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Abstract
Infective endocarditis surgical patients suffer from high rates of severe complications such as systemic inflammatory response, 
septic shock, and multi-organ failure leading to high mortality. Systemic inflammatory response based on cytokines as 
messengers plays an important role in these patients. The concept of intraoperative haemoadsorption has been proposed to 
remove such elevated cytokines in patients undergoing cardiac surgery for infective endocarditis. Haemoadsorption offers the 
possibility to stabilise haemodynamics, reduce sepsis-related mortality, and protect organ function. However, until now, there 
has been no general opinion and consensus regarding the clinical effectiveness of adjunctive intraoperative haemoadsorption 
in infective endocarditis. Therefore, we reviewed the current literature evaluating haemoadsorption in infective endocarditis 
patients undergoing cardiac surgery. The review was registered at PROSPERO (CRD42023457632).
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Introduction

Complicated acute infective endocarditis (IE) is a life-threat-
ening disease that requires open heart surgery with the use 
cardiopulmonary bypass (CPB), which may be complicated 
by vasoplegia, and, in worst-case scenarios, vasoplegic 

shock due to systemic inflammatory response syndrome 
(SIRS) [1, 2]. A systemic inflammatory response in combi-
nation with systemic infection caused by different pathogens 
is in general orchestrated by cytokines as messengers result-
ing in a cytokine release syndrome or the so-called cytokine 
storm [3]. Sepsis and subsequent organ failure are an impor-
tant cause of death especially in high-risk IE patients under-
going cardiac surgery for IE [4, 5].

Intraoperative haemoadsorption has been proposed to 
remove inflammatory mediators and might be supportive 
in IE patients operated on with CPB [6]. Until now, there is 
no general opinion and consensus about the clinical effec-
tiveness of adjunctive intraoperative haemoadsorption in IE.

The aim of the present systematic review is to summarise 
the current published knowledge of intraoperative haemoad-
sorption in the setting of IE.

Methods

Literature search

A systematic search of the PubMed database was performed 
on 28 November 2023, using the following key search words: 
“endocarditis” AND “hemoadsorption” OR “hemoad-
sorbtion” OR “hemadsorption” OR “hemadsorbtion” OR 
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“haemoadsorption” OR “haemoadsorbtion” OR “haemad-
sorption” OR “haemadsorbtion”. Moreover, the CytoSorb-
ents literature database was also evaluated (https:// liter ature. 
cytos orb- thera py. com/). Eligibility of studies for inclusion 
was cross-checked by senior authors (M.T. and C.B.). Full 
texts of the remaining articles were then screened. During 
the literature screening and selection process, the principles 
derived from the Preferred Reporting Items for Systematic 
Reviews and Meta-Analyses (PRISMA) guidelines with 
an intention of preserving an objective approach were fol-
lowed (Supplement). The systematic review was registered 
at PROSPERO (CRD42023457632).

Inclusion and exclusion criteria

Only studies evaluating the intraoperative use of haemoad-
sorption (CytoSorb®,CytoSorbents, Princeton, NJ, USA) 
in cardiac surgery for IE were included. Manuscripts were 

considered for inclusion if they were in the English language 
and published in the last 10 years. Single case reports, let-
ters to the editor, and protocol publications were excluded.

Results

Summary of included papers

A total of 13 studies could be extracted evaluating IE and 
haemoadsorption in the cardio-surgical field including three 
randomised controlled trials (RCTs) (Fig. 1). All studies 
were published between 2017 and 2023. Of these, a total 
of 6 studies were observational trials, with three of them 
including dedicated propensity score matching. One study 
presented basic research data on IE and another study pre-
sented a theoretical budget impact analysis. One study was 

Fig. 1  Identification of studies 
via databases and registers

https://literature.cytosorb-therapy.com/
https://literature.cytosorb-therapy.com/
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a meta-analysis of the use of haemoadsorption in the field 
of cardiac surgery also including IE.

In chronological order, all 13 studies are summarised: 
The first experience with intraoperative haemoadsorp-
tion in IE was published by Träger et al. in 2017 [6]. The 
authors described a case series of 39 patients presenting with 
proven IE being operated on in combination with intraop-
erative CytoSorb® haemoadsorption. The authors showed a 
marked reduction in inflammatory parameters (interleukin—
IL-6 and IL-8) and quick haemodynamic stabilisation with 
a rapid decrease in the need for postoperative vasopressors. 
Träger et al. compared their results to 28 historical control 
patients and the authors could show a shorter intensive care 
unit (ICU) stay in the intervention group (median 5.0 days 
vs. 7.5 days). In 2019, Kuhne et al. evaluated the postopera-
tive continuation of CytoSorb® treatment in IE patients [7]. 
In 10 IE patients, only intraoperative haemoadsorption was 
performed, whereas in another 10 IE patients, the treatment 
was continued postoperatively in the ICU using continu-
ous renal replacement therapy (CRRT). The authors showed 
that although the intraoperative plus postoperatively treated 
patients had higher risk scores and a more pronounced dis-
ease severity, they had similar results compared to the only 
intraoperative haemoadsorption group. It should be acknowl-
edged that Kuhne et al. did not use new fresh adsorbers to 
continue postoperatively. The authors flushed the intraopera-
tively used and saturated adsorbers and implemented these 
adsorbers into the CRRT, which is usually not recommended 
by the manufacturer.

A retrospective case-controlled analysis evaluated the 
intraoperative use of haemoadsorption in native mitral valve 
IE patients, which was published in 2020 by Haidari et al. 
[8]. The authors compared 30 haemoadsorption patients to 
28 controls without intraoperative haemoadsorption. Inter-
estingly, the authors could show a statistically significant 
reduction in the levels of postoperative inotropic support 
in-line with improved systemic vascular resistance. They 
could also prove for the first time both a significant reduction 
in postoperative sepsis and in sepsis-associated mortality 
according to the SEPSIS-3 guidelines [9]. However, these 
findings did not translate into a statistically significant dif-
ference in 30-day mortality.

A retrospective case-controlled study by Santer et al. eval-
uated the use of intraoperative haemoadsorption by inversed 
probability treatment weighting [10]. A total of 41 patients 
were treated by intraoperative haemoadsorption compared to 
200 historical controls (time interval: 2009 to 2019). Since 
various intensive care strategies changed over this 10-year 
period, results were also adjusted for the impact of time. 
Santer et al. [10] observed different results compared to 
Haidari et al. [8]: The authors presented higher inotropic 
support in the postoperative period (higher noradrenaline 
and milrinone demand) and interestingly more red blood 

cell and platelet transfusions. Moreover, higher bleeding 
events with a higher incidence of reoperations resulting in 
prolonged hospitalisation were described. Regarding their 
primary outcome parameter of in-hospital mortality, no dif-
ference could be observed.

The first RCT evaluating the application of haemoad-
sorption in IE included in total 20 patients [11]. The pri-
mary endpoint parameter was the postoperative course of 
cytokine levels as well as inflammatory parameters. The 
treatment group received postoperative continuation of the 
haemoadsorption therapy for 24 h. The authors changed 
the adsorbers every 8 h based on an estimated saturation 
of the device resulting in one intra- and three postoperative 
adsorbers (overall 4 adsorbers per patient). The overall risk 
as calculated by the European System for Cardiac Opera-
tive Risk Evaluation (EuroSCORE)-II in their cohort was 
8.5% (median) in the haemoadsorption group compared to 
3.6% in the controls (p = 0.39). Asch et al. concluded that 
haemoadsorption therapy did not result in a reduction of 
inflammatory parameters nor result in an improvement in 
haemodynamic parameters in patients operated on for IE.

In 2022, a small single RCT was published by a group 
from Gothenburg, Sweden [12]. A total of 19 patients with 
IE requiring cardiac surgery were randomised to receive 
either intraoperative CytoSorb® whilst on the CPB circuit 
(10 pts) or standard care (9 pts). The authors showed that 
the accumulated dose of noradrenaline was at least doubled 
in the control group postoperatively at all time points after 
surgery; however, this was statistically non-significant due 
to the low patient numbers included. At 3 h postoperatively, 
the median accumulated amount of noradrenaline was 16 µg 
vs. 36 µg; at 6 h, 28 µg vs. 82 µg; and after 12 h, 32 µg vs. 
112 µg. After 48 h, it was 36 µg vs. 261 µg (p = 0.09), which 
corresponds to an almost sevenfold increased noradrenaline 
amount in the controls. Duration of noradrenaline dose was 
also numerically longer in the control group (median 6 h vs. 
48 h). In contrast to Santer et al. [10], Holmen et al. could 
show in their small RCT a significantly lower need for red 
blood cell transfusions in the CytoSorb® group (285 vs. 
1940 mL, p = 0.03). The amount of transfused plasma and 
platelets was also greater in the control group. There was 
also a non-significant trend towards a shorter time on the 
ventilator in the CytoSorb® group [12].

Just a few weeks after Holmen et al. published their small 
RCT, the Revealing Mechanisms and Investigating Efficacy 
of Hemoadsorption for Prevention of Vasodilatory Shock 
in Cardiac Surgery Patients With Infective Endocarditis 
(REMOVE) trial was published [13]. In this multi-centre, 
non-blinded control trial, 288 IE patients were randomly 
assigned to either intraoperative haemoadsorption use with 
CytoSorb® (142 pts) or standard treatment (146 pts). The 
REMOVE trial failed to show a reduction in the Sequen-
tial Organ Failure Assessment (SOFA) score (being the 
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primary endpoint parameter) in the postoperative course in 
the haemoadsorption group. However, the REMOVE trial 
could nicely show that all important cytokines, including 
cell-free deoxyribonucleic acid (DNA) and midregional pro-
adrenomedullin (MR-proADM), were highly significantly 
reduced in the haemoadsorption group (first 50 randomised 
patients being evaluated). Results showed that there was no 
difference in the mortality or duration of mechanical ven-
tilation, use of vasopressors, or renal replacement therapy.

In the same year, another study by Haidari et al. evalu-
ated the clinical effects of intraoperative haemoadsorption 
in high-risk patients [14]. High-risk patients with IE and 
intraoperative haemoadsorption were compared to patients 
without haemoadsorption and propensity score matching 
was applied. After matching, 70 high-risk patients were 
included (35 in each arm). The endpoints were the incidence 
of postoperative sepsis, sepsis-associated mortality, and in-
hospital mortality. Additionally, postoperative vasopressor 
need, systemic vascular resistance index, and SOFA scores 
were compared. Rates of postoperative sepsis were similar 
(14 patients in the haemoadsorption group and in 16 patients 
in the control group, p = 0.629). Four patients died due to 
postoperative sepsis in the haemoadsorption group, while 
11 postoperative septic patients died in the control group, 
p = 0.041. In-hospital mortality was 34% in the haemoad-
sorption group versus 43% in the control group, p = 0.461. 
On ICU admission and the first postoperative day, the cumu-
lative vasopressor need (noradrenaline and adrenaline) was 
0.17 versus 0.25  µg/kgBW/min, p = 0.123 and 0.06 vs. 
0.11 µg/kgBW/min, p = 0.037. Interestingly, this study also 
evaluated the systemic vascular resistance index in a com-
prehensive manner (as measured by pulmonary Swan-Ganz 
catheter). The vascular resistance was significantly improved 
in the haemoadsorption group on ICU admission 1448 ver-
sus 941 dyn*s*cm-5, p = 0.013. The postoperative course 
of SOFA score normalised significantly faster (p = 0.01) in 
the haemoadsorption group. Moreover, respiratory failure 
requiring reintubation occurred in 20 pts (6 in the haemoad-
sorption group and 14 in the control group, p = 0.034).

A few months later, another propensity score-matched 
analysis was published by Kalisnik et al. [15]. The objective 
was to assess the efficacy of intraoperative haemoadsorption 
in active left-sided native (135 pts) and prosthetic IE (67 
pts). Active IE was defined as an ongoing infection under 
antibiotic therapy. Patients with intraoperative haemoadsorp-
tion were compared to patients without haemoadsorption 
(controls) over a 6-year period. Ninety-nine patients received 
intraoperative haemoadsorption inserted into the CPB circuit 
and 103 patients did not. Ninety-nine propensity-matched 
pairs were selected for final analyses, resulting in an overall 
cohort of 198 patients. The authors could show that postop-
erative sepsis and sepsis-related mortality were reduced in 
the haemoadsorption group (22.2% vs. 39.4%, p = 0.014 and 

8.1% vs. 22.2%, p = 0.01, respectively). In-hospital mortality 
tended to be lower in the haemoadsorption group (14.1% vs. 
26.3%, p = 0.052). Key predictors for sepsis-associated mor-
tality and in-hospital mortality were preoperative inotropic 
support, lactate levels 24 h after surgery, C-reactive protein 
levels on postoperative day 1, chest tube output, cumulative 
inotropes and white blood cell counts on postoperative day 
2, and new onset of dialysis. Of note, multivariate regres-
sion analysis revealed, for the first time, that intraoperative 
haemoadsorption with CytoSorb® as a preventative measure 
was significantly associated with lower sepsis-associated, as 
well as in-hospital mortality.

More recently, a dual-centre trial evaluated the impact of 
intraoperative haemoadsorption in patients with IE based 
on Staphylococcus aureus [16]. The authors compared 55 
controls to 75 patients with intraoperative haemoadsorption 
undergoing cardiac surgery. The author’s hypothesis was 
that using CytoSorb® in this setting was for the removal 
of Staphylococcus aureus endotoxin by the adsorber, which 
might be the cause of postoperative vasoplegia and poor out-
comes. There were no differences in the demographics. The 
mean EuroSCORE-II for both groups was 11.9% and 12.0%, 
indicating a high-risk surgical population. Results showed 
improved postoperative haemodynamic stabilisation with a 
significantly decreased vasoactive inotropic score (VIS) in 
the haemoadsorption group at all time points from 6 to 72 h 
postoperatively. Importantly, sepsis-related mortality (8.0% 
vs. 22.8%, p = 0.02) and 30-day (17.3% vs. 32.7%, p = 0.03) 
and 90-day overall mortality (21.3% vs. 40%, p = 0.03) were 
also significantly lower in the haemoadsorption group. New, 
postoperative renal failure requiring haemodialysis devel-
oped in 38 patients, 16 in the haemoadsorption group and 
22 in the control group (p = 0.03).

Basic research

A basic research analysis by Piskovatska et al. evaluated the 
adsorbed proteins during haemoadsorption [17]. Interest-
ingly, the authors stored the intraoperatively used adsorbers 
from the REMOVE trial [13]. Directly after disassembling, 
the polymer beads were extracted from the adsorber and 
were stored in 5.0-mL Eppendorf tubes at − 20 °C until 
protein extraction. Proteins were thereafter eluted from the 
polymer beads and a pool of 4 different elutions from 4 dif-
ferent adsorbers was used to test the effect on the endothe-
lium. Most importantly, the authors could show that the 
elution had a severe effect on the viability of human aortic 
endothelial cells. Moreover, the same results were observed 
when applying the same elution to a standardised wound 
healing panel. In comparison to the before-mentioned results 
when the elution was used, no cell viability alterations were 
observed when commercially available serum was added to 
the test setup. Along with these results, the authors showed 
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a broad spectrum of protein removal by haemoadsorption. 
Therefore, the authors stated that intraoperative haemoad-
sorption is capable of binding diverse detrimental proteins. 
Moreover, the authors concluded that “Material eluted from 
the CytoSorb® matrix used for hemoadsorption in patients 
with infective endocarditis causes dose-dependent and sig-
nificant reduction in viability and migratory capacity of cul-
tured endothelial cells.”

Budget impact analysis

Recently, a theoretical budget impact model was published 
by Rao et al. [18]. This theoretical model was based on the 
data from Träger et al. showing a difference in postoperative 
ICU stay in a group of IE patients with intraoperative hae-
moadsorption [6]. This theoretical model calculated all costs 
for the therapy of intraoperative haemoadsorption based on 
a potential annual population of 550 patients for the whole 
system in Germany. The model resulted in potential cost 
savings of 2298€ in the base-case scenario without specific 
reimbursement of the therapy, which increased up to 3804€ 
per patient in the case of full device-specific reimbursement. 
In conclusion, the authors stated that, despite being a theo-
retical model, intraoperative haemoadsorption might lead to 
important cost savings.

Review and meta‑analysis

By using the above-mentioned keywords for the systematic 
search, a systematic review and meta-analysis by Naruka 
et al. was retrieved [19]. The authors did not restrict the 
types of cardiac surgery, including cardiac transplantation 
and IE. They conducted their analysis on the main outcomes 
(operative mortality, ventilation duration, ICU, and hospital 
stays) and day 1 inflammatory marker levels postoperatively. 
A total of 15 studies were included for the final analysis 
(eight RCTs and 7 observational studies) showing no evi-
dence of publication bias. Although all forms of adsorption 
therapies were allowed to be included in the analysis, 12 of 
the 15 studies were using CytoSorb®. Subgroup analysis of 
non-elective cardiac surgery across all studies (emergency 
and IE) significantly favoured haemoadsorption in terms of 
30-day mortality (p = 0.01) and shorter ICU stay (p = 0.001), 
while comparing haemoadsorption and controls across all 
studies, including elective surgeries, showed no significant 
difference in this regard. According to the authors, this illus-
trates the fact that cytokine adsorption may be preferentially 
more effective in patients with high inflammatory response, 
such as with IE or cardiac transplant patients or high-risk 
and longer-lasting surgeries. The authors finally conclude 
that a significant reduction in 30-day mortality and ICU stay 
could be obtained by using haemoadsorption therapy during 
non-elective cardiac surgery, especially emergency surgery 

and in patients with higher inflammatory burdens such as 
in IE.

Figure 2 summarises all relevant and evaluated outcome 
parameters.

Discussion

Herein, we critically assessed and summarised the currently 
available literature on the use of haemoadsorption in patients 
undergoing cardiac surgery for IE. Notably, the current nar-
rative review evaluated a total of 13 studies and CytoSorb® 
was the most used haemoadsorption device in the field of 
IE. Overall, the currently available evidence regarding the 
use of haemoadsorption in IE is mixed, but in aggregate 
suggests limited value with use in routine elective surgery 
and low-risk patients.

However, and importantly, the mode of action and final 
proof of concept of cytokine removal was shown in an 
RCT by Jansen et al. [20]. The authors could show a highly 
significant removal of all cytokines in a cohort of healthy 
volunteers treated by lipopolysaccharides resulting in a 
“cytokine storm-like” situation with IL-6 levels reaching up 
to 3000 pg/mL. Since some articles included into the current 
review could not detect a significant removal of cytokines, 
the study by Jansen et al. provides the irrevocable valida-
tion of an effective attenuation and removal of circulating 
cytokines by haemoadsorption [20].

The innovation and application of haemoadsorption in 
IE has developed over time starting from a first case series 
to several observational studies to a wider application and 
finally evaluation in three RCTs. In some studies, a reduced 
rate of sepsis and/or sepsis-associated mortality has been 
shown, whereas the REMOVE trial showed rather neutral 
results in this regard [13]. Others could prove significant 
reduction of plasma cytokine levels (which has been also 
proven by the REMOVE trial); however, the REMOVE 
authors stated that routine use of CytoSorb® during routine 
cardiac surgery for IE was not justified. A mortality benefit 
has been shown only by a most recent analysis by Haidari 
et al. in high-risk IE patients with a proven Staphylococcus 
aureus infection [16]. A potential explanation for this benefit 
on mortality could be that the Staphylococcus aureus toxic 
shock toxin and haemolysin are removed by intraoperative 
haemoadsorption. This was published by Gruda et al. in a 
benchtop analysis, showing significant removal of the two 
proteins, which are playing a crucial role in the development 
of vasoplegia [21]. On a separate note, Piskovatska could 
show the harmful effects of an elution derived from the 
stored REMOVE adsorbers on cell viability [17]. A grow-
ing body of studies have shown a reduction in inotropic sup-
port in the postoperative period in IE patients being treated 
intraoperatively. This was also proven by a small RCT from 
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Sweden where the authors stated that “Although the primary 
endpoint for the study (amount of noradrenaline used 24 and 
48 h postoperatively) did not reach statistical significance, 
the results show a trend towards beneficial outcomes with the 
use of CytoSorb®, with better hemodynamic stability in the 
intensive care unit, and lesser amounts of transfused blood 
product postoperatively” [12]. In contrast to this, others have 
not shown a reduced vasopressor support postoperatively in 

IE patients in whom haemoadsorption was used intraopera-
tively [10]. Moreover, there is still an ongoing debate with 
conflicting evidence [7, 11] as to if haemoadsorption should 
be continued postoperatively after endocarditis surgery. Boss 
et al. showed in a high-risk group of patients undergoing car-
diac surgery (including IE) the benefit of the postoperative 
use of haemoadsorption by reduction of the postoperative 
vasopressor need in line with better outcomes compared to 

Fig. 2  A summary of the relevant and evaluated outcome parameters
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the SOFA- and Acute Physiology and Chronic Health Evalu-
ation (APACHE) score-predicted mortality [22].

The REMOVE trial is by far the largest RCT evaluating 
the use of intraoperative haemoadsorption in IE patients thus 
far [13]. The primary outcome of the REMOVE trial did not 
show any statistically significant difference in the preop-
erative versus postoperative SOFA scores. However, inter-
estingly, the REMOVE trial showed on the one hand, that 
IL-6 levels increased significantly depending on the length 
of the pump-run, and on the other hand, that intraopera-
tive haemoadsorption could significantly reduce circulating 
cytokines. However, within the REMOVE trial, the cytokine 
reduction did not translate into better survival. Unfortu-
nately, the REMOVE trial did not present specific details 
on the postoperatively inotropic support of both treatment 
arms. Only the cardiovascular sub-score of the SOFA score 
was presented, which showed no difference. The results of 
the REMOVE trial could potentially be explained by the 
fact that only about 10% of the REMOVE patients with 
about 30% elective cases were not in a critical state, and 
only 1.4% of the treatment group showed a preoperative dis-
ruptive shock. Others reported a critical preoperative status 
ranging between 10.0 and 16.7% [8]. This goes in line with 
the preoperative inflammation status of both groups in the 
REMOVE trial. Of note, the preoperative IL-6 levels within 
the REMOVE trial in both arms did not exceed 50 pg/mL 
preoperatively. One could speculate that these patients were 
not presenting with a “hot” endocarditis.

In the current review, three RCTs have been included 
showing mixed outcomes. In the medical community, usu-
ally RCTs are seen as the highest quality studies aiming at 
collecting scientific evidence at the highest level. Regard-
ing haemoadsorption in IE, a reduction of the inflamma-
tory response by a significant reduction of IL-6 levels has 
been proven by some RCTs. However, in regard to other 
outcomes, it has to be discussed if RCTs are sometimes 
inappropriate in terms of sample size or the chosen primary 
endpoints. For instance, is mortality or the SOFA score an 
appropriate primary endpoint for a trial on such a complex 
topic? This has been also witnessed in other specialties, 
such as intensive care medicine, where many RCTs have 
not demonstrated any beneficial effects of an intervention. 
The complex entity IE in combination with haemoadsorp-
tion also has to deal with timing, proper endpoint selection, 
and heterogeneous populations. Taking this into account, it 
makes it very difficult to conduct RCTs in this realm.

Another important topic which should be discussed is 
the unintended removal of other substances, such as anti-
biotics, which is the case for all extracorporeal circuits. 
This side-effect is of utmost importance especially in the 
field of IE. In a group of septic shock patients, Scharf et al. 
showed a clinically significant adsorption of vancomycin 

with CytoSorb® use [23]. Therefore, the authors recom-
mended the administration of an additional dose of 500 mg 
vancomycin over 2 h to avoid subtherapeutic vancomy-
cin exposure and stringent therapeutic drug monitoring 
(TDM). TDM has also been recommended by others [24].

In summary, since the results of intraoperative hae-
moadsorption in patients undergoing cardiac surgery for 
IE are mixed, appropriate selection criteria should be 
developed and used to target the right patients. First, the 
therapy goal should be identified, which could potentially 
be a reduction in postoperative vasopressor support. A sec-
ond option would be to initiate haemoadsorption therapy 
in patients with IE based on an individualised approach 
based on cytokine or inflammatory plasma levels. Finally, 
also the timing and dosing of the therapy should be further 
evaluated since there are currently no recommendations 
for which IE patients the therapy should be prolonged in 
the postoperative period.

Since the therapeutic goal of haemodynamic stability 
seems to be a reasonable endpoint; e.g., the vasoactive 
inotropic score should be routinely calculated. Moreover, 
to capture real-world data on the current international 
strategies and regimes in the treatment of IE, the SURgi-
cal Registry of Infective ENDocarditis in EuRope (SUR-
RENDER) was designed (NCT05563662).

In conclusion, from a mechanistic point of view, the 
concept of cytokine removal by haemoadsorption in IE 
patients has been proven [13, 17]. Studies have also sug-
gested haemodynamic stabilisation in the postoperative 
period for IE patients in whom haemoadsorption was 
applied intraoperatively. In summary, much more data 
is needed to better define appropriate selection criteria 
(e.g., patients with an ongoing infection under antibiotic 
therapy) and more information regarding the timing and 
dosing of haemoadsorption therapy in the field of IE.

Supplementary Information The online version contains supplemen-
tary material available at https:// doi. org/ 10. 1007/ s12055- 024- 01701-0.

Author contribution (1) Made substantial contributions to the concep-
tion or design of the work; or the acquisition, analysis, or interpretation 
of data; or the creation of new software used in the work: MT, DW, 
CB, GL.

(2) Drafted the work or revised it critically for important intellectual 
content: DSD, NB, MC, TF.

(3) Approved the version to be published: all.
(4) Agree to be accountable for all aspects of the work in ensuring 

that questions related to the accuracy or integrity of any part of the 
work are appropriately investigated and resolved: all.

Funding Open Access funding enabled and organized by Projekt 
DEAL.

Availability of data and material N/A (review).

Code availability The current work was registered at PROSPERO 
(CRD42023457632).

https://doi.org/10.1007/s12055-024-01701-0


S76 Indian Journal of Thoracic and Cardiovascular Surgery (May 2024) 40 (Suppl 1):S69–S77

Declarations 

Ethics approval N/A.

Consent to participate All authors consented to participate. Individual 
patient consent is not needed, since the current manuscript reflects a 
systematic review.

Consent for publication All authors agreed on the current version and 
consented.

Conflict of interest MT, CB, and GL received speaker honoraria and 
travel fees from CytoSorbents Europe GmbH; DW is a full-time em-
ployee of CytoSorbents Europe GmbH.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article’s Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

 1. Busse LW, Barker N, Petersen C. Vasoplegic syndrome fol-
lowing cardiothoracic surgery-review of pathophysiology and 
update of treatment options. Crit Care. 2020;24:36. https:// doi. 
org/ 10. 1186/ s13054- 020- 2743-8.

 2. Lim P, Le Maistre M, Campanini LB, De Roux Q, Mongardon 
N, Landon V, et al. Vasoplegic syndrome after cardiac surgery 
for infective endocarditis. J Clin Med. 2022;11:5523. https:// 
doi. org/ 10. 3390/ jcm11 195523.

 3. Zhao D, Yang R, Liu S, Ge D, Su X. Study on the characteristics 
of early cytokine storm response to cardiac surgery. J Interferon 
Cytokine Res. 2023;43:351–8. https:// doi. org/ 10. 1089/ jir. 2023. 
0044.

 4. Chu VH, Cabell CH, Benjamin DK Jr, Kuniholm EF, Fowler 
VG Jr, Engemann J, et al. Early predictors of in-hospital death 
in infective endocarditis. Circulation. 2004;109:1745–9. https:// 
doi. org/ 10. 1161/ 01. CIR. 00001 24719. 61827. 7F.

 5. Farag M, Borst T, Sabashnikov A, Zeriouh M, Schmack B, Arif 
R, et al. Surgery for infective endocarditis: outcomes and pre-
dictors of mortality in 360 consecutive patients. Med Sci Monit. 
2017;23:3617–26. https:// doi. org/ 10. 12659/ msm. 902340.

 6. Träger K, Skrabal C, Fischer G, Datzmann T, Schroeder J, 
Fritzler D, et al. Hemoadsorption treatment of patients with 
acute infective endocarditis during surgery with cardiopulmo-
nary bypass - a case series. Int J Artif Organs. 2017;40:240–9. 
https:// doi. org/ 10. 5301/ ijao. 50005 83.

 7. Kuhne LU, Binczyk R, Riess FC. Comparison of intraopera-
tive versus intraoperative plus postoperative hemoadsorption 
therapy in cardiac surgery patients with endocarditis. Int J Artif 
Organs. 2019;42:194–200. https:// doi. org/ 10. 1177/ 03913 98819 
831301.

 8. Haidari Z, Wendt D, Thielmann M, Mackowiak M, Neuhauser 
M, Jakob H, et al. Intraoperative hemoadsorption in patients 
with native mitral valve infective endocarditis. Ann Thorac 

Surg. 2020;110:890–6. https:// doi. org/ 10. 1016/j. athor acsur. 
2019. 12. 067.

 9. Singer M, Deutschman CS, Seymour CW, Shankar-Hari M, 
Annane D, Bauer M, et al. The Third International Consen-
sus Definitions for Sepsis and Septic Shock (Sepsis-3). JAMA. 
2016;315:801–10. https:// doi. org/ 10. 1001/ jama. 2016. 0287.

 10. Santer D, Miazza J, Koechlin L, Gahl B, Rrahmani B, Hollinger 
A, et al. Hemoadsorption during cardiopulmonary bypass in 
patients with endocarditis undergoing valve surgery: a retro-
spective single-center study. J Clin Med. 2021;10:564. https:// 
doi. org/ 10. 3390/ jcm10 040564.

 11. Asch S, Kaufmann TP, Walter M, Leistner M, Danner BC, Perl 
T, et al. The effect of perioperative hemadsorption in patients 
operated for acute infective endocarditis - a randomized con-
trolled study. Artif Organs. 2021;45:1328–37. https:// doi. org/ 
10. 1111/ aor. 14019.

 12. Holmen A, Corderfeldt A, Lannemyr L, Dellgren G, Hansson 
EC. Whole blood adsorber during CPB and need for vasoac-
tive treatment after valve surgery in acute endocarditis: a 
randomized controlled study. J Cardiothorac Vasc Anesth. 
2022;36:3015–20. https:// doi. org/ 10. 1053/j. jvca. 2022. 02. 028.

 13. Diab M, Lehmann T, Bothe W, Akhyari P, Platzer S, Wendt D, 
et al. Cytokine Hemoadsorption During Cardiac Surgery Versus 
Standard Surgical Care for Infective Endocarditis (REMOVE): 
results from a multicenter randomized controlled trial. Circula-
tion. 2022;145:959–68. https:// doi. org/ 10. 1161/ CIRCU LATIO 
NAHA. 121. 056940.

 14. Haidari Z, Demircioglu E, Boss K, Tyczynski B, Thiel-
mann M, Schmack B, et  al. Intraoperative hemoadsorption 
in high-risk patients with infective endocarditis. PLoS ONE. 
2022;17:e0266820. https:// doi. org/ 10. 1371/ journ al. pone. 02668 20.

 15. Kalisnik JM, Leiler S, Mamdooh H, Zibert J, Bertsch T, Vogt 
FA, et al. Single-centre retrospective evaluation of intraopera-
tive hemoadsorption in left-sided acute infective endocarditis. J 
Clin Med. 2022;11:3954. https:// doi. org/ 10. 3390/ jcm11 143954.

 16 Haidari Z, Leiler S, Mamdooh H, Fittkau M, Boss K, Tyczynski B, 
et al. Effect of intraoperative haemoadsorption therapy on cardiac 
surgery for active infective endocarditis with confirmed Staphylo-
coccus aureus bacteraemia. Interdiscip Cardiovasc Thorac Surg. 
2023;36:ivad.010. https:// doi. org/ 10. 1093/ icvts/ ivad0 10.

 17. Piskovatska V, Navarrete Santos A, Kalies K, Korca E, Stiller 
M, Szabo G, et  al. Proteins adsorbed during intraoperative 
hemoadsorption and their in  vitro effects on endothelium. 
Healthcare (Basel). 2023;11:310. https:// doi. org/ 10. 3390/ healt 
hcare 11030 310.

 18. Rao C, Preissing F, Thielmann M, Wendt D, Haidari Z, Kalisnik 
JM, et al. Hemoadsorption using CytoSorb((R)) in patients with 
infective endocarditis: a German-based budget impact analysis. 
J Cardiovasc Dev Dis. 2023;10:366. https:// doi. org/ 10. 3390/ 
jcdd1 00903 66.

 19. Naruka V, Salmasi MY, Arjomandi Rad A, Marczin N, Lazo-
poulos G, Moscarelli M, et al. Use of cytokine filters during 
cardiopulmonary bypass: systematic review and meta-analysis. 
Heart Lung Circ. 2022;31:1493–503. https:// doi. org/ 10. 1016/j. 
hlc. 2022. 07. 015.

 20. Jansen A, Waalders NJB, van Lier DPT, Kox M, Pickkers 
P. CytoSorb hemoperfusion markedly attenuates circulat-
ing cytokine concentrations during systemic inflammation in 
humans in vivo. Crit Care. 2023;27:117. https:// doi. org/ 10. 
1186/ s13054- 023- 04391-z.

 21. Gruda MC, Ruggeberg KG, O’Sullivan P, Guliashvili T, 
Scheirer AR, Golobish TD, et al. Broad adsorption of sepsis-
related PAMP and DAMP molecules, mycotoxins, and cytokines 
from whole blood using CytoSorb(R) sorbent porous polymer 
beads. PLoS ONE. 2018;13:e0191676. https:// doi. org/ 10. 1371/ 
journ al. pone. 01916 76.

http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1186/s13054-020-2743-8
https://doi.org/10.1186/s13054-020-2743-8
https://doi.org/10.3390/jcm11195523
https://doi.org/10.3390/jcm11195523
https://doi.org/10.1089/jir.2023.0044
https://doi.org/10.1089/jir.2023.0044
https://doi.org/10.1161/01.CIR.0000124719.61827.7F
https://doi.org/10.1161/01.CIR.0000124719.61827.7F
https://doi.org/10.12659/msm.902340
https://doi.org/10.5301/ijao.5000583
https://doi.org/10.1177/0391398819831301
https://doi.org/10.1177/0391398819831301
https://doi.org/10.1016/j.athoracsur.2019.12.067
https://doi.org/10.1016/j.athoracsur.2019.12.067
https://doi.org/10.1001/jama.2016.0287
https://doi.org/10.3390/jcm10040564
https://doi.org/10.3390/jcm10040564
https://doi.org/10.1111/aor.14019
https://doi.org/10.1111/aor.14019
https://doi.org/10.1053/j.jvca.2022.02.028
https://doi.org/10.1161/CIRCULATIONAHA.121.056940
https://doi.org/10.1161/CIRCULATIONAHA.121.056940
https://doi.org/10.1371/journal.pone.0266820
https://doi.org/10.3390/jcm11143954
https://doi.org/10.1093/icvts/ivad010
https://doi.org/10.3390/healthcare11030310
https://doi.org/10.3390/healthcare11030310
https://doi.org/10.3390/jcdd10090366
https://doi.org/10.3390/jcdd10090366
https://doi.org/10.1016/j.hlc.2022.07.015
https://doi.org/10.1016/j.hlc.2022.07.015
https://doi.org/10.1186/s13054-023-04391-z
https://doi.org/10.1186/s13054-023-04391-z
https://doi.org/10.1371/journal.pone.0191676
https://doi.org/10.1371/journal.pone.0191676


S77Indian Journal of Thoracic and Cardiovascular Surgery (May 2024) 40 (Suppl 1):S69–S77 

 22. Boss K, Jahn M, Wendt D, Haidari Z, Demircioglu E, Thielmann 
M, et al. Extracorporeal cytokine adsorption: significant reduc-
tion of catecholamine requirement in patients with AKI and sep-
tic shock after cardiac surgery. PLoS ONE. 2021;16:e0246299. 
https:// doi. org/ 10. 1371/ journ al. pone. 02462 99.

 23. Scharf C, Weinelt F, Schroeder I, Paal M, Weigand M, Zoller 
M, et al. Does the cytokine adsorber CytoSorb((R)) reduce van-
comycin exposure in critically ill patients with sepsis or septic 
shock? A prospective observational study. Ann Intensive Care. 
2022;12:44. https:// doi. org/ 10. 1186/ s13613- 022- 01017-5.

 24. Köhler T, Schwier E, Kirchner C, Winde G, Henzler D, Eick-
meyer C. Hemoadsorption with CytoSorb((R)) and the early 

course of linezolid plasma concentration during septic shock. 
J Artif Organs. 2022;25:86–90. https:// doi. org/ 10. 1007/ 
s10047- 021- 01274-4.

Publisher's note Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

https://doi.org/10.1371/journal.pone.0246299
https://doi.org/10.1186/s13613-022-01017-5
https://doi.org/10.1007/s10047-021-01274-4
https://doi.org/10.1007/s10047-021-01274-4

	Haemoadsorption in infective endocarditis: a systematic review
	Abstract
	Introduction
	Methods
	Literature search
	Inclusion and exclusion criteria

	Results
	Summary of included papers
	Basic research
	Budget impact analysis
	Review and meta-analysis

	Discussion
	References


