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The Third International Consensus Definitions
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Inflammatory response

Innate immune system

Early response
* Release of IL-1, IL-6, IL-8,
IL-12, IL-18, TNF-a, IFN-y

Cellular immune response
* Activation of B cells, neutrophils,
myeloid-derived supressor cells

Adaptive immune system

Humoral immune response
* Production of Immunoglobulins
(i.e. IgM, IgG)

* Activation of complement,
coagulation, phagocytes

<

Time
* Decrease of HLA-DR expression

TLR + T-cell exhaustion
* Apoptosis of immune cells Recovery
/I\ (i.e. lymphocytes, monocytes and antigen-
presenting cells)
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Anti-inflammatory events
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Quantitative and
qualitative alterations in
antigen presentation,
B, T, NK lymphocytes,

activation of PD1

‘ T cell counts and function

‘ Antigen presentation

Low Ig levels

Defects in neutrophil
mediated immunity
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The net effect on the immunological phenotype
(hypo- vs. hyper-responsiveness)
remains highly individualized and

causes considerable diagnostic difficulties.
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Pneumonia
Pneumocyte damage

ARDS
Increased vascular permeability (ACE2/Ang 1-7 disturbance)
ACS, arrhythmia Thrombotic microangiopathy
Exacerbation of heart failure Oxygenation dysfunction Neurologic symptoms
Right ventricular dysfunction Possible viral invasion

Myocarditis, cardiac tamponade
Micro-circulation dysfunction
High inflammatory burden, hypoxia

Necrotizing encephalopathy
Intracranial CRS, BBB damage
Neuroinvasion exacerbates
cardiopulmonary failure

Hepatocellular injury

CRS, hypoxia, Glumerolar and tubular
possible viral invasion, injury
DILI Viral invasion,

Inflammatory response
Hypoxia
Hypokalemia
ACE2/Ang 1-7 disturbance

Gastrointestinal symptoms
Viral invasion
ACE2/Ang 1-7 disturbance
Hypophasphatemia
Impairment in mucosal membrane

Mild pancreatitis
Possible viral invasion,
hypoxia
Pancreatitis could

facilitate ARDS
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like vesicles, petechiae
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Hemoglobin!, Ferritin T
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ﬁascular consequences of SARS-CoV-2 Kidney invasion via SARS-CoV-2 entry in proximal

induced coagulopathy tubular cells and podocytes
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Early Infection Pulmonary Stage - Hyperinflammation Stage
Innate immune activation . Adaptive immune activation L | Cytokine Storm
Mild Symptoms Respiratory Failure . ARDS, Shock, MODS

Viral Genome > Disease Severity

~ s .&’.i,
Ig M response begin days 5 - 10 , g, Ve ----a .

Ilg G response begin days 7 - 14

\

Viral Response
S Days 10 Days

Remdesivir : Corticosteroids
ACTT-1 Trial | Recovery Trial
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Extra-Corporeal Blood
Purification



Extracorporeal blood purification techniques
(BPTs) consist of different approaches and
methods, most of which have their origin in
renal replacement therapy (RRT).




Extracorporeal blood Purirtication
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Modality
IHD
PIRRT: IHD
or CRRT
CRRT

PD

Modality

Advantages in COVID-19 AKI
Widely available

Allows treatment of several patients with
the same machine in a given day

Higher blood flow may reduce risk of
clotting

Less likely than other modalities to
exacerbate haemodynamic instability

Allows treatment of several patients with
the same machine in a given day

Option for higher blood flow, which may
reduce risk of circuit clotting

Achieves steady-state control of small
solutes and acid-base status

Least likely to exacerbate haemodynamic
instability

Easy to achieve net negative fluid balance
and achieve fluid balance targets with
greater haemodynamic stability

Can often be performed by the patient’s
bedside in the ICU, limiting staff contact
with the isolation environment

Widely available
No circuit clotting concerns
No venous access required

Less likely to exacerbate haemodynamic
instability

Less nursing exposure with the use of
automated cycler

Disadvantages in COVID-19 AKI
Less effective in reaching daily fluid balance goals
Can lead to or exacerbate haemodynamic instability

Usually requires a dedicated HD nurse or other staffin
addition to an ICU nurse (increasing staff exposure to the
isolation environment)

Not as widely available as other modalities (i.e. hospital
protocols are not widely established)

Given the procoagulant nature of COVID-19, systemic
anticoagulation may be necessary

Challenges and uncertainty of drug dosing, especially for
antimicrobial and/or COVID-19 therapeutics

Not as widely available as other modalities outside of
resource-rich settings or tertiary centres

Requires one machine per patient per day

Requires ICU settings and may require 1:1 nursing ratio
depending on institutional policies

Given the procoagulable nature of COVID-19,
anticoagulation is recommended and may require systemic
therapeutic anticoagulation

Increased frequency circuit clotting may lead to a lower
delivered dose, inability to achieve fluid balance targets
and increased resource utilization (which may have supply
chain impacts)

May be more challenging in patients in prone positions
Risk of peri-catheter leaks

Protocols and policies for acute PD are not available at all
sites. Requires technical expertise to place catheters

May require rapid implementation of training regimen for
renal nurses and clinicians



Demand and capacity
“a conceptual model”

Demand Capacity Demand-capacity balance

Capacity Demand




Different RRT Modalities
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( 1

* Substantially increased local RRT * Increase in regional, national or
demand Increase Reduced worldwide RRT demand

* Increased disposable consumption ——— in RRT RRT <«—— ¢ Interruption of disposable manufacture
due to illness-specific effects demand capacity and insecure supply chains

* Increased disposable consumption L ) ¢ Lack of experienced staff to meet
due to effects of surge response increased workload

f Potential crisis in RRT provision 1
Goals Local responses Regional or national responses
Stage: l
- ® Develop local RRT surge plan e Consider RRT stockpiles
4% Policies, training * Maintain inventory of RRT devices * Secure supply chains
= and resources to e Widen staff RRT cross-training ¢ Encourage local planning
& deal with RRT surge ¢ Systems for co-ordination of RRT ® Industry response plan
o emergency response
* Review availability of RRT capacity ¢ Centralized resource-
°Cu% * Optimize non-dialytic AKI allocation systems
S Maintain availability management e Publicize clinical guidelines
Z  of RRTto all requiring it * Reinforce RRT guidelines * Develop networks for
o * Review preferred RRT presciption inter-centre patient transfer
e Consider alternative RRT modes * Enable knowledge sharing
l e Establish criteria for
v The areatest aood for e Consider triage allocation system resource allocation
2 th 9 - 9 b ¢ Involve independent clinicians in ¢ National legal framework
© © greatest number resource allocation e Communicate with

stakeholders



Aggressive medical management of electrolyte and
acid-base disturbances or fluid overload might negate
the need for RRT or forestall RRT initiation, thereby
enabling improved allocation of finite RRT resources




HVHF/VHVHF/PHVHF




Clotting vs Clogging

Clotting Clogging

Ultrafiltration
impaired

High prevalence of clogging and clotting in COVID-19
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Plasmapheresis



Microthrombus

Microthrombus
/arterial/venous
thrombus

von Willebrand Factor
Complement

Microthrombus/
Venous thrombus

matory cytokines

Arterial/venous
thrombus



ﬁ' herapeutic Plasmah
Exchange (TPE) is a
procedure where
patient’s blood is
passed through an
apheresis
machine, filtered
plasma is removed
by reinfusion of
RBCs along with
plasma or albumin

Plasmapheresis

\ in to the patient /

l

/ Centrifugation \

Plasmapheresis
plasma is selectively
removed and replaced
typically with human
serum albumin or fresh
frozen plasma, chosen
on the basis of the
indication for TPE and

K Dnuble_-filtratinn \

plasmapheresis
(DFPP) was designed
to selectively remove
the immunoglobulin
fraction from the
serum and to minimize

parameters

patient clinical
. )

substitution fluid

the volume of
\ required

/
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Table 2. Operational contrasts between centrifuge and membrane apheresis procedures

" Centrifuge Therapeutic Membrane Therapeutic

e I’lasmga Exchal}l)ge Plasma Exchalfge
Mechanism Centrifugal force Capillary membrane flte
Blood flow (ml/min) 10-150 150
Plasma extraction (%) l Rl
Plasma removal (ml/min) Variable Rl
Anticoagulation Cltrate Heparin
Separation Specttic gravity Size
Blood volume in ircuit (m) Approximately 180 15
Molecular weight cutoff (D) N/A 3 million
Sterilization y Irradiation or ethylene oxide Ethylene oxide

Fluid replacement

Albunin, fresh frozen plasma

Albumin, fresh frozen plasma

N/A, not applicable.




"f- Blood cells

A High molecular weight substances

(immunoglobulins, etc.)

Low molecular weight substances
(albumin, etc.)

Healthy
equivalent
plasma
)

Removed
'

Removed

Secondary plasma filter

Healthy plasma/

alburmin
(0—800 mL)

DFPP



VWF and Platelet Adhesion
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Coupled Plasma Filtration Adsorption
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Adsorption Techniques



Rules of sepsis therapy

Organ support
2 Or more organ
failures

Focus Control
Antibiotics, Surgery

“Resuscitation®

U O,, Fluids, Catecholamines, RPBC...
L L J

According to : Sepsis: From Pathophysiology to Individualized Patient Care, Ildiké Laszlé, Domonkos Trasy, Zsolt Molnar, and Janos Fazakas, Journal of Immunology Research Volume 2015




lipopolysaccharide (LPS) as a sepsis inducer
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Endotoxin
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Intensive Care Med
https://doi.org/10.1007/s00134-018-5463-7

ORIGINAL

. . ‘CrossMark
Polymyxin B hemoperfusion

in endotoxemic septic shock patients

without extreme endotoxemia: a post hoc
analysis of the EUPHRATES trial

D.J.Klein'", D. Foster?, P. M. Walker?, S. M. Bagshaw?, H. Mekonnen? and M. Antonelli®

© 2018 The Author(s)

Abstract

Purpose: The EUPHRATES trial examined the impact of polymyxin B hemoperfusion (PMX) on mortality in patients
with septic shock and endotoxemia, defined as EAA > 0.60. No difference was found in 28-day all-cause mortality.
However, the trial showed that in some patients with septic shock the burden of endotoxin activity was extreme
(EAA>0.9). In a post hoc analysis, we evaluated the impact of PMX use in patients with septic shock and endotoxin
activity measured between 0.6-0.89.

Methods: Post-hoc analysis of the EUPHRATES trial for the 194 patients with EAA > 0.6-0.89 who completed two
treatments (PMX or sham). The primary end point was mortality at 28 days adjusted for APACHE Il score and baseline
mean arterial pressure (MAP). Additional end points included changes in MAP, cumulative vasopressor index (CVI),
median EAA reduction, ventilator-free days (VFD), dialysis-free days (DFD) and hospital length of stay. Subpopulations
analyzed were site and type of infection and those with norepinephrine dose > 0.1 mcg/kg/min at baseline.

Results: At 28 days, 23 patients of 88 (26.1%) in the PMX group died versus 39 of 106 (36.8%) in the sham group [risk
difference 10.7%, OR 0.52, 95% Cl (0.27, 0.99), P=0.047]. When unadjusted for baseline variables, P=0.11. The 28-day
survival time in the PMX group was longer than for the sham group [HR 0.56 (95% CI 0.33, 0.95) P=0.03]. PMX treat-
ment compared with sham showed greater change in MAP [median (IQR) 8 mmHg (— 0.5, 19.5) vs. 4 mmHg (— 4.0,
11) P=0.04] and VFD [median (IQR) 20 days (0.5, 23.5) vs. 6 days (0, 20), P=0.004]. There were no significant differ-
ences in other end points. There was a significant difference in mortality in PMX-treated patients with no bacterial
growth on culture [PMX, 6/30 (20%) vs. sham, 13/31 (41.9%), P=0.005]. The median EAA change in the population
was — 12.9% (range: increase 49.2%-reduction 86.3%). The mortality in the above median EAA change group was
PMX: 6/38 (15.7%) vs. sham 15/49 (30.6%), P=0.08.

Conclusions: These hypothesis-generating results, based on an exploratory post hoc analysis of the EUPHRATES trial,
suggest measurable responses in patients with septic shock and an EAA > 0.6 to 0.89 on changes in mean arterial
pressure, ventilator-free days and mortality.

Trial registration: Clinicaltrials.gov Identifier: NCT01046669. Funding Spectral Medical Incorporated.
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Fig. 2 Time to death within 90 days for PMX versus sham. Kaplan-Meier estimates of the probability of survival to day 90 among 194 per-protocol
patients with MODS > 9 and EAA between 0.6 and 0.89, by treatment groups. The 90-day results of Cox proportional hazards adjusted for baseline
MAP and APACHE Il score are the hazard ratio [0.57, 95% Cl (0.35, 0.93), P value =0.02]. The vertical line represents the 28-day interval. The 28-day
adjusted Cox proportional hazard ratio for death in the PMX group compared with the sham group is 0.58 (95% Cl, 0.35 to 0.98; P=0.04). TRT treat-
ment, 25th 25th percentile at 90 days




Cytokine Adsorption
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Infiltrating Immune Cells
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Hemadsorption using the Adsorber column is a non-

selective and concentration-dependent method by
which a spectrum of cytokines and inflammatory mediators
are adsorbed from the bloodstream

mediators like IL-18, IL-6, IL-8, IL-10, and TNF-a
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Immuno-dysregulation in sepsis

Pro-inflammatory Anti-inflammatory
Mediators Mediators (inhibitors) Immunohomeostasis
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“The way to go Is un-specific”

Claudio Ronco :
The way to go is
unspecific !
(ISICEM 2016)




Hemodynamics and Biological Effects

D- Norepinephrine Dose D Monocyte TNF production
and D+ MAP and Phagocytic Capacity
at 10 hours of treatment versus baseline at 10 hours of treatment versus baseline
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100 1500 100
P<00l P<001
80 P < 0.01 80
1000
60 P < 0.05 60
40 40
500
20 . 20
0 0 Vessisiiiid 0

MAP TNF Prod. Phagocytosis



Increase in the HLA-DR expression presentation
of Ag improves

Antigen Presentation
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Remove the Cytks, it is clear !
WHO declares (EUA)
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Dynamic Scoring
=> defined parameters & tresholds

@ Parameters:

— Dblood lactate & changes /6 hrs

— catecholamine demand & changes/6 hrs

= Initial volume demand & needed boli/6 hrs
— 2"d catecholamine or/and hydrocortison use
@ Tresholds:

= lactate 2 mmol, vasopressor 0.1pg/kg, 30 ml/kg
Initial volume are our defined tresholds.

— Each parameter with this values signs for 1 pt,
dynamic increasing means additional point,

decreasing means O



CytoScore

parameters

|lactate mmol/l

|lactat-change 6h

NA pg/kg/min (MAP=65)
vasopressor demand change /6 h
2. catecholamine

hydrocortisone applicated
Volume bolus 30 ml/kghw

increased | incre

increased | increased > 50%

yes
N yes

m Cytosorb treatment m

[ e [

special indications: no score needed




Kinetics of Cytk

 we don t know how much is produced ?

 we don t know how much is metabolized ?

* we don t know how much is eliminated by the kidneys ?

* we don t know how much we need to remove by the cartridge ?

e >>> we know that around 12 hrs starts to show a plateau in
adsorption >>> may suggest more frequent



Dynamic Prescription
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adjuvant therapy for critically
ill patients with COVID-19

impasse !



Table 1| Potential mechanisms of kidney damage and treatment strategies in COVID-19

Pathway? Mechanism of kidney damage Suggested treatment strategy
Cytokine damage
Cytokine release syndrome Direct cytokine lesion fytokine removal using various )

Increased cytokine generation
owing to ECMQO, invasive mechanical
ventilation and/or CKRT

Haemophagocytic syndrome

Organ crosstalk

Cardiomyopathy and/or viral Cardiorenal syndrome type 1
myocarditis

Alveolar damage Renal medullary hypoxia

High peak airway pressure and Renal compartment syndrome
intra-abdominal hypertension

Rhabdomyolysis Tubular toxicity

Systemic effects

Positive fluid balance Renal compartment syndrome

Endothelial damage, third-space fluid ~ Renal hypoperfusion
loss and hypotension

Rhabdomyolysis Tubular toxicity
Endotoxins Septic AKI

approaches: direct haemoperfusion using
a neutro-macroporous sorbent; plasma
adsorption on resin after separation from

whole blood; CKRT with hollow fibre filters
with adsorptive properties; high-dose

\CKRT with MCO or HCO membranes  /

LVAD, arteriovenous ECMO

Venovenous ECMO

Venovenous ECMO, extracorporeal CO,
removal, CKRT

CKRT using a HCO or MCO membrane

Continuous ultrafiltration and diuretics

Vasopressors and fluid expansion

CKRT usinga HCO or MCO membrane

Endotoxin removal using polysterene
fibres functionalized with polymyxin-B

AKI, acute kidney injury; CKRT, continuous kidney replacement therapy; ECMO, extracorporeal membrane oxygenation; HCO, high
cut-off; LVAD, left ventricular assist device; MCO, medium cut-off. °The pathways and mechanisms are interconnected and treatment

strategies will influence different aspects simultaneously.
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The COVID-19 pandemic has led to the biggest global health crisis of our lifetime. There is accumulating evidence that
a substantial number of critically ill COVID-19 patients exhibit a dysregulated host response manifesting as cytokine storm or
cytokine release syndrome, which in turn contributes to the high observed rates of mortality. Just as in other hyperinflammatory
conditions, extracorporeal cytokine removal may have potential beneficial effects in this subgroup of COVID-19 patients. The
CytoSorb blood purification device is the most extensively investigated cytokine removal platform with considerable evidence
suggesting that early intervention can provide rapid hemodynamic stabilization and improvement in vital organ functions. The
purpose of this review is to provide an overview of the pathophysiological background of hyperinflammation in COVID-19 and to
summarize the currently available evidence on the effects of hemoadsorption in these patients.

1. Background

The COVID-19 pandemic has led to the biggest global health
crisis of our lifetime, particularly in intensive care units
(ICUs) [1]. The disease has caused not only high infectivity
and fatality but also universal economic burden and heavy
financial losses [2]. As per the latest World Health Orga-
nization (WHO) consensus data (website accessed
27.04.2021), there have been more than 146 million cases
and over 3 million casualties reported worldwide [3].
There is accumulating evidence that a substantial
number of critically ill COVID-19 patients frequently ex-
hibit viral RNAemia together with a dysregulated immune
response [4] with hyperinflammation manifesting as a cy-
tokine storm or as cytokine release syndrome (CRS), which

in turn contributes to the high observed rates of mortality
[5, 6]. The cytokine profile in these COVID-19 cases seems
to resemble secondary hemophagocytic lymphohistiocytosis
(sHLH), a severe hyperinflammatory syndrome, which in
nearly 30% of cases stem from a viral infection as the un-
derlying condition [5, 7-9]. Reports from China and Italy
showing elevated ferritin levels, a recognized hallmark of
HLH, further corroborate the mechanistic similarities with
severe COVID-19 cases [10].

The above mechanism supports the hypothesis that
extracorporeal cytokine removal may have beneficial effects
in COVID-19 patients similar to those seen in other
hyperinflammatory conditions [11]. In addition, the high
mortality observed with severe COVID-19 disease may at
least in part be explained by a differential response of these
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1 | INTRODUCTION

Abstract

Severe forms of the coronavirus disease 2019 (COVID-19) can progress to sepsis-
like complications accompanied by “cytokine storm” for which the most effective
trestment has not yet been established. Our study describes the results of CytoSorb
hemoadsorption in COVID-19 patients trested on the intensive care unit (ICU).
In this retrospective study, 26 patients with COVID-19 and acute respiratory dis-
tress syndrome (ARDS) were trested with hemoadsorption thergpy. Pre-, and post-
treatment vaues(clinica and | aboratory) were compared. Dataare expressed asmean
(confidence intervas, Cl), or median [interquartile ranges, 1QR], as appropriate.
Patients received 2 hemoadsorption treatments. Thisresulted in asignificant decrease
in norepinephrine requirements, and inflammatory marker plasma concentrations
(procalcitonin, C-reactive protein, ferritin) when comparing pre versus post treat-
ment levels. The Pa0,/FiO, and overdl organ function (ie, Sequentid Organ Failure
Assessment—SOFA score) dso improved significantly. Patients stayed on the ICU
for 9 days and 21 of them survived. To the best of our knowledge, this is one of the
largest case series to date reporting early experiences on extracorporea hemoadsorp-
tion thergpy in SARS-CoV -2 positive patients with hyperinflammation and moderate
ARDS. Tregtment proved to be effective, technicdly feasible and well- td erated.

KEYWORDS
COVID-19, CytoSorb, hemoadsorption, hemadynamic, hyperinflammation, lung function

2019 (COVID-19). Clinica symptoms of the disease in-
dude fever, mydlgia, fatigue, headache, dry cough, expec-

In Decanber 2019, China became the center of an outbreak  toraion, hemoptysis and diarhea, while some pdients go
of the novd coronavirus (severe acute respirdory syndrome  on to devd op severe sepsislike complicaions such as acute
coronavirus 2 [SARS-CoV-2], which has since spread glob- respiratory distress syndrome (ARDS) (40.3%), acute rend
dly, resulting in the ongoing pandemic coronavirus disease  falure (18.3%), cadiac injury (58.6%) and shock (11.‘.-')‘5(:).1



TaBLE 1: Overview of the currently available literature.

Improvement in Improvement in Control of Reference
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emodynamics oxygenation .
response manuscript
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Therapy with the Addition of
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A . . . series Arabia
Kidney Injury: a Case-Series.
Artificial Organs 2021; 45(5):E101-
112
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Hemoadsorption Combined with Retrospective case
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. . series
CoV-2 Pneumonia: Preliminary
Results. Int J Artif organs 2021; epub
Cytokine Adsorption in Patients with Randomized
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Oxygenation. Crit Care 2020; 24: 435 analysis
Hemoperfusion with CytoSorb as
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T et al. Patients with SARS-CoV2 series Y with CytoSorb
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Moazami CytoSorb: First Clinical Experience in prezzfrfzgg; of
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Virtual ECMO Day,” June 25th 2020 b
patients
Blood Purification with CytoSorb in
Nassiri AA Critically Il COVID-19 Patients: A Retrospective case Iran 2% Yes Yes Yes 66

Case Series of 26 Patients. Artif Org
2021; epub
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Dexamethasone in Hospitalized Patients with Covid-19

The RECOVERY Collaborative Group*

ABSTRACT

BACKGROUND

Coronavirus disease 2019 (Covid-19) is associated with diffuse lung damage. Gluco-
corticoids may modulate inflammation-mediated lung injury and thereby reduce
progression to respiratory failure and death.

METHODS

In this controlled, open-label trial comparing a range of possible treatments
in patients who were hospitalized with Covid-19, we randomly assigned patients to
receive oral or intravenous dexamethasone (at a dose of 6 mg once daily) for up
to 10 days or to receive usual care alone. The primary outcome was 28-day mortality.
Here, we report the final results of this assessment.

RESULTS

A total of 2104 patients were assigned to receive dexamethasone and 4321 to re-
ceive usual care. Overall, 482 patients (22.9%) in the dexamethasone group and
1110 patients (25.7%) in the usual care group died within 28 days after randomiza-
tion (age-adjusted rate ratio, 0.83; 95% confidence interval [CI], 0.75 to 0.93;
P<0.001). The proportional and absolute between-group differences in mortality
varied considerably according to the level of respiratory support that the patients
were receiving at the time of randomization. In the dexamethasone group, the
incidence of death was lower than that in the usual care group among patients
receiving invasive mechanical ventilation (29.3% vs. 41.4%; rate ratio, 0.64; 95%
CI, 0.51 to 0.81) and among those receiving oxygen without invasive mechanical
ventilation (23.3% vs. 26.2%; rate ratio, 0.82; 95% CI, 0.72 to 0.94) but not among
those who were receiving no respiratory support at randomization (17.8% vs. 14.0%;
rate ratio, 1.19; 95% CI, 0.92 to 1.55).

CONCLUSIONS

In patients hospitalized with Covid-19, the use of dexamethasone resulted in
lower 28-day mortality among those who were receiving either invasive mechanical
ventilation or oxygen alone at randomization but not among those receiving no
respiratory support. (Funded by the Medical Research Council and National In-
stitute for Health Research and others; RECOVERY ClinicalTrials.gov number,
NCT04381936; ISRCTN number, 50189673.)
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Respiratory Support
at Randomization

Invasive mechanical
ventilation

Oxygen only

No oxygen received

All Patients

Dexamethasone Usual Care
no. of events/total no. (%)
95/324 (29.3)  283/683 (41.4)
298/1279 (233)  682/2604 (26.2)
89/501 (17.8)  145/1034 (14.0)
4822104 (22.9) 111074321 (25.7)

Chi-square trend across three categories: 11.6

Rate Ratio (95% CI)

——

R
<

[
0.50 0.75 1.00 1.50 2.00
Dexamethasone Usual Care
Better Better

0.64 (0.51-0.81)

0.2 (0.72-0.94)

1.19 (0.92-1.55)

0.83 (0.75-0.93)
P<0.001
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... whether haemo-perfusion can alter
cytokine, endotoxin or pathogen levels
sufficiently to have a biological impact is
unclear

A trial that evaluated 97 patients with severe sepsis or septic shock and
acute lung injury or ARDS showed that haemoperfusion removed IL-6 from
the blood but did not lower circulating IL-6 levels
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Abstract

Objective

We report on the effect of hemoadsorption therapy to reduce cytokines in septic patients
with respiratory failure.

Methods

This was a randomized, controlled, open-label, multicenter trial. Mechanically ventilated
patients with severe sepsis or septic shock and acute lung injury or acute respiratory dis-
tress syndrome were eligible for study inclusion. Patients were randomly assigned to either
therapy with CytoSorb hemoperfusion for 6 hours per day for up to 7 consecutive days
(treatment), or no hemoperfusion (control). Primary outcome was change in normalized IL-
6-serum concentrations during study day 1 and 7.

Results

97 of the 100 randomized patients were analyzed. We were not able to detect differences in

systemic plasma IL-6 levels between the two groups (n = 75; p = 0.15). Significant IL-6 elimi-
nation, averaging between 5 and 18% per blood pass throughout the entire treatment period
was recorded. In the unadjusted analysis, 60-day-mortality was significantly higher in the
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Abstract

Objective

We report on the effect of hemoadsorption therapy to reduce cytokines in septic patients
with respiratory failure.

Methods

This was a randomized, controlled, open-label, multicenter trial. Mechanically ventilated
patients with severe sepsis or septic shock and acute lung injury or acute respiratory dis-
tress syndrqmewere eligible for study inclusion, _Patients were randomly assigned to either

therapy withj CytoSorb hemoperfusion for 6 hours per day for up to 7 consecutive days
(treatment), or no hemoperfusion (control). Primary outcome was change in normalized IL-
6-serum concentrations during study day 1 and 7.

Results

97 of the 100 randomized patients were analyzed. We were not able to detect differences in
systemic plasma IL-6 levels between the two groups (n = 75; p = 0.15). Significant IL-6 elimi-
nation, averaging between 5 and 18% per blood pass throughout the entire treatment period

was recorded. In the unadjusted analysis, 60-day-mortality was significantly higher in the
treatment group (44.7%) compared to the control group (26.0%; p = 0.039). The proportion

of patients receiving renal replacement therapy at the time of enroliment was higher in the
treatment group (31.9%) when compared to the control group (16.3%). After adjustment for
patient morbidity and baseline imbalances, no association of hemoperfusion with mortality
was found (p = 0.19).

Conclusions

In this patient population with predominantly septic shock and multiple organ failure,
hemoadsorption removed IL-6 but this did not lead to lower plasma IL-6-levels. We did not

detect statistically signif'icant differences in the secondary outcomes multiple organ dysfunc-
tion score, ventilation time and time course of oxygenation.
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The Next Epidemic — Lessons from Ebola
Bill Gates

Perhaps the only good news from the tragic Ebola
epidemic in Guinea, Sierra Leone, and Liberia is
that it may serve as a wake-up call: we must prepare
for future epidemics of diseases that may spread



Bio-terrorism could kill >30 million people in a
vear in future, warns Bill Gate
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Abstract

BackgroumaFAims: Middle Eagt respiratory syndrome coro-
navirus {MERS-CoV) and Marburg virus (MARV) are among
the World Health Qrganizalion’stop 8 emerging pathogens.
Both zoonoses share nonspecific early sympioms, ahigh le-
thality rate, and areduced number of specific treatment op-
tions. Therefore, we evalualed extracorporeal virusand gly-
coprotein {(GP) diminalion by leclin affinity plasmapheresis
{LAP). Methods For both MERS CoV{pseudovirus) aswell as
MARV {GFs), 4 LAP devices (Mini Hemopurifiers, Aethlon
Medical, San Diego, CA, USA) and 4 negalive controls were
teded. Samples were collected every 30 min and analyzed
for reduction in virus infectivity by a flow cytlometry-based
infedlivity assay (MBRGCoV) and in soluble GP content
{MARV) by an immunoassay. Reaafs The expaiment sshow
atime-dependent dearance of MBRS-CoV of up to 80%with-
in 3 h (pseudovirus). Up to 70% of MARsoluble GPs were
diminaled al the same time. Substantial saturation of the
binding resnswas detected within the first treatment hour.
Condission MERS-CoV (pseudovirus) and MARV soluble GPs
are eliminated by LAPin vitro. Considering the high lethality

and misdng established treatment options, LAP should be
evalualed invivo. Especially early initialion, continucusther-
apy, and timed cartridge exchanges could be ofimportance.
Video Jouma Qub “Cappucdno with Jaudic Ronco’ at
http/iwww karger.com Hoi=487224. 20185 Karger AG Hasd

Introduction

According to Bill Gates' address @ the Munich Secu-
rity Confearence 2017, the next 1015 yearscould witness.
aglabd pandamic takingmorethan 30million victimsin
lessthan ayear [1]. H etherefore cdled for an accd eraded
devdopment of new vaccines, therapeutics, and diagnos-
tics for amerging pathogens Among the World Hedth
Organizaion’stop 8emeaging pathogensaeMiddle East
respirdory syndrome coronavirus (MERS-CoV) as wdl
asMaburg virus (MARV) [2]. Besides azoonotic trans-
misdon chan, ther common fedures ae nonspecific
early symptoms, ahigh lethdityrae, and areduced num-
ber of effectivetreament options [3, 4.

Work was suppoited in part by a grant from Acthlon Medical Inc,
San Diego, USAfor a DARPA research project on Dialysis Like Thera-
peutics
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Seraph® 100

using heparin for pathogen removal
from the blood
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What is the rationale to use the
Seraph® 100 in COVID-19 patients?

1- elimination of the virus from the blood
2- reduction of proinflammatory cytokines
3- improvement in oxygen saturation



In April 2020, the US Food and Drug Administration
granted emergency use authorization for certain
medical devices to be used in patients with
coronavirus disease 2019 (CO- VID-19).

This included extracorporeal blood purification
devices.



the Enrichment Strategy

to select pt that might benefit better
of the treatment
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SEPSIS CASCADE

Infection >>> Immuno response >>> Organ Damage
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SEPTIC PATIENT and THERAPEUTIC TARGETS

Infection >>> Immuno dysregulation >> Organ Damage

A4 Drugs A VA V 4 Drugs A4
Source A Immuno /\ Multiple
Bacteria/Endotoxin modulation Organ
/Virus Cytokine Support
removal removal Therapy

Specific >>>>>> General Aspecific >>>>>> Specific



Infection

. an 2
CD110y
L8P L cos

LPS/Virus

LINEA EMATICA

Qo

PMX-B
Seraph 100
Hemopurifier

: POMPA SANGUE
| Portata 80-120 mMmin
G

AN

4

Megalin/cubilin Seush bordéc

>>> Cytokines/Chemokines

blood

Venous

pressure plasma
Arterial
pressure
—
UF out

v

2
M Catheter

Blood Pump ‘

Reinfusate in

INTEGRATED APPROACH TO SEPSIS

>>> |[mmuno response >>> 0Organ Damage

Central nervous system
Confusion

Lungs
< ARDS

~ Cardiovascular system
Shock

Liver
Excretory failure

Pancreas
Hyperglycemia

Kidneys
Oliguria

~ Gastrointestinal tract
Loss of barrier function

>>> 0Org. Failure




& Antibiotics

Early administration

& Fluids

Several liters initially

® Colloids
® Crystalloid

€) Starches
€ High chloride

& Vasopressors

1—6 hours after
onset

® Enteral
feeding

@ Insulin
therapy

€ Goal oriented
therapy

€ EGDT

therapy

Early goal directed

€ Deep
sedation

@ Molecular
targeted
therapies

® Lung
protective
ventilation

@ Urinary catheter
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we have to support the kidney, we have to support the liver, we have to
support the lungs, the heart,...BUT before that >>> we have to create a
condition in which no further damage occurs in out pt.

Multiple Organ Support in Critical lliness and Sepsis

Critical Care :;‘ .: ! , _ > 4t - 3 -_-_ HEART
FAILURE
REVIEWS

Medicine




Sequential Approach

* Pharmacologic Approach

* Timely Pathogen/Endotoxin removal
* Immunomodulation

* Adequate organ support

Personalized Therapy
Precision Therapy
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