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s | ACUTE KIDNEY INJURY:
THEN AND NOW

Then Now

@ No ICU support © Older

" ©® Co-morbid disease
©® Not ventilated

@® CKD prevalence

© No vasopressors
© Complex procedures
@ Isolated kidney failure © Advanced technology

© Limited study design © lliness severity

© Limited statistical analysis ~ © Multi-organ support
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Critical Care Medicine

R d; Robert R Quinn; Jin Lue; & &l

h Chronic Dialysis and Death Among Survivors of Acute|
Kidney Injury Requiring Dialysis
s et contuct : R

Follow-up, ¥ Wald ctal JAMA 2009
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HOW DO WE DEFINE
“TIMING” OF RRT
INITIATION?

Symptom onset

Serum/urine biochemistry

Novel biomarkers (i.e. NGAL)

Relative to onset of AKI
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Relative to hospital/ICU admission

WHAT IS CURRENT
PRACTICE?

Original Articles

Management of Renal Replacement Therapy in Acute
Kidney Injury: A Survey of Practitioner Prescribing Practices

Pamela Overberger,® Matthey
for the VA/NIH Acute Re

acreta,t and Paul M. Palevsky;!
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WHAT IS CURRENT
L w *
= PRACTICE?
Critical Care Medicine
Trials Criteria for RRT Initiation
Ronco (2000) AKI defined as elevated urea/SCr and oliguria (200mL/12hr),

despite fluid resuscitation and furosemide

Mehta (2001)

AKI defined as sustained rise in baseline SCr >88.4, absolute
>177 or urea>40

Schiffl (2002)

Attending nephrology decided when to initiate RRT

Saudan (2006) AKI, not otherwise defined
Vinsonneau (2006) AKI defined as urea>36, SCr>310
ATN Study (2008) AKI defined as SCr>177 in men, >133 in women, within 4
days, oliguria (<20mL/hr), despite fluid resuscitation
RENAL Study AKI defined by oliguria (<100mL/6hr) despite fluid
(2009) resuscitation, K>6.5, pH<7.20, urea>25, SCr>300 or significant

organ edema

Critical Care Medicine

WHAT IS CURRENT
PRACTICE?

Study ICU (days) | Hospital (days)
BEST Kidney Study| 1.0 (0-5) 5.0 (1-12)
CANAKI Study 1.0 (0-4) 3.0 (1-10)
ATN Trial 6.4 (+7.8) 10.3 (+14.7)
Tolwani et al Trial | 8.0 (x11) -
RENAL Trial 2.1(+4.2) -
CLASSIC “RESCUE”
‘%ﬁ INDICATIONS FOR RRT

“Absolute” Indications for RRT initiation

Oligo-anuria

Urine output <200mL/12 hr or anuria

Azotemia

Urea>36 mmol/L or uremic organ complications

Hyperkalemia

K+ >6.5 and/or rapidly rising and/or ECG abnormalities

Metabolic acidosis

pH <7.15

Sodium disorders

Progressive and/or uncontrolled hypo/hypernatremia

Thermoregulation

Uncontrolled hyperthermia and/or hypothermia (>39.5 C)

Volume overload

Clinically significant, diuretic-unresponsive organ edema

Overdose

Drug overdose with dialyzable toxin

tical Neghroloey Texio:




PATIENT-SPECIFIC

= FACTORS
[ Pre-morbid kidney function ]
[ Current kidney function/anticipated demand ]
[ Co-morbid disease/physiologic reserve ]
[ AKl/illness severity/trajectory ]
[ Prevention of uremic/organ toxicity ]

CLINICIAN-SPECIFIC

&= FACTORS

Critical Care Medicine

Goals of therapy

Relative indications

Individual thresholds for initiation

Local practice patterns/standard of care
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Prescribing service
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ORGANIZATIONAL
FACTORS

Country

Institution type

ICU type

Machine/nurse resource availability
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Health resources/costs
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TIMING OF RRT
INITIATION
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Wortieity M)

Timing of Initiation of Dialysis in Critically Ill Patients with
Acute Kidney Injury
Kathleen D. Liu," Jonathan Himmelfarb," Emil Paganini,* T. Alp Ikizler,®

Sharon H. Soroko,” Ravindra L. Mehta,” and Glenn M. Chertow*
*Division of N Depa ficine, Ui San Fr

iciue, Cleve Fi O
~ Death at 60-days:. ...
HR 1.85 (95% Cl, 1.16-2.96)
TR==TZZ]=T—Tn=TZI P
2

Urea (mmol/L) 17 41 <0.001 g ns -
Creatinine (umol/L) 301 415 [<0.001| § ps
No. Organ Failures 4 3 0.008 g ua
Sepsis (%) 37 46 0.14 .
Initial RRT (CRRT) (%) 69 43 0.001

Timing of renal replacement therapy and clinical outcomes Joumalor
in critically ill patients with severe acute kidney injury Critical Care

Sean M. Bagshaw MD, MSc™™*, Shigehike Uchino MD®, Rinaldo Bellomo MD®,
Hiroshi Morimatsu MD®, Stanislao Morgera MD®, Miet Schetz MD', Tan Tan MDY,
Catherine Bouman MD", Ettiene Macedo MD', Noel Gibney MD", Ashita Tolwani MD',
Heleen M. Oudemans-van Straaten MD*, Claudio Ronco MD', John A. Kellum MD™,
for the Beginning and Ending Supportive Therapy for the

Kidney (BEST Kidney) Investigators

90 Serum Urea Serum Creatinine Retative to iCU Admission
72.8

Mortality (%)

Bagshaw et al ) Crit Care 2009




Timing of renal replacement therapy and clinical outcomes Joumalof
in critically ill patients with severe acute kidney injury Critical Care

Sean M. Bagshaw MD, MSc™™*, Shigehiko Uchino MD®, Rinaldo Bellomo MD®,
Hiroshi Morimatsu MD®, Stanislao Morgera MD®, Miet Schetz MD', Tan Tan MDS,
Catherine Bouman MD", Ettiene Macedo MD', Noel Gibney MD", Ashita Tolwani MD',
Heleen M. Oudemans-van Straaten MD*, Claudio Ronco MD', John A. Kellum MD™,
for the Beginning and Ending Supportive Therapy for the

Kidney (BEST Kidney) Investigators

Urea Creatinine
>24 <24 >309 <309
mmol/L mmol/L umol/L umol/L
RRT Duration (d) 6 4 6 5
Non-Recovery (%) 24 9 23.1 6.9
Hospital LOS (d) 23 15 18 19

Research
Correlation between parameters at initiation of renal replacement
therapy and cutcome in patients with acute kidney injury
Marlies Ostermann® and René WS Chang?
1Dwpartment of Critical Care, Guy's & St Thomas' Foundation Hospital, Westsinster Bridge Road, SE1 TEH, UK
“Dapartment of Nephrology & Transplantaton, 53 George's Mospial, Blackshaw Road, SW17 00T, U
Parameters at RRT Adj-OR 0 -
initiation - ¥
-
Age (per year) 1.03 .
-
Oligoanuria 1.60 - - - & E
Co-morbid illness 1.74 Ea = !
Lo 15
CVS Failure 1.30 i = =
Ex -
RESP Failure 1.62
o 5
NEURO Failure 2.48 [ ] L]
- ey Meniapf b R b T
HEME Failure 1.74 o - PR a—
HEPATIC Failure 2.44 Ikl 48 b}
Ventilated 6.03 Ekformiity =s=inckience:

Research
Late initiation of renal replacement therapy is associated with
worse outcomes in acute Kidney injury after major abdominal
surgery
Chih-Chung Shiao’, Vin-Cent Wu2, Wen-Yi LP?, Yu-Feng Lin?, Fu-Chang Hu?, Guang-Huar Young®,
Chin-Chi Kuo?, Tze-Wah Kao?, Down-Ming Huang?, Yung-Ming Chen?, Pi-Ru Tsai®, Shuei-
Liong Lin?, Nai-Kuan Chou®, Tzu-Hsin L|n‘> Yu- Chang Yoh" Chlh Hsien Wang= Anne ChauE

-) S

Death In-Hospital for. Late RRT.
~HR 1.85 (95% CI; 1.07-3.82)
E i Indications:
E . Azotemia 37 49
£ oue e Oliguria 45 36
'%‘ ERD TS S . Fluid overload 8 13
el eiieeee. | | Acidosis 16 13
oo Lo LR Y Mortality 43 75
‘-] ;‘) ala 5[0 ;:_ ILJ Non-recovery 41 21

Days from RRT initiation to Death Shiag etal Crit Care 2000




CARDIAC SURGERY

Critical Care Medicine

2 small single centre Hospital Mortality
retrospective studies

® Early: for oliguria
(<100ml/8hrs)

55.5
L]
© Late: conventional
indications
235 33
RRT started earlier after
surgery in “early” .
10
Early Late

©®  Shorter stay in ICU

Mortality (%)
B g 5888 3

®  Survival benefit ® Demerkilic = Elahi

Demirkilic et al J Card Surg 2004; Elahi et al Eur J Cardiothorac Surg 2004

Effects of early high-volume continuous venovenous hemofiltration
on survival and recovery of renal function in intensive care
patients with acute renal failure: A prospective, randomized trial

(Catherine 5. C. Bouman, MD; Heleen M. Oudemans-van Straaten, MD, PhD; Jan G. P. Tijssen, MD, PhD;
Durk F. Zandstra, MD, PhD; Jozel Kesecioglu, MD, PhD

e
. ® 2 centre RCT of RRT timing in oliguric
L AKl in 106 ventilated patients
” o O Early - CrCl <20mL/min or UO<180mL/6hrs
R O Late — Urea >40mmol/L or pulmonary
;°° L edema (P/F <150)
t T O Time to initiate RRT from oliguria:
© O Early 7 hrsvs. Late 42 hrs
O No difference in:
=
O Survival
p=0.80
O Renal recovery

Bouman et al CCM 2002

Rk ratio
[98% G

RCT: RR 0.64 (95% Cl, 0.40-1.05)
Cohort: RR 0.72 (95% Cl, 0.64-0.82)

Seabra et al AJKD 2008




No. of events

Study (Year) | ::i;;r?‘:? (no renal ret‘.over:]l
«={ RCT:RR0.80 (95% Cl, 0.31-2.10)
Boumar (ke B " "
Sumemary —_—_— 0.80(0.31,2.10) 14043 17146
Conart studies
- ——t- 140050, 333 10 =
Cohort: RR 0.76 (95% Cl, 0.55-1.05)
Gatings. (195 i 075{057. 0.90) 2541 et
Summary —_ 0.76 ( 0.55,1.05) BU169 1001146
T T
A 2 5 1 2 5
Favors early RRT Risk ratio Favors late RRT
Seabra et al AJKD 2008
\RTICLE | Annals of Internal Medicine

Sensitivity and Specificity of a Single Emergency Department
Measurement of Urinary Neutrophil Gelatinase—Associated Lipocalin
for Diagnosing Acute Kidney Injury

L. Nickolas, MD, MS: Matthew ), € Rosrbe, 5; Jun Yang. MD, PRD; Meghan E. Sise, BS; Pietro A, Canetua, MD;
arasch, BS; Charbes Buchen; Farts Khan, MDY Kiyoshi Mon, MD, PD; fames Gigho, MD; Frasad Devarajan, MD;

toscholas B
and Sonathan Barasch, MD, FHD

NGAL >130 pg/g — 32.3% required RRT

E - OR 24.7,95% Cl, 7.7-79.4
I
L+ 2 s [l e

e FLUID
= ACCUMULATION

Critical Care Medicine
EARLY GOAL-DIRECTED THERAPY IN THE TREATMENT OF SEVERE SEPSIS
AND SEPTIC SHOCK

Havstap, MA., JuLE Ressien, B.S,,
PH.D., AND Micsagr Tosmuanovicd, M.D. |

Enanuver Rvers, M.D.,, M.P.H,, Bavant Nouven, M.D,, Suzani
ALEXANDRIA Muzzin, B.S., BERNHARD KnoBUCH, M.D., EDwARD PETER:
FoR THE EARLY GoaL-DHRECTED THERAPY COLLABORATIVE GROUP®

Total Fluids 0-6 hrs 7-72 hrs | 0-72 hrs
(mL)
Standard 3499 10602 13358

EGDT 4981 8625 13443

Rivers et al NEJM 2001




Study |Year| N | Population Exposure Outcome
Simmons | 1987 | 113 ARDS (+) daily and 1 Mortality
cumulative fluid
balance, weight gain
Schuller | 1991 | 89 ALI/ARDS (+) fluid balance >1L | 1 duration MV,
over 36 hr 1 ICU, hospital
stay
Mitchell | 1992 | 101 | Criticallyill RCT: restrictive vs. Restrictive: |
(EVLW ~ standard of care (PAC) | duration MV, |
7mL/kg) ICU stay
Alsous 2000 | 36 | Septic shock | Failure to achieve (-) 1 Mortality
>500 mLin 1 of 3 days
Brandstrup | 2003 | 172 Colorectal RCT: restrictive vs. Restrictive: |
surgery standard of care complications
Sakr 2005 | 393 ALI/ARDS (+) cumulative fluid 1 Mortality
balance
Uchino | 2006 | 331 | Criticallyill (+) daily fluid balance 1 Mortality
FLUID ACCUMULATIUN

&=

Critical Care Medicine

IN CRITICAL ILL
CHILDREN

% Fluld Overloas
ocuwBhBHER

daddi

Goldstain  Foland Goldstaln  Hoyes Suthariand
HSurvivors [ Non-Survieors

Fluid Overload and Mortality in Children Receiving Continuous Renal

Replacement Therapy: The Prospective Pediatric Conti Renal
Replacement Therapy Registry

ScottM. & , WD, Zappitoll, MO, MSz?

nnabele N. Ch
Richard Hackt
P -

" %FO ~ adj-OR 1.03
(95% CI, 1.01-1.05) ...
TR 5% 1

50%

0% — 43.1%

1% }29.4% 9%

20% 2%

10%

LY
S10% Fluid 10%-20% Fluid 220% Fluid
Overload Overload Overload

Sutherland et al AJKD: In Press




A positive fluid balance is associated with a worse outcome in
patients with acute renal failure

Didier Payen', Anne Comélie de Pont?, Yasser Sakr3, Claudia Spies?, Konrad Reinhant3,
Jean Louis Vincent® for the Sepsis Oceurrence in Acutely lll Patients (SOAP) Investigators

&

Mean fluid balance (L/24hr)

HR 1.21, 95%Cl, 1:13-1.28,
p<0.001

e S

LA — :
| _‘\kx
+\{ « Late ARF
v v —

Fluid balance. i

AEarty ARF
= No ARF

Payen et al it Care 2008

Fluid accumulation, survival and recovery of kidney

function in critically ill patients with acute kidney
injury

osée Bouchard', Sharon B. Soroko', Glenn M. Chertaw”, Jonathan Himmelfarb®, T. Alp Ikizler®,
Emil P. Paganini® and Ravindra L. Mehta', Program to Improve Care in Acute Renal Disease (PICARD)
-

Adj-OR death for fluid overload at
- RRTinitiation
2.07, 95%Cl, 1.27-3.37

7S I et = —
= 5
CF gas
=] Log-rank P=0.005
a
0.0
[+] 10 20 an 40 50 60
N (survivors) 296 264 234 212 204 197

In-hospital days from AKI diagnesis

Bouchard et al K 2009
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THE AKI THERAPY

= REFLEX
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ABDUNIINAL

COMPARTMENT

SYNDROME
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AKI DESPITE FLUID

THERAPY
Characteristic AKI No AKI P

(n=29) (n=228)
APACHE Il score 19.2 17.2 0.10
MAP (mmHg) 66 72 0.004
CVP (mmHg) 10 5 0.008
Vasopressors (%) 57 36 0.04
Ventilated (%) 80 73 0.42
Fluid balance (L/d) 2.1 1.0 <0.001
Furosemide (%) 72 19 0.001
Pa02/Fi02 121 208 0.003

Critical Care Medicine

FLUID THERAPY IS NOT

BANAL AND CAN CAUSE




Classic “rescue”
indications
Consider initiating RAT

“Expanded”

clinical criteria:
* Metabolic control
* Acid-base control

* Volume homeostasis
* Non-kidney organ

dysfunction
* Time from injury
* Projection for

Consider adjuvant role of RRT

. ()

recovery

Bagshaw et a Crit Care 2009
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DRAWBACKS TO EARLY
RRT

Unnecessarily exposed to risks of RRT
@® Extracorporeal circulation

© Central venous catheter

In trial by Bouman et al (2002):

© 4 patients in late group ~ spontaneous recovery

® 2 patients in late group ~ died before RRT

® No complications in early group

Bouman et 31 2002

Critical Care Medicine

OPTIMAL TIMING FOR
RRT INITIATION IN ICU

Decision to initiate RRT ~ complex

® Context-specific — needs individualization
“Classic” indications alone not optimal
“Expanded” indications in critical illness:
® lliness severity/organ dysfunction
® Maintaining homeostasis

® “Prevention” of complications

Needs evaluation in clinical trials
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