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Hallmarks of COVID-19 infection

• The Corona Virus Disease 2019 (COVID-19) is initially asymptomatic, resulting in high 
transmission rate R0 ≤ 4.08 (Cao et al. 2020), and presents with fever, fatigue, and dry cough 

• The virus infects the respiratory epithelium of the lower airways, causing widespread damage via 
cytopathic effect, resulting in severe inflammation and pneumonitis

• High local and circulating levels of cytokines, or cytokine storm, can lead to capillary leak 
syndrome, progressive lung injury, respiratory failure and acute respiratory distress syndrome 
(ARDS)

• Complications in the critically-ill include ARDS (61%), 
arrhythmia (44%), shock (31%), acute cardiac injury (22%), 
and AKI (8.3%) 

• ECMO has been used to help rescue patients who fail 
mechanical ventilation

• Wang, D, et al. “Clinical Characteristics of 138 Hospitalized Patients with 2019 Novel Coronavirus-infected Pneumonia in 
Wuhan, China.” JAMA (2020)

• Chen, Nanshan, et al. "Epidemiological and clinical characteristics of 99 cases of 2019 novel coronavirus pneumonia in 
Wuhan, China: a descriptive study." The Lancet (2020)

• Cao, Zhidong, et al. "Estimating the effective reproduction number of the 2019-nCoV in China." medRxiv (2020).

Chest X-ray showing compromised 
lungs

Chen et al 2020
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Cytokine storm in COVID-19 infections
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CytoSorb has several attack points

1 Cytokine storm ⇓ 2 PAMPs / DAMPs ⇓ 3 New cytokines ⇓ 4 New DAMPs ⇓

1
2

2

3

4

4

4



Consider CytoSorb in COVID-19 patients

“Finally, a sepsis-like syndrome might occur frequently due to the virus itself or to a 
superimposed bacterial infection and in this case, since pharmacological approaches 
have shown poor results, new extracorporeal organ support therapies including 
haemoadsorption and haemoperfusion, with new sorbent cartridges designed to 
remove cytokines and other circulating mediators, should be considered.“
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It‘s an adjunctive therapy 
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Hemodynamic stabilization with CytoSorb

“Following the initiation of adsorption therapy, 
noradrenaline dose could be significantly
reduced after 6… and 12 h…. Shock reversal was 
achieved in 13 (65%) patients; “

“..was associated with hemodynamic stabilization
and a reduction in blood lactate levels. “

“It was found to be safe with significant effects 
on nor- epinephrine requirements…”
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Improvement in lung function with CytoSorb

„…improved respiratory function as 
measured by PaO2/FIO2, ventilator 
parameters, lung mechanics, and indirect 
measures of capillary leak syndrome.“

“Respiratory variables improved significantly.“ 

„..associated with a progressive improvement 
of acute respiratory dis- tress syndrome 
(PaO2/FIO2 ratio)“. 
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CytoSorb set-up

Hemoperfusion RRT

CPB ECMO 

Pre Filter 
Post Filter

Extracorporeal 
Circuit

• Blood flow through 
CytoSorb 100-700 ml/min

• Anticoagulation as usual
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How to implement CytoSorb therapy  

1) General aspects: 

• The virus infects the respiratory epithelium of the lower 
airways, causing widespread damage via cytopathic effects, 
resulting in severe inflammation and pneumonitis.

• High local and circulating levels of cytokines, or cytokine 
storm, can lead to capillary leak syndrome, progressive lung 
injury, respiratory failure and acute respiratory distress 
syndrome (ARDS).

• In addition to ARDS (61%), further complications in the 
critically-ill include shock (31%), acute cardiac injury (22%), 
and AKI (8.3%). 

• ECMO therapy has been used to help rescue patients who 
fail mechanical ventilation. 
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How to implement CytoSorb therapy 

1) General aspects: 

• As a sepsis-like syndrome might frequently occur due to the 
virus itself or to a superimposed bacterial infection, so that 
new extracorporeal organ support therapies such as 
CytoSorb therapy designed to remove cytokines and other 
circulating mediators, should also be considered.

• Based on current clinical data CytoSorb therapy has shown 
its ability to rapidly stabilize hemodynamics with profound 
vasopressor reduction and has even been associated with a 
substantial reduction of mortality in patients with refractory 
septic shock. Additionally, first publications in regard to the 
successful use of CytoSorb therapy in viral infections such 
as influenza are available. 
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How to implement CytoSorb therapy 

2) Basic prerequisites for the use of CytoSorb therapy:

• CytoSorb is to be employed as an adjunctive, not as a primary therapy 
• Treatment duration and indication for exchange of adsorber depend on 

the clinical course. The maximum treatment time per adsorber is 24 hours. 
• Usual contraindications for extracorporeal blood circuits apply. 
• Installation must never be into the main-stream of an ECMO circuit, 

pressure or flow monitoring of CytoSorb line is recommended 
• Recommended blood flow rate 150 - 700 ml/min with a minimal flow of 

100ml/min. 
• Anticoagulation must be effective at the start of treatment. 
• In general, no special adaptations of any anticoagulation protocols for 

CytoSorb are necessary. The specifications of the device manufacturer 
must be observed. 
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How to implement CytoSorb therapy 

2) Basic prerequisites for the use of CytoSorb therapy:

• Systemic heparinization
• An aPTT of 60-80 s or an ACT of 160-210 s is usually sufficient for 

CytoSorb. The aPTT or ACT should be checked regularly. 

• Regional anticoagulation with citrate
• Initial dose, blood flow rate, control and adjustment of calcium and 

citrate according to protocol used. Citrate and calcium additions 
are made at the usual sites of the CRRT.

• The control of ionized calcium (CRRT circuit & patient) a few 
minutes after the start of treatment and at regular intervals of 2-4h 
is recommended. 

• Generally, any decision on dosage and target values is the 
responsibility of the treating physician. 
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How to implement CytoSorb therapy 

3) Clinical criteria/aspects for the use of CytoSorb therapy in patients 
with 2019 nCoV

• Profound vasoplegia with elevated levels of lactate and high need for 
vasopressors (e.g. NE > 0.3 µg/kg/min) not responding to standard 
therapy PLUS indication for /running (continuous) renal replacement 
therapy (C)RRT (CytoSorb therapy should started within the first 6 to 
maximum 24 hrs. after start of standard therapy)

• Very severe respiratory distress syndrome, such as indication for prone 
positioning to ensure adequate oxygenation under mechanical 
ventilation PLUS indication for /running (continuous) renal 
replacement therapy (C)RRT 

• Indication for use of ECMO/ECLS therapy 
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How to implement CytoSorb therapy 
4) Initiation of CytoSorb therapy: 

• CytoSorb should be flushed with saline and then be integrated into the 
(C)RRT or ECMO system (see detailed instructions in the quick setup 
guides/IFU) 

5) Follow up / change of the adsorber:
• After initiation of CytoSorb therapy the first adsorber should be changed 

after 12 hrs. 
• Thereafter, the adsorber should be changed every 12-24 hrs. depending 

on the clinical course (e.g. degree of hemodynamic instability, pulmonary 
dysfunction)

6) Termination of the therapy: 
CytoSorb therapy should be terminated after 3 days in cases of primarily 
respiratory problems .
In cases of profound vasoplegia as the leading clinical problem, CytoSorb 
therapy should be continued (with new adsorbers every 12-24 hrs) until 
shock reversal and reduction of vasopressor need is down to <10% of 
baseline need. 
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How to implement CytoSorb therapy 
7) Remarks

• Data on the impact of CytoSorb therapy on plasma levels of antiviral 
medication is unfortunately still scarce. Results from animal studies point to
a rather very low removal of Ganciclovir by the CytoSorb adsorber and
anecdotal reports on CytoSorb therapy in influenza patients receiving
Oseltamivir (Tamiflu) did not state any abnormalities indicating relevant 
removal by CytoSorb. 

• In principle we generally recommend choosing a dosage for antiviral (and
or antibiotic) therapy at the upper end of the recommended range and to
perform therapeutic drug monitoring wherever possible.
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Virus Antiviral treatment Clinical picture Superinfection Effect with CytoSorb Author
Influenza B None Rhabdomyolysis 

AKI
None Myoglobin decrease Padiyar 2019

Influenza B Zanamivir Pneumonia
Septic shock

Methicillin-resistant S. 
aureus

Hemodynamic stabilization Poli 2019

Herpes
simplex virus type 1

Aciclovir Septic shock
Hemophagocytic
lymphohistiocytosis

None Reduction of IL-6 levels
Hemodynamic stabilization

Frimmel 2019

Epstein-Barr 
(suspected)

Ganciclovir Septic shock
Hemophagocytic
lymphohistiocytosis

None Reduction of IL-6 levels
Hemodynamic stabilization

Frimmel 2019

Cytomegalovirus Fluconazole Pneumonia
Sepsis
Acute kidney injury

Methicillin-resistant S. 
aureus

Reduction of IL-6 levels Reduction 
of S100, PCT, and CRP
Hemodynamic stabilization

Saparov  2019

Influenza A Oseltamivir Multiple myeloma
Septic shock
ARDS

Pneumococcus Hemodynamic stabilization Trachsel 2018

Acute respiratory
viral infection

None Septic shock
Multiple organ failure

None Hemodynamic stabilization
Reduction of IL-6
Reduction of IL-10 and PCT

Serednyakov 
2017

Influenza None ARDS
Septic shock

E. coli Protection of vascular barrier 
function

David 2017

H1N1 Intravenous 
immunoglobulin G

ARDS
Cardiogenic shock
Severe sepsis

S. aureus Hemodynamic stabilization Lees 2016

H1N1 Oseltamivir Septic shock
ARDS
Multiple organ failure

None Hemodynamic stabilization
Reduction of PCT

Ziegeler 2016

Herpes Aciclovir Septic shock
Toxic shock syndrome
Multiple organ failure

None Hemodynamic stabilization
Reduction of lactate levels

Engel 2016

CytoSorb Viral Sepsis Treatments to Date
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• A 32-year-old Caucasian female presented with 
septic shock and accompanying acute kidney 
injury (Sequential Organ Failure Assessment 
(SOFA) = 18) to the ICU 

• In spite of a broad anti-infective regimen, 
adequate fluid resuscitation, and high doses of 
inotropics and catecholamines, she remained 
refractory hypotensive

• Serum was obtained from this patient before 
and after 24-hour CytoSorb treatment

• The serum was added to HUVECs cultured in-
vitro and analyzed via transendothelial electrical 
resistance and immunocytochemistry

Results showed that serum from the patient prior to 
treatment disrupted tight junctions, whereas serum from 
the same patient collected after treatment with 
CytoSorb was able to maintain tight junctions.

David, Sascha, 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 treatment was shown to prevent decrease of endothelial 
integrity (causing capillary leak syndrome) in a patient with influenza and 
septic shock
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Case Study: Prevention of vascular permeability



Refractory vasoplegia
(NE > 0.3 µg/kg/min

elevated lactate levels) 
despite standard

therapy *

Indication
for/running CRRT

OR

Very severe 
respiratory 

distress syndrome 
(such as indication for 

prone positioning) 

OR

Indication for
ECMO/ECLS 

therapy

Start CytoSorb therapy
via integration into

CRRT

or ECMO

Blood flow through CS
100-700ml/min

Change 
first

adsorber 
after 12 

hrs.

Continue 
therapy with 

new 
adsorbers

every 12-24 
hrs. until 
sufficient 
clinical 
stability 

* Best results when CytoSorb therapy is started within first 12- 24 hrs after start of
standard therapy adressing vasoplegic shock

Indication
for/running CRRT
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CytoSorb Website – A Wealth of Info

Visit us at www.cytosorb.com

http://www.cytosorb.com/


Please contact:

Dr. Jörg Scheier
Senior Medical Director

joerg.scheier@cytosorbents.com


