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Rationale:\Where to Remove?
he « Multiple Compartments Hypothesis»

Cardiac muscle cell

Skeletal muscle cell

—_—
Smooth muscle cell

Honore PM et al, Blood Purif 200827:1-11




Rationale:How to IncreaseRemoval?
he «Active Transportation Hypothesis»

Exchange Volume —~h—A
of 3-4 Liters/H o Active Transportation
80 Fold

DI Carlo J,Alexander S. IJAO 2005




I I SepticShockWithout AKI Should be the Target ?

Critical Care Medicine®

OFFICIAL JOURNAL OF THE SOCIETY OF CRITICAL CARE MEDICINE

80 Paticnts Asscssment for Eligibility

No AKI —

2 did not have sepsis

2 family decisions to withdraw from the
study despite their initial informed consent

37 Assigned to 96 hours 39 Assigned to Standard
isovolemic CVVH management of severe sepsis
(HF Group) {Control Group)

0 Lost to Follow-up 0 Lost to Follow-up

37 Included in Analysis 39 Included in Analysis

Payen D et al.Crit Care Med 2009;37:803-810



Septic Shock With AKI:A Comeback?
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34 PMX Treatment 30 Standard Therapy

SOFA Score Improved No Changes(P)
Hemodynamics(MAP) Improved Nwprovement(P)

28 Days Mortality 32 % 55 % (P 0.43)

Vasopressors Decreased | No Changes(T)

Cruz D et al JAMA 2009; 301:2442452




Positive Studies Regarding CRRT in ICU

The Vicenza Study
Overall I Septic patients APACHE Il = 23

Group 3

........................................

0 I I i I |
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Survival time (days)

Kaplan Meier estimation of survival rates in the three groups

Survival rates stratified by trial group and by presence of sepsis

Groups and Uf rates N sepsis (%) ! Sepsis (%) p value

Group 1 (20 ml/hvkg} 551126 (44%) 5120 (25 %) 0.90 | Reiter el al
{ )

Group 2 (35 mivke)} /122 (62 %) ST {15 %) _ 0001 :
| Nephron 2002 ; 92 : 251-258

Group 3 (45 mlfhike) TH/125 (59 %) TIE (47 %) .256 !
Ronco et al, Lancet
2000:355:26-30




(Neg)ProspectiveRandomizedStudieswith Septic Subpopulations
The VA/NIH Study

1124 patients Between 2003 et 2007

CVVH at 17 n@ CVVH at 10 mi/kg/
CVVD at 18 ml/kg/K
In total = 35 ml/kg/b 561 HIT 563 LIT + CVVD at 10 ml/kg/k

In total = 20 ml/kg/b

Mean ICU > 7 Days >7 Day
Palevsky P et al. NEJM
1-2008;359:7-20

Ronco C,Honore PM.

Letter.NEJM 2008;359:1959

Survival 1962

at day 60 46.4 % .0 % Ronco C, Cruz D,

SEpE 43.0 % , Oudemans HM,Honore PM
' 1 et al.Review.Crit Care

Predilution 100 % 2008:308:EAP

Stay Before Randomisation

Excluding 3216 patients




(Neg)ProspectiveRandomizedStudieswith Septic Subpopulations

SILZ «
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RENAL Trial

1500 patients
35 sites
3 years

‘Not Designated\’
.__For Sepsis |

Randomization

Intensive
CRRT
(post-dilution
CVVHDF at 40 ml/kg/hr
of effluent)
(750 patients)

CVVHDF1/1

N. Engl. J. Med 2009; 208:359

Conventional
CRRT
(post-dilution
CVVHDF at 25 ml/kg/hr
of effluent)
(750 patients)

“VVHDF1/1




The RENAL Study

Kaplan Meier graph of survival time from randomisation to day 90

L‘ — Higher
; L ovwer

0.6 I S IIPTIT R PPPP
0.4
0.2

- Logrank p=0.9301

N 1 | | | |

0 20 40 60 &0
Days to death (90 days)
Mo. of Subjects Event Censored Median Survival (25% CL)
Higher {21 459% (322) 55% (399) NA | NA NA )

L
Lower 743 45% (332) 55% (411) NA { NA  NA )



Agregation of RENAL & VA/NIH
Databases

mCRRT Is now widely acceptedas
the mostappropriate therapy for

vasopressordependentpatients
who reguire renal replacement
therapy for AKI in the ICU

Prowle J, Bellomo R et al Nature Review Nephrology 2(D;6:521-52¢



Newly Adsorptive
Membranes: All'in One ?

100,000
e Albumin (55,000 - B0,080)

® Inflammatory Mediators ({,

Myoglobin (17,800)
Bela 2 Microglobulin (11,8

Inulin (5,200)

Vitamin B12 (1,355)

Aluminium/Desferg@ami
Complex (700)

R,
,
Bleaphate (80

Urea (60)

Potassium (35)
Phosphorus (31)
Sodium (23)

Honore PM et al., Ann of Intensive Care 2011:1:24




oXiris: Unique Membrane Technology
with a 3-Fold Mode of Action

Pre-coating w/heparin

Heparin at surface remains
active for Inibition of Thrombin
by formation of Thrombin —
Anti —Thrombin (TAT) complex

heparin

Absorbed on PEI**: the
molecules that are negatively
charged like Endotoxins &
Heparin

ANG9 core membrane

Selectively absorbed into the
membrane bulk: all molecules
which can access the membrane
pores (MW<35kDa) and have a
physico-chemical affinity w/
membrane (ionic binding for the
positively charged molecules or
“*PEI=PolyEthylene Imine hydrophilic interaction)




Endotoxins adsorption — in vitro

LPS adsorption on the oXiris membrane versus standard AN69 ST
membranes—Endotoxin E.C. 055B5, bovine blood

Cy= oXiris
rmembrane
B - Standard

membrane
AMET ST

=
T3]
o
=

Time [min]

LPS adsorption on oXiris closed circuit, 500 ml,
bovine blood

Honore PM,Clark W et al.,Proceeding of the 10 WFCCM,Florence 2009



In-vivo experiment: Animal Model of Septic Shock

Rimmele T et al., NDT 2009:24:354-35

Table 3. Mean + 5D haemodynamic and biochemical parameters after a
6-h HVHF session, at T6

ANGEmMb (n = 10) @j m@u Povalue

v

HE (beatz'min) |38 £+ 20 |48 & |6 .23
MAP {mmHgz) 4+ 6 59+ 8 .13
SPAP (mmHg) 9+9 D+8 (.02
MPAP {mmHg) ML 8 247 .00
PCWP (immHg) |24+ 3 |1 +4 (13
CO (I'min) b9 2+ 48 25428 .44
SAR (dyn/s'em” } 672 £ 205 T97 £ 346 0.34
PAR (dyn/s'cm” ) 325 4 186 234 4 148 .24
Epinephrine {mg) 327 =+ 3.02 211 £ 105 027
Crystalloids iml) T387 = 1456 5937 £+ 1588 0.026
Hydroxvethylstarch 1912 = 538 | 437 = 320 0.027
iml}

pH 710 £ 0.07 720+ 011 (026
Lactate {mmol/T) 1411 £ 336 961 =447 0.02

Table 4. Mean = 50 serum endotoxins levels (EL'ml)

AMNGE mb (m= 10) Treated mb {m = 11
T4 10% L 11 474 L TaR
T1 [1.07 & 1064 1.91 £+ 1.19°

To 2590 £ 505 2l £ 159



Recent HPHF Studies in Sepsis: New functional
membrane with defined large pore size

s

Yy

HighFlux

HCO membrane




L Recent HPHF Studies in Sepsis:
HICOSS (High Cut-Off Sepsis S tudy)

Multicenter study with septeX / HCO in septic AKI

Pl Dr. Morgera (Berlin), Prof. Joannidis (Innsbruck), Prof. Risler (Ttbingen),
Prof. Max (Marburg), Prof. Schindler (Berlin),Prof Honoré (Bxl),Prof Clark (Indianapolis)
Primary objective:  Reduction of catecholamine requirements by High Cut off-CVVHD

Secondary objectives : clinical improvements and Safety (albumin levels), SOFA

Study design:

@ Prospective, randomized, double-blinded multicenter study

@ Two parallel study-arms: High Cut Off (HCO/Septex 1.1  m2) compared to high flux
(Polyflux 1.1m2)

@ 120 pts, powered to show a 50% reduction in catecho  lamine use
(at interims analysis: 81 patients enrolled, 7 drop outs)
@ Stratification for disease severity (APACHE score 1 9 to 30) and age

@ 5 days treatment period (CVVHD) and follow up of cat  echolamine use

In preparation for publication
@ 28 days follow-up period

Honore PM,Clark W et al. 10th Congressof WFSICCM.Florence 2009




Recent HPHF Studies in Sepsis:

Safety: Stable plasma albumin levels

with septeX/ HCO compared to standard high flux -CVVHD
N= 81 pts
CVVHD

—¢—standard high flux

septedHCO

——

before  day!  day2  dayd  dayd  dayh
study

time [days] ) need for need for .
norephinephrine = ventialation mortality

In preparation for publication

Honore PM,Clark W et al. ProceedingslOth Congressof WESICCM.Florence200¢



Recent HPHF Studies in Sepsis: Synergy with HVHF ?

90
60
50
40
30
20
10 +

a L-1 L6 IL-8 IL-10 TNFa Alb

CVVH + HPHF= 1l/h = HVHF+HPHF = 6 I/h =
16.6 ml/kg/h 80 ml/kg/h

Uchino el al , Int Care Med 2002; 28;: 651-655




NA fc

Left pricun
Untreatable Arrigplacemem




ARDS in Septic Shock

neumopathy

ARL Without AKI avation, NO and PP.

™~

PaO2/FiOZemaSr e Gimimmtamin® 0.
Despite normal diuresis

TOE = No cardiac dysft nction

v iy
NA for PAM > 70 mp.. e of diuretics

Left pi HEMOFILTRATION

Untreatabie ARDS




ECMO + CVVH:How to Couple ?

22 liters removed in 3 days, PAPS decreases 50%

Extubated at Day 22

Discharge from ICU after 1 month and 1 week

Discharge from hospital after 2 months

¢ without G,




Problems To Overcome When Combinin
ECMO + CRRT

m Avoid to insert a neveatheter
m Problemsof Positive andNegativePressures

m ECMO runwith HeparinCoateamembrane
becaus@f High Flow..

m Shouldbeplacedin theVenousReturn
m CRRT doneedanticoagulation
m High range of pressuieleratedn the software

m Citratecanbegivenvery efficiently underthese
conditions.wherebleedingshouldbe avoided.

Honore PM et al.Annals of Intensive Care 2011:26 EAP




Low Flow ECCO?R Technique: DECAP

Terragni,Ranieri,Contrib Nephrol 2010;165:185-196




Low Flow ECCO?R Technique: DECAP

Terragni,Ranieri,Contrib Nephrol 2010;165-185-196




Problems and Potentials When
Combining ECCO?R + CRRT

m Low Blood Flow (250 to 350 ml)
m Serie Increasingoressure anreducingbubbles

m Diluting Blood andreducingneedof
Anticoagulation

m RecirculatingUltrafitrate & Enhancing
Performance

m Canreduceby 20 % the PCE&: reducePeakPress

Terragni,Ranieri,Contrib Nephrol 2010;165:185-196



DoReMi Database (N=865)

Ronco et al, 2009

Median delivered = 27 mL/kg/h Median prescribed = 34 mL/kg/h

H o
NO®

Dose of CRRT (mL/kg/h
l Delivered dosdll Prescribed dos

1S




IVOIRE STUDY

patients with Septic Shock and Acute Kidney

\ N

140 |

\

‘l’ Any dose of - Oliguria < 0.5
vasopressors ml/kg/h

Randomization (Noradrenaline) e
within 24 hours of Or > Bug/kg/m of |~ crearinine

(! Early septic

ICU admission Dopamine RIFLE Injur-y

¢ shock)
¥ \

ﬁ 70 :




RIFLE Criteria L ADQI _

GFR Criteria Urine Output Criteria

Increased creatinine vo 5ml/ka/h
x1.5 or GFR decrease R

High
Sensitivity

Increased creatinine x4 UO < .5ml/kg/h
or 6FR decrease > 50% x 12 hr

Increase creatinine | UO < .3ml/kg/h
x3 X 24 hr or
or GFR decrease Anuria x 12 hrs
> 75%
g 4 sPecifici-ry
Persistent ARF** = complete loss of
kidney function > 4 weeks

End Stage Kidney Disease
(> 3 months)




Patient flow diagram

167 patients assessed for eligibility

27 Excluded
14 Refuse participation
2 Obesity > 150 kg
11 Met exclusion criteria

140 Randomized

2 patients excluded
1 Withdraw consent
1 Acute leukemia

1 patient excluded
1 Withdraw consent

66 patients 71 patients
analyzed analyzed




IVOIRE

Hemodiafe study

_ N Engl ] Med 2008
Death from any cause by day 60 -— Kla ] RE RS 289 (51.5)

no. (%)
N Engl ) Med 2009

SOFA cardiovascular score

0-2 509 439 37.8
3—4 615 6l.7 62.9 h
Sepsis 60 % :. '
Patients with SOFA cardiovascular score of 3 or4
Yes 2477510 (48.4) 254 /546 (46.5)
No 74210 (35.2) 757194 (38.7)
Patients with criteria for sepsis 49 %
Yes 168/359 (46.8) 1867363 (51.2)

No 154/362 (42.5)  145/379 (38.3)




Conclusions & Perspectives

Rationale do show that Volume is needed to Displaced miakrs from the
Capilaries back to the Circulation..

High Adsorptive Membranes including Endotoxin might be agood alternative
to PMX with the Advantage of Running CRRT at the samdime..

High Cut-Off Filters might Represent a Good Alternative for Sepsis and

Rhabdomyolysis..

ARDS: A Coming Back in the Setting of Fluid Overload specially with
ECMO

CO2 elimination during ECCOR-CRRT might be an Intermediate Alternative
for Refractory ARDS before Ful ECMO & ECCOR




Conclusions & Perspectives (I1)
Dose for Non-Septic AKI should be 25 ml/kg/h

Dose for Septic AKI without catecholamine dependency shuld
be 25 ml/kh/h

Dose for Septic AKI with catecholamine dependency shodlbe
35 mi/kh/n (Awaiting for IVOIRE Trial Results)

Patient with Septic AKI under catecholamines should be on
CRRT rather IHD

Prescribed Dose should be 5 to 10 ml higher than Targ&ose




