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GENERAL HOSPITAL VIENNA

We are an extracorporeal
organ support center
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ECMO: Core element Oxygenator

* Hollow fiber system

* Supply pipes:
— Oxygen
— Compressed air

» 2 Oxygenators
connected in
parallel = SAFETY!
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GENERAL HOSPITAL VIENNA

We are a
liver transplant center
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MARS®
The ideal hepatic support device Molecular Adsorbent Recirculating System
would replace the metabolic,
synthetic and detoxification functions
of the failing liver until the liver
recovers from an offending insult or

the liver transplantation is possible.

Extracorporeal albumin dialysis (ECAD)
using the molecular adsorbent recirculating
system (MARS) is a new method of
hemodiafiltration whereby blood is dialyzed
against an albumin-containing solution
across a high flux membrane.
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MARS®
Molecular Adsorbent Recirculating System
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Extracorporeal Albumin Dialysis in Liver Dysfunction
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Case: ALF in MOF

21-year old patient

MOF because of abdominal sepsis

SOFA score: 18

bilirubin 20 mg/dl, ARF, paO,/FiO, 80 mmHg,
severe hypotension, high vasopressor support
(norepinephrin 0,6 pg-kg-'-min)

NH; 180 umol/l, CCT: brain edema

therapy of sepsis (supportive, surgical,
antibiotics)

5 days of 8h-MARS therapy

patient survived, complete recovery




MARS MARS MARS

* Phase | trial in 9 patients with FHF

Awad SS, et al. Results of a phase | trial evaluating a liver support device utilizing albumin dialysis.
Surgery 2001;130:354.62

Sorkine P, et al. Role of the molecular adsorbent recycling system (MARS) In the treatment of patients with acute
exacerbation of chronic liver failure. Crit Care Med 2001;29:1332:6

Sorkine P, et al. Role of the molecular adsorbent recycl Inq syslem (MARS) in the treatment of patients with acute

exacerbation of chronic liver failure. Crit Care Med,
A A
-

MARS

= 70 pts., grade 3 or 4 HE, treated with MARS (n=39) M ARS
vs. standard therapy (n=31)

Table I11. Effects of ECHS on hepatic woxins (n =%9)

Lab Baseline Past ECHS P value
. - | Total bilirubin (mg,/dL) 203+25 176 £25 A0
g cirateHegetotogs 20T Y o7 MR e o Tl NH, (mg/dL} 130 + 24 64+ 16 01
Fischer ratio® 0.98 + 0.2 22+05 D38
Free Tatty acids (mg/dL) (n=23) 15135 + 240 /1 £ 137 A5

ECHS, Extracorporeal hepatic support: NH ;. ammonia;
*Fischer ratio, (Valine + Leucine + loleucine )/ { Phenylalanine + Tyrosine).

MARS

* 7 pts. with FHF, 5 pts. with aocHF; all HE Test Baseline Post ECHS P valus

Table IV, Effects of ECHS on neurological parameters

3801 2+0.7 02
37+39 133+ 28 048

HES, Hepauc encephalopathy score; JCF intracranial pressure.

Awad S5, Swaniker F, Ha?ee J, Punch J, Bartlett RH. Results of a phase | trial evaluating a liver support
device utilizing albumin d alysis Surgery 2001;130:354-62

Schmidt LE, et al. Effect of treatment with the molecular adsorbents recirculating system on arterial amino
acid levels and cerebral amino acid metabolism in patients with hepatic encephalopathy. Seand J

Gastroenterol. 2004;39:974-80
‘A
-
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MARS

« total arterial amino acid concentration: MAI ES
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+ 33 pts., 61 MARS treatments

Fig. 2. Change in percentage mn arterial amino acid concentration
during Molecular Adsorbents Recirculating System (MARS) treat-
ment. Mimus denotes a decrease in concentration. Whiskers indicate
95% CI AA =amino acid: AAA = aromatic amino acid: BCAA =
branched-chain amino acid.

Faybik P, et al. Molecular adsorbent recirculating system and hemostasis in patients at high risk

e S DG CIE b zaos e e Schmidt LE, et al. Effect of treatment with the molg@llaf@dsorbents recirculating system on arterial amino
acid levels and cerebral amino acid metabolism infgatier
(\ Gastroenterol. 2004;39:974-80 -

with hepatic encephalopathy. Scand J



MARS Standard Anticoagulation MARS Anticoagulation

- possibility of using sodiumcitrate for regional

- 3 bleedlng COmpllcatiOHS (3_4 RPCS) |n 3 anticoagulation of extracorporeal circulation

pts . Parameter Bafore MARS treatment Ater MARS traatment B
Median interquartle Range Median (imermquartile Range
range) range)
PT ) 28 (16=40.3) B=129 27 (17.0=-46.2) =02 (1<}
aPTT §7.8 (49.5-68.2) 32=-103 84 (48.0-70.9) F3=-121 .64
i 16,7 (14.8-20.1) 10-120 178 {(15.1=21.1} 11.4-60 002
Fsimogen imgédl 148 (91.7-312) 42-1,120 142 (74.7-316) 13-1,020 0.006

12-127
8-392
22-45
P2
17.0(19.8-21.1)

43 (27-81)
805 (20.5-55.9)
30 (27-33)

42 (26.7-50.9)
44 (23-77.8)
30 (27-32.5)

8-120

B=004

TPi TPa

174 (12.0=21.3)

MARS Citrate Anticoagulation

Raaction W (i) 16,7 (13.3=-218) N

Coagulaton time (mm) 12 (7.3=2581) 13.7(70-33.2) 19.0 D.85-33.0) 007

Maximal amplitede (mm) 38,0 (26.8-48.8) 30,0 (20.1=00.2) 34.0 (22.7-48.3) 0.0003
Angle alpha (degres) 3% (24.5-51.1} 42 (23.7-54 8) 30.0 (17.8-53.5) 0.002
Clat lysis (percent] 100:{98,7=100} 100 (98.1=100) 100 (984100} 068
Coagulation indsx 40,68 -6.3-3.8) -10{-6.3-3.6) 1.5 (-7.7-4.8) [ -0 )
Rygeimmi 0.7 (-0.5=2.46) 2.8 (0.1258-5) 1.4 0.2=4.1) 007
M'bﬂ.'l {mmj 24 (12.5=31.1} 20 (13.6-28.6) 19 {8.1=-29.5} 03
MAg, ;. difference between standard and abaimimab-fab-modified masimal ampliude (MA) refiecting solely the platelst funciion. R, g, difference

batween standard and hepannase modified reaction time (R), reflecting the effects of endogenous/exogenous hepaninoids on plasmatic
coagulation. TP, time pont,

Faybik P, et al. Molecular adserbent recirculatin & and hemostasis in patients at high risk of
bleeding: an observational study. Crit Care 2006Y0LE
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Prometheus

dialysis/plasmapheresis-like system
—_——

prometheus 2 3 dialysis circuit

MARS Citrate Antigoagulation
» 20 pts., 77 MARS treatments

+ anticoagulation: solely with trisodiumcitrate

Fresenius
Palysulfone* -
high-fhe %
dialyser I

MARS Citrate Antigoagulation

» Only two premature terminations in 77 treatment blcod pump
cycles (one due to HIT2, one due to withdrawal

of treatment in a hopeless case)!

plasma pump FPSA circuit
Prometheus Prometheus Prometheus and ICP
* case report: cocaine/ecstasy intoxication = case report: 15 year old pt., Wilson's disease, AHF with » ALF model in pigs: one group treated with
hemolysis, multiorgan failure, listed for HU LTX Prometheus vs. one control ALF-group
» no LTX planned because of untreated drug » meanwhile: three 6h-treatments on three consecutive . results:

ab days

AAgaard NK, et al. Blood Purif 2009;28:102-107

Kramer L, et al. Successful treatment of refractory cerebral oedema in ecstasy/cocaine-induced
fulminant hepatic failure using a new high-efficacy liver detoxification device (FPSA-Prometheus).

Wien Klin Wochenschr 2003;115:589-603 Ryska M, et al. Eur Surg Res 2009;42:230-5



Prometheus Protein Adsorption Prometheus Protein Adsorption
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Prometheus Anticoagulation
- P gluate MW ranges [kDa] — P gluate pl ranges
+ 17 pts., 15 treatments with heparin, 22 S F2 chuie — 2 sl |
trﬁatments epann+e oprostenol Figure 2. Molecular weight (a) and pl (b) distributions in Prometh 1 eluate (P1) and Prometh 2 eluate (P?). Percentage per category of
total spot number is given, MW = molecular weight,

Mares J, et al. Journal of Proeteome Research 2009;

Krisper P, et al. Artif Organs 2009
A
-
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Future Aspects of Detoxification
Devices

Pro m eth eu S Anti Coag u Iati On Ieukcvt inhbition mdule (LI):

TABLE 1. Patient characteristics
Group A (Hannover) Group B (Graz)

Age (vears) 494 £ 2.6 518+ 17*
Gender (m/f) 44 36 K
Child-Pugh score 12+1 12x1 )
MELD' 2382 2524
Bilirubin (mg/dL) 27.1 £ 6.9 293%31
Albumin (g/L) 27 x2 281 <12y
Creatinine {mg/dL) 25+05 20+ 06 [ coated membrane [ anivocy |
INR 22x02 22x03
Dead/alive 5/ f

*Significant difference between the two groups.
'MELD score was obtained using the MELD calculator at the Website of the Mayo Clinic
(hupwww.mayoclinic.org/gi-rst/mayvomodeld himl).

MELD. model for end-stage liver disease; INR. international normalized ratio.

LIM

leukocyte inhibition module (LIM):

TABLE 2. Standard coagulation tests before, during, and after Prometheus

Group A (Hannover: heparin)

Group B (Graz: heparin + epoprostenol)

Before During After Before During After
aPTT (s) 715 (£383) 938 (+412) T0.8 (£39.2) T0.2 (+27.1) 105.6% (+38.5) 102.4* (+42.1)
PT (%) 368 (+152) 35.2 (x15.2) 38.3 (*17.2) 456 (*+21.6) 36.9 (+19.5) 30.9* (+17.0)
AT3 (%) 373 (=180) 337 (£156) 344 (*158) 0.1 (*£25.9) 298 (233 M5 (%£253)
Platelet count (G/L) 55.1 (£252) 553 (£248) 54.3 (£26.1) B854 (£64.7) 71.3 (£786) 67.7 (+44.9)

*Significant difference to baseline.

LIM in Pig Model CPB LIM and CPB: Results LIM and CPB: Results

Electron microscopic microphotographs of
accumulated neutrophlls W|th|n the

Perioperative inflammatory and tissue damage markers

. 12 pigs, CPB (60 mln including 30 min

Abdel-Rahman U, et al. Inhibition of neutrophil activity improves cardiac function after cardiopulmonary Abdel-Rahman U, et al. Inhibition of neutrophil activity improves cardiac function after cardiopulmonary

bypass. J Inflamm (Lond) 2007;4:21 bypass. J Inflamm (Lond) 2007;4:21 Abdel-Rahman U, et al. Inhibition of neutrophil activity improves cardiac function after cardiopulmonary

bypass. J Inflamm (Lond) 2007;4:21

A A A




LIM and CPB: Results

Boxplot depiction of Cardiac index values obtained for the control el
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group and for the LIM group, pre- and postoperatively. In the control

group, but not in the LIM group, the difference between pre- and

post CPB values was statistically significant (p < 0.01). The post-

CPB intergroup difference was also statistically significant (p <

005) I)cm‘x:\{odu]c
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Modular Exteacorporieal Liver Support |

Fig. 1. 3-D 1ntcnvoven hollow fiber m.twork (A) Thc drawmg
illustrates the MELS bioreactor system, a CellModule bioreactor
with human liver cells, a DetoxModule enabling albumin
dialysis, and a DialysisModule for continuous venovenous
hemodiafiltration (B) [Adapted from Sauer et al, 2002].

Source: Cheng-Bo Yu et al, Hepatobiliary Pancreat Dis Int 2009; 8: 134-140

Abdel-Rahman U, et al. Inhibition uf neutrophil a mproves cardiac function after cardiopulmonary
bypass. J Inflamm (Lond) 2007;4:2 y
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SUMMARY (1)

Liver support devices, in terms of long
lasting, nearly complete liver support, as
compared to, e.g., renal replacement with

Fig. 2. A: The hollow fiber (1) between the two slides (2, 3)
which form the cell compartment; B: The perfused tubes (4, 5)
connect the hollow fibers and the short tubes (6) are accessible to
the cell compartment; C: Experimental set-up comprises control
unit (7), microscope and camera (8) and the SlideReactor (9)
[Adapted from Schwartlander et al, 2007].

Source: Cheng-Bo Yu et al, Hepatobiliary Pancreat Dis Int 2009; 8: 134-140
A
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