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O in KOIIM, UMC Ljubljana
> 14 beds ‘ 4

> 1000 admissions per year

VA ECMO patients (N = 162)

25 as
\' :
0
20
25 =
F =
< | 7
g 15 | -
2 H § | Ll i
£ g
o
0 10
=

=

[1}

No of patients

|

|

|

|

|

=

.
|
= [E=]
‘ I

10
5 — —
—I |
] - - 0 j

2010 2011 2012 E 2014 2015 2016 2017 2020 2021 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

Year Year

®VAECMO ™ ECPR B Other @ Influenza ®COVID19

—— R, TR



KOIIM, UMC Ljubljana

In

ECMO

200D - - 458 - SRR GRETRRERY " ___ . 2092




ECMO in KOIIM, UMC Ljubljana
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Cytosorb in KOIIM
March 2017 — April 2022
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Cytosorb in KOIIM
March 2017 — April 2022
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Rationale of haemoadsorbtion —
: Cardiogenic shock
durlng ECMO SUppOrT SIRS in myocardial

infarction
Post-cardiotomy sy

Post-ressucitation sy
Rabdomyolysis
DCD donor

Septic shock
Pancreatitis
Liver failure(bilirubin)
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SIRS and MOF in cardiogenic shock

Myocardial infarction

Systemic

Inflammation Myocardial dysfunction
Systolic Diastolic
* Inflammatory
cytokines
/ v Cardiac output *LVEDP
4 INOS v Stroke volume Pulmonary congestion
Heart with Coronary Coronary Artery Heart with Dilated
I Map with Thrombus Left Ventricle
tNO + Systemic Hypotension
* Peroxynitrite perfusion
Organ Failure/Dysfunction
+ Ccnronary Hypoxemia | : |
perfusion pressure
&
°®
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I Ischemia | . . @
. Lungs i Liver Red Blood Cells Bram
[/135( 3“2/()”[(]” compeﬂ:a‘tot'ry Progressive 1 9 |
vSVR vasoconstrnction myocardial
dysfunction I 1
0 1 22
. . 31% In-Hospital Mortality 38% In-Hospital Mortality 48% In-Hospital Mortality
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> Formation of ROS (Reactive oxigen species)

> Leukocyte activation and chemotaxis

> Inflammatory cytokines and chemokines production
» Complement and endothelium activation

> Endotoxin intenstinal translocation

» Adrenal insufficiency
\ > SIRS
-y > MOF



Cardiac arrest

CPR and
defibrillation

Global hypoxic
Injury

r

Ischaemic hepatitis

4 I
Cause of
Hypoxic brain injury morfqllfy after
: Cerebral oedema 72h
Impaired cerebral blood \_ Y
flow autoregulation
; Myocardial stunning Cardiogenic shock Pulmonary
Decreased systolic function oedema
Systemic :
inflammatory Distributive shock ﬁ Eal e
response y
Aspiratioq _ ARDS
pneumonitis
Loss of intestinal : e I
barrier function Sepsis | Cause of
Due to hactenaltr_anﬁlacahﬂn . . .

Immune dysfunction e mortality in first
Acute renal failure S 72 hours!




ECMO Biomaterial Endothelium

with absorbed proteins

C3a -
C3 Anaphylatoxins
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Inflamatory response to
ECMO membrane

- Contact Activation

» Complement activation

» Coagulation cascade
activation

» Activation of leukocytes,

trombocytes and

Complement Products

M

endothelial cells

- ' - 8 P-selectin and other adhesion molecules
Endothelial Activation __ [/
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Miller JE. Crit Care 2016



> | hemolysis

> | activation of inflamatory
response

> | risk of air embolism

> | need for anticoagulation

> | haemodilution



Vasoplegic shock?
Ongoing hemodynamic instability
despite ECMO therapy?

Decision support for
ECMO patients

cyto.zone/
ecmo-card1




Vasoplegic shock?
Ongoing hemodynamic instability
despite ECMO therapy?

Decision support for
ECMO patients

cyto.zone/
ecmo-card1

CytoSorb Therapy - Initiation CytoSorb Therapy - Continuation

Sufficient stabilization
Stabilization of clinical Profound and ongaing reduction
and hemodynamic of v
situation
Start of ECMO therapy : Insufficient stabilization
as indicated Start of Only minor raduction of E Re-evaluate
Consider early use of CytoSorb in a ) Cytosorb ol i vasopressor demand B v every 12 to

anticipation of ongoing deterioration

_— > Consider new adsorber : ,I 24 hrs.
th era py after 12 hrs. (sarly change)
or at the latest after 24 hrs.

as well as use of CytoSorbents ECMO
Connectors during setup to allow for
the safe intagration of CytoSorb

No control of shock S

parameters / ongoing shock >

Norepinephrine > 0.3pg/kg/min CytoSorb

If maasured: IL-6 > 500 pg/mi, PCT > 3pg/l (integrated Into
ECMO/separate

Considar elevated levels of biliabin and extracorporeal s

myoglobin as additional rationale for circult)

CytoSorb therapy

Ongoing instability
despite 2-3 adsorbers CytoSorb therapy

in 18 to 36 hrs. appears futile

Observation period ideally not longer than & hrs. before | MAdequate causative therapy and technical conditions of ECMO therapy (catheter position, flow rate etc.)
considering CytoSorb as an adjunctive therapy are the base for therapeutic success



Our protocol

Indications

» refractory shock after 6 hours of
standard therapy

« raising values of lactate

* increasing vasopressor
requirements (0.5
mcg/kgTT/min)

Duration of treatment and discontinuation

* One treatment:
* 12 hours at least, if positive clinical effect
« If no effect: 24 hours and reevaluation according to clinical
condition
» Discontinuation:
« Vasopressor reduction to 50% of starting value
« No clinical response to treatment after 24 hours (increasing or no
change in vasopressor, increasing lactate)



Our patients

ECPR in IHCA due to phenytoin overdose
Cardiogenic shock in calcium channel blockers overdose

Cardiogenic shock after periprocedural IHCA in EP study

Cardiogenic shock in severe AS/MS complicating influenza A infection

VA ECMO 13
ECPR in OHCA due to anterior STEMI 8
ECPR in IHCA due to acute in-stent thrombosis of LM/LAD 8
Cardiogenic shock due to anterior wall Ml 8

—




Our patients

VA ECMO 13
ECPR in OHCA due to anterior STEMI 8
ECPR in IHCA due to acute in-stent thrombosis of LM/LAD 8
Cardiogenic shock due to anterior wall Ml 8
ECPR in IHCA due to phenytoin overdose 1
Cardiogenic shock in calcium channel blockers overdose 1
Cardiogenic shock after periprocedural IHCA in EP study 1
Cardiogenic shock in severe AS/MS complicating influenza A infection 1
VV ECMO 12
ARDS in pneumococcal pneumonia 8
ARDS in pneumococcal pneumonia complicating influenza A 8
ARDS in legionella pneumonia 2

ARDS in S. aureus pneumonia complicating influenza A
Leptospirosis
Aspiration pneumonia

ARDS in pancreatitis




Results

Patient characteristics

VA ECMO (N = 13)

Age, years

Male gender

BMI, kg/m?2

Ischaemic heart disease
Diabetes

Chronic kidney disease

54+9
12 (92%)
30£3
5 (39%)
2 (15%)
1 (8%)

VV ECMO (N = 12)

58+ 13

9 (75%)

27.5+3

2 (16.7%)

2 (16.7%)
0




Results

VA ECMO (N = 13)

Patient characteristics

Age, years
Male gender
BMI, kg/m?2

Ischaemic heart disease
Diabetes
Chronic kidney disease

Disease severity scores/organ dys

VV ECMO (N = 12)

APACHE

SAPS

SOFA

predicted mortality, %

predicted mortality, %

predicted mortality, %

54+9 58+ 13
12 (92%) 9 (75%)
30+3 27.5+3
5 (39%) 2 (16.7%)
2 (15%) 2 (16.7%)
1 (8%) 0
26 (18 - 34) 28 (27 - 34)
69 (38 68 (63
57 (51 - 70) 53.5 (51 — 67.5
62 (49 54 (49
12 (11 e 15.5(13-18.7
50 (50 85 (60




Results

Patient characteristics

Age, years

Male gender

BMI, kg/m?2

Ischaemic heart disease
Diabetes

Chronic kidney disease

Disease severity scores/organ dy

VA ECMO (N = 13)

54+9
12 (92%
30+3
5 (39%)
2 (15%)
1 (8%)

APACHE

predicted mortality, %
SAPS

predicted mortality, %
SOFA

predicted mortality, %

VIS score

MAP, mmHg

Acute kidney failure
Acute liver failure
Acute heart failure

26 (18 - 36)
69 (38
57 (51 - 70)
62 (49
12 (11 20
50 (50

115 (67 =170
50 (42 - 65)
12 (92%)
10 (77%)
13 (100%)

VV ECMO (N = 12)

28 (27 — 34)
68 (63
53.5 (51 - 67.
54 (49

155 (13- 18.7
85 (60

68 (52 — 105)
57 (48 - 68)
10 (83%)
9 (75%)
2 (17)




Results

VA ECMO (N=13) | VVECMO (N =12)

LAB results before haemoadsorbtion

Lactate, mmol/L 112 (8.6 =00 67 (23—
oH 7.2 (7.07 108 7.2 (7.16 - 7008
CRP, mg/L 27 (8 — 158] 238 (188 — 347)
PCT, ug/L 6.3 (0.5-12.1} 27 (4.7 - 138)
IL6, ng/L 1833 (762~ 5000) | 4728 (2155 — 14503
p=0.034 p=002
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| I 1 _"
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5 100 40
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25+ o 300+

p =0.023 NS

250 p=0.07 NS

20+
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1

200
L 2 150- T
100
.
50

i —T— J_
T T T T 0 T T T T
Lactate T1 Lactate T2 LactateT1 Lactate T2 VIS T1 VIS T2 VIS T1 VIS T2
p =0.004 NS
1001
801
= O va ecmo
£ I
E
o i
% 60 [] vv ECMO
40 -1
20

MAP T1 MAP T2 MAP T1 MAP T2



p =0.02 NS
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Results

VA ECMO (N=13) | VVECMO (N =12)

Outcome
Cytosorb duration 12 (8 — 22) 14 (12 - 26)
Weaning of ECMO 4 (31%) 7 (58%)
ECMO duration, days 3(2-6) 11 (4-15)
ICU LOS, days 5(2-13) 13 (3 -24)
Hospital mortality 11 (85%) 8 (67%)
1.0~
0.8+
== VA ECMO
< 0.6-
S == VV ECMO
2
<
A 0.44
0.2+
0.0 ' ' ' ' ' ' ' ' .
0 10 20 30 40 50 60 70 80 90

Days after ECMO initiation



ECMO and Cytosorb use (selection)

levels

‘Supady et al 2021 34 patients with COVID-19 and V-V ECMO randomized to CytoSorb or control. CytoSorb had no significant effect on vV A

IL-6 levels. Mortality was higher in the CytoSorb group )

Lebreton et al 2021'® 22 patients with COVID-19 on ECMO, of which 11 received CytoSorb. Decrease of inflammatory mediators during vV i

ECMO support with and without CytoSorb )

Rieder et al 2021 Nine patients with ARDS, V-V ECMO + CytoSorb. Reduction of vasopressor demand and decrease of lactate levels vV )

during CytoSorb, which was not observed in a historical matched control group without CytoSorb )

Supady et al 2021 U023 patients with ECMO for extracorporeal resuscitation and CytoSorb, compared to a propensity-matched historical h
control group with ECMO but without CytoSorb. No significant differences in lactate levels, need for vasopressors and VA

fluid therapy between groups )

Zickler et al 20217 Four patients with intoxication-induced cardiac arrest and V-A ECMO + CytoSorb, strong decline of overdose drug VA A

levels )

Scharf et al 2021 14 patients with V-A ECMO and 29 without ECMO. CytoSorb with RRT for rhabdomyolysis, strong decline of VA )

myoglobin )

Akil et al 2021- 13 patients with pneumogenic sepsis, ARDS, V-V ECMO and CytoSorb. Survival 100% and faster weaning off )
. i o = s a3 . ; vV

catecholamines, compared to 43% survival in a historical control group (N = 7) )

Rieder et al 2020~ Eight patients with COVID-19 and V-V ECMO, of which four received CytoSorb. Stronger decline of IL-6 levels with )
CvtoSor . VvV

ytoSorb than without. )

Kogelmann Seven patients with ARDS and septic shock, V-V ECMO and CytoSorb. Strong decline in vasopressor use and lactate vV )

et al 20207 levels )

2 - - - - ~ . . - \
Triiger et al 2020°° 23 patients with V-A ECMO, RRT and CytoSorb. Reduction of inflammatory mediators, catecholamine use and lactate VA

Calabro et al 2019°7

40 patients with cardiogenic or septic shock, ARDS or liver failure. 19 patients with ECMO. Bilirubin, lactate, CK and
LLDH levels decreased, and survival was higher as expected

VV/VA




Cytokine adsorption in patients with severe COVID-19 >0 ()
pneumonia requiring extracorporeal membrane
oxygenation (CYCOV): a single centre, open-label,

randomised, controlled trial

Alexander Supady, Enya Weber, Marina Rieder, Achim Lother, Tim Niklaus, Timm Zahn, Franziska Frech, Sissi Miller, Moritz Kuhl, Christoph Benk,
Sven Maier, Georg Trummer, Annabelle Fligler, Kirsten Kriiger, Asieb Sekandarzad, Peter Stachon, Viviane Zotzmann, Christoph Bode,
Paul M Biever, Dawid Staudacher, Tobias Wengenmayer, Erika Graf, Daniel Duerschmied

Summary
Background We sought to clarify the benefit of cytokine adsorption in patients with COVID-19 supported with Lancet Respir Med 2021;
venovenous extracorporeal membrane oxygenation (ECMO). 9:755-62

Cytokine adsorption No cytokine adsorption 100
100004 A

76%I
1000 i 2
=
2
—_ &
= —o 88— =
E: — % 504
5 )
% 100 " - —99o— E
v} o
5 o
2
= | 18%
— Cytokine adsorption
- | — Control
Hazard ratio 6-46 (95% Cl 1-64-25-42); p=0-0075
0 T T 1
0 10 20 30

Days after initiation of venovenous ECMO

Number at risk

— ; — T Control 17 15 13 13
IL-6 at baseline IL-6 after 72 h IL-6 at baseline IL-6 after72 h ki d ;
(n=17) (n=16) (n=17) (n=16) Cytokine adsorption 17 13 4 3




RESUSCITATION =

CLINICAL PAPER | VOLUME 173, P169-178, APRIL 01, 2022

Cytokine adsorption in patients with post-cardiac arrest syndrome

after extracorporeal cardiopulmonary resuscitation (CYTER) — A
single-centre, open-label, randomised, controlled trial

Alexander Supady 2 £l = Timm Zahn = Moritz Kuhl = ... Dawid L. Staudacher = Tobias Wengenmayer =

Daniel Duerschmied « Show all authors

Published: February 07, 2022 - DOI: https://doi.org/10.1016/j.resuscitation.2022.02.001 -

Assessed for eligibility
{n=50)
Randomized
{n=50)
A4 A4
26 were assigned to and received 24 were assigned to and received
V-A ECMO with cytokine adsorption V-A ECMO without cytokine adsorption
4 excluded from analysis, - & 5 excluded from analysis,
because of missing consent | 7|  because of missing consent
y
10 died before 72 hours of V-A 5§ died before 72 hours of
ECMO and cytokine adsorption V-A ECMO treatment
treatment
A \ 4
12 were included in the primary 14 were included in the primary
analysis analysis
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CLINICAL PAPER | VOLUME 173, P169-178, APRIL 01, 2022

Cytokine adsorption in patients with post-cardiac arrest syndrome

after extracorporeal cardiopulmonary resuscitation (CYTER) — A
single-centre, open-label, randomised, controlled trial

Alexander Supady 2 E1 = Timm Zahn = Moritz Kuhl = ... Dawid L. Staudacher = Tobias Wengenmayer =

Daniel Duerschmied « Show all authors

Published: February 07, 2022 - DOI: https://doi.org/10.1016/j.resuscitation.2022.02.001 -
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Use of Cytosorb in ECMO patients ...

>
>
>
>

Y

No technical problems and complications during therapy
Effect on haemodynamic parameters and stabilisation (VA ECMO)
Effect on inflammatory markers reduction (VV ECMO)

Conclusions about survival benefit not possible

Non-selective routine use is discouraged ONE- Q‘ZE FIT S‘ N-L -
—~  STORE ) 4]

How to identify patients that benefit most?

Which clinical and laboratory findings to use?







