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Extracorporeal therapy of sepsis—

The German perspective

1) Cytokine Absorption

2) Therapeutic plasma exchange

3) Prevention sepsis by eliminating pathogens?




Extracorporeal therapy of sepsis—

The German perspective

1) Cytokine Absorption
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Extracorporeal therapies in non-renal disease: treatment of sepsis and

the peak concentration hypothesis

ﬂ Excess ] pro- and

anti-inflammatory mediators
removed by continuous
combined therapies
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A powerful new weapon in
the fight against Cytokine Storm
biocompatible, highly porous

polymer bead

Molecular
weight

8 kDa
17 kDa
17 kDa
18 kDa
26 kDa

30 kDa
51 kDa

% removal
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100%
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Cytosorb use in Germany (OPS-Code 8-856 )

Procedure Code for

Cytosrob treatment
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Hemoadsorption by CytoSorb in septic patients:

a case series (n=26)
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Fig. 2 Effect of CytoSorb hemoadsorption on blood laciate levels in relation to survival. Lactate levels (mg/dl) before (pre) and after (post)
CytoSorb treatments in the overall patient population and in 28-day, ICU, and hospital survivors, In each Tukey boxplot the whiskers have equal
lengths of 1.5 IQR. Dots represent outliers
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Extracorporeal cytokine adsorption in septic shock: A proof of

concept randomized, controlled pilot study (n=20)
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Fig. 2. Kinetics of norepinephrine need in the CytoSorb and in the Control group. Data are
shown as median and interquartile ranges. *p < .05 vs. To.
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Multicentered prospective investigator initiated study to evaluate the clinical
outcomes with extracorporeal cytokine adsorption device (CytoSorb®) in patients

with sepsis and septic shock (n=45

Table 2 Percentage decrease in patients and vasopressor doses (survivors)

Vasopressor drug, Pre CytoSorb®, therapy patient number Post CytoSorb® Therapy, patient % Decrease in P value
Mg/kg/min (n), dose (median) number (n), dose (median) dose (dose)
Norepinephrine 21;1 18; 0.45 43.3 0.160
Epinephrine 4; 0.055 1; 0.055 64.4
Vasopressin 9.1.5 7:1 15.4 0.816
Parameters Survivor group P value

Pre CytoSorb®therapy, mean  SD Post CytoSorb®therapy, mean * SD
Heart rate, beats/ min 118.57 +19.8 103.07 £ 19.38 0.0065'
MAP, mmHg 68.61 £ 9.62 79.42 £9.05 0.0001"
GCS 9.86 + 2.34 12.20 +1.47 0.0001"
PaCO, 4332+ 18.63 38.57 +11.66 0.2757
Pa0,/FiO, 162.09 + 82.99 161.20 + 66.58 0.9704
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Multicentered prospective investigator initiated study to evaluate the clinical

outcomes with extracorporeal cytokine adsorption device (CytoSorb ®) in patients
with sepsis and septic shock (n=435

Table 4 Cytokine assay results for survivors

Cytokine Pre CytoSorb®therapy, mean * SD Post CytoSorb®therapy, mean * SD Percentage change P value
IL1, pg/mL  10.74 £9.70 9.54  9.66 11.11 0.5580
IL6, pg/mL  889.15 +1307.43 423.69 + 1105.55 52.34 0.0792
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Cytokine adsorption in
severe, refractory septic

shock (n=48 prospectivels vs.
160 matched controls)
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Cytokine Hemoadsorption During Cardiac Surgery Versus Standard Surgical

Care for Infective Endocarditis (REMOVE):

Results From a Multicenter Randomized Controlled Trial

Hemoadsorp-
tion group Control group
Characteristics (n=138) (n=144)
Microbiologic findings
Streptococcus | 40 (29.0) 37 (25.7)
Staphylococcus aureus 38 (27.5) 35 (24.3)
Coagulase-negative staphylococci | 16 (11.6) 36 (25.0)
Enterococcus faecalis 30 (21.7) 25 (17.4)
Enterococcus faecium | 4 (2.9) 4 (2.8)
Other Gram-positive 7 (5.1) 8 (5.6)
Gram-negative 7 (5.1) 5 (3.5)
Fungal 2 (1.4) 1(0.7)
Other 9 (6.5) 16 (11.1)

Hemoadsorp-

tion group Control group
Characteristics (n=138) (n=144)
Age,y 68.5 (58-76) 69 (60-76)
BMI 27.2 (23.7-30.4) | 275 (24.5-29.5)
Female sex 40 (29.0) 33 (22.9)
Diabetes 28 (20.3) 26 (18.1)
Hypertension 109 (79.6) 117 (81.8)
COPD 23 (16.7) 18 (12.5)
Previous cardiac surgery 63 (45.7) 72 (50.0)
Preoperative stroke 10 (7.2) 20 (13.9)
Peripheral arterial disease 27 (19.9) 24 (17.0)
EuroSCORE I 19.1+£173 20.2+17.8
Charlson comorbidity index 5.0 (2.0-8.0) 5.0 (2.0-7.0)
NYHA =l 86 (62.3) 87 (60.4)
SOFA score (24 hours before 5.6+2.5 5.612.4
surgery)
Preoperative distributive shock 2 (1.4) 5 (3.5)
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Cytokine Hemoadsorption During Cardiac Surgery Versus Standard Surgical

Care for Infective Endocarditis (REMOVE):
Results From a Multicenter Randomized Controlled Trial

ASOFA

10 —
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I |
Hemoadsorption Control

Figure 2. Boxplots comparing the
primary outcome, ASOFA, between
the 2 study arms.

Red: hemoadsorption group; blue: control
group. ASOFA indicates the difference
between mean total postoperative
sequential organ failure assessment score
and baseline score within 24 hours before

surgery.
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Cytokine Hemoadsorption During Cardiac Surgery Versus Standard Surgical
Care for Infective Endocarditis (REMOVE):

Results From a Multicenter Randomized Controlled Trial
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Cytokine Hemoadsorption During Cardiac Surgery Versus Standard Surgical

Care for Infective Endocarditis (REMOVE):
Results From a Multicenter Randomized Controlled Trial

Clinical Perspective
What Is New?

e This is the first multicenter randomized controlled
trial investigating the efficacy of CytoSorb in reduc-
Ing the severity of postoperative organ dysfunction
In patients undergoing cardiac surgery for infective
endocarditis.

* The trial failed to demonstrate a reduction in post-
operative organ dysfunction, 30-day mortality, or
any of the clinically relevant secondary outcome
points through Intraoperative hemoadsorption
using CytoSorb.

 Clinical benefit of hemoadsorption was absent even
though applying CytoSorb intraoperatively lowered
plasma levels of key cytokines.

What Are the Clinical Implications?

* The results of this trial do not justify routinely admin-
istering CytoSorb during cardiac surgery for infec-
tive endocarditis to reduce postoperative organ
dysfunction or short-term mortality.
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Extracorporeal therapy of sepsis—

The German perspective

2) Therapeutic plasma exchange
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Vadim Alexandrovich Yurevich (head of infectious diseases) February 15" 1913
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Therapeutic Plasma Exchange Decreases Levels of Routinely Used

Cardiac and Inflammatory Biomarkers

0.2
250 [ = ! e 1 000

200+ .
1604

: pecfl =100
. o =10

28

40-
30+
20+
104

(Buw) gu0

S o o O S&ath@msoe
; 2 o @ cosobo

o
e
o o
= B
“—Iiiii

CRP (mgll)

=0.1

pracalcitonin (pgll)
L
(Br) uuoyajescad

0.01

pre TPE post TPE waste bag pre"l'F'E |:|4:-5t'TF'E waste bag

.

w2

blamyasune.q



Effect of TPE on plasma
levels and total removal of

adipokines and
inflammatory markers
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Removal of elevated circulating angiopoietin-2 by plasma exchange--a pilot

study in critically ill patients with TMA and anti-GBM-disease
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Guidelines on the Use of Therapeutic Apheresis in Clinical Practice - Evidence-
Based Approach from the Writing Committee of the American Society for

therapy, either as a primary standalone treatment or
in conjunction with other modes of treatment.

II Disorders for which apheresis is accepted as second-line
therapy, either as a standalone treatment or in
conjunction with other modes of treatment.

Apheresis: The Eighth Special Issue ;
s
SEPSIS WITH MULTIORGAN FAILURE i ;
Incidence: Severe sepsis in adults 300/100,000/yr (US); 8% Procedure Recommendation Category =
prevalence in pediat['ic intensive care TPE Grade 2B I % E
# reported patients: >300 RCT CT cs CR & E
4(194) 6(215) 16(1,216) NA > E
TABLE II. Category Definitions for Therapeutic Apheresis | ==
- Z
Category Description 8]3 @
il
| Disorders for which apheresis i1s accepted as first-line Y
S
—
\©

I Optimum role of apheresis therapy is not established. \\(\‘\:\\
Decision making should be individualized .

IV Disorders in which published evidence demonstrates or & =
suggests apheresis to be ineffective or harmful. 2 ?
IRB approval is desirable if apheresis treatment is =3
undertaken in these circumstances. =



Plasmapheresis in severe sepsis and septic shock: a prospective,

randomised, controlled trial
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ﬂ.q' 1 | I i 1 1 1
0 4 8 12 16 20 24 28

Time (Days)

Fig. 1 Cumulative survival in 106 patients with severe sepsis or
septic shock randomly assigned to plasmapheresis (solid line) or
not (dotted line) in addition to standard sepsis treatment
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Plasmapheresis in severe sepsis and septic shock: a prospective,

randomised, controlled trial

Table 4 Multiple logistic regression analysis evaluating the ad-
justed effects of unbalanced baseline characteristics and plasma-
pheresis on mortality in patients with severe sepsis or septic shock
Independent variable  Odds ratio 95% CI p
Age (10 years)® 1.48 1.03-2.12 0.03
Site of infection 0.04
Abdominal Reference

Female genital 0.54 0.07—4.00

Urological 0.15 0.02-0.93

Lung 4.04 0.74-22.2

Skin/soft tissue 0.41 0.07-2.53

Brain 1.60 0.30-8.62

Other 1.71 0.33-8.88

Plasma exchange 0.41 0.15-1.09 0.07

>

Z-
2

blamyasune.q
WINAIUIT



Paul's Farewell to the Ephesians

35 In everything, I showed you that by this kind of hard work we

must help the weak, remembering the words of the Lord Jesus Himself:

‘It is more blessed to give than to receive.’



Update on von Willebrand factor multimers: focus on high-molecular-
weight multimers and their role in hemostasis

ULVWF

Blood stream

=

wnjuly %

88 @ VWF monomer
=3~ A2, folded
— e A2, unfolded, cleavable

g:< ADAMTS13
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e prognostic value of ADAMTS-13 deficiency In septic shock patients

involves interleukin-6 and is not dependent on disseminated

Cumulative Survival

ADAMTS13 activity 2 30%

P (LogRank test) = 0.01

g

ADAMTS13 activity < 30%

E |
0 S 10

1

15

20 25 30

Time {days) since ICU admission
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Early therapeutic plasma exchange in septic shock: a prospective open-label

nonrandomized pilot study focusing on safety, hemodynamics, vascular barrier

function. and biologic markers (n=20
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Adjuvant therapeutic plasma exchange in septic shock

(n=40 | septic shock of <24 h (NE > 0.4 ng/kg/min despite fluid resuscitation))

>

NE dose (ug/kg/min)

2.0
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1.0

0.5

0.0

E SOC
0.14

= TPE
‘ l < 0.0001
T 1 | T
T & &

o0

MAP / NE (mmHg/ug/kg/min)

1500+

1000+
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< 0.0001
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Adjuvant therapeutic plasma exchange in septic shock
(n=40 | septic shock of <24 h (NE > 0.4 ng/kg/min despite fluid resuscitation))

-= N
N O

-
N
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T

0. 19 p=0.44

Survival (%)

Mean SOFA d0-8 (points)
N
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Adjuvant therapeutic plasma exchange in septic shock

Outcome parameter

8 day Survival (%) 50
Mean SOFA-Score over d0-8 19 (15 to 24)
-6.9 (-13.91t0 6.3)
-3.3(-15.5t03.3)
A Angiopoietin-1 (%) -8.1 (-23.3 to -2.7)

SO 0259105

I R
SOC TPE D

60 0.444
16.5(12t020.5)  0.19
+70.4 (6.6 t0 95.8) < 0.001
+14.7(-3.5t033)  0.012
_48.5 (-66.8 to 15.2)  0.202
254 (-38.7t0 -5.5)  0.009
24.4 (-34t0-11.7) <0.001
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Early therapeutic plasma exchange in septic shock: a prospective open-label
nonrandomized pilot study focusing on safety, hemodynamics, vascular barrier
ion. and biologic markers

B O postTPE C > post TPE

. . stimulation
1.2- Stimulation {8 pre TPE 1.2+ 8 pre TPE

i | 14
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Plasmaexchange in Early Septic Shock (EXCHANGE)
NCT03065751

* FFP exchange volume
1.0-1.4 x plasma-volume
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http://www.clinicsltrials.gov/

Extracorporeal therapy of sepsis—

The German perspective

3) Prevention sepsis by eliminating pathogens?




Bacterial capture efficiency in fluid bloodstream improved by
bendable nanowires
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Binding of patogens to heparan-sufate on the cell surface
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Binding of pathogens to the immobilized heparin in the Serpah
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In vitro reduction of bacteria and viruses by the Seraph

Gram-negitive

Gram-positive bacteria

bacteria

Viruses

S.aureus

MRSA
S.pneumoniae
E.faecalis
E.faecalis (VRE)
E.faecium
S.epidermidis
MR-S.epidermidis
S.pyogenes
K.pneumoniae
K.pneumoniae (CRE)
E.coli

E.coli (CRE)
S.marcescens
A.baumanni
Cytomegalovirus
Zika-virus

Adenovirus

Reduction, %

g =
wnyuy 2

blamydsunel



A 130 1

110 1

Heart rate (bpm)

701

(@)

100 1

Diastolic blood pressure (mmHg)
(0]
o

90 1

o
(0]
0]
(@]
o @
o (0]
0 ©
(o]
oo 6}
® (]
O o i
% o
(0]
before after
@]
]
0]
%o
D o
o0
° O
o K
Q OI 16}
O
o %
(@]
before after

o)

Systolic blood pressure (mmHg)

90 1

100 1

Oxygen saturation (%)

-

o

o
1

150 1

120 1

p=0.3
(@)
oO
ol © (®)
O o
Q
o© 8
(0]
09 o
(@] D |
[0) (0]
Ol o
° (0]
beflore afier
p =0.012
(D(?O
O=COO

96 -

92 1

(@)
(@]
(0] 0]
o
(@]
(e]
(0]
before after

Safety and efficacy of the
Seraph® 100 to remove
bacteria from the blood

stream — results of the first in
human study

blamyasune.q
WINAIUIT



p=0.22 B ., p=0.12 C . p=0.29
Safety and efficacy of the | ) . N
Seraph® 100 to remove J 57 o 3 )
bacteria from the blood | : g8
O o & 4 e ° ° g
stream — results of the first in - o° | 5" [® o £,
human study o [ %
| 1? I 251
beflore afier
D,,. E p = 0.0076 F, p=0.08
. 1007 T o 7]
g : |BE R S ‘
i % 751 - ?6 ° :
< 41 o o
100 - ° D}j
25 ° 37 o
bef'ore af{er bef'ore afier bef'ore af{er

WinjIulpy

blamydsunelg £
Z




Safety and efficacy of the
Seraph® 100 to remove

bacteria from the blood
stream — results of the first in
human study
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Safety and efficacy of the Seraph® 100 to remove bacteria from the

blood stream — results of the first in human study
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Reduction of bacterial count
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S. aureus binding to the Seraph® 100 Microbind® Affinity Filter
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Heparin-Functionalized Adsorbents Eliminate Central Effectors of Immuno-

thrombosis, including Platelet Factor 4, High-Mobility Group Box 1 Protein

d
Plasma from
sepsis patients
[ T T 3
_‘?1 5 Heparin
I \.. Sepharose

| A%  Seraph-100 .

10% adsorbent

and Histones

PF4

histones/nucleosomes
HMGB1
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Heparin-Functionalized Adsorbents Eliminate Central Effectors of Immuno-

thrombosis, including Platelet Factor 4, High-Mobility Group Box 1 Protein
and Histones
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Several options available — stay tuned for more data !
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