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Demonstrative ED cases

COMORB CAUSE of ADMno-RENAL DIAGNOSTIC

HIPOGLICEMIA MM

ANGOR INST EAM

RECTORRAGIA |HDA VARIZES ESOF

INFEC RESP FMO SEPSIS

EAP HTA CRISE HTA x COCAINA - GNC HVC

DIARREIA EAM

HIPOGLICEMIA | RABDOMIOLISE - DM DESCOMP




Cases: past history and outcome

Baseline @ admission

SUSCEP ALL
TIBILITY SCr_S1 | CyC_S1 | AKI/TAz |DIALYSIS SEPSIS

4 2,5 2,65 0 0

4 251,73 0 0

1,5 1,28

1,6 1,38

2,7 1,89

1,1 0,85

3,1 2,46 SEPSIS




Cases: long term outcome

T1FU
Scr

1FU
GFR

FU

death
FU

CKD + AKI

3,2

20,79

0

CKD 5

5

10,93

2

CKD5S HD

6

10,10

CKD+AKI HD

AKI

7,9

8,44

CKD5 HD

5,20

CKD+AKI HD

5,6

10,71

CKD+AKI HD




Grades of susceptibility

1 0 eGFR >90ml/ min/1.73 m?

Previous CKD 2

Previous CKD 3

Previous CKD 2/3 +

-DM with microalbuminuria
-Dehydration

-MM

-HF

-Decompensate cirrhosis

Adaptado de Mehta R et al; Acute Renal Failure Definitions and Classification: Time for Change? JASN 14: 2003
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Blood Urea Nitrogen (mg/dl) =——

80
GFR (ml/min)

Dennen P, Douglas I, Anderson R,: Acute Kidney Injury in the Intensive Care Unit: An update and primer for the
Intensivist. Critical Care Medicine 2010; 38:261-275.



lean body mass
dietary intake
A liver disease
F " Ther Drug Monit 5: 1983

Nz /\«

extensive loss of hepatocyte
glycogen stores
Kidney Int 69: 2006

Renal clearance
Extra-renal clearance

Degradation

Gastrointestinal excretion 5 , MO | L
SRR loss of muscle mass + reduce muscle production
Clin Sci (Lond) 58:1980 " (hormonal and inflammatory mediators)
g Lancet 2004

1€

Sepsis-induced hypothermia decrease nonenzymatic conversion of creatine to creatinine
Infect Immun 67: 6603—6610, 1999
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Changing concepts

RIFLE criteria for diagnosing AKI

Non-oliguria Oliguria

{
\

Abrupt (1-7) days decrease Decreased UO relative
Risk l\ (>25% in GFR, or to fluid input
serum creatinine x 1.5 UO <0.5 mg/kg/h x 6 h
sustained

, \ Adjust creatinine or

Specificity
S

GFR decrease >50% UO <0.5 mg/kg/h x 12 h

Injury |
\ serum creatinine x 2

Adjust creatinine or v

' FR 7
\ _GFRdecreass SRS 10 <0.5 moXGIEREEE AKI -

Failure | 5€"UM creatinine x 3 or Anuiax 120 _
\ serum creatinine >4 mg% earliest ime
| when acute point for

Irreversible AKI or persistent
AKI >4 weeks

ESRD >3 months

Bellomo, R. et al. Crit. Care 8 RR04-R212 (004)




Changing concepts

AKIN staging system for AKI

AKIN Serum Creatinine Criteria Urinary Output Time
stage Criteria

1 Cr>20.3 mg/dLor AN > <0.5mL/kg/hr  >6 hrs
150- o from baseline

A Cr to > 200-300% from < 0.5 mL/kg/hr  >12 hrs
baseline

A Cr to > 300% from < 0.5 mL/kg/hr X 24 hrs
baseline or Cr 2 4mg/dL or anuria X 12 hrs

with an acute rise of at least
0.5 mg/dL

*Patients needing RRT are classified stage 3 despite the stage they were before
starting RRT

Mehta, R. L. et al. Crit. Care. 11, R31 (2007)




death FU

CKD + AKI

0

CKD 5

2Y

CKD5 HD

1Y

CKD+AKI HD

AKI

CKD5 HD

CKD+AKI HD

CKD+AKI HD
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About Biomarkers Conceptual model of AKI

Serum creatinine level, urine output
and other functional markers

“Complications

Stage 1 -=» Stage 2 <> | Stage 3 }—»

Damage

Injury biomarkers from
various Kidney structures

Murugan, R. § Kellum, ). A. (2011) Acute K%idweg ivxjurﬁ: what’s the Prognosis?
Nat. rev. Nephrol. doi:io.iosg/wrweph..:2011.13
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About Biomarkers

Early prediction and diagnosis of AKI (before SCr)
Identify the primary location of injury
Discriminate PreRenal, CKD and AKI

Predicttion of severity

Identify the etiology: ischemic, toxic, septic, combination

Devarajan P, Sem Nephrol 2007 — Contrib Nephrol 2008
= GST

Distal Tubule

‘& ¥ I':": / /—‘\

j N | Normal |e—e | 102 ’93553 GFR —( Infury Kidney

p- RHCD \ / Q/ falure
Promme Weaman

Collecting Duct

Risk stratification Survelllance Dlagnostic Prognostic/outcome

Mehta RL et al. (2007#) Crit Care 11: R31

LOH
Loop of Henle

Koyney and Murray, Arqutus Medical




Differential
Diagnosis
in Established AKI

Sources: Coca et al,2 Parikh et al,3 Bagshaw et al.4. Belcher et al, AJKD 2011




Blomarker

NGAL

serum and
urinary

Origin in AKI cases

Urine: synthesis in distal nephron
and secreted into urine
Circulating: synthesized
systemically, filtered, and uptaken
by proximal tubular cells with a
little amount secreted in the urine

Sigwnificance of rise

Tubular injury (ischemia
and nephrotoxins)

Studied clinical settings

i) Early detection of AKI after cardiac surgery,
ICU, ED, and after nephrotoxins

(ii) Risk stratification

(iii) Prognostic marker after kidney
transplantation

(iv) Monitoring interventional trials in AKI

(v) Prognosis of RRT and mortality

CysC

serum and
urinary

Produced at a constant rate by
nucleated cells, filtered, and
almost completely reabsorbed in
the proximal tubules

Change in GFR (proximal
tubule injury)

(i) Early detection of AKI after cardiac surgery,
ICU, ED and after nephrotoxins
(ii) Prognosis of RRT and mortality

KIM-1

urinary

Type 1 transmembrane protein,
highly expressed in
dedifferentiated proximal tubule
epithelial cells after ischemic or
toxic injury and is not detectable
in normal tissue

Tubular injury (ischemia
and nephrotoxins)

(i) Early detection of AKI after cardiac surgery
and after nephrotoxins
(ii) Prognosis of RRT and mortality

IL-18

urinary

Proinflammatory cytokine
originates from tubular epithelial
cells

Tubular injury (ischemia
and nephrotoxins)

(i) Early detection of AKI after cardiac surgery,
in ICU

(ii) Prognostic marker after kidney
transplantation

(iii) Prognosis of mortality
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CYSTATIN C

Bl al AL

SSPCRPPRLVGGPMDASY EEEGVRRALDFAVGEYNKASNDMY HSRALQYVRARK 4 \¢

& AS B s .
> { Sy >

VNYFLDVEL GRTTCTKTOPNLDNCPFRDQPILKRKAFCSFQIYAV Y QGTMTLSKSTCQDA

htttp: structbio.nature.com

» Cystatin C production is independent from muscle
mass, constitution of the body, or nutrition

~ Itis independent or from gender and age

» Probably it is influenced by inflammation and
malignancy

» Itis influenced by very large doses of
glucocorticoids and thyroid dysfunction

v free renal filtration

v no tubular secretion

v no re-entry Lnto clreulation
viubular rea bsorption followed bgj
degradation
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Cystatin C for differential diagnosis

SCysC: AKI and Non-AKI patients
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SCysC (g/L)
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Ui

2 S 4 T6 T12
Classification (1-AKI, 2-preR, 3-CKD, 4-NF)
Time of study (hours)

AKI  Pre-R CKD NF

p <0,001
Soto K et al. CJASN 2010




Cystatin C as marker of severity

RIFLE and GFR based on sScysc AKRIN and Llevels of scysc

B Cystatin_
400 B [ Cystatin_S2
[ Cystatin_
B Cystatin_
[ cystatin_

GFR-CysC

Soto K et al. CJASN 2010
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NGAL

Neutrophil gelatinase-
associated Lipocalin

e AL AR UL S

Kidney protection
Cellukar growth
Nephron differentiation

s

Fi rSt ide ntifi ed as a " ) ) { ._ .' " Ami»ft‘)z::::):::;sncttion

neutrophil granule protein

Expressed at very low levels on several tissues
Normally very small amounts in kidney tubules
Induced in injured epithelial cells

The most upregulated gene in the kidney, very early after ischemic or
nephrotoxic AKI in animals

Reviewed by P Devarajan . Nephrology 15 (2010) 419-428 and Blomark Med. 2010 April; 4(2): 265-280.




NGAL for AKI diagnosis

BWNGAL ST B NGAL/Cr

WINGAL 52 B NGAL/Cr A
[CINGAL_S3 [INGAL/Cr B
W NGAL_S4 B NGAL/Cr C
[CINGAL_S5 LINGAL/Cr D

SNGAL (ng/mL)

]

UNGAL/Creat (ng/mg creat)

| | I |
AKI PreR CKD NF

Classification (1-AKIl, 2-preR, 3-CKD, 4-NF)

AKI Pre-R CKD NF AKI Pre-R CKD

p <0,001 p <0,001




NGAL and accurance

Amaqndassng

o

i [

AN

I I
sc:!mn sc:lmfz scda.n SCrldrM pNGAlL_drH pNGAlL_mfz pNGAlL_drfJ pNGAlL_drfl Non AKI AKI

Comparison with Scr Marker of AKIL on CKD
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Changing concepts

Urine sediment score to quantitatively evaluate AKI

i '. M ".. e < e “‘!"W

Score  Description

RTE cells 0 and granular casts 0

RTE cells 0 and granular casts 1 to S or RTE cells 1 to 5 and granular
casts 0

RTE cells 1 to 5 and granular casts 1 to S or RTE cells 0 and granular
casts 6 to 10 or RTE cells 6 to 20 and granular casts 0

‘Urine profile in ATN:  * renal tubular epithelial cells
* coarse granular, muddy browwn

or mixed cellular casts

PerazellaMA, G. Coca S CJASN 2012;7:167-174




Biomarkers not only for accurate diagnosis

Primary outcome occurrence: worsened AKI or

r

Early diagnosis of AKI

‘ in-hospital death

'

1 O NGAL (p < 0.001)
[] KIM-1 (p = 0.003)

Novel urine biomarkers
Urine microscopy

[ IL-18 (p = 0.001)
3 Microscopy (p = 0.006)

'

Differential diagnosis of AKI

s

'

N\

Urine microscopy

Novel urine biomarkers

Urine chemistries

Urine sediment score
Cast scoring index

AW

N

'

Prognosis of AKI
Worsening of AKI
Need for RRT
Death

FeNa with caveats
FeUrea with caveats

,’ ¢ Group 2 Group 3
+ Biomarker groups
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' Urine biomarker groups (NGAL, IL-18, KIM-1 in quartiles and
urine microscopy score of 0, 1, 2, >3

PerazellaM A, G. Coca S CJASN 2012,;7:167-174




Ana Luisa Papoila, Faculdade de Ciéncias Médicas da UNL, CEAUL, Portugal



BIOMARKERS

“biological characteristics that are objectively measured
and evaluated as indicators of normal biological processes,

pathogewnic processes or pharmacologic response to
therapeutic tnterventions”.

Classification and prediction




Classification and prediction

1 Diagnostic markers
Used in people with signs or symptoms, to aid in assessing whether they

have the condition under study

O Screening markers

Used in asymptomatic people, to detect a disease or condition at an early

stage

O Prognostic markers
Used in subjects diagnosed with a condition, to predict subsequent

outcomes, such as disease relapse or progression
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however

Results fromtﬁe two _- aluations may be apparently co ictory:
marker that i |sa stron"g{pl: ictc of risk may 1ave a p ' ' inative
performance R R 2 St Rl

Ying Huang et al. 2007. Evaluating the predictiveness of a continuous marker. Biometrics 63,



S Creatinine

AUC=0.88
Source of the Curve
— Creat_S1 950/0 CI: 0085'0092

= = Cystatin_S1
Cys_Creat_U1

o
»
1

S Cystatin C
AUC=0.87
95% Cl: 0.83-0.90

Sensitivity

o
=
|

U CysC
AUC=0.61
1+ Specificity | | 95% Cl: 0.55-0.67




sicystat.s1)

Cutpoint =0.98

ST T N TR AN T NI

05 10 15 20 25
cystat s1

3.0

SCysC: Cupoint= 0.98
Sensitivity: 81.40%
Specificity: 76.70%

PPV: 48.20%
NPV: 93.90%
LR (+): 3.49

LR (-): 0.24




markers: Cystatin_S1, Cystatin_U1

== (Cystatin_S1
=== Cystatin_U1

Prevalence of AKI=21% l

model 1:age + CVD + Susceptibility
model 2: pNGAL + age + CVD + Susceptibility

AKl prevalence=0.21

\

40 60

Risk Percentile




Changing concepts

"= Natwral History of AK! Leading to chronic disease

Prerenal Initiation Extension Maintenance Repair CKD Progression/ESRD

\ e AKI; No CKD Progression

AKI; CKD Progression
e AKI on CKD; CKD Progression

3d 9d Days-weeks
Time after Injury

Sutton TA et al. Kidney Int 62, 2002; modified by Okusa et al. CAJSN 4, 2009




Changing concepts

= Partial recovery anod No-recovery Ls more frequent than we

¢ <

E+TR WPR+NR

Dlscharge 2Y foIIow-upl

t.s
50.5
E+TR PR + NR

Soto et. al 2012




Changing concepts

"= Renal survival decrease after an AKI episode

r

1,04

55% <60ml/min

Cumulative Survival

1 F

-t VAKI
~IITAZ
~JTINF

Cumulative Survival

33% <30ml/min

T T
20 30

. Follow-up time (months)

Survival to CKD3

1 1 1
10 20 30

Follow-up time (months)

Survival to CKD4

Soto et. al 2012
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95% CI NGAL_P3

=
(=]
1

T T T
Equal+improv Total Recover y Partial Recover ¥

PNGAL and CysC as a biomarkeres of kidney evolution

Soto et. al 2012




doubs. rpp— . .

Aottt e S st o ; .

.
3
o
i

Co
-

<







f1

f1

i

i

i

i

i

i

i

i

i

i

i

= X
_ -
N -
= S
= v
= .
— Qo
- r-
_ S
=

o
N

~

|

,
fr Ly fr /f

NNV

LA

/>
-
| &3

-~

\f‘/\ ;V‘

O\ A

.
‘
- y - -
= A_,. S {
s » 4 J*soond.\ B
S
a4y Ny
iy L. b '
A \
5 A o
A TR
-‘.f-)u At
(S .
: .ﬁ....
L7 Ko
DA Vi S

Low

N

roprotect

’,

ep
LOWS

for solut

Let’s work together seakbhi"@

following those p A



