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Indication for plasma exchange

Thrombotic microangiopathy 29 (58)

Thrombotic thrombocytopenic 18 (36)
purpura

Hemolytic uremic syndrome, 10 (20)
atypical

Thrombotic microangiopathy, 1 (2)
drug associated

Hyperviscosity syndrome 12 (24)

ANCA-associated vasculitis 4 (8)

Kidney transplantation, antibody 3(6)
mediated rejection

Severe cryoglobulinemia 1 (2)

Catastrophic antiphospholipid 1 (2)
sy ndrome
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Pediatric Multiple Organ Dysfunction Syndrome: Promising
Therapies
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Promising therapies either currently being implemented or developed: These
include extracorporeal therapies, anti-cytokine therapies, anti-toxin treatments, anti-
oxidant approaches and multiple forms of exogenous steroids. For the field to
advance, these and other therapies must be assessed in rigorous manner and
implemented accordingly.
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Systemic inflammatory response syndrome
(SIRS)

* SIRS is a nonspecific response to various clinical insults:
Infection, pancreatitis, ischemia, multiple trauma, tissue injury,

hemorrhagic shock, or immune-mediated organ injury.

* SIRS is defined by the presence of 2 or more of the following:
— Temperature >38.0°C or <36.0°C
— Heart rate >90 beats/min
— Respiratory rate >20 breaths/min or aPC02<32 mm Hg

— WBC >12,000/uL, <4000/uL, or including more than 10% bands



OpLopog TG oNnYng

H onyn eivat pua cvotnuatikn ¢Asypovwdnc amavinon
Toutoonun Me to SIRS, aAAd odpelAeTal ATTOKAELOTIKA OF
Aolpwen.

Opiletol we n anelAnTikn ya tn {wn SucAettovpyla Twv
opyavwyv AOyw pLac anpoodopnc amavtnone tou Eeviotn
otn Aolpwen.

H umtepBoAikn amavtnon tou Eeviotn dpa
«OLUTOKOTOOTPOPLKAY» KOl CUMPAAEL ONUOVTIKA OTNV
auénUEVN voonpotnta Kol Bvntotnta.

Q¢ SuoAeLtoupyila Twv opyavwy opiletal N avénon Tou
SOFA score (Sequential Organ Failure Assessment) katad
2 1] IEPLOCOTEPEC LOVAOEC



SOFA SCORE

PaO,/FiOs (mmHg) SOFA score Bilirubin (mg/dl) [pmol/L] = SOFA score
=400 0 <1.2[<20] 0
< 400 +1 1.2-1.9 [20-32] +1
< 300 +2 2.0-5.9[33-101] +2
< 200 and mechanically ventilated | +3 6.0-11.9 [102-204] +3
< 100 and mechanically ventilated | +4 >12.0 [> 204] H
Glasgow coma scale | SOFA score P|ate.|etsx103fp| SOFA score Creatinine (mg/dl) [umol/L] (or urine output) | SOFA score
15 0 > 150 0 <1.2[<110] 0
13-14 +1 <150 +1 1.2-1.9 [110-170] +1
10-12 +2 <100 +2 2.0-3.4 [171-299] +2
6-9 +3 <50 3 3.5-4.9 [300-440] (or < 500 ml/d) +3
<5 i <20 4 > 5.0 [> 440] (or < 200 mi/d) +4
Mean arterial pressure OR administration of vasopressors required SOFA score
MAP =z 70 mmHg 0
MAP <70 mmHg +1
dopamine = 5 pg/kg/min or dobutamine (any dose) +2
dopamine > 5 ug/kg/min OR epinephrine = 0.1 pg/kg/min OR norepinephrine = 0.1 pg/kg/min +3
dopamine > 15 pg/kg/min OR epinephrine > 0.1 pg/kg/min OR norepinephrine > 0.1 pg/kg/min | +4




quick SOFA

Assessment qSOFA score

Low blood pressure (SBP = 100 mmHg) | 1

High respiratory rate (z 22 breaths/min) | 1

Altered mentation (GCS <=14) 1

Predictive validity similar to full SOFA score

outside ICU



Stages of Sepsis
Consensus Conference Definition

Systemic Inflammatory Response Syndrome (SIRS)
Two or more of the following:

- Temperature of >»38°C or <36°C

— Heari rale of =90

— Respiratory rale of =20

- WBC count =12 x 10%L or <4 x 10%L or 10% immature forms (bands)

Sepsis
SIRS plus a culture-documented infection

SEVETe Sepsis

Sepsis plus organ dysfunction, hypotension, or hypoperfusion
(including but not limited to lactic acidosis, oliguria, or acute mental
status changes)

=eptic Shock

Hypotension (despite fluid resuscitation) plus hypoperfusion




Multiple Organ Dysfunction Syndrome

 MODS eival To KAWVIKO cUVOPOUO TIOU
XapOKTNPLIETAL OTTO TNV OVATTTUEN TIPOTOVOOLC
aAAd avaotpePLunc SuoAettoupyiac 2 n
NEPLOCOTEPWYV OPYAVWV ] OPYOAVLIKWV
OUOTNMATWY, CUVETELD SLadOpwV BAATTTLKWVY
NP OAYOVTWV-CU LB aApATWY,
neplAapBavopevne tng onync.




2uvnon opyoava nou pocBailovral
oto MODS

Lungs (ARDS)
Shocked Liver

Gl dysfunction (paralytic ileus, bacteria
translocation, ulcers)

AKI ( pewwpévoc AAO, av kat | RBF)
CNS dysfunction (brain hypoperfusion)

Coagulopathy (subclinical to DIC)



Prognosis & Mortality

28-day mortality rates:
* SIRS 10%,
* Sepsis 20%,
* Severe sepsis 30%,
 ARDS alone 40%,
e Septic shock 50%,
* MODS 50-70%.



Pathophysiology of sepsis
Malignant intravascular inflammation

Endotoxin or
Lipopoly=ac charide (LP5) of gram-negative bacteria

Binds to LPS-binding protein

i D14 receptor

Macrophage

More THF - Tumor necrosis factor (THF)
re— IL-1.2,68,12
Interferon- 2

Platelet-activating factor

L { L

Hypothalamus Capillary endothelial cell Vessel wall
Fever Heutrophd margination Hitric oxide synthesis
Tachyc ardia Plateiet adherence
tachypnea DIC wath clinical

thrombosis and/or hemorrhage Haz=odilataion

D epletion of intravasc ular volume

¥
Cellular hypoxia
Low systemnic vascular resistance

Lactic acidoSis me——— e th



Pathophysiology

Hypoxic hypoxia: microcirculatory injury,

Direct cytotoxicity, damage to mitochondrial
electron transport, leading to disordered
energy metabolism.

histotoxic anoxia: inability to utilize oxygen
even when it is present.

Apoptosis (accelerated in gut epithelium etc)
Immunosuppression (SIRS vs CARS)



H oucia twv SIRS & CARS Bpioketat otnv EAAeWPn
Lloopportiog npo-peAypovwdwv (SIRS) R avtt-
dAsypovwdwv (CARS) ovolwv

* SIRS: systemic inflammatory response
syndrome

* CARS : compensatory anti-inflammatory
response syndrome

Clnical manifestation ReiseiiiElpgE ey
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Extracorporeal therapies as , ]
adjunctive therapeutic An effort to bring the inflammatory

intervention to traditional mediators to a homeostatic balance
antimicrobials and to improve poor organ perfusion

WUV YE W TWTW W Tvoron

.

Imbalance
proinflammatory and
anti-inflammatory
cytokines, chemokines,
antigens, endotoxins,
procoagulant, and
anticoagulant factors
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Evbeileig OepaTtreuTikKAG agaipeons. Karnyopieg katad ASFA 2013 & 2016
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Theoretical concept of TPE in sepsis

1) Removal of harmful circulating molecules that directly contribute

to the manifestation of the disease (the injurious cytokine storm)

2) Replacement of protective plasma proteins important for
coagulation (e.g., APC, AT-lll, TF-inh), fibrinolysis (e.g., VWF cleaving

proteases),

3) Replacement of protective plasma proteins that counteract

inflammation and vascular leakage (e.g., angiopoietin-1, VEGF).
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Fig. 2 Flazma exchange and immuncoadsorption technmiques.
Technigques include centrifugal cell separation (a), haollow fiber

memnbrane plasma filtration (b} and protein A immunoad sorp-
tiom e [7].
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Hybrid Blood Purification

= Strength: effective
clearance of
medium-to-macro,
protein-bound toxins
and fat soluble
substances.

HD/CVVH...

= Strengths: effective
clearance of water-
soluble and low protein
substances, comrect
water-electrolyte
imbalance.

Perfect
Complementary
Combination

= Weakness: it can not
regulate water-
electrolyte, acid-base
balance.

- Weakness: inefficiency
clearance of macro
molecules and fat
soluble toxins.



CVVH & Plasma or Hemo-perfusion

CVVH + HP
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Evolving strategies for sepsis

Renal replacement therapy (RRT, CVVH, IHD) is recommended in septic
patients who develop AKI to restore fluid, acid-base and electrolyte
balance.

Another application for RRT (CVVHF in particular) is the extracorporeal
removal of inflammatory mediators.

Several studies showed that RRT alone is not sufficient to decrease serum
cytokine levels,

Evolving strategies:

— High volume hemofiltration (HVHF) or very high volume hemofiltration
(VHVHEF),

— high cut-off (HCO) membranes,
— adsorption alone, adsorption-CVVHF,
— coupled plasma filtration adsorption (CPFA), CPFA-CVVHF



High volume hemofiltration (HVHF), very high volume
hemofiltration (VHVHF) & pulse HVHF (PHVHF)

HVHF convective target dose >35 ml/kg/h.
* VHVHF convective target dose >45 ml/kg/h

high flux dialyzer
Kuf > 25 ml/h/mmHg/m?2 =
pre-dilution Qr > the post-
dilution, CVVHDF.

HVHF: 25ml/Kg/h<DOSE<35ml/Kg/h
VHVHF: DOSE=35ml/Kg'h

am

O @ @

-

Fig. 1 Circuit components in high volume hemofiltration (HYHF) and very high volume hemcfiltration (VHVHF). Arterial line (red), ultrafiltrate
(y fiow), replacement fluid (purmlel, and venous line (biue)
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Molecular weight of common inflammatory
mediators

Pancreatic Trypsin
Toxic Shock Syndrome Toxin

~-1L-18, Pancreatic Chymotrypsin

TNF-a/monomer TNF-a trimer

IFN-y monomer : .
IL-1R3 IL-6 . \ Pneumolysin toxin
MCP-1 Rt e “M\F‘ancreattc Lipase, Amylase
IL-13 STNFR
Sl i IL-1 MCP-1 glycosylated Free Hemoglobin
on reng L3
. | L~ Alpha-hemolysin
L-8 G-{SF IFN-y dimer lbumin
MIPFla

kba O 10 20 30 40 50 60 70

HD/HF



High cut-off membranes

* HCO membranes are characterized by a large
pore size (average pore diameter (20 nm)
compared with the standard high-flux
membrane (10 nm).

e HCO membranes have been used in the
context of rhabdomyolysis, MM and sepsis.

* Loss of albumin in convective techniques.
Diffusive preferable (CVVHD)



High cut-off membranes

Table 2 The main studies describing the effectivensssimitations of high cut-off membranes

Morgera et al 2003 Morgera et al. 2004 [27]  Morgera et al 2006 [30] Haase et al. 2007 [3] ade et al. 2006 [3]  Millaet al 2017 [33]
(28, 29]

Study design Frospective single- Prospactive RCT Prospective RCT Double-blig 3 i Chservational prospective
center pilat trial L miulticenter study

Stugy population 16 septic shock 24 patients with 30 septic patients with 38 patients with
(np patients sepsis-induced AK) with AKI septic shock and
AK|
Prescribed dose  Intermnittent HP- COWH {UF 1 LR ws HOD ws conventig HOO-OWWHD for
HF over 5 days for CWH [UF 25 L/h) ws HF 72h

12 hiday alternating  CWHD (dialysate flow

with conventional HF  rate of 1 L/h) ws QWWHD

{12 h) {diatysate flow rate of
25 k)

Results High IL-6 elimination  Increasing UF volugg

I-U momality rates were Significant reduction  Significant reduction
o diatysate flog

375 and 875% for HCO in IL-10 and IL12 in circulating levels

and HF groups, levels of THFa and IL-6 among
respectively (p=0.103) SURIVOrS

KZULOS: 16 and 9 days

(HOD- and HF-group;

p:ﬂ‘.ﬂ‘s}.

Improvement of

hemaodynamics in the

RO group (< 003}

Safety or SE High cumul2 Albumin loss of 7.7 g
protein loss | inthe HCO group ws
KR 6.2-120) <10 g [p<0o)

RCT randomized controlled trial, AKT acute
hemadiafiltration, HP-HF high permeabili
L interlzukin, LOS length of stay, VP v

VH cantinuous veno-venous hemaofiltration, CWWHD continuous weno-venous hemodialysis, CWWHDF cantinuous veno-venous
#n, HOD-IHD high cut-off intermittent hemodialysis, HF-HD high flu intermittent hemodiabysis, HF hemofiltration, TNF tumor necrasis tactor,



Molecular weight of common inflammatory
mediators

Pancreatic Trypsin
Toxic Shock Syndrome Toxin

ML\B Pancreatic Chymotrypsin
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Adsorbers

Table 3 The commanly used adsomption cartridges and their prescriptions

Toraymain

Cytosorh

Ohxiris

LPs adsorber

HA 330

Compostion

Indication

Toxns emoved

Prescription

Blood flow rate
{mlfrrin)

Anticoagulation

Additional features

Folbymiydn B-immobilized
fibar blood-purification
columin

Severe sepsis and septic
shock

Enciotoxins

2-h session daily for 2
consecutive days

80-120
Heparin

Folbymriyxn B
antimicrobial effect

Porous polymer beads

Severe sepsis and
septic shock
Cardiac surgery with
SIRS

Cytokines C hemokines
Anaphylatoxing

hypog kobin

Free hemoglobin
Bilirubin/bile acids
Towins/metals

Drugs

Up to 2&-h therapy daily
far 2-7 consecutive days

150-700

Heparin or citrate

Largest surface area

AMNSS-based membrane,
surface treated with PEI
and grafted with heparin

Severe sepsis and septic
shock

Emcloitixin
Cytokines

Prescribed dose =35 mbkasmh
(60% convective).

Filter replacement after 24 h
or if there is no reduction in
WP dose by 50%. Treatment
should be stopped if VP are
reduced by > 50% or after 3
days of treatment in case of
M 125 POnse

100450

Heparin

Lowwwer risk of thrombogenicity
by adsorbing antithrombin- Il
from the blood

Synthetic polypeptide bound to
porous palethylene discs

Severe sepsis and septic shock

Enciotoxins

=6 h

One session is usually sufficient to

achieve improvement Repeated
procedures can be performed

1504 50

Heparin

Styrene divinylbenzene
copolymers

Severe sepsis and septic
shock

Cytokines
Complements
Free hemaoglobin

2-6 hdaily for 2 days

100-300

Heparin or citrate

CRAT continuouws renal replacemant therapy, LPS lipopaolysaccharides, PE palyethylensimine, SIS systemic inflammatory response syndrome, VP vasopressors

Adsorption is performed in the form of hemoperfusion (HP), plasma
perfusion (PP), or coupled plasma filtration adsorption (CPFA)




APXIKEC LEAETEC UE IpOoOopPOhNON

TABLE 2. Various clinical studies using adsorption techniques in
the treatment of sepsis, severe sepsis, and in MODS

Main mode Surwvival

Study/adsorber n of therapy (%) P
Polymyxin B
Tani et al. (36) 37/33¢  AdsPmx 54/36 <0.05
Nemoto et al. (21) 98 AdsPmx 41/11c <0.05
Suzuki et al. (37) 24/24c  AdsPmx 75/25¢  <0.05
Vincent et al. (23) 17/19¢c  AdsPmx 71/72¢ ns
Cruz et al. (22 34/30 AdsPmx 68/47c  <=0.05
Albumin as adsorber
Staubach et al. (19) 67/76c  Albumin 71/74 ns
adsorber

AdsPmx, adsorption column using polymyxin B; c, control
group; ns, not significant.

Nemoto, Blood Purif 2001; Cruz, EUPHAS RCT, JAMA, 2009; Vincent, Shock, 2005
Suzuki, Therap Apher 2002; Tani, Artif Organs 1998, Staubach Transfus Apher Sci 2003




MeAetec mpoopodnonc pe polymyxin

Table 4 The main studies describing the efedivenessdimitations of the polymysin Bimmobiized fiber column

Eurapean plot study (2005) [37] EUPHAS (2009 [34]

lanan Regstry (2014) [41]

ABDO-MIK (2005) [39]

laman Ragatry (6] 4]

ELPHAS 2 2016) [42]

Studly desan

Stucly

populatan (n)

EAA
assessment

Presonined
dose

Timing ih)

Suravald
martakty

Leargt af iU
stay
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Chrear resuits

Safery
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nra-abdomingl sepas

Measured
1 szasian (2 h)
2444 (fom dagross)

Mortalty, #5% in the
PR growp v 28%
the contral group

{p =029%

No
benefit

TITT00 days o e
PN, ws 1702 94 days

Shgnificant mprovemeant
i the MK group

Mo sigrificant dfferance
n the change of IL-6
2wels compared 1o
nasslng

Hagher AE fmaknly change
n witals in the treatment
anmj

Mudticentar, operdahng,
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16 3% i the
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- p= o]

Mo sgrficant dfference

Shgrificant reducoan n VP
daose in the teatmeant group

Mo adverse events ported

foant
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% O

No
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Muticantarn, prospecive
RET

232 pamenits with intra-
ancominal sepme shock
penonDs

Mot measuned

1= szasans (2 h)

12 {From sungerny)

= J-day moralty %%
n the teatment groun v
185% in Tie comtral group
=014

Mo sigrefcant dffenence

& sevem advenie events
(remanrhags ensodes n
the teatment geun)
Platelet dron

Properaty-matched
analyes

Sepme shodk patents
warth CRAT-nequening A%

Mot measuned
1= sgasang

24 {from startng CRAT)

= Thee 28-day martalty
was A0 M in the
treatmant group and
AGAN n e oot

benefit

N TR QrDUD TreEaed WaTh
NS SE550N

Mo shgreficant dfference

Retmsnecive study

357 pament with suspeced
Gram-reative sees

Some centes
1-2 sesgans (2 h)
2444 (Fam dagross)

=+ M-cay sunnval 545%

< BCU surenval 55

- Hoaptal suresal 0%

- Fanents with abdoming
sepas mated within
24 b surenval 64.5%

Shgreficant platelet dmop
with mio direcal mplcanons

CRAT cortinuouws renal replacement theragy, B endotoon sctity assay, BMY palymysn, AL adverse event, WP vasopesssons
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Table 5 The main studies describing the efedivenessdimitations of the Oytosor cantridge

Sohader et al 2013 [31)

Fresscke et Al 2017 B

Sohader et Al 2017 5]

“ogelmann etal 20017 |4

Study desgn
Study populaton i)

L& assessmant (pgfml)

Fresonbed dose

Sunvivd

Hemodynamics

Crher results

Safety

Sutcenter, open label BCT

A3 sepnc patents wth AL

No
benefit

H-day mortakty 28% in the
tEEtmEnt growp vE 24% in
the comtals = 084
El-day maortaity (39% in the
tEatment growp vi 33% the
cantrols (o =005)

Sgrificant reducton in -6

Modest reduchon in platelet
ot f< 10%) and abumen (= 5%)

FEEDeChve Intenentiong
sngle center

A sepmc shock panents

= 1000

COre sexsion 0 the pe-Sher mode
Further treatments at the dsorenan
of the study physcians

Within 24 b

benefit

Sgrificant reduction o VE
mquremeants compared 10
naselne

Sagrificant reduction -6

Mo AR

Suncenter, open label BT

97 sepnc patents with AL
or ARDEG

1 Nooo [«
benefit [~

M-day maortaity 365 in the

Teatmeant graup vi 180% in the

oo (o= 0073)
Gl-day maortainy of 49.7% in

e reatment groun v 0 in

e contrals o= 0049

L6 reduction i the HP group
compared with no HP

1 drop in platglets in the
Teatment QD

Cane senes

16 septc shock patents

Toenet

= The D el moae
-5 meatments)

< M 10 > 44 h joutcomes
netter in the aadly gmup)

Tre actual M8-day, WU, and
noapetad martal Ty was &1 50,

7308%, and 807 M, respectely,
compared with 899% as predcred
oy AFATHE 1 soore

Shgrifcant reduc ton in W
requremants compasd with
naselre

WO AR

BT randarnized contrlled trial, AU scute lung inpury, ARDS scute respiratory distress syndromes, & interleukin, U intensve care unit, A adverse event, ST standard theapy, WP hemopedfusion, R8T renal repacemen
theragy, AFACHE N Acute Physidogy and Chronice Health Evaluation 0, VP vasopressor

Aev pewwvel tnv evdotoévn kat tnv IL-6. Mewwvel DAMPs & PAMPs.

Zuxvn xpnon otnv KapSLOXELPOU PYLKA.
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Table 7 The main studies describing the effectiveness/limitations of LP5 adsorbers

Yaroustowsky et al. 2009 [60]

Ala-Kokko et al. 2011 [61]

Adamik =t al 2015 [67]

Study design
Study population {n)

EAA assessment

Prescribed doss

Tirming

Survival

Length of 1CU
stay
Hermadynamics

Other results

Salety

Observational

13 Grarm-negative sepsis

Two sesions with a maximum
duration of 120 min/patient
Alteco adsarber n=a) and
torayrmyxin |

Improved b

Decrsase in endataxin
and procalcitonin levels

Case senes with matched controls

24 septic shock patients and
endotoxasmia.

More than 0.3 considersd
endatoxasmia

2-h LPS HP

Decreased endotoxin lsvels

Low platelets, two patients rquinng

transfusion but no bBleeding

Observational

62 septic shock and suspectad
Gram-negative

EA [0.70 EA units (065-0.77].

LPS elimination + 5T ws 5T
1-2 sessions

Within 24 h
Mo effect

Mo effect

Significant improverment in the
treatment group

Decreased endotoxin l=vels

EAA endotoxin activity assay, 5T standard therapy, MAP mean arterial pressure, VP vasopressors, LPS lipopolysaccharide, HP hemopefusion
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Table 6 The main studies describing the effectiveness/limitations of the HA 330 cartridge

Huang et al. 2010 [54]

Huang et al. 2013 [57]

Study design

Study population {n)
EAL assessment
Frescribed doss

Survival

Length of ICU stay {days)

Hermaodynarmics

Other results

Safety

RCT
44 s=psis or septic shock patients

HP for 2 b for 3 days

« ICU morality 12.5% in HA vs
A50% in the contrals (p=002

+ Hospital martality 375% in HA
wi 50085 in the contrals {p=0.81)

« 28-day maorality 458% in HA v
5500 in controls (o= 047

124+ 37 0in HAws 195 £400n
controls (p=003)

Significant reduction in VP dase in
the HA group vs increass in the
contral group (p=001)

Significant differznce in IL-8 and
IL-& lewels betwesn the two groups
4t day 3 (p=003 and 007, respactively)

+ 1 pa . = HA group
+ Tran be N ef|t telat counts in
the

RCT
45 Allfextra-pulmaonary sspsis patients

HP for 2 b for 3 days

« 1L rmartality 24% in HA vs 57.14% in
the contrals ([p=002

« M-day mortality 28% in HA ws 66.7% in
the controls (o= 00059

155 +40in HAvs 194 £ 31 in
controls (p=004)

Significant reduction in VP doss in the
HA group vs increass in the contral
group {p=0032)

Significant differznce in IL-1 and THF-a
in BAL fluid between the two groups
=002 and 004, respactively)

benefit

RCT randomized comtrolled trial, AL acute lung injury, EA4 endotoxin activity assay, HA hemadsomption, HP hamopedusion, ICU intensive came unit, TNF tumor
necrosis factor, BAL broncho-alveolar lavage, VP vasopressor, L interleukin
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The HA330 resin cartridge has the ability to absorb various medium-sized

factors, including most inflammatory cytokines (IL-1, IL-6, IL-8,TNF-a), ranges
from 6 kDa to 26 kDa.




Effect of hemoperfusion with neutral microporous resin column
on extrapulmonary sepsis-induced Acute Lung Injury.

Design : A prospective randomized, parallel controlled analysis.
Study Subject: patients with acute lung injury induced by extrapulmonary Sepsis

Therapeutic Regimens:
C Group (N=21): standard therapy including fluid resuscitation, vasopressors, antimicrobial

therapy, ventilatory, etc.

H Group (N=25): standard therapy+HAZ330 (1 time/day for 3days,
2 hours each session. blood flow rate: 100-200ml/min)

Purpose: investigate the effect of hemoperfusion on oxygenation improvement, removal of

inflammatory cytokines in plasma and bronchoalveolar lavage, and mortality.

Therapeutic Apheresis and Dialysis, 2012:1-8.



Effect of hemoperfusion with neutral microporous resin column
on extrapulmonary sepsis-induced Acute Lung Injury.
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0,6 187
— . Group
0,5 - Ph
— == H Group
04 -
12 4
0,3
10 4
0,2 g -
Ull B 6
'D T T 1 4 T T
Day O Day 3 Day7 Day O Day 3 Day7
PaD2/Fi02 Creatinine (mmol/L)
300 354
n — . Group
el 304 -
260
240 - 254 =il= H Group
220 A 204 -
200
180 - e .\l\.
160 - 104 -
140
120 e
100 . . 4 T T
Day 0 Day 3 Day7 Day 0 Day 3 Day?

Therapeutic Apheresis and Dialysis, 2012:1-8.



Effect of hemoperfusion with neutral microporous resin column
on extrapulmonary sepsis-induced Acute Lung Injury.

Day
257
5 Bﬂ,ﬂﬂ“fu T B C Group
70,00% - g H Group
60,00% -
15 -
50,00% -
Q -
. 40,00%
30,00% -
c 20,00% -
10,00% -
0 0,00% _
Length of ICU stay ICU mortality 28-day mortality

TABLE 5. Duration of mechanical ventilation and length of stay in survivors;
ICU and 28-day mortality

Variables Control group HA group P-value
Duration of mechanical ventilation, days 13632 92+23 0.01
Mechanical ventilation-free days to day 28 147 = 5.5 19.6 = 4.7 0.03
Duration of CRRT, hours 65.7 £ 14.6 186 £ 5.1 0.005
Length of ICU stay, day 19.4 + 31 15.5+ 4.0 0.04
ICU mortality No. (%) 1221 (57.14) 6025 (24) 0.02
28-day mortality No. (%) 14/21 (66.7) 7125 (28) 0.009
SOFA at 14 day 8925 6hi*+x12 0.047

CRRT, continuous renal replacement therapy; ICU, intensive care unit; SOFA, Sequen-
tial Organ Failure Assessment.

Therapeutic Apheresis and Dialysis, 2012:1-8.



Hemoperfusion with neutral microporous resin
on Septic shock (RCT)

Study Subject: severe sepsis or sepfic shock patients
Therapeutic Regimens:
Hemoperfusion Group (N=24):

Standard therapy + HA330 hemoperfusion
HA330 Regimen: 2 hours per treatment, once a day for 3 consecutive days

blood flow rate 100-200mil/min

Control Group (N=20): Standard therapy
Purpose: Dynamic observation of daily testing index and 28-day survival rate

between the control group and the HA group.

Zhao Huang, et al. Removal of Humoral Mediators and Effect on the Survival of Septic Patients by
Hemoperfusion with Neutral Microporous Resin Column. Therapeutic Apheresis and Dialysis, 2010(8).




on Septic shock (RCT)
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Hemoperfusion with neutral microporous resin
on Septic shock
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Hemoperfusion with neutral microporous resin
on Septic shock

HA group Control group

Variables (N=24) (N=20) P value
Length of ICU stay (days) 124 +31° 19.5 + 4.0 (.03
Length of hospital stay {days) 219 £ 67 204+44 (.76
ICU mortality 3 (12.5%)* O (45.0%) (.02
Hospital mortality 0 (37.5%) 10 (50.0%:) (.81
18-day mortality 11 (43.8%) 11 (55.0%) (.47
SOFA score at ICU admission

=8 915 (60.0%) 8/13 (61.3%) (.91

<8 209 (22.2%)* AT (42.9%) (.02

*P <003 vs, control group. ICU, intensive care unit; SOFA, sequential organ failure
assessment.

Conclusion:
Adopting HA330 disposable hemoperfusion cartridge on sepsis treatment has the

following effects:

(1) Improvement of hemodynamics;
(2) Anti-inflammatory effect by the removal of inflammatory cytokines.
(3) The improvement of organ dysfunction and ICU outcome.

Zhao Huang Therapeutic Apheresis andDialysis,2010
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Severe Infection Trauma

The EUPHRATES trial 2018:
Preliminary reports suggest a 5% mortality
benefit
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Coupled plasma filtration adsorption (CPFA)=
plasmapheresis-adsorption-CVVHF)

HEMOFILTER

SORBENT CARTRIDGE

PLASMAFILTER

Fig. 4 Circult components In coupled plasma filtration adsorption (CPFAL Artedal ling (red), plasira fveliow, pre-hemofiten), uttrafiltiate {elow,
post-hemoditer), replacement fluid {pumis), and venous line (biug)
L ¥

Plasma flow rate: 17-20% of the blood flow rate
{35—40 ml/min).

Ultrafiltration rate: max 2500 ml/h {equivalent to
35 ml/kg/h in a 70 kg patient).

Replacement fluid (Qr): usually in post-dilution
mode.

Duration: daily for five days lasting for at least
10 h/day.

Anticoagulation: the typical anticoagulant used is
heparin, but citrate has been used safely [63] and
may represent an attractive alternative given the
high rate of clotting with CPFA.

The advantage of CPFA is the lack of direct contact between blood cells
with the sorbent material, which leads to improved biocompatibility



CPFA in sepsis. meta-analysis 2015

Hazzard |, et al. ] R Army Med Corps 2015

28-Day mortality pooled effect

Experimental Control Risk Dafference Risk Difference
Study or Subgroup Evenlts  Total Events Total Weight M-H, Fixed, 95% Cl I-H, Fixed. 95% Cl
Brendolan el al 1998 1] 0 0 ] Mot estimable
Formica efal 2003 i 10 4 10 28% -0.30F0.66,008) u
He a3l 2007 8 1" 8 1 Mol esbmable
He ot al 2013 1 12 B 12 32% -0.42}0.74,-0009) ——
Huetal 2012 [1] 0 0 ] Hot estimatle
Kodama 1997a 15 70 21 70 184% -009[0.23 0.06) -
Kodama et all 1997b 20 ar 32 ar  255% -0.12}0.25,-0.00) =
Lentini el al 2009 1] 0 0 0 Hol estimable
Mao etal 2009 2 14 3 14 37% 007 [0.35 0.21) —
Makarmara el al 2004 (1] [£] 0 0 Mot estimable
Page el al 2007 ] o 0 0 Not estimable
Ronco etal 2002 1 10 B 10 26% -0.50F0.86,-0.14)
Schmidlelal 1998 5 59 n 59 155% -0.270.41,-0.13) o
Suzuki elal 2002 s 48 18 48 126% -027[0.43,-0.11) e —
Tojimbara et al 2004 5 30 12 30 Ta% -0.23F0.45,-0.01] =
Turani &t al 2009 1] 1] 0 ] Hol estimable
Leno et al 2005 11 3z 11 32 Mot estimable
Zhang et al 2010 5 30 g8 30 T9% -010F031,011] e
Total (95% CI) 380 380 100.0% -0.19[-0.25,-0.13) &
Total events B0 13
Heterogeneity: Chi*= 1209, di=9 (P =021), "= 26% - o5 3 o 1

Testfor overall effect 2= 6.14 (P < 0.00001)

Favours [expenimental] Favours [contral]

Ongoing trials (COMPACT Il and ROMPA) for
feasibility and effectiveness of CPFA.




HVHF-HP for hyperlipidemic severe
acute pancreatitis (HL-SAP)

Design : A prospective controlled pilot study.
Study Subject: HL-SAP patients
Therapeutic Regimens:

C Group (N=10): conventional treatment

H Group (N=10): conventional treatment + HVHF&HP (two cycles,
24 hours of HVHF + 2 hours of HP each cycle)

Purpose: evaluate the efficacy of HVYHF&HP for HL-SAP in a prospective

controlled study

T Binod Pump

i)
Filtae
o
LB
HAIAD

Shiren Sun, Lijie He, Ming Bai etc. High-volume hemofiltration plus hemoperfusion for
hyperlipidemic severe acute pancreatitis: a controlled pilot study. Ann SaudiMed, 2015
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HVHF-HP for HL-SAP

after 48 hours

The serum lipid levels were significantly reduced
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Shiren Sun, Ann Saudi Med, 2015




HVHF-HP for HL-SAP

The serum concentrations of all tested cytokines
were decreased to nearly normal after 48 hours
of HVHF&HPtreatment.
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ApPXIKEC LEAETEC LE TTAAopadAilpEDN

Table 5. Comparison of outcome of the study and the literature

Survivors %
This study 82 (survivors, 62; death, 14)
Average survival based on literature 20¢
Predicted survival based on APACHE II 3

APACHE, Acute Physiology and Chronic Health Evaluation.
“Relative risk, 0.055; confidence interval, 0.025-0.125; p < .0001 (Fisher's exact test); “relative
risk, 0.37; confidence interval, 0.26-0.52; p < .0001 (Fisher’s exact test).

Stegmayr, Crit Care Med, 2003



ApPXIKEC LeAETEC pe MAaopadatlpeon

TABLE 3. Various randomized studies using plasma
exchange/plasmapheresis in the treatment of severe sepsis and in

MODS
Main mode  Survival
Study n of therapy (%) P
Reeves et al. (26) 14/16c PF 57/50 ns

28

PE, plasma exchange by centrifugation technique; PF, plasma
exchange by filtration; ¢, control.

Reeves, Critical Care Med 1999; Busund, Intensive Care Med 2002; Nguyen, Crit Care
Med 2008




Nguyen, Crit Care Med 2008
Children with thrombocytopenia and multiple organ
failure (TAMOF)

The study was stopped early after interim analysis demonstrated a significant

improvement in organ dysfunction scores with TPE.

All TPE patients survived at 28 days, whereas 4/5 patients who received standard

therapy died.

Since the study’s completion, patients meeting TAMOF criteria at Children’s

Hospital of Pittsburgh routinely have been offered plasma exchange.

60 patients have undergone plasma exchange with a 90% survival rate (at 28-day)

and 80% at 1-year.

16 patients offered plasma exchange refused, with a 20% 28-day and a 15% 1-year

survival rate (Joseph Carcillo MD, Ronco, personal communication).



MpoBAnuata kata tnv TPE og onmtikouc
aoBevelc

H apyikn mtiieon eivatl YapnArn mopd ta tvoTporma, o aoBevic uTtepuSATWUEVOC
ota opla tou ONO Kkat ta eTvedpidLal KATECTAAUEVAL.

Kata tn dtapketa tng TPE n AN ap)ilel va otaBepormoleital kol va PeElwvVovTaLl
Ta LvoOTpora. Ztadlaka amokaBiotatat n dStafatotnta Twv ayyeiwv. NMNocotNTeC
£EWKUTTAPLOU UYPOU ETILOTPEPOUV EVOAYYELAKA KOl LUEAVOUV TNV
OUOTNMATLKN Kol TtVEUOVLKN AlN.

H epdavion mveuvpovikoU odnpatoc otn daon auth lvotl cuyxvn Kot
urtodnAwvel BeAtiwon tng APk emotpodnc.

2tn ¢paon autn anoteital umepdinbnon pe atpokabapon. H TPE cuveyiletat

€w¢ O0tou 2 amo PT, APTT, DiDi, A-lll k. ZuvnBOwc amnattovvtal 2 TPE

Stegmayr, Seminars in Dialysis 2012



Rimmer et al. Critical Care (2014} 18599
DOl 101186451305 4-014-0699-2

C, CcRITICAL CARE

RESEARCH Open Access

The efficacy and safety of plasma exchange in
patients with sepsis and septic shock: a
systematic review and meta-analysis

Ernihy RBimmer ™, Brett L Houston®, Anand Kumar', Ahmed M Abou-Setta”, Carol Friesen”, John C Marshall®,
Gail Rock’, Alexis F Turgeon”, Deborah J Cook®", Donald S Houston™ and Ryan Zarychanski' =™

' .
Plasmapheresis  Usual Care Risk Ratio Risk Ratio
Study or Subgroup Events  Total Events Total Weight M-H, Random, 95% C1 M-H, Random, 95% CI
1.3.1 Children only
Nguyen 2008 o 5 4 5 4.6% 0.11 [D.01, 1.64] #
Reeves 1999 children only 3 5 2 3 19.1% 0.90 [0.31, 2.63) e
Long 2013 10 25 4 23 20.5% 2.30 [D.84, 5.33) e
Subtotal (95% CI) 35 31 44.2% 0,96 [0.28, 3.38) e —
Total events 13

10
Heterogeneity: Taw' = 0.69; Chi'* = 4,95, df = 2 (P = 0.08) I = 60%
Test for overall effect: £ = 0.06 (P = §.95)

1.3.2 Adults

Busund 2002 18 54 28 52 37.1% 0.62 [0.39, 0.97) —i—
Reeves 1999 adult anly 3 9 B 13 18.7% 0.72 [D.24, 2.16] il —
Subtotal (95% CI) 63 65 55.8% 0.63 |0.42, 0.96] -‘-
Total events 2l 34

Heterogeneity: Tau’ = 0.00; Chi* = 0.07, df = 1 {P = 0.80); I"'= 0%
Test for overall effect: I = 2.14 (P = 0.03)

Total (95% CI) 98 96 100.0% 0.83 [0.45, 1.52] e o

Total events 34 44

Heterogeneity: Taw' = 0,21 Chi’ = 7,45, df = 4 (P = 0,110 F = 46% :l:rul url 1’.;: Iu{f
Test for overall effect. Z = 0.61 (P = 0.54) Favours plasmapherasic Favours uswal care

Test for subgroup differences: Chi* = 0,39, df = 1 (P = 0.53), " = 0%

Figure 2 Mortality assodated with plasma exchange. Boxes and horizontal lines represent point estimates, vaning in size according to the
weight in the analysis, and 95% confidence intervals. Chi* = Chissquared; df = degrees of freedom; () = Confidence intenval I = Isquared;

M-+ = Mantel-Haenszel; P = P valus; RR = risk ratio; Tau’ = Tau-squared; 2 = £ scome.
L9 r
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Early therapeutic plasma exchange in o
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e Rapid hemodynamic improvement and favorable
changes in the cytokine profile in patients with septic

shock were observed.
 1TPE only, 1.2PV, EARLY
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Fig. 2 Hemodynamic improvements upon TPE, Box and whisker blots showing a the dose of norepinephrine (NE pg/kag/min) immediately before
the start of plasma exchange (pre} and after TPE {post) (p= 00002}, and b the mtic of mean arterial pressure (MAP) over NE dose (p < 00001}

¢ Per-nterventional (=60 to +105 min} longitudinal course of NE doses over the therapeutic plasma exchange (TPE) procedure assessed esery

15 min (*p < 0001, **p < 00001, compared with ime-point O highlighted in black). d Box and whisker blot of stroke volume varance (SW) as a
dynamic preload surrogate Grey area highlights the reference mnge for healthy individuals (p= 0.008). & Box and whisker blot for fluid
requirements & h before {pre) plasma exchange and & h after (post) TPE (p=0007)




Table 2 Changes in clinical and biochemical parameters after TPE

Varable Thempeutic plasma exchange (TPE) p value
Before After
Clinical parameters
MAF {mmHg) 655 (54.5-T5.3 69 (64-793)
NE dose {pag/kg/min) 082 (061-1.17) 0.56 (041-0.78)
MAP/ME {mmHa/ pg/kg/min) 749 (485-1168) 114.3 (75.3-166.7)
HR (bpm) 1105 {91.3-1255) 1035 (B68-119)
SV (96) 20 (12.5-25) 17 (&=145)

SVRI (dyriess’cm /m ™)

SVRI/ME [dyneafﬁ.f'-:m"'fm":l.-“[pg.f'kg#min?
EVLWI (mL/kg)

GED (mb/m)

Cardiac index {L/min/m?)

Fluid balancess b (mL)

1450 (980-1873)
1743 (1008-2521)
14 (8-17)

670 (483-905)
285 (239433
3417 (2295-4933)

1520 (1060-2126)
2947 (12133923}
T1.5 {B-1635)

755 (622-9498)
342 (271-5.19)
2190 (1431-4060)




Gas exchangs
Oxygenation index (P20 ¥ Fils)
AalO; (mmHg)

Inflammato ry biomarkers
CRP (mg/L)

PCT {ng/mL)
WEC [1/nL)
PLT (1/nL)
IMR

#Acid base balance
pH
pCO; (mmaoli)
HCO, (mmaoldL)
Lactate (mmal/L)

Cytokines
IL-8 {ng/mL)

IL-1b {pa/mL)
L6 (ng/ml)
IL-10 (pg/mL)

Yasoactive subs

132 (96-229
360 (251-541)

236 (147-302)
2471 (169-837)
112 (093-348
430 (168-112)
1.76 (1.44-2.1)

7.8 (7.19-7.34)
445 (353-56.3)
200 (17-738
65{28-113)

135 (06-1081)
147.1 (57.1-2416)
108 (254-27.6)
1433 (65.5-259.2)

3.27 (201-5.36)
951 (5.06-132)

1603 (10591-1851)

115 (102-212)
329 (247-480)

174 (B6-2B8)
31 (148-873)
84 (12-2586)
340 (20-66)
143 (126-2.1)

7.33 (7.23-738)
46 (37-55)
270 (20-247)
65 (3.2-108)

109 (04-7.1)
927 (42.9-184.8)
46 (09-13.7)
981 (59.6-1804)

297 (142-5.15)
5.14 (304-11.18)
236 (657-1285)

024
028

073
IR
R ]

oo
059
HEL FY ol
.84

o

Values are shown as median linterquartile range)

Aap0, alveolararterial oxygen difference, CRP C-reactive protein, EVLWT extravascular lung water index, GEDJ global end-diastolic index, HCO;™ arterial bicarbonate
concentration, HR heart mte, L interleukin, MR international nomalized ratio, MAP mean arteral pressure, NE norepinephrine, pCO; arterial partial pressure of
carbon dioxide, PCT procalcitoning PLT platelet count, sTie2 soluble receptor of tyrosine kinase with. immunoglobulin-ike and EGF-like domains 2, SVRI systemic
vascular resistance index, SVV stroke volume variance, WBC white blood cell count

=Significant p values
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Fig. 4 Ex-vivo effect of plasma obtained from patients with septic shock on endothelial momphology and function. a HUVECs were incubated for

30 min with patients plasma obtained immediately before (left panel) and after {right panel) therapeutic plasma exchange (TPE) ex vivo.
Immunofluoescent cytochemistry for the cellcell contact protein VEcadherin (green) and the cytoskeletal component factin (red) show severe
alterations of the endothelial architecture and the formation of paracellular gaps (e, the cellular correlate of the clinical capillary leakage
syndrome). Incubation of HUVECS with the same patients plasma obtained after TPE did not induce these changes any more. This assay was
performed with plasma from-all patients. Shown are images from a representative patient b Transendothelial electrical resistance (TER), a highly
quartiative method to assess permeability in real time'in vitro, revealed that €09 {(12/20) of patients plasma did induce a severe drop in
resistance (grey dots), The same patients plasma after TPE did not induce permeability amy more (white bars). € 4086 (8/20) of patients did not

show any response © therapeutic TPE with regard to TER before and after the procedurs




Conclusions about TPE

» A major difference between TPE and modern
adsorption strategies: TPE replenishes
protective factors that had been consumed by
the sepsis.

» TPE does not provide a cure for septic shock,
but potentially an adjunctive therapeutic
option with beneficial effects.
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JUMUITEPAGLOTOL

 Hedpapuoyn HVHF, VHVHF, HCOmHF, o aoBeveic
LLE ONTITIKO OOK ELVOIL OXETIKA EVKOAN Kol amAn

aAAd 6ev MPpoodEPEL KALVLKO OPEAOC EVAVTL TNC
anAnc CVVHF

* H awomnpoopodnon (HP, PP) eivatl kaAd avektn,
BeATIWVEL TLC OULLLOOUVALLLKEC TIAPOALULETPOUC KOl
avéavel tnv eniBlwon (peta-avadvon).

* HmAaouadoaipeon eav epapUOOTEL EYKOLPO OF
BopLd TLEPLOTATLKA LE ONTTTLKO 00K, EPPaVI(EL
ONUAVTLKO 0deAoc erBlwonc.



JUMUITEPAGLOTOL

 H CPFA doatlvetal va €xeL KaAQ amoteAEopata
aAAd tapouoLalel TEXVIKEC OUOKOALEC, AUEAVEL TO
dOpTO £pyacioc Kal To KOOTOC.

* OAec oL TEXVIKEC adaipeonC amattouV
nopakoAovbnon Twv eMUMEOWV TWV OVTLRLOTIKWYV,
AOyou KlvOUVOU QTOUAKPUVONC TOUC KoL
vrtodoooAoyiac.

* Emionc amattovv, avaloya HE TNV
akoAouBouUpevn TEXVLIKN, TapakoAouBnon Twv
nAektpoAuTtwy, TNC aABoupivne, Twv PLTs Ko Tou

LNXQVLOHOU TtNENG



JUMUITEPAGLOTOL

* OLbladopec TexVIKEC adaipeonc (aALeC Ko
VEEC, ouvBeTeC Kal amAec) Bplokouv otadlokad
vea medla epappoyng, oAU HoKPLAL arto TLG
nopadoolokec evdeiéelc, oe coBapec Ko
duoiatec nabnoelc pe peyain Bvnrotnta

* OLvedpoloyol MPEMEL va yvwpilouv Kal va
OULLLLETEXOUV OTLC £EEALEELC AUTEC WOTE VA
SleupUVOUV TNV KALVLKN TIPOKTLKI TOUC KOl VOl

ETUTUXOUV EVOL CNUAVTLKO pOAO OTN VEQ EMOXN
rnou dlaypadetal.
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