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I N T R O D U C T I O N  –  C l i n i c a l  q u e s t i o nI N T R O D U C T I O N  –  C l i n i c a l  q u e s t i o n
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70-yrs male,70-yrs male, 185 cm, 90 kg, 185 cm, 90 kg,  
combined aortic valve vitium with combined aortic valve vitium with 

leading insufficiencyleading insufficiency
Paroxysmal AFParoxysmal AF

Left Ventricular EF 50%Left Ventricular EF 50%
COPDCOPD

Arterial HypertensionArterial Hypertension
Diabetes Mellitus II (oral medication)Diabetes Mellitus II (oral medication)

former Nicotin Abuseformer Nicotin Abuse

Scheduled surgery:Scheduled surgery:
Aortic Valve Replacement (AVR)Aortic Valve Replacement (AVR)

70-yrs male, 185 cm, 90 kg70-yrs male, 185 cm, 90 kg
Mitral valve insufficiencyMitral valve insufficiency

Paroxysmal AFParoxysmal AF
Left Ventricular EF 50%Left Ventricular EF 50%

COPDCOPD
Arterial HypertensionArterial Hypertension  

Diabetes Mellitus II (oral medication)Diabetes Mellitus II (oral medication)
former Nicotin Abuseformer Nicotin Abuse

Scheduled surgery: Scheduled surgery: 
Mitral Valve Replacement (MVR)Mitral Valve Replacement (MVR)



 AVR

MVR

Emergent due 
to Endocarditis

Elective

1.6%

30.1%30.1%

Complicated 
urgent

I n c r e a s e  o f  M o r t a l i t yI n c r e a s e  o f  M o r t a l i t y   R i s kR i s k

1.0% 4.2%

6.6% 33.2%33.2%

Sepsis!Sepsis!



B A C K G R O U N D  B A C K G R O U N D  

Cardiac surgery in patients with infective endocarditis (IE) is associated Cardiac surgery in patients with infective endocarditis (IE) is associated 
with high mortality even up to 60%.with high mortality even up to 60%.

Boss K et al. Extracorporeal cytokine adsorption: Significant reduction of catecholamine requirement in 
patients with AKI and septic shock after cardiac surgery. Plos One 2021 

Postoperative septic multi-organ failure remains crucialPostoperative septic multi-organ failure remains crucial   factor of mortality, factor of mortality, 
even after curative successful surgery. even after curative successful surgery. 

Habib G et al. Clinical presentation, aetiology and outcome of infective endocarditis. Results of the ESC-
EORP EURO-ENDO (European infective endocarditis) registry: a prospective cohort study. Eur Heart J 2019 
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C a u s e s  o f  I n - H o s p i t a l  M o r t a l i t yC a u s e s  o f  I n - H o s p i t a l  M o r t a l i t y   

Habib G et al. Clinical presentation, aetiology and outcome of infective endocarditis. Results of the ESC-
EORP EURO-ENDO (European infective endocarditis) registry: a prospective cohort study. Eur Heart J 2019 

In- In- 
Hospital Hospital 

MortalityMortality

CardiovascularCardiovascular
28.4%28.4%

Non-Non-
CardiovascularCardiovascular

29.4%29.4%

Combination of Combination of 
Cardiovascular and Cardiovascular and 
Non-CardiovascularNon-Cardiovascular

36.5%36.5%

Other

AssociatedAssociated
76.9%76.9%

Sepsis-Sepsis-

Non-Cardiovascular MortalityNon-Cardiovascular Mortality
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I n f e c t i v e  E n d o c a r d i t i s  a n d  M o r t a l i t yI n f e c t i v e  E n d o c a r d i t i s  a n d  M o r t a l i t y
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Severity of 
Clinical 

Manifestation

Causative Agent 

Duratio
n of 

Exposure

Host 
reaction

Individual 

Polim
orbidity 

S e p s i s    S e p s i s          S e p t i c  S c h o c k  P r o g r e s s i o n    S e p t i c  S c h o c k  P r o g r e s s i o n





 
S t a p h y l o c o c c u s  a u r e u s  i n  b l o o d s t r e a m   &  S t a p h y l o c o c c u s  a u r e u s  i n  b l o o d s t r e a m   &  

e n d o c a r d i t i se n d o c a r d i t i s

S. aureus is the leading cause of IE and its 

mortality has remained high despite better 

diagnostic and therapeutic procedures over time.



I m m u n e  R e a c t i o n  d e t e r m i n e s  t h e  m o d e  o f  I m m u n e  R e a c t i o n  d e t e r m i n e s  t h e  m o d e  o f  
r e s p o n s e  i n  s t a p h y l o c o c c u s  a u r e u s  r e s p o n s e  i n  s t a p h y l o c o c c u s  a u r e u s  

i n f e c t i o ni n f e c t i o n



I n f e c t i v e  E n d o c a r d i t i s ,  S e p s i s  a n d  D i a l y s i sI n f e c t i v e  E n d o c a r d i t i s ,  S e p s i s  a n d  D i a l y s i s

Dialysis is independent predictor Dialysis is independent predictor of of 
mortality also after surgery for IEmortality also after surgery for IE



P r o -  a n d  A n t i - i n f l a m m a t o r y  P r o -  a n d  A n t i - i n f l a m m a t o r y  B a l a n c e  B a l a n c e  
R e s u s c i t a t i o n  R e s u s c i t a t i o n  



P o s s i b l e  M e c h a n i s m  o f  S e p t i c  R e s p o n s e  P o s s i b l e  M e c h a n i s m  o f  S e p t i c  R e s p o n s e  
A l l e v i a t i o nA l l e v i a t i o n

Hemoadsorption therapy interrupts vicious circle of septic shock.Hemoadsorption therapy interrupts vicious circle of septic shock.

Hawchar F et al. The Potential Role of Extracorporeal Cytokine Removal in Hemodynamic Stabilization in Hyperinflammatory 
Shock. Biomedicines 2021;9(7):768. 
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S u b s t a n c e s  r e m o v e d  d u r i n g  H e m o a d s o r p t i o nS u b s t a n c e s  r e m o v e d  d u r i n g  H e m o a d s o r p t i o n
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M o d e s  o f   H y p e r i n f l a m m a t o r y  M o d e s  o f   H y p e r i n f l a m m a t o r y  
H o s t  R e s p o n s e  a n d  H e m o a d s o r p t i o n  H o s t  R e s p o n s e  a n d  H e m o a d s o r p t i o n  
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I n t r a o p e r a t i v e  H e m o a d s o r p t i o n  r e d u c e d   I n t r a o p e r a t i v e  H e m o a d s o r p t i o n  r e d u c e d   
H y p e r i n f l a m m a t o r y  R e s p o n s e  H y p e r i n f l a m m a t o r y  R e s p o n s e  



N o  d e t e c t a b l e  c l i n i c a l  b e n e f i t  a f t e r  N o  d e t e c t a b l e  c l i n i c a l  b e n e f i t  a f t e r  
H e m o a d s o r p t i o nH e m o a d s o r p t i o n
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Diab M, Lehmann T, Bothe W, Akhyari P, Platzer S, Wendt D, Deppe AC, Strauch J, Hagel S, 
Günther A, Faerber G, Sponholz C, Franz M, Scherag A, Velichkov I, Silaschi M, Fassl J, 
Hofmann B, Lehmann S, Schramm R, Fritz G, Szabo G, Wahlers T, Matschke K, Lichtenberg A, 
Pletz MW, Gummert JF, Beyersdorf F, Hagl C, Borger MA, Bauer M, Brunkhorst FM, Doenst T; 
REMOVE Trial Investigators*. Cytokine Hemoadsorption During Cardiac Surgery Versus 
Standard Surgical Care for Infective Endocarditis (REMOVE): Results From a Multicenter 
Randomized Controlled Trial. Circulation. 2022 Mar 29;145(13):959-968.



C o m p a r a b l e  r a t e s  o f  p o s t o p e r a t i v e  C o m p a r a b l e  r a t e s  o f  p o s t o p e r a t i v e  
c o m p l i c a t i o n s  i n  R E M O V E  t r i a lc o m p l i c a t i o n s  i n  R E M O V E  t r i a l
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Diab M, Lehmann T, Bothe W, Akhyari P, Platzer S, Wendt D, Deppe AC, Strauch J, Hagel S, Günther A, Faerber G, Sponholz C, Franz M, Scherag 
A, Velichkov I, Silaschi M, Fassl J, Hofmann B, Lehmann S, Schramm R, Fritz G, Szabo G, Wahlers T, Matschke K, Lichtenberg A, Pletz MW, 
Gummert JF, Beyersdorf F, Hagl C, Borger MA, Bauer M, Brunkhorst FM, Doenst T; REMOVE Trial Investigators*. Cytokine Hemoadsorption During 
Cardiac Surgery Versus Standard Surgical Care for Infective Endocarditis (REMOVE): Results From a Multicenter Randomized Controlled Trial. 
Circulation. 2022 Mar 29;145(13):959-968. 



Retrospective analysis of 202 patients with left-sided infective endocarditis (IE) 
and urgent indication for surgery was performed:

135 patients with native valve IE

67 patients with prosthetic valve IE 

103 patients without intraoperative hemoadsorption103 patients without intraoperative hemoadsorption
 operated between January 2015 and December 2018

9999 patients with  patients with intraoperativeintraoperative hemoadsorption  hemoadsorption during cardiopulmonary bypass 
operated between January 2018 and May 2021  
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N u r e m b e r g  I n f e c t i v e  E n d o c a r d i t i sN u r e m b e r g  I n f e c t i v e  E n d o c a r d i t i s  C o h o r t C o h o r t   



P r e o p e r a t i v e  P a t i e n t  D e m o g r a p h i c s
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P r e o p e r a t i v e  P a t i e n t  C h a r a c t e r i s t i c s
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C o m p l i c a t i o n sC o m p l i c a t i o n s

23Kalisnik et al., submitted for publication 



L a b o r a t o r y - a s s o c i a t e d  P a r a m e t e r s  L a b o r a t o r y - a s s o c i a t e d  P a r a m e t e r s  
a f t e r  S u r g e r ya f t e r  S u r g e r y
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P a r a m e t e r s  o f  P a r a m e t e r s  o f      
S e p s i s - a s s o c i a t e d  a n dS e p s i s - a s s o c i a t e d  a n d   I n - h o s p i t a l  M o r t a l i t yI n - h o s p i t a l  M o r t a l i t y   

25Kalisnik et al., Journal of Clinical Medicine, June 2022
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U p d a t e  s t a p h y l o c o c c u s  a u r e u s  U p d a t e  s t a p h y l o c o c c u s  a u r e u s  

e n d o c a r d i t i se n d o c a r d i t i s

CONFIDENTIAL

Total endocarditis 
patients n=451

Control group:
n = 55

Hemoadsorption 
group:
n = 75

Inclusion: 
only s. aureus

Essen & Nuremberg data
- 01/2015 – 03/2022
- consecutive MRSA & MSSA pts.
- only intraoperative CytoSorb use
- all-comers
- local ethics approval
- Retrospective analysis



E & N  E n d o c a r d i t i sE & N  E n d o c a r d i t i s  -  d e m o g r a p h i c s -  d e m o g r a p h i c s

Variable, demographics
Control

n=55

Hemoadsorption

n=75

 

p

   Age, years 60.8±13.5 60.7±16.5 0.99

   Gender, male 32 (58.2) 38 (50.1) 0.47

   Arterial hypertension 35 (63.6) 47 (62.7) 1.00

   IV drug abuse 12 (21.8) 10 (13.3) 0.24

   Dialysis dependent 5 (9.1) 6 (8.0) 1.00

   COPD 10 (18.2) 12 (16.0) 0.81

   Peripheral vascular disease 9 (16.3) 6 (8.0) 0.17

   Liver cirrhosis 2 (3.6) 3 (4.0) 1.00

   Pulmonary hypertension 3 (5.5) 4 (5.3) 1.000

   Coronary artery disease 13 (23.6) 25 (33.3) 0.24



CONFIDENTIAL

   EuroSCORE II, % 12.0±11.5 11.9±15.2 0.49

   Reoperation 15 (27.2) 19 (25.2) 0.84

   Atrial fibrillation 12 (21.8) 26 (34.7) 0.12

   History of stroke 18 (32.7) 28 (37.3) 0.71

   Fever 45 (81.8) 57 (76.0) 0.51

       

   MSSA 52 (94.5) 69 (92.0) 0.73

   MRSA 3 (5.5) 6 (8.0) 0.73

E & N  E n d o c a r d i t i sn d o c a r d i t i s  -  C o m o r b i d i t i e s -  C o m o r b i d i t i e s



CONFIDENTIAL
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Control

hemoadsorption

VIS 72h postoperatively

P=0.006

P=0.014

P=0.001 P=0.016 P=0.018

n=130 pts.

E & N  E n d o c a r d i t i sE & N  E n d o c a r d i t i s  –  I n o t r o p i c  s u p p o r t –  I n o t r o p i c  s u p p o r t



 
E s s e n & N u r e m b e r g  s t a p h y l o c o c c u s  a u r e u s  E s s e n & N u r e m b e r g  s t a p h y l o c o c c u s  a u r e u s  

E n d o c a r d i t i s  c o h o r tE n d o c a r d i t i s  c o h o r t

CONFIDENTIAL

   Control Hemoadsorption P

   Sepsis-related mortality 12 (21.8) 6 (8.0) 0.02

   30-day mortality 18 (32.7) 12 (16.0) 0.03

   90-day mortality 22 (40.0) 14 (18.7) 0.009

Mortality



C O N C L U S I O N SC O N C L U S I O N S

33

The need The need   for inotropes, kidney failure requiring dialysis,for inotropes, kidney failure requiring dialysis,  excessive  excessive 
bleedingbleeding and inflammation and inflammation were independently associated with  were independently associated with 
sepsis-associated and in-hospitalsepsis-associated and in-hospital  mortality.mortality.

Intraoperative hemoadsorption may reduce sepsis, sepsisIntraoperative hemoadsorption may reduce sepsis, sepsis--
associated mortalityassociated mortality and inflammatory response  and inflammatory response after surgeryafter surgery for  for 
infective endocarditis in high-risk patients withinfective endocarditis in high-risk patients with left-sided  left-sided native or native or 
prosthetic valve endocarditis.prosthetic valve endocarditis.

Treatment was safe without CytoSorb®Treatment was safe without CytoSorb® device device-related adverse-related adverse  
eventsevents  in all high-risk cohorts presented.in all high-risk cohorts presented.

Seemingly, S. Aureus subcohorts benefit more from Seemingly, S. Aureus subcohorts benefit more from 
Hemoadsorption therapyHemoadsorption therapy.

Optimal timing, strategy and duration of Hemoadsorption needs Optimal timing, strategy and duration of Hemoadsorption needs 
to be determined in the future in most responsive subcohorts.to be determined in the future in most responsive subcohorts.
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