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Abstract

Background: Left ventricular assist devices (LVAD) and extracorporeal membrane oxygenation (ECMO) are well established therapies
in heart failure (HF) management. Their use is generally associated with a sudden increase in inflammatory mediators, which are often
already elevated in patients with HF prior to device implantation. An exaggerated release of proinflammatory cytokines is associated with
organ dysfunction and increased mortality. Hemoadsorption has been shown to reduce inflammatory mediators during cardiopulmonary
bypass. Objective: To investigate the role of hemoadsorption during the management of acute or chronic heart failure with mechanical
circulatory support and its impact on survival. Methods: We systematically searchedMEDLINE selecting all studies comparing the use of
hemoadsorption during LVAD implantation or veno-arterial (v.a.) ECMO therapy. Records were screened by two different investigators.
Reports without a control group and duplicates were excluded. Results: Our search delivered six studies. One was randomized and five
were retrospective studies, of which three were risk-adjusted. During LVAD implantation, one study showed no difference in mortality
but higher incidence of respiratory insufficiency in the hemoadsorption group (54% vs 30%, p = 0.024) and the other study found higher
mortality in the hemoadsorption group (33% vs 0%, p = 0.01). During ECMO therapy, three of four studies including the randomized
one found no difference in survival or major adverse cardiac events between the hemoadsorption and the control groups. Only one study
found lower mortality in the hemoadsorption group (20% vs 60%. p = 0.02). Conclusions: The results of this literature review suggest
that the use of hemoadsorption in patients undergoing LVAD implantation might be associated with higher morbidity and mortality. The
majority of studies on the use of hemoadsorption during v.a. ECMO therapy showed no effect on mortality or organ dysfunction, while
only one small study showed that hemoadsorption was able to reduce mortality. The results are limited by the retrospective nature and
the small sample sizes of the majority of the studies included.
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1. Introduction
Acute and chronic heart failure (HF) affect millions

of patients worldwide and both are associated with poor
outcome [1]. Regardless of the underlying etiology, HF
is associated with both, local and systemic activation of
inflammation [2,3]. There is a prevailing consensus that
inflammation has a negative impact on heart failure. The
proinflammatory cytokines have been associated with sup-
pression of contractile function of cardiomyocytes, stimu-
lating microvascular inflammation, cardiomyocytes apop-
tosis, extracellular matrix degradation and cardiac fibrosis
[4]. Strategies that interfere with the inflammatory response
in HF are effective in reducing myocardial infarct size in re-
sponse to ischemia/reperfusion injury [5,6].

Furthermore, mechanical circulatory support devices
[e.g., left ventricular assist devices (LVAD), veno- arte-
rial extracorporeal membrane oxygenation (v.a. ECMO),

etc.] have been increasingly used in the treatment of both,
acute and chronic heart failure and their implantation has
been associated with increased inflammation [7]. An ex-
aggerated inflammatory response during cardiopulmonary
bypass (CPB) or ECMO, for example, is associated with
higher degree of organ dysfunctions and higher mortal-
ity [8,9]. Therefore it appears reasonable to assume that
hemoadsorption aiming at reducing cytokines may consec-
utively dampen the inflammatory response, prevent organ
dysfunction and improve survival in heart failure patients
[10].

One of the most widely used hemoadsorption devices
is the Cytosorb® (Cytosorbens Corporation, Princeton, NJ,
USA). Cytosorb® is designed for the extracorporeal reduc-
tion of cytokines in the circulating blood, and has been
widely used as adjuvant therapy in patients with sepsis.
This hemoadsorption device has the ability to rapidly re-
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Fig. 1. PRISMA diagram describing the systematic research inclusion/exclusion criteria and the study structure.

duce many key cytokines in experimental endotoxemia set-
tings and has been associated with reductions in organ
injuries and improvement of survival in animal models
[11,12]. It can be integrated into extracorporeal blood cir-
cuits and can successfully absorbmid-molecular weight cy-
tokines, chemotoxins and exotoxins (~5–60 kDa) [10,13].

Although there are several studies on the use of Cy-
tosorb® in the context of v.a. ECMO therapy or LVAD im-
plantation in patients with heart failure, their results have
been inconsistent [14,15].

Another hemoadsorbtion device (e.g., HA380, Jafron,
Zhuhai City, Guangdong, China) has been also designed
aiming at reducing the systemic inflammatory response and
improving postoperative recovery [16], however its use in
patients with heart failure has been limited so far.

The aim of this literature review is to summarize
and discuss the results of studies investigating the role of
hemoadsorption in heart failure patients including patients
with v.a. ECMO or LVAD.

2. Methods
Ethical approval of this analysis was not required as

no human or animal subjects were involved.

2.1 Search Strategy
We performed a comprehensive literature search to

identify contemporary studies reporting the use of Cy-
tosorb® in v.a. ECMO and LVAD patients. Searches were
run on January 2023 in the Ovid MEDLINE® database.
The search strategy is available in Supplementary Table
1.

2.2 Study Selection and Data Extraction
The study selection followed the Preferred Report-

ing Items for Systematic Reviews and Meta-Analyses
(PRISMA) strategy [17]. After deduplication, records were
screened by two independent reviewers (SF and TC). Any
discrepancies and disagreements were resolved by a third
author (HK). Titles and abstracts were reviewed against pre-
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Fig. 2. Forest plot for in-hospital/30-day mortality. CI, confidence interval; ECMO, extracorporeal membrane oxygenation; HA,
hemoadsorption; LVAD, left ventricular assist device; OR, odds ratio.

defined inclusion and exclusion criteria. Studies were con-
sidered for inclusion if they were written in English and
reported about heart failure patients that were treated with
hemoadsorption (either hemoadsorption during the use of
v.a. ECMO or hemoadsorption during LVAD implanta-
tion). Animal studies, duplicates, case reports, case series
without any control group, commentaries, editorials, expert
opinions, conference presentations were excluded.

The full text was pulled for the selected studies for a
second round of eligibility screening. References for ar-
ticles selected were also reviewed for relevant studies not
captured by the original search.

The quality of the included studies was assessed us-
ing the Newcastle-Ottawa Scale for observational studies
(Supplementary Table 2) and the Cochrane risk-of-bias
tool for randomized trials (Supplementary Table 3) [18].

3. Results
Fig. 1 shows the PRISMA flowchart for study selec-

tion [17]. A total number of 2146 studies were retrieved
from the systematic search, of which six met the criteria for
inclusion in the final analysis.

The six studies were analysed using random-effects
model (DerSimonian-Laird) and a two sub-group analysis
(ECMO and LVAD studies) were performed. The overall
odds ratio was also reported.

Fig. 2 shows the forest plot for in-hospital/30-day
mortality of the included studies. There was no significant
difference between the assist device implantation groups
with and without hemoadsorption (OR, odds ratio: 1.15,
confidence interval, 95% CI 0.69–1.89, p = 0.20).

The data about biomarkers was extremely heteroge-
neous regarding the type of biomarkers, the kit used, the
laboratory references and the metric units.

Table 1 (Ref. [14–16,19–21]) provides the details of
the included studies. The included studies were published
in the year 2022, one study presented a randomized popu-
lation [22] and the others were observational cohort stud-
ies. The studies originated from Germany, Kazakhstan and
Hungary.

A total of 321 patients were included in the final analy-
sis, and the number of patients in each study ranged from 25
to 112. The first two studies included 137 heart failure pa-
tients, among them 81 received hemoadsorption using Cy-
tosorb® during cardiopulmonary bypass (CBP) required for
LVAD implantation.
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Table 1. Studies reporting on the use of hemoadsorption in heart failure patients during LVAD implantation or v.a. ECMO therapy.
Author Year Country N° of patients Comparability Hemoadsorption Mortality Biomarkers reduction Other findings

Zhigalov [19] 2022 Germany 112 PSM Cytosorb® in CPB during LVAD
implantation

No difference No difference No difference in MACE, longer
ventilation time and more
tracheotomy in Cytosorb®

Pausch [16] 2022 Germany 25 No adjustment Cytosorb® in CPB during LVAD
implantation

Higher in Cytosorb®
group

No difference No difference in the need for
vasopressors

Lesbekov [15] 2022 Kazakhstan 30 PSM Cytosorb® or Jafron use in v.a.
ECMO

Lower in Cytosorb® and
Jafron group

Lower in Cytosorb® and
Jafron group

Longer CPB, aortic cross clamp
time and ICU stay in Cytosorb®

Soltesz [14] 2022 Hungary 58 No adjustment Cytosorb® use in v.a. ECMO No difference Lower lactate and CRP
was higher in Cytosorb®

group

Observed vs. expected mortality
lower in Cyotosorb® group

Supady [21] 2022 Germany 46 PSM Cytosorb® use in v.a. ECMO No difference No difference No difference in the need of
vasopressor

Supady [20] 2022 Germany 50 RCT Cytosorb® use in v.a. ECMO No difference No difference No difference in the need for
vasopressors

LVAD, left ventricular assist devices; ECMO, extracorporeal membrane oxygenation; PSM, propensity score matching; RCT, randomized clinical trial; CPB, cardiopulmonary bypass;
MACE, major adverse cardiovascular events; ICU, intensive care unit; CRP, C-reactive protein.
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The study by Zhigalov et al. [19] is the one with
the largest number of patients. Seventy-two patients were
treated with Cytosorb® and compared to 40 propensity-
matched patients. There was no difference in the pri-
mary endpoint (overall survival). Patients treated with Cy-
tosorb® had more frequently respiratory failure (54% vs
30%, p = 0.024), needed more frequently prolonged venti-
lation for longer than 6 days (50% vs 28%, p = 0.035), and
requiredmore frequently tracheotomy (32%vs 13, p = 0.04)
than the control group. The use of hemoadsorption did not
show a reduction in white blood cell count (WBC), C- re-
active protein (CRP), procalcitonin (PCT), or interleukin 6
(IL-6).

In another study on the use of hemoadsorption dur-
ing LVAD implantation, Pausch et al. [16], included 9 pa-
tients who received Cytosorb® and matched them with six-
teen patients who did not receive Cytosorb®. Mortality at
30 days was significantly higher in the Cytosorb® group
(33% vs 0%, p = 0.01). They also found that the use of Cy-
tosorb® was not associated with reduction in vasopressor
requirements or increased lactate clearance.

The following four studies included 184 patients with
HF who had to be treated with a v.a. ECMO. Among them,
in 88 patients hemoadsorption was integrated to v.a. ECMO
circuit.

The study, Supady et al. [20] randomized 41 patients
who were treated with v.a. ECMO after resuscitation into
those who received Cytosorb® (n = 22) and those who did
not (n = 19). They found no difference in survival, levels
of biomarkers, or vasopressor requirement between the two
groups.

In a retrospective study by Lesbekov et al. [15] 20
patients treated with v.a. ECMO received hemoadsorption
either with Cytosorb® (n = 10) or with Jafron (n = 10) and
compared them to patients who did not receive any hemoad-
sorption during v.a. ECMO (the control group). In addi-
tion to in-hospital mortality, they evaluated levels of in-
flammatory markers (IL-1α, IL-6, CRP, Leukocyte, PCT,
NT-proBNP, and TNF-α) before, during and after hemoad-
sorption.They found a significantly higher mortality rate in
the control group (60% vs 20%, p = 0.02). Both hemoadsor-
bers showed a significant reduction in IL-6 and PCT com-
pared to the control group. However, almost all inflam-
matory markers (IL-1α, IL-6, CRP, PCT, and TNF-α) and
lactate levels before starting hemoadsorption were signifi-
cantly higher in the control group compared to the hemoad-
sorption group.

Soltesz et al. [14] included nine patients with v.a.
ECMO and Cytosorb® and matched them to 29 patients
with v.a. ECMO without Cytosorb®. There was no sta-
tistically significant difference in survival. They demon-
strated significant reductions in the vasoactive inotropic
score, the Sequential Organ Failure Assessment (SOFA)
score, plasma levels of lactate and delta CRP, and fewer
bleeding complications due to hemoadsorption.

A retrospective propensity- matched study by Supady
et al. [21] showed no difference in survival or biomarkers
between the patients who received Cytosorb® during v.a
ECMO therapy (n = 23) compared to those who did not (n
= 23).

4. Discussion
The results of this literature review suggest that the

use of hemoadsorption in patients undergoing LVAD im-
plantation might be associated with higher morbidity and
mortality. The majority of studies on the use of hemoad-
sorption during v.a. ECMO therapy showed no effect on
mortality or organ dysfunction, while only one small study
showed that hemoadsorption was able to reduce mortality.
The results are limited by the retrospective nature and the
small sample sizes of the majority of the studies included.

Regardless of the main underlying etiology, exces-
sive release of inflammatorymediators has been linkedwith
poor outcome [4,23,24]. Therefore, the extracorporeal re-
moval of cytokines has been proposed as a potential strategy
to modulate the immune response and has gained wide ac-
ceptance in different clinical scenarios such as sepsis, acute
respiratory distress syndrome, cardiac surgery, or heart fail-
ure [11,12,25].

Cytosorb® is the most widely used hemoadsorption
device. It has the ability to rapidly reduce key cytokines
in experimental settings of endotoxemia [11] and has been
associated with fewer organ injuries and longer survival
in animal models [12]. Hundreds of studies, mainly case
reports or observational studies, reporting on the impact
of Cytosorb® on inflammatory response in different clin-
ical scenarios have been published. The randomized evi-
dence regarding the use of Cytosorb® as adjuvant therapy
in sepsis [26,27] or during cardiopulmonary bypass [28–30]
failed to show a positive effect on clinical outcomes. Im-
portantly, these randomized studies showed that the use of
Cytosorb® in these two indications was not associated with
any additional adverse events [26–30].

In one of the studies included in the current litera-
ture review, Pausch et al. [16], demonstrated higher 30-day
mortality in the Cytosorb® group. Despite the limitations
in their study, i.e., the small sample, the retrospective na-
ture, and lack of selection criteria for Cytosorb® therapy,
the study raises a question regarding the safety of hemoad-
sorption in certain indications. In HF, there is controversy
surrounding the role of inflammation [31]. Inflammation
was shown to be protective in mice with pressure overload
after aortic banding [32]. In addition, some interventions,
such as systemic depletion of macrophages, exacerbated
heart failure, suggesting that inflammation has a protective
role in HF [33]. The inflammatory response in the failing
heart is characterized by induction and activation of a wide
range of pleiotropic cytokines and chemokines that mod-
ulate phenotype and function of all myocardial cells [4].
Nonselective extracorporeal removal of these inflammatory
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mediators via hemoadsorption aiming at reduction of this
complex and pleiotropic inflammatory response may not be
the right therapy.

In a recently published randomized controlled study
on patients with COVID-19 with venovenous ECMO, pa-
tients were assigned to receive or not receive Cytosorb®.
The study demonstrated that mortality was higher in the Cy-
tosorb® group. The authors assumed that since cytokine
adsorption using the Cytosorb® device is non-selective,
hemoadsorption might have affected concentrations of pro-
tective factors as well [34].

The two studies concerning Cytosorb® use in CPB
during LVAD implantation performed by Pausch et al. [16]
and Zhigalov et al. [19] were not able to show a significant
reduction in the biomarkers after hemoadsorption. A possi-
ble explanation for the lack of effect despite the application
of Cytosorb® may be the relatively low preoperative level
of cytokines in the two studies’ populations. The removal
of cytokines by Cytosorb® is concentration dependent. If
the concentrations of inflammatory mediators are not high
enough, the removal efficacy decreases [12]. One may also
argue that the short application time of the Cytosorb® in the
CPB during surgery in these two studies may be responsible
for the lack of effect on cytokine levels. However, longer
application of Cytosorb® (for 42–72 hours) in patients with
sepsis did not lead to cytokine-reduction in previous ran-
domized studies [26,34].

Based on the limited data avialble, the use of
Cytosorb® during LVAD-implantation is not only non-
beneficial, but it may even be associated with harmful ad-
verse events, as shown by Zhigalov et al. [19], or higher
mortality, as shown by Pausch et al. [16]. Therefore, the
current evidence does not justify the use of hemaoadsorp-
tion outside clinical trials for patients undergoing LVAD
implantation. A randomized study evaluating the efficacy
of Cytosorb® in attenuating perioperative changes in IL-
6 during LVAD implantation on 60 patients is recruiting
(ClinicalTrials.gov Identifier: NCT04596813). However,
more randomized studies addressing clinically relevant out-
come points such as organ dysfunction, mortality, or peri-
operative hemodynamic measurements are needed.

Two of the four studies, including a randomized study,
on the use of hemoadsorption during v.a. ECMO therapy
showed no effect of Cytosorb® on cytokine levels, mortal-
ity, or organ dysfunction [20,21]. Only one small study on
the use use of Cytosorb® (n = 10) or Jafron (n = 10) dur-
ing v.a. ECMO therapy was able to show a reduction in
inflammatory mediators associated with improved survival
in the hemoadsorption group [15]. Randomized studies that
failed to identify a reduction of mortality with hemoadsorp-
tion for other indications also failed to identify a reduc-
tion in cytokine levels despite the use of hemoadsorption
[20,29,34,35]. Therefore, it is expected to observe a sur-
vival benefit if the hemoadsorption succeeds to reduce in-
flammatory mediators. However, the study from Soltesz et

al. [14], included in this current literature review, demon-
strated a reduction in biomarker levels associated with the
use of Cytosorb® during v.a. ECMO, but without any ef-
fect on survival. This lack of effect of hemoadsorption on
clinically relevant outcome points despite a detected reduc-
tion of cytokine levels was recently observed in the largest
randomized study on hemoadsorption in patients undergo-
ing surgery for infective endocarditis, the REMOVE-Trial
[30]. Thus, again nonselective extracorporeal removal of
inflammatory mediators via hemoadsorption aiming at re-
duction of the complex and pleiotropic inflammatory re-
sponse might not be the right therapy. There is a need for
individual patient-level meta-analyses on patients with de-
tected reduction compared to those without any reduction
of cytokines in response to hemoadsorption, in order to in-
vestigate the hypothesis that the reduction of inflammatory
mediators is a beneficial therapy in cases with excessive in-
flammatory response. Such analyses will help us to identify
potential groups of patients who may benefit from this in-
novative therapy.

Irrespective of the undelying potential mechanisms as-
sociatedwith the use of hemoadsorbtion and the extent of its
impact on inflammatory parameters in patients with heart
failure requiring mechanical circulatory support, the lack
of improvement in hard clinical endpoints (survival, organ
function) reported in the summarized evidence we present
is important as it might influence clinical decision mak-
ing when considering future treatment. The data from the
studies oscillate between centers and the analysis of them
implies the intrinsic limitations of observational series, in-
cluding the risk of potential methodological heterogeneity.
That is why there is a need for more adequately powered
randomized studies investigating the effect of hemoadsorp-
tion in HF patients on outcome. Currently, a single center
randomized study (ECMOsorb) investigating the impact of
Cytosorb® during v.a. ECMO in patients with cardiogenic
shock on hemodynamic changes using the inotropic score as
a primary outcomemeasure is recruiting (ClinicalTrials.gov
Identifier: NCT05027529). We hope that the results of this
study will help in selecting patients who might benefit form
such an innovative therapy.

Limitations
The impact of this review are limited by the retrospec-

tive nature of the majority of studies, the lack of adjust-
ment in half of them and the limited number of patients in-
cluded. Furthermore, patient management among included
studies was performed according to individual centre strat-
egywith heterogeneous approaches whichmay further limit
the definitive value of the conclusions.

5. Conclusions
The results of this meta-analysis showed that the use

of hemaoadsorption during left ventricular assist device im-
plantation or during ECMO therapy was not associated with
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reduction of 30-day mortality. The results are limited by
the retrospective nature and the small sample sizes of the
majority of the studies included. The majority of studies
on the use of hemoadsorption during v.a. ECMO therapy
showed no effect on mortality or organ dysfunction, while
only one small study showed that hemoadsorption was able
to reduce mortality. The results are limited by the retro-
spective nature and the small sample sizes of the majority
of the studies included.
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