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e Consensus Definitions:

— Sepsis: Life-threatening organ dysfunction caused by a dysregulated host
response to infection

— Septic shock: Sepsis with circulatory and cellular/metabolic abnormalities
profound enough to substantially increase mortality

e Clinical Criteria:

— Sepsis: Suspected or documented infection and an acute increase of = 2
SOFA points (a proxy for organ dysfunction)

— Septic Shock: Sepsis and vasopressor therapy needed to elevate

MAP 265 mmg Hg and lactate > 2 mmol/L (18 mg/dL) after adequate
fluid resuscitation

Singer M et al, JAMA 2016; 315: 801-810



Sepsis — Organ dysfunction

Circulatory failure: d,organ perfusion; metabolic
acidosis

Kidney failure: overhydration; uremic intoxication
ALl / ARDS: J, oxygen supply; respiratory acidosis
Liver failure: hepatic coma; {d, protein synthesis

BM depression: platelet / leukocyte loss or
dysfunction

CNS dysfunction: coma



Incidence of severe clinical complications

(non CV) and sepsis in ICU

German and Italian data indicate

that 35-45% of patients admitted » German and Dutch studies imply
need mechanical ventilation that 11-14% of those admitted
(Morer, Crit Care 2007, GiViTi R to an ICU developed severe

report 2010) sepsis.
(Morer Crit Care 2007)

Nearly 6% of patients admitted
In ten western European to an Italian ICU suffer from
countries 3.500 liver septic shock (GiViTi report)
transplants are performed
each year. Average waiting
time varies from 30-50 days.
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Early acute kidney injury and sepsis: a multi-centre evaluation
Sean M Bagshaw et al for the ANZICS Database Management Committee
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ICU and hospital length of stay. (a) Intensive care unit (ICU) length of stay for acute kidney injury (AKI) patients stratified by sepsis and RIFLE cate-
gory. For each comparison of nonseptic versus septic AKI, P< 0.0001. (b) Hospital length of stay for AKI patients stratified by sepsis and RIFLE
category. For each comparison of nonseptic versus septic AKI, < 0.0001. RIFLE, risk of renal failure, injury to the kidney, failure of kidney function,
loss of kidney function and end-stage kidney disease.



Sepsis Prevalence, Outcomes, and Therapies (SPROUT) study

Crit Care Med. 2016 Aug 10.
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Acute Kidney Injury in Pediatric Severe Sepsis: An Independent
Risk Factor for Death and New Disability

Patient Outcomes

Outcome Measure No AKIl/Stage 1 Stage 2-3 AKI
AKI (n=102)
n=391

Death or moderate 119 (30) 65 (64) <0.001

disability, n (%)

_— 70 (18) 53 (52) <0.001
R~ 66 (17) 51 (50) <0.001
Hospital LOS (days), median 25 (12, 51) 27 (15, 51) 0.767
(1QR)
PICU LOS (days), median 14 (6, 32) 18 (10, 32) 0.105
(IQR)
Vasoactive-free days, 25 (19, 28) 20.5 (11, 24) <0.001
median (IQR)
Ventilator-free days, 20 (2, 26) 14.5 (0, 21) 0.0013

median (IQR)

Julie C. Fitzgerald, Rajit K. Basu, Akash Deep, for the Sepsis PRevalence, OUtcomes, and Therapies
Study Investigators and Pediatric Acute Lung Injury and Sepsis Investigators Network



= The Heterogeneous distribution of renal
blood flow induced by the microcirculatory
dysfunction probably causes patchy tubular
cell injury during sepsis-induced AKI,
whereas hypoxia and hypoperfusion may
amplify inflammation and contributes to an
adaptive response of tubular epitelial cells

Afferent ) .
arteriolar Ischemic/toxic

constriction insult

nwy ®  Pro-inflammatory cytokines released during
sepsis are filtered in the glomerulus, entered
the proximal tubulus and can directly activate
tubular epithelial cells resulting in a change of
the metabolic and functional state of these
cells.

= G1 cell cycle arrest of tubular epithelial cells
may occur



Endotoxins,Exotoxins, Peptidooglycans
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Sepsis is very complex!

Infectious Other
agent? factors?
Pro inflammatory early Receptor , Signal pathway
mediator inhibitors activation activation
Coagulation Inflammatory

>
cascade v\ cascade

ROS
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Pro- inflammatory <— Anti- inflammatory

- ¢ inhibitors Protein synthesis
mediators mediators



Rationale for extracorporeal therapies

In sepsis

Infection

Microbial Products
{exotoxin/endotoxin/peptidoglycans)

Cellular Responses

Thrombo_xanes Oxidases Kinins Cytokines
LeuKotrienes sPLA2 Complement TNF, IL1, IL6, IL8

Platelet nctilvating Factor N? | |

Inflammation / Vascular Organ System Injury

A : e 2 Consumption
Endothelial Injury => Coagulation System Activation = ¢ protein ¢

Apoptosis < Coagulopathy/DIC > ::‘r;::aol:::‘rg::liz: ”Su:::?el;gfon? 2: Non Renal indication

Multi-organ failure Shock 1: Renal indication

\ 4
Death

Lee A O'Brien, Frontiers in Bioscience, 2006, 11, 676-98



Extracoporeal Therapies

Restores
physiology

remove toxins
decrease fluid overload
restore electrolyte balance




Renal replacement therapy options:

Impact on solute clearances

Adsorption

Low molecules removal -




Types of acute RRT
Intermittent _ Continuous ”Special”

L L L L

IHD CVVH High
Intermittent e o permeability
hemodialysis

CVVHD HV-(variants)
| U F Continuous veno-venous High volume
Isolated Ultrafiltration el

CVVHDF

Continuous veno-venous
haemodiafiltration

Adsorption

Hemoperfusion or plasma
perfusion

SCUF TEP (or PEX)

Slow continuous Plasma exchange
ultrafiltration (centrifugal or filter)



The ,,saw tooth profile” with intermittent

haemodialysis
200
Smooth, slow changes of
plasma composition
150 '_\ Repeatedly ups and downs of
\ continuous haemodialysis plasma concentrations,
\ comparably fast changes
S AN
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Real advantages of CRRT vs IHD:
— Better solute removal
— Better hemodynamic stability
— Correction of hypervolemia




Frequency of dialysis hypotension during the trial in patients

completing the study
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Santoro A. et al. Am J Kidney Dis 2008;52:507-518



Comparison of MAP during EDD versus
CVVH
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Kumar, Am J K Dis 2000:36:294-300



Inotropic support during treatments

Hypotension |Inotropes/ Inotropes/
Episodes |vasoconstrictors | vasoconstrictors
(n.) (n. of treatment) (%)
EDD 358 220 59.9%
CVVH 165 79 69.9%

Kumar, Am J K Dis 2000:36:294-300




Treatment week

Hours/day

Blood flow ml/min

Dialysate flow
ml/min

Anticoagulation

Hemodynamic
stability

Mobilization

7 days

24 hrs

100-200

20-30

Heparin or citrate

+++-

Absent

5-6 days

6-12 hrs

150-250

300-350

Heparin or cytrate or

notting

++--

Possible

3-5 sessions

4 hrs

300-400

500-800

Heparin or notting

+---

Possible



Treatment parameters in convective therapies

For convection : Q”E S

For ultrafiltration : Qg TMP Kk

For infusion : Q”E le




Extracoporeal Therapies

Contributes to

Restores
: resolve
physiology . .
inflammation
remove toxins
decrease fluid overload Removal of endotoxins
restore electrolyte balance Removal of chemochines

Removal of cytochines




Blood Purification for Systemic Inflammation

«...from Cytotoxic Model to Cytokinetic model»

Sepsis and CRRT: The Peak Concentration Hypothesis

High Dose Antimicrobial
Steroids Agents
Pro-inflammatory Angi-inflammatory ] I

Mediators Med @ jeukocyte [ interstitial water
@ red blood cell @ replacement fluid
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Imtensive Care Med (1999 25: 903-910

© Springer-Verlag 1999
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Can inflammatory cytokines
be removed efficiently by continuous
renal replacement therapies?
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« Several (small) studies

» Contradictory results

» Several studies report a certain amount of
cytokine clearance via convection /
diffusion, but:

overall no significant lowering
of plasma levels



A phase II randomized, controlled trial of continuous
hemofiltration in sepsis

Louise Cole, MBBS, FFICANZCA; Rinaldo Bellomo, MBBS, MD, FRACP; Graeme Hart, MD, FFICANZCA;
Didier Journois, MD, PhD; Piers Davenport, BSc; Peter Tipping, MBBS, PhD; Claudio Ronco, MD

p =094

« 24 Pat. with septic shock
» Prospective, randomised:

48 h CVVH with 2 L/h vs. no CVVH -
* Result: no difference regarding circulating g A P T

cytokines and complement factors; no Tte. (oirs)
improvement of organ function with CVVH

Cumulative time

p=0.71

G ey

T
[} 5 10 15 20 % 30 35 40 45

Time (days)

Crit. Care Med. 2002; 30: 100-106



Impact of continuous venovenous hemofiltration on organ failure
during the early phase of severe sepsis: A randomized controlled

trial*

80 Patierts Assessment for Eigibility

* Prospective multicenter RCT in 80 pat.
With Sepsis/sept. shock (France) 1997-
1999

* Inclusion within 24h after first organ

failure

* CVVH for >96h with 25 mil/kgxh vs. SMT

4 exchuded
2 dd rot have sepsis
2 family decisions to withdrawy fromthe
study despite therr initid informed consert

Y)Rmdlmad
Study stopped following /'/__ " \

Interim analysis !

37 Assigned to 96 hours
sovolemic CVVH
(HF Group)

0 Lost to Follow-up

39 Assigned to Standard
managenent of severe sepsis
(Control Group)

37 Included in Analysis

Payen D. et al., Crit. Care Med. 2009; 37: 803-10

0 Lost to Follow-up

39 Inchuded m Analysis




Impact of continuous venovenous hemofiltration on organ failure
during the early phase of severe sepsis: A randomized controlled
trial*

Time to deventilation
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Time to worsening SOFA Time to death
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* Number and severity of organ
complications higher

* More / prolonged ARF (need for CVVH
after 96h)

* No reduction of plasma cytokines

Payen D. et al., Crit. Care Med. 2009; 37: 803-10



Intensity of Continuous Renal-Replacement Therapy

in Critically Ill Patients NEJM 2009: 361 1627-38

The RENAL Replacement Therapy Study Investigators®

40 ml per kilogram of body weight per hour (higher intensity) or 25 ml per kilogram per hour (lower intensity).

A question of dose?

Higher Intensity Lower Intensity
Prespecified Subgroup (N=721) (N=743) Odds Ratio (95% Cl)

no. of deaths/no. of patients (%}

Patients with criteria for sepsis 1

Yes 168/359 (46.8)  186/363 (51.2) —_—— 0.84 (0.62-1.12)

No 154/362 (42.5)  145/379 (38.3) e 1.19 (0.89-1.60)
Patients with at least one nonrenal organ failure 1

Yes 299/628 (47.6)  306/649 (47.2) e 1.02 (0.82-1.27)

No 23/93 (24.7) 25/93 (26.9) : 0.89 (0.46-1.72)
Patients with SOFA cardiovascular score of 3 or 4 :

Yes 247/510 (48.4) 254 /546 (46.5) — 1.08 (0.85-1.37)

No 74/210 (35.2) 75/194 (38.7) : 0.86(0.58-1.29)
Patients with eGFR <60 mil/min :

Yes 114/250 (45.6)  105/222 (47.3) .- 0.93 (0.65-1.34)

No 81/157 (51.6) 81/185 (43.8) - 1.37 (0.89-2.10)

Missing 127/314 (40.5)  146/336 (43.5) — 0.88 (0.65-1.21)
Death from any cause by day 90 322/721 (44.7) 332/743 (44.7) — 1.00 (0.81-1.23)

O]S 1?0 2?0
Higher Intensity  Lower Intensity

CONCLUSIONS Better Better

In critically ill patients with acute kidney injury, treatment with higher-
intensity continuous renal-replacement therapy did not reduce mortality
at 90 days also in septic patients..



el High-volume versus standard-volume

Panl I.\){l..rt;agsh:m haemofiltration for septic shock patients
Hubert Grand with acute kidney injury (IVOIRE study):
S a multicentre randomized controlled trial

Prospective multicentre RCT, 18 intensive
care units in France, Belgium and the

Assessed for eligibility (n=187) |
Netherlands. | Excluded (n=47)
« 140 critically ill patients with septic shock ol Did ot et csion e (=)
and AKI for less than 24 h enrolled from omermy
October 2005 through March 2010. [Randomized (n=140) |
* Patients were randomized to either HVHF/ \
at 70 mL/kg/h or Standard\/()lume ' Allocated to HVHF ' Allocated to SVHF ‘
CVVH at 35 mL/kg/h for 96 h. L = | D
> f:fxl‘l:::;::: consent I ' cx.cludcd:
I ineligible | | withdrew consent
| Lost to follow-up (n=0) ] |  Lost to follow-up (n=0) |
| 66 Included i:[ﬁnal analysis ] 71 Included in final nnalysis}

Joanes-Boyeau , Intensive Care Med. 2013; 39: 1535-46



Olivier Joannes-Boyau
Patrick M. Honoré

High-volume versus standard-volume

Paul Perez haemofiltration for septic shock patients

Sean M. Bagshaw

Hubert Grand with acute kidney injury (IVOIRE study):

Jean-Luc Canivet

At e a multicentre randomized controlled trial

Trial was stopped prematurely after
enrolment of 140 patients (slow
patient accrual and resources no
longer being available)

» Mortality at 28 days was lower than
expected but not different between
groups (HVHF 37.9 % vs. SVHF 40.8
%, log-rank test p = 0.94).

» There were no statistically
significant differences in any of the
secondary

endpoints between treatment groups.

Joanes-Boyeau , Intensive Care Med. 2013

Survival Proportion

Lag-rank p = 0.94 (DO.D28)

&
33

Time (days)

; 39: 1535-46



High Volume HemoFiltration

e Definition of HVHF:
1. Proc 2° Conference on Crit Care Nephrology (Czhech Repub, 2007)
— Continuous HVHF with 50 — 70 mL/Kg/h for 24 h
OR
— Intermittent HVHF 100 — 200 mL/Kg/h for 4-8 h followed by conventional CVVH
ADQI
— HVHF when > 35 mL/Kg/h

[EEY

Potential drawbacks:

— Hyposphatemia (RENAL, ATN, IVOIRE)
— Hypokalemia

— Hypoalbuminemia

— Drugs clearances



HVHF: risk of electrolytes dysbalance

Hypophosphatemia Hypokalemia
100% 35%
0 m High m High
20% 30% —
20% Hlow H Low

70% 25%
60%
50%
40%
30% -
20% -
10% -
0% -

20% -

15% -

10% -

5% -

0% -
IVOIRE ATN RENAL IVOIRE ATN RENAL



HVHF for septic acute kidney injury:

a systematic review and meta-analysis

Study Modality Prescribed effluent Delivered effluent Days in ICU before Duration of
rate (ml/kg/hr) rate (ml/kg/hr) Enrolment HF (days)
HVHF Control HF HVHF Control HF HVHF Control HF HVHF Control HF
Boussekey (2008) [25] CVWH 65 35 62 32 Not stated®  Not stated® 7 6
Sanchez (2010) [27] CWH 55 35 - - - - 5.7 6.4
Zhang (2012) [28] QWH 85 50 8754 4999 54 6.2 938 8.88
Joannes-Boyau QWVH 70 35 65.6 332 24 19 6" 7°

(2013) [26]

CQVVH, continuous veno-venous hemofiltration. *Boussekey et al. [25] reported “time from shock to hemofiltration™ 21 hours for HVHF; 155 hours for SVHF. EThis
was estimated according to the cutcome "RRT-free days at day 90"

HVHF Control HF Odds Ratio Odds Ratio

Study or Subgroup Bvents Total BEvents Total Weight M-H, Random, 95% CIl M-H, Random, 95% CI
Boussekey etal. 3 9 5 10 5.7% 050008, 3.21) 441—’7
Joannes-Boyau et al, 25 GE 29 71 33.2% 0.86[0.44,1.75)]
Sanchez et al. 2 15 i 15 6.0% 0.18[0.03,1.07] |
Zhang et al. 8 14 B 139 551% 097 [0.60, 1.55] I
Total (95% Cl) 23 235 100.0% 0.82 [0.52, 1.28]
Total events 111 122

" - . . e - = b t i i
Heterogeneity: Tau® = 0.04; Chi*= 3.55, df= 3 (P=0.31); F=16% 0.01 01 ) 10 100

Testfor overall effect: Z= 0.88 (F = DEEJ Favours HVHF Favours Control HF

Clark E et al, Crit Care, 2014, 18, R7



BM) Open High-dose versus low-dose
haemofiltration for the treatment of
critically ill patients with acute kidney
injury: an updated systematic review
and meta-analysis

Li P, et al. BMJ Open 2017;7.:e014171. doi:10.1136/bmjopen-2016-014171

() Hospital mortality
Study name Statistics for cach study

Odds ratio limltr UHTEI Z-Value p-Value
Fhang (2012) 099 0.6l 1.61 -0.03 0.98
Bellomo (2009) .91 0.65 1.2% -(1.52 0.60
Tolwani (2008) 1.19 0.67 210 058 0.56 -
Bouman (2002) 1.39 0.71 2.74 (.96 0.34 =
Paooled 1.02 081 1.30 0.20 0.84 *

0.2 0.5 1 2 ]

Hﬂtﬂﬂﬂmi[}' test: Q = ].491 p= ﬂﬁgk I.'z = ﬂ% Faviors hj.Sh'dﬂ'ﬁﬂ Favors low-dose




High Cut-Off membrane

700nm
<—> Pore diameter Type of membrane

Inner surface electronic

microscopy of of <0.01 um High flux
different membranes
<0.02 ym High cut-off
For protein
B8 i separation
0.30 pm Plasma filter

Rimmelé T, Kellum J, Crit Care, 2011, 15, 205



Membrane: nomenclature and

classification
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Cytokine clearances by HCO filters
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Fig. 2. Median cytokine clearance by Std HF versus HCO/HF,
with whiskers indicating interquartile range. ! No values recorded
for IL-2 and IL-1ra for Std HF. 2 No whiskers shown when only
one value recorded.

Atan R, Bellomo R, et al, Blood Purif, 2012, 33, 88-100



Amines doses: pilot study comparison

between HCO vs standard CVVH

* p=0.064

&0
[l +p=0.018

0
50 I
1 = -off he (P2SH)
3

[ conventional hemofilter (PF115)

SAPS Il Score

haseline 48 honrs

Morgera S et al, Crit Care Med, 2006, 34 (8), 2099-



e-ISSN 1643-3750
® Med Sci Monit, 2016; 22: 4338-4344
DOI: 10.12659/M5M.896819

Effectiveness of High Cut-Off Hemofilters in
the Removal of Selected Cytokines in Patients
During Septic Shock Accompanied by Acute
Kidney Injury-Preliminary Study

Table 2. Average cytokine concentrations in serum, initially and after 24 hours of treatment.

Cytokine C,, [pg/ml] p-Value (C: C,)

INF-or 2.49*+0.00 2.49*+0.00 n/a*

INF-y 6.01*+0.0 6.01*+0.0 n/a*

TNF-at 4.74*10.0 4.74"10.0 n/a*
|L1ﬁ03ﬁtiﬂmﬁ3ﬁtiﬂmm3,
....................... | LGm*iﬂﬂnm*iﬂnnm*

IL-6* 78.73 [1.66; 2634.98] 141.17 [1.66; 2177.41] 0.340

IL-10* 39.22 [0.61; 156.88] 10.07 [0.61; 144.15] 0.004
....................... | le?miﬁmﬁgﬁﬂmoﬂﬂ

C, — concentration before HCO-CVVHD; C,, — concentration and after 24hrs of HCO-CVVHD; n/a — non-available;
* median; * concentrations below or on the level of the detection limit.



Coupled Plasma Filtration-Adsorption

reinfusion in

Plasma

Selective
removal of
cytokines and
inflammatory
mediators




High surface area

1.2 t0 2.4 m? 700 m2/g resin 50,000 m?/cartridge



How does the resin work?

From micro 1. Interphase
2. Intraphase

3. Thin surface film

4. Large molecules bind only at
surface

(@) 5. Small solutes enter by
diffusion

6. Adsorption or elution

" To nano ¥
®



Plasmaperfusion

Slower plasma flow allows more
contact time with resin

= better adsorption efficiency
less fouling of resin surface

no interaction of cells with resin
Anticoagulation is sometimes
more difficult

120-200 mi/min

Plasma
20-30% of QB

24-60 ml/min




Pressure Suppose the original flowrate is 100 cm®/sec.

Pi Drop P2 The effect of changes in the parameters is as
T follows: 800=
r “Double length =50 em?/sec
g+ — : : —_— z 600
Pesistance Double viscosity =20 cmi/sec Z
to flow R Double pressure =+ 200  cm3/sec 7;
: 400
! L | Double radius = 1600 cm¥/sec 5
R= BnL where T = viscosity * with other parameters held at original values =
nrt = 200+
volume _ g_ Py -Pz _ miPressure difference){radius)?
Flowrate R 8(viscosity)(length) 0 T 1 1 T i
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In vitro LPS + healthy human blood

Incubation 4 hrs CPFA treatment 10 hrs
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main results

Author Target Study Design Major Results of CPFA trials
population
Tetta et al, 2000 Animal model Prospective RCT Survival @ 2 days 85% in CPFA 0.041
w. out CPFA - CPFA Survival @ 2 days 25% w.out CPFA
Ronco et al, 2000 Septic pts Prospective RCT N Hemodynamic response
N=? CPFA-CVVH J Norepinephrine dose
CVVH - CPFA
Formica et al, Septicshock pts Prospective Longitudinal TMAP <0.001
2003 N=12 CPFA J Cardiac Index <0.001
/M Syst Vasc Res Index <0.001
Pa0O2/Fi02 <0.001
No change extracvasc lung water Ns
intra-thoracic blood index Ns
Survival @ 28 days 90%
Survival at 90 days 70%
Ronco et al, 2002 Septic shock pts Prospective pilot ™ MAP 11.8 vs 5.5 mmHg 0.001
N=10 CPFA (10h) — CVVHDF J' Norepinephrine 0.08 vs 0.0049 0.003
(10h) ug/Kg/min
CVVHDF (10h) — CPFA
(10h)
Mariano et al, Septicshock, ARF Parallel group Kit survival Hep: 8.40£0.39 h ns
2004 N=13 CPFA + Hep Kit survival Cit: 7.79+0.19 h
CPFA + Citrate
Lentini et al, 2009 Septic shock, AKI  Prospective RCT No change MAP 0.29
N=8 HVHF-CVVH-CPFA-CVVH No change Norepinephrine 0.18
CPFA-CVVH-HVHF-CVVH No change Vasopressor 0.22
No change Pa02/Fi02 0.08




Author

Caroleo et al, 2010

CPFA: main results

Target
population

Case report
Liver Failure

Study Design

CPFA

Major Results of CPFA trials

-Bilirubin levels (RR 47.8%, 53.8%,
59.3%)

Lucisano et al,

Case Report

Case Report

-M IL-6 vs baseline

2011 ARDS - TNF vs baseline
- PCT vs baseline
- PC-R vs baseline
Mao et al, 2011 Septic shock, RCT - MAP 120.75+20 vs 115.3+18.5 mmHg  <0.05
MOF CPFA (10h) — HVHF (10h)  -paO2/FiO2 297.3+204 vs 265.45+173.7  <0.05
N=7 HVHF (10h) — CPFA (10h) -] Citokines

Berlot et al, 2011 Case report CPFA - Vessels  perfusions in the
Septic shock microcirculation
Moretti et al, 2011 Case report CPFA -Patient’s survival

Weil’s syndrome




CPFA: largest RCT, COMPACT

Livigni S et al, 2014, BMJ Open

Mortality in Internal Medicine / Nephrology Unit

CPFA 44.0 %

Stadard care 47.3 %

An a priori planned
subgroup analysis
showed those
receiving a CPFA
dose >0.18 L/kg/day
had a lower mortality
compared with
controls (OR 0.36,
95% CI1 0.13 to
0.99).



Plasmaperfusion Hemoperfusion

- Slower plasma flow allows more - Faster blood flow allows more
contact time with resin blood to be treated.
= better adsorption efficiency - Results depend strongly on

- less fouling of resin surface adsorption efficiency under high

- no interaction of cells with resin linear velocity - and eventual

- Anticoagulation is sometimes decrease of resin efficiency after
more difficult fouling.

- More likely to have “channeling”
120-200 mi/min

120-200 ml/min

Plasma
20-30% of QB

24-60 ml/min 120-200 ml/min




* pore size

Section through an adsorber

Adsorber bead

Highly biocompatible, porous polymer beads
Removal of hydrophobic substances due to
« physicochemical properties

Internal structure

Adsorption

(or oloctrostatic)
SORBENT interactions

Fig. 3. Adsorption corresponds to the saturable fixation of
some molecules directly on a sorbent or a membrane along
an affinity gradient depending on ionic, hydrophobic, and van
der Waals interactions.



Size-selective removal

Controlled and effective adsorption of numerous substances
PAMPS (Pathogen Associated Molecular Patterns) e.g. enterotoxins "2

— DAMPS (Damage Associated Molecular Patterns) 2%

= Cytokines (4343

= Myoglobin #1

— Metabolites (e.g. Bilirubin, Bile acids, Ammonia) *'"
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Data for septic shock Il (Crit Care 2017)

Kogelmann et al. Critical Care (2017) 21:74

DOl 10.1186/513054-017-1662-9 Critical Care
RESEARCH Open Access

Hemoadsorption by CytoSorb in septic ®eres
patients: a case series

Klaus Kogelmann'’, Dominik Jarczak?, Morten Scheller' and Matthias Driiner’

« 26 consecutive patients fulfilled the inclusion criteria (post-surgical; 13, pneumonic; 13)

« Both vasopressor and lactate levels showed a sustained reduction even beyond 72 hrs.
after the last CytoSorb treatment

« Actual mortality was lower than the mortality predicted by APACHE II. These
favorable effects seem to be more pronounced in patients where therapy started within 24
hours after the septic shock



Data for postop cardiac surgery
SIRS (IJAO 2016)

Int J Artif Organs 2016; 00(00): 000-000
I] DOI: 10.5301/1ja0.50004592

IS5N 0391-3988 SHORT COMMUNICATION

Treatment of post-cardiopulmonary bypass SIRS by
hemoadsorption: a case series

Karl Tréger', Daniel Fritzler', Guenther Fischer’, Janpeter Schrider', Christian Skrabal®, Andreas Liebold®, Helmut Reinelt’

' Department of Cardiae Anesthesiology, University Hospital Ulm, Ulm - Germany
‘Clinic of Cardiothoracic and Vascular Surgery, University Hospital Ulm, Ulm - Germany

« Reduction of elevated cytokine levels

» Associated with a clear stabilization of deranged hemodynamic,
metabolic and organ function parameters.

 Treatment was well tolerated and safe and no device related adverse
events were occurring



Data for ECMO (J Thoracic Disease 2017)

Extracorporeal membrane oxygenation and cytokine adsorption

Thomas Datzmann, Karl Triiger

Department of Cardiac Anesthesiology, University Hospital Ulm, Ulm, Germany

Comtributions: (I) Conception and design: None; (II) Administrative support: None; (III) Provision of study materials or patients: None; (IV)
Collection and assembly of data: None; (V) Data analysis and interpretation: None; (VI) Manuseript writing: All authors; (VII) Final approval of
manuscript: All authors.

Corvespondence ta: Dr. Thomas Dazmann. Department of Cardiac Anesthesiology, University Hospital Ulm, Albert-Einstein-Allee 23, 89081 Ulm,
Germany. Email: thomas.dazmann@gmx.de.

» Hemoadsorption therapy seems to offer a promising new option for
the treatment of patients with overwhelming inflammatory response
leading to faster hemodynamic and metabolic stabilization
finally resulting in preserved organ functions.



The removal of cytokines in the
patient with sepsis by means of
extracorporeal techniques Is
appealing, but.........



Cytokines

Pro-inflammatory ‘ La
IL-1beta IFN-gamma

TNF-alfa IL-12 L-6



Cytokine molecular characteristics

Cytokine molecular size

51
‘ Pro-inflammatory
TNF-alfa  IL- lbeta 'L 8 IEN- gamma |L 6
17 IL 12
25
’ ’ ’ Anti-inflammatory
IL-4 IL-1Ra  TGF-beta  |1-10 IL-13
16 17 12 16 15
Units kDa Comparison
Creatinin
beta2-microG (113

11,6

Cytokine are water soluble compounds



Pro- and anti-inflammatory simultaneous response to

septic shock: in vivo study
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Low-inflammatory-impact
dialysis

Elimination
of factors ‘Removal of
i i inflammatory
o mediators
inflammation

Santoro A, E,Mancini .Kidney International (2014) 86, 235-237,
doi:10.1038/ki.2014.81



Kinetics of plasma constituents

18G (1,2,3) 22
IgG 3 7
IgM 5
IgA 6
lgD 2.8

IgE 2.5
Albumin 17
C, 2
C, 2

Fibrinogen 4.2

TNF 6-20 minutes

Cytokines minutes



Common Antibiotics and CRRT

TABLE |- ANTIBIOTIC CLEARANCE ADAPTATION DURING THE FIRST THREE DAYS OF ICU ADAPTED TO
INCREASED UF EXCHANGED RATE

WVancomycin | Teicoplanin Flucloxacilline Carbapenem Fluccnazole | Cefepime Piperacilline  Quinclones
(Imipenem) Tazobactan  (Ciprofloxacin)

MWW 1448 KDa 1900 KDa 383.5 KDa

Protein bounding Moderate High High Low Low
(30%)

Wolume of distribution Low Low Low High Moderate

Administration Continuous | Bolus Bolus Bolus Bolus Bolus Bolus Bolus
infusion

Dose if 20 mi/kg/hour 10-15 5-7 2gQDSs 500mgBD 400 mgOD | 500mgOD | 49BD 200 mg TDS
mo/kg/day mg/kg/day

Dose if 35 mi/kg/hour 25-30 10-15 4gTDS 1gTDS 600 mgBD | 500mgTDS | 4gTDS 400 mg BD
mo/kg/day mg/kg/day

Monitoring Easy Easy Difficult Difficult Difficult Ditficult Difficult Difficult

Elimination by CRRT High Moderate Low High Moderate Moderate High (70%)! Moderate

These effects will be even more dramatic with HVHF

Honore, PM et al. Int J Artif Organs 2006; 29: 649-659




Amikacina Tobramicina

- Pre "in"
7 el —a— Post "out"

20 30 40 50 60 70

5 Time
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CPFA : in vitro study



Extracorporeal therapies for sepsis

Endotoxins

e Hemoadsorption
e Plasma Exchange

Bacterial fragments




Other extracorporeal therapies




Endotoxins

Molecular weight 10 + 20 kDa in acqueous solutions

Molecular weight > 100 kDa in non acqueous solutions (protein
containing solutions)

It complexes with protein forming LPS binding proteins which
makes difficult to remove by ultrafiltration

Highly stable in temperature and pH.

Bacterial Lipopolysaccharide (LPS)

Q@gmgz.:fiz

Repeating Outer Core Inner Core
Unit T T

O-Specific Chain Core T Lipid A

t

Polysaccharide

Adapted from Fietschel or ess in Clinical
& Biological Ressarch 139‘ 31 151'93



Polymixin B

« Polymyxin B is a cyclic cationic polypeptide antibiotic derived from Bacillus
polymyxa with bactericidal action against Gram-negative bacteria.

« Polymyxin B binds to the cell membrane and alters its structure, increasing
permeability. The resulting water uptake leads to cell death.

» Only used as topic antibiotic, not for systemic administration (toxicity)
 Binds endotoxin

— Direct electrostatic interaction with lipid A region

— Binding via primary amino groups

* Binds cytokine-inducing substances (peptidoglycans, lipoteichoic acid)



Blood Purification and Mortality in Sepsis: A Meta-analysis of
Randomized Trials

Feihu Zhou, MD, PhD'-2, Zhiyong Peng, MD, PhD'!, Raghavan Murugan, MD, MS, FRCP,
and John A. Kellum, MD, FCCM'

3.1.9 Hemoperfusion with PMX-B

Nakamura, 1999 12 30 14 20 17.2% 0.57 [0.34, 0.96] 1999 S
Nemoto, 2001 32 54 39 44  37.1% 0.67 [0.52, 0.85] 2001 -
Nakamura, 2002 2 9 7 9 3.9% 0.29 [0.08, 1.02] 2002 K

Nakamura-l, 2003 9 35 16 25 13.0% 0.40[0.21, 0.76] 2003 T oma
Nakamura-Il, 2003 2 10 8 10 3.9% 0.25[0.07, 0.90] 2003 v

Nakamura, 2004 3 16 6 10 4.9% 0.33 [0.11, 1.03] 2004

Vincent, 2005 5 17 5 18 5.6% 1.06 [0.37, 3.02] 2005 = 1 -
Cruz, 2009 11 34 16 30 14.5% 0.61 [0.34, 1.09] 2009 S i
Subtotal (95% CI) 204 166 100.0% 0.57 [0.45, 0.72] ‘

Total events 76 111

Heterogeneity: Tau? = 0.02; Chi* = 8.16, df =7 (P = 0.32); I = 14%
Test for overall effect: Z = 4.74 (P < 0.00001)

|
o 0.1 1 m 5l
Fawvaurs Blood purfication  Favows Conventional traatmer

Zhou F. et al, Crit Care Med 2013; 41: 2209-20



Early Use of Polymyxin B Hemoperfusion

in Abdominal Septic Shock
The EUPHAS Randomized Controlled Trial

Early Use of Polymyxin B Hemoperfusion in Abdominal Sepsis [EUPHAS]

* Prospective randomised study, 12/2004 — 12/2007 in 10 centres (Italy)

* Patients were eligible for enroliment if they had severe sepsis or septic shock
due to intra-abdominal cavity infection requiring emergency abdominal surgery
and had to be included within 6 hours of surgery (treatment within 24 hours)

» Conventional therapy (n=30) vs conventional therapy plus 2 treatments with
Polymyxin B haemoperfusion (n=34).

* Primary endpoints: MAP and vasopressor requirement

« Secondary endpoints : PaO2/FIO2; SOFA scores; 28-day mortality.

* Trial was stopped early after an interim analysis showed the mortality
difference in a secondary endpoint

Cruz D. et al, JAMA 2009: 301: 2445-52



Early Use of Polymyxin B Hemoperfusion

in Abdominal Septic Shock
The EUPHAS Randomized Controlled Trial

82 Patients assessed for eligibility

18 Excluded
11 Did not meet inclusion criteria
4 Met all inclusion criteria and =1
exclusion criteria
3 Withdrew informed consent

Q ?34 Randomﬁe; ‘_>

=< e

i e
_//.——' e \

34 Randomized to receive polymyxin B 30 Randomized to receive conventional

hemoperfusion + conventional therapy therapy
34 Received polymyxin B hemoperfusion 30 Received conventional therapy

+ conventional therapy as randomized as randomized

0 Lost to follow-up 0 Lost to follow-up
| |

34 Included in primary analysis 30 Included in primary analysis
34 Included in physiological end points 27 Included in physiological end points

analysis at 72 hours analysis at 72 hours

3 Excluded (died before 72 hours)

Cruz D. et al, JAMA 2009; 301: 2445-52



Early Use of Polymyxin B Hemoperfusion

in Abdominal Septic Shock
The EUPHAS Randomized Controlled Trial

Table 3. Physiological End Points by Treatment Group at Baseline and 72 Hours?

Polymyxin B Hemoperfusion Conventional Therapy
| | | |
Mean (95% CI) Mean (95% CI)
I | I |
Baseline 72 Hours P Baseline 72 Hours P
Physiolagical End Points (n = 34) (n=34) Value (n = 30) (n=27) Value
Mean arterial pressure, mm Hg 76 (72-80) 84 {80-88) 00 74 (70-78) 77 (F2-82) 37
Inotropic score 20.0 (20.4-39.4) 6.8 (2.2-10.7) <.001 28.6 (16.6-40.7) 22.4 (9.3-35.5) 4
\Jaaopresscﬂ dependency index, 4.3 (2.7-5.9) 0.9 (0.3-1.5) .00 4.1 (2.3-68.0) 3.3(1.3-5.3) 28
mim Hg™
PaoyFio; 235 (206-265) 264 (236-292) 040 217 (188-247) 228 (199-258) T9
Renal replacement therapy, 13 (38) 15 (44 B0 G (20) 8 (30 B0
No. (%)

Cruz D. et al, JAMA 2009; 301: 2445-52



Early Use of Polymyxin B Hemoperfusion

in Abdominal Septic Shock
The EUPHAS Randomized Controlled Trial

Figure 3. Estimation of Survival Rate According to Treatment Group
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Log-rank P =.03
0 5 10 15 20 25 30
Time, d
MNo. at risk
Polymyxin B hemoperfusion therapy 34 34 32 30 27 22 18
Conventional therapy 30 22 19 15 15 12 11

Cruz D. et al, JAMA 2009; 301: 2445-52



EUPHAS study: critique

= Primary endpoint SOFA, not survival

= Study stopped prematurely; 1 or 2 patients
may have prevented significant result

= High mortality in control group (53%)



Polymyxin B Hemoperfusion in Clinical
Practice: The Picture from an Unbound
Collaborative Registry

The Early Use of Polymyxin B Hemoperfusion in the Abdominal Sepsis 2
(EUPHAS2) Collaborative Group

Collaborative web-based registry of clinical data among users
of Toraymyxin

Data collection included patients with severe sepsis and
septic shock treated with Toraymyxin over the last 3 years, up
to July 2013.

Thirty-one hospitals collected data on 306 patients with
abdominal (41.8%) and non-abdominal (58.2%) sepsis

In patients with abdominal sepsis, 28-day mortality rate was
35% with a significant reduction of the SOFA score after 72 h
of treatment (p < 0.001).

In patients with non-abdominal sepsis 28-day mortality rate
was 49% and the SOFA score did not significantly change
before and after treatment.

Blood Purif 2014; 37(suppl 1): 22-25



Postoperative Polymyxin B Hemoperfusion and
Mortality in Patients With Abdominal Septic Shock:
A Propensity-Matched Analysis*

« Patients with abdominal septic shock triggered by lower
gastrointestinal tract perforation

« Retrospective analysis (nationwide inpatient database Iin
Japan) of outcomes comparing patients

« Of 2,925 eligible patients, 642 received one or two polymyxin
B hemoperfusion sessions, starting the first one on day O or 1.

* Propensity score matching created a matched cohort of 1,180
patients (590 pairs with and without polymyxin B
hemoperfusion).

« Postoperative polymyxin B hemoperfusion did not show any
survival benefit for the overall study population or any of the
studied subgroups of patients with abdominal septic shock.

Iwagami M et al, Crit. Care Med. 2014, 42: 1187-93



Postoperative Polymyxin B Hemoperfusion and
Mortality in Patients With Abdominal Septic Shock:
A Propensity-Matched Analysis*

1.0 H
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Control (n = 978)
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Time since CRRT initiation (days)

The 28-day mortality was 40.2% (393/978) in the PMX group and 46.8%
(458/978) in the control group (p = 0.003)

Iwagami M et al, Blood Purif. 2016; 42: 9-17



Early use of polymyxin B hemoperfusion
in patients with septic shock due to peritonitis:
a multicenter randomized control trial

» Prospective multicenter RCT in 18 ICUs (France); October 2010 — March 2013

« 243 Patients with septic shock within 12 h after emergency surgery for peritonitis
related to organ perforation

* Primary outcome: Mortality on day 28.

Session1*-2H » Session2- 2H
22h +/- 2h
i A : PMX-HP treatment __—
Post- > Post- ——
SUre /' Randomization period . *U'€ / I
Surgery > fTAI:T of :
reatmen
n 12H max
Control treatment _—
/‘-‘ :

Payen DM et al, Intensive Care Med 2015; 41: 975-84



Early use of polymyxin B hemoperfusion
in patients with septic shock due to peritonitis:
a multicenter randomized control trial

80

—— HP=PMX: N = 119 Deaths = 40

" — — Standard: N = 113 Deaths m 27

60 p = 0.1067

Cumulative Incldence of Deaths
g

L 0 B I o e e R R e R R
0 3 6 9 12 15 18 21 24 27 30 33 36 39 42 45 48 51 54 57 60 63 66 69 72 V5 78 81 B4 87 90

33/119 patients (27.7 %) died until day 28 in the PMX-HP group versus 22/113
patients (19.5 %) in the control group (p = 0.14, OR 1.5872, 95 % CI 0.8583—-
2.935).

« 2 completed PMX treatments only in 81 / 119 patients (69.8 %)

* Only 75% gram negative infections

Payen DM et al, Intensive Care Med 2015; 41: 975-84



Iba and Fowler Joumal of Intensive Care (2017) 5:40
DOI 10.1186/540560-017-0236-x Journal of Intensive Care

LETTER TO THE EDITOR Open Access

Is polymyxin B-immobilized fiber column @
ineffective for septic shock? A discussion
on the press release for EUPHRATES trial

Toshiaki Iba™ and Lucy Fowler'?

Abstract

The efficacy of polymyxin B-immobilized (PMX) fiber column on septic shock is still under debate. Recently, the
result from "Evaluating the Use of Polymyxin B Hemoperfusion in a Randomized controlled trial of Adults Treated
for Endotoxemia and Septic shock (EUPHRATES)" trial has been announced as a press release. According to that
report, less than a 5% mortality difference was recognized in the “"per protocol population” (n =244, 31.9 vs. 369%)
and the decrease was not statistically significant. However, among the patients in refractory shock with a multiple
organ dysfunction score of more than 9 and an EAA between 0.6 and 0.9, a 10.7% reduction in 28-day mortality
was recognized (p=00474) when they received two sessions of hemoperfusion using the PMX fiber column.
Since this favorable effect was obtained from “post hoc” analysis, further study is expected.

Keywords: Polymyxin B-immobilized fiber column, Sepsis, Septic shock, Randomized controlled trial, Endotoxin
activity assay

« Primary survival end-point failed again (""per protocol analysis™)

» Post-hoc analysis found a 10.7% mortality reduction for patients with 0.6
<Enotoxin Activity Assay <0.9.

» Further studies are needed.... Once again



Oxiris®

N

NH M

CH
op™ I
CH;~CH-| [CH; C=SO; N&_ \Q /(NH

3....

I ' N
- CNJ L CH,
o
g AN J
Y Y ~ D' ~
Basis structure Polycation : Endotoxin adsorption

(polyacrylonitrile) Polyethyleneimine (negatively charged)



Oxiris membrane: adsorption

= Cytokine adsorption : adsorption takes
place in the membrane bulk mainly on the
sulfonic groups (negligible influence of
the surface treatment) ;

" Endotoxin adsorption: adsorption only due
to the surface treatment (interaction
between amine groups of high
concentrated PEI and phosphate groups

of lipid A).



Sepsis is very complex!

Infectious Other
agent? factors?
Pro inflammatory early Receptor , Signal pathway
mediator inhibitors activation activation
Coagulation Inflammatory

>
cascade v\ cascade

ROS

A

<

Pro- inflammatory <— Anti- inflammatory

- ¢ inhibitors Protein synthesis
mediators mediators



Surviving Sepsis Campaign: International Guidelines for
Management of Sepsis and Septic Shock: 2016.

Rhodes et al

APPENDIX 2. (Continued). Comparison of Recommendations From 2012 to 2016

2012 RECOMMENDATIONS 2016 RECOMMENDATIONS

L. IMMUNOGLOBULINS L IMMUNOGLOBULINS
1. Mot using IV immuncglobulins in adult patients with severe 1. We suggest against the use of IV immunoglobulins in patients
sepsis or septic shock (grade 2B). with sepsis or septic shock (weak recommendation, low quality
of evidence).
K. ELOOD PURIFICATION K. ELOOD PURIFICATION
Mot applicable. 1. We make no recommendation regarding the use of blood

purification technigues.




Conclusions

* Septic shock often complicates with AKI and still
show a high mortality rate

* [ts underlying mechanisms are still debated

* The ideal RRT for AKI should be tailored with the
purpose to

— control of intra/extravascular volume
— correct acid-base disturbances
— correct uraemia & effectively clears “toxins”

 PMX-B, Cytosorb, CPFA, HCO filters efficacy is still
not proofed... Maybe different surrogate end-
points (not mortality) should be looked for not to
spoil these potential aids



Crude ICU and hospital mortality

Crude hospital mortality for septic
AKI estimated by Rifle criteria

stratified by subgroups
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Crude ICU and hospital mortality stratified by subgroups. The sub-
groups of patients were control, sepsis, acute kidney injury (AKI) and
septic AKL. ICU, intensive care unit.
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Crude hospital mortality for septic and non-septic AKI stratified by
RIFLE category. For each comparison of nonseptic versus septic acute
kidney injury (AKI), P <0.0001. RIFLE, risk of renal failure, injury to the
kidney, failure of kidney function, loss of kidney function and end-stage
kidney disease.



High Volume HemoFiltration

Definition of HVHF:
1.  Proc 2° Conference on Crit Care Nephrology (Czhech Repub, 2007)
— Continuous HVHF with 50 — 70 mL/Kg/h for 24 h

OR
—  Intermittent HVHF 100 — 200 mL/Kg/h for 4-8 h followed by conventional
CVVH
1. ADQI

— HVHF when > 35 mL/Kg/h

PROs

* High KT/V of urea, great removal of middle (beta-2 microglobulin)and
large molecule

* New concepts on cytokines compartimentalization



“Improvement of immune dysfunction in patients with
severe acute pancreatitis by high-volume hemofiltration”
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Medical therapy vs High-Volume HF (4000 mli/h)
Gong D. Int J Artif Organs 2010






