hierro

*Membranas adsortivas

**Inhibidores fase terminal
de complemento

**Dexmetomidina

**Precondicionamiento
isquémico

**Mantener PAM  >60
mmHg
**Hipotermia
Leicester Score Reducir respuesta | Individualizar estrategias en
inflamatoria  sistémica vy | funcion de biomarcadores
hemdlisis: en el post-operatorio
inmediato

*Tabla original

BCP: bypass cardiopulmonar; PAM: presion arterial media; DO./VO,: aporte/consumo de oxigeno
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2.6 Cirugia cardiaca como modelo cuasi experimental de lesidn renal aguda

El dafo renal producido durante una cirugia cardiaca es un excelente modelo para
valorar intervenciones predictivas y desarrollo de biomarcadores, pues se trata de un
dafio que inicia en un momento conocido, es limitado en el tiempo y su incidencia es

elevada.

Un ejemplo de ello lo tenemos en estudios como el llevado a cabo por Arthur JM et al
en 2014, donde se examin6 un panel de biomarcadores renales, incluyendo KIM-1,
NGAL, L-FABP vy la interleukina-18 para predecir la progresion de la LRA-CC. I1L18
resulté ser el mejor predictor de progresion de LRA [62]. Este modelo también ha
servido para valorar otros marcadores como el DNA mitocondrial urinario. Dado que
la reparacion del epitelio tubular tiene alta demanda energética, la mitocondria juega
un papel crucial en la recuperaciéon renal y se ha postulado como un marcador de
progresion de LRA. Se ha evidenciado que niveles de DNA mitocondrial urinario en
pacientes post-operados de cirugia cardiaca se asociaron a progresion de la LRA
[63].

En cuanto a estudios de intervencion el anteriormente mencionado PrevAKI trial ha
sido un ejemplo de intervencion en LRA usando el modelo de cirugia cardiaca [57],
destacando por haber demostrado reducir su incidencia. Otros estudios de
intervencién no han sido exitosos, siendo un ejemplo la administracién de altas dosis
de vitamina D en pacientes con valores previos insuficientes dado su potencial efecto

nefroprotector en modelos experimentales, sin resultados significativos [64].

30



3-TRANSICION DE LA LESION RENAL AGUDA A ENFERMEDAD RENAL
CRONICA

3.1 Fisiopatologia y concepto de transicién de lesidén renal aguda a enfermedad renal

cronica

Mediante modelos experimentales se ha evidenciado que, dependiendo de la
gravedad de la LRA, algunas células tubulares se pierden irreversiblemente y son
sustituidas por células progenitoras renales. Los tabulos que se regeneran tras una
LRA pueden no diferenciarse y mostrar una actividad paracrina pro-fibrética antes de
volverse atroficos, por lo que estos mecanismos de pérdida y reparacion
desadaptativa implican una fibrosis renal que conduce a ERC post-LRA y una
reduccion de la esperanza de vida renal [65-66]. Ademas, los datos clinicos sugieren
gue la LRA en cualquier estadio es un factor de riesgo independiente de ERC y ERCT
terminal [67]. Aunque la conexion entre la LRA y la ERC esta bien establecida, no fue
hasta 2017 cuando la ADQI llegd a un consenso Yy definio la enfermedad renal aguda
(ERA) como la enfermedad que se desarrolla en el periodo entre 7 y 90 dias tras la
LRA, lo que llevo al disefio de estudios centrados en intervenciones en este periodo,

con el objetivo de prevenir la ERC tras la LRA [65].

A pesar de la relaciéon entre la LRA y la ERC, la informacion sobre la LRA (incluso en
el caso de los pacientes con necesidad de TRS) no siempre se facilita en la
documentacion de alta hospitalaria, lo que dificulta que los médicos de atencion
primaria mejoren el seguimiento de la funcion renal. Esta cuestion fue revisada por
Choon XY et al en 2021 [68]. Entre los pacientes con LRA que recibieron TRS en
UCls del Reino Unido, el desarrollo de LRA y la necesidad de TRS se mencionaron
en el 85% y el 82% de los informes de alta de cuidados criticos, respectivamente, y
el seguimiento de la funcion renal tras el alta s6lo se recomendé en el 36,3% de los
resumenes de alta hospitalaria.

Pero no solo sera importante la comunicacion de episodios de LRA durante un ingreso

sino también la correcta descripcion y caracterizacion previo al alta hospitalaria.
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3.2 ldentificacidon de pacientes con riesgo de enfermedad renal crénica post-lesion

renal aguda

3.2.1 Valoracién de la funcién renal al alta hospitalaria

La funcion renal al alta hospitalaria medida mediante sCr no sirve para medir la
presencia de ERC puesto que el valor puede ser normal en presencia de reduccion
real de la tasa de filtraciébn glomerular, bien debido a la pérdida de masa muscular
durante el ingreso, a cambios de volumen de distribucion (dilucién) y/o a posible

hiperfiltracion de las nefronas remanentes.

Se propone el aclaramiento de creatinina en orina de 24h como medida mas precisa;
sin embargo, no existen datos de éste en pacientes ambulatorios con transicion de
ERA a ERC. Como otras desventajas, sobreestima el filtrado glomerular debido a la
secrecion tubular de creatinina, que representa el 10-20% de la excrecion de
creatinina cuando el filtrado glomerular es normal pero se encuentra aumentada
cuando se reduce el filtrado. Por dltimo, en fases de poliuria no es una medicion
aplicable [69].

Se propone una clasificacion de la ERA al alta (siempre que nos encontremos entre
dia +7 hasta +90 post-LRA) que nos puede servir mas adelante para definir el
seguimiento posterior [70]. Asi, se define ERA estadio 1 cuando tenemos valores de
creatinina 1.5 veces el valor basal, 2 cuando es dos veces el valor basal y 3 cuando
es tres veces el valor basal o el paciente esta en terapia renal sustitutiva. También
existe un estadio 0 definido a su vez por tres subestadios: C cuando el valor de
creatinina es menor a 1.5 veces el valor basal pero aun es mayor al basal, B cuando
existe evidencia de reduccion de reserva funcional renal o elevacion de
biomarcadores como albuminuria de novo y A cuando no hay evidencia de lesion
renal. TABLA 5.
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Tabla 5. estadios de Enfermedad Renal Aguda

Estadios Enfermedad Renal Aguda (7-90 dias)

0 (subaguda) A: no evidencia de dafio

B: pérdida de reserva funcional renal
0 aumento de biomarcadores de
dano

C: sCr > valor basal

1 sCr 1.5 x valor basal

2 sCr 2 x valor basal

3 sCr 3 x valor basal o permanecer en
TRS

*Adaptacion de “70-Chawla LS, et al; Acute Disease Quality Initiative Workgroup 16. Acute kidney disease and renal recovery:
consensus report of the Acute Disease Quality Initiative (ADQI) 16 Workgroup. Nat Rev Nephrol. 2017;13(4):241-257.

sCr: creatinina sérica; TRS: terapia renal sustitutiva

3.2.2 Biomarcadores

Los estudios de biomarcadores en el ambito de la LRA en el momento actual se
centran en la prediccion de funcién renal a corto plazo. Solamente el estudio Sapphire
tuvo como outcome secundario valorar si Nephrocheck® [TIMP-2]s[IGFBP7] mayor a
2 predecia la necesidad de dialisis o muerte a los 9 meses de la injuria renal en
aguellos pacientes que entraron en el estudio sin AKI 2 o0 3. Se observé que [TIMP-
2]-[IGFBP7] mayor a 2 es equivalente a una LRA que progresa incluso cuando esta

progresion no se observa a los 7 dias [71].

3.2.3 Scores prondsticos

Una manera de hacer visible y proporcionar un correcto seguimiento de aquellos
pacientes con LRA, es pasar scores pronosticos a los pacientes que han sufrido LRA
durante la hospitalizacion.
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En 2017 James MT et al utilizaron datos clinicos y de laboratorio de dos hospitales de
Canada con el fin de validar modelos de prediccion de riesgo de ERC tras una
hospitalizacion con LRA y asi crear un modelo practico de estratificacion del riesgo
de ERC tras el alta hospitalaria. EI modelo tuvo una buena discriminacion e incluia
las siguientes variables: sexo, valor de creatinina basal, severidad de la LRA, valor de

creatinina al alta, valor de albuminuria y edad [72].

En el ambito de la cirugia cardiaca, el grupo de Legouis D et al estudié en 2017 una
cohorte de 4791 pacientes y observé que los pacientes sin ERC tenian mayor riesgo
de presentar ERC después de sufrir un episodio de LRA asociado a la cirugia
cardiaca. Con esa premisa, desarrollé6 una escala de riesgo de ERC (CC-ERC)
asociado a cirugia cardiaca para identificar pacientes susceptibles a seguimiento, con
una adecuada precision en la cohorte de validacion (AUC 0.78) [18]. La puntuacion
comprende un FGe preoperatorio segun la formula MDRD < 80 ml/min (1 punto), edad
> 65 afos (1 punto), trasplante o cirugia aértica (2 puntos), tiempo de pinzamiento
aortico > 50 minutos (1 punto), LRA en estadio uno (1 punto) y LRA en estadio 2 6 3
(2 puntos). TABLAG.

Tabla 6 Puntuacion de escala CC-ERC

Factor de riesgo Puntuacion
FGe <80 ml/min preoperatorio 1
Edad >65 afos 1

Cirugia de trasplante cardiaco o sobre | 2

aorta toracica

Tiempo de isquemia >50 minutos 1
LRA estadio 1 1
LRA estadio 2 2

18-Legouis D, Jamme M, Galichon P, Provenchére S, Boutten A, Buklas D, et al. Development of a practical prediction score for
chronic kidney disease after cardiac surgery. Br J Anaesth. 2018;121(5):1025-33

Fge: filtrado glomerular estimado; LRA: lesién renal aguda
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A pesar de su potencial utilidad clinica, el problema de estos scores pronésticos es

su ausencia de validacion en estudios independientes.

3.2.4 Valoracién de secuelas (reserva tubular y glomerular)

Dentro de la valoracion de secuelas, existen pruebas que nos permiten valorar la

reserva funcional glomerular y tubular renal.

La reserva glomerular puede medirse de forma indirecta mediante la medicion de
albuminuria si se conoce su valor antes del episodio de LRA. La forma directa es la
comparacion de la medicion del filtrado glomerular isotopico basal y después de una
sobrecarga de aminoacidos. La reserva funcional glomerular representa la capacidad
renal de incrementar el filtrado glomerular en respuesta a algunas condiciones como
por ejemplo el embarazo, la donacion del riidn contralateral o una sobrecarga
proteica [73]. Respecto a la albuminuria, el ensayo ASSESS-AKI valoro la influencia
de ésta en la progresion a ERC post-alta hospitalaria en 769 pacientes post-LRA. Se
evidencié que valores mas elevados de cociente albumina/creatinina se asociaron a
mayor riesgo de progresion. La principal limitacion fue el desconocimiento de los
valores basales de proteinuria [74].

La reserva tubular es de medicidbn mas compleja. Consiste en la infusion de creatinina
endovenosa. La secrecién tubular de creatinina se ve aumentada después de una
carga de creatinina (10 mg por kg). Esta capacidad se ve reducida cuando existe un
descenso de la masa renal. La secrecion tubular de creatinina se calcula como la
diferencia de excrecién urinaria de creatinina (creatinina urinaria x volumen de orina)
y la creatinina filtrada (filtrado glomerular determinado por aclaramiento de inulina x
creatinina sérica) [75].

3.3. Sequimiento post-lesion renal aguda

Las guias KDIGO recomiendan un seguimiento a los tres meses post-LRA para
valorar la resolucion de esta o la presencia de enfermedad renal cronica [4]. Autores
mas recientes han propuesto las bases del seguimiento post-LRA, marcando un
seguimiento distinto (por equipo de atencion primaria o nefrologia) en funcion del

grado de ERA [70]. Asi, se propone que estadios mas bajos de ERA sean seguidos
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por un equipo de atencién primaria formado con el fin de evitar nefrotoxicidad y revisar
medicacion prescrita al alta mientras que estadios mas avanzados de ERA deben ser
seguidos por nefrélogos. El fin de una consulta de seguimiento post-LRA debe ser
tanto la de aplicar estrategias de nefroproteccion como la de valoraciéon de secuelas

y valorar reintroducir medicacién retirada durante el episodio de LRA.

En este sentido, en el afio 2021 se realizé el primer estudio aleatorizado donde se
valord un seguimiento standard vs multidisciplinar en pacientes post-LRA severa [76].
Se incluyeron pacientes que habian sufrido LRA estadio 2 o 3 de la clasificacion
KDIGO (siempre con FGe mayor a 15 ml/min de base) desde agosto de 2018 hasta
enero de 2021 con seguimiento durante 12 meses. El seguimiento estandar era
realizado por un médico internista y el multidisciplinar por un nefrélogo, nutricionista,
enfermera y farmacéutico. El objetivo principal fue la viabilidad de la consulta medida
mediante el porcentaje de pérdidas de seguimiento y los secundarios, el filtrado
glomerular, albuminuria y Major Adverse Kidney Events (MAKE) al afio, estos ultimos
definidos como necesidad de TRS, mortalidad y descenso de >25% del filtrado
glomerular. No hubo diferencias en pérdida de seguimiento lo cual confirmé la
viabilidad de la estrategia. En cuanto a los objetivos secundarios, no se encontraron
diferencias en funcion renal ni MAKE pero si reduccion de albuminuria y mejor control

tensional en el grupo multidisciplinar.

La reintroduccion de medicacién suspendida es un aspecto importante del
seguimiento post-LRA dado que es comun la retirada de farmacos como IECA/ARAZ2,
antialdosterénicos o inhibidores del cotransportador sodio-glucosa tipo 2 (iISGLT2),
siendo farmacos con eficacia demostrada tanto en patologia renal como extrarrenal.
Menos claro es el beneficio de iniciar IECA/ARA2 para reducir la progresion a ERC
en un paciente que ha sufrido LRA. Algunos estudios han demostrado la
hiperactivacion del sistema renina angiotensina-aldosterona post-LRA condicionando
una hiperfiltracion de los glomérulos post-LRA [77]. Por otro lado, una revision
sistematica realizada evidencié que el uso de IECA/ARA2 post-LRA se asocio a
reduccion del riesgo de mortalidad por cualquier causa, LRA recurrente y progresion
a ERC incidente. Sin embargo, se encontr6 una mayor incidencia de hiperkalemia

por lo que se recomienda mayor monitorizacion estrecha de estos pacientes [78].
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Otro aspecto importante en el seguimiento de los pacientes post-LRA es la educacion
en estrategias de nefroproteccion. Estas estrategias no solamente incluyen evitar
nefrotoxicos sino también educar en la discontinuacién de farmacos ante episodios
de riesgo de deshidratacion como fiebre o sindrome diarreico. Un estudio
observacional holandés describié en 2019 la tasa de recomendacion por parte del
facultativo de discontinuacién de medicacion ante intercurrencias con riesgo de
deshidratacion para el paciente. La recomendacioén se observd en un 4.6% de los
casos y en un 7.1% hubo complicaciones asociadas (principalmente LRA pero

también, hipotensién y diselectrolitemias) [79].

Podemos concluir que existe un interés creciente en la transicion de la LRA a la ERC
por su potencial de intervencion post-cirugia cardiaca pero su estudio y futuras lineas
de investigacion solo son posibles si se tienen identificados los pacientes con riesgo

al alta hospitalaria.
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La hipétesis principal que plantea la presente tesis doctoral es que el manejo
hemodinamico postoperatorio individualizado a cada paciente segun algoritmos
clinicos basados en su presién de perfusion basal tiene impacto en la incidencia de la

lesion renal aguda asociada a cirugia cardiaca.

Como hipétesis secundarias:

La aplicacion de escalas de riesgo de lesion renal aguda post cirugia cardiaca
validadas en la poblacion de estudio permiten identificar de forma efectiva a pacientes

de mayor riesgo que podria beneficiarse de medidas de intervencion.

Las consecuencias de la lesion renal aguda asociada a cirugia cardiaca no solo se
limitan a un incremento de morbimortalidad en el post-operatorio inmediato sino
también a un aumento de complicaciones a medio plazo entre las que se encuentra

un aumento de la incidencia de enfermedad renal crénica.
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Los objetivos de la presente tesis se desarrollaron de forma secuencial permitiendo
en primer lugar estudiar el impacto de la cirugia cardiaca en nuestra poblacion para

posteriormente aplicar nuestros conocimientos en un ensayo clinico aleatorizado.

Los objetivos fueron los siguientes:

1-Valorar la discriminacion, calibracién y area bajo la curva del score de Leicester
para la prediccion de la lesion renal aguda asociada a cirugia cardiaca.

2-Estudiar la incidencia de Major Adverse Kidney Events (mortalidad, requerimiento
de terapia renal sustitutiva y descenso de >25% de filtrado glomerular estimado) al

afo después de cirugia cardiaca.

3-Aplicar un algoritmo clinico que tenga en cuenta de forma individualizada la presion
de perfusion media en pacientes con riesgo de lesién renal aguda asociada a cirugia
cardiaca, identificado mediante Leicester Score, con el fin de valorar si un manejo
hemodinamico individualizado basado en presiéon de perfusion media en el post-
operatorio comparado con un manejo estandar reduce la incidencia de lesién renal

aguda.
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MATERIAL, METODOS Y RESULTADOS
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Resumen articulo 1:

Introduccién y objetivos: el score de Leicester es una nueva puntuacion que predice
la lesion renal aguda asociada a cirugia cardiaca de cualquier estadio con mejor
discriminacion que scores clasicos. El objetivo del estudio fue identificar los factores
de riesgo de lesién renal aguda asociada a cirugia cardiaca en nuestra poblacién y

evaluar el rendimiento del score de Leicester.

Material y métodos: se realiz6 un estudio retrospectivo unicéntrico de pacientes que
requirieron cirugia cardiaca con bypass cardiopulmonar en 2015 en el Hospital Clinic
de Barcelona. Los criterios de inclusidon fueron pacientes mayores de 18 afios que
fueron intervenidos de cirugia cardiaca (sustitucion valvular, bypass arterial coronario
0 una combinacibn de ambos procedimientos y que requirieron bypass

cardiopulmonar. La lesion renal aguda se definié segun los criterios KDIGO.

Resultados: Se incluyeron un total de 444 pacientes, 64.2% varones con una mediana
de edad de 69 afios (30.9% >75 afios). En cuanto a comorbilidades, la mas prevalente
fue la hipertension (76.1%), diabetes mellitus en un 35.3% y obesidad en un 34%. Un
19.4% de los pacientes tenia un filtrado glomerular <60 ml/min basal. Un total de 171
pacientes (38.5%) presentaron lesion renal aguda siendo el estadio mas frecuente el
1 (61.4%). En el analisis de regresion logistica multivariante, la hipertension (OR
1,883), la tasa de filtraciébn glomerular estimada<60 ml/min (OR 2,365) y la
enfermedad vascular periférica (OR 4,66) fueron las variables asociadas a lesion renal
aguda. Tanto la discriminacién como la calibracion fueron mejores cuando se utilizd
el score de Leicester en comparacion con el Cleveland Clinic Score y el Euroscore I,
con un area bajo la curva de 0,721, 0.595 y 0.662 respectivamente.

Conclusién: la hipertensidon preoperatoria en pacientes con enfermedad renal cronica
con o sin vasculopatia periférica puede identificar a los pacientes con riesgo de lesion
renal aguda asociada a cirugia cardiaca. El score de Leicester demostré ser un score
valido para identificar a los pacientes de riesgo y que podrian beneficiarse de estudios

de intervencion.
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Abstract: The incidence of acute kidney injury following cardiac surgery (CSA-AKI) is up to 30%,
and it places patients at an increased risk of death. The Leicester score (LS) is a new score that
predicts CSA-AKI of any stage with better discrimination compared to previous scores. The aim of
this study was to identify risk factors for CSA-AKI and to assess the performance of LS. A unicentric
retrospective study of patients that required cardiac surgery with cardio-pulmonary bypass (CPB) in
2015 was performed. The inclusion criteria were patients over 18 years old who were operated on for
cardiac surgery (valve substitution (VS), Coronary Artery Bypass Graft (CABG), or a combination
of both procedures and requiring CPB). CSA-AKI was defined with the Kidney Disease Improving
Global Outcomes (KDIGO) criteria. In the multivariate analysis, hypertension (odds ratio 1.883),
estimated glomerular filtration rate (EGFR) <60 mL/min (2.365), and peripheral vascular disease
(4.66) were associated with the outcome. Both discrimination and calibration were better when the
LS was used compared to the Cleveland Clinic Score and Euroscore II, with an area under the curve
(AUC) of 0.721. In conclusion, preoperative hypertension in patients with CKD with or without
peripheral vasculopathy can identify patients who are at risk of CSA-AKI. The LS was proven to
be a valid score that could be used to identify patients who are at risk and who could benefit from
intervention studies.

Keywords: acute kidney injury; cardiac surgery; Leicester score; prediction; risk factors; intensive
care unit

1. Introduction

The incidence of acute kidney injury (AKI) following cardiac surgery is up to 30%,
and between 2% and 5% of cases require renal replacement therapy (RRT) during the AKI
episode. AKI places patients at a five-fold increased risk of death during admission, and
when there is a need for RRT, it is associated with a 50% mortality [1].

Identifying pre-operative and intraoperative risk factors for cardiac surgery-associated
AKI (CSA-AKI) is a vitally important issue for both clinical practice and research in order to
detect patients who are at risk and who can be the focus for intervention. Potentially modi-
fiable intraoperative risk factors remain of equal importance since their identification can
lead to actions towards them. One of the most important factors is the inadequate balance
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between oxygen delivery (DO,) and oxygen consumption (VO,), and factors associated
with this imbalance include hemodilution, low hemoglobin levels, and hypotension [2].

On the other hand, a number of predictive scores based on preoperative risk factors
have been developed, such as the Cleveland Clinic Score (CCS), the most widely used and
validated tool for not only RRT prediction, but also for the identification of severe AKI. It
was first developed in 2012, but more recently, nadir intraoperative hematocrit has been
added in order to improve the area under the curve (AUC), especially for patients without
preexisting chronic kidney disease. The original score considers sex, presence of congestive
heart failure, low left ventricular ejection fraction, preoperative use of intra-aortic balloon
pump (IABP), chronic obstructive pulmonary disease (COPD), previous cardiac surgery,
emergency surgery, type of surgery, and preoperative creatinine [3].

Another well-established predictive score is the European System for Cardiac Op-
erative Risk Evaluation II (EuroSCORE 1I), a cardiac risk model for predicting mortality
after cardiac surgery that was updated in 2012 from the previous EuroSCORE published
in 1999 [4]. Even though it is not its aim, studies have shown an association between
EuroSCORE and CSA-AKI [5], but again, it is better able to discriminate severe AKI.

Even though AKI that requires RRT is the scenario with the worst outcome, non-severe
AKI, the most common form of AKI associated with cardiac surgery, has also been proven
to be independently related to all-cause mortality [6]. Birnie et al. created the Leicester score
(LS) to predict CSA-AKI of any stage in a British cohort, and it showed better discrimination
ability compared to Euroscore II and the CCS [5]. The model included age, sex, BMI,
smoking habits, dyspnea, diabetes, peripheral vascular disease, hypertension, preoperative
hemoglobin, preoperative estimated glomerular filtration rate, time from catheterism to
surgery, presence of triple vessel disease, ejection fraction, emergency surgery, and type
of surgery. This scoring system was created in 2014, and since then, it has only been used
to identify patients who are at risk in one German study, which was published in 2020 by
Grieshaber et al., in which the prediction of all stages of AKI was not possible using the
CCS but was possible when using the LS [7]. The variables that are included in the three
mentioned scores are described in Table 1.

Table 1. Variables included in the EuroSCORE II, Cleveland Clinic Score, and Leicester score.

Euroscore I1 Cleveland Clinic Score Leicester Score

Age — Age
Gender

Renal function

Preoperative renal function
(Cockroft-Gault formula,
ml/min): >85, 50-85, <50,

dialysis treatment

Preoperative renal function
(creatinine, mg/dL): <1.2
mg/dL, 1.2-2.1, >2.1

(Cockroft-Gault formula,
ml/min): >90-60-89, 30-59,
<30

Poor mobility

Chronic lung disease

COPD requiring treatment

Previous cardiac surgery

Previous cardiac surgery

Active endocarditis

Critical preoperative state

Preoperative use of IABP

Diabetes mellitus on insulin
therapy

Diabetes mellitus on insulin
therapy

Diabetes mellitus

NYHA class (I-1V)
Class IV angina ?

Heart failure

NYHA class (I-1V)

Left ventricular function (%):

>50, 31-50, 21-30, <21

Left ventricular function <35%

Left ventricular function (%):
>50, 40-49, <40
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Table 1. Cont.

Euroscore I1 Cleveland Clinic Score Leicester Score

Recent miocardial infarction
(90 days)

Pulmonary hypertension:
ystolic arterial pressure 31-55 — —
mmHg, >55

Urgency; (elective, urgent,
emergency, salvage)

Urgency (elective, urgent,

Emergency surgery emergency)

Type of surgery: isolated
CABG, non-CABG, 2
procedures, 3 procedures

Type of surgery: CABG, single
valve, CABG + valve,
other/multiple

Type of surgery: CABG, valve,
CABG + valve, other

Surgery on thoracic aorta — —

Body mass index (kg/m?):
<20, 20-24, 25-29, 30-34, >34

Smoking habit: never,
ex-smoker, current

— — Hypertension

— — Peripheral vascular disease

Preoperative hemoglobin
(g/dL) (<10, 10-11.9, >12)

— — Triple vessel disease

Time from catheterism to
surgery

COPD: chronic obstructive pulmonary disease, CABG: coronary artery bypass grafting; IABP: intra-aortic balloon
pump; NYHA: New York Heart Association. (a) Canadian Cardiovascular Society criteria.

The aim of this study was to identify risk factors for CSA-AKI in a Spanish cohort and
to assess the performance of the LS in the same cohort.

2. Material and Methods

We conducted a unicentric retrospective study of patients admitted to Hospital Clinic
de Barcelona requiring cardiac surgery with cardio-pulmonary bypass (CPB) from January
2015 to December 2015. The inclusion criteria were patients over 18 years old who were
operated on for cardiac surgery (valve substitution (VS), Coronary Artery Bypass Graft
(CABG), or a combination of both procedures requiring CPB. All stages of chronic kidney
disease were included. Patients who were already in chronic dialysis therapy, renal trans-
plant recipients, or those who suffered an AKI just before the surgery were not included
in the study. Additionally, emergent surgeries, patients with IABP use, patients who died
during surgery, and patients with endocarditis were excluded. The Ethics Committee of
our institution approved the study.

2.1. Data Colection and Definitions

Clinical, epidemiological, and laboratory variables were collected from the Electronic
Health Records of our institution (SAP®). For every patient, data regarding their medical
history, surgical characteristics, intraoperative variables, 24 h monitoring in the intensive
care unit (ICU), and renal function evolution until discharge were collected. For patients
requiring RRT, its duration was also recorded.

The LS, CCS, Euroscore II, and Charlson Index were calculated with the information
from the pre-anesthesia visit and /or patient admission report.

The intraoperative variables that were recorded were aortic cross-clamp time (ischemia
time) and CPB time, use of furosemide, use of vasoactive drugs, or need for transfusion.
The post-operative variables included monitoring of the first 24 h in the ICU and whether
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the patient was consistent in terms of the use of vasoactive drugs, use of furosemide, and
need for transfusion. Finally, seriated serum creatinine (sCr) and estimated glomerular
filtration rate (eGFR) values were collected throughout the admission period.

2.2. Definitions

CSA-AKI was defined using the Kidney Disease Improving Global Outcomes (KDIGO)
criteria: serum creatinine increase >0.3 mg/dl within 48 h or >1.5- to two-fold sCr increase
from baseline within one week after surgery. Due to the nature of the study, the urinary out-
put criteria were not included. Moderate AKI was defined as a sCr increase of 2.0-2.9 times
from baseline. Severe AKI was defined as a sCrincrease of >3 times from baseline, an in-
crease of 0.5 mg/dL if baseline sCr > 4.0 mg/dl, or initiation of RRT [8]. Baseline creatinine
was considered as the value obtained 24 h before surgery. AKI duration was counted since
the AKI diagnosis until sCr returned to the baseline value with or without an increase of
0.3 mg/dL.

2.3. Statistics

The study variables are expressed as mean =+ standard deviation (SD) if a normal distri-
bution was observed or as the median and interquartile range (IQR)otherwise. Categorical
variables were expressed as an absolute value (n) and relative (%) frequency. P values less
than 0.05 were considered significant. Variables associated with the risk of CSA-AKI were
assessed by logistic regression in univariate analysis, and those with statistical significance
were included in the multivariate analysis, excluding score variables. To test the perfor-
mance of the LS, we calculated the area under the receiver-operating characteristic curve
(AUQC) to assess the discrimination. We applied the Hosmer-Lemeshow goodness-of-fit
test to assess its calibration. To compare ROC curves, we used DeLong’s test. A P-value
above 0.05 indicates acceptable calibration. The statistical analysis was conducted using
SPSS v.25 (SPSS Inc, Chicago, IL, USA).

3. Results
3.1. Baseline Characteristics

During the study period, 444 patients were included. Table 2 shows the baseline
characteristics of the overall population. A total of 64.2% of the patients were male with an
age >75 years old in 30.9% of the cases and a median age of 69 years. Hypertension was
the most prevalent comorbidity (76.1%), with obesity being observed in 34% of patients
and diabetes being observed in 35.3% of patients. As for peripheral vascular disease, it
was only diagnosed in 9.5% of the patients. Median baseline creatinine was 0.9 mg/dL
(IQR 0.73-1.06), and 19.4% of the patients had an eGFR <60 mL/min. The most common
procedure was VS, and 10.6% of the patients had undergone previous cardiac surgery.
Anemia (hemoglobin <120g/L) was present in 19.6% of the patients before cardiac surgery.

Table 2. Baseline characteristics.

n =444 n (%)/Median (IQR)/Mean+/—SD
Sex (Y%oman) 285 (64.2)
Age (years) 69 (61-76)
>75 years 137 (30.9)
History of smoking habit 213 (49)
Diabetes 157 (35.36)
Diabetes with insulin therapy 42 (9.45)
Hypertension 338 (76.1)
BMI (kg/m?) 28.33+/—4.47
BMI > 30 136 (34.1)
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Table 2. Cont.

n =444 n (%)/Median (IQR)/Mean+/—SD
Anemia 87 (19.6)
Hemoglobin (g/L) 134 (123-143)
Hematocrit (%) 39 (36-42)
Peripheral vascular disease 42 (9.5)
Low ejection fraction (<40%) 45 (10.13)
Creatinine (mg/dL) 0.9 (0.73-1.06)
EGFR(ml/min) 83.3 (65-91)
EGFR<60 mL/min 86 (19,37)
CKD EIII 75 (87.2)
CKD EIV 11 (12.8)
Previous cardiac surgery 47 (10.6)

Procedure

Valve surgery: 199 (44.8),
CABG: 171 (38.5)
Valve + CABG: 74 (16.7)

Charlson index 4 (3-5)
Euroscore 11 1.77 (1.08-3.02)
Cleveland Clinic Score 0.4 (0.4-1.8)

Leicester Score 18.45 (11.12-30.94)

BMI: body mass index; EGFR: estimated glomerular filtration rate; CKD E III: chronic kidney disease stage III;
CKD EIV: Chronic kidney disease stage IV; IQR: interquartile range; SD: standard deviation; CABG: coronary
artery bypass grafting.

3.2. Surgical Characteristics and Post-Intervention Lengh of Stay

Surgical characteristics included a median CPB time of 91.5 (IQR 72-117) minutes and
a median ischemia time of 65 (80-80.25) minutes. During the intervention, 115 patients
(26%) required blood transfusion. As for vasoactive drugs, phenylephrine and or nora-
drenaline were used in 67% of the patients, dobutamine was used in 44.2%, and nitroglyc-
erine/nitroprusside was used in 34.5%. Furosemide was used in 114 patients (25.7%), and
ultrafiltration was used in 14 (3.15%).

As for the first 24h in the ICU, furosemide was used in 201 patients (45.9%). The most
common vasoactive agents were vasodilators (nitroglicerine or nitroprusside), which were
used in 42.3% of the patients, followed by dobutamine, which was used in 45.2% of the
patients, followed by noradrenaline, which was administer to 35% of the patients.

The post-surgical length of stay was a median of 9 days (IQR 7-13), and 9 patients
died during admission (2%).

3.3. AKI Characteristics

A total of 171 patients (38.5%) developed AKI during the first week after cardiac
surgery. Its characteristics are described in Table 3. Of note, the most frequent form of AKI
was mild AKI, which was present in 105 patients (61.4%). From all of the cases of mild
AKI, almost 50% only met the “>0.3 mg/dL in 48h” criteria. Stage 3 AKI developed in
26 patients, 15 of whom required RRT. A total of 66.7% of the AKI cases met the criteria
within the first 24 h, and the median duration until total recovery was 3 days. Two patients
required dialysis at discharge. There were no differences in the baseline and discharge
sCr and EGFR in all of the patients who were discharged without RRT (0.85 (0.68-1.04),
87 (64-91), respectively).
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Table 3. Summary of acute kidney injury characteristics.

AKI Stages

AKI stage 1: 105 (61,4%)—49 met only the
“>0.3 mg/dL in 48h” criteria (46.2%)
AKI stage 2: 40 (23.4%)

AKI stage 3: 26 (15,2%)—15 with dialysis
requirement (57.7%)

AKI duration

Days between Surgery and AKI Start

Median time from surgery to AKI (1 (1-2)
First 24 h: 114 (66.7%)
48 h: 36 (22.8%)
72 h: 10 (5.85%)
>72 h: 11(6.4%)

Dialysis technique

Intermittent hemodialysis: 6 patients
CRRT: 5 patients
Both: 4 patients
* Median intermittent hemodialysis sessions:
2 (IQR 1-4)
Median CRRT treatment (days): 3 (1-4)

AKI: acute kidney injury; CRRT: continuous renal replacement therapy.

Median duration time (days): 3 (1-6)
24 h: 50 patients (29.24%)
48 h: 26 patients (15.2%)
72 h: 23patients (13.45%)
>72 h: 72 patients(42.1%)

3.4. Preoperative and Intraoperative Risk Factors for CSA-AKI

A univariate analysis was performed to identify preoperative and intraoperative risk
factors to assess the performance of the different risk scores (CCS, LS, and Euroscore II).
Table 4.

Table 4. Risk factors for cardiac surgery-associated acute kidney injury: univariate analysis.

AKI
Total No AKI (n = _
(n=444)  273,61.5%) (n =171, OR(QR)  p Value
38.5%)
PREOPERATIVE
1.868
Age > 75 (years) 137 (30.9) 70 (25.6) 67 (39.2) (12402815 0003
1.354
Sex (%Male) 285 (64.2) 168 (61.5) 17684 ogioge 0142
1.373
BMI > 30 136 (34.1) 76 (31.3) 60 (35.1) 0901-2003) 0140
1.029
Ever smoked 213 (49) 130 (48.7) 83 (48.5) (0.699-1.514) 0.884
. 1.365
Diabetes 157 (35.36) 89 (32.6) 67 (39.4) 0917205 01
. 2172
Hypertension 338 (76.1) 194 (71.1) WABL) it 0002
Peripheral vascular 4.085
o 42 (9.5) 13 (4.8) 29 (16.9) (2056-8106 <0001
1.773
EF < 40% 45 (10.13) 22 (8.1) 23 (13.4) (09455.3202) 0070
. 2.099
Anemia 87 (19.6) 41 (15) 46 (26.9) 3073372 0002
.. 0.9 0.99 6.778
Creatinine (mg/dL) (0.73-1.06) 0.86 (0.7-1) (0.79-1.25) (3.405-13.49) <0.001
eGFR (ml/min) 833 (65-91) 85 (71-91) 72(53-86) (g 95059_%4975) <0.001
. 3.571
EGFR<60mL/min 86 (19.37) 32 (11.7) 54 (31.6) 2105822 <0001
0.642
Only CABG 171 (38.5) 116 (42.5) 55 (32.2) (0.43-0958) 0.03
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Table 4. Cont.

AKI
Total No AKI (n = B
(n = 444) 273, 61.5%) (n=171, OR (IQR) p Value
38.5%)
Leicester scor 18.45 (11.12- 15.17 26.81 1.058 <0.001
cleester score 30.94) (9.2-2245)  (16.4-41.42)  (1.042-1.073) :
1.77 1.42 2.34 1.203
Euroscore II (1.08-3.02)  (0.95-2.61) (134-389)  (1.103-1306) <0001
Cleveland Clinic 1.188
. 04(04-18)  04(04-18)  180418) 4o "0 <0001
1.373
Charlson Index 4 (3-5) 3 (2-5) 4 (3-6) (1.226-1.537) <0.001
INTRAOPERATIVE
. 1.610
Blood transfusion 115 (26) 61 (22.4) 54 (31.6) (1.047-2.477) 0.030
. 0.576
Vasodilator agents 153 (34.5) 107 (39.2) 46 (26.9) (0.379-0.873) 0.009
. 1.114
Dobutamine 198 (45.2) 118 (43.2) 78 (45.6) 07561637 0%
Furosemide use 114 (25.7) 62 (22.7) 52 (30.4) © 97i;52 310) 0.066
Vasoconstrictor 1.543
sents 298 (67.12) 150 (54.9) 48(865) ()35 900y 0032
. . 91.5 1.007
CPB time (min) 72-117) 88 (71-110) 100 (74-127) o gy 0005
CPBtime>90min 226 (51.4) 124 (45.8) 102(596) 221;356 6o 0003
.. 65 1.012
Ischemia time (50-80.25) 60 (48-80) 75 (54-92) (1.005-1.018) <0.001
Ischemia time>70 74 (47 5) 91 (33.8) 88 (51.5) 2.235 <0.001

min

(1.504-3.324)

OR: odds ratio; IQR: interquartile range; AKI: acute kidney injury; BMI: body mass index; EF: ejection fraction;
EGEFR: estimated glomerular filtration rate; CABG: coronary artery bypass grafting; CPB: cardiopulmonary bypass.

Of the included preoperative risk factors, those who were associated with CSA-AKI
were over 75 years of age (odds ratio (OR) 1.868 (1.24-2.815), p = 0.003), had hypertension
(OR 2.172 (1.334-3.535), p = 0.002), peripheral vascular disease (OR 4.085 (2.058-8.106),
p <0.001), anemia (OR 2.099 (1.307-3.372), p = 0.002), and higher sCr and lower EGFR
(OR 6.778 (3.405-13.49) and OR 0.964(0.955-0.975), respectively, p <0.001). Lower eGFR
remained significant when categorized for EGFR < 60 mL/min. Bypass surgery alone was
the only variable associated with lower incidence of AKI (OR 0.642 (0.43-0.958), p = 0.03.

The three scores were significantly associated with CSA-AKI, with an OR of 1.058
(1.042-1.073) for the LS, 1.203 (1.103-1.306) for Euroscore II, and 1.188 (1.081-1.306) for the
CCS. The Charlson index was also significantly associated with AKI, with an OR of 1.373

(1.226-1.537).

Of the included intraoperative risk factors, the need for blood transfusion was signif-
icantly associated with the outcome (OR 1.610 (1.047-2.477), p = 0.03), as was the use of
noradrenenaline or phenilephrine (OR 1.543 (1.039-2.292), p = 0.032), while the use of vasodila-
tors such as ntroglycerine or nitroprusside appeared to be protectors (OR 0.576 (0.379-0.873),
p = 0.009). Longer CPB and ischemia times were also associated with the outcome (OR 1.007
(1.002-1.012), p = 0.005 and OR 1.012 (1.005-1.018) p < 0.001, respectively).

The statistically significant variables were introduced in a multivariate logistic re-
gression analysis, where the variables that remained associated with the outcome were:
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hypertension (OR 1.883 (1.086-3.265), p = 0.024), EGFR < 60 mL/min (2.365 (1.375-4.070),
p = 0.002), and peripheral vascular disease (4.66 (2.134-10.177), p < 0.001). Ischemia time
>70 min almost reached statistical significance, with a p value of 0.058. (Table 5).

Table 5. Multivariate analysis of risk factors associated with cardiac surgery-associated acute

kidney injury.

Variable OR (CD p-Value

Age > 75 years 1.483 (0.928-2.371) 0.099

Hypertension 1.883 (1.086-3.265) 0.024

EGFR < 60mL/min 2.365 (1.375-4.070) 0.002

Anemia 1.642 (0.918-2.939) 0.095

Bypass 0.838 (0,503-1.397) 0.499
Peripheral vascular disease 4.66 (2.134-10.177) <0.001

Blood transfusion 0.87 (0.509-1.487) 0.608

Vasopressors agents 1.261 (0.784-2.027) 0.34

Vasodilators agents 0.694 (0.412-1.168) 0.169

CPB time >90 min 1.019 (0.553-1.879) 0.951

Isquemia time >70 min 1.844 (0.979-3.473) 0.058

OR: odds ratio; CI: confidence interval; EGFR: estimated glomerular filtration rate; CPB: cardiopulmonary bypass.

3.5. Leicester Score Performance

The diagnostic utility of the Leicester score was compared with two previously pub-
lished scores that have been widely validated: the CCS and Euroscore II. Using the orig-
inal formula, we found an AUC of 0.721 (0.671-0.771) for any grade of CSA-AKI and a
goodness-of-fit x> = 10.61 (p = 0.225) for the LS. Both discrimination and calibration were
better compared to the CCS and Euroscore II (Table 6, Figure 1), and the difference between
curves was statistically significant (Table 7). Compared to the original validation cohort, LS
had similar accuracy (AUC 0.73).

Table 6. Discrimination (area under ROC curves) for the different scores and calibrations (Hosmer-
Lemshow tests).

Discrimination Calibration
AUC (95% CI) p Value Chi Square p Value ?
Leicester score 0.721 (0.671-0.771) <0.001 10.1 0.225
Cleveland Clinic Score 0.595 (0.54-0.65) 0.001 2.6310.105
Euroscore 0.662 (0.611-0.713) <0.001 11.48 0.176

2 Higher values indicate better calibration. ROC: receiver operating characteristic; AUC: area under the curve; CL:
confidence interval.

Table 7. Comparison between ROC curves by DeLong’s test.

CCS-Euroscore 11 CCS-LS Euroscore II-LS
Difference between areas 0.067 0.126 0.059
Stadard Error (CI) 0.025 (0.017-0.112) 0.030 (0.067-0.185) 0.027 (0.006-0.112)
Z statistic 2.633 4.203 2.199
p-Value 0.009 <0.001 0.028

ROC: receiver operating characteristic CCS: Cleveland Clinic Score; LS: Leicester Score; CI: confidence interval.
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Figure 1. Receiver operating characteristic curve of each scoring system (Leicester score, Cleveland
Clinic score, and Euroscore II).

4. Discussion

In this retrospective unicentric study, we evaluated risk factors for CSA-AKI and
assessed the performance of the LS in a Spanish cohort. Preoperative hypertension, chronic
kidney disease (CKD), peripheral vascular disease, and longer ischemia time were the vari-
ables that remained associated with the outcome. The LS showed the best discrimination
and calibration compared to classic scores.

Our results do not differ from classical studies. In 2016, Yi Q et al. conducted a
meta-analysis of the studies that assessed the risk factors for CSA-AKI (CS and/or CABP
surgeries with CPB). The authors identified hypertension, preoperative sCr level, peripheral
vascular disease, respiratory system disease, diabetes, cerebrovascular disease, low cardiac
output, New York Heart Association (NYHA) classification class III/IV, emergency surgery,
infection, re-intervention, and use of IABP as preoperative risk factors for CSA-AKI [9].

Since the presence of CKD seems to be one of the most important risk factors in the
different cohorts, specific studies have also been performed in order to identify risk factors
for patients with impaired kidney function. In 2020, Fu HS et al. described the risk factors
for CSA-AKI in patients with eGFR < 30 mL/min, showing that only a high preoperative
serum creatinine and decreased CPB target temperature were significant risk factors for
postoperative AKI in their multivariate analysis [10]. On the other hand, other studies
showed that baseline sCr seem to be associated with CSA-AKI, only in patients with eGFR
< 60 mL/min [11].

CPB is a major intraoperative factor contributing to CSA-AKI. The pathophysiology
of kidney injury during CPB is complex and multifactorial. There are four main pathways
that lead to AKI during CPB: oxygen supply/demand mismatch, the activation of an in-
flammatory response, haemolysis, and lipid microemboli [12-15]. All of these mechanisms
explain why longer CPB and ischemia times are classically associated with AKI [16].

Hemodynamics remain of vital importance in cardiac surgery with CPB. Renal oxy-
genation is determined by an equilibrium between oxygen delivery (RDO,) and oxygen
consumption (RVO,). Cardiac output (CO) and oxygen arterial content (CaO;) are the
two main determinants of RDO,. Therefore, the influence of low hematocrit [17] and low
mean arterial pressure on CSA-AKI can be pathophysiologically explained. Nevertheless,
there is inconclusive evidence on the relationship between the MAP targeted during CPB
and the incidence of CSA-AKI [18]. On the other hand, studies have shown that a greater
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difference in intraoperative MAP relative to preoperative MAP can be a risk factor. In a
prospective study of 157 patients, Kenji et al. found that a drop in MAP of >26 mmHg
was independently associated with the development of AKI following cardiac surgery [19].
This could explain why preoperative hypertension was also a risk factor for CSA-AKI in
our cohort and could be the focus of intervention. As for peripheral vascular disease, it
is not only a known risk factor for AKI but for other major complications, especially in
patients undergoing CABG [20].

There is a need to identify patients who are at risk for CSA-AKI in order to include
them in clinical trials. Since mild AKI has also been proven to be an independent risk factor
for mortality, scores that assess the risk of AKI of any stage in combination with biomarkers
of early renal damage should be the focus when designing intervention studies.

In this regard, results from the PrevAKI trial were published in 2017. In that trial, a
KDIGO guidelines based strategy was performed in high-risk patients undergoing cardiac
surgery, who were defined as having a urinary Tissue inhibitor of metalloproteinases-2
(TIMP-2) x Insulin-like growth factor-binding protein 7 IGFBP7) > 0.3. AKI was signifi-
cantly reduced with this intervention compared to in the controls [21]. Biomarkers were
used to identify patients who were at a high risk of clinical AKI in order to use preventive
strategies for the first time.

As for the scores, the CCS was validated for the prediction of postoperative AKI
requiring RRT, although it has been used in other studies to predict all stages of AKI [3].
In contrast, the LS was validated for the prediction of all stages of AKI, as defined by
KDIGO [5]. Hence, the last one appears to be the best method for the identification of a
wider spectrum of patients.

The LS was first published in 2014. The model was developed using the Bristol and
Birmingham center datasets, and it was externally validated using data from Wolverhamp-
ton center, which is also in United Kingdom. Diagnostic utility was compared to existing
scores. The risk prediction score for any AKI stage (AUC = 0.74 (0.72, 0.76)) demonstrated
better discrimination compared to the Euroscore and the CCS, and better calibration was
also observed.

It was not until 2020 that this score was first used in an external study conducted
by Grieshaber P et al. in a German center [7]. In the study, the authors tried to identify
patients who were at a high risk for CSA-AKI by combining clinical risk stratification with
either the CCS and LS and the early postoperative quantification of urinary biomarkers
for AKI using (TIMP-2)-(IGFBP7). Although the LS was predictive for all stages of AKI,
the CCS was only predictive for stage 2 or 3 AKI. In this study, its AUC (0.601) was poor,
so the LS performed markedly worse compared to in the validation cohort (AUC 0.73).
Urinary (TIMP-2)_(IGFBP-7) quantification 4 h postoperatively did not add value to the
predictive value of the clinical score. By contrast, in our study, the AUC (0.72) was similar
to the validation cohort in the original study. This could be due to the higher EuroSCORE
values in the German study (2.5 for no-AKI and 2.8, 6.0 and 8.8 for stages 1-3, respectively)
compared to in our cohort. Even though the median values from the validation cohort
are not available, they could be closer to our cohort. Based on the first external study,
the performance of the LS could be considered weak, but our good results make the LS a
promising scoring system that can be used by clinicians in future intervention studies in
order to identify patients who are at risk for AKI.

Our study has some limitations. First, patients who were in a critical state (requiring
emergency surgery or the use of IABP) or who had endocarditis were excluded. These
patients were not excluded in the study where the LS was first validated, which makes
our cohort not completely comparable. Critical patients are not the focus for clinical trials,
so the good performance of the LS in our cohort could serve as the basis for designing
intervention studies in patients wo are susceptible to developing AKI. This is a retrospective
study that provides information about LS performance in a large cohort of patients, but
prospective studies are needed in order to confirm and externally validate the LS.
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In conclusion, based on our results, preoperative hypertension in patients with CKD
with or without peripheral vasculopathy could be a focus for intervention in future studies.
The LS has proved to be a valid scoring system that could be used to identify patients who
are at risk who could benefit from future intervention studies.
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Resumen articulo 2:

Introduccion y objetivo: se ha observado que el riesgo de enfermedad renal cronica
es mayor en los pacientes que sufren lesion renal aguda asociada a cirugia cardiaca
en comparacion con la misma poblacion sin lesién renal aguda. El objetivo de nuestro
estudio fue evaluar el riesgo de eventos renales adversos mayores (MAKE)
[disminucion del 25% o mas del filtrado glomerular estimada (FGe), inicio de terapia
renal sustitutiva y muerte] un afio tras cirugia cardiaca en nuestra poblacion y evaluar
la utilidad de la puntuacion desarrollada por Legouis D et al. (puntuacion CSA-CKD)

para predecir la aparicion de MAKE.

Material y método: se trata de un estudio retrospectivo unicéntrico de pacientes que
requirieron cirugia cardiaca con bypass cardiopulmonar durante 2015, con un
seguimiento de 1 afio tras la intervencion. Los criterios de inclusion fueron pacientes
mayores de 18 afios que se habian sometido a cirugia cardiaca [sustitucion valvular,

derivacion arterial coronaria o una combinacion de ambos procedimientos.

Resultados: Se incluyeron un total de 404 pacientes, 63.4% varones con mediana de
edad de 69 afios al momento de la cirugia. En cuanto a las comorbilidades, la
hipertension fue la mas prevalente, seguida de diabetes y obesidad (76.5%, 35.4% y
30.7% de los pacientes respectivamente). El nimero de pacientes con enfermedad
renal crénica (FGe < 60 mL/min) aumento de 74 (18,3%) a 97 (24%) en el plazo de 1
afo tras la cirugia. La mediana de la FGe disminuy6 de 85 a 82 mL/min en el grupo
de pacientes sin lesion renal aguda y de 73 a 65 mL/min en aquellos con lesion renal
aguda (p = 0,024). Cincuenta y ocho pacientes (1,4%) presentaron MAKE en el
seguimiento de 1 afio. El andlisis de regresion logistica multivariante mostré que la
Unica variable asociada al MAKE fue la lesion renal aguda [OR 2,386]. La mediana de
la puntuacion CSA-CKD fue mayor en la cohorte MAKE [3 (2-4) frente a 2 (1-3), p <
0,001], pero la discriminacion fue escasa, con un valor de area bajo la curva de 0,682
(0,611-0,754).

Conclusién: cualquier estadio de LRA-CC se asocia con un riesgo de MAKE después
de 1 afio por lo que es necesario seguir investigando nuevas medidas que identifiquen

a los pacientes de riesgo para poder realizar un seguimiento adecuado de éstos.
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Agusti Pi i Sunyer (IDIBAPS), Barcelona, Spain, “Anesthesiology Department, Hospital Clinic,
Barcelona, Spain, *Cardiovascular Surgery Department, Hospital Clinic, Barcelona, Spain, ¢Perfusion
Department, Hospital Clinic, Barcelona, Spain

Background: The incidence of acute kidney injury following cardiac surgery
(CSA-AKI) is up to 30%, and the risk of chronic kidney disease (CKD) has been
found to be higher in these patients compared to the AKI-free population. The
aim of our study was to assess the risk of major adverse kidney events (MAKE)
[25% or greater decline in estimated glomerular filtration rate (eGFR), new
hemodialysis, and death] after cardiac surgery in a Spanish cohort and to
evaluate the utility of the score developed by Legouis D et al. (CSA-CKD score)
in predicting the occurrence of MAKE.

Methods: This was a single-center retrospective study of patients who required
cardiac surgery with cardiopulmonary bypass (CPB) during 2015, with a 1-year
follow-up after the intervention. The inclusion criteria were patients over 18 years
old who had undergone cardiac surgery li.e., valve substitution (VS), coronary
artery bypass graft (CABG), or a combination of both procedures].

Results: The number of patients with CKD (eGFR < 60 mL/min) increased from
74 (18.3%) to 97 (24%) within 1 year after surgery. The median eGFR declined from
85 to 82 mL/min in the non-CSA-AKI patient group and from 73 to 65 mL/min in
those with CSA-AKI (p = 0.024). Fifty-eight patients (1.4%) presented with MAKE
at the 1-year follow-up. Multivariate logistic regression analysis showed that the
only variable associated with MAKE was CSA-AKI [odds ratio (OR) 2.386 (1.31-
4.35), p = 0.004]. The median CSA-CKD score was higher in the MAKE cohort [3
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(2-4) vs. 2 (1-3), p < 0.001], but discrimination was poor, with a receiver
operating characteristic curve (AUC) value of 0.682 (0.611-0.754).

Conclusion: Any-stage CSA-AKI is associated with a risk of MAKE after 1 year.
Further research into new measures that identify at-risk patients is needed so that
appropriate patient follow-up can be carried out.

KEYWORDS

score, chronic kidney disease (CKD), major adverse kidney events (MAKE), acute kidney
injury (AKI), cardiac surgery

1 Introduction

Acute kidney injury (AKI) is a sudden loss of kidney function
that, from start to finish, occurs in less than 7 days. It is well known
from experimental models that, depending on the severity of AKI,
some tubule cells are irreversibly lost and replaced by renal
progenitor cells. Tubules regenerating after AKI may fail to
differentiate and exhibit profibrotic paracrine activity before they
become atrophic, so these mechanisms of loss and maladaptive
repair imply post-AKI chronic kidney disease (CKD) and a
reduction of kidney lifespan (1, 2). In addition, clinical data
suggest that AKI at any stage is an independent risk factor for
CKD and end-stage CKD (ESCKD) (3). Although the connection
between AKI and CKD is well established, it was not until 2017 that
the Acute Disease Quality Initiative (ADQI) reached a consensus
and defined acute kidney disease (AKD) as disease developing in the
period between 7 and 90 days after AKI, which led to the design of
studies focusing on interventions in this period, with the aim of
preventing CKD after AKI (1).

The incidence of AKI following cardiac surgery (CSA-AKI) is
up to 30%, and 2%-5% of patients require renal replacement
therapy (RRT) during an AKI episode. CSA-AKI increases the
risk of death during admission, which can increase to 50% when
there is a need for RRT (4). Given the high incidence of AKI in this
controlled scenario, studies have focused on the incidence of de
novo CKD [defined as eGFR < 60 mL/min] after cardiac surgery. In
2017, Legouis D et al. studied a cohort of 4,791 patients and found
that the risk of CKD was higher in patients who had experienced
CSA-AKI than in the AKI-free population (5).

Despite the link between AKI and CKD, information about AKI
(even for those patients with a need for RRT) is not always provided
in the discharge documentation, which makes it difficult for primary
care doctors to improve their kidney function follow-up. This issue
was recently reviewed by Ostermann et al. (6). Among the AKI
patients who received RRT in intensive care units (ICUs) in the UK,
the development of AKI and the need for RRT were mentioned in
85% and 82% of critical care discharge letters, respectively, and the
monitoring of kidney function post discharge was recommended in
only 36.3% of hospital discharge summaries (6).

Providing clinicians with tools to identify patients at risk of
CKD after AKI should be a key priority. With this in mind, Legouis
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D et al. developed a prediction score for de novo CKD (defined as e
GFR< 60 mL/min) 1 year after cardiac surgery that was found to
have fair accuracy in a validation cohort [receiver operating
characteristic curve (AUC) value of 0.78]. The score comprises
preoperative eGFR by Modification of Diet in Renal Disease
formula (MDRD) < 80 mL/min (1 point), age > 65 years (1
point), transplant or aortic surgery (2 points), aortic clamping
time > 50 minutes (1 point), and AKI stage one (1 point) and
AKIT stage 2 or 3 (2 points) (7).

With the aim of including all clinically meaningful renal
endpoints in AKI clinical trials, the concept of major adverse
kidney events (MAKE) was introduced. This composite endpoint
comprises persistently impaired renal function (i.e., a 25% or
greater decline in eGFR), new hemodialysis, and death. It has
been proposed as a way to improve the capacity to understand
AKI and provide a means of comparing different interventions (8).

The aim of our study was to assess the incidence of MAKE 1
year after cardiac surgery and its risk factors and, as a secondary
objective, to evaluate the utility of the score developed by Legouis D
et al. (CSA-CKD score) in the prediction of MAKE 1 year after
surgery, and in so doing to shed light on potential tools for the
identification of at-risk patients that require particular follow-up.

2 Materials and methods

We conducted a unicentric retrospective study of patients
admitted to Hospital Clinic de Barcelona for cardiac surgery with
cardiopulmonary bypass (CPB) from January 2015 to December
2015, with a 1-year follow-up after the intervention. The
inclusion criteria were patients over 18 years old who had
undergone cardiac surgery [i.e., valve substitution (VS),
coronary artery bypass graft (CABG), or a combination of both
procedures] and who were in need of a CPB. Patients with
chronic kidney diseases at any stage were included. However,
patients who were already undergoing chronic dialysis therapy,
renal transplant recipients, and those who had had an AKI
immediately prior to surgery were not included in the study. In
addition, patients who had undergone emergent surgeries, intra-
aortic balloon pump (IABP) users, patients who died during
surgery or admission, and patients with endocarditis were
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excluded. The Ethics Committee of our institution approved the
study (Reg. HCB/2019/0959)

2.1 Data collection

Clinical, epidemiological, and laboratory variables were
collected from our institution’s Electronic Health Records (EHR),
SAP®. For each patient, data on medical history, surgery
characteristics, intraoperative variables, 24-hour monitoring
period in the intensive care unit (ICU), and renal function
evolution until discharge and at the 1-year follow-up were
collected. Data pertaining to the duration and type of RRT for
those patients who required it were also recorded.

Baseline variables included sex, age, medical history,
anthropometric variables, Charlson Index Comorbidity Score,
creatinine and hemoglobin values before surgery, smoking status,
and ejection fraction. Surgical variables included the type of surgery,
need for transfusion, ischemia time, extracorporeal circulation time,
furosemide or ultrafiltration requirements, and the use of
vasopressors, vasodilators, or inotropic drugs. Variables recorded
during the first 24 hours included renal function, need for
transfusion, use of vasopressors, vasodilators, or inotropic drugs,
and need for iodinated contrast media. Information on MAKE was
collected 1 year after surgery.

Leicester score (LS), Cleveland Clinic score (CCS), and
Euroscore II were calculated for each patient using the
information collected during pre-anesthetic visits and/or patient
admission reports. CSA-CKD scores were calculated using
information from the reports on patient admission and discharge.

Data on new AKI episodes occurring in the first year after
discharge from cardiac surgery were extracted from the EHR.

2.2 Definitions

CSA-AKI was defined in accordance with the Kidney Disease
Improving Global Outcomes (KDIGO) criteria, i.e., as an increase in
serum creatinine (sCr) of > 0.3 mg/dL within 48 hours or of > 1.5- to
2-fold from baseline within 1 week after surgery. Owing to the nature
of this study, urinary output criteria were not included. Moderate
AKI was defined as a 2.0- to 2.9-fold increase in sCr from baseline,
and severe AKI was defined as a 3-fold increase in sCr from baseline
or an increase of 0.5 mg/dL if the sCr level was > 4.0 mg/dL at
baseline or at the beginning of RRT. The baseline sCr level for CSA-
AKI measurements was taken as the value obtained 24 hours before
surgery. The duration of AKI was regarded as being from the AKI
diagnosis until the sCr level returned to baseline (+ 0.3 mg/dL).

MAKE within 1 year of cardiac surgery discharge was defined as
persistent renal function decline (i.e., a > 25% decline in eGFR), a
new requirement for hemodialysis, or death. Baseline and 1-year
eGFR values were calculated using the Chronic Kidney Disease
Epidemiology Collaboration (CKD-EPI) formula. The baseline
eGFR for the 1-year MAKE assessment was taken as the value
obtained in the pre-anesthetic chart or, if this was not available, as
the value obtained 24 hours before surgery.
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2.3 Statistics

The study variables are expressed as mean + standard deviation
(SD) if normally distributed, and as medians and interquartile ranges
(IQRs) if not. Categorical variables are expressed in terms of absolute
values (n) and relative frequency (%). p-values less than 0.05 were
considered significant. Variables associated with a risk of MAKE
after 1 year were assessed by logistic regression in univariate analysis,
and those with statistical significance or clinical relevance were
included in the multivariate analysis. We determined the overall
performance of the CSA-CKD score by calculating the AUC and
carrying out the Hosmer-Lemeshow goodness-of-fit test to assess its
discrimination and calibration, respectively. A p-value above 0.05
indicated acceptable calibration. The statistical analysis was
conducted using SPSS software, v.25 (SPSS Inc, Chicago, IL, USA).

3 Results
3.1 Characteristics of the population

A total of 404 patients met the inclusion criteria and completed
the 1-year follow-up period. Baseline characteristics are depicted in
Table 1. The majority of patients (63.4%) were men, and the median
age at the time of surgery was 69 years (IQR 61-76 years).
Hypertension was the most prevalent comorbidity, followed by
diabetes and obesity (presenting in 76.5%, 35.4%, and 30.7% of
patients, respectively). Peripheral vascular disease was diagnosed in
only 8.9% of patients. The median baseline sCr was 0.9 mg/dL (IQR
0.73-1.05 mg/dL), and 18.3% of the patients had an eGFR of < 60
mL/min. Anemia (hemoglobin level < 120 g/L) was present in
18.6% of patients before cardiac surgery. The most common
procedure was VS (46%), followed by CABG (37.4%).
Intraoperative variables and AKI scores/surgical risk are included
in Supplementary Material Table 1. It should be noted that 78 out of
the 404 patients (19.3%) had a cardiopulmonary bypass time of over
120 minutes.

One hundred and forty-seven (36.4%) patients had CSA-AKI,
which for the majority of patients was stage 1 (63.3%) and started
within the first 24 hours after surgery. The median duration of AKI
(i.e., the time from AKI diagnosis until sCr levels returned to baseline
value + 0.3 mg/dL) was 3 days (IQR 1-6 days), and 10 patients (2.5%)
required RRT. Additional information pertaining to patients’ CSA-
AKI characteristics is provided in Supplementary Material Table 2.
The median sCr level at discharge was 0.86 mg/dL (IQR 0.69-1.04
mg/dL), and the median eGFR was 84 mL/min (IQR 64-95 mL/min).
Twenty-nine out of 147 patients with AKI (19.7%) had persistent
renal dysfunction decline at discharge (i.e., a > 25% decline in eGFR)
but none of these patients was receiving RRT.

3.2 Renal function and MAKE 1 year after
cardiac surgery

In the overall cohort, sCr levels and eGFR at 1 year were similar
to those at baseline [0.93 mg/dL (IQR 0.78-1.10 mg/dL), 78 mL/
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TABLE 1 Baseline characteristics.

N = 404 N (%)/median (IQR)/mean + SD
Sex (% men) 256 (63.4)
Age (years) 69 (61-76)
>75 122 (30.2)
History of smoking 188 (46.5)
Diabetes 143 (35.4)
Diabetes with insulin therapy 38 (9.4)
Hypertension 309 (76.5)
Charlson Comorbidity Index score 4 (3-5)
BMI (kg/m” 2825 + 4.47
BMI > 30 124 (30.7)
Anemia 75 (18.6)
Hemoglobin (g/L) 134 (123-144)
Hematocrit (%) 39 (36-42)
Peripheral vascular disease 36 (8.9)
Low ejection fraction (< 40%) 40 (9.9)
Creatinine (mg/dL) 0.9 (0.73-1.05)
eGFR(mL/min) 81 (66-92)
eGFR< 60 mL/min 74 (18.3)

CKD SIII 63 (15.6)

CKD SIV 10 (2.5)
Previous cardiac surgery 43 (10.6)

Valve surgery: 186 (46)
Procedure CABG: 151 (37.4)
Valve + CABG: 67 (16.6)

BMI, body mass index; eGFR, estimated glomerular filtration rate; CKD, chronic kidney disease;
IQR, interquartile range; SD, standard deviation; CABG, coronary artery bypass grafting.

min (IQR 61-90 mg/dL)], but when the cohort was divided between
those who had AKI and those who did not, the eGFR declined from
85 to 82 mL/min and from 73 to 65 mL/min (p = 0.024) in the non-
AKI and AKI groups, respectively (Table 2 and Figure 1). The
number of patients with CKD (eGFR < 60 mL/min) increased from
74 (18.3%) to 97 (24%) within 1 year after surgery.

Fifty-eight (14.36%) patients had experienced MAKE within 1
year after surgery. Incidences of MAKE included a decline by < 25%
in eGFR in 54 patients, the need for RRT in two patients, and the
death of two patients (Figure 2). The association of CSA-AKI with
MAKE was assessed in a univariate logistic regression analysis,
including any-stage CSA-AKI, long CSA-AKI, and CSA-AKI with

10.3389/fneph.2023.1059668

the need for RRT, and the three forms of CSA-AKI were statistically
associated with the outcome (Table 3).

A univariate analysis of baseline characteristics was performed
to identify baseline risk factors that could be also associated with the
risk of MAKE within 1 year after surgery so that these could be
included in the multivariate analysis. Among the included baseline
variables, patients who were associated with MAKE 1 year after
surgery were over 75 years of age [odds ratio (OR) 2.12 (1.2-3.74),
p = 0.01], or having arterial hypertension [OR 2.42 (1.07-5.59),
p = 0.034], or preoperative anemia [OR 2.27 (1.22-4.25), p = 0.01].
As for renal function, an eGFR of < 60 mL/min was considered
almost statistically significant [OR 1.85 (0.98-3.52), p = 0.059]
(Table 4). Relatedly, median Charlson Comorbidity Index Scores
was higher for patients who had experienced MAKE [4.5 (3-6)]
than in those who had not [4 (3-5)].

A multivariate logistic regression analysis was performed with
1-year MAKE within 1 year after surgery as a dependent variable
and any-stage CSA-AKI (with the statistically significant baseline
variables being the patient having arterial hypertension,
preoperative anemia, or being aged > 75 years) and CKD (with
the statistically significant baseline variable being an eGFR of < 60
mL/min) as clinically relevant independent variables. In that
analysis, the only variable that was still associated with MAKE 1
year after surgery was any-stage CSA-AKI [OR 2.386 (1.31-4.35),
p = 0.004) Table 5.

3.3 CSA-CKD score

Because the CSA-CKD score study validation was performed in
patients without pre-existing CKD (i.e., those with an eGFR of < 60
mL/min) to predict the likelihood of CKD after 1 year, we first
assessed the performance of the score in the selected population
with an eGFR of > 60 mL/min (n = 329). The number of patients
with CKD after 1 year was 40 (12.16%) and the CSA-CKD score
achieved a fair discrimination with an AUC of 0.737 (95% CI 0.657-
0.817), which was similar to the original study validation cohort
(AUC 0.78, 95% CI 0.72-0.83). Calibration was acceptable with a
Chi-square test result of 2.444 and p = 0.485 (Figure 3).

We then assessed the performance of the CSA-CKD score in the
overall cohort to assess the likelihood of MAKE after 1 year. The
median CSA-CKD score was higher in patients who had
experienced MAKE after 1 year [3 (2-4) vs. 2 (1-3), p < 0.001).

TABLE 2 Changes in sCr level and eGFR in the overall cohort, CSA-AKI, and no-CSA-AKI cohort.

Overall cohort

N = 404
median (IQR)

CSA-AKI
n = 147
median (IQR)

No CSA- AKI
n = 257
median (IQR)

Baseline sCr level (mg/dL)
1-year sCr level (mg/dL)

Baseline eGFR (mL/min)

0.9 (0.73-1.05)
0,93 (0.78-1.10)

81 (66-92)

0,97 (0.79-1.22) 0.86 (007-1.01)

1.02 (0.86-1.28) 0.89 (0.76-1.08)

73 (54-87) 85 (71-95)

1-year eGFR (mL/min)

78 (61-90)

65 (51-83) 82 (68-93)

IQR, interquartile range; CSA-AKI, cardiac surgery associated acute kidney injury; eGFR, estimated glomerular filtration rate.
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FIGURE 1

Differences in eGFR at 1-year follow-up between patients who had
CSA-AKI and those who did not. CSA-AKI, cardio surgery associated
acute kidney injury; e GFR, estimated glomerular filtration rate.

Discrimination fell, with an AUC of 0.682 (0.611-0.754), but
calibration was similar (p = 0.489) (Figure 4).

3.4 Risk of 1 year new-AKI episodes

During the 1-year follow-up visit, only 14 patients presented
with a registered new AKI episode. Although experience of CSA-
AKI was more common in patients who presented with a second
AKI during the 1-year follow-up visit (57.1% vs 35.6%), no
statistically significant association was found (Table 6).

4 Discussion

In this retrospective unicentric study, we evaluated the risk of
MAKE after CSA-AKI in a Spanish cohort, and the utility of the
CSA-CKD score in the prediction of MAKE after discharge. Any-
stage CSA-AKI was the only variable associated with the outcome

B MAKE

FIGURE 2

10.3389/fneph.2023.1059668

when analyzed in a multivariate analysis with baseline
characteristics of the patients. The CSA-CKD score had
acceptable discrimination (AUC 0.737) for the prediction of CKD
(eGFR < 60), but the AUC decreased to 0.682 for the prediction of
MAKE after 1 year.

GFR generally declines at a rate of 1 mL/min/year (9), but in our
cohort we observed median declines of 3 mL/min/year and 8 mL/
min/year in patients who did not and did experience CSA-AKI,
respectively. Patients who undergo cardiac surgery are at an
increased risk of losing kidney function, probably because of their
comorbidities (for example, we found that a high percentage of
patients who underwent cardiac surgery had diabetes and were
hypertensive), but this risk is significantly increased when CSA-AKI
occurs (p = 0.024). In that regard, Reyden et al. studied a cohort of
29,330 patients who underwent primary isolated CABG in Sweden,
with a mean follow-up period of 4.3 years, and found that the risk of
end-stage chronic kidney disease (ESCKD) was significantly
increased for any-CSA-AKI stage compared with non-CSA-AKI
patients, also when stratified by preoperative renal function (10).

Previous studies have focused on the risk of CKD (an eGFR of
< 60 mL/min) in this population 1 year after cardiac surgery, but
recent evidence shows that defining worsened renal function as a
decline of < 25% in eGFR can help to identify patients that can
develop CKD in later years, or patients who already have CKD and
whose episodes of CSA-AKI could accelerate the decline of their
renal function (8). Legouis et al. studied a cohort of 4,791 patients
and observed that patients without pre-existing CKD (regardless of
their AKI stage) were associated with a risk of de novo CKD after
fully recovering from an AKI episode after cardiac surgery, and,
based on this finding, they developed a CSA-CKD score to identify
at-risk patients (5, 7). It is important to note that excluding patients
with an eGFR of < 60 mL/min prevents clinicians from identifying
patients who can rapidly progress to ESKD and who may benefit
from nephrology follow-up. This is particularly important in
cardiac surgery as the percentage of patients with pre-existing
CKD is increasing, alongside increased rates of patient
comorbidity. For instance, in our cohort almost 20% of the

u Death
WRRT
m225% e GFR

MAKE distribution. MAKE, major adverse kidney events. RRT, Renal Replacement Therapy; e GFR, estimated glomerular filtration rate.
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TABLE 3 Univariate analysis of CSA-AKI as a risk factor for 1-year MAKE.

10.3389/fneph.2023.1059668

Total (N = 404) MAKE (n = 58) No MAKE OR (95% Cl)
(n = 346)
Any-stage CSA-AKI (%) 147 (36.4) 34 (58,6) 113 (32.7) 2.921 (1.654 to 5.159) <0.001
Long CSA-AKI (>3 days)(%) 58 (14.4) 20 (34.5) 38 (1) 4266 (2.254 t0 8.072) <0.001
RRT CSA-AKI (%) 10 (2.5) 4(6.9) 6 (1.7) 4.198 (1.147 to 15.36) 0.003

CSA-AKI, cardiac surgery associated acute kidney injury; OR, odds ratio; RRT, renal replacement therapy.

patients had pre-existing CKD. Another study, conducted by
Ishami et al., included 29,388 individuals who underwent cardiac
surgery. They found that a creatinine increase, defined as either
none (0%) or as class I (1%-24%), II (25%-49%), III (50%-99%), or
IV (100%) was associated, in a graded manner, with an increased
risk of incident CKD, CKD stage progression, and mortality (11).
This study also gives more weight to the categories of CKD than to
the percentage of GFR decline itself. To our knowledge, the present
study is the first that focuses on the impact of CSA-AKI on MAKE,
with a special focus on the relative reduction of eGFR in line with
current AKI research.

Interestingly, the risk of MAKE in our cohort was not associated
with age or sex. This is always a major concern when studying eGFR
decline, because the CKD-EPI formula includes not only sCR levels
but also age and sex (12). Moreover, we did not find differences in
the risk of MAKE between the diabetic and non-diabetic
populations, which could be explained by the high comorbidity of
the whole cohort, which had a median Charlson Comorbidity Index
of 4.

Providing information about AKI episodes is key not only to
attempts to change the natural history of AKI to CDK transition,

TABLE 4 Univariate analysis of baseline risk factors for 1-year MAKE.

but also to the introduction of strategies that identify patients at
increased risk to determine which patients may benefit from a
nephrology or primary-care follow-up. In that regard, patients in
which sCr levels do not return to baseline levels at discharge could
be considered candidates for specialist follow-up. However, we
must take into account that hyperfiltration after AKI, changes in
distribution volume, and loss of muscle mass during long hospital
admissions may also decrease creatinine values, and therefore that a
large percentage of patients could be lost (13, 14). Interestingly, low
sCr levels have been associated with higher mortality rates as a
result of malnutrition. On the contrary, when using cystatine C, a
biomarker that is independent of muscle metabolism, there is a
linear rather than a U-shaped association between eGFR and
adverse events (13). The use of cystatin-C may not always be
possible, but the measurement of creatinine clearance could be a
way to identify patients with persistent kidney dysfunction after
CSA-AKI (15). Studies of biomarkers in AKI have mainly been
conducted by intensivists and have focused on short-term
outcomes. In this field, only a secondary analysis of the Sapphire
study for NephroCheck® ([TIMP-2]x[IGFBP7]), known as the cell
cycle arrest biomarker, showed that a result of >2 was equivalent to

N (%)/median (IQR)/mean-+/-SD MAKE (n = 58) No MAKE (n = 346) OR (95% Cl) p-value
Male sex 34 (58.6) 222 (64.4) 0.791 (0.449-1.395) p=0418
Age > 75 years 26 (44.8) 96 (27,7) 2.116 (1.198-3.736) p=0.010
Smoking status 28 (48.3) 160(46.2) 1.080 (0.616-1.894) p=0788
Diabetes 23 (39.7) 120 (34.7) 1.238 (0.699-2.190) p = 0.464
Hypertension 51 (87.9) 259 (74.9) 2.4247(1.071-5.593) p=0.034
BMI = 30 17 (29,3) 107 (30.9) 0.94 (0.503-1.755) p=10.845
Anemia 7 (12.1) 57 (16.5) 2.27 (1.217-4.246) p =001
Peripheral vascular disease 6 (10.5) 30 (8,7) 1.215 (0.482-3.063) p=0.679
EF < 40% 8 (13.8) 32(9.2) 1,57 (0.684-3.601) p=0287
EGFR< 60 mL/min 16 (27.6) 59 (17,1) FG<60: p =0.059
CKD SIII 13 (22.4) 52 (15) 1.853 (0.977-3.516)
CKD SI1V 3(5.2) 7 (2)
Past cardiac surgery 7 (12.1) 36 (10.2) 1.178 (0.497-2.790) p =0.709
Procedure: CABG: 0.595 p=0.098
A\'A) 35 (60.3) 151 (43.6) (0.322-1.101)
CABG 16 (27.6) 135 (39)
VS +CABG 7 (12.1) 60 (17.3)

IQR, Interquartile range; MAKE, major adverse kidney events; OR, odds ratio; BMI, body mass index; EF, ejection fraction; CKD, chronic kidney disease; VS, valve substitution; CABG, coronary

artery bypass graft.
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TABLE 5 Multivariate analysis of risk factors associated to 1-year MAKE.

Age > 75 years
AHT

Anemia

Any-stage CSA-AKI

Baseline eGFR < 60 mL/min

10.3389/fneph.2023.1059668

OR 95% ClI p-value
1,657 0.914-3.006 0.096
1.895 0.811-4.430 0.140
1.799 0.932-3.473 0.080
2386 1.31-4.346 0.004
1112 0.557-2.223 0.763

AHT, arterial hypertension; CSA-AKI, cardiac surgery associated acute kidney injury; MAKE, major adverse kidney events; eGFR, estimated glomerular filtration rate.

AKI stage progression on the risk of ESKD or death at 9
months (16).

Tools such as the CSA-CKD scoring system developed by
Legouis et al. show promise as simple ways to identify patients at
risk of kidney disease progression (7). In our study, we first tried to
assess if the score had fair discrimination for CKD, as was first
described in its original study. We found that the AUC value for
CKD in patients without pre-existing CKD was 0.737 (95% CI
0.657-0.817), similar to the validation cohort of the original study
(0.78 [95% CI 0.72-0.83]). On the other hand, when analyzing AUC
for MAKE in the overall population, the AUC value decreased to
0.682 (95% CI 0.611-0.754). In our study we used the CKD-EPI
formula, since it is currently the formula with the most international
endorsement. Legouis et al. used the MDRD formula for the
estimation of basal GFR in patients without CKD, but it has been
proven that this formula has worse precision for eGFRs of 60-90
mL/min, and in that scoring system patients received 1 point for
eGFR < 80 ml/min. We believe that multicenter studies are needed
to create a new scoring system that focuses on MAKE and uses
CKD-EPI as the formula for eGFR estimation (17, 18).

However, after patients at risk of MAKE have been identified,
there is still no robust data about the benefits of a specific nephrology
follow-up compared to standard care. The first randomized controlled
trial investigating this was published in 2021 (19). Patients who
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FIGURE 3

Receiver operating characteristic curve of CSA-CKD score for CKD.
CSA-CKD, Cardiac surgery associated chronic kidney disease; CKD,
chronic kidney disease.
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survived severe AKI stage 2 or 3 were enrolled and randomized to
receive either comprehensive or standard care for 12 months. The
comprehensive group comprised a multidisciplinary team that
included nephrologists, nurses, nutritionists, and pharmacists. The
primary outcome was feasibility and the secondary outcomes included
incidence of MAKE, renal function, and albuminuria rate at 12
months. They accomplished the primary feasibility outcomes; for
the secondary outcomes they found statistically significant differences
only in albuminuria rate. However, blood pressure was better
controlled in the comprehensive group.

Our study has some limitations. First, the albuminuria rate was
not assessed because data were not available. It is known that post-
AKI proteinuria is associated with kidney disease progression and,
even in patients without changes in eGFR at 1 year, it is considered a
sequela of AKI (20). Second, owing to the nature of this study,
almost 7% of the original cohort were lost to follow-up and
therefore could not be included in the final analysis. Third, the
lack of association between CSA-AKI and new AKI episodes could
also be due to the nature of the study, as only 14 new AKI episodes
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FIGURE 4
Receiver operating characteristic curve of CSA-CKD score for MAKE.
MAKE, major adverse kidney events.
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TABLE 6 Univariate analysis of CSA-AKI as a risk factor for new AKI during the 1-year follow-up visit.

No 1-year AKI (n = 390)

1-year AKI (n = 14) OR (95%Cl) p-value

Any-stage CSA-AKI 139 (35,6)
Long CSA-AKI (> 3 days) 54 (13.8)
RRT CSA-AKI 8 (2,1)

8 (57,1) ‘ 1,818 (0.499-6.624) 0.365
4 (28,6) ‘ 1.154 (0.249-5.353) 0.855
2(14.3) ‘ 5.130 (0.79-33.3) 0.087

CSA-AKI, cardiac surgery associated acute kidney injury; RRT, renal replacement therapy; OR, odds ratio.

were registered because of the short and retrospective follow-up.
Finally, this is a unicentric retrospective study that provides
information about the increased risk of MAKE after CSA-AKI,
but multicentric and prospective studies are needed to confirm our
results and create a scoring system that tries to identify patients at
risk of MAKE.

In conclusion, based on our results, any-stage CSA-AKI is
associated with MA; however, the development of further scoring
systems that help clinicians to identify at-risk patients is needed so
that appropriate patient follow-up can be provided.
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Resumen articulo 3:

Introduccién y objetivo: Estudios retrospectivos apoyan que el déficit de presion de
perfusion media (PPM) en pacientes sometidos a cirugia cardiaca se asocia a una
mayor incidencia de lesion renal aguda. El objetivo de nuestro estudio fue aplicar un
algoritmo basado en la PPM en el postoperatorio para determinar si el tratamiento con
un objetivo individualizado reduce la incidencia de lesion renal aguda asociada a

cirugia cardiaca.

Material y métodos: se realizé un ensayo clinico controlado aleatorizado de pacientes
sometidos a cirugia cardiaca con bypass cardiopulmonar. Se incluyeron pacientes
adultos sometidos a sustitucion valvular y/o cirugia de bypass con alto riesgo de lesién
renal aguda asociada a cirugia cardiaca, definido por score de Leicester >30 y fueron
asignados aleatoriamente a un objetivo de PPM >75% del valor basal o a un objetivo
de PPM estandar durante las primeras 24 h postoperatorias. La lesion renal aguda

se definié segun los criterios KDIGO.

Resultados: Se incluyeron 98 pacientes con un FGe basal de 54 mL/min. No hubo
diferencias en la presion arterial media y la PPM en las primeras 24 h entre los grupos
aleatorizados, aunque se observo un mayor uso de noradrenalina en el grupo de
intervencion (38,78 frente a 63,27%; p = 0,026). El porcentaje de tiempo con PPM <
75% del valor basal fue similar en ambos grupos (10 frente a 12,7%, p = 0,811). La
presion arterial media durante la cirugia fue mayor en el grupo de intervencion (73
frente a 77 mmHg, p = 0,008). La incidencia global de lesion renal aguda fue del
36,7%, siendo del 38,6% en el grupo de intervencién y del 34,6% en el grupo de
control (p = 0,40).Tampoco hubo diferencias en las complicaciones extrarrenales

entre los grupos.
Conclusion: un tratamiento hemodinamico individualizado basado en PPM

comparado con el tratamiento estandar en pacientes post-operados de cirugia

cardiaca fue seguro pero no redujo la incidencia de LRA-CC en nuestro estudio.
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Abstract: Background: Retrospective studies support that mean perfusion pressure (MPP) deficit
in cardiac surgery patients is associated with a higher incidence of acute kidney injury (CS-AKI).
The aim of our study was to apply an algorithm based on MPP in the postoperative period to
determine whether management with an individualized target reduces the incidence of CS-AKL
Methods: Randomized controlled trial of patients undergoing cardiac surgery with extracorporeal
circulation. Adult patients submitted to valve replacement and/or bypass surgery with a high risk
of CS-AKI evaluated by a Leicester score >30 were randomized to follow a target MPP of >75%
of the calculated baseline or a standard hemodynamic management during the first postoperative
24 h. Results: Ninety-eight patients with an eGFR of 54 mL/min were included. There were no
differences in MAP and MPP in the first 24 h between the randomized groups, although a higher
use of noradrenaline was found in the intervention arm (38.78 vs. 63.27, p = 0.026). The percentage
of time with MPP < 75% of measured baseline was similar in both groups (10 vs. 12.7%, p = 0.811).
MAP during surgery was higher in the intervention group (73 vs. 77 mmHg, p = 0.008). The global
incidence of CS-AKI was 36.7%, being 38.6% in the intervention group and 34.6% in the control group
(p = 0.40). There were no differences in extrarenal complications between groups as well. Conclusion:
An individualized hemodynamic management based on MPP compared to standard treatment in
cardiac surgery patients was safe but did not reduce the incidence of CS-AKI in our study.

Keywords: acute kidney injury; cardiac surgery; mean perfusion pressure; prevention; clinical trial

1. Introduction

Post-operative acute kidney injury (AKI) is due to multiple factors, among which there
are hemodynamic changes, both ischemia and congestion, that compromise renal perfusion.
In cardiac surgery, cardiopulmonary bypass is added as an element that contributes to AKI
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by various mechanisms such as hemolysis, changes in medullar perfusion or increased
systemic inflammatory response. The incidence of AKI in patients undergoing cardiac
surgery can be up to 35% and 2-5% require renal replacement therapy (RRT) during the
episode of AKI. If AKI is present after cardiac surgery, the risk of death during admission
increases five-fold and if RRT is required, mortality can be up to 50% [1].

The KDIGO 2012 guidelines proposed a package of actions for the prevention of
AKI [2]. Among the most important measures we find the close monitoring of creatinine
and diuresis and the optimization of hemodynamic parameters and volaemia. For the latter,
it is recommended to consider dynamic or functional monitoring based on algorithms.
In that regard, a randomized controlled trial of post-operative cardiac surgery patients
at risk of AKI showed that the application of these measures significantly reduced the
development of moderate or severe AKI [3].

The optimal blood pressure target in the critically ill patient is controversial. Asfar
and colleagues randomized critically ill septic patients to either a standard target mean
arterial pressure (MAP) of 65-70 mmHg (standard) or an intensive MAP of 75-80 mmHg,.
There were no differences in terms of AKI, mortality and need for RRT except patients with
a previous history of hypertension, where those assigned to a target MAP of 75-80 mmHg
required less RRT but without significant differences in mortality [4].

In recent years, renal congestion has been studied as a contributor to the development
of AKI [5], since the two components involved in renal mean perfusion pressure (MAP-
central venous pressure [CVP]) have proven its importance. Retrospective studies in post-
cardiac surgery and septic patients support that a mean perfusion pressure (MPP) deficit
>20-25% (i.e., the difference between basal or preoperative MPP and postsurgery MPP) is
associated with a higher incidence of AKI [6-8]. Data from these studies are collected from
patient arrival in the intensive care unit (ICU), but intraoperative perfusion pressure deficit
may already be contributing to AKI. Historically, MAP during extracorporeal circulation
surgery is maintained at 50-70 mmHg because of the risk of the presumed increased
risk of hemorrhagic complications with higher levels. Recent studies have shown that
maintaining MAP between 80-100 mmHg is not associated with greater cerebral/cardiac
complications [9]. On the contrary, regarding renal function, it has been demonstrated that
MAP < 60 mmHg during cardiac surgery is associated with a higher incidence of AKI [10].

Thus, prospective studies are needed to support the importance of maintaining a
reduced perfusion pressure deficit in order to extend algorithms in intensive care units that
may take this parameter into account in case it proves a reduction in the AKI incidence.

The aim or our study is to apply an algorithm that includes calculated baseline
MPP using standard monitoring tools to determine whether individualized hemodynamic
management based on MPP during cardiac surgery and in the first 24 h of the postoperative
management in the ICU compared to the standard one reduces the incidence of post-
operative cardiac surgery AKI (CS-AKI).

2. Methods

From 1 October 2019 to 20 September 2022, one thousand and twenty-two patients
who underwent cardiac surgery in Hospital Clinic de Barcelona were initially screened
to participate in the nonblinded randomized controlled trial (ClinicalTrials.gov Identifier:
NCT04005105, https:/ /classic.clinicaltrials.gov/ct2 /history /NCT04005105 (accessed on 3
March 2023)). Inclusion criteria were use of cardiopulmonary bypass (CPB) during surgery,
valve replacement and/or coronary artery bypass graft (CABG) with or without additional
procedures including myomectomy, maze or left atrial appendage closure, score >30 in
Leicester score and age > 18 years. Exclusion criteria were chronic kidney disease stage V,
kidney transplant recipients, renal immune diseases (glomerulonephritis/vasculitis etc.),
endocarditis, history of AKI 7 days before surgery, use of ventricular assist devices or
vasoactive drugs, use of intravenous vasodilator drugs, constrictive pericarditis, emergent
surgeries or need for targeted brain perfusion therapy. Patients that participated in other
interventional studies were also excluded.
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Leicester score (LS) includes age, sex, body mass index (BMI), smoking habits, dyspnea,
diabetes, peripheral vascular disease, hypertension, preoperative hemoglobin, preoperative
estimated glomerular filtration rate (e GFR), time from catheterism to surgery, presence of
triple vessel disease, ejection fraction, emergency surgery, and type of surgery [11]. Our
group described that both discrimination and calibration for AKI were better defined when
the LS was used compared to the Cleveland Clinic Score and Euroscore II in a Spanish
cohort [12].

Patients meeting the inclusion criteria without any exclusion criteria were asked to
sign informed consent once they were admitted to the hospital for surgery. Hospital
admissions were scheduled between 15 and 22 h before surgery. After signing informed
consent, patients were randomized to standard of care (SoC) or intensive treatment by block
randomization. The person in charge of enrollment and randomization was the principal
investigator of the study.

The Institutional Ethics Committee approved the study protocol (HCB/2019/0501; 12
June 2019).

2.1. Protocol Description

Once randomized, MAP was measured three times before surgery and the mean
between those was considered the patient basal MAP. Once in surgery, when the patient
was intubated but before incision, basal CVP was measured during apnea. Basal MPP was
considered the difference between basal MAP and CVP. Cardiac index was measured with
a pulmonary artery catheter (Edwards Lifesciences Swan-Ganz®, Washington, DC, USA) in
all included patients.

For the Intervention group, the intraoperative protocol consisted of target MAP > 75%
of basal MAP or >60 mmHg if the value was <60 mmHg. We consider that CVP during
extracorporeal circulation is around 0, so this parameter was not included during surgery.
In the ICU Protocol, once the patient was in ICU physicians were asked to follow an
algorithm that included MPP. New goal compared to SoC protocol was MPP > 75% of basal
value during 24 h. Also, initiation of furosemide was requested if repeated CVP > 14 when
not contraindicated.

For the SoC group, in the intraoperative protocol the target MAP was >60 mmHg.
In the ICU protocol, physicians were asked to follow standard of care protocols based on
maintaining cardiac index >2.21/min/ m? and MAP > 65 mmHg. Furosemide was initiated
based on physician criteria.

The primary outcome was AKI during the first week after cardiac surgery. AKI
was defined based on KDIGO guidelines: increase in serum creatinine by >0.3 mg/dL
(>26.5 umol /L) within 48 h or increase in serum creatinine > 1.5 times baseline within
7 days in the intention to treat (ITT) population defined as all randomized patients.

2.2. Variables

Baseline variables were recorded before surgery from the preanesthetic report and
medical interview. Those variables included: date of surgery, gender, smoking habit,
weight, body mass index (BMI), laboratory values (hemoglobin, creatinine, eGFR by CKD-
EPI formula), type of surgery, New York Heart Association classification (NYHA), use
of diuretics, Angiotensin-converting enzyme inhibitor (ACEi)/ Angiotensin II receptor
blockers (ARB), history of previous AKI, Charlson index, Leicester score, Euroscore, history
of previous cardiac surgery, number of antihypertensive drugs, left ventricle ejection
fraction, triple vessel disease. Baseline MAP, CVP and MPP were obtained as described in
the protocol description.

Intraoperative variables were obtained both from perfusionist and anesthesiologists
reports, lab results and hemodynamic monitors. Variables included: surgical time aaortic
cross-clamping time, extracorporeal time, lactate and hematocrit values, volume adminis-
tered, diuretic use, use of vasoactive drugs and dose, transfusion need, perfusion flow and
MAP measured every 1-5 min according to availability.
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Variables during admission were obtained from electronic health reports. Variables
included: daily creatinine values until discharge, MAP and MPP during the first 24 h (MAP
measured by continuous invasive blood pressure monitoring and CVP measured every
60-120 min), diuresis and balance during the first 24 h, vasoactive drug use and duration,
transfusion need, date of ICU discharge and date of hospital discharge.

2.3. Statistical Analysis

In this open-label clinical trial, we employed a randomized (1:1), controlled design
to investigate the efficacy and safety of the follow target of MPP >75% baseline vs. SoC
follow-up during the first 24 h with diagnosis of AKI within the first week after surgery as
the primary endpoint.

The trial protocol assumed that in the SoC group the proportion of AKI would be 30%
and that it was possible to reduce it to 15%, thus requiring 120 patients per group for a
two-sided type I error of 5% and a power of 80%.

During 2020, a state of alarm was declared due to the epidemic caused by COVID-19,
which meant that many clinical trials and new patient enrolments had to be halted. In 2021,
normality returned to the participating center for the inclusion and follow-up of patients
in clinical trials, and so the inclusion of patients in the current trial was resumed as well.
In September 2022, the decision was made to stop enrolment due to low recruitment and
administrative reasons.

Finally, 98 patients were available for analysis. Variables have been described by me-
dian and interquartic range [IQR: 25th; 75th percentiles] or absolute and relative frequencies
(%), for quantitative and qualitative variables, analyzing differences between groups by
Mann-Whitney U test or Fisher’s exact test respectively.

The estimation of relative risk of AKI, within the first week between groups, was done
by estimating the Odds Ratio (OR) and its 95% confidence interval (CI95%) using a logistic
regression model. Since it was not possible to include all expected patients, as a robustness
analysis, the CI95% of the OR was also estimated using a resampling bootstrap method
with n = 1000 replicates.

All analyses were performed with a bilateral type I error of 5% which, except in the
case of the analysis of the main variable, should be considered nominal with no inferential
value. The statistical package SPSS VER 26 (Armonk, NY, USA: IBM Corp) was used for
all analyses.

3. Results

During the study period, one hundred and thirty-five patients met all inclusion
criteria without any exclusion criteria. A total of 37 patients were excluded: 20 declined to
participate; 9 patients had contraindication for use of pulmonary artery catheter; 7 patients
could not follow the protocol due to COVID-19 requirements and in one patient surgery
was not performed during the study period after anesthesiologist re-examination. Finally,
ninety-eight patients were included in the study and were randomized into the intervention
group (forty-nine) or SoC group (forty nine).

3.1. Cohort Baseline Characteristics

Baseline characteristics of both groups are depicted in Table 1. Median age was 74.78
years [IQR: 67.24; 78.78] and 82.65% were male. Hypertension was present in 84 patients
(85.71%), with a greater prevalence in bypass surgery patients (82%) followed by combined
surgeries (86%). As for renal function, median serum creatinine levels were 1.27 mg/dL
with median eGFR of 54 mL/min. Median Leicester score was 42.80 [IQR: 35.30; 51.80].
Valve substitution was the most frequent intervention (37.76%) and 14.29% of the patients
had two or more valves replaced. The valve that was most frequently replaced was aortic
(64.79%) followed by mitral (12.68%). As for combined valve replacement, the most frequent
valve combination was aortic and mitral (50% of combined valve procedures). Eighteen
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patients needed an extra procedure associated with the CABG or valve replacement (either
myomectomy, maze procedure or left atrial appendage closure) Figure 1.

Meeting inclusion criteria without any
exclusion criteria (n=135)

Excluded (n=37)
. Decline to participate (n=20)

Intervention (n=49)

Inability to place pulmonary artery catheter (n=9)
Inability to do study protocol due to covid19

requirements (n=7)
No surgery (n=1)

Enrollem

ent (n=98)

A

Standard of care (n=49)

Figure 1. Flow chart of subject selection and randomization.

Table 1. Cohort characteristics at baseline.

Characteristic Total (n = 98) Standard of Care (n = 49) Intervention (n = 49)
Male, 1 (%) 81 (82.65) 40 (81.63) 41 (83.67)
Median age (IQR), yr 74.78 (67.24-78.78) 74.52 (67.24-78.78) 75.04 (67.46-78.37)
Median BMI (IQR), kg/m? 30 (27-33) 30.00 (27-32) 29.00 (27-33)
Smoking history, n (%) 64 (65.31) 31 (63.27) 33 (67.35)
Diabetes mellitus, 1 (%) 60 (61.22) 29 (59.18) 31 (63.27)
Hypertension, n (%) 84 (85.71) 40 (81.63) 44 (89.3)
Arteriopathy, 1 (%) 14 (14.29) 6 (12.24) 8 (16.33)
Median hemoglobin (IQR), g/L 133.5 (122-145) 134 (122-145) 133 (120-145)
Median eGFR (IQR), mL/min 54 (46-65) 55 (46-61) 53 (40-68)
CKD stage 1 (%) 5 (5.10) 1(2.04) 4 (8.16)

CKD stage 2 (%) 23 (23.44) 11 (22.45) 12 (24.49)

CKD stage 3 (%) 65 (66.33) 35 (71.43) 30 (61.22)

CKD stage 4 (%) 5 (5.10) 2 (4.08) 3(6.12)
Median Creatinine (IQR), mg/dL 1.27 (1.07-1.47) 1.26 (1.07-1.38) 1.32 (1.08-1.53)
Preserved ejection fraction (>50), 1 (%) 63 (64.29) 32 (65.31) 31 (63.27)
Urgent surgeries, 1 (%) 41 (41.84) 16 (32.65) 25 (51.02)

Type of surgery

Valve substitution, 7 (%) 37 (37.76) 19 (38.78) 18 (36.73)
Bypass graft, n (%) 25 (25.55) 11 (23.45) 14 (28.57)
Combined procedure, 11(%) 36 (36.73) 19 (38.78) 17 (34.69)
ACEi/ARB treatment, n (%) 67 (68.37) 32 (65.30) 35 (71.43)
Diuretic treatment, 1 (%) 61 (62.24) 26 (53.06) 35 (71.43)
Previous cardiac surgery, n (%) 5 (5.10) 3(6.12) 2 (4.08)
Previous AKI, n (%) 7 (7.14) 2 (4.08) 5(10.2)
Median Euroscore (IQR) 3.25 (2.26-5.30) 3 (2.03-4.54) 3.50 (2.53-6)
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Table 1. Cont.
Characteristic Total (n = 98) Standard of Care (n = 49) Intervention (n = 49)
Median Leicester Score (IQR) 42.80 (35.30-51.80) 41 (33-49.95) 45 (35.80-53)
Median Charlson index (IQR) 6 (4-6) 6 (4-6) 6 (5-6)
Median MAP (IQR), mmHg 87 (80-95) 86 (80.5-93) 88 (80-96)
Median CVP (IQR), mmHg 10 (8-13) 11 (8-12) 10 (8-14)
Median MPP (IQR), mmHg 76 (69-83) 76 (70-82.5) 78 (69-87)

eGFR: estimated glomerular filtration rate; CKD: chronic kidney disease; ACEi/ARB: Angiotensin-converting
enzyme inhibitors/Angiotensin Il receptor blockers; MAP: mean arterial pressure; CVP: central venous pressure;
MPP: mean perfusion pressure. AKI: acute kidney injury.

3.2. Hemodynamic Variables and Fluid Balance during Intervention Period

There were no statistical differences in surgical time, aortic cross-clamping time and
CPB time in both groups. The median surgical time was 4.85 h [IQR: 4.23; 5.33] and
4.73 h [IQR: 4.07; 5.58] for the SoC and intervention group, respectively, p-value = 0.784.
Aortic cross-clamping time was 83.00 min [IQR: 69.00; 105.00] and 72.50 min [IQR: 54.00;
95.00], p-value = 0.208 and CPB time was 106.00 [IQR: 90.00; 133.00] and 98.00 [IQR: 81.00;
136.00], p-value = 0.644, for SoC or intervention group, respectively. As for the type of
primary filling of the cardiopulmonary bypass machine, it was the same composition for
all patients: gelaspan® (500 mL), HCO; Na 1M (10 meq), plasmalyte 148® (500 mL). Type
of cardioplegia was the same for all patients, except for two where custodiol® was used
(one in each group). The cardioplegia solution for the other patients was prepared by
the perfusionist team with cold blood from the patient, adding 60 mEq of Potassium and
2 g of Magnesium. Induction required 15 mL/kg and maintenance requires 10 mL/kg
every 20 min. As for anesthesia, 56.7% received intravenous anesthesia (propofol) and
43.3% received a combination of intravenous and inhaled anesthesia (propofol and inhaled
sevoflurane). Intravenous anesthesia was used in 55.1% of patients in the SoC and 58.33%
in the intervention group without statistical differences between both groups (p = 0.838).

MAP during surgery was higher in the intervention group, 73 mmHg [IQR:70.30,76.10]
and 77 [IQR: 71.96; 78.90] respectively, p = 0.008 but the percentage of time in which MAP
was lower than 60 mmHg or 75% of baseline MAP as well as use of vasoactive drugs was
similar in both groups (Table 2 Median lactic acid values before ECC were 8.6 mg/dL
[IQR 7.1-11.3] and 8.55 [7.21-10.5], p = 0.646, for SoC and intervention group, respectively.
During CPB, values increased to 10.25 mg/dL [8.35-13] and 10.3 [8.4-13.1], p value = 0.951
for SoC and intervention group respectively. Finally, the highest values were shown after
CPB, also without significant differences between groups, 12.55 mg/dL [9.95-15.8] and 12.4
[9.5-16.5], p = 0.905, for SoC and intervention group, respectively. Forty patients needed
transfusion during surgery (blood, platelets and /or plasma), twenty in each group.

Hemodynamic variables and fluid balance in the 24 h post-operative period for both
groups are depicted in Table 3. There were not statistical differences in neither MAP
(75.8 mmHg [IQR: 71; 79.4] vs. 76.15 mmHg [IQR: 73.2; 80.15] p = 0.32) nor MPP (67.15
[IOR 62.65; 70.4] vs. 66.7 [IQR: 64.15-71.2]; p = 0.375). The percentage of time in which
MPP was less than 75% of baseline also similar in both groups (21.45 vs. 21.39% [p = 0.811]).
As for vasoactive drugs, only norepinephrine use was more common in the intervention
group (37.78 vs. 65.27%; p = 0.026).

As intervention included early furosemide initiation if high CVP when not contraindi-
cated, an analysis of furosemide use, diuresis and fluid balance in first 24 h was also
performed and no statistical differences were observed (Table 3).

82



J. Clin. Med. 2023, 12, 7746 7 of 11

Table 2. Hemodynamic variables and fluid balance during surgery.

Characteristic Total (n = 98) Standard of Care (n = 49) Intervention (n =49) p Value
Median MAP (IQR), mmHg 75.6 (70.80-78) 73 (70.3-76.1) 77.05 (71.96-78.9) 0.008
?;;HEQI\I/I{‘)AP <75% baseline before 10.05 (2.6-22.1)  11.1 (2.6-21.1) 9 (2.8-24.13) 0.992
% time MAP < 60 mmHg before CPB (IQR) 3 (0-10) 3.9 (0-14) 2.4 (0-5.5) 0.325
?;;HEQI\I/I{‘)AP <75% baseline during 28.3 (15.85-48.4) 37.4(13.7;49.4) 23 (16-41.25) 0.325
% time MAP < 60 mmHg during CPB (IQR) 14 (8.5-24.3) 18.75 (8.65-32.65) 13 (8-18.8) 0.068
% time MAP < 75% baseline after CPB (IQR) 15 (5.3-33) 14.65 (4-35.1) 16 (8-29.5) 0.690
% time MAP < 60 mmHg after CPB (IQR) 5.40 (0-13.5) 5 (1-15) 5.4 (0-12) 0.864
Phenylephrine use, 1 (%) 88 (89.8) 43 (87.6) 45 (91.84) 0.740
Norepinephrine use, 1 (%) 78 (79.59) 35 (71.43) 43 (87.76) 0.078
Epinephrine use, 1 (%) 7 (7.14) 3(6.12) 4 (8.16) 1
Efedrine use, 1 (%) 31 (31.63) 18 (36.73) 13 (26.53) 0.385
Dobutamine use, 1 (%) 51 (52.04) 26 (53.06) 25 (51.02) 1
Nitroglicerine use, 1 (%) 16 (16.33) 10 (20.41) 6 (12.24) 0.413
Furosemide use, n (%) 28 (28.57) 16 (36.65) 12 (24.49) 0.503
Diuresis (IQR), mL 417.5 (290-670) 410 (260-610) 470 (310-720) 0.366
Colloid use, 1 (%) 17 (17.53) 10 (20.83) 7 (14.29) 0.396
Z" /‘I’rflzﬁ/“rfifardiac index <22 (IQR) 12 (2.25-32) 10.6 (2.25-29.2] 18.1 (2-48.7) 0.384

MAP: mean arterial pressure; CPB: cardiopulmonary bypass.

Table 3. Hemodynamic variables and fluid balance in 24 h post-operative period.

Characteristic Total (n = 98) Standard of Care (n = 49) Intervention (n =49) p Value
Median MAP (IQR), mmHg 76 (72.1-79.9) 75.8 (71-79.4) 76.15 (73.2-80.15) 0.320
Median MPP (IQR), mmHg 66.9 (63.8-70.85) 67.15 (62.65-70.4) 66.7 (64.15-71.2) 0.375
% time MPP < 75% baseline (IQR) 10.95 (1.55-32.75) 10 (2-32.9) 12.7 (1.20-28.80) 0.811
% time MAP 65 mmHg (IQR) 440 (1.1-12.5) 5.20 (1.3-16.9) 4.00 (1.1-11.1) 0.426
Norepinephrine use, 1 (%) 50 (51.02) 19 (37.78) 31 (63.27) 0.026
Efedrine use, n (%) 6 (6.12) 3(6.12) 3(6.12) 1
Dobutamine use, 1 (%) 47 (65.28) 23 (62.16) 24 (68.57) 0.597
Nitroglicerine use, 1 (%) 10 (10.20) 5(10.2) 5(10.2) 1
Nitroprussiate use 1 (%) 16 (16.33) 7 (14.29) 9 (18.37) 0.785
Furosemide use, 1 (%) 45 (45.92) 24 (48.98) 21 (42.86) 0.685
Diuresis (IQR), mL 1310 (1035-1625) 1285 (990-1565) 1320 (1060-1690) 0.236
Fluid balance (IQR), mL 225 (—716-1060) 331.00 (—384-1206) —26.00 (—984-999) 0.154

MAP: mean arterial pressure; MPP: mean perfusion pressure.

3.3. CS-AKI Description

There were no differences in sCr levels (1.15 mg/dL [IQR: 0.96; 1.42] vs. 1.3 mg/dL
[IQR: 1.02; 1.54] p = 0.138) 24 h after surgery. Thirty-six patients (36.73%) suffered CS-
AKI during the first week after surgery, seventeen in the SoC group and nineteen in
the intervention group, without statistically significant differences (p = 0.404, for direct
comparisons of proportions) and OR 1.19 (95%CI 0.51; 2.73), p-value = 0.65 from risk

83



J. Clin. Med. 2023, 12, 7746

8of 11

estimation with a logistic regression. The most common stage of AKI was stage 1 (72.22%)
and two patients needed renal replacement therapy (one on each group, p = 1). The stages
of AKI distribution are depicted in Figure 2.

AKI classification in standard of care group AKI classification in intervention group

m Stage 1

= Stage 2 = Stage 3 m Stage 1 = Stage2 = Stage3

Figure 2. AKI stage distribution in intervention and standard of care groups.

All AKI diagnoses were performed during the first two days after cardiac surgery,
except for one patient in the intervention group who suffered AKI five days after surgery.
AKI progression at day seven after AKI started was assessed. Five out of thirty-six patients
(13.89%) persisted with kidney dysfunction seven days after AKI started, two in the SoC
group and three in the intervention group (p = 1).

3.4. MPP Deficit as a Risk Factor for CS-AKI

As the new target in our study compared to the standard protocol was maintaining
MPP > 75% of basal value during first 24 h after surgery, we calculated the difference
between basal MPP and mean MPP during first 24 h in order to ascertain whether a deficit
of >25% in MPP was associated with AKI.

Seventeen patients (17.71%) presented an MPP deficit >25%, of which 8 (22.86%)
suffered AKI, without statistically significant differences (p = 0.406). If we move this limit
to a deficit of >20% we can observe that 29 patients (22.95%) had this deficit, of which 15
(42.86%) suffered AKI, almost reaching statistical significance (p = 0.064).

Other factors associated with AKI are depicted in Supplementary Table S1.

3.5. Patients Outcome

Median ICU length of stay and post-operative hospital length of stay were 4 days
(IQR: 3-6) and 8 days (IQR: 6-11), respectively, without statistically significant differences
between groups. Median ICU length of stay and post-operative hospital length of stay
for SoC and intervention group were 3 days (IQR: 3-6) and 4 days (IQR: 3-6) for ICU
length of stay, and 8 days (6-10) and 8 (6-12) for hospital length of stay, without statistical
differences between groups. Three patients died during admission (3.06%), all of them in
the intervention group. Patients died at the sixth, eleventh and ninety-fourth day after
surgery and causes of death were bilateral pulmonary embolism, cardiac tamponade and
refractory respiratory failure due to multiple complications, respectively. Ten patients
needed a second surgery during hospital stay because of bleeding or cardiac tamponade
(six in the SoC cohort and four in the intervention cohort). Two patients suffered a stroke in
the post-operative period, one in each group: one patient suffered a bilateral pulmonary
embolism in the intervention group, and one suffered a coronary artery spasm during
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surgery in the intervention group. In one patient in the SoC group, vegetation was found
during surgery with final diagnosis of endocarditis.

Median creatinine and eGFR at discharge were 1.02 mg/dL (IQR: 0.81-1.23) and
68 mL/min (IQR: 57-90), respectively, without statistically significant differences between
groups. The median time on vasoactive drugs was 2 days (IQR: 1-3) in the SoC group and
2 days (IQR 1-4) in the intervention group without differences (p = 0.481).

Transfusion description during surgery and first 24 h is depicted in Table 4. There
were no differences in red blood cells, platelets nor plasma transfusion between groups.

Table 4. Transfusion need during surgery and first 24 h.

Characteristic Total (n = 98) Standard of Care (n = 49) Intervention (n = 49) p Value
RBC: 31 (31.63) RBC: 14 (28.57) RBC: 17 (34.69)

During surgery, 1 (%) Platelets: 12 (12.2) Platelets: 6 (12.24) Platelets: 6 (12.24) 0.363
Plasma: 8 (8.2) Plasma: 4 (8.16) Plasma: 4 (8.16)

Cell-saver transfusion (IQR), mL 200 (0-305) 190 (0-295) 211.50 (0-315) 0.476
RBC: 19 (19.38) RBC: 9 (18.37) RBC: 10 (20.41)

During first 24 h, n (%) Platelets: 8 (8.16) Platelets: 4 (8.16) Platelets: 4 (8.16) 0.494
Plasma: 15 (15.30) Plasma: 8 (16.33) Plasma: 7 (14.29)

RBC: red blood cells.

4. Discussion

In this randomized clinical trial, patients at risk of CS-AKI based on Leicester score
who followed an interventional strategy based on MPP deficit during surgery and the
post-operative period did not have a lower incidence of AKI during the first seven days
after surgery than those who received a SoC strategy.

Some observational studies have observed that deficit between a 20-25% in MPP in
cardiac-surgery and septic patients is associated with AKI but significant limitations can be
found regarding measurement of basal CVP, which can make the results inconsistent [6,8].
Saito S et al. [6] examined whether patients with CS-AKI had a greater difference between
premorbid and within-ICU hemodynamic pressure-related parameters (including MPP)
compared to those without. To note, CVP was estimated using inferior vena cava (IVC)
parameters (diameter and collapse) derived from outpatient echocardiography exami-
nations. As the echocardiography examination was not performed just before surgery,
estimated CVP could have changed during waiting list period. It should be pointed out
that hemodynamic parameters during surgery were not included in the study. Moving to
studies in septic patients [7,8], basal parameters are even more difficult to estimate. CVP is
assumed to be 6 mmHg in patients with a history of cardiovascular disease, and 2 mmHg
in those without and basal arterial pressure is assumed to be 130/85 mmHg when no data
are available. The present study has an accurate protocol of CVP and MAP measurement
and we found that standard treatment at our institution maintained more than 75% of
patients in MPP deficit <25%, without differences regarding to intervention strategy that
included MPP targeted therapy. Moreover, neither 20 nor 25% of the deficit was statisti-
cally associated with AKI, although there was a trend regarding deficit >20% (p = 0.064).
Our results suggest that good compliance with the gold standard (maintaining cardiac
index > 2.2 L/min/m? and MAP > 65 mmHg) is likely to maintain perfusion pressure.

Strategies that focus only on the post-operative period may fail since hemodynamic
parameters during surgery need to be considered. More recently, Hu R et al. [13] aimed to
explore the association between the difference in perfusion pressure during CPB compared
to the baseline in the development of AKI in a retrospective study. Baseline MAP was
estimated as diastolic blood pressure + 1/3 times pulse pressure difference. Baseline CVP
was taken from the first post induction reading. Baseline MPP was derived from baseline
MAP-baseline CVP. MPP during bypass was assumed, as we also did in our study, to equal
MAP during bypass, as CVP falls to 0. In the study they found an association between AKI
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and cumulative number of median 3-min MPP values that were >20% below MPP baseline.
Also, higher baseline CVP was independently associated with AKIL

There are noteworthy strengths of our trial. First, this is the first randomized controlled
trial focused on target MPP in cardiac surgery, which allows an accurate measurement of
baseline parameters which could not be possible in observational studies. It also allowed
us to assess the safety of an intervention based on MPP. In our study, no differences in
transfusion need, cardiovascular complications or mortality were found.

Our trial also has limitations. First, we acknowledge that even though algorithms were
used in the postoperative period, they may be modified by the experience of the intensivist
and there could be a bias, possibly accentuated by the non-blinded design. Second, due
to the COVID-19 pandemic, the study failed to include the number of patients that was
initially planned, with a consequent drop in statistical power.

In conclusion, in our study, individualized hemodynamic management based on MPP
compared to standard treatment did not reduce the incidence of CS-AKI. A personalized
MPP management is safe, but larger cohorts are needed to confirm these findings.

Supplementary Materials: The following supporting information can be downloaded at: https:
/ /www.mdpi.com/article/10.3390/jcm12247746 /s1, Table S1: Variables associated with CSA-AKIL
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La presente tesis responde a los tres objetivos planteados mediante dos estudios
retrospectivos que han permitido el desarrollo de un ensayo clinico aleatorizado que
corresponde al ultimo trabajo publicado.

En primer lugar, quisimos identificar una escala de riesgo de LRA-CC valida para
nuestra poblacion que nos permitiese seleccionar una cohorte con riesgo elevado
para plantear nuestro ensayo clinico de intervencion, asi como identificar los factores

de riesgo de LRA-CC propios de nuestro centro.

En analisis multivariante se identificaron la hipertension preoperatoria, la presencia
de ERC (FG < 60 ml/min), enfermedad arterial periférica y un tiempo de isquemia
mayor a 70 minutos, como factores de riesgo asociados con la LRA-CC (articulo 1,
tabla 5). Nuestros resultados en cuanto a factores de riesgo no fueron diferentes
respecto a los clasicos ampliamente estudiados. En 2016, Yi Q et al realizaron un
meta-analisis de los estudios que valoraron los factores de riesgo de LRA-CC. Los
autores identificaron la hipertension, la sCr preoperatoria, enfermedad vascular
periférica, enfermedad respiratoria, diabetes, enfermedad cerebrovascular, fraccion
de eyeccion reducida, NYHA 1ll/1V, cirugia emergente, infeccion, re-intervencién y uso
de baldn de contrapulsacion intraértico, como factores de riesgo preoperatorios de
LRA-CC [80]. Dado que la presencia de ERC se muestra como uno de los factores de
riesgo mas importantes en diferentes cohortes, se han llevado a cabo también
estudios para valorar factores de riesgo en esta poblacion concreta. En 2020, Fu HS
et al, describieron los factores de riesgo de LRA-CC en pacientes con FGe <30
ml/min, mostrando que solamente el valor de creatinina preoperatoria y una baja
temperatura durante el BCP fueron factores de riesgo de LRA-CC en su analisis
multivariante [81]. Por otro lado, otros estudios muestran que los niveles de creatinina
sérica solo se asocian a LRA-CC si el FGe es menor de 60 ml/min, valor que coincide
con la definicion de ERC [82].

ElI BCP es el mayor factor de riesgo intraoperatorio en el desarrollo de LRA-CC. Como
se ha explicado anteriormente, existen cuatro vias principales que contribuyen a la

LRA durante el BCP: el miss-match aporte/demanda de oxigeno, la activacion de
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respuesta inflamatoria, hemolisis y los microémbolos lipidicos. Estos mecanismos
explican por qué tiempos mas largos de BCP e isquemia se relacionan clasicamente
con mayor riesgo de LRA. La oxigenacion renal viene determinada por el equilibrio
entre RDO2 y RVO:. Tanto el gasto cardiaco como el contenido arterial de oxigeno
son los dos determinantes del RDO2. Asi, la influencia de valores bajos de
hematocrito en el desarrollo de LRA-CC puede explicarse fisiopatolégicamente,
aungue la evidencia que soporta tener objetivos de hematocrito durante el BCP no
sea concluyente. Por otro lado, la PPM durante el BCP se asume igual a la PAM dado
gue la PVC durante el BCP se considera cercana a 0 mmHg. En nuestro estudio, la
presencia de anemia preoperatoria o necesidad de transfusion en quir6fano no se
asocio a LRA pero si lo hizo la HTA preoperatoria (articulo 1, tabla 5), lo cual podria
traducir un déficit de presion de perfusién renal en estos pacientes por tener valores
basales de PAM elevados, y ser un foco de intervencién. En este sentido, Kanji HD et
al realizaron en 2010 un estudio prospectivo de 157 pacientes, donde evidenciaron
gue un descenso de presion arterial media >26 mmHg respecto a la presion arterial
pre-operatoria se asocid a mayor riesgo de LRA-CC [21]. En cuanto a la enfermedad
arterial periférica, no solo es un factor de riesgo conocido para desarrollar LRA-CC
sino otras complicaciones especialmente en pacientes que se someten a bypass

aorto-coronario [84].

Existe una necesidad de identificar pacientes con riesgo de LRA-CC para poder
incluirlos en ensayos clinicos. Dado que la LRA leve también ha demostrado ser un
factor de riesgo independiente de mortalidad, scores que valoran el riesgo de LRA de
cualquier estadio en combinacion con biomarcadores de dafio renal deben
identificarse a la hora de disefiar estudios de intervencion. Uno de los estudios mas
importantes en este campo ha sido el estudio PrevAKI publicado en 2017 [57]. Se
trata de un estudio aleatorizado en el que al grupo de intervencion se le realizé una
estrategia post-operatoria basada en el cumplimiento de las guias KDIGO. Los
participantes fueron pacientes con alto riesgo de LRA-CC, riesgo definido por
presentar un (TIMP-2) x (IGFBP7) urinario > 0.3. La incidencia de LRA-CC se vio
significativamente reducida en el grupo de intervencién respecto al control. Este
estudio utilizé biomarcadores para identificar pacientes con riesgo de LRA-CC pero
los scores prondsticos basados en variables clinicas también podrian jugar un papel

en estos ensayos.
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Nuestro estudio comparo la utilidad del LS con los dos scores mas ampliamente
validados hasta el momento: CCS y EuroScore Il. Estos dos scores identifican de
forma adecuada la LRA grave, pero fallan en la identificacion de grados mas leves de
LRA.

Birnie K et al publicaron en 2014 el LS usando los datos de los centros de Bristol y
Birmingham siendo externamente validados con los datos de Wolverhampton también
en Reino unido [39]. La utilidad prondstica se comparé con la de scores EuroScore |l
y CCS y demostrd mejor discriminacion y calibracion que éstos para la prediccion de
cualquier estadio de LRA-CC por criterios KDIGO.

No fue hasta 2020 que este score se usO en un estudio externo realizado por
Grieshaber P et al. en un centro aleman [40]. En él, los autores identificaron pacientes
con riesgo elevado de LRA-CC combinando la escala CCS o LS y la medicién 4h
después de la intervencion quirdrgica de (TIMP-2)-(IGFBP7) urinario. El LS predijo
todos los estadios de LRA mientras que CCS solo predijo el estadio 2 y 3. En este
estudio, el AUC fue pobre (0.601), peor que la del estudio original de validacién (0.73)
y la medicién de (TIMP-2)x(IGFBP-7) no afiadié valor predictivo al score clinico. En
nuestro estudio, tanto la discriminacion como la calibracion de LS fue mejor
comparado con Euroscore 1l y CCS, con una AUC de LS similar a la de la cohorte de
validacion original (0.72) (articulo 1, figura 1). Esta diferencia respecto a la cohorte
de Gruesghaber P et al puede ser debida a los valores elevados de EuroSCORE de
la cohorte alemana (2.5 para los pacientes sin LRAy 2.8, 6 y 8.8 para los estadios 1-
3, respectivamente), comparado con nuestra cohorte (mediana 1.77). Aunque los
valores de EuroSCORE de la cohorte original no estan disponibles, podrian ser mas
cercanos a los de nuestra cohorte. Si nos basamos en el primer estudio externo, el
rendimiento del LS podria considerarse débil pero nuestros buenos resultados lo
convierten en un score prometedor que puede ser usado en estudios de intervencion

para identificar pacientes con riesgo de LRA.

Nuestro estudio, ademas de su caracter retrospectivo, tiene ciertas limitaciones. Por
un lado, los pacientes criticos (cirugia emergente o con uso de baléon de
contrapulsacion intraadrtico) o con diagnoéstico de endocarditis fueron excluidos. Por

otro lado, estos pacientes no se excluyeron de la cohorte de validacion original del
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LS, lo que hace a nuestra cohorte no del todo comparable. Aun asi, los pacientes
criticos no acostumbran a ser el foco de los ensayos clinicos por lo que el buen
rendimiento del LS en nuestra cohorte si que podria ser una base para ensayos

clinicos futuros.

Asi, concluimos que basado en nuestros resultados, aquellos pacientes hipertensos
con ERC con o sin enfermedad arterial periférica podrian ser foco de intervencion en
futuros estudios y que el LS demostrd ser un score valido para identificar pacientes

con riesgo de LRA-CC gue podrian beneficiarse de estudios de intervencion.

En segundo lugar, con el fin de conocer el impacto de la LRA-CC en nuestra poblacion
nos planteamos eestudiar la incidencia de MAKE (mortalidad, requerimiento de
terapia renal sustitutiva y descenso de >25% de FGe) al afio después de cirugia

cardiaca en la misma cohorte con la que realizamos el primer estudio.

Es conocido que la LRA de cualquier estadio es un factor de riesgo independiente de
ERC y ERC terminal y dada la elevada incidencia de LRA-CC, se han desarrollado
estudios especificamente focalizados en la incidencia de ERC de novo (definida como
FGe<60 ml/min) después de una cirugia cardiaca. Un ejemplo de ello lo encontramos
en el estudio conducido por Reyden L et al en 2014, donde estudiaron una cohorte de
29.330 pacientes sometidos a bypass aortocoronario aislado en Suecia, con un
periodo medio de seguimiento de 4,3 afios, y evidenciaron que el riesgo de ERC
terminal aumentaba significativamente en cualquier estadio de LRA-CC en
comparacion con los pacientes sin LRA-CC, también cuando se estratificaba segun
la funcion renal preoperatoria [84]. Asi, dotar a los clinicos de herramientas para
identificar pacientes con riesgo de ERC después de una LRA deberia ser una
prioridad. Un ejemplo de ello es el desarrollo la escala de riesgo mencionada
previamente por Legouis D et al para la prediccion de ERC de novo un afio después

de una cirugia cardiaca [18].

Con el fin de incluir todos los criterios de valoracion renales clinicamente significativos
en los ensayos clinicos de LRA, se introdujo recientemente el concepto de MAKE.

Este criterio de valoraciébn compuesto comprende el deterioro persistente de la funcién
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renal (es decir, un descenso del 25% o mas del FGe), la necesidad de hemodialisis
de novo y la muerte. Se han propuesto los MAKE como una forma de mejorar la
capacidad para comprender la LRA y proporcionar una herramienta para comparar

diferentes intervenciones.

El objetivo de nuestro estudio fue evaluar la incidencia de MAKE un afio después de
la cirugia cardiaca y sus factores de riesgo y, como objetivo secundario, evaluar la
utilidad de la puntuacion desarrollada por Legouis D et al (puntuacion CC-ERC) en la
prediccién de MAKE un afio después de la cirugia y, de este modo, arrojar luz sobre
posibles herramientas para la identificacion de pacientes de riesgo que requieren un

seguimiento especial.

Para ello se incluyeron los pacientes de la cohorte del articulo previo que tuvieron un
seguimiento de un afio tras la intervencion incluyendo un total de 404 pacientes. La
LRA-CC de cualquier estadio fue la Unica variable asociada a MAKE al afio en el
analisis multivariante con el resto de caracteristicas basales (articulo 2, tabla 5). La
puntuacion CC-ERC tuvo una discriminacion aceptable (AUC 0,737) para la
prediccién de ERC (FGe < 60), pero el AUC disminuy6 a 0,682 para la prediccién de
MAKE al 1 afio (articulo 2, figuras 3 y 4). Se contabilizaron los episodios de LRA
adicionales que ocurrieron durante el seguimiento siendo solamente 14 y aunque
estos fueron mas frecuentes en aquellos que habian sufrido LRA-CC, las diferencias
no fueron estadisticamente significativas (57.1% vs 35.6%).

En promedio, el FGe disminuye a un ritmo de 1 ml/min/afio [85], pero en nuestra
cohorte observamos una disminucion media de 3 ml/min/afio y 8 ml/min/afio en los
pacientes que no sufrieron LRA-CC y en los que si la sufrieron, respectivamente. Los
pacientes sometidos a cirugia cardiaca tienen un mayor riesgo de perder la funcion
renal, probablemente debido a sus comorbilidades (por ejemplo, observamos que un
alto porcentaje de pacientes sometidos a cirugia cardiaca sufrian diabetes y eran
hipertensos), pero observamos que este riesgo aumenta significativamente cuando
se produce LRA-CC (p = 0,024) (articulo 2, figura 1).

Los estudios previos se han centrado en el riesgo de ERC (FGe < 60 mL/min) un afio

después de la cirugia cardiaca, pero la evidencia reciente muestra que definir el
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empeoramiento de la funcién renal como un descenso < 25% del FGe puede ayudar
a identificar a los pacientes que pueden desarrollar ERC en afios posteriores, o a los
pacientes que ya tienen ERC y cuyos episodios de LRA-CC podrian acelerar el
deterioro de su funcion renal. Es importante sefialar que excluir a los pacientes con
una FGe < 60 ml/min impide a los clinicos identificar a los pacientes que pueden
evolucionar rapidamente a ERC terminal y que podrian beneficiarse de un
seguimiento nefrolégico. Esto es especialmente importante en la cirugia cardiaca, ya
gue el porcentaje de pacientes con ERC preexistente estd aumentando, junto con las
mayores tasas de comorbilidad de los pacientes. Por ejemplo, en nuestra cohorte casi
el 20% de los pacientes tenian ERC preexistente (articulo 2, tabla 1). Otra
aproximacion a la valoracion del riesgo de ERC tras la cirugia cardiaca lo
encontramos en el estudio realizado por Ishani A et al [86]. Este incluyé a 29.388
individuos sometidos a cirugia cardiaca y evidenciaron que un aumento de la
creatinina, definido como nulo (0%) o como clase | (1%-24%), 1l (25%-49%), Il (50%-
99%) o IV (100%) se asociaba, de forma gradual, con un mayor riesgo de ERC
incidente, progresion del estadio de ERC y mortalidad. Este estudio da mas
importancia a las categorias de ERC que al porcentaje de disminucion del FG en si.
Nuestro estudio es el primero que se centra en el impacto de la LRA-CC sobre los
MAKE al afio, con especial atencién a la reduccion relativa de la FGe, en consonancia

con la investigacion actual sobre la LRA.

Curiosamente, el riesgo de MAKE en nuestra cohorte no se relacion6 con la edad ni
al sexo. Esta es siempre una preocupacion importante cuando se estudia el descenso
del FGe, puesto que la férmula CKD-EPI incluye no sélo los niveles de sCr, sino
también la edad y el sexo. Ademas, no encontramos diferencias en el riesgo de MAKE
entre la poblacion diabética y la no diabética, lo que podria explicarse por la elevada
comorbilidad de toda la cohorte, que tenia una mediana del indice de comorbilidad de
Charlson de 4 (articulo 2 tabla 1).

Proporcionar informacién sobre los episodios de LRA es clave no sélo para los
intentos de cambiar la historia natural de la transicion de la LRA a la ERC, sino
también para la introduccion de estrategias que identifiquen a los pacientes con mayor
riesgo para determinar qué pacientes pueden beneficiarse de un seguimiento

nefrolégico o de atencion primaria. En este sentido, los pacientes en los que los
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niveles de creatinina sérica no recuperan los niveles basales al alta podrian
considerarse candidatos a un seguimiento especializado. Sin embargo, hay que tener
en cuenta que la hiperfiltracion tras la LRA, los cambios en el volumen de distribucion
y la pérdida de masa muscular durante los ingresos hospitalarios prolongados
también pueden disminuir los valores de creatinina y, por tanto, podrian perderse un

gran porcentaje de pacientes.

Es importante destacar que los niveles bajos de sCr tambien se han asociado a
mayores tasas de mortalidad como consecuencia de la malnutricion. Por el contrario,
cuando se utiliza la cistatina C, biomarcador independiente del metabolismo muscular,
existe una asociacion lineal en lugar de en forma de U entre el FGe y los
acontecimientos adversos [87]. El uso de la cistatina C puede no ser siempre posible,
pero la medicién del aclaramiento de creatinina podria ser otra forma a tener en
cuenta para identificar a los pacientes con disfuncién renal persistente tras LRA-CC.
Los estudios de biomarcadores en la LRA han sido realizados principalmente por
intensivistas y se han centrado en los resultados a corto plazo por lo que en este
sentido queda mucho camino por recorrer. Asi, herramientas como el sistema de
puntuacion CC-ERC desarrollado por Legouis D et al. resultan prometedoras como
formas sencillas de identificar a los pacientes con riesgo de progresién de la
enfermedad renal. En nuestro estudio, en primer lugar, tratamos de evaluar si la
puntuacion tenia una discriminacion adecuada para la ERC, como se describié por
primera vez en su estudio original. Encontramos que el valor de AUC para la ERC en
pacientes sin ERC preexistente era de 0,737 (IC del 95%: 0,657-0,817), similar al de
la cohorte de validacion del estudio original (0,78 [IC del 95%: 0,72-0,83]). Por otro
lado, al analizar el AUC para MAKE en la poblacién general, el valor del AUC
disminuy6 a 0,682 (IC del 95%: 0,611-0,754). En nuestro estudio utilizamos la formula
CKD-EPI, ya que actualmente es la formula con mayor respaldo internacional.
Legouis et al. utilizaron la féormula MDRD para la estimacion del FG basal en pacientes
sin ERC, pero se ha demostrado que esta férmula tiene peor precision para FGe de
60-90 ml/min, y en ese sistema de puntuacion los pacientes recibian 1 punto por FGe
< 80 ml/min. Creemos que son necesarios estudios multicéntricos para crear un nuevo
sistema de puntuacién que se centre en el MAKE vy utilice el CKD-EPI como férmula

para la estimacion del FGe. Sin embargo, una vez identificados los pacientes con
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riesgo de MAKE, aun no existen datos solidos sobre los beneficios de un seguimiento

nefrologico especifico en comparacion con la atencion estandar.

Nuestro estudio tiene algunas limitaciones. En primer lugar, no se evalud la presencia
de albuminuria dado que no se disponia de datos. Se sabe que la proteinuria post-
LRA se asocia a la progresion de la enfermedad renal e, incluso en pacientes sin
cambios en la FGe al afo, se considera una secuela de la LRA. En segundo lugar,
debido a la naturaleza de este estudio, casi el 7% de la cohorte original perdi6 el
seguimiento antes de completar el afio y, por tanto, no pudo incluirse en el analisis
final. En tercer lugar, la falta de asociacion entre la LRA-CC y los nuevos episodios
de LRA también podria deberse a la naturaleza del estudio, ya que solo se registraron
14 nuevos episodios de LRA debido al seguimiento corto y retrospectivo. Por ultimo,
se trata de un estudio retrospectivo unicéntrico que proporciona informacién sobre el
aumento del riesgo de MAKE tras LRA-CC, pero se necesitan estudios multicéntricos
y prospectivos para confirmar nuestros resultados y crear un sistema de puntuacion

gue intente identificar a los pacientes con riesgo de MAKE.

Asi, concluimos que basado en nuestros resultados, la LRA-CC impacta de forma
negativa en la supervivencia renal identificada mediante MAKE por lo que es
necesario desarrollar scores u otras herramientas que permitan identificar a los

pacientes en riesgo, para poder realizar un seguimiento adecuado de éstos.

Finalmente, con la informacion que nos proporcionaron los estudios previos respecto
a la identificacion de pacientes con riesgo de LRA-CC y el impacto de ésta en la
supervivencia renal al afio, desarrollamos un ensayo clinico aleatorizado abierto
controlado en el que se aplicé un algoritmo clinico que tuvo en cuenta la PPM en
pacientes con riesgo de LRA-CC identificados mediante LS, con el fin de valorar si un
manejo hemodinamico individualizado basado en presion de perfusion media en el

post-operatorio comparado con un manejo estandar reducia la incidencia de LRA-CC.

El objetivo éptimo de presion arterial en el paciente critico es controvertido. Asfar P et
al asignaron aleatoriamente a pacientes sépticos en estado critico a una presion

arterial media (PAM) objetivo estandar de 65-70 mmHg (estandar) o a una PAM
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intensiva de 75-80 mmHg [88]. No hubo diferencias en términos de LRA, mortalidad
y necesidad de TRS, excepto en los pacientes con antecedentes de hipertension, en
los que los asignados a una PAM objetivo de 75-80 mmHg precisaron menos TRS,
pero sin diferencias significativas en la mortalidad. La PVC es el segundo factor
contribuyente en la PPM renal. Hay evidencia mediante estudios retrospectivos de
gue un déficit de presion de PPM >20-25% (es decir, la diferencia entre la PPM basal
0 preoperatoria y la postoperatoria) se asocia a una mayor incidencia de LRA en
pacientes criticos [59-61]. EI mayor problema de estos estudios es que los datos se
recogen desde la llegada del paciente a la UCI pero el déficit de presion de perfusion
intraoperatorio puede ya estar contribuyendo a la LRA. Histéricamente, la PAM
durante la cirugia con circulacion extracorpérea se mantiene entre 50 y 70 mmHg
debido al presunto aumento del riesgo de complicaciones hemorragicas con niveles
superiores pero estudios posteriores han demostrado que mantener la PAM entre 80-
100 mmHg no se asocia a mayores complicaciones cerebrales/cardiacas [48]. Por el
contrario, en lo que respecta a la funcioén renal, se ha demostrado que una PAM < 60

mmHg durante la cirugia cardiaca se asocia a una mayor incidencia de LRA [49].

En nuestro ensayo clinico aleatorizado (PrevHemAKI trial), los pacientes con riesgo
de LRA-CC segun LS que siguieron una estrategia basada en reducir el déficit de la
PPM durante la cirugia y el postoperatorio no presentaron una menor incidencia de
LRA durante los primeros siete dias tras la cirugia en comparacién con los que
recibieron una estrategia estandar. Los estudios observacionales que fueron la base
para nuestra intervencion tienen limitaciones significativas de disefio propias de la
naturaleza del estudio, fundamentalmente en cuanto a la medicion de la PVC basal,
lo que puede hacer que los resultados sean inconsistentes [59,61], ademas de
centrarse en el periodo post-operatorio. Mas recientemente, Hu R et al. se
propusieron explorar la asociacion entre la diferencia en la presion de perfusion
durante el BCP comparada con la basal en el desarrollo de LRA en un estudio
retrospectivo [89]. La PAM basal se estimé como la presion arterial diastolica + 1/3
veces la diferencia de presion de pulso. La PVC basal se tomé de la primera lectura
tras la induccién anestésica. La PPM basal se obtuvo a partir de la PAM basal y la
PVC basal. Se supuso que la PPM durante el bypass, como también hicimos en
nuestro estudio, era igual a la PAM, ya que la PVC descendia a 0. En el estudio se

hall6 una asociacion entre la LRA y el nUmero acumulativo de valores medios de PPM
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medida cada 3 minutos que se encontraban >20% por debajo de la PPM basal.
Ademas, valores mas altos de PVC se asociaron de manera independiente a LRA.
Nuestro estudio cuenta con un protocolo preciso de medicion de PVC y PAM y
observamos que el tratamiento estdndar de nuestra institucion mantenia a mas del
75% de los pacientes en rango adecuado de PPM sin diferencias con el grupo de
intervencion que incluia la PPM como objetivo (articulo 3, table 3). Ademas, déficits
mayores de 25% de PPM no se asociaron de manera significativa a la aparicién de
LRA, presentando una tendencia a la significancia en déficits de >20% (p=0.064). Asi,
nuestros resultados sugieren que un buen cumplimiento del gold standard (mantener
un indice cardiaco > 2,2 L/min/m? y una PAM > 65 mmHg) probablemente mantenga
la presion de perfusion. Las estrategias que se centran Unicamente en el periodo
postoperatorio pueden fracasar, ya que es necesario tener en cuenta los parametros
hemodinamicos durante la cirugia. En el periodo intraoperatorio de nuestro estudio, a
pesar de valores mas elevados de PAM en el grupo de intervencién, el porcentaje del
tiempo en que la PAM fue <60 mmHg o 75% del basal fue similar en ambos grupos
(articulo 3, tabla 2).

Nuestro ensayo cuenta con puntos fuertes a destacar. En primer lugar, se trata del
primer ensayo controlado aleatorizado centrado en un objetivo de PPM en cirugia
cardiaca, lo que permite una medicion precisa de los parametros basales que no era
posible en los estudios observacionales. También nos permitié evaluar la seguridad
de una intervencion basada en la PPM. En nuestro estudio no se encontraron
diferencias en la necesidad de transfusion, las complicaciones cardiovasculares o la
mortalidad. Nuestro ensayo también tiene limitaciones. En primer lugar, reconocemos
gue, aungue se utilizaron algoritmos claros en el postoperatorio, estos pudieron verse
modificados por la experiencia del intensivista y podria existir un sesgo, posiblemente
acentuado por el disefio no ciego, asi como una posible mejora del tratamiento
estandar.En segundo lugar, debido a la pandemia de COVID-19, el estudio no pudo
incluir el nimero de pacientes previsto inicialmente, con la consiguiente disminucion
de la potencia estadistica. En conclusion, en nuestro estudio, el manejo
hemodinamico individualizado basado en la PPM comparado con el tratamiento
estandar fue seguro pero no redujo la incidencia de LRA-CC. Se requeririan ensayos

con mayor numero de pacientes para confirmar nuestros hallazgos.
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La presente tesis ha permitido la creacién de un grupo de colaboracion multidisciplinar
formado por cirujanos cardiacos, anestesiologos, cardiélogos y perfusionistas con
interés en la prevencion del dafio renal asociado a la cirugia cardiaca. Gracias a ello
y con lo aprendido del ensayo PrevHemAKI, contamos actualmente con dos ensayos
clinicos en marcha focalizados en nuevas dianas terapéuticas. Por un lado, el grupo
forma parte del ensayo multicéntrico ARTEMIS (ALXN1210-CSA-AKI-318) que
estudia el uso de Ravulizumab (inhibidor de la proteina C5 del complemento) en la
prevencion de LRA-CC y MAKE, con inclusion del primer paciente en noviembre de
2023. Por otro lado, se prevé el iniciode un ensayo multicéntrico de terapia celular
autologa con macrofagos modificados para reducir la progresion de la LRA-CC y la
transicion a ERA o ERC.
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CONCLUSIONES
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El score de Leicester es un score valido para identificar pacientes con riesgo
de lesion renal aguda asociada a cirugia cardiaca que podrian beneficiarse de
estudios de intervencion.

La lesion renal aguda asociada a cirugia cardiaca no solo impacta en la
supervivencia a corto plazo sino también de forma negativa en la supervivencia
renal identificada mediante Major Adverse Kidney Events por lo que es
necesario desarrollar scores u otras herramientas que permitan identificar a los
pacientes en riesgo, para poder realizar un seguimiento adecuado de éstos.

Un manejo hemodinamico basado en presion de perfusién media en el post-
operatorio de cirugia cardiaca es seguro pero no reduce la incidencia de lesién
renal aguda asociada a cirugia cardiaca.
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