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Proposed Staging Criteria for AKI
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Incidence and outcomes of acute kidney injury in
intensive care units: A Veterans Administration study
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Incidence and outcomes of acute kidney injury in

intensive care units: A Veterans Administration study
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Table 3. Odds of death associated with AKI in ICU

AKI Category N 0Odds Ratio 95% ClI

Stratified by Time Taken to Meet AKI Criteria in ICU

AKI <48 hrs 52,884 2.52 2.45-2.60

AKI =48 hrs 18,602 4.66 4.47-4.85
Stratified by Severity of AKI Reached during ICU

Stage | AKI 57,126 2.17-2.30

Stage 11 AKI 7934 5.74-6.44

Stage 111 AKI 6426 1 R.07-9.15
AKI requiring dialysis (subgroup of Stage 111 AKI) 3140 5.78 5.30-6.31

AKI, acute kidney injury; ICU, intensive care unit; CI, confidence interval.

CV Thakar et al, Crit Car@

Incidence and outcomes of acute kidney injury in intensive care
units: A Veterans Administration study
Renal Recovery Rate in AKI stage
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Costantini et al: Redefining Renal Dysfunction in Trauma: Implementation of
the Acute Kidney Injury Network Staging System (J Trauma. 2009,67: 283—

Comparison of

288)
|
. TABLE 2. Demographics for Patients Admitted to the ICU
Design: for =48 h
analysis of 571 No AKI AKI ACSCOT Criteria
concurrent cohort of
trauma patients in Patients 401 17
ICU in single center. Age 423 528 = 23
Male sex 14 (82

ASCOT (serum Blunt mechanism 1694
creatinine 3.5, Admission S| 136.2 1180 = 1+
blood urea nitrogen || o | X
100, or renal

10U LOS 227 = 16.2%

replacement
therapy) to AKIN
eriteria for AKI.

Hospital LOS 408 = 45.9%
" p < 0001 vs. AKI
< 008 v no AKI
" 005 ANOVA with
< 0001 ANOVA w

ACSOOT eriteria.
d AKI

-

Costantini et al: Redefining Renal Dysfunction in Trauma: Implementation of
the Acute Kidney Injury Network Staging System (J Trauma. 2009;67: 283—
288)
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TABLE 4, Morbidity and Mortality of Patients Admitted 1o
the ICU for =48 h

N AKI AKI

Design:
Retrospective
analysis of 571
concurrent cohort of
trauma patients in
ICU in single center.

ACE-COT Crite

Comparison of
ASCOT (serum
creatinine 3.5,

TABLE 5. Morbidity and Mortality of Patients Meeting

blood urea nitrogen AKIM Criteria
100, or renal Mo AKI Stage | Stage 2 Stage 3
replacement 0 = 401} =9

therapy) to AKIN
criteria for AKI.

Mortality is associated with severity of AKI
The Riyadh ICU Program Users Group (22.303 patients, 1989-1999)

[l

N=1874

70.0

60.0

50.0 N=857
40.0

30.0 =

20.0
10.0
0.0

Non AKI AKI'1 AKI 2 AKI3  AKI3RRT

Ostermann M, Crit C




Acute kidney injury criteria predict outcomes of
critically ill patients
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Risk Ratio 95% CI

Univariate analysis

CHE 11 modified (=15}
Comorbiditi 4]
Nephrot, medications (=1)
NROF |

Sepsis

Multivariate logistic regression

Sepsis 18

Barrantes F 2008, C@d

Barrantes et al: Acute Kidney Injury Predicts Outcomes of Non—Critically
1l Patients Mayo Clin Proc. 2009;84(5):410-416
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Study Design: Retrospective
cohort study.

6,033 patients admitted fo
medical wards of a
community teaching
hospital between 2005 and
2007.

Predictor: AKN criteria for
AKI within 48 hours.

Barrantes et al: Acute Kidney Injury Predicts Outcomes of Non=Critically
1l Patients Mayo Clin Proc. 2009;84(5):410-416
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Study Design: Retrospective

cohort study.
6,033 patients admitted fo TABLE 2. Gutcomes of Al Cases and Controls vs Outcomes of Patients With =0.3 mg/dL

medical wards of a Icroase in Serum Creatining Lovel After =48 Hours or Uncertain Creatinine Velocity®
community teaching =
hospital between 2005 and

2007.

e

Predictor: AKN criteria for
AKI' within 48 hours.




Publications citing AKI, RIFLE or ARF
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Course Of AKIl: Characterization
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50, Caucasian male, weight 87kg, height 78 in, Baseline SCr = 1.3 - History of Hep C, ETOH, Cirrhosis hepat]
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Natural History of AKI
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Diagnosis of AKI: Controversies
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o0 Which Criteria?
o RIFLE vs AKIN

RIFLE vs AKIN
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RIFLE vs AKIN

[l

jury dissase and Injary Network

Cruz D etal, Crit Care%

Comparison RIFLE vs AKIN
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Retrospective Studies Findings

Bagshaw et al. NDT 2008 (ICU increased sensitivity AKIN (n.s)
ANZICS database)

Lopes et al. Crit Care 2008 Increased sensitivity AKIN (n.s)
(Sepsis)

Lassnig et al JASN 2008 (cardiac | AKl stage 1 > RIFLE R
surgery)

Joannidis et al Int Care Med 2009 | Increased sensitivity RIFLE
(SAPS database)

Prospective Studies

Haase 2009 (cardiac surgery) Increased sensitivity AKIN

ey

RIFLE vs. AKIN staging: Incidence

[l

Bagshaw et al. NDT 2008 Lopes et al. Crit Care 2008




RIFLE vs. AKIN staging: Mortality

[l

Bagshaw et al. NDT 2008

Lopes et al. Crit Care 2008
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Standardized mortality ratios (SMR) of RIFLE

versus AKIN
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Classification of AKI
RIFLE versus AKIN
[
AKIN
AKIN RIFLE Total
Normal FAisk Injury  [Faillure
Normal 8759 781 452 271 10263
(12.9%) (27.7%) @z |wra% (15,9%)
Stage 1 457 282 243 o5 1077
(#55%) (3L0%) fdd, %) (60,0%) (34.5%)
Stage 2 36 21 885 o1 1033
(30.6%) (47.6%) 2Ee%) | (549%) (28,0%)
Stage 3 [E] B 18 1648 1683
{18.2%) {12.5%) B2.5%) 41.3%) (41.2%)
Towal RIFLE 9268 1092 1596 2405 14356
(13,6%) (29,2%) (32.9%) |r42.6%) | |¢21,7%)
Joannidis M et al, Intensive Care Med 20@
ofs .
Classification of AKI
RIFLE versus AKIN
[
AKIN
AKIN RIFLE Total
Normal FAisk Injury  [Faillure
Normal 8759 781 452 271 10263
(12,9%) (27.7%) @ras) | ura% (15,9%)
Stage 1 457 282 243 o5 1077
#5.5%) (33.0%) (44.0%) (60,0%) r345°,|J
Stage 2 36 21 885 o1 1033
(30.6%) (47.6%) 2Ee%) | (549%) (28,0%)
Stage 3 [E] B 18 1648 1683
{18.2%) {12.5%) B2.5%) 41.3%) (41.2%)
Towal RIFLE 9268 1092 1596 2405 14356
(13,6%) (29,2%) (32.9%) |r42.6%) | |¢21,7%)




Classification of AKI

RIFLE versus AKIN No increase in s-creatinine
[ between any 24 h interval
or
decrease within 48 h
AKIN RIFLE Toml
Mormal Risk njury Fallure
Hormal 8759 781 452 271 10263
(12.9%) (27.7%) {37.4%) {41.3%) (15.9%)
Stage 1 457 282 243 o5 1077
(5.5%) (33,0%) (448, 0%) {E0,0%) (34.5%)
Stage 2 36 21 885 al 1033
%) (47.6%) 2Ee%) | (549%) (28,0%)
Stage 3 K B 16 1648 1683
{18.2%) {12.5%) B2.5%) 41.3%) (41.2%)
Toml RIFLE 9263 082 1596 2405 13356
(13.6%) (29,2%) (32.9%) |r42.6%) | |¢21,7%)
mhé
Classification of AKI
RIFLE versus AKIN
[
AKIN
AKIN RIFLE Total
Mormal Risk Injury Fallure
Normal 8759 781 [ 27 10263
(12.9%) (27.7%) 37.4%) {41.3%) {15.9%)
Stage 1 257 243 o5 1077
(5.5%) (33,0%) (448, 0%) {E0,0%) (34.5%)
Stage 2 36 21 885 al 1033
%) (47.6%) 2Ee%) | (549%) (28,0%)
Stage 3 K B 16 1648 1683
18.2%) (126%) B2.5%) (41.3%) r’d f_z",J
Toml RIFLE 9263 082 1596 2405 13356
(13.6%) (29,2%) (32.9%) |r42.6%) | |¢21,7%)
Classification of AKI
RIFLE versus AKIN
‘ Admissi inil
] - Admission-Creatinine < 0.8 mg/dl (249)
- AKI 1 for increase > 0,3 mg/dl but less
x 1,5 admission creatinine (208)
AKIN RIFLE —
MNormal Hisk / Fallure
Normal 8759 |7 [ 27 10263
(12.9%;) 4] (@a7.4%) {41.3%) (15.9%)
Stage 1 257 202 243 o5 1077
(5.5%) (33,0%) (448, 0%) {E0,0%) (34.5%)
Stage 2 36 21 885 al 1033
%) (47.6%) 2Ee%) | (549%) (28,0%)
Stage 3 K B 16 1648 1683
{18.2%) {12.5%) B2.5%) 41.3%) (41.2%)
Toml RIFLE 9263 082 1596 2405 13356
(13.6%) (29,2%) (32.9%) |r42.6%) | |¢21,7%)
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Haase et al: A Comparison of the RIFLE and Acute Kidney Injury Network
classifications for cardiac surgery-associated acute kidney injury: A
prospective cohort study J Thorac Cardiovasc Surg 2009;-:1-7
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Design:
Prospective

observational TAE . Agreement of AKIN with R lassifications according
cohort study of 262 o on of AKI across classes

post cardiac

surgery patients in RIFLE

ﬁ;‘;:i:?’i’k,me No AKI  Risk  Injury  Failure  Total
and in-hospital AKIN  No AKI 146 & 0 1 155
mortality across Stage 1 B 6 13 o o

classes was
compared by using
the c2 test, and
their prognostic

[} 1] 19
L] I 2
4

valve was
compared using K, i
AUROC renal discasc: AR, acute kid

characteristic for in-
hospital mortality.

Haase et al: A Comparison of the RIFLE and Acute Kidney Injury Network
classifications for cardiac surgery-associated acute kidney injury: A
prospective cohort study J Thorac Cardiovasc Surg 2009;-:1-7
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TABLE 4. Assaciation of RIFLE or AKIN claifications with sortality
RIFLE [0 " = ARIN " » 3
ARIN shsges (bolad

Haase et al: A Comparison of the RIFLE and Acute Kidney Injury Network
classifications for cardiac surgery-associated acute kidney injury: A
prospective cohort study J Thorac Cardiovasc Surg 2009;-:1-7

[l

O Results: According to the RIFLE (45.8%) or Acute Kidney Injury Network
(44.7%) classification, a similar proportion of patients had acute kidney
injury.

o There was large agreement between classifications according to patients
graded as having nonacute kidney injury; however, there was some
disagreement across classes for staging the severity of acute kidney injury

O The area under the curve for in-hospital mortality was similar for all
classifications: 0.91 for the RIFLE classification (95%confidence interval,
0.82-0.99) and 0.94 for the Acute Kidney Injury Network classification
(95%confidence interval, 0.81-0.97; P /4 .6 for area under the curve
comparison).




Diagnosis of AKI: Controversies

[l

o Which Criteria?

O Baseline creatinine

Unresolved Issues in RIFLE

[l

Criteria for RIFLE
classification

Controversial issue

Suggested remedies

Increase in serum

Uncertainty about baseline

Increase in serum creatinine

creatinine values of patients; during a certain observation
Reliability of calculated period
baseline by MDRD
formula based on
75ml/min/1.72m?
RRT Influence of initiation of Requirement of RRT classified as

RRT on RIFLE
classification

FAILURE or introduction of a
separate class

M. Joannidis, Intensive Care Med 2007 %

In case of missing baseline serum creatinine

[l

Calculation of serum creatinine by using the MDRD formula
assuming an eGFR of 75 ml/min/1,73m?

GFR (mL/min per 1.73 m2) =

186.3 x PCr (exp[-1.154]) x Age (exp[-0.203]) x (0.742 if female) x (1.21 if

black)

. G
Bellomo R et al, Crit Care 2004 TCSaaDiegs




Bagshaw et al: A comparison of observed versus estimated baseline
creatinine for determination of RIFLE class in patients with acute kidney
injury Nephrol Dial Transplant (2009) 24: 2739-2744

[l

BEST Kidney study ., #
cohort: n=1314/1753 :

Inclusion criteria (1)
oliguria defined as a
urine output <200 mL
over 12 h, (2) marked
azofaemia defined as a
serum urea >30 mmol /L
(84 mg/dL) and/or (3)
need for acute RRT .

receiving chronic RRT
and those treated with
RRT prior fo ICU
admission or for drug
foxicity not associated
with AKI

Use of eSCr to capture AKI by RIFLE category classified mor nts
as having AKI but was associated with an 18.8% false po!

ICU admission and 11 7% at study enroliment

Bagshaw et al: A comparison of observed versus estimated baseline
creatinine for determination of RIFLE class in patients with acute kidney
injury Nephrol Dial Transplant (2009) 24: 2739-2744
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RIFLE crieria

Table 2. Dectaiks of

188 (- 14)
—Mb (138

Use of eSCr to capture AKI by RIFLE category classified more patients as havifig AKI
but was associated with an 18.8% false positive rate at ICU admission an

study enrollment

Diagnosis of AKl: Controversies

[l

0 Which Criteria?
O Baseline creatinine

O Absolute vs Relative change in creatinine




[l

Serum Creatinine and GFR Relationships

1 With the MDRD formula a 1-5-fold
180 4 increase in serum creatinine
corresponds to a 37% decrease in
bl GFR 140-T0 mifmi: 501 1:2 iy GFR, and a three-fold increase in
7 201 serum creatinine to a 72% decrease.
£
E
£ a0
o GFR 70-35 mibmin; 5Cr 24 mgid
]
a0 4
GFR 35175 SCr 48 myidl
04 GFR 17.5-0.75 mitmin; SCr 8-16 mg/idl
o T T T
5 0 15 Fal
SCr (mg'dl)

GERL glomarular Sirasion rate; SC1. serum craatine
W Finn NDT!

[ ]

Solomon et al: Defining acute kidney injury: what is the most
appropriate metric?
www.nature.com/clinicalpractice doi:10.1038/ncpneph0746
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Solomon et al: Defining acute kidney injury: what is the most
appropriate metric?
www.nature.com/clinicalpractice doi:10.1038/ncpneph0746
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Creatinine Kinetics Simulation in AKI

[l

Figrere &.

—

Waikar and Bonvenice JASN 2000

Haase et al: A Comparison of the RIFLE and Acute Kidney Injury Network
classifications for cardiac surgery-associated acute kidney injury: A
prospective cohort study J Thorac Cardiovasc Surg 2009;-:1-7

[l

Design:
Prospective
observational
cohort study of 282
post cardiac
surgery patients in
asingle center. The
incidence of AKI
and in-hospital
mortality across
classes was
compared by using 0

v:e <2 test, and " |_- o m —-

their prognostic .
valuepwogs 1 1 3 4 s & 7 days posteperatively
compared using FIGURE 1. Timing of increase in serum creatinine value within 7 days
AUROC o

characteristic for in- postopertively.

hospital mortality.

[ aressetes =845 rom baseine b prst sabee

[ oo 4.3 g v s e e b

B 2 8 28 8 3

Number of patients.

Solomon et al: Defi
appropriate metric?
www.nature.com/clinicalpractice doi:10.1038/ncpneph0746

ing acute kidney injury: what is the most

[ |

Hypothetical relationship between two
definitions of acute kidney injury. The red
line represents the definition of a 44.2
pmol/1 (0.5 mg/dl) increase above the
baseline serum creatinine level (black
line); the blue line represents a 25%
increase above the baseline serum
creatinine level. The two definitions meet
at a baseline serum creatinine
concentration of 176.8 jimol/I (2.0
mg/dl), which, according to the MDRD
equation, is an estimated GFR of 36
mi/min per 1.73 m2 for a 60-year-old
white man. The relative increase (blue
line) dominates for patients whose
baseline serum creatinine concentration is
less than 176.8 pmol /1 (2.0 mg/dl;
estimated GFR >40 ml/min per 1.73 o 1
m2). The absolute increase of 44.2
pmol/1 (0.5 mg/dl; red line) dominates
when baseline serum creatinine level is

G

greater than 176.8 pmol/I (2.0 mg/dl;
estimated GFR <40 ml/min per 1.73 O SanDiegn




Diagnosis and Staging of Acute Kidney Injury (AKI) in Critically ill patients:
Comparison of AKIN, RIFLE and Waikar criteria

Rakesh Malhotra !, Etienne Macedo !, Josee Bouchard !, Susan Wynn ' and Ravindra
Mehta! ! University of California — San Diego

[l

Parameter Stage Creq ine/GFR
1 absoiute changs in SCR=0.3 mg/dl or 50% from baseline within 48 hrs.
Acute Kidney 2 increase in SCR 2100% over bassline
Injury Network?
3 increase in sCR 2200% over bassiine or <CR 2 dmoidl with an acute rise of at
least 0.5 mo/dl
1 absoiute change in SCR of 0.3 mgidiin 24 hes or 3 0.5 mgidl in 48 hrs
i 1
i 2 absciute changs in SCR of 0.5 mgidiin 24 hrs or a 1.0mgldlin 48 brs
3 absolute change in SCR of 1.0 mgdlin 24 hrs or a 1.5 mgidlin 48 hrs
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Diagnosis and Staging of Acute Kidney Injury (AKI) in Critically ill patients:
Comparison of AKIN, RIFLE and Waikar criteria

Rakesh Malhotra!, Etienne Macedo ', Josee Bouchard ', Susan Wynn ' and Ravindra
Mehta' ! University of California — San Diego
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Time to reach AKI diagnosis by absolute and relative

Time to reach AKI diagnosis (absolute vs. relative
change in SCR

change in SCR) by first SCR at ICU
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Diagnosis of AKl: Controversiies

[l

o Which Criteria2

O Absolute vs Relative change in creatinine?

O Absolute change in sCR is more consistent and
occurs earlier than relative changes in sCR and is
not influenced by baseline kidney function. Relative
changes in sCr are influenced by baseline renal
function particularly above 2 2mg/dl

sty

Diagnosis of AKl: Controversiies

[l

o Which Criteria?
O Absolute vs Relative change in creatinine?

o Does a decrease in creatinine represent AKI2




Tian et al: Rapid Reversal of Acute Kidney Injury and Hospital Outcomes:
A Retrospective Cohort Study Am J Kidney Dis 53:974-981.

[l

Study Design: Retrospective [[Totat st achrinsama 2 Msciors 18.038 |
cohort study. —_ e o)

6,033 patients admitted fo
medical wards of a community
teaching hospital between

2005 and 2007. R

Pradiclor: AKN criteria for AKI
N within 48 hours. Increased
serum creafinine level on
admission was defined s serum
creatinine greater
than1.2mg/dL on hospital
admission in pafients who did
not subsequently meef criteria
for AKI. Patients with a serum

i roturmen i

creatinine lovel of 1.2 mg/dLor | g TR
less who had no increase of 03 | v e
m/dlL or greater within 48 0 s
hours !

during their hospital stay served
as controls.

Tian et al: Rapid Reversal of Acute Kidney Injury and Hospital Outcomes:
A Retrospective Cohort Study Am J Kidney Dis 53:97 4-981.
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Study Design: Retrospective cohort study. Table 4. Logistic Analyses for Mortality With and
Without Adjustment
6,033 patients admitted to medical wards of

community teaching hospital between 2005 and Unajusted Ok Adusted Odds
2007. Rats Ratic

5% contedorca (05 conbdonca
Results: Of 6,033 patients, 735 had AKI. OF these, ) indervad intarval)
443 (60%) had serum creatinine levels that
subsequently decreased by 0.3 mg/dlL or greater A fully revorsed™t  129(79211)  4.4(26-7.3)
within 48 hours and 197 returned to normal levels AKI with SCr that did

48 hours. Overall, patients with AKI had net return to

antly greater mortality rates (14.8%) than nomal” 11370180
patients without AKI with increased serum creafinine A with ST that did

levels on admission (2.5%) and controls (1.3%; P o

byois not decraase

= 0.3 mgdl
Patients with AK| with a serum creatinine level that w48 sofEens
e v ey Ago (265 azira
greater mortality rates (14.2%) than those who Infarsive care unit
initally presented with an increased serum creatinine rarator TH(S5103)  40(2858)
level on admission and subsequent serum creainine Deyr-Charison
level decrease of 0.3 mg/dlL or greater to normal e ty Indie:

within 48 hours (2.5%; P 0.01)- scorod 26 (1.8:3.5) 1.4 (11415}

sty

Diagnosis of AKl: Controversies

[l

0 Which Criteria?

o Does a decrease in creatinine represent AKI2
m Limited data suggests that a decrease in serum creatinine
may be a marker of AKI however the risk for adverse
events may not be the same as someone who has AKl based
on AKIN criteria and then improves.

m Further prospective studies needed to address this issue




Diagnosis of AKl: Controversies

[l

o Which Criteria?
O Absolute vs Relative change in creatinine?
O Does a decrease in creatinine represent AKI2

0 What is the effect of fluid accumulation on serum
creatinine?

Course of AKI: Issues
Response Variable is Affected by Various Factors

Factors Affecting Serum Creatinine

o Generation rate

Volume of distribution

Tubular Secretion

Relationship to GFR

o o o

Effect of Intervention

u]

Kassirer JP, Clinical Evaluation of Kidney
Function — Glomerular Function. N Engl J

i . Med 1971, 285: 385-389. E
L) 1 o:r 3 4 m
Lo i e

Moran and Myers: Course of acute renal failure studied by amodel of

Day | Creat Cl Weight TBW Lab Creat Corrected Creat TBW (wt %)
Patient A -1 68 1.4 1.4
i} 1.4 1.4
1.2 1.6

AR IE A ~

by

1.4
0.9
0.9
1.2

i | D
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Fluid Accumulation Underestimates Severity of Acute Kidney Injury in Crifically-ill Patients

Etienne Macedo, MD', Josée Bouchard, MD', Sharon Soroko, MS', Glenn M. Chertow, MD, MPHZ, Jonathan
Himmelfarb, MD?, T. Alp lkizler, MD*, Emil P. Paganini, MD?, Ravindra L Mehta, MD'. Program to Improve Care
in Acute Renal Disease (PICARD) study

[l

O 253 patients in PICARD database (n=618) with consecutive increase in
serum creatinine over 3 to 7 days prior to any dialysis

o0 Correction of Creatinine Values for Fluid Balance

O Serum creatinine values were adjusted according to the cumulative daily fluid balance
using the formula:

o Creatinine adjusted = serum creatinine x correction factor
o0 Correction factor = [hospital admission weight (kg) x 0.6 + Z (daily fluid balance)]/
hospital admission weight x 0.6

O Reference creatinine — first value in the consecutive increase period of serum
creatinine.

o0 Using creatinine non-adjusted and creatinine adjusted for fluid balance — We

applied AKIN and RIFLE criteria to compare the timing of AKI diagnosis.
O — A delay in recognizing AKI (LAG) was defined as a difference in meeting SCr AKI

criteria in one or more day.
[0 San|

Fluid Accumulation Underestimates Severity of Acute Kidney Injury in Crifically-ill Patients
Etienne Macedo, MD', Josée Bouchard, MD', Sharon Soroko, MS!, Glenn M. Chertow, MD, MPH?,
Jonathan Himmelfarb, MD?, T. Alp Ikizler, MD*, Emil P. Paganini, MD3, Ravindra L Mehta, MD'.
Program to Improve Care in Acute Renal Disease (PICARD) study
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Dy Comminiive Pinki Bulsnse aasl 5Cr aijasiad and no-acjusind

day0 day1 day2 day3 day4 day5 day6

cumulative FB -

Iiiees ient 27 37 495 56 B 6.5
1QR 25%-T5% 0.50-620 1.15-860 1.72-10.30 250-1200 1.90-131 1.07-11.32

SCr non-adjusted 16 21 28 33 38 3.85 39
IQR 25% - T5% 12-220 15-280 21-375 26-480 29-550 29-555 2825-5358

SCr - FB adjusted 169 224 3 379 429 444 455

I0R 25% - T5% 1.20-232 161-306 231-424 286-523 323-629 344-631 3.42-668

Fluid Accumulation Underestimates Severity of Acute Kidney Injury

In Critically-ill Patients
Etienne Macedo, MD', Josée Bouchard, MD', Sharon Soroko, MS', Glenn M. Chertow, MD, MPHZ, Jonathan Himmelfarb, MD?, T. Alp Ikizler,

ID*, Emil P. Paganini, MD?, Ravindra L Mehta, MD'. Program to Improve Care in Acute Renal Disease (PICARD) study

— Non Adjusted sCr
Adjusted Serum Creatining

5 Daily
§ 40 underestimation
£ AdisCr= crude sCr
2
£ Crude scr
230
5 Underestimation of Progression
§ —
H Reference sCr reference) - crude sCr - reference]
5
L Reference scr
207

Progression in Severity

T T T T T T T
Dayt  Day2  Day3  Day4  Day5  Day6  Day7
Day of AKI




Diagnosis of AKI: Controversies

[l

o Which Criteria?

0 What is the effect of fluid accumulation on serum
creatinine?
m Cumulative fluid gain masks the underlying severity of renal
functional change based on serum creatinine and may lead
to an underestimation of the rate of progression

m Serum creatinine levels should be adjusted for fluid
accumulation particularly in ICU patients.
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Diagnosis of AKI: Controversies
|
o Which Criteria2
O Absolute vs Relative change in creatinine?
o Does a decrease in creatinine represent AKI2
O What is the effect of fluid accumulation on serum
creatinine?
o Can we use eGFR?
Serum Creatinine and GFR Relationships
|

GFRL 140-70 mbmin; SCr 12 mydl

E
3 10
E
E w0
© GFR 70.35 mbimin; 50 2-4 mp'd
60
40
: SCr -8 moidl
2 GFA 17,5-0,75 mimin SCr 816 mg/l
] T T
] 5 0 15 0
SCr (mg/dl)
PR glomenuiar Mraton rate; S, serum croatinne }

W Finn NDTsmaliegn




Influence of CKD on AKI
Example: Contrast Induced Nephropathy

[l

Chronic kidney disease stage
1 2 3 4 5
5
Y Mid | Moderate |\ Severs |
) ::’n"“"‘ in kidney in kidney in kidney
/ a8 Tnction tunction tunction
GFR, mUiman/ 73 m* =00 E0-89 30-59 15-29 <15 (diadysis)

i i B R

Increasing risk for CIN

7). Reprinted with permission [7].

W Finn NDT@

Changes in Serum Creatinine and eGFR after a Change in GFR

Day Scr  eGFR
0 1.0 135
15 16 79
2.0 18 69
2.5 1.9 65
3.0 2.0 60

sano — w400
200 | Cumnulstve Croatining Ealance — +300
R A

o
[ £ 950 i
20 N
T 18
Serum Craatining Concentraton
10 110
[ 1 7 a 4
DAY

Kassirer JP, Clinical Evaluation of Kidney Function — Glomerular Function. N E&L
|__285.380-380

Comparisons of different techniques for estimating
glomerular filtration rate in critically ill patients with acute
kidney injury

Josée Bouchard, MD', Etienne Macedo, MD', Sharon Soroko, MS', Glenn M. Chertow, MD, MPFZ, Jonathan Fimmelfarb, MDS, T Alp Ikizler,
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Diagnosis of AKI: Controversies

[l

o Which Criteria?
o Can we use eGFR?

m eGFR based on Cockroft Gault and MDRD formulas
significantly overestimate GFR and do not represent non-
steady state conditions.

u Modified Jelliffe GFR accounts for fluid accumulation and

non-steady state generation of creatinine and needs to be
validated prospectively

eer

Diagnosis of AKI: Controversies

[l

o Which Criteria2
O Absolute vs Relative change in creatinine?
o Does a decrease in creatinine represent AKI2

0 What is the effect of fluid accumulation on serum
creatinine?

o Can we use eGFR?

o Is oliguria a valid criterion?

The RIFLE criteria and mortality in acute kidney
injury: A systematic review
| the impact of UO criterion

A Morialy ik vi non-AKR] b Wortally iy vs non-al C  Lbortaly Bdure vs non-AKI
Sy PR {rardom) RA (random) RR (random)
ox subcaegery M0 65 01 51

1 General ICU iCr and VO crtera) |
Aoasi |
Ahisyon

(=]

Hoile

o2 Ganeral ICU(wimout UO criteria)”
Lopes (HIY) 1

Lopes [sepss) |
Oglermann

Ricci Z et al, Kidney&
Sy b o




Haase et al: A Comparison of the RIFLE and Acute Kidney Injury Network
classifications for cardiac surgery-associated acute kidney injury: A
prospective cohort study J Thorac Cardiovasc Surg 2009;-:1-7

[l

TABLE 5 Comparison of patients’ outcomes according to the urine
output criteria of the RIFLE versus AKIN classifications
JFi3 wo, R/, 172
RIFLE class/AKIN class in = 5} in =277} P value

in intensive o664 16201 649 £ BR2 001

v hospital, d - 204 = 1300 9.7 +7.3 K|
Need for renal replacement 5100 4(14%) <N
therapy. no.

Died during hospital stay. no. 2 (40.0%) 4(01.4%) 004

The wrine output criteria of both classilications apply the same cwtoll values in urne
ousput 1o allocate o patient 1o an scute Kidney injury category. RIFLE, R-renal risk,
KIN. Acule
Kidney Injury Network: AUC-ROC, area under the receiver operating charcieristic

curve.: AKIN, Acute Kidney Injury Network.
ey

I-injury, F-failure, L-loss of kislney function, E-crd. nal discas

Diagnosis of AKI: Issues
Response Variable is Affected by Various Factors

[l

o Factors Affecting Urine Output
O Hydration status
O Hemodynamics
O Autoregulation (TGF)
O Intraglomerular capillary pressure
O Diuretics

o Issves
O What defines oliguria?

o Is oliguria a valid marker of AKI2

sty

Changes in Urine Output and Acute Kidney Injury
in Critically ill patients

Etienne Macedo, Rakesh Malhotra, Rolando Claure, Peter Fedullo, and Ravindra Mehta
University of California - San Diego

Urinary Flow Measurements
- digital continuous urine meter (Urinfo® system Med-Dynamix
Inc, Israel): infrared light to detect urinary flow drop by drop,
providing an hourly accurate measurement of the urine flow.

AKI diagnosis
-SCr measurements were done
at least once per 24hrs
- We applied the AKIN criteria to
define AKI by sCr
(creatinine change = 0.3mg/dl or
2 50% from reference)




Changes in Urine Output and Acute Kidney Injury
in Critically ill patients

Etienne Macedo, Rakesh Malhotra, Rolando Claure, Peter Fedullo, and Ravindra Mehta
University of California - San Diego

Results ‘ - AKI Diagnosis by Oliguria Definitions and sCr criteria
only
4
AKIN Stage 2
by sCr
4
Applying the proposed UO
definitions we could classify 45 AKIN Stage 2
patients as oliguric.
We were able to classify 50% by UC

more patients as presenting AKI enly VO (1-3)

i 24
applying both UO and sCr 29 TS
criteria.

Changes in Urine Output and Acute Kidney Injury
in Critically ill patients

Etienne Macedo, Rakesh Malhotra, Rolando Claure, Peter Fedullo, and Ravindra Mehta
University of California - San Diego

[
Mortality rate by AKI diagnosis criteria.
-
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-
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ASN Poster TH-PO0016, Thursday Oct 29 2009 %
Changes in Urine Output and Acute Kidney Injury
in Critically ill patients
Etienne Macedo, Rakesh Malhotra, Rolando Claure, Peter Fedullo, and Ravindra Mehta
University of California — San Diego
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Episodes of Oliguria ‘ ‘ Duration of Oliguria

[e——
% ]
[re—
¥ ] 5

b o Bosusden of 23 Druring 3 Sty P of Py of 23 Dureg 0 Sy

ASN Poster TH-PO0016, Thursday Oct 20 2009 TIC SanTiegn




Changes in Urine Output and Acute Kidney Injury
in Critically ill patients

Etienne Macedo, Rakesh Malhotra, Rolando Claure, Peter Fedullo, and Ravindra Mehta
University of California - San Diego
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Hours of Oliguria During ICU Stay in Survivors and Non-Survivors

0§ 3

Mumber of Hours of Oliguria During the IEU stay
& g

¥

T
survivors nan survivers

Hawpital Mortality '[I:hi

Do Episodes of Oliguria Reflect Acute Kidney Injury in
Critically ill Patients?

Etienne Macedo , Rakesh Malhotra, Josee Bouchard, Susan Wynn and Ravindra Mehta
University of Californi i
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Classification by AKIN Classification System and Rate of Progression by sCr Criterion

AKIN Stage 2
by sCr
23

AKIN Stage 1*
sCr or UO3
168

sCr and UO3
36

319 SICU
Patients

AKIN Stage 2
by UO4
80

Only UO3
91

ASN Poster TH-PO0019, Thursday Oct 29 2009 %

Do Episodes of Oliguria Reflect Acute Kidney Injury in
Critically ill Patients?

Etienne Macedo , Rakesh M , Josee Bouchard, Susan Wynn and Ravindra Mehta
University of California - San Diego
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Time to Reach sCr and UO Criteria

g a0
3
£
£ - -
£ 20|
5
]
b4
&
2 209
E

10|

only by UO oniy By sor by Both

*p<0.01;"*p=0.226
ASN Poster TH-PO0019, Thursday Oct 29 2009 S omrsin,




Do Episodes of Ofiguria Reflect Acufe Kidney Injury in
Critically ill Patients?

Etienne Macedo , Rakesh Malhotra, Josee Bouchard, Susan Wynn and Ravindra Mehta
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Hours of Oliguria During ICU Stay in Survivors
and Non-Survivors

a

Mortality Rate by Number of UO3 Episodes

Hours with Cégurss During KCU Stay

Suivors M Surrivees

ASN Poster TH-PO0019, Thursday Oct 29 2009 mh&
P<0.001

Diagnosis of AKI: Controversies

[l

o Which Criteria?

o Is oliguria a valid criterion?

<

The AKIN UO criteria for AKI diagnosis is sensitive and identifies additional
patients with AKI compared to the sCr criterion alone.

v The diagnosis of AKI by UO alone is associated with an increased mortality,
need for RRT and longer length of ICU and hospital stay.

v Oliguria is a valid marker of altered renal function in ICU patients and
should be included in future studies in AKI.

sty

Future Directions

[l

o How will biomarkers change diagnosis and staging
criteria?

o How will the gap between AKI and CKD definitions
be addressed?

0 Harmonization across settings




Defining Acute Kidney Injury: Summary

[l

o Standardized criteria for diagnosis and staging allow earlier
recognition of AKI

o Controversies exist on best criteria for each situation

o New conceptual model describes a series of stages, antecedents
and outcomes for AKI

o Emerging discoveries of novel markers in AKI provide opportunities

for an improved understanding of the pathophysiology and

natural history of AKI.

Need for ongoing research to develop knowledge base and

provide practical tools to manage patients with AKI

Ultimate goal is to improve outcomes from AKI.

eer

Research Group

[l

o PICARD

o UCSD AKI research group
o Josee Bouchard, Rolando Claure, Sam Kuo, Yang Luo,
Etienne Macedo, Rakesh Malhotra, Sharon Soroko,
Guillermo Sanz, Jiandong Wei
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