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AKIl incidence rate
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QOveral Stage 1 Stage 2 Stage 3 Dialysis
(KDIGO (Risk) (Ingury) (Faiure) Requirement
equivaem)
NO. studies 154 112 108 108 189
No. patients 3,5859M1 3,303,992 3,281,716 3281715 20400455

Clin JAm Soc Nephrol 8: 1482-1493, 2013.



AKI mortality rate
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AKI associated OR for mortality

relative to those w/o AKI
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Overal Stage 1 Stage 2 Stage 3 Dialysis
(KDIGO- (Risk) (Ingary) (Falure) Requirement
eqQuivaent)

NO. shutie e ra 0
NO. pabanis with Ax) 405 818 W0 048 &0 631 8 914 4427
NO. calents withoutl AN 1.765 574 1y .50 .5 1.120.523 127 960
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AKI definition

Before 2004, the generic term acute renal failure
(ARF) was used for an abrupt and sustained
decrease in glomerular filtration rate

At least 35 definitions in the medical literature,
which gave rise to a wide variation in reported
incidence and clinical significance of ARF

Curr Opin Crit Care. 2002 Dec;8(6):509-14.
In 2007, Acute Kidney Injury Network (AKIN)
proposed to replace the term ARF by that of AKI

Crit Care. 2007;11(2):R31.



RIFLE classification 2004

In 2004, The Acute Dialysis Quality Initiative
(ADQI) group developed the Risk, Injury,
Failure, Loss and End-stage kidney disease

(RIFLE) system

Crit Care. 2004 Aug;8(4):R204-12



RIFLE

GEFR Critenia*

Increased SCreat X135 or | 10 < Smlkeh

Ridl GFR decrense = 25% x 6 ht
Incrensed SCreat .\; UO < Smbkeh
Iniun or GIFR decrease > N0% | « 12

o GEFR decrease 75% x 24 Ir or
e OR SCreat Mme/dl } Anpva x 12 hes
I o Fersestent ARF™™ = conplete loss

' of kadney function > 4 wedks
k) End Stage Kudney Discase

(>3 montls)

Urine Output Criteria

High
Sensitivity

3
5
g
S .
High
Specilicity

Crit Care. 2004 Aug;8(4):R204-12



RIFLE limitations

Use/non-use of urine output criteria

Use of change in estimated GFR rather than
change in SCr

Choice of a baseline SCr

GFR =175 x SerumCr-1.154 * age-0.203 * 1.212 (if patient is black) * 0.742 (if female)

GFR =142 X min(Scr/k,1)a X max(Scr/k,1)-1.209 X 0.993Age X 1.018 [if female] X 1.159
[if black]

Where Scr is serum creatinine (mg/dL), k is 0.7 for females and 0.9 for males, a is —0.329

for females and —o0.411 for males, min indicates the minimum of Scr/k or 1, and max
indicates the maximum of Scr/k or 1.

Ann Intern Med 150(9):604-12. (2009)



AKIN classification 2007
Table 3| Comparison of RIFLE and AKIN criteria for diagnosis and classification of AKI

AN stageq Urine outpst WRE
Serum creativne [Comman 10 both) Chass Serum createine of GFR
S!Dr 1 Increia of moee Than o egual 10 0.3 mardl  Lass thas 05 mi/eg/h R Rk NCANNR I Serum Croatning x 1.5 of GPA
|2 205 umolll or Increase to more than o c})‘ul 10 more than & hours decreme > 5%
150% 10 200% (15 10 2M0i0) Bom Disedne
Mage 1 increasad to more than 200% 10 X0% Less than 0.5 mikg per hour  leyury yorum creatming « 2 of (PR decreased
(> 2 10 340d) Trom Dadene 1Of Moo than 12 hours S0%
Mage J Increasad to more than J00% (> J-foud) Less then OdmbRah bor  Faslure OUM Creatming x 1, Of serum Creptining
from Baseine, or more than or equa to 40 mg/di 2 howrs or snwrls Tor A g/l (> 354 pemob) with an acute
3 354 o) with e acute Increase of at heast 12 howrs e > 05 Mo/l (44 pmadd) or GHR
0. 5ma/dl {44 pmot1] or on WK1 decremand > 74%
L04§ PRrSHIENt ACute renal RaurdwCompiete

058 of kdney function >4 weely
Endta0e Ldngy  ESRD > 3 montd

s ST Y

inclusion of a time constraint of 48 hours

Kidney Int 2012; suppl 2(1):1-138



AKIN

Include both an absolute and a percentage
change in SCr, to accommodate variations
related to age, gender, and body mass index
reduce the need for a baseline creatinine

do require at least two creatinine values

within 48 hours

Crit Care. 2007;11(2):R32



AKIN vs. RIFLE

10.5% classified as having AKI by RIFLE
criteria were missed by AKIN criteria; by
contrast, RIFLE criteria missed only 3.5%
classified as having AKI by AKIN criteria

Nat Rev Nephrol. 2010 Feb;6(2):71-3



AKIN classification 2007
Table 3| Comparison of RIFLE and AKIN criteria for diagnosis and classification of AKI

A stagng Urine outet RIFLE
Serum creatinne [Common 1o both| Class Serum creatiene of GFR
S!Dr 1 Increia of moee Than o egual 10 0.3 mardl  Lass thas 05 mi/eg/h R Rk NCANNR I Serum Croatning x 1.5 of GPA
|2 205 umodl) or Increase to more than of 6quil 10 more than 6 hours gecreme > 5%
150% 10 200% (1.5 10 Mok Bom basebne
Mage 1 increasad to more than 200% 10 X0% Less than 0.5 mikg per hour  leyury Serum creatning « 2 of GFR decreased
(> 2 10 340d) Trom Dadene 1Of Mdee 1han 12 hours 0%
Mage J Increasad to more than J00% (> J-foud) Less then OdmbRah bor  Faslure OUM Creatming x 1, Of serum Creptining
from Baseine, or more than o equad fo A0 ma/d 24 howrs or anwrls Tor A g/l (> 354 pemob) with an acute
| 3 354 ol with 2e acute Increase of at least 12 howrs e > 05 Mo/l (44 pmadd) or GHR
0. 5ma/dl {44 pmot1] or on WK1 decremand > 74%
L04§ PRrSHIENt ACute renal RaurdwCompiete
inclusion of a time constraint of 48 hours Abrupt onset 1-7d and last for > 24hr

ENOILagE VaMY T 2 3 monu
Kidney Int 2012; suppl 2(2):1-138

s ST Y



Kidney Diseases Improving Global

Outcomes (KDIGO) 2012

21.1: AKI is defined as any of the following (Not Graded):
¢ Increase in SCr by =203 mg/dl ( =265 pmoll) within 48 hours; or  AKIN
RIFLE * Imcrease in SCr to = 1.5 times baseline, which is known or presumed to have occurred within the prior 7 days or

o Urine volume < 0.5 ml/kg/h for 6 hours.

21.2: AKI is staged for severity according to the following criteria (Table 2). (Not Graded)

Yable 2| Staging of AKI AKIN

Stage Serum Createine T S—

' 15499 times bassine 0s mihg h for 6412 hours
Of

203 Mg/ (2265 pmod®) iIncrease

20209 times Daieine <05 Mg e 212 houn

o

<OImiSgM for o M houn
OR

Anuna for 212 houns

i 10 tmes bnsine
OR
InCregse In serum Creatinie 20 24 0mg/dl [ 5556 pmodf)
OR
inftiation of rend replacement therady
OR, In patents « 18 years, decrease in ¢GFR 10 < 3Smlmin per 173 my'

Kidney Int 2012; suppl 2(1):1-138



KIDGO

A disease process that results in a change in
SCr over many weeks is not AKI

There is no stipulation as to when the 1-week
or 48-hour time periods can occur



Baseline renal function

Many patients do not have baseline value

Backward calculation based on standard GFR
7cml/min/1.73m2 (KIDGO/ RIFLE)

Admission SCr (European Renal Best Practice
position statement)

Minimum SCr level (nadir value) during the
hospital stay



RIFLE vs. AKIN vs. KIDGO

Results: The rates of incidence of AKI using the RIFLE, AKIN, and KDIGO criteria were 46.99%, 384
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Problem using U/o and SCr

RIFLE, AKIN and KDIGO all diaghose
AKI according to serum creatinine and
urine output

Urine output measurement, non-
automated process ->can be highly
inaccurate v d
Serum creatinine is neither sensitive | ‘
nor specific, tending to represent a
functional change rather than being a
true marker of kidney injury

The BARD® CRITICORE® Monitor



SCr is affected by multiple

factors

Age
Malnutrition
Ethnicity
Gender
Muscle mass
Medications
Trimethoprim, cimetidine
Protein intake



Renal Biomarker

Markers of Matkers of

glomerular funclion: tubular damage:
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FIGURE 1. Origin and kunction of novel ocuse kidney injury biomarkers. GST, ghulathione Stransferase; GT, yglutamyl
rorspeptidase; HGF, hepatocyle growth foctor; IGFBP.7, insulindike growth factorbinding peotein7; 1118, interlovkin 18,
KV, kidnay injury molecvle-1; LFABP, liversype famy acidbinding protein; NAG, Nocetylo-gucosominidose; NGAL,
neutrophil gelatinose-ossociated lipocalin; RBP, retinobbinding protein; TWP-2, tissue metolloproteinase-2

Curr Opin Crit Care 2014, 20:581 - 587



Markers of kidney injury

Neutrophil gelatinase-associated lipocalin

secretion from epithelial cells is induced by
ischemia, inflammation and infection

increased several fold in both serum and urine
within hours of the insult

accumulation was most pronounced in the most
injured cells



Cardiac surgery

AUuROC for AKI prediction within 48 h up to 10 days ranging
from 0.50t0 0.98

Great variation of AKI definition among studies

Critical care [ ED

Difficult for several reasons

AKl is already present at ICU admission in the majority of cases,
timing of AKI not clear

Etiology of AKI often multifactorial

ICU population displays a heterogeneous mixture of co-morbidities

Sepsis already induced plasma NGAL production (effect of sepsis on
urinary NGAL levels is not clear)

AUROC between 0.78 and 0.96

British Journal of Anaesthesia 109 (6): 843—50 (2012)



Markers of kidney injury

N-acetyl-b-D-glucosaminidase (NAG), lysosomal
enzyme found in several human cells including
the renal tubules
AUuROC 0.71-0.83
Kidney injury molecule-1 (KIM-1), type | cell
membrane glycoprotein, play arole in the
regeneration processes after epithelial injury.
AuROC 0.61
Interleukin-18 (IL-18), proinflammatory cytokine

AUuROC 0.53-0.7

British Journal of Anaesthesia 109 (6): 843—50 (2012)



Markers of kidney injury

Tissue inhibitor
Metalloproteinases-2
\ (Urine)

//
IGFBP7
Insulin-like Growth Factor Inducer of G1 cell cycle arrest expressed by injured tubular
Binding Protein 7 cells. Cell EYCIE STopped Vid s own receptor
(Urine)
TIMP-2

Inducer of G1 cell cycle arrest expressed by injured tubular
cells. Cell cycle stopped via its own receptor

Neu’rrophll gelatinase-
associated lipocalin

Protein expressed in neutrophils and prox/distal renal tubule
cells; binds and traffics free iron and is upregulated in the
setting of renal tubular ischaemia

(Kidney Injury Molecule)
(Urine)

(Blood/urine)
IL-18 Inflammatory cytokine found in macrophages and proximal
Interleukin-18 tubule cells that is upregulated in the setting of renal ischemic
(Urine) injury
Cvstatin C Cysteine protease inhibitor freely filtered at glomerulus that is

ystafin & normally reabsorbed by prox tubule cells and appears in the
(Blood/urine) S ) -~

urine in the setting of tubular injury

KIM-1

Type 1 cellmembrane glycoprotein that is shed into the urine
following proximal tubule injury
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Markers of kidney function

Plasma cystatin C, endogenous marker of
GFR

produced at a constant rate by all nucleated cells,
freely filtered by the glomeruli without
reabsorption, also minimally bound to proteins

AURQOC 0.6-0.97

British Journal of Anaesthesia 109 (6): 843—50 (2012)



Can we use renal biomarker for

staging of AKI ?

functional Criteria

RIFLE-R or AKIN-2

RIFLE-l or AKIN-2

RIFLE-F or AKIN-3

Damage Criteria

Slomarker +

Beomarkegs +»

B omarker +++

Contrib Nephrol 2013; 182: 13—29



Can we use renal biomarker for

staging of AKI ?

Diagnosis of Acute Kidney Injury Using
Functional and Injury Biomarkers:
Workgroup Statements from the
Tenth Acute Dialysis Quality Initiative
Consensus Conference

Peter A. McCullough? - Andrew D. Shaw® - Michael Haase“ -
Josee Bouchard® - Sushrut S. Waikar® - Edward D. Siewf -

Patrick T. Murray9 - Ravindra L. Mehta" - Claudio Ronco' -

for the ADQI 10 Workgroup )
Contrib Nephrol. 2013;1282:13-29.

Adding injury biomarkers as a criterion for AKI will complement
the ability of RIFLE/AKIN to define AKI. However, there are
currently insufficient data on damage biomarkers to support their
use for AKI staging. Rigorous validation studies measuring the
association between the novel damage biomarker(s) and clinically
relevant outcomes are needed.
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Causes of AKI

Table 2. Causes of acute kidney Injury: exposures and
susceptibilities for nonspecific acute kidney Injury

EXPOsUre Susceptibiiny

Kidney Int 2012; suppl 2(1):1-138



Focus on..

Contrast induced nephropathy
Rhabdomyolysis
Perioperative AKI



Contrast media-induced AKI

Pathophysiology
constrict descending vasa recta -> impair blood
flow to medulla -> hypoxia and increase oxidative
stress

induce cell damage and apoptotic cell death
through the activation of the intrinsic apoptotic
pathway



CIN —risk factors

Table 2. Risk score of contrast-induced acute kidney injury®

Risk factors Integer score
Hypotension 5
|ABP 5
Heart failure 5 Risk Risk of | Risk of
Age >75 4 score CIN dialysis
Anemia 3 <d 7.5% 0.04%
Diabetes 3 6-10 14% 0.12%
CM volume 1for each 100 cm® 11-16 26.1% 1.09%
Creatinine >1.5 4 216 57.3% 12.6%
eGFR<60ml/min/1.73m? 2 for 40-60
4 for 20-40
6 <20

JAm Coll Cardiol 2004; 44:1393—1399



NALC 2w d

47 RCTs, 7681 patients
NAL wnt les Circulation 2011;124:1250—9
o Lw 4 B il y .
NAL hoh
- —'—-
Gianty
8 RCTs, 1434 patients
rg-dose siate Can J Cardiol 2011;27:851-8
Sadiam blcabenats o 23 RCTs, 3563 patients
Ann Intern Med 2009;151:631-8
'ReopiyRne . 16 RCTs, 1412 patients
Moot e Am J Kidney Dis 2012;60:360—70
.-
SN O Ow Quity
Theophne s
hagh quaMty )
Renal replacement 1 9 RCTs, 919 patients
thetagy Am J Med 2012;125:66-78
Dopasing A= X 2 RCTs, 90 patients
Ann Intern Med 2008;148: 284—94
Fensldpam e - 2 RCTs, 361 patients
Ann Intern Med 2008;148: 284—94
I woserwde — . ~ 2 RCTs, 209 patients
Ann Intern Med 2008;148: 284—94
ALE wividon . ' 7 RCTs, 792 patients

Int J Cardiol 2012; 4,86-8
-10 40 96 -04 92 ¢ 02 04 %C 0% 119

LOg (OScs rl 0} BrJ Radiol 2013;86:20120272



Rhabdomyolysis

Muscle injury associated with myoglobinu- ria,
electrolyte abnormalities, and often AKI

Muscle cell membrane disruption with influx of Ca ->
damage sarcoplasmic reticulum and mitochondria -
> malfunction of Na/K and Na/Ca pump -> increased
intracellular Ca -> lysis of cell and release of cellular
contents

Chest. 2013 Sep;144(3):1058-65



AKI in Rhabdomyolysis

Occur in 10-60% of patients
Myoglobin — primary nephrotoxin
Filtered by glomeruli and ppt in acidic

environment by interact with Tamm-Horsfall
protein -> tubular obstruction

Exacerbated by intravascular depletion with renal
hypoperfusion

Oxidative injury from iron in myoglobin
Induce lipid peroxidation -> produce isoprostanes
-> renal vasoconstriction

Chest. 2013 Sep;144(3):1058-65



Causes of rhabdomyolysis

Hypoxic Physical Chemical Biologic
External External External External
Carbon monoxide exposure ~ Crush injury Alcohol Bacterial, viral, and parasitic
Cyanide exposure Trauma Prescription medications myositis
Internal Burns Over-the-counter medications ~ Organic toxins
Compartment syndrome Electrocution Illicit drugs Snake venom
Vascular compression Hypothermia Internal Spider bites
Immobilization Hyperthermia (heat stroke) Hypokalemia Insect stings (ants, bees, wasps)
Bariatric surgery Internal Hypophosphatemia Internal
Prolonged surgery Prolonged and/or extreme exertion Hypocalcemia Dermatomyositis, polymyositis
Sickle cell trait Seizures Hypo-/hypernatremia Endocrinopathies
Vascular thrombosis Status asthmaticus Adrenal insufficiency
Vasculitis Severe agitation (delirium tremens, Hypothyroidism
psychosis) Hyperaldosteronism
Neuroleptic malignant syndrome Diabetic ketoacidosis
Malignant hyperthermia Hyperosmolar state

Chest. 2013 Sep;144(3):1058-65



Drugs

Moedscastions
l.nlml rwenng agents
Statins
Fibrates

Psyvohiatre medications

Neurodeptics/antipsys botics (including h .l--l-e-r:.f S

.|"-ln-'.|: .|'|r|:"~\ Irotic=s
Selective serotonin reuptake inhibitors
Lithiun
Valproac acsd
Antimicrobial agems
Antiretroviral medications Proteiss inhibitors
Immethoprim-sulfamethosxcasol
Daptomycin
Macrolide antibiotics
Quinolones
\ln'_'.n-!- rcin B
Anesthetics ™ arahviics
Suociny khvolinme
Pr '_‘<|,- -
Antihistamines
D oxy larmd ne
D ll""ll'l'-l;l.l'l 1
Appetite suppressants
Phentermmin
!'t,fl'~21.l
Others
Sumnitinib, erlotinib
N arcotics
Colchicine
\-.I"' 'll"'\'~|:l
A msodaron
\’vl I .l:'f'.l' L !'l
Hlicit drags
L. OCalmm
A1 Ii'lll AT NN T '!n.c'x,;-!n'f T TS
Hallucinogens
'[l man
M ethavlenechion

Phoenoye ll-l 45

ypyrovalerone, mephedrone (buth salts Chest. 2013 Sep;144(3):1058-65



Treatment

No RCT that offer definitive guidance for
treatment

early and aggressive volume resuscitation
Volume 6-12L/d, aim u/o 30o0ml/hr

Type of fluid, LR may achieve better serum and urine
pH

NaHCO3 and mannitol -> not beneficial
Loop diuretic -> not clear
CRRT vs IHD

High flux vs super-high flux (HCO) hemofilter

Chest. 2013 Sep;144(3):1058-65.
Ann Pharmacother. 2013 Jan;47(1):90-105

Nat Rev Nephrol. 2011 May 17;7(7):416-22



Perioperative AKI

Incidence of AKI in major surgical settings in ICU(2)

e

Stage

— - i N itage
Trawma Seogery i '

nsion Dasraous to ICY
:
|

AKIN stage |
T Cr > 26.5umol/l

or

0 s w 15 n 5 w 1
1.5x from
baseline

e Acure Kidney IR Care Med.2009;37:2552-2558



Local data

10%

18%

45%

Cum Survival

Days from ICU admisison

~1540 postop patients who required ICU care
Mortality differ by 8% between those without AKI and those

with Stage 1 AKI Unpublished data from Shum HP et al



Does perioperative hemodynamic optimization protect renal

function in surgical patients? A meta-analytic study

Nicola Brienza, MD, PhD; Maria Teresa Giglio, MD; Massimo Marucci, MD; Tommaso Fiore, MD

Table 2. Interventions Setails of analysed udin and renad ouicomme definition

Defmition of Acute Kadney
Inpary

Auther Tening of Optimezation Caals of Optamizattion Modulty of Optirezalon
Bonder of ¥ OS5 Preop from the soenimg of w Cl 225 L~ 'm™% 8 = | Phads, blood, dopumine,
for 16 ey postop PADF = 14 mmHg. SVR NTY
= 1100 dynesecion’
Berbauk o 3 O8O Preog from 12 or 3 hrs befory Cl 228 bma~'m™2 K = JFhads, dopamine or
wirgery for 1A hes postop PAOP = 15 mum L dobutamine, NTP, NTG
SVR = 1100 &meseckm’
Bubop ot d (37) Pestop within 6 hrs afler surgery | C1 245 Lens ™ "m ™", D0, §Ploids, Nood, dobutaine
for at least 45 by =42 o 'm*, 2 (sarting at 5
VO, =166 mlmn ™ 'o™ pbg 'mtin=")
Boraxy et al (35) Preop from the &ry before surg Cl 239 Lmin™"m ™%, DOy JFieids, Sobutamine
1o the end of the 20d postep >600 mdlmin ™' 10 | (starting frem 2.5
<PAOP <18 meniig, pky ™ 'wmin™"), NTC
SVR < M50 &mewciom®
Bopd ot & OW) Preop frem ICU admivion Befors Flaads, Blood, dopexaemine
surgery for 24 hes postop (sarting & 03
kg 'min" o a
raairmam of 8
wahg lein-")
Chotes ot ol 280 Postop froems ICU adesdssoon for 12 Flaads, Slood
hny postop
Dooats ot o (40 Intracp wp 10 24 hn postop OFRe ([Sea~8cvod Phasds, Nood, dobetamine

20 trials, 4000 surgical patients

Ral),) <2T%

Iarting & 3 up to 15

Increase = huneline creatirane
by >1 m@ilL

VO <05 mlAg™ "™ fr 5
hrs andfor rae In baseline
creatinene by 05 mgidl
andior noed of BRT

Crealinine =2 m@/dl or, with
preexitng renad disase,
Creatinine hece than
admussscn

Worsening of preop fencton
with olgura requinag
high done faromemide
(250 mg'éie) andlor
need of RRT

DO <500 ml24 hrs Sowpite

adogquate TAF

Neod of RRT

Creatmine >3 mg/d. or need
of KRY

Crit Care Med 2009; 37:2079—2090



Outcome. POSTOPERATIVE ACUTE KIDNEY INJURY

Trestment Control Oddx Retio Odd= Ratio
Studeen Evenis Totsl Cwvenis Totsl M4, Rendom, 95% CI M-, Rendom, 8§%CI
Berier B 0 S 0 &3 Not estim able
Beriad o 1 3] 1 2 0.30 1002, 4 99) -
Bahop & 6 S0 16 &5 0420015,118) e
Borazzi o 0 €0 0 % Not estimable
Boyd o= 3 53 7 54 0400010, 1 65] —_——
Chytra O 0 & 1 82 034[001,841) -
Densti @@ 2 =+ 7 &7 0261005,130] e o
Gan ™% 2 S0 4« SO 0480008, 274) ———
Lobo ™% 2 19 1 18 2000017,24.19) -
Matotra OB 1 13 1 14 1.08§0.05, 19 31] .+
MCHendry on 1 &3 3 8 0.31 §0.03, 308 -
Nob et o 0 1 2 52 0200001,419) -
Poxse ™ 3 62 4 &0 071§015,332 —_—
Polonen &% 1 195 3 @ 0330003,322) —
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Cutcome POSTOPERATIVE ACUTE MIDNEY INJURY IN HIGH AND LOW RISK PATIENTS
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Patient related factors

Age

Hypertension

Diabetes Mellitus

Chronic Obstructive Pulmonary Disease

LVF, EF <409
Chronic kidney disease
Emergency surgery

Sepsis
Peripheral vascular disease

Cerebrovascular disease
Ascites

Likely benefit from periopertive optimization Eaivect and Shave Reripemtive Medicie 2017, %6

_ Ancsthesiology 2011; 114:964 =70



Avoid nephrotoxic agents

NSAID - stop 3 days before OT

ACEI/ ARB (esp. in volume depleted
patients and those on diuretics) - W/H on
morning of surgery (esp. in those for non-
HF use)

Antibiotics (aminoglycosides, high dose
penicillin and quinolones)

IV contrast -> use iso-osmolar and low-
osmolar non-ionic contrast

Anesthesiology 2007; 106:218-225
JHosp Med 2008; 3:319-325.



Hydroxyethyl starch

Increase risk of AKI and requirement of RRT in
critically ill patients

ESICM recommend not to use HES with
molecular weight > 200 kDa and/or degree of

substitution >0.4

Mutter TC, Ruth CA, Dart AB. Cochrane Database Syst Rev. 2013 Jul 23;7:CD007594.

European Society of Intensive Care Medicine. Intensive Care Med. 2012 Mar;38(3):368-83.

Britich Journol of Ancesthesio 112 (1) 25-34 (2014)
Advance Access publicotion 17 September 2013 - dox10.1093/bafoet 303

REVIEWARTICLES

Incidence of postoperative death and acute kidney injury
associated with i.v. 6% hydroxyethyl starch use: systematic

review and meta-analysis
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Is NS safe?
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Is NS safe?

Multiple trials (most of them
observational) comparing NS with
balanced crystalloid

More likely to develop AKI and require
RRT

Also more infective complications, blood
transfusion requirement

+/- higher mortality

Anesth Analg 2013; 117: 412—421.
Ann Surg 2012;255: 821-829
JAMA 2012;308: 1566-1572

Crit Care Med2011;39: 2419-2424



Any medications good for protecting of

renal function in the perioperative
period?

Dopamine [X
Fenoldopam @&

Diuretics [x
Calcium channel blockers [x

Atrial natriuretic peptide @
N-acetyl cysteine [x
Statin [x
Erythropoietin (EPO) [x




Remote ischemic preconditioning

(RIPC)

Following ischaemic insult, tissue damage is
extended after reperfusion, known as an
ischaemia reperfusion injury

Application of transient, non-lethal, episodes
of ischaemia reduces the effect of a larger
ischaemic insult, and limits the reperfusion
Injury

Remote - preconditioning stimulus was
applied to organ other than the organ of
Interest



Mechanism of RIPC

| BRIEF ISCHEMIA AT REMOTE ORGAN |

Y \

| Communication pathways | | Key molecular mediators |

Humoral Neuronal Systemic Protein kinases Transcription factors
¢ Adenosine ¢ Adenosine ¢ Anti-inflammatory ¢ PKC, PKG e STAT1/3
e Bradykinin ¢ Bradykinin ¢ Anti-apoptotic * MAPK, MEK * NFxB
¢ Opioids * CGRP e Anti-oxidant e Erk 1/2, Akt e AP-1
* Erythropoietin * cGMP-dependent-kinase ¢ Nrf2
* CGRP * JAK * HIF-1a
¢ Angiotensin |

* iNOS

* HSP

* COX2

Mitochondria

* Kxrp channel
opening
* mPTP inhibition

* JAm Soc Nephrol 25: 216-224, 2014.
ORGAN PROTECTION

Figure 1. Mechanisms of rIPC. AP-1, activator protein-1; cGMP, cyclic guanosine mono-
phosphate; CGRP, calcitonin gene-related peptide; COX2, cyclooxygenase 2; HIF-1q,
hypoxia-inducible factor 1a; HSP, heat shock protein; iINOS, inducible nitric oxide syn-
thase; JAK, Janus kinase; MEK, MAPK kinase; mPTP, mitochondrial permeability transition
pore; Nrf2, nuclear factor (erythroid-derived 2)-like 2; STAT1/3, signal transducer and ac-
tivator of transcription.



Table 1. Demographic Data of Included Trials

No. of Mean Age Contrast Dose Baseline Scr*”
Study Jatients’ (v)* Surgical Procedure (mL) RIPC Procedures (pmollL) AKI Definition
Ali et al'” (2007) 41/41 74175 Elective open AAA repair None Cross-clamping of iliac arteries 102/101 Peak Scr> 177 umol/L
Walsh et al"® (2009) 18/22 74/76 Elective endovascular 309/286 Inflatable tourniquet around 95/94 Decrease in éGFR = 20%
AAA repair lower limbs from baseline
Hoole et al' (2009) 104/98 63.2/61.8] Elective PCI 196.7/187.5 Inflatable tourniquet around NA Scr > 25% increase from
upper arms baseline
Rahman et a®® (2010) 80/82 63/65 CABG None Inflatable tourniquet around 98.1/96.4 Scr> 0.5 mg/dL increase
upper arms from baseline
Thielmann et a*' (2010) 27/26 63.4/64.1§  Elective CABG None Inflatable tourniquet around NA NA
upper arms
Walsh et al? (2010) 22/18 7572 Elective open AAA repair None Cross-clamping of iliac arteries 97/88 Decrease in éGFR = 20%
from baseline
Zimmerman et a* (2011) 59/59 62/65 Elective cardiac surgery None Inflatable tourniquet around 82.2/84.0 AKIN criterion
with CPB lower limbs
Choi et al** (2011) 38/38 57/60 Elective complex valvular None Inflatable tourniquet around 80.4/81.3 AKIN criterion
heart surgery lower limbs
Er et al® (2012) 50/50 73.2/72.7)  Elective coronary 124/103 Inflatable tourniquet around 144.1/143.2 Scr = 25% or =0.5 mg/dL
angiography upper arms increase from baseline
Young et al*® (2012) 48/48 65.5/64.4§  High-risk cardiac surgery None Inflatable tourniquet around 102/95 RIFLE criterion
with CPB upper arms
Pedersen et al”’ (2012) 54/51 1.0/0.9 Complex congenital heart None Inflatable tourniquet around 35/32 RIFLE criterion
disease surgery lower limbs
Lucchinetti et al*® (2012) 27/28 50/62 | Elective CABG None Inflatable tourniquet around 91.7/88.0 NA
lower limbs
Luo et al*” (2013) 101/104  59.2/59.3§  Elective PCI 154/145 Inflatable tourniquet around NA Scr = 25% increase from

upper arms

baseline

Am J Kidney Dis.2014, 64(4):574-583




Table 3. Details of RIPC Trials Using Tourniquet Cuff Around Limb

Limb Used No. of Limbs Ischemia/Reperfusion Total Ischemia

Reference for RIPC Used for RIPC Interval (min) Duration (min)
Walsh et al'® (2009) Lower limb 2 10 20
Hoole et al'® (2009) Nondominant upper arm 1 15
Rahman et al*® (2010) Left upper arm 1 15
Thielmann et al*' (2010) Left upper arm 1 5 15
Zimmerman et al*® (2011) Lower limb 1 5 15
Choi et al** (2011) Lower limb 1 10 30
Er et al*® (2012) Upper arm 1 5 20
Young et al*® (2012) Upper arm 1 5 15
Pedersen et al*’ (2012) Lower limb 1 5 20
Lucchinetti et al*® (2012) Lower limb 1 5 20
Luo et al*® (2013) Upper arm 1 5 15

Abbreviation: RIPC, remote ischemic preconditioning.

Am J Kidney Dis.2014, 64(4):574-583



Ali 2007
Walsh 2008
Hoole 2009
Walsh 2010
Rahman 2010
Zimmerman 2011
Chol 2011
Pedersen 2012
Er2012
Young 2012
Luo 2013

Total (95% CI)
Total events

2

103
Heterogeneity. Tau*= 011, Chi*= 1812, df= 10 (P = 0.05), F= 45%
Test for overall effect Z= 209 (P = 0.06)

48

o

610

147

0.25(0.08,082) 2007
244[0.50,11.88) 2009
057 [0.21,1.50) 2009
0.90(0.50,1.62) 2010
0,64 (0.22,1.67) 2010
0.43(0.24,0.76) 2011
117 [0.62,2.18) 2011
0.85(0.60,1.21) 2012
0.30(0.13,068) 2012
0.93(0.49,1.76) 2012
2.06[0.19,22.36) 2013

0.70 (0.48, 1.02)

s

001 01 1 10 100
RIPC Control

Figure 2. Comparison of remote ischemic preconditioning (RIPC) versus control group for the incidence of acute kidney injury
(AKI). Abbreviations: ClI, confidence interval; KH, Knapp-Hartung method.

Am J Kidney Dis. 2014 64(4):574-583



Ali 2007 0 o 0 # Not estimable 2007

Walgh 2009 0 18 0 2 Not estimable 2009

Waish 2010 S ! 0 18 63% 413[0.21,8091) 2010 3
Thiglmann 2010 0 2 0 26 Not estimable 2010

Rahman 2010 3 80 1 82 114% 308(0.33,28.95 2010 '
Zimmerman 2011 0 40 0 59 Not estimable 2011

Chol 2011 0 38 0 38 Not estimable 2011

Pedersen 2012 7Sk 5 51 503%  1.32(045,390) 2012 -
Lucchinetti 2012 0 2 0 28 Not estimable 2012

Er2012 1 50 2 50 230% 050(0.05,534) 2012 .

Total (95% CI) 416 415 1000% 151066, 346) @
Total events 13 8 )

Heterogeneity. Chi*= 1.72, df= 3 (P = 0.63),F= 0%

Testfor overal effect 2= 0,07 (P= 0.33) 001 01 1 10 100

Favours RIPC Favours Control

Figure 4. Comparison of remote ischemic preconditioning (RIPC) versus control group for the postoperative new initiation of renal
reelacement theraex SRRTZ. Abbreviations: CI, confidence interval, M-H, Mantel-Haenszel.

Am J Kidney Dis. 2014 64(4):574-583



AJKD

Original Investigation

Remote Ischemic Preconditioning for Prevention of Acute
Kidney Injury: A Meta-analysis of Randomized Controlled Trials

Yi Yang, PhD, MD,"-* Xia-bing Lang, BS,""* Ping Zhang, MD,” Rong Lv, MD,’
Yong-fei Wang, BS,” and Jiang-hua Chen, MD’

RIPC might be beneficial for the prevention of

AKI following cardiac and vascular in-
terventions, but the current evidence is not
robust enough to make a recommendation

Am J Kidney Dis. 2014 64(4):574-583



Treatments for AKI

Target underlying cause of AKI|
RRT
Novel treatment

a-Melanocyte-Stimulating
Hormone

RenalGuard Therapy
Alkaline Phosphatase

Catalytic Iron
Kaushal et al; J Am Soc Nephrol 25: 877-883, 2014.



RRT issue under debate

Dose (higher dose -> better survival?)

Method (which method is better? CRRT vs.
IRRT)

Timing of initiation (? Early or late)
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Effect of different doses in continuous veno-venous haemofiltration on
outcomes of acute renal failure: a prospective randomised trial

Claudio Ronco etal. Lancet 2000,;356:26-30

492 patients considered

—p{67 excluded

Y
425 patients randomised

! v 3
146 assigned 139 assigned 140 assigned

y_l_m.hm.a.uakf Lltrafitration—_| ultrafiltrat
: . 1 Lal g
Q?Omthkg > at 35 mLh1 kg P @t 45 mL h kg1

146 Patients 139 Patients 140 Patients
completed study completed study completed study
with ultrafiltration of with ultrafiltration of with ultrafiltration of
>85% of prescribed >85% of prescribed >85% of prescribed

Figure 1: Trial profile



Gp 1(20) vs. Gp 2 (35), p = 0.0007
Gp 1(20) vs. Gp 3 (45), p = 0.0013
Gp 2 (35) vs. Gp 3 (45), p = 0.87

Group 3
" oy
Group 2
.................... s
0 l I I T )
0 10 20 30 40 50

Survival time (days)

Figure 2: Kaplan Meier estimation of survival rates in the three
groups Claudio Ronco et al. Lancet 2000;356:26-30



Adding a dialysis dose to CVVH increases survival in

patients with ARF. saudan P etal, Kidney Int 2006;70:1312-7

Prospective RCT
CVVH 102 patients
CVVHDF 104 patients R L -

CVVH: 25ml/kg/h fof \ ﬁ

CVVHDF: 25ml/kg/h +  ° e

18 ml/kg/h (dialysate)

90-day Survival T w6 @

CVVH: 38%
CVVHDF: 64%, p=0.0004




ATN Study

www.atnstudy.org e NEW ENGLAND
JOURNAL o MEDICINE

Intensity of Renal Support in Critically Ill Patients
with Acute Kidney Injury

Prospective randomised trial N Engl J Med 2008;359

November 2003 to November 2006
N = 1,124 critically ill patients with AKI
One arm CVVH 20mL/kg/h or IHD/SLED 3x/week
Ano’f(her arm CVVH 35mL/kg/h or IHD/SLED 6x/
wee
Both arms employed
IHD if haemodynamic stable
SLED / CVVHDF if haemodynamic unstable
60-day all-cause mortality



The NEW ENGLAND
JOURNAL o« MEDICINE

Cumulative Probubility of Death from Asyy Canse
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N Engl J Med 2008;359

Intensity of Renal Support in Critically Il! Patients
with Acute Kidney Injury

The VA/NIH Acute Renal Fallure Triaf Network®

Less-Intensive Odds Ratio or Mean

Intensive Strategy Strategy Difference (95%
Outcome (N=563) (N=561) )y P Value
Death from any cause by day 60 — 302 (53.6) 289 (51.5) 1.09 (0.86 to 1.40) 0.47
no. (%)
In-hospital death — no. (%) 288 (51.2) 269 (48.0) 1.15 (0.90 to 1.47) 0.27
Imensve therapy

Less-intensive therapy
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e NEW ENGLAND
JOURNAL of MEDICINE

Intensity of Continuous Renal-Replacement Therapy
in Critically Ill Patients

Randomized 1,508 patients in 35 ANZ ICUs
to receive either post-dilution CVVHDF at

25ml/kg/h or at 40ml/kg/h of effluent
90% power to detect 8.5% absolute
reduction from a 90 day mortality of 60%
to 51.5% (a <5%)

Primary outcome: Death within 90 days
after randomization



e NEW ENGLAND
JOURNAL of MEDICINE

ESTARLEAHED IN 1822 OCTOBER 22, 2009 VOL. 361 NO.3Y

Intensity of Continuous Renal-Replacement Therapy
in Critically Ill Patients

G0 -

554 P-0.99

504

45-

Higher intensity
\ poanes

Jprmmm el

‘o-‘ -
35 oy Lower intensity

310
25+

Probability of Death (%)

204 Outcome Higher-Intensity CRRT  Lower-Intensity CRRT
154 ; Death — no./total no. (%)

By day 90 322/721 (44.7) 332/743 (44.7)
10+ By day 28 278/722 (38.5) 274/743 (36.9)

Follow-up (days)

Odds Ratio

1.00 (0.81-1.23)
1.07 (0.87-1.32)

P Valuej

0.99
0.52



Surnnary of Shuties on Conlinwous Renal Replacement Treatment (CRRT) Dosisng and Oulcomes

Study No.  Rasdoenisations CRRT mode Prescribed  Delivered dose  Primary Resalty
dose ostoeme
(mligh)
Ronco 425 3 Arms comparng Post-dilutom CVVH: 20 vs 3Svs 45 RS proseried . Survival m 15 41% s ST
etal, ! 3 different doses Oy 120-240 mL/min dose days vi 58%
2800 (=146 w5 119 v 140)
Bouman 106 ) Aroms compasing Post diluton CVVH: 4829 208  Notpensoned  Sunwval 2 I %w
etal, ® EHVwELV w LIV EHV.Q, M0 mlimin, Q. 72 Lday  vs 197 days; renal 68.8% vs 73%
2602 (o~35 v& 35w 30) ELV-Q, 100-150 mL/mm, Q, 24-36 rocovery g\gaﬂ I'm
lL’!.v.Q. 150 mitmin, Qk 24.36L/day
Saudmm 206 2 Arms comparng Pre-dilution: v 44 Achieved 7% 28 duys 9% vs 5%
etal, 12 2 different doses CVVH (low dose)Q, 100-125 vs 3% ofthe survival;
2006 (2102 vs 104) ml/min, Q, 1-2.5 L delwvered dose 90 duys 34t vs 9
CVVHDF (high dese -Q, 100-125 survival
enlimin, Oy 12500, G 1-1.5 LN
ATN sl * 1124 2 Arms compasing CVVHDF 362vs215 358 w220 60 days 512%ws
2008 whonse vs less-miense  Indensive-Qy 150 mU/mm, Q4 1510 (for moet ity 45.0%
therapy mLA, Q, 1390 LE HDSLED,
(=563 w 561) Los intonive- Q1 40 mlimin, Q, X20  fx/wk ve
mUh, Q. 23 mLA Ixfwk with
Ki'Vef1.2-
Forboth arms: 1.4 per
Hazmod X unstble- sessian)
CVVHFSLED
Hasmodysamically stable-IHD
Tolwemt 200 2 Arms compierng Pre-dilution CVVHDI 200 vs 38 17929 Survival 1o S8% vs ¥%
etal, ? 2 differont doses Standaard dose-Qy 100-1 50 mLimn, ICU discharge
2008 (=100 v 100) Q, 1005 sl /b, Q, 793 mlJh or 30 days
High dosey, 100120 md_'min, Qy
1831 mLA&, Qy 1406 mL%
RENAL 1388 2 Arms comparng 2 Post dilution CVVHDF 2BvsdD 20338 90 duy 2368 v
winly, & Mereet dos Qb 150 m'mmin mornlty 44.66%
By ANZ (o=T43vs T22)
group 10
2009

* CVVH denoies comtinuous veno-venous haemofemtioe CVVHDTE contineoss vono-venoes haemed afileation; MV carly high volume; BLY @y ow
volume; ICU intensive care enit; THD intermitient haemodialysis; LLV late low volume; Q) blood flow; Q, dialysate flow; Q) replacement mee; SLED
sustaized lowefficiency dialysis

1 Sutistcally sgnificat
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208~
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2 0-7—

o Sea
Tral group No sepsis (%) Sepsis (%) p
Group 1 55/126 (44%) 5/20 (25% 0-90
Group 2 76/122 (62%) 3/17 (18%) 0-001
Group 3 74/125 (59%) 7/15 (47% 0-256
Table 3: Survlval rates stratifled by trlal group and presence of
sepsls p=0.128

0-1 1
0 [ T l T ]
0 10 20 30 40 50
Survival time (days)

Figure 2: Kaplan Meier estimation of survival rates in the three
groups
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IVOIRE Study

Intensive Care Med 2013;39:1535-46

~150 patients with septic shock & early acute
renal failure
(RIFLE — injury level)
Randomized into 2 groups
35ml/kg/h for 96 hours
70ml/kg/h for 96 hours
Mortality rates at 28, 60, 90 days
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Tablke 3 Comparizon of patients’ chamacteristics & different ames after mandomization (day 0) in the IVOIRE trial, according ©
radomizalion grogp

Varables HVHF group (n = 66) SVHF group (n = 71) P
Prescribad dose (mlkg'h) 70 3s

Trearment delivered (day O-day 4 %) 938 (57.3-969) 948 (323979 029
Delivered dose (ml/kgh) 65.6 (40.679) 332 (287-33.6)

MAP at day 4 (mmHg) . 92 (R1-1M) (n = 48) 92 (81-103) (n = 56) 0.76
SVRI at day 4(dyns 'cm *) 1670 (1,200-1,980) (n = 33) 1,498 (1,234-2.201) (n = 28) 073
Nomdrenaline ® day 4 (ug/kg/min) 019 (L 13-0.81) (n = 21) 0.2 (0.10-0.64) (n = 32) 020
Inotropéc score o day 4 (pg'kg/min) 30 (00-180) (n = 49) 100 (0.0-260) (n = §T7) 016
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Conclusion (dose)

CRRT
25ml/kg/h is enough for AKI

HVHF for severe sepsis or septic shock
No evidence to support its routine use






CRRT modalities

.

100% - - —— .
80% I l
60%
40% " CVWHD

CVVHDF
20%

= CVVH

0% _—

International Australia-NZ United United States United States Canada (22
(54 1CUs) (34 ICUs) Kingdom (27 ICUs/ (13 pediatric CRRT
[10] [11) (2691CUs) 112 MDs) ICUs) [14] Centres) [15]
(12] (13]

Figure 4 Distribution of mode of RRT used in different countries/regions based on practice surveys. Abbreviations: CRRT, continuous renal
replacement therapy; CVWH, continuous venovenous hemofiltration; CVWHD, continuous venovenous hemodialysis; CVWHDF, continuous venovenous

hemodiafiltration; ICU, intensive care unit; MD, medical doctor; NZ, New Zealand; RRT, renal replacement therapy; UK, United Kingdom; US, United States.
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Hemofiltration compared to hemodialysis for
acute kidney injury: systematic review and
meta-analysis

Jan O Friedrich'#***", Ron Wald'**, Sean M Bagshaw?®, Karen EA Burns'**** and Neill KJ Adhikari'~’

19 RCTs
737 patients
Most studies use CVVHD for HD group but some use SLED
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Hemofltration  Hemodialysis Risk Ratio Risk Ratio
Study or Subgroup Events  Tolal Events  Total Weight IV, Random, 95% CI V., Random, 95% C1
1.1.1 Similar Dose Filtration vs Dialysts
Daud 20086 [25) 7 9 10 1" 147% 08610.58,127 ——
Morgera 2004 [24] 6 12 6 12 61% 1000045 223
OMAK] 2012 [30] 22 39 20 3B 14.3% 10700.71,1.81) S —
Subtotal (95% Cn 60 61 35.1% 0.96 [0.73, 1.25] -
Total events 35 36

Heterogeneity Tau* =000, Ch#=061,ar=2(P=074), F=0%
Test for overall effect Z= 030 (P=0.76)

1.1.2 Similar Dose Filtr ation vs Dialysés. Filtr ation

Chang 2009 (27] % 47 26 49 157%
Subtotal (95% C) o 49 157%
Total events % 28

Heterogeneity Not applicable

Testfor overall effect Z= 022 (P = 082)

1.1.3 Similar Dose (Infermittent) Dsalysis-Filtr ation vs Dialysis

Pemia 2001 [23] 12 2 N 17 48%
Ratanarat 2012 (29) 10 27 18 33 96%
Subtotal (95% €N 18 50 144%

Total events 22 22
Heterogeneity Taw®= 065, Chd= 515 df=1(P=002),P=81%
Testforoveralleffect Z= 031 (P=0.76)

1.1.4 Filtration vs Highes -Dose Dailysis-Filtr ation

Davenport 1993 [21] 7 8 9 11 152%
Saudan 2006 [26) 67 102 43 104 196%
Subtotal (95% Cn 110 115 34.8%
Total events 74 52

Heterogeneity Tau®=0.05, Chi*=276,d=1 (P=010), F= 64%
Testforoverall effect Zs 1 47 (P= 0.14)

Total (95% CI) 265 275 100.0%
Total events 157 136

Heterogenaity. Taw®= 0,05, Chi*= 13.96, df= 7 (P = 0.05); F= 50%
Test for overall effect Z=087 (P=038)

Test for subgroup differences. Chi*= 1 97, df= 3 (P = 058), "= 0%

Figure 2 Effect of hemofiltration vs. hemodialysis RRT on mortality. The pooled risk ratio was calculated using a random-effects model.
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Weight refers to the contribution of each study to the overall estimate of treatment effect. Abbreviations: Cl, confidence interval; IV, inverse

variance.
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Figure 3 Effect of hemofiltration vs. hemodialysis on filter life. The pooled mean difference was calculated using a random-effects model.
Weight refers to the contribution of each study to the overall estimate of treatment effect.
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CRRT vs Intermittent treatment

CRRT IRRT
Convective or diffusive or both Diffusive
Clearance for small & middle MW Clearance for small molecules
Pre-packed substitution fluid or Online water Tx system

online water Tx system

Slow but steady correction Rapid and efficient correction
Labor intensive Low work load
expensive cheap

Required continuous anticoagulation Anticoagulation less important

ICU trained personnel Renal trained personnel




CRRT vs Intermittent treatment

Claim: Better hemodynamic stability
However, studies failed to consistently
demonstrate better hemodynamic stability or

other vital parameters for CRRT



Better hemodynamic stability & fluid removal

Meta-analyses

Rabindranath K etal, Intermittent vs continuous RRT for ARF in adults.
Cochrane Database Syst Rev 2007,;3:CD003773

Pannu N etal, RRT in patients with ARF: a systemic review. JAMA
2008;299:793-805

Bagshaw SM etal, Continuous vs intermittent RRT for critically ill patients
with AKI: a meta-analysis. crit Care Med 2008; 366:610-7

Failed to show significant outcome differences
between 2 methods

A slightly higher MAP in CRRT, but not survival
Why? Reluctance for including patients with major
hemodynamic problems out of fear of instability in
case of randomization to intermittent arm

Excluded the most unstable patients



Pro CRRT

Claim: Better fluid removal or allow room for
administration of parenteral nutrition?

Yes, Augustine JJ etal, A RCT comparing intermittent with

continuous dialysis in patients with ARF. Am J Kidney Dis
2004,44:1000-7

No, John S etal, Effects of CVVH vs IHD on systemic
hemodynamics and splanchnic regional perfusion in septic shock

patients: a prospective RCT. Nephrol Dial Transplant
2001;16:320-7

Yes, Lameire N etal, Acute renal failure. Lancet 2005,365:417-30

No, Uehlinger DE etal, Comparison of continuous and
intermittent RRT for ARF. Nephrol Dial Transplant
2005;20:1630-7

Controversial



Pro CRRT

Claim: Better preservation of

renal function?

Schneider AG etal, Choice of RRT modality and
dialysis dependence after AKI: a systematic review

and meta-analysis. Intensive Care Med
2013;39:987-97
7 RCTs and 16 observational studies, 3971 patients



IRRT CRAY Risk Ratio Risk Ratio

Study or Sabgroup fventis Total fvents Total Weight M- Random, 95% C) M-, Random, 95% C1
1.3.1 Observational
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Dialysis dependence among survivors

Fail to consistently demonstrate superiority of CRRT



Modified IRRT

Sustained Low Efficiency Daily Dialysis
(SLEDD)

Extended daily dialysis / Slow continuous dialysis /
Prolonged IRRT

Slower blood and dialysate flow
More prolonged duration

Performed daily
Incorporate potential advantages of CRRT

Better suit ICU patients



CRRT vs SLED

Table 3 Primary and secondary outcomes.

All (n = 232) SLED (n = 115) CVVH (n = 117) P
Death from any cause by day 90 122 (52.6 %) (496 %) 65 (55.6 %) 0434*
Death from any cause up to 30 August 2009 155 (66.8 %) 76 (66.1 %) 79 (67.5 %) 0.926**
In-hospital mortality 119 (513 %) (496 %) 62 (53.0 %) 0.696**
Mortality in ICU 98 (42.2 %) 49 (426 %) 49 (419 %) 0.984**
Mechanical ventilation 205 (88.4%) 01 (87.8%) 104 (88.9%) 0.962%
Days of mechanical ventilation 1944197 17.7 £ 194 209 + 198 0.047*
Days in intensive care unit 217 £ 211 196 £ 20.1 237 £ 219 0.038*
Recovery of kidnev function in davs after RRT initiation 100 + 145 100 +152 105 +140 Q040*
BP syst pre-treatment (mmHg) 1248 + 14.0 125.1 + 146 1246 + 135 0.434*
BP syst after treatment (mmHg) 1263 £ 164 1283 £ 171 1243 £ 156 0.051*
BP diast pre-treatment (mmHg) 60.7 + 103 60.7 £ 10.7 60.7 £ 100 0420*
BP diast after treatment (mmHg) 61.1 + 107 618+ 113 603 £ 102 0.250*
Hypotensive episodes 1615 15+14 18+16 0.077*
All'values are expressed as number (percent) or mean £ 8D, statistical analyses were performed for SLED Versus CUVI. rone-taied WICOXon test, T2 X 2 table

Chi-Square test with Yates' correction. BP syst: systolic blood pressure; BP diast: diastolic blood pressure; SLED: sustained low efficiency dialysis; CVVH: continuous

veno-venous hemofiltration.

Schwenger et al. Critical Care 2012, 16:R140




No mortality difference

Schwenger et al. Critical Care 2012, 16:R140



Economic and manpower issue

Table 4 Dialysis equipment and nursing time per patient.

SLED (n = CVVH (n = P*
115) 114
Number of membranes used 143 + 153 /.56 + 854 <
0.001
Number of dialysis catheters 1.74 £ 144 1.70 £ 1.89 0.294
used
Nursing time spent (minutes)
<1 936 + 14.7 143 +419 0.131
1to5 3.64 + 463 6./5 + 13.2 0.136
> 5 /.24 £ 951 121+ 170 <
0.001

*One-tailed Wilcoxon test. SLED: sustained low efficiency dialysis; CVVH:
continuous veno-venous hemofiltration.

Schwenger et al. Critical Care 2012, 16:R140



Conclusion (methods)

CRRT vs. IRRT (SLEDD)

Complementary to each other

Best to have both available in the unit
Choose the method most suitable

Patient’s condition
Patient’s activity

Nursing manpower
Cost consideration






Karvellas CJ etal, A comparison of early vs. late initiation of RRT
in critically ill patients with AKI: a systematic review & meta-

analysis. Crit Care 2011;15:R72

Meta Analysis: All 15 studies
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Great variation of definition for “early” and “late”

Author Year Study design Population Modalty Early Late Early criteria

(n) n

Bouman

Sugahara

Lu

Sabater

Bagshaw

Bagshaw

Gettings

Elahi

Dermirkilc

Andrade

Wy

Manche

lyem

Shiao

Carl




Mixed cases vs surgical
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Meta Analysis: Mixed and Surgical Only Sub-groups
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Figure 3 Forest plot stratified for surgery only (n = 8) vs. Medical (mixed, n = 7).
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Wang X etal, Timing of initiation of RRT in AKI: a

systematic review & meta-analysis. ren Fail
2012;34:396-402

15 studies (3 RCTs, 2 prospective and 10
retrospective cohort studies)
Mortality

“early” 772/1514 (51.0%)

“late” 836/1441 (58.0%)

Pooled RR 0.71 (0.59 — 0.86)

Heterogeneity existed (p<0.00001)



Timing of initiation of RRT in AKI

Whole clinical scenario
Aetiology of AKI
AKI progression
Urine output
Fluid accumulation/heart function
Other organ failure
Electrolytes disturbance (hyperK+)
Metabolic acidosis

Other non-renal indications for RRT
Hyperthermia
Overdose or poisoning

? Other AKI biomarkers
NGAL, KIM-1 or Cystatin C



Conclusion (timing)

No definitive answer yet
Establishing a satisfactory definition for early
and late initiation of RRT is urgently needed




