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Sindrome Cardio-Renal (ADQI 2009)

AGUDO CRONICO

SCR1 é I— :9 SCR2 6ﬁ @
SCR3 :9 ﬁ}é SCR4 @ﬁé
alteracioén ; nl
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CRS 5

Disfuncion combinada
de rindbn y corazén

Activacion neurohumoral

Cambios hemodinamicos

IS ﬁ Alteraciones metabolismo ﬁ N
sistémicas

Toxinas, farmacos

Respuesta inmunoldgica

Adaptado de: C. Ronco, P. McCullough, S. D. Anker, I. Anand, et al.,
Eur Heart J 31, 703-11 (2010).
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Factores de riesgo G RS 4

adquiridos para nefropatia
primaria

Anemia

Toxinas urémicas
Alteraciones Ca/P
Estado nutricional, IMC
i Sobrecarga Na/H20
Inflamacién cronica

Anemia

Malnutricion
Alteraciones Ca/P
Sobrecarga Na/H20
Inflamacion

Medio agresivo

Adaptado de: C. Ronco, P. McCullough, S. D. Anker, I. Anand, et al.,
Eur Heart J 31, 703-11 (2010).
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Expansion volumen

Reduccion brusca GFR

Activacion simpatico

R ﬁ

Activacion RAA-Vasoconstriccion

Desequilibrios acido-base,
hidroelectrolitico, coagulacion

Senalizacion humoral

Adaptado de: C. Ronco, P. McCullough, S. D. Anker, I. Anand, et al.,
Eur Heart J 31, 703-11 (2010).
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Bajo Gasto Cardiaco

Bajo Gasto Cardiaco
Inflamacidén subclinica
Disfuncién endotelial
i Aterosclerosis acelerada

Hipoperfusion cronica
Aumento resistencias
vasculares renales
Aumento presion venosa

Adaptado de: C. Ronco, P. McCullough, S. D. Anker, I. Anand, et al.,
Eur Heart J 31, 703-11 (2010).
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CRS 2

CKD

l Hipoperfusion crénica
Necrosis-Apoptosis

Esclerosis-Fibrosis
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CRS 1

‘(porcambios hm

Factores exdgenos
Farmacos

ﬁ Factores humorales ﬁ

Factores hormonales

Wo por sisw

Adaptado de: C. Ronco, P. McCullough, S. D. Anker, I. Anand, et al.,
Eur Heart J 31, 703-11 (2010).
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Incidencia de AKI en ADHF

i 9-40% !

muy dependiente de los criterios,
el momento del diagnostico y de la
poblacion estudiada
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Evolucion de la funcion renal durante la
hospitalizacion (criterios AKIN)

AKIN (A) 100 1
fS
1.5 e
0.50 1 o
- @
& PR e
w ¢ g”
0.00 Y Y r Hh— o
- opo  10.00 '3.&’.&.00 a0B® sowo *e0.00 .Jm)o 80.00
< @ &
S % @
z2 -0.50 9 B
=
<
-1.00 1 °
-150
¥>03 0-0.3 -0.3-0 -03--1 ¥>-.03
patient#

igimenez@unizar.es
22 marzo 2014

wss Universidad

i0L  Zaragoza




Evolucion de la funcion renal durante la
hospitalizacion (criterios RIFLE)
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¢POR QUE SE VE AFECTADO
EL RINON EN UNA ADHF?
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FSR=AP/R | @\

ARTERIAL | RENAL 1 VENOSA 1
> 4
Humedo y frio Humedo y caliente

Presion venosa renal 1 Presion venosa renal 1
Z 0 . :
‘O FSR | FSR paraddjicamente reducido
|—
‘u’j Autorregulacion alterada Autorregulacion alterada
O) . :
Z Seco y frio Seco y caliente
(@)
O o FSR | FSR paraddjicamente reducido

Z
. Desregulacion microcirculacion
Autorregulacion alterada )
intrarrenal
Fuertemente disminuida Relativamente preservada

PERFUSION SISTEMICA

M. Haase, C. Miiller, K. Damman, P. T. Murray, et al., Contrib Nephrol
182, 99-116 (2013).
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SCR1: Patogénesis

Reduced Renal , Increased
Susceptibility

' ! Autoregulation
Vasoconstriction /
P o
l%
.\ /

Relative Decrease in

Cardiac Output Sympathetic Nervous System Ly
- RAAS _ Functional Glomerular-
Arginine Vasopressin (Pre-renal) l interstitial
Endothelun damage
/ Decreased
Perfusion = | AKI | <—
Pressure
Ineffectlve I . ¥
Increased Natriuretic Peptides BN Parenchymal
preload Kinin-kallikrein System ‘ &S Damage 3c|e,05.s
\ Prostaglandins d FIbI’OSlS
\ Endothelial Relaxin Factor = ; : :
ﬁ S ; "' ’ S
Venous Increased ’
Congestion Venous
Pressure
Repeated Episodes of AKI
Uremic Milieu

Ronco C, et al. JACC 2012; 60: 1031-1042.
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Proximal

Distal convoluted
Connecting o
piece Collecting
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Proximal ; ’ \ PO,
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J. V. Bonventre, L. Yang, J Clin Invest 121, 4210-21 (2011).
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Ischemia Repair

wdesune s BBMloss  §
‘ Exfoliation o=t
Cell injury —— Tubular obstruction

uonenuj

9
o
<"5 Redifferentiation
- . Repolariztion
CMJ hypoxia
Microvascular injury Dedifferentiation
with obstruction, Migration
& coagulopathy, and Proliferation
s inflammation
s,
(]
Maintenance
(1)) §
0 1 2 3 4 5 6 7 8 9 10
Days

D. P. Basile, M. D. Anderson, T. A. Sutton, Compr Physiol 2, 1303-53

(2012).
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’ { Ischemia

[Micr;:‘\ilz:c’:ular] ‘
~ £

Impaired Flow

1 Leukocyte Adhesion
1 Permeability
[ Continued Ischemia J -

Inflammatlon]

D. P. Basile, M. D. Anderson, T. A. Sutton, Compr Physiol 2, 1303-53
(2012).
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A
f Tubular Injury \

Lethal Sublethal
Cell Injury  Cell Injury
Apoptosis Disruption of
Necrosis cytoskeleton

\ /

Loss of Cell Polarity
Shed Cells & Cellular Debris

|

Altered Vectorial Transport
Tubular Obstruction
Backleak

}
\_ DECREASED GFR_/
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ADHF
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M. Haase, C. Miller, K. Damman, P. T. Murray, et al., Contrib Nephrol
182, 99-116 (2013).
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Sindrome Cardiorrenal: iatrogenia

Drug Accumulation . 5 < Lactic acidosis
| Contractility - Metformin Interstitial Damage
Tumor Lysis, Urate precipitation
Urate Mediated [ | Chemotherapy | <«—— Interstitial Damage
Dysfunction l
v

" Ao
NSAID

Heart
Failure

_ - Transient
<_|m'_> Contrast Media | <{  |schemia [

Oxidative Stress

| Afterload - | Filtration Fraction
tContractility [—> | ACEi-ARB |« | Tubuloglomerular
Feedback

1 Afterload |Na Reabsorption
Arthythmias [ | Aldosterone Receptor Blockers | «— * yjyperkalemia

V,/V, Imbalance AVP Receptor Blockers Polyuria

Overhydration — 1Diuresis
Dehydration > Diuretics « Hypovolemia

Ronco C, et al. JACC 2012; 60: 1031-1042.
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Desencadenante
ADHF

1AM

PE

E. Valvular
Cirugia cardiaca

Susceptibilidad
Genética
Farmacos
Comorbilidad
Hipertension
Diabetes

IC previa

CKD previa
RAS

Mecanismos

Hemodinamica

Evento sistémico

- Gasto cardiaco W

- Congestion venosa

- Activacion RAAS/SNS: SVR
Respuesta renal

- FSR

- Congestion venosa renal

- Presion intersticial renal A
- Presion peritubular A

- Autoregulacion alterada

- Presién perfusion renal W
- GFR W

L\

Biomarcadores

Alteracion
estructural

Dano tubular

Disfuncién glomerular
(fibrosis intersticial)

Diuresis

Creatinina, cistatina C

NGAL, péptidos
natriuréticos,
adrenomedulina

Tratamiento

- Diuréticos/ultrafiltracion

- Vasodilatadores/
vasopresores

- Indtropos

No-hemodinamicos

- Estrés oxidativo

- Inmunidad humoral/celular

- Disfuncion endotelio/
microcirculacion

- Regulacion electrolitica

M. Haase, C. Miiller, K. Damman, P. T. Murray, et al., Contrib Nephrol

182, 99-116 (2013).

Proteinuria, uACR

Resultados clinicos

Empeoramiento IC
Hospitalizacion
prolongada
Re-hospitalizacion
Muertes

SCR tipos 3/5

Prondstico

Recuperacion

- Completa

- Parcial
- CKD persistente
- IC persistente

No recuperacion

- Muerte

- Cuidados paliativos

igimenez@unizar.es
21 marzo 2014




Biomarcadores

Diuresis

Alteracion

estructural Creatinina, cistatina C

NGAL, péptidos
natriuréticos,
adrenomedulina

Dafio tubular
Disfuncién glomerular
(fibrosis intersticial)

Proteinuria, uACR




¢POR QUE SE NECESITAN
MARCADORES DE DANO
RENAL?
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Parametros de funcion renal

Diuresis

Filtracion glomerular:
= Aclaramientos

= Formulas que emplean valores de creatinina plasmatica

— Cockcroft-Gault
- MDRD
- CKD-EPI

Funcion tubular: Excrecion de agua libre e iones
Excrecion fraccional sodio

Urea

Sedimento urinario

G Universidad . igimenez@unizar.es
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¢DANO O FRACASO RENAL?

CAMBIO DE PARADIGMA

= Fracaso agudo renal
= Dano agudo renal (AKI)

Criterios RIFLE (ADQI, 2002)
Criterios AKIN

Revision ADQI (2013)

KDIGO (2013): enfermedad aguda renal (AKD)
= no bien aceptado por KDOQI (EEUU)

Y0 Universidad 2 igimenez@unizar.es
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RIFLE

Risk, Injury, Failure, Loss, and End-Stage Renal Disease

Cr/GFR criteria

Urine output (UO) criteria

Increased Cr >50%
or
GFR decreases >25%
Increased Cr >100%
or
GFR decreases >50%

Increased Cr >200%

Risk

Injury

UO <0.5 ml/kg/h
x 6h

UO <0.5 mi/kg/h
x12h

Acute Kidney Injury Network

Cr criteria

Urine output (UO) criteria

Increased Cr >50%
or

Stage 1 >0.3 mg/d|

Increased Cr >100%

Stage 2

Increased Cr >200%

UO <0.5 ml/kg/h
x6h

UO <0.5 ml/kg/h
x 12 h

UO <0.3 ml/kg/h

or UO <0.3 ml/kg/h
GFR decreases >75% x 24 h
Eailure or or
Cr =24 mg/dl anuria x 12 h

(with acute rise
of 2 0.5 mg/dl)

Persistent Acute Kidney Injury =
Loss \ complete loss of renal function
for > 4 weeks

End stage renal

ESRD
disease

or x 24 h
Cr =4 mg/dl or
Stage 3 (with acute rise anuria x 12 h
of 2 0.5 mg/dl)

Patients who receive renal replacement therapy

(RRT) are considered to have met the criteria for

stage 3 irrespective of the stage that they are in
at the time of commencement of RRT.

P. A. McCullough, A. D. Shaw, M. Haase, J. Bouchard, et al., Contrib
Nephrol 182, 13-29 (2013).

Universidad
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KDIGO 2013

@ [ Is GFR decreased or is serum creatinine increased ?

No Yes Yes
<3 mo or mo
unknown

1\_ D, Is Scr increasing or GFR decreasing ?

@ Does the decrease in GFR or increase in Scr
resolve within 3 months?

> L0 DO D&

J. A. Kellum, N. Lameire, P. Aspelin, R. S. Barsoum, et al., Kidney
International Supplements 2, 1-138 (2012).

s Universidad IS Ara gé n igimenez@unizar.es
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Stages defined by
creatinine and
urine output \

are surrogates

Complications

Increased

Normal
risk

N

Antecedents Markers such
Intermediate Stage as NGAL, KIM-1,
AKI and IL-18 are
Outcomes surrogates

J. A. Kellum, N. Lameire, P. Aspelin, R. S. Barsoum, et al., Kidney
International Supplements 2, 1-138 (2012).

Universidad igimenez@unizar.es
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Detection of AKI via

Novel Biomarkers
Window
Detection of AKI via
Y Traditional Biomarkers
(L-,L) Current Timing of RRT Initiation
()
Initial Ongoing Injury
_________ Renal | ..

) Injury

£ T

£

©

()]

| -

O

=

s |

| -

()]

N

Time

Chest. 2012;141(6):1584-1594. doi:10.1378/chest.11-1513
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$7500

=== (3 {0 14,000) per admission
9 excess hospital costs

9 $9,000,000,000/ear

——
=

3.5% of
admissions = =

Your length of stay
increases, on average,

by 3.5 days if
1! you get AKI

300,000 Lig
People die in the
United States

1.2 Million people per year
annually from AKI

get AKI during a hospital stay

100 -

a QOdds of death

. B Unadjusted
B Age adjusted

B Multivariable

Death rate/year

300,000

200,000 A

100,000

0.3-04 0.3-04 1.0-1.9 =20 &% &
Change in serum creatinine (mg/dl) Q“odb

Death rate more than breast cancer, prostate cancer, heart failure, and diabetes, combined

Source: Kidney Int © 2013 International Society of Nephrology

Universidad IS} Aragon

Zaragoza
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CEXISTE LA "TROPONINA"”
RENAL?
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Pathophysiological mechanisms of AKI and repair.

Triggers of AKI (sepsis,
ischaemia,
nephrotoxins)

|

Endothelial injury

)

Leucocyte migration

and infiltration ? i ¥ e g "
' ' Inflammatory and

Tubular cell injury ‘ o vasoactive mediators
and ROS

Repair

£ Adhesion molecules
¥ Na*/K+-ATPase

Basement membrane

Martensson J et al. Br. J. Anaesth. 2012;bja.aes357

© The Author [2012]. Published by Oxford University Press on behalf of the British Journal of B ;'\ » . _
Anaesthesia. All rights reserved. For Permissions, please email: £ British Journal of Anaesthesia
journals.permissions@oup.com




Marcadores de riesgo y lesion tubular renal

Sangre o plasma
= Cistatina C
= NGAL
= Perfil monocitos y linfocinas en sangre

Orina

= Cistatina C

= NGAL

= KIM-1

= [L-18

= otros
- L-FABP, NAG, GST, GGT, AP, ...
- Novel

z igimenez@unizar.es

Universidad
' 22 marzo 2014




NGAL

Neutrophil Gelatinase-Associated Lipocalin
= Mishra et al, 2003

Monomero: polipéptido 178 aa, 25 kDa

= homodimero 45 kDa; heterodimero con gelatinasa

Lipocalina-2, siderocalina, ...

T Protege y favorece la reparacion

gene regulation

sssss

23 Universidad igimenez@unizar.es
L Zaragoza Intituto de nvestigacon 22 marzo 2014
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Oh 3h 6h 12 h 24 h 48 h

e
o

15 min I/R
w
o
(,4S ,-wo ,_s suojoyd)

01X

g
o

1.0

30 min I/R

N. Paragas, A. Qiu, Q. Zhang, B. Samstein, et al., Nat Med 17, 216-22 (2011).
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Origen de NGAL en AKI

Cross transplant setting Renal and urinary NGAL
after IR injury:

Renal NGAL mRNA ¢ {r ¢
Urinary NGAL protein{ {+

Renal NGAL mRNA 1 {+
Urinary NGAL protein{t {t ¢

Renal NGAL mRNA =
Urinary NGAL protein{

Los cambios en NGAL siempre preceden en varias horas a
las elevaciones en la creatinina plasmatica

E. Singer, L. Marko, N. Paragas, J. Barasch, et al., Acta Physiologica 207, 663-72 (2013).
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Healthy kidne Intrinsic AKI

NGAL expression is massively induced in
the distal nephron (TALH, distal tubule,
collecting duct) Sepsis/Malignancy:
Non-renal NGAL is

l / upregulated
Increased NGAL levels are detected in

NGAL is formed by
multiple cell types z
low levels

Low NGAL concentrai
circulate systemic
undergo glomerular filt blood
NGAL is reabsorbed vi: Proximal tubular reabsorption of NGAL is
megalin path impaired Urinary tract infection:
Leukocyte NGAL is
l released into urine

Low levels of NGAL a
detected in urin

High levels of NGAL are
detected in urine

Niveles elevados en un 6.5% de pacientes de atencion
primaria en ausencia de AKI (tomonaga et al Clin Chim Acta 2012)

E. Singer, L. Marko, N. Paragas, J. Barasch, et al., Acta Physiologica 207, 663-72 (2013).

Universidad Y Ara gé n igimenez@unizar.es
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Utilidad de NGAL en AKI

Muy precoz: 2h tras inicio dafno renal
ELISA, Alere Triage® (suero), Abbott Architect® (orina)

Utilidad demostrada en diversas situaciones clinicas:
= Cirugia cardiaca pediatrica (1-3 d antes que sCr)
= Nefropatia inducida por contraste en ninos y adultos
= Enfermos criticos
= CKD, mejor en ninos que en adultos
= Trasplante
= Lupus
= PKD

NGAL urinaria mejor predictor que en suero; muy estable en
orina

Limitaciones por especificidad en comorbilidad (sepsis, cancer)

http://www.mayomedicallaboratories.com

T Universidad 4 igimenez@unizar.es
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éEXiste el AKI subclinico?

Plasma/Urinary NGAL

Serum Creatinine

—— ]

Normal glomerular
filtration rate

No evidence of renal
tissue injury

Reduced glomerular
filtration rate

No evidence of renal
tissue injury

Prerenal state or CKD '

Normal glomerular
filtration rate

Suspected renal
tissue injury

Intrinsic or postrenal AKI '

Reduced glomerular
filtration rate

Suspected renal
tissue injury

1

E. Singer, L. Marko, N. Paragas, J. Barasch, et al., Acta Physiologica 207, 663-72 (2013).

Universidad

Zaragoza

|S¥Aragon

~

Instituto de Investigacion
Sanitaria Aragon
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Resultados preliminares a febrero 2013

400 A
350 1
300 7

250 A

200 A

150

sNGAL a

100

-1.50 -1.00 -0.50 0.00 0.50 1.00
AKIN (4)

Universidad igimenez@unizar.es

Zaragoza nstituto de Investigacion 22 marzo 2014



KIM-1

Kidney Injury Molecule 1
= |chimura et al, 1998 (I/R en ratas)

Proteina transmembrana apical, con
ectodominios para IgG y mucina (104
kDa)

ELISAS detectan ectodominio (90 kDa)
Origen en tubulo proximal danado
Asociado a alteraciones prefibroticas ... ? -

Funciones en inmunidad (linfocitos T).
TIM-1, HAVCR-1

~ ! Mucin domain
Metalloproteinase

wss Universidad

igimenez@unizar.es
ini Za ragoza Instituto de Investigacién 22 marzo 2014
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Nephrotoxicants

Qfx

Inflammatory
modulator ?

&

Fibrobiast

Kim-1

i€

Macrophage

Hypoxia
Ischaemia

F. Waanders, M. M. van Timmeren, C. A. Stegeman, S. J. Bakker, H.
van Goor, J Pathol 220, 7-16 (2010).

Universidad IS Ara gé n igimenez@unizar.es
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Nophmtoxlum
Proteins

WS

&y

e %

Hypoxia
Ischaemia

F. Waanders, M. M. van Timmeren, C. A. Stegeman, S. J. Bakker, H.
van Goor, J Pathol 220, 7-16 (2010).
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Utilidad clinica de KIM-1

Estable en orina. Luminex; ELISA; RenaStick

Niveles altos en nefropatia toxica e isquémica
= Se expresa sobre todo en tubulo proximal

Aumenta a las 12-24h del dano

= Retrasada respecto a NGAL; se complementan

Valor pronostico para endpoints muerte y TRS

30 7

Fold increase in concentration

wss Universidad

i0L  Zaragoza

25

20 1

15 7

10 1

. _A KIM-1 (0.83)
’ - \ ~/
'~
‘s 7 ®L-1 7!
e L-18 (0.75)

"N | _FABP (0.80)

NGAL (0.95)

e / Marker (AUC)
___.-':,——"'__——‘
P . N
T T T T 1
2 4 6 12 24

Time post-CPB (h)

igimenez@unizar.es
22 marzo 2014




Deteccion precoz de AKI

I I T

AKI prerrenal

Sepsis + ? +/- +
Cirugia cardiaca
(CPB) + + + +
Contraste + + + +
Nefrotdxico + + + ?
Transplante + + + +

Z. H. Endre, J. A. Kellum, S. Di Somma, K. Doi, et al., Contrib Nephrol
182, 30-44 (2013).
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RIFLE

No damage Damage present
Functional criteria and/or  Damage criteria
. No functional changes Damage without
L\lhc;;unct|onal loss of function RIFLE-R Biomarker
ge or e o
positivity
AKIN-1 (+)
RIFLE-I Biomarker
or -
positivity
AKIN-2
Functional )
change Loss of function Damage with loss of
without damage function
J RIFLE-F Biomarker
or LR
ositivit
AKIN-3 p(+++)y

P. A. McCullough, J. Bouchard, S. S. Waikar, E. D. Siew, et al., Contrib
Nephrol 182, 5-12 (2013).

P. A. McCullough, A. D. Shaw, M. Haase, J. Bouchard, et al., Contrib
Nephrol 182, 13-29 (2013).
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Biomarkers
AKI is suspected of structure

and function

For AKI diagnosis AKI No AKI
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(

4

Context saecifi c biomarkers
To define etiology Cause Type
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To select Cause/renal Anatomical Supportive
treatment targets perfusion target care
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Fig. 3. Biomarker utility in differential diagnosis of established AKI and in the identifica-
tion of injury pathways. Reproduced with permission from ADQI [59].

Z. H. Endre, J. A. Kellum, S. Di Somma, K. Doi, et al., Contrib Nephrol
182, 30-44 (2013).
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CONCLUSIONES

La asociacion de dafno renal con enfermedad cardiaca es
frecuente y depende de factores hemodinamicos,
neurohumorales, inflamacion, disfuncion endotelial vy
tratamiento farmacologico

Existe una disociacion entre funcion renal (filtrado
glomerular) y el dafio del parénquima renal

La creatinina plasmatica no sirve para determinar dafo
renal y es un mal indicador de funcion renal en situaciones
agudas

Los marcadores de dano tisular renal o inflamacion
proporcionan un diagnostico precoz y sirven para valorar
la evolucion a corto y largo plazo; podrian convertirse en
dianas terapéuticas
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