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Purpose and Agenda

In recognition of World Sepsis Day (September 13%") and Sepsis Awareness Month
(September) and our commitment to help to solve the sepsis crisis:

SEPTEMEER IS

SEPSIS
AWARENESS
MONTH

« Summarize the current understanding of how CytoSorb® broadly treats sepsis and
septic shock

* Help to optimize CytoSorb treatment with the “Right Patient at the Right Time with the
Right Dosage”

 Emphasize the therapeutic goals of CytoSorb to prevent or treat organ failure
* Break the cycle of deadly, uncontrolled inflammation
» Stabilize the patient (reverse shock, improve oxygenation, support organ function, etc)
* Promote reversal of capillary leak

W
« Get the excessive fluid off! e

* Highlight recent studies that support this new simplified approach

* Learn from expert users of the therapy on how they are driving successful treatment
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The CytoSorb Adsorber

CytoSorb is a broad-spectrum blood purification device approved as the first specifically approved extracorporeal
cytokine adsorber in the European Union in 2011 and used in more than 70 countries and nearly 300,000 human
treatments worldwide. It is also approved to remove bilirubin (e.g. liver failure), myoglobin (e.g. rhnabdomyolysis), and
the antithrombotic agents ticagrelor and rivaroxaban

* Uses hemocompatible, highly porous polymer beads that act
like tiny sponges to remove harmful substances up to ~60 kDa
from blood by pore capture, adsorption, and concentration.
Solid-state porous polymer technology - no antibodies, ligands, 7 ol . o et
cells, or biologics. Sl - pm—

e CytoSorb is plug-and-play compatible with the existing installed

Dialysis or CRRT Hemoperfusion

base Of blOOd pumpS found Iin the hOSplta| (Continuous Renal Replacement Therapy) (Standalone Treatment)
4
Disclaimer: - 1 rﬂ
* CytoSorb has also received U.S FDA Emergency Use Authorization to treat patients 18 | &= ] . F“ - |
years of age or older, with confirmed COVID-19 admitted to the ICU with confirmed or - < "
imminent respiratory failure to reduce pro-inflammatory cytokine levels. The device is
authorized only for the duration of the declaration that circumstances exist justifying the
authorization of the emergency use of the CytoSorb device under EUA, unless the ECMO CPB
authorization is terminated or revoked earlier. (Extracorporeal Membrane Oxygenation) (Cardiopulmonary Bypass)

e The CytoSorb device has neither been cleared or approved in the U.S.




CytoSorb Controls Massive Inflammation - the Heart of Critical lliness

* Acute inflammation is the body’s mechanism to fight injury and infection

* However, severe inflammation, driven by cytokine storm, can cause a chain reaction of problems that can end in
organ failure and death

CAPILLARY IMMUNE
SHOE LEAK DYSFUNCTION
DIRECT
CELL-MEDIATED MICROVASCULAR
J,AI‘SK/?;JGEE HYPERCOAGULABILITY Sty "t ¥

e Severe inflammation is the common thread amongst most critical illnesses and impacts up to 60% of patients in
the ICU. Is directly correlated to increased severity of illness, organ failure, and mortality

CytoSorb controls deadly inflammation and has demonstrated the

: L CytoSorhents,
. | reversal or prevention of many of these complications



Sepsis and Septic Shock are Deadly

* Sepsis is defined as life-threatening organ dysfunction caused by a dysregulated
host response to infection. &IiII.ELEII‘GIGsENSJT
* This “dysregulated host response” often manifests as a worsening inflammatory THE USUAI-
response that can spiral out of control, fueled by the excessive production of SUSPECT
cytokines (cytokine storm), bacterial toxins, activated complement, and many other it () SR
inflammatory mediators 6

56
50

* Unchecked, massive inflammation can lead to Septic Shock - an often fatal
complication marked by circulatory collapse and a lethal drop in blood pressure
and a host of other problems like capillary leak and fluid overload that can lead to
multiple organ failure and death
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* Sepsis and septic shock afflict an estimated 49 million people worldwide each
year, Killing 11 million, and accounts for 1 in 5 deaths globally

e Supportive care treatment has improved, but mortality is still unacceptably high,
despite antibiotics, fluids, vasopressors, and mechanical “life support”



The Duality of Sepsis

For more than a decade, CytoSorbents has collaborated with clinicians and scientists around the world to advance
the treatment of sepsis and septic shock by complementing traditional antibiotics with the
broad-spectrum capability of CytoSorb

CytoSorb treats the deadly “M,,'E; "
inflammatory response by

° Antibiotics treat the infection

removing the “fuel to the fire”
that causes a system crash =

Our understanding about CytoSorb in the treatment of septic shock has
continued to evolve. We view CytoSorb as more than an “adjunctive” therapy
to buy time, but rather as a fundamental part, just like antibiotics, of an
7 end-to-end strategy to manage the septic patient




The Key to Success: Right Patient, Right Timing, Right Dosing

Right
Patient

Just like antibiotics, CytoSorb works most
effectively when:

* Treat Early
* Treat Intensively

e Compete the Full Course of Treatment

CytoSorhents._




- GytoSorh Attacks Sepsis in a Comprehensive & Multi-faceted Way

O= = = = =«

©

Reduce inflammation by reducing a broad range of cytokines (cytokine storm) & other inflammatory mediators
Bacterial toxins (hemolysins, super antigens, etc)
Reversal of shock (macro) & improvement in microcirculation and lactate clearance *

Improve respiratory function and gas exchange

Protect the endothelium, promote repair of capillary leak, and enable excess fluid removal |=|=|=|=

Improve or protect organ function (e.g. shock, ARDS, acute kidney injury, liver dysfunction)

Re-establish proper leukocyte trafficking to prevent cell-mediated organ injury

CytoSorb is very unique in its broad range of activity CytoSorhents



CytoSorb Core Treatment Goals

A wealth of published, peer-reviewed studies support the broad mechanisms of action of CytoSorb that
enable a comprehensive and multi-faceted attack on septic shock - from beginning to end

CytoSorb helps to achieve the
Core Treatment Goals in Septic Shock to
Prevent or Treat Organ Failure and
Help Patients Recover

* Break the vicious cycle of massive, uncontrolled inflammation

« Stabilize the patient (reverse shock, improve oxygenation,
restore oxygenated blood flow, etc)

* Promote the repair of capillary leak

» Actively remove excessive fluid and reduce fluid overload in
organs

10 |




CytoSorb Treatment Goal #1.

Break the Vicious Cycle of Massive
Uncontrolled Inflammation

|
CytoSorhents
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GytoSorb Broadly Reduces Inflammatory Mediators

In Vitro Adsorption of Cytokines from Blood In Vitro Adsorption of PAMPs from Blood In Vitro Adsorption of DAMPs from Blood
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12  |Gruda, M.C., et al. PLOS ONE 13.1 (2018): e0191676.




GytoSorh Blunts the Inflammatory Response

Jansen et al. Critical Care ~ (2023) 27:117 Critical Care

el 101181054023 0202 In a well-controlled endotoxin-challenge model in 24 healthy human volunteers,
S CytoSorb treatment demonstrated a marked attenuation of cytokines compared to
. ® : ' '
CytoSorb hemoperfusion markedly con_trols. Importantly, foIIow.lng. r_epeat (_endotoxm_ challque 1 week later (nq blood
attenuates circulating cytokine concentrations purification), there was no significant difference in cytokine response, showing no
during systemic inflammation in humans in vivo immune suppression
Aron Jansen'”, Nicole J. B. Waalders"?*, Dirk P.T.van Lier'?", Matthijs Kox'? and Peter Pickkers'?*
A CytoSorb @ Control
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Fig.2 Plasma concentrations of ATNF, B IL-6, C -8 and D IL-10 during the first (D0) and second (D7) LPS challenge day. Data are displayed as
median (line) and interquartile range (shaded area). P values were computed using two-way repeated measures analysis of variance (time x group
interaction term). DO=day 0, D7 =day 7, TNF =tumor necrosis factor, IL=interleukin

13 | Jansen, A., et al. Crit Care (2023); 27(1):117




CytoSorb Treatment Goal #2:

Stabilize the Patient

|
CytoSorhents
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CytoSorb Improves Microcirculation, Promotes Lactate Clearance

Sepsis

Normal

www.nature.com/scientificreports

scientific reports

OPEN Hemoadsorption improves kidney

microcirculatory oxygenation and
oxygen consumption, ameliorates
tubular injury, and improves kidney
function in a rat model of sepsis-
induced AKI

Bilent Ergin' , Deniz Erol Kutucu?, Aysegul Kapucu?, Wijnie van Dam!, Lorenza Moretto'?,
Paul Heyman®* & Can Ince!

Blood
| Purfication

Sublingual Microcirculatory Evaluation of
Extracorporeal Hemoadsorption with CytoSorb®
in Abdominal Sepsis: A Case Report

Servet Duran® Dietske Miedema® Biilent Ergin® Can Ince®

*Intensive Care Units, Wilhelmina Gasthuis Assen, The Netherlands; ®D of Int are
Medicine, Erasmus MC, University Medical Center ) The

Table 1. Patient monitoring values

. biomedicines [’i‘h\ofy

Article
The Sublingual Microcirculation in Critically Il Children with
Septic Shock Undergoing Hemoadsorption: A Pilot Study

Gabriella Bottari '*(, Valerio Confalone !, Jacques Creteur 2, Corrado Cecchetti ! and Fabio Silvio Taccone *

Parameters To Ty (24h) T,(48h) T3(72h) T4 (144 h)
baseline 12honCySo 36honCySo  12hafterCySo 84 hafter CySo

Days in ICU 1 2 3 4 7

Hb, Vil 56 5S4 Sl A8 L6,

Lactate 9.2 86 22 1.6 1.0

pH 719 7.28 738 7.39 737

Yolume 49, Issue 1-2 RESEARCH ARTICLES | AUGUST 21 2019
a0 - Changes in Cytokines, Haemodynamics and Microcirculation in
Patients with Sepsis/Septic Shock Undergoing Continuous Renal

Bood Replacement Therapy and Blood Purification with CytoSorb
|Pumoohom e s
Samuele Zuccari; Elisa Damiani mizi; Claudia Scorcella; Mario D'Arezza; Andrea Carsetti; Simona Pantanetti; Sara Vannicala;
Erika Casarotta; Andrea Ranghino; Abele Donati E; Erica Adrario

~ Blood Purif (2020)49 (1-2): 107-113.
= . its://dol org/10.1159/000502540 D Article history,
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CytoSorb Can Help Prevent Immune Cell Mediated Organ Injury

Local chemokine expression and endothelial cell
adhesion molecules (ECAMSs) are critical to
activated leukocyte recruitment to an area of
infection

Leukocyte Extravasation

| Olsedess ans Migion

Cytokine storm creates “immune confusion” by

masking this mechanism, resulting in widespread
ECAM expression in blood vessels throughout the
body resulting in abnormal leukocyte margination

These activated leukocytes often extravasate into
healthy organs, releasing myeloperoxidase (MPO),
enzymes, and reactive oxygen species that cause
cell-mediated damage to organs

By treating cytokine storm, CytoSorb can prevent
cell-mediated organ injury by redirecting activated
WBCs to the infection and away from healthy vital
organs

16 | Peng, ZY, et al. Critical Care (2014); 18:R1141

Peng et al. Critical Care 2014, 18:R141
httpz/ccforum.com/content/18/4/R141

@ CRITICAL CARE

RESEARCH Open Access

Modulation of chemokine gradients by apheresis
redirects leukocyte trafficking to different
compartments during sepsis, studies in a rat
model

Zhi-Yong Peng'”, Jeffery V Bishop’, Xiao-Yan Wen'?, Michele M Elder'?, Feihu Zhou', Anan Chuasuwan'?,

Melinda J Carter’, Jason E Devlin’, A Murat Kaynar'?, Kai Singsal‘.\‘r‘", Frandis Pike'”, Robert S Parker'*>%,
Gilles Clermont™**%, William J Federspiel'**¢ and John A Kellum'?47"

In a cecal ligation puncture peritonitis sepsis
rat model (n=76) without antibiotics,
CytoSorb treatment (compared to sham
control) significantly led to:

* Markedly higher chemokine concentrations in
infected vs healthy tissues

* Re-direction and greater recruitment of
activated neutrophils to the peritoneum

* Better source control with a decrease in
bacterial counts

* Decreased cell-mediated injury (hemorrhage,
tissue damage) and decreased MPO release
in the lung, liver, and kidney

* Decreased infiltration of tagged neutrophils

in the lung

Cc

g. p=0.03 .
ilﬁ
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(Sham)

Figure 7 Effects of apheresis on neutrophil influx into the lungs. Eighteen hours after CLP, animals were randomly assigned to receive either
apheresis (HA) or sham treatment for 4 hours. Labeled neutrophils from septic donor animals were injected after treatment into (A) HA and (B)
sham-treated animals (n =12 each). Neutrophils in the lungs (red color, and arrows) were observed after 24 hours with immunofluorescence
microscopy (20x magnifications). (C) Comparison of labeled neutrophils infiltrated in the lung between HA and sham-treated septic animals
(data expressed as medians and ranges after natural log transformation). Fewer neutrophils were seen in the lungs of HA-treated animals (A)
compared with sham (B).




CytoSorb Enables Shock Reversal and Improved Fluid Balance

Reversal of shock is a key feature of CytoSorb usage, resulting in the ability to wean vasopressors, restore both
macro and microcirculation, reduce lactate, promote capillary leak reversal, and enable fluid removal

Shock Reversal
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Figure 2. Norepinephrine requirements before and after treatment with Cytosorb. Data are sum-

marized as boxplots. The “x” in the box represents the mean value. There is a significant decline in
median norepinephrine requirements before and after hemoadsorption with Cytosorb (from 0.55
(0.39-0.9) pg/kg/min to 0.09 (0.0-0.25) ug/kg/min, p < 0.001).

Meta-analysis from 33 studies and 353
patients with shock requiring vasopressors
demonstrating a significant reduction in
vasopressor need with CytoSorb usage

Hawchar, F., et al. Biomedicines 2021. 9(7):768
17 | Kogelmann, K,, et al. J Clin Med 2024. 13-294

Improved Fluid Balance
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Figure 1. Absolute fluid balance (A) and calculated differences in fluid balance (B) for the entire study
population. Depicted are Tukey boxplots with equal whisker lengths of 1.5 IQR for both whiskers.
Dots represent outliers. A p-value of 0.05, as represented by an asterisk (¥), was considered significant.

Retrospective study in 124 septic shock patients evaluating
fluid balance after 24 and 72 hours of CytoSorb treatment




2025: COSMOS Registry Reaffirms Results in Real-World Setting

COSMOS registry, patient characteristics
) CAPILLARY LUNG
 Data from 150 patients analyzed SHOCK LEAK FUNCTION
* Critical care indications: Hg/kg/min p = 0.0003 mL p < 0.0001 mmHg p < 0.0001
%« Septic shock (57.6%) 05 3000 T as¢
. : ; 2000 200
%« Cardiogenic shock (12.9%) e
03 1000 150
% Rhabdomyolysis (10.6%) 1
0.2 0 100
% Acute/acute-on-chronic liver failure (10.6%) o1 1000 50
%« Acute respiratory distress syndrome (6.8%) 0.0 , -2000 : 0 ,
Baseline After Baseline After Baseline After
) o CytoSorb CytoSorb CytoSorb
% Others (91/0) Norepinephrine Fluid Balance P/F ratio

When added to standard therapy, CytoSorb treatment:
* Led to significant improvements in fundamental problems in critical illness: Shock, capillary leak, and lung function

* Observed mortality rates in Registry participants were lower compared with the predicted mortality rates
according to standardized and established critical care risk scores

18 | Ferrer, R, et al., J. Intensive Med. 2025 In press;




CytoSorb Treatment Goal #3:

Promote Repair of Capillary Leak

|
CytoSorhents
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Capillary Leak Causes Organ Failure & Prevents Fluid Removal

Cytokine storm and other toxins cause damage to endothelial tight junctions and capillary leak syndrome.
A reduction in cytokine storm through CytoSorb treatment helps to protect against this ongoing injury
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20 | Siddall, E, et al. “Capillary leak syndrome: etiologies, pathophysiology, and management.” Kidney Intl 2017. 92(1):37-46
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CytoSorb Protects Against Capillary Leak Syndrome

septic shock patient

* A 32 yo woman was found unconscious and severely hypoxic from
influenza pneumonia, and had ARDS on ECMO, septic shock, and acute
kidney injury with a SOFA score = 18

control patient pre cytokine removal post cytokine removal

* In spite of a broad anti-infective regimen, adequate fluid resuscitation,
and high doses of vasopressors, she remained in refractory shock

overview

* Her serum was obtained before and after 24-hour CytoSorb treatment
and added to human umbilical endothelial cells (HUVEC) cultured in-
vitro and analyzed via transendothelial electrical resistance and
immunocytochemistry

Results showed that serum from the patient prior to treatment caused wide disruption of endothelial tight
junctions, whereas serum from the same patient collected after CytoSorb treatment no longer disrupted
tight junctions. It suggests that CytoSorb removes toxic agents to the endothelium.

21 | David, S., et al. "Effect of extracorporeal cytokine removal on vascular barrier function in a septic shock
patient." Journal of intensive care 5.1 (2017): 12.




CytoSorb Removes Endothelial Toxic Substances

Fractions that inhibit endothelial cell growth Fractions that kill endothelial cells

.',‘frontiers ‘ Frontiers in Immunology

Confluence -0 h Cell Death (P1)-0 h

Major endothelial damage
markers identified from
hemadsorption filters derived
from treated patients with
septic shock — endoplasmic
reticulum stress and

bikunin may play a role
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Fraction 18 Fraction 19 Fraction 18 Fraction 19

Conclusion: Our results indicate that hemadsorption is efficient to transiently
remove strong endothelial damage mediators from the blood of patients with

- | FIBAV
irer

septic shock, which explains a rapid clinical improvement of inflammation and ( K=", =

endothelial function. The current work indicates that a combination of stressors
leads to the most detrimental effects. Oxidized ssDNA, likely derived from
mitochondria, SAA1, the chemokine CXCL7 and the human neutrophil peptide
alpha-defensin 1 (HNP-1) were unique for their significant negative effect on
endothelial cell viability. However, the strongest damage effect occurred, when,
bikunin — cleaved off from alpha-1-microglobulin was present in high relative
amounts (>65%) of protein contents in the most active fraction. Thus, a relevant
combination of stressors appears to be removed by hemadsorption therapy
which results in fulminant and rapid, though only transient, clinical restitution.

APOC2
\  T27e%

Fraction 21

71,14%
\

Fraction 25
_m “ FIBA
<\ \ masw D>

/ heoca
7 1069%

VING




By Removing Toxic Insults, the Endothelium Can Now Heal

* Healing of the endothelium, regeneration of the glycocalyx, and the reversal of capillary leak requires time on
the order of days

 Some healing will take place while on CytoSorb therapy. However, this healing is expected to continue AFTER
CytoSorb treatment is discontinued. The weaning of vasopressors is often used as an endpoint for CytoSorb

therapy.

* From a fluid management standpoint, while on CytoSorb therapy, we recommend:

* Liberal fluid resuscitation as needed in the midst of severe refractory shock

* The use of packed red blood cells as a good intravascular volume expander and an important carrier of oxygen and
carbon dioxide

* As shock begins to resolve, consolidate IV fluids to limit fluid intake rather than trying to remove fluid via CRRT which
directly removes volume from the intravascular space and can exacerbate shock

* With each device change, it is essential that the blood in the device is flushed back into the patient (as long as the
blood has not clotted). There is about 150 mL of blood, or a 1/3 of a pRBC unit, in each device, which if discarded,
could also exacerbate anemia, hypovolemia, and shock and make it difficult to wean off vasopressors

CytoSorhents.
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Treatment Goal #4:

Actively Remove Excessive Fluid

24 |




Removal of Excessive Fluid Can Help Organ Function
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* Weaning of vasopressors and a resolution of shock, and an improvement in capillary leak offers an ideal
starting point for active fluid removal via CRRT or diuresis

* Gradual fluid removal is recommended initially to avoid hypoperfusion and hypotension and then as tolerated

* Target is Dry Weight + 5% (as measured by a bed scale) over time

25 |




The Kidney is Like the Brain - Trapped in an Unexpandable Case

Sepsis-associated Acute Kidney Injury (S-AKI) occurs in an
estimated 1 in 6 ICU patients with sepsis

Severe S-AKI significantly increases the risk of mortality and
poses major challenges in fluid balance, acid-base status,
and toxin removal

Interestingly, in histopathologic studies of cadaver kidneys
or renal biopsies, only ~30-40% of cases have identifiable
damage (e.g. ATN, glomerular disease, etc) at a cellular
level. The majority of cases have no significant pathology,
just interstitial edema and some cellular infiltration

Capillary leak causes renal edema, but just like the brain,
because the kidneys are in a non-expandable fibrous renal
capsule, at some point anuric AKI can develop as:

* Increased swelling causes increased intra-renal pressures and
decreased renal blood flow - particularly microcirculation -
and regional ischemia

» Importantly, nephrons collapse, choking off urine output

White, KC, et al., Intensive Care Med (2023); 49(9):1079-1089.

26 | Langenberg, C, et al., Critical Care (2008); 12:R38

Skull ) Fibrous
- Renal
Capsule

By helping to promote capillary leak reversal,
CytoSorb enables the active removal of fluid via
CRRT or diuresis, with the goal of decompressing
the kidneys. Users have often observed a rapid
return of urine output and improvement in renal
function, consistent with renal edema, rather than
structural damage to the kidney




Simple Way to Think about CytoSorb Therapy

Right Patient Hyperinflamed with organ dysfunction/failure
Right Timing Early intervention following standard of care
Frequency Change device q8-q12h initially. As severity decreases, switch to q24h
Right Dosing 1 Flow Higher flow rate = higher blood volumes treated (200-250 mL/min)
Finish Treat to clinical effect (particularly shock reversal), NOT just 2-3 devices

Treatment Goals:
1) Break the Vicious Cycle of Massive Uncontrolled Inflammation

2) Stabilize the patient (shock reversal, other organ dysfunction)

3) Promote Capillary Leak Reversal
4) Now Actively Remove Excessive Fluid from the Patient

Need to address #1, 2, and 3 to effectively achieve active fluid removal
via CRRT/dialysis or diuresis

BVIosnrhe“ts ™
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Common Findings with CytoSorb Treatment

* Inflammatory marker reductions
* |L-6 and other cytokines
* PCT, CRP
* Ferritin

* |mproved Hemodynamic stabilization
* Decreased need for vasopressors
» Stabilization of fluid balance
* Decrease in lactate levels

* Objective improvement in lung function (may be delayed)
* On mechanical ventilation:
* Improved P/F ratio, reduced FIO,, ease of mechanical ventilation (decreased peak or plateau pressures, PEEP,
improved lung compliance), improved ABG
e On ECMO:
* Reduced O,, reduced hypercarbia, reduced sweep gas flow, improved ABG

Expect improvement in lung function but do not expect to wean patients off of mechanical ventilation or decannulate from
ECMO while on CytoSorb. CytoSorb removes the inflammatory toxins causing ongoing lung injury. Then it takes time for
capillary leak to reverse and for the lungs to heal.

Also, in very significant inflammation, it may take more than one device change to begin to see improvements in
hemodynamics.




CytoSorh + ECMO for Severe ARDS May Enable Enhanced Lung Rest

CytoSorb, in combination with ECMO, represents a novel and potentially effective Enhanced Lung Rest
strategy to treat severe ARDS

Dr. Robert Bartlett - Pioneer of ECMO, and former CytoSorbents Chief Medical Officer for 10 years

« ECMO provides gas exchange and rests the lungs to prevent ventilator-induced lung injury (VILI)

e CytoSorb reduces circulating inflammatory cytokines and other mediators to prevent ongoing
/\ endothelial injury, allowing a reversal of capillary leak and the lungs to heal

The goal of cytokine adsorption with CytoSorb + ECMO in severe ARDS
patients is to promote lung healing - a requisite to potentially faster
weaning from mechanical ventilation and decannulation from ECMO

29 |



Early Use of CytoSorb + ECMO to Treat Severe ARDS

13 patients prospectively enrolled with severe ARDS due to pneumonia and severe shock  Combined Use of CytoSorb and ECMO in Patients
. . . o with Severe Pneumogenic Sepsis
treated early Wlth Cytosorb + ECMO (Compared to ECMO Only hIStorlcal Contr()l’ n_7) Ali Akill - Stephan Ziegeler? Jan Reichelt! Stephanie Rehers?  Omer Abdalla’  Michael Semik!
» Cause of pneumonia: 3 Influenza, 9 Bacterial, 1 Fungal vs 2 flu, 2 bacterial, 1 fungal, 2 unknown st fische’
* Required: norepinephrine > 0.3 ug/kg/min, lactate > 2.0 mmol/L; PCT > 1 ng/ml o b by g o, ik tanien ¢

¥ Tharaci ery and Lung Support, Klinikum Ibbenbueren, Grosse
ology, Intensive Care Medicine and Pain Strasse benbueren 43477, Germany

. , NRW, Germany  (e-mail: dr.all.akil.11@gmail.com).
ung Suppert. Ibbenbueren

* CytoSorb + ECMO started < 6 hrs from ICU admission and 12 hrs from sepsis diagnosis

 All patients received at least 2 CytoSorb (max 3) changed every 24 hours CytoSorb (n=13) Control (n=7)
* Blood flow rates 200-400 mL/min - »
* Baseline SAPS |l score: g 10 g
* CytoSorb: 58=*2 (range 49-66; predicted mortality 60%+) §:o_5_ g:u B
* Control: 50=%2 (range 42-55; predicted mortality 50%+) é '
0.0-—1—|—=—-F-—H‘— 0.0 T T T T T
Results: TR g i
* CytoSorb use resulted in rapid hemodynamic stabilization . gl
e Shorter mean duration on ECMO: CytoSorb: 8+ 2 days (range 2-23 days) versus %m_ ‘E».o:
Control: 19=%3 days (range 13-30 days). Note: 8 days is 5 days after end of CytoSorb 2
« Mean ICU stay: CytoSorb: 266 days (range 7-63 days) versus Control: 26+5 days ol © s
(range 8-43 days) impacted by survival bias “ ®;
* Lower 30-day mortality: 0% treatment vs 57% control. All CytoSorb treated patients : E é %:: él @ [;] % %
were alive at 60 days. Cause for death in control patients was sepsis with multi-organ i é é 10,
failure R e o TS N & o
30 | AKil, A, Fischer, S et al., Combined use of CytoSorb and ECMO in Patients with Severe Pneumogenic Sepsis. Thorac Cardiovasc Surg. 2021. 69(3):246-251. CRP levels CRPlevels
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NYU Patient Intervention Timeline with CytoSorb + ECMO on
First 4 COVID-19 Patients Pre-EUA

Start Mech Still on
Vent v VV ECMO

Start Mech Start Off
Vent VV ECMO z Q VWV ECMO

Start Mech
Vent& W S

SC | EC VV ECMO

[=(¢]\%/[¢]

Start Mech

Vent& W
ECMO ‘

bo b1 D2 D3 D4 D5 D6 D7 D8 D9 D10 D11 D12 D13 D14 D15 D16
\

m ptient 1 v Start CytoSorb Small patient cohort but trend is similar to previous Akil
paper and raises interesting question of whether earlier

W Patient 2 intervention with ECMO AND CytoSorb may help patients

— ptient 3 Q End CytoSorb get off ECMO faster or more reproducibly (within 5 days of
last CytoSorb treatment)

N mm Patient 4 v CytoSorb change Yy,

s CytoSorhents.

31 | * Data courtesy of Dr. Nader Moazami \NYULangone
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CytoSorb Therapy in COVID-19 (CTC) Registry under FDA EUA

Hayanga et al. Critical Care (2023) 27:243 Critical Care

https://doi.org/10.1186/513054-023-04517-3

o ®
Extracorporeal hemoadsorption in critically ==

ill COVID-19 patients on VV ECMO: the CytoSorb
therapy in COVID-19 (CTC) registry

J.W. Awori Hayanga'”, Tae Song?, Lucian Durham?, Lawrence Garrison®, Deane Smith®, Zsolt Molnar®®,
Joerg Scheier’, Efthymios N. Deliargyris” and Nader Moazami®

Abstract

Objectives The CytoSorb therapy in COVID-19 (CTC) registry evaluated the clinical performance and treatment
parameters of extracorporeal hemoadsorption integrated with veno-venous extracorporeal membrane oxygenation
(VW ECMO) in critically ill COVID-19 patients with acute respiratory distress syndrome (ARDS) and respiratory failure
under US FDA Emergency Use Authorization.

Design Multicenter, observational, registry (NCT04391920).

Setting Intensive care units (ICUs) in five major US academic centers between April 2020 and January 2022.
Patients A total of 100 critically il adults with COVID-19-related ARDS requiring VV ECMO suppoart, who were treated
with extracorporeal hemoadsorption.

Interventions None.

Measurements and main results Baseline demographics, clinical characteristics, laboratory values and outcomes
were recorded following individual ethics committee approval at each center. Detailed data on organ support utiliza-
tion parameters and hemoadsorption treatments were also collected. Biomarker data were collected according to
the standard practice at each participating site, and available values were compared before and after hemoadsorp-
tion. The primary outcome of mortality was evaluated using a time-to-event analysis. A total of 100 patients (63%
male; age 44 + 11 years) were included. Survival rates were 86% at 30 days and 74% at 90 days. Median time from ICU
admission to the initiation of hemoadsorption was 87 h and was used to define two post hoc groups: <87 h (group-
early start, G¢) and > 87 h (group-late start, G,). After the start of hemoadsorption, patients in the G¢ versus G had
significantly shorter median duration of mechanical ventilation (7 [2-26] vs. 17 [7-37] days, p=0.02), ECMO support
(13 [8-24] vs. 29 [14-38] days, p=0.021) and ICU stay (17 [10-40] vs 36 [19-55] days, p=0.002). Survival at 90 days in
Gg was 82% compared to 66% in G, (p=0.14). No device-related adverse events were reported.

Conclusions In critically ill patients with severe COVID-19-related ARDS treated with the combination of VW-ECMO
and hemoadsorption, 90-day survival was 74% and earlier intervention was associated with shorter need for organ
support and ICU stay. These results lend support to the concept of “enhanced lung rest” with the combined use of VW-
ECMO plus hemoadsorption in patients with ARDS.

In the largest multi-center study in 100 consecutive critically ill COVID-19 patients
with hyperinflammation and refractory respiratory failure treated with CytoSorb
and ECMO:

1) Patient were treated with 72 hours of CytoSorb (q12h x 1 day, q24h x 2 days)
with CytoSorb integrated into ECMO circuit at 400-600 mL/min

2) Combination of CytoSorb with ECMO resulted in 74% 90-day survival. For
context, ELSO Registry reports 53% 90-day survival in North American COVID-
19 patients receiving ECMO alone without CytoSorb

3) Early use of CytoSorb (G : before the median time from ICU admission to
CytoSorb treatment = 87h) with ECMO is associated with significantly shorter
times on ECMO and mechanical ventilation, and shorter ICU stays, and a
trend to faster reversal of shock and weaning from vasopressors, compared
to later use

4) We believe these data support the use of CytoSorb with ECMO in this patient
population to achieve “enhanced lung rest”, where ECMO rests the lungs and
reduces risk of VILI, while CytoSorb removes circulating inflammatory toxins
that can otherwise perpetuate or worsen capillary leak
and ARDS, giving the lungs a chance to heal

and recover CytoSorhents_

| Hayanga, JWA., et al., “Extracorporeal hemoadsorption in critically ill COVID-19 patients on VWV-ECMO: the CytoSorb therapy in COVID-19

32 (CTC) registry,” Critical Care 2023; 27:243




Early Treatment with CytoSorb Improves Outcome

Early treatment with ECMO and CytoSorb led to the best clinical outcomes, including less time on mechanical ventilation, ECMO,
and in the ICU, a trend to lower need for vasopressors, and supports the concept of “enhanced lung rest” where ECMO reduces
ventilator-induced lung injury while CytoSorb reduces circulating cytokines and other inflammatory toxins to allow the lungs to
heal and reduce capillary leak syndrome

19% 24% 26%

S0 1.0
P=0.002
*
0.82 0.82
0.8 g G, Early CytuSorb'
0.70
S S SIS s SRS SNy DESLL <18 0.66)
z @ o T g
= 0 M — e r
“ = 06 < ~=. @59 Latn Oytosord.
> 2 I, ©52)
o [ e o
o ECMO Alone ELSO Data*
o
g 0.4
17 =
&
0.2
*Curve extrapolated from 30, 60, and
T T 90-day survival data reported by ELSO
GE GL
00 4 A A A
| Endpoint ®ECMO mMV & icy | 0 30 60 20
Fig. 1 Days on organ support and ICU stay in G and G,. G, early group; G,, late group; ECMO, extracorporeal membrane oxygenation; MV, Days After Start of CytoSorb® Therapy
mechanical ventilation; ICU, intensive care unit
Fig. 2 Kaplan—-Meier plot for probability of survival from admission to intensive
care unit to 90 days in G; and G,. p=0.140 for 90-day survival difference
Table 2 Clinical course parameters between G; and G,. ELSO, Extracorporeal Life Support Organization.
Total n=100 Ggn=50 G N=50 p-value o ) )
* Modified from the published manuscript
Vasopressor support, n (%) 76 (76) 38 (76) 38 (76) 1.000
Vasopressor support after HA start (days) 5[3-21] 4[1-17] 75[4-21] 0.128
Cumulative fluid balance (mL) 1988 [- 933 t0 4727] 990 [—993 to 3894] 2322 [-969 to 5957] 0.336
Data are presented as n(%) and median[interquartile range] cvto s n rn e nts
™
33 | Hayanga, JWA., et al., “Extracorporeal hemoadsorption in critically ill COVID-19 patients on VV-ECMO: the CytoSorb therapy in COVID-19
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2025: Early & Intensive Treatment with More Blood Treated Works Best

Journal of N Zrend Research * Large, retrospective single center study
@gfgswe I ~ Real-World Outcomes of Hemoadsorption e 175 patients with Septic shock treated with CytoSorb
MedicCine wmm== with CytoSorb® in Patients with Septic Shock: o

Evaluated the impact of early versus late, and low
versus high intensity treatment with CytoSorb on
Giorgio Berlot, MD' ; Paolo Carocci, MD', |Valentina \.Io.trico,SMDz, morta“ty Compared to predICted morta“ty based on
Barbara lacoviello, MD', Nicolo Taverna, MD’, UFo Gerini, MD", |”neSS Seve”ty scores

Vittorio di Maso, MD?, and Ariella Tomasini, MD

Insights from a Single-Center Study

Early and Intensive Treatment with The More Blood Purified with CytoSorb, the Higher the
CytoSorb Doubles Survival Expectation Survival. Treatment Intensity is Key

Table 3. Observed Versus Expected Mortality (%). |

100 p < 0,00001
Expected Observed 90 | p<000001 |

Categories mortality (%) mortality (%) p-value 80

Al (n = 175) 66 49 0.048 °

Early starters (n=102) 66 48 n.s. o0

Late starters (n=73) 70 5 n.s. Mortality (%) jg

High i i =90 63 30 0.002
[T O S — .

: 28%

ate starters-low intensity ' 68 n.s. 0
{n — 38) Cluster A <4 I/kg (<1 sorbent) Cluster B 4-9 I/kg (2 sorbents) Cluster C >9 I/kg (>3 sorbents)

Abbreviations: n.s., nonsignificant.

34 | Berlot, G, et al., J. Intensive Care Med. 2025 Sep; 40(9):993-1000; 14(7), 2285; doi: 10.1177,/08850666251331905.




CytoSorb Improves Survival in Septic Shock Meta-Analysis

Journal 1 of FA
Clinical Medicine MIQ’;I’J
’
Systematic Review C |_I A R | T E

Hemoadsorption in the Management of Septic Shock: ybiniie/e i Sleer
A Systematic Review and Meta-Analysis

David Steindl 1, Tim Schroeder >*(7, Alexander Krannich ** and Jens Nee 2

Meta-analysis of 744 septic shock patients from 1 RCT and 8 observational studies
from 2019-2024, of which 449 patients were treated with CytoSorb

REGAIN

CONTROL | e CytoSorb reduced in-hospital mortality (OR 0.64, p=0.04)

« 28-30-day mortality was also halved with CytoSorb (OR 0.46, p=0.003) than without
(p=0.003)

Eé e Significant hemodynamic improvement with reductions in vasopressor need in
: CytoSorb patients again confirmed

cvto s n rn e nts ™

35 | Steindl, D., et a;., J. Clin. Med. 2025, 14(7), 2285; https://doi.org/10.3390/jcm14072285
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Summary

* Massive uncontrolled inflammation can rapidly cause organ failure

and death
* Treating hyperinflammation requires patience
* Right Patient Hyperinflamed with organ dysfunction/failure
* Right Timing Early intervention following standard of care
* Right Frequency Change device gq12h initially. When severity decreases, switch to q24
* Right Flow Higher flow rate = higher blood volumes treated (200-250 mL/min)
* Right Finish Treat to clinical effect (particularly shock reversal), NOT just 2-3 devices

* Goals of CytoSorb Use:
* Break the Cycle of Massive Inflammation
* Reverse Shock and other Instability
* Help Promote Capillary Leak Reversal
* Now Actively Remove Excess Fluid from Patient!

 Enhanced Lung Rest with CytoSorb + ECMO is an excellent example of what is possible

* Importantly, these same principles can be applied to the treatment of
sleptic shock and a wide range of other critical illnesses
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Case of acute pancreatitis and septic shock

Prof. Dr. Zsolt Molnar, MD, PhD
Head of Department of Anesthesiology and Intensive Therapy
Semmelweis University — Budapest, Hungary

MMELWEIS Department of Anesthesiology and Intensive Therapy Prof. Dr. Zsolt Molnar
IVERSITY 1769




Initial event: acute pancreatitis

* 36 year old male
 Acute alcoholic pancreatitis
 MOF for 2 weeks
* [AP>20 cmH,0O
» Laparotomy — open abdomen with VAC
« Regular VAC exchanges
 Perforated colon — Right hemicolectomy

EMMELWEIS Department of Anesthesiology and Intensive Therapy Prof. Dr. Zsolt Molnar
= UNIVERSITY 1769




1 day before 3rd VAC exchange

Circulation
Heart rate (min!) 96
MAP (mmHg) 72
ScvO, (%) 75
Vasopressors -
Inotropes -

Renal function

Respiration

FiO, 40
PEEP (cmH,0) 13
PaO, (mmHg) 98
Inflammation
PCT (nmol/L) 0.61
CRP (mmol/L) 312

Creat (umol/L) 73

UO (mL/h) 100-200
pH 7.40
HCO; (mmol/L) 21.6
Lactate (mmol/L) 1.8

Department of Anesthesiology and Intensive Therapy

Prof. Dr. Zsolt Molnar




During 3rd VAC exchange

e Perforated cecum was found
* Right hemicolectomy

* Intra-operative course:

— Increasing vasopressor need
— Increased F10,, PEEP

Department of Anesthesiology and Intensive Therapy Prof. Dr. Zsolt Molnar

IVERSITY 1769



Before-after VAC exchange

Clrculatlon Before After Re Sp lratlon Before After
Heart rate (min!) 96 118 FiO, 40 80
MAP (mmHg) 72 68 PEEP (cmH,0) 13 28/6
ScvO, (%) 75 78 PaO, (mmHg) 98 91
Norepinephrine (ug/kg/min) | -- 0.59
Vasopressin (NE/min) . 0.02 [ D AMP, P AMP or b Oth‘? ]
Renal function Inflammation
Creat (umol/L) 73 188
UO (mL/h) 100-200 | 0 PCT (nmol/L) 0.61 |63.0
pH 7 40 731 CRP (mmol/L) 312 | 385
HCO; (mmol/L) 21.6 18.8
Lactate (mmol/L) 1.8 1.6 [ What WOUld y0u dO? ]

 SEMMELWEIS

Department of Anesthesiology and Intensive Therapy Prof. Dr. Zsolt Molnar

UNIVERSITY 1769



Betore-after 12 hrs CytoSorb treatment

Circulation ... .. Respiration

Heart rate (min’!) 118 |95 . Before _After
Fi0, 80 |40
MAP (mmHg) 68 73
PEEP (vizcm) 28/6 | 16
ScvO, (%) 78 72
: . . PaO, (Hgmm) 9] 129
Norepinephrine (ug/kg/min) | 0.59 | 0.07
‘IQQ()]’)T’pcm - 6@6(1 P/F)
Q{educed NE

enal function

Inflammation
Creat (umol/L) 188 134
UO (mL/h) 0 100 PCT (nmol/L) 63.0 | 20.1
pH 731 |7.46 CRP (mmol/L) 385 V\\
HCO; (mmol/L) 18.8 (234 ( e
Lactate (mmol/L) 1.6 1.7 inflammation (!)

Department of Anesthesiology and Intensive Therapy Prof. Dr. Zsolt Molnar
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* Surgery can trigger severe hyperinflammatory response
* Early (<12 hrs) treatment seemed extremely effective

a 9 /Was 1t due to: A
4 - - Source control?
<<V - ABs?
— - HA?
|

& Patient himself? VY

EMMELWEIS Department of Anesthesiology and Intensive Therapy Prof. Dr. Zsolt Molnar
NIVERSITY 1769







Case Reports and the Use of the CytoScore

Dr. med. Tobias Hubner, MD DESA EDIC MHBA

Chief Physician of the Intensive Care Unit and Vice Head of the Department of
Anesthesia and Intensive Care Hospital of Munsterlingen — MiUnsterlingen,
Switzerland




The CytoScore

Dynamic Scoring System

Jaurnal of o
Clinical Medicine MQ_I;L

Article

First Evaluation of a New Dynamic Scoring System Intended to
Support Prescription of Adjuvant CytoSorb Hemoadsorption
Therapy in Patients with Septic Shock

Klaus Kogelmann '*(, Tobias Hiibner @, Franz Schwameis ?, Matthias Driiner !, Morten Scheller '
and Dominik Jarczak *

Dynamic Scoring System (DSS) to track early evolution of septic shock

Lactate mmol/I j

Lactatelchangey 6 hours j

Norepinephrine pg/kg/mi

Norepinephrinelchangel/

6 hours
(27 catecholamine / )
vasopressor J
\ Hydrocortisone use y j
Volume bolus 30 ml/kgbw ]

e

0 Points 1 Points 2 Points Score

A <50% A >50%

NN/
AN A

A =<50% A >50%

v v
=] N
- o

N
AN

Yes

Yes

N/

< 2 boli = 2 boli

|
)
(

Total

— N\




Case 1: Urosepsis Case Report

Example from our hospital

Diagnosis Septic Sta:}, :::ndard \ CytoScore after 6h: \ Start CytoSorb
(Started in ED) // 6 / within next 1 hour /

Lactate 3.9 mmol/l
NE 0.25 pg/kg/min
Dbt 1.5 pg/kg/min
Volume therapy 1

+ Lactate 0.8 mmol/l
* NE 0.1 pg/kg/min

:

Dynamic Scoring System (DSS) to track early evolution of septic shoc

Uroseptic Patient:
- ER to ICU
-> SOFA 8

- Cytoscore 6

Hydrocortisone use
Volume bolus 30 ml/kgbw




Example from our hospital

Ent.Dat. 22.08.2021 21.08.2021 20.08.2021
So 05:30 Sa 05:30 Fr 05:30
Ein.Dat 22.08.2021 21.08.2021 20.08.2021
S0 06:01 Sa 05:50 Fr 05:34
Befund-Nr. 21336592 21335925 21334803
Visum nicht visiert nicht visiert nicht visiert
Klinische Chemie
Calcium 21-26 mmalil 262H 234
karr. Calcium (Alb.Kanz) 2.1-265 mmalil 294 H 274 H
Magnesium 0.7-1.10 mmaolil 1.34H 0.97 117 H
Phosphat anorgan. 0.87-145 mmoalil 073L 1.61H 172H
Harnstoff =11.8 mmalil a7 98 184 H
Kreatinin 62-108 pmalfl 104 128 H 157 H
eGFR CKD-EPI == 40 mliminf1.73m2 G4 L (1) 49 L 38 L
C-reaktives Protein =5 mafl ~ 462 H ~ 515 H IT2H
Procalcitonin =05 ng/mil &, 5S980H 2= 85.90H ::-I': 9.34H

AT ATy sy

Interleukin-G =7.0 pa/mi g 302.0 HS 15525.0 &\ 129367.0H




Case 2: Abdominal Septic Shock

Example from our hospital

Diagnosis Septic

\ \ \ \ \
Sta:},. :::ndard CytoScore after 6hrs Start CytoSorb
(Started in OT) / > 8 / within next 36 hrs /

( v |« Lactate 7.0 mmol/l
L‘ Lactate 3 mmol/l L NE 0.55 pg/kg/min

. Dbt 1.5 pg/kg/min
NE 0.2 pg/kg/
ALty Hydrocortisone

Volume therapy 1 )

Duodenal Perforation:

- ER> NW->0T->ICU
- SOFA 15

- CytoScore 10




Kiinische Chemie
Matrium

Kalium

Calcium

kaorr. Calcium (Alb. Konz)
Magnesium
Phosphat anorgan.
Harnstoff
Kreatinin

Kreatinin Rapid
eGFR CKD-EFI
C-reaktives Protein
Procalcitonin
Interleukin-6

Example from our hospital

136 - 145
3.4-50
21-2.6
2.1 -265
07 -1.10
0.87 -1.45
1.7-8.3
G2 -106
62 - 106
== 90
=<5

= 0.5

< 3.2

Do O5cd2

M 23:35

18521802

nicht visiert

Mi 05:21
18521361
nicht visiert

Di 05:15 Mo 05:14
186520872
nicht visiert

13520040
nicht visiert

S50 15:38
18515582
nicht visiert

Befund-HNr. 18521879

Visum nicht visiert
<

mmaolil

mimaolil

mmali 253

mmaolil 281

mmaolil 0.95

mimaolil 1.51H

mmalf 3.5

Jrrold 80

urmalil

mlimini1.73m2 94

ma/l 161 H

na/mil

paimil

244
266

207L
2.45
1.05
086 L
3.8
93

F3(5)
221 H

W

293 220
2 57 2 62
0.85 128 H
1.02 1.10
4.0 7.9
105 145 H
™
B2 (5) g 46 (B)
228 H ) 183 H
3582 H 6841 H
54750

L

=50000.0




Final remarks

Journal al
. Clinical Medicine m\D\P}

Article

First Evaluation of a New Dynamic Scoring System Intended to
Support Prescription of Adjuvant CytoSorb Hemoadsorption
Therapy in Patients with Septic Shock

Klaus Kogelmann 1:#(3), Tobias Hiibner 2", Franz Schwameis *, Matthias Driiner ', Morten Scheller '
and Dominik Jarczak *

Vallelation
still to be done

Present Future

CytoScore is a decision- \i‘
making tool to start with CS. 'M‘ 'ﬁ"M‘

CytoScore is NOT a monitoring tool for
effectiveness of CytoSorb therapy!
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Atticle
First Evaluation of a New Dynamic Scoring System Intended to
Support Prescription of Adjuvant CytoSorb Hemoadsorption

re m a rkS Therapy in Patients with Septic Shock

Klaus Kogelmann 10#(3, Tobias Hiibner 2%, Franz Schwameis *, Matthias Driiner ', Morten Scheller '
and Dominik Jarczak *

« CytoScore can be established at any ICU in the world
« It can be easily integrated in daily routine
 No need for new devices

« CytoScore is helping to do the right thing at the right moment

Dynamic Scoring System (DSS) to track early evolution of septic shock

nts 2 Points
m@-@
OO

DD
D

Lactate mmol/I

Lactate change / 6 hou

Noreplnephrlne pg/kg/ml
=65 mmHg)

2" catecholamine /
vasopressor
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KLINIKUM HOCHSAUERLAND

h from Arnsberg

Doz. Dr. med. Kevin Pilarczyk, MHBA




HIT HARD AND EARLY !lI!
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v

Indication CytoSorb ?
NE > 0.25 pg/kgBW/min

Lactate > 3mmol/I o. rising
IL-6 > 500 pg/ml

(PCT elevated )

CytoScore after 6 h> 6

v

START CYTOSORB (BEFORE onset AKI)

\ 4

Stabilization, NE < 0.05 pg/kgKG/min. <+— Evaluation of response —_ _
Non-Responder ]_ Change adsorber after 4-6 h
Y

STOP CytoSorb




7
W
Teceayti

| J

1,

#

*  Normal lactate

* NE<0.2 ug/kgBW/min.
*  Nofluid bolus

*  Onset septicshock< 3 h

Just right !!!
* Lactate >3-4 mg/dl -
«  NE0.25-0.3 pug/kgBW/min. J/
*  Multiple fluid boluses
*  Onset of septic schock< 6 h
v A

Too late !!!

* Lactate > 7.5 mg/dI

* NE>0.8 ug/kgBW/min.

*  Multiple fluid boluses

*  Onset of septic shock <24 h




CytoSorb
Sepsis and beyond...

Rhabdo- Liver
myolysis failure
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