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Introduction

Cardiac surgery involving cardiopulmonary bypass (CPB) activates an inﬂammatory response releasing
cytokines that are associated with less favourable outcomes.
This study aims to compare i) CPB during cardiac surgery (control) versus ii) CPB with haemoadsorption
therapy; and assess the effect of adding this therapy in reducing the inﬂammatory cytokines burden.

Methods

A systematic literature review with meta-analysis was conducted regarding the main outcomes (operative
mortality, ventilation duration, intensive care unit [ICU] and hospital stays) and day-1 inﬂammatory
markers levels post-surgery. Fifteen (15) studies were included for ﬁnal analysis (eight randomised
controlled trials, seven observational studies) with no evidence of publication bias.

Results

Subgroup analysis of non-elective surgeries across observational studies (emergency and infective endocarditis) signiﬁcantly favoured cytokine ﬁlters in terms of 30-day mortality (OR 0.40, 95% CI 0.20, 0.83;
p=0.01) and shorter ICU stay (MD -42.36, 95% CI -68.07, -16.65; p=0.001). At day-1 post-surgery, there was a
signiﬁcant difference favouring the cytokine ﬁlter group in c-reactive protein (CRP) (MD -0.71, 95% CI
-0.84, -0.59; p,0.001) with no differences in white blood count (WBC), procalcitonin (PCT), tumour necrosis
factor-alpha (TNF-a), IL-6, IL-8 and lactate. When comparing cytokine ﬁlters and control across all studies
there was no signiﬁcant difference in operative mortality, ventilation duration, hospital stay and ICU length
of stay. Also, there were no statistical differences in randomised controlled trials (RCTs) using haemadsorption ﬁlters.

Conclusions

A signiﬁcant reduction in 30-day mortality and ICU stay could be obtained by using haemadsorption
therapy during non-elective cardiac surgery, especially emergency surgery and in patients with higher
inﬂammatory burden such as infective endocarditis.
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Introduction
Cardiac surgery involving cardiopulmonary bypass (CPB)
activates a systemic inﬂammatory response leading to the
productions of pro- and anti-inﬂammatory cytokines [1,2].
The release of inﬂammatory molecules such as IL-6, IL-8,
IL-10, tumour necrosis factor-alpha (TNF-a), interleukin- 1b
(IL- 1b) during CPB leads to increased vascular permeability,
thrombosis, increased lactate levels, systemic hypotension
and subsequent organ failure [3–5].
Il-1b and TNF-a inﬂammatory cytokines increase immediately after surgery while IL-6 and IL-8 tend to peak between 3 and 24 hours postoperatively [6,7]. During CPB, the
resulting production of cytokine mediators is related to factors such as blood coming in contact with foreign surfaces,
non-pulsatile blood ﬂow, ischaemic-reperfusion injury and
trauma of the surgery itself [8].
An increased imbalance between pro- and antiinﬂammatory cytokines is associated with less favourable
outcomes including correlations with acute kidney injury,
decreased systemic vascular resistance, increased postoperative rate of infections and reduced lung functions, all of
which prolong the discharge from intensive care units [9–12].
It has thus been hypothesised that the removal of cytokines
may improve postoperative outcomes.
Haemoadsorption (HA) is the elimination of inﬂammatory
cytokines by adsorption depending on their plasma concentration by using biocompatible highly porous polymer cartridges. One example is the Cytosorb (RenalTech
International, New York, NY, USA) adsorber which demonstrated its initial efﬁcacy of cytokines removal in, in vitro
studies [13]. Septic shock leads to an uncontrolled release of
pro-inﬂammatory cytokines and mediators known as “cytokine storm” leading to increased mortality. Additional case
reports and case series revealed beneﬁcial outcomes with
improved haemodynamics and inﬂammatory parameters
when treating septic patients with Cytosorb adsorbers [14–19].
This therapeutic removal of a wide range of inﬂammatory
cytokines has recently been applied in treating the novel
SARS-CoV-2 virus (commonly known as COVID-19). Severe
vasodilation and release of high levels of IL-6 have been
identiﬁed as predictors of fatal outcomes in COVID-19 disease. Randomised clinical trials are currently being conducted to investigate outcomes when using Cytosorb
adsorbers in patients suffering from COVID-19 [20,21].
The theoretical beneﬁts for the application of cytokine ﬁlters during CPB in cardiac surgery include the effective
reduction of cytokines produced and thus cytokine-induced
organ damage, improved haemodynamics, resulting in
reduced postoperative complications and therefore costs [8].
The aim of this study is to systematically review the
literature for studies that compare the use of haemoadsorption during CPB against patients in whom haemoadsorption is not used. By assimilating the data and
subgroup analysis we aimed to conduct a meta-analysis to
accurately determine whether haemoadsorption during CPB
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is favourable in reducing the burden from high inﬂammatory
cytokines.

Materials and Methods
Literature Search
A systematic review was conducted following a structured
protocol to determine the extent of published literature on
the use of cytokine ﬁlters during cardiopulmonary bypass.
This was carried out in accordance with the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) guidelines.
In October 2021 the search was performed using PubMed
and Cochrane databases by using the following search terms:
(hemoadsorption [all ﬁelds] OR adsorber [All ﬁelds] OR
hemoperfusion [all ﬁelds] OR cytosorb [all ﬁelds]) AND
(“cardiac surgery” [all ﬁelds] OR “intraoperative” [all ﬁelds]).
Articles were ﬁrst screened based on their titles and abstracts by two authors. Eligibility of studies for inclusion was
cross-checked by senior authors (V.N. and M.Y.S.). The full
texts of the remaining articles were then screened for study
type, intervention and outcomes.

Inclusion and Exclusion Criteria
We included studies that compared use of a cytokine ﬁlter to
the absence of it (control) during cardiopulmonary bypass in
cardiac surgery. Studies that reported outcomes from only
one of either group without comparison or those that
compared intraoperative to the postoperative use of haemoadsorption without a control group, were excluded. Only
articles in the English language were considered.
Although most of the studies used the Cytosorb adsorber
as a method of haemoadsorption, there was no restriction on
other types being used such as the Alteco Lipopolysaccharide Adsorber (Alteco Medical AB, Lund, Sweden) and
polymxin-B immobilised ﬁbre column (Toray-myxin; Toray
Industries, Tokyo, Japan). There was no restriction on the
types of cardiac procedures, including cardiac transplantation and infective endocarditis.

Data Extraction
A summary of the data extraction process is provided in
Supplementary File 1.

Statistical Analyses
A summary of the data analysis methodology is provided in
Supplementary File 1.

Results
Summary of Included Papers
After applying the inclusion criteria, 15 studies [22–36] in
cardiac surgery (yrs 2009–2021) were included in the meta-
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analysis (Supplementary File 1). Full summary of included
papers is provided in Supplemetary File 1.

Preoperative and Operative
Characteristics
The majority of the studies reported preoperative characteristics: age (15/15) [22–36], gender (13/15) [22–25,27–35],
body mass index (BMI) (11/15) [22,24–26,28–34] and
EuroSCORE (10/15) [22–24,26–29,31,33,34]. There was no
heterogeneity in the methods of reporting of these variables.
Cardiopulmonary bypass duration was described in all 15
studies and there was no statistically signiﬁcant difference or
heterogeneity between cytokine ﬁlter and control (mean
difference 3.10, 95% conﬁdence interval [CI] -7.36, 13.55;
p 0.560).
The studies in the meta-analyses included a variety of
cardiac surgery operations. Eight (8) studies reported elective
CPB surgery including coronary artery bypass graft surgery,
valve operations and ascending aorta surgery [22–28,36], one
study only described emergency cardiac surgery [31], one
study reported a mixture of elective and emergency aortic
surgery with hypothermic circulatory arrest [30], four studies
only described cardiac surgeries due to infective endocarditis
[29,33–35] and one study reported cardiac transplantation
patients only [32].

Outcomes
Operative mortality up to 30 days post-surgery was reported
in 13 studies with 4 stating no mortality [24,27–29]. There
was no signiﬁcant difference in operative mortality when
comparing cytokine ﬁlters and control (OR 0.69, 95% CI
0.31–1.52; p=0.350) (Figure 1A) with evidence of low
heterogeneity.
Duration of postoperative ventilation (hours) was described
in eight studies [22,23,27–29,32,33,35] and no statistical difference was noted between the two groups (mean difference
-1.39, 95% CI -7.59, 4.81; p=0.660) (Figure 2A). Evidence of
high heterogeneity was reported for this outcome.
Intensive care unit length of stay (13/15 studies) did not
demonstrate any signiﬁcant difference among the cytokine
ﬁlter group and the non-cytokine ﬁlter group (mean difference -9.00, 95% CI -28.70, 10.69; p=0.37) (Figure 3A). Evidence
of high heterogeneity was reported for this outcome.
Overall hospital length of stay (12/15 studies) also illustrated no statistically signiﬁcant difference between the two
groups (mean difference 0.60, 95% CI -1.35, 2.56; p=0.540)
(Figure 4A). Evidence of high heterogeneity was reported for
this outcome.
Findings were consistent after only including the eight
elective surgeries [22–28,36] and excluding emergency surgery, transplantation and infective endocarditis studies. This
subgroup analysis showed no statistically signiﬁcant difference between the two groups for operative mortality (OR
1.28, 95% CI 0.27–6.05; p=0.750) (Figure 1B), ventilation
duration (mean difference 1.52, 95% CI -3.14, 6.17; p=0.52)
(Figure 2B) and hospital length of stay (OR 0.61, 95% CI
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-0.58, 1.80; p=0.320) (Figure 4B). Nevertheless, the ICU length
of stay was statistically signiﬁcant favouring cytokine ﬁlter
use when only including elective cardiac surgery (mean
difference -11.62, 95% CI -21.91, -1.34; p=0.03) (Figure 3B).
Further subgroup analysis was performed including only
studies that compared non-elective surgeries: these included
aortic surgery with hypothermic circulatory arrest [30],
emergency surgery for patients on ticagrelor or rivaroxaban
[31], cardiac transplantation [32] and infective endocarditis
[29,33–35]. Operative mortality (OR 0.40, 95% CI 0.20–0.83;
p=0.01) (Figure 1C) as well as ICU length of stay (mean
difference -42.36, 95% CI -68.07, -16.65; p=0.001) (Figure 3C)
demonstrated a statistically signiﬁcant difference favouring
cytokine ﬁlter use. Both outcomes demonstrated evidence of
low heterogeneity. A trend favouring cytokine ﬁlters but no
statistically signiﬁcant difference was achieved between the
two groups for ventilation duration (mean difference -29.84,
95% CI -63.19, 3.50; p=0.08) (Figure 2C). There was no statistically signiﬁcant difference for hospital length of stay
(mean difference 0.39, 95% CI –0.91, 1.68; p=0.560)
(Figure 4C). Both outcomes illustrated evidence of low
heterogeneity.
Comparing the 12 studies that only used Cytosorb as a
ﬁlter [22,23,25–34] there was no statistical signiﬁcant difference for operative mortality (OR 0.74, 95% CI 0.32–1.70;
p=0.480) or ventilation duration (mean difference 1.18, 95%
CI -4.29, 6.64; p=0.670) or ICU length of stay (mean difference -8.73, 95% CI -33.04, 15.58; p=0.480) or hospital length of
stay (mean difference 0.31, 95% CI -1.78, 2.39; p=0.770)
(Supplementary Figure 3A-C).
An analysis of other postoperative outcomes such as acute
kidney injury and atrial ﬁbrillation was not possible due to
the lack of data. Renal replacement therapy demonstrated a
borderline signiﬁcant difference favouring the non-cytokine
ﬁlter group (OR 2.32, 95% CI 0.99, 5.44; p=0.05)
(Supplementary Figure 4).
The funnel plot analysis disclosed an asymmetry around
the axis for ICU length of stay in the overall population only
(Supplementary File 1). No asymmetry around the axis in
any of the other outcomes was illustrated through the funnel
plots, thus making publication bias related to all outcomes
but ICU length of stay unlikely.

Biochemical Markers
There was variability in the reporting of postoperative dayone inﬂammatory markers across different studies.
TNFa was reported in 3/15 studies, IL-6 in 4/15, IL-8 in
3/15, white blood count (WBC) in 5/15, c-reactive protein
(CRP) in 6/15 and procalcitonin (PCT) in 4/15.
A statistically signiﬁcant difference favouring cytokine
ﬁlter was found for CRP levels (Supplementary Figure 2A)
at day 1 post-surgery (mean difference -0.71, 95% CI -0.84,
-0.59; p,0.001). There was no statistically signiﬁcant
difference in the levels of the following inﬂammatory
markers between the two groups at day 1 post-surgery:
WBC (mean difference 0.51, 95% CI -0.69, 1.72; p=0.40)
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Figure 1 Forest plot: meta-analyses for difference in operative mortality; (A) all studies included; (B) only elective surgery
included; (C) only non-elective surgery included.

(Supplementary Figure 2B), PCT (mean difference -0.27,
95% CI -0.56, 0.01; p=0.06) (Supplementary Figure 2C), IL-6
(mean difference: 26.08, 95% CI-6.52, 58.69; p=0.12), TNF-a
(mean difference -0.27, 95% CI -1.15, 0.60; p=0.540), IL-8
(mean difference -0.08, 95% CI -21.38, 21.24; p=0.99).
Two (2) studies reported lactate levels and there was no
statistical difference between the two groups (mean difference -0.01, 95% CI -0.45, 0.43; p=0.960). Furthermore, four
studies [22,23,27,32] compared the use of noradraneline

(mg/kg/min) at day 1 postoperatively, showing no statistically signiﬁcant difference between the cytokine ﬁlter group
and the no cytokine ﬁlter group (MD 0.00, 95% CI, -0.03, 0.03;
p=0.97).
There was no variation in reporting that was attributable
to heterogeneity for any of the above biochemical markers.
After only including the eight elective surgeries [22–28,36]
and excluding emergency surgery, transplantation and
infective endocarditis studies, this subgroup analysis showed
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Figure 2 Forest plot: meta-analyses for differences in ventilation duration (hours). (A) all studies included; (B) only elective
surgery included; (C) only non-elective surgery included.

no statistically signiﬁcant difference between the two groups
for day 1 postoperative levels of IL-6 (mean difference 39.73,
95% CI -4.67, 84.13; p=0.08) and WBC (mean difference 1.16,
95% CI -1.35, 3.66; p=0.36). However, consistent with previous results CRP was signiﬁcantly lower in the cytokine ﬁlter
group (mean difference -0.71, 95% CI –0.84, -0.59; p,0.001).
Similar ﬁndings were noted for the 12 studies that used the
Cytosorb ﬁlter only [22,23,25–34] with no statistically signiﬁcant difference for day 1 postoperative levels of IL-6
(mean difference 21.51, 95% CI -13.50, 56.52; p=0.23), WBC
(OR 0.74, 95% CI -0.73, 2.21, p=0.33) and CRP (mean
difference -0.55, 95% CI -1.52, 0.43; p=0.270).

Meta-Regression
In the presence of some heterogeneity in some of the metaanalyses, we performed meta-regression to assess the effect
of relevant covariates on the main outcomes (Supplementary
Table 1).
Age, male gender, BMI, EuroSCORE and CPB duration
were analysed and none had any signiﬁcant inﬂuence on

operative mortality rate, ventilation duration, length of ICU
and hospital stay (p.0.05).

Discussion
Cardiac surgery is associated with an increased activation of
the immune system due to blood coming into contact with
artiﬁcial surfaces during cardiopulmonary bypass (CPB)
which has been linked to adverse events [5,37]. Finding a
method to remove the inﬂammatory cytokines during cardiopulmonary bypass could show improved outcomes.
Haemoadsorption devices have shown beneﬁts by removing
cytokines such as TNF- a, IL-6 and IL-10 in animal studies
using polymyxin B-immobilised haemoperfusion [38] and
in vitro by using Cytosorb adsorber [13].
Subsequent case reports and case series have been published
demonstrating the use of the Cytosorb adsorber for treating
septic shock resulting in decreased vasopressor need, effective
removal of pro-inﬂammatory cytokines after 24 hours and
improved haemodynamics [16–19]. The Cytosorb adsorber
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Figure 3 Forest plot: meta-analyses for differences in intensive care unit (ICU) length of stay (hours); (A) all studies
included; (B) only elective surgery included; (C) only non-elective surgery included.

might function at the level of the immune effector cells which
leads to decreased activation of NfkB in neutrophils and
Kupffer cells by a reduced cytokine load in the circulation and
therefore a reduced production of cytokines [39].
In the last decade there have been an increasing number of
randomised control trials and observational studies for the
use of cytokine ﬁlters in cardiac surgery to demonstrate the
similar beneﬁts seen for septic patients.
Several studies have conﬁrmed the safety and feasibility of
using cytokine ﬁlters during CPB and did not observe any
adverse device-related side effects [22,23,26,27].
To our knowledge, our present study is the ﬁrst metaanalysis to date for the use of cytokine ﬁlters during cardiopulmonary bypass in cardiac surgery.

Effect on ICU Outcome
The shorter ICU length of stay in the cytokine ﬁlter group
among elective and non-elective procedures is similar to the

ﬁndings noted in some of the papers that included high-risk
patients or surgery: emergency cardiac surgery in patients on
ticagrelor or rivaroxaban [31], cardiac transplantation [32]
and infective endocarditis patients [29,34,35].
Hassan et al. described that the use of Cytosorb virtually
eliminated postoperative bleeding after emergency cardiac
surgery in patients on ticagrelor or rivaroxaban, which in
turn resulted in reduced ICU stay [31].
Nemeth et al. presented that patients receiving Cytosorb
therapy during CPB group were associated with less severe
post-cardiac transplantation vasoplegia, thus diminishing
the vasopressor demand in the ﬁrst 48 hours and reducing
ICU stay [32]. Totsugawa et al. reported that the reduced
inotropic support favoured an early extubation leading to
shorter ICU stay for the cytokine ﬁlter group after being
treated for emergency infective endocarditis surgery [35].
Similarly to elective surgery, in non-elective surgeries only
[29–35], cytokine ﬁlter favoured shorter ICU length of stay
compared to control. An analysis of other postoperative
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Figure 4 Forest plot: meta-analyses for differences in hospital length of stay (days); (A) all studies included; (B) only elective
surgery included; (C) only non-elective surgery included.

outcomes such as atrial ﬁbrillation and acute kidney injury
was not possible, although a borderline difference favouring
the non-cytokine ﬁlter group was found for renal replacement therapy.
The reported effects of reduced inotropic support favouring shorter ICU stay [32,35] were not supported in our study.
These results can be explained due to following reasons.
First, only four studies [22,23,27,32] reported numerical
values of noradrenaline as mg/Kg/min unit that have been
included in our analysis, too small to derive any conclusions.
Second, the remaining four studies that reported inotropic
results, were removed for this analysis as they described
intraoperative levels only [26,30], combination of dopamine,
dobutamine, noradrenaline and adrenaline [35] and only
graphical representation without numerical value obtained
[34].
Although these analyses exhibited moderate heterogeneity
for ventilation duration, ICU length of stay and hospital
length of stay, this was reduced when only comparing elective surgery or non-elective surgery. Meta-regression

analyses were also conducted to account for this heterogeneity and conﬁrmed that relevant covariates did not inﬂuence on the main outcomes.

Effect on Inﬂammatory Markers
Similar to Bernardi et al. (moderate preoperative risk patients) and Poli et al. (high-risk for perioperative complications patients), the use of cytokine ﬁlters was not effective in
reducing inﬂammatory cytokines like TNFa, IL-6 and IL-8 or
markers such as WBC, and PCT at day 1 post-surgery [22,23].
Further subgroup analysis within elective and non-elective
surgeries could not be carried out due to very limited observations being recorded.
Our analysis did ﬁnd a signiﬁcant difference in favour of a
cytokine ﬁlter with regards to CRP values. Nevertheless, it
has to be noted that inﬂammatory markers such as CRP have
a lower predictive value for inﬂammatory responses after
cardiac surgery [40]. In the early postoperative stage, CRP
increases after cardiac surgery regardless of the severity of
the inﬂammatory response and its usefulness for
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interpretation after cytokine ﬁlter is questionable [41]. Procalcitonin is used as diagnostic and follow-up marker for
both infective and non-infective inﬂammatory responses.
Our analysis demonstrated a trend towards cytokine ﬁlters
favouring reduced PCT levels compared to control, but it did
not reach statistical signiﬁcance. Pro-inﬂammatory cytokines
contribute to PCT induction after surgery leading to peak
levels within 24 hours which correlates well with duration of
CPB and can be used as a prognostic indicator for complications after cardiac surgery [42,43].
In our analysis we did not include IL-10 as very few
studies reported this numerically. It has been shown that
higher IL-10 levels post cardiac surgery is associated with a
decreased risk of mortality [9]. Interestingly Bernardi et al.
observed a slower decrease of postoperative IL-10 in the
haemoadsorption groups compared to control with effects
up to 48 hours after surgery [22]. However this was not reported by the other two randomised control trials by Poli
et al. and Stupica et al. [23,27].
The surprising absence of the cytokine ﬁlter effects on
other inﬂammatory markers levels might be related to two
key factors: an insufﬁcient duration of treatment and a lower
inﬂammatory response compared to septic patients.

Effect on Mortality
Our analysis showed a signiﬁcant decrease in 30-day mortality in the non-elective group which included emergency
cardiac surgery [31], cardiac transplantation [33], and infective endocarditis patients [29,34,35]. In contrast, there was no
statistically signiﬁcant difference in the elective patients. To
our knowledge, this is the ﬁrst time a mortality advantage is
illustrated in a comparative assessment of cytokine ﬁlters
within cardiac surgery. In patients with infective endocarditis, an important cause of in-hospital mortality is postoperative multiorgan failure, which is a consequence of
sepsis from a severe systemic inﬂammatory reaction from the
cardiopulmonary bypass [34]. The decrease in mortality in
this group of patients could in fact reﬂect the effects of the
multiple factors involved in the inﬂammatory processes
which cytokine ﬁlters aim to reduce. In addition, the effects
of cytokine ﬁlters on mortality post-cardiac surgery have
previously not reached statistical signiﬁcance often due to
small samples sizes [32]. However, the correlation between
increased cytokine levels and mortality of sepsis have been
demonstrated previously [44].
In the setting of acutely unwell and septic patients, previous
studies in the literature have already outlined a 30-day mortality
advantage associated with the use of Cytosorb. Brouwer and
colleagues in an analysis of ICU patients having septic shock,
reported a signiﬁcant decrease in the observed 28-day mortality
rates when compared to expected mortality rates [45]. In
particular, pre-haemadsorption lactate levels have been
demonstrated to be an independent predictor of mortality [45].
Similar results were also reported by Friesecke and colleagues in
their analysis of 20 consecutive refractory septic shock patients
receiving cytokine ﬁlters, who also underlined the importance of
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considering lactate levels [46]. Unfortunately, due to lack and
inconsistency in the reported data of preoperative lactate levels,
an analysis within our work was not possible, therefore leaving a
window open for future studies. While promising for nonelective cardiac surgical patients, we believe that these results
should be interpreted with caution and warrant the further need
for a large scale randomised control trial assessing mortality
associated factors in this cohort.

Duration of CPB
The average duration of CPB during which the cytokine ﬁlter
is utilised was 157.9646.4 minutes in the Cytosorb group
and 152.2653.3 minutes in the control one. This might be too
short to allow a signiﬁcant reduction of cytokine levels and
thus difﬁcult to show efﬁcacy [22]. In fact, there is a complex
intracellular signalling of upregulation, expressions and
secretion which might take longer in order to release cytokines [23]. Previous animal studies in rats and case reports
showed that optimal cytokine removal occurred when
treatment was at least 4 hours up to 4 days [13,14,47].
Extending the use of cytokine ﬁlters to post-surgery could
be considered with previous studies showing beneﬁts by
using modiﬁed ultraﬁltration post-CPB with signiﬁcant
reduction in cytokines [48]. More recently, a comparative
study on intraoperative versus intraoperative plus postoperative use of CytoSorb in infective endocarditis patients
showed beneﬁts when patients developed perioperative
renal failure with severe haemodynamic instability and highgrade intraoperative ﬁndings. However, both groups
showed a comparable stabilisation in haemodynamics and
inﬂammatory parameters with similar ICU and 90-day survival compared to patients treated only intraoperatively [49].

Degree of Inﬂammatory Response
It is possible that CPB duration is not the only factor for this
reduced haemoadsorption effectiveness during cardiopulmonary bypass.
Recent data from Garau et al. showed a signiﬁcant
decrease in inﬂammatory cytokine IL-8 and TNF-a which
were short lasting despite lower CPB durations [26]. These
differences could be explained by higher EuroSCORE and
higher inﬂammatory responses in their study [27]. Poli et al.
suggest the lack of haemoadsorption efﬁcacy could be
explained by the lower inﬂammatory responses in their trial
and that of Bernardi et al. [22,23].
A positive correlation has been demonstrated between IL-6
concentrations after CPB and duration of it [50]. Cytokines
would be eliminated depending on their plasma concentration during haemoadsorption. In fact, the cytokine load in
septic patients is superior to the elective cardiac surgical
patients and therefore Cytosorb adsorbers would be more
effective in septic patients [26].
Träger et al. demonstrated the concentration of IL-6 cytokine release with levels of up to 5,000 pg/mL post-CPB in
their infective endocarditis surgical patients and compared it
to the modest levels seen in Bernardi et al. which did not
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exceed 254 pg/ml in elective cardiac surgery [22,33]. IL-6
levels reduced signiﬁcantly in Träger et al. while Bernardi
et al. did not notice any difference between the Cytosorb and
control groups [22,33].
This illustrates that cytokine adsorption may be preferentially more effective in patients with high inﬂammatory
response, such as infective endocarditis. Similarly, this inﬂammatory response is also more pronounced in cardiac
transplant patients than conventional cardiac surgeries due
to already activated immune systems in advanced stages of
heart failure [51].
It is becoming clearer that duration of CPB and cytokine
load in the inﬂammatory response play roles in the effectiveness of haemoadsorption. Although, we did ﬁnd a shorter ICU
length of stay with Cytokine ﬁlters in elective studies, haemadsorption devices could be considered not likely to be
beneﬁcial in a majority of elective cardiac surgeries with
moderate inﬂammatory responses [23]. This beneﬁt seems to
be more pronounced in patients with a high inﬂammatory
load such as infective endocarditis and emergency surgeries.

Cost Consideration
In line with all interventions offered within health care costs,
considerations for cytokine ﬁlters also remain an important
topic of debate. While a decrease in cost would appear
logical with improved health outcomes, the economical evidence with regards to the application of cytokine ﬁlters in
cardiac surgery remains limited. Interestingly, Javanbakht
and colleagues analysed the cost-utility of Cytosorb for
ticagrelor removal in patients undergoing emergency or urgent cardiac surgery [52]. Their results demonstrate that
Cytosorb was less costly than the control group without
Cytosorb (GBP£12,933 vs £16,874). Nevertheless, it is to be
understood that these cost savings, while promising, are a
result of fewer complications, such as fewer transfusions,
shorter ICU and hospital stay.

Future Recommendations
The need for further evidence and large scale randomised
controlled trials persists with regards to cytokine ﬁlters in the
setting of cardiac surgery. In line with our ﬁndings, it has
become clear that patients undergoing emergency or urgent
cardiac surgery might be the ones to beneﬁt the most from
haemadsorption devices. Nevertheless, owing to the difﬁculties in the recruitment of these patients in RCTs, the evidence remains limited to observational studies. In the daily
clinical treatment of patients undergoing cardiac surgery we
recommend a team based approach to select the most
appropriate patients for cytokine ﬁlter. Based on the ﬁndings
of this study, patients undergoing cardiac surgical operations
at risk of higher inﬂammatory response seem to be adequate
candidates for cytokine ﬁlter consideration. Interestingly,
machine learning and artiﬁcial intelligence could play an
important role in the identiﬁcation of non-traditionally recognised risk factors and modifying factors which could
identify patients better suited for cytokine therapy [53].
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Limitations
This meta-analysis has some limitations. There is a limited
number of studies included, despite only a small number of
studies available in the literature after applying the inclusion
and exclusion criteria. Of the 15 studies included in this metaanalysis, only eight are RCTs and the remaining seven are
observational, the latter include the non-elective surgeries and
those with infective endocarditis. Although our funnel plot
showed no signiﬁcant risk for publication bias, this could be still
present, and caution is required when interpreting these results.
The level of heterogeneity present for some of the outcomes was high due to variability in operation types
(emergency and elective), disease (coronary artery disease,
aortic disease or infective endocarditis) and patients included
with variable EuroSCOREs. This was reduced when only
analysing elective or non-elective operations, but the degree
of heterogeneity could not be completely eliminated.
In addition, some variables such as TNF-a, IL-8, PCT and
lactate at day 1 post-surgery were not regularly reported in the
studies included and therefore only limited analyses could be
performed. Lastly, some of the variables (mainly inﬂammatory markers and inotropes levels) that were reported in the
individual studies were only described graphically with no
numerical values. Although attempts were made to contact
corresponding authors for numerical values, the ones that
were not provided were excluded in the analysis.

Conclusions
After more than a decade of multiple randomised controlled
trials and observational studies, it is becoming clearer that
haemoadsorption devices are likely to be more beneﬁcial in
patients with higher inﬂammatory response such as infective
endocarditis and emergency operations. At present there are
only observational studies for this cohort of patients. We
recommend designing well-conducted, large scale RCTs in
patients with infective endocarditis will likely provide
further results on the beneﬁts of cytokine ﬁlters use.
This meta-analysis demonstrates no beneﬁt in using cytokine ﬁlters during cardiopulmonary bypass in hospital length
of stay or for reducing the inﬂammatory markers levels other
than CRP. In contrast, there is signiﬁcant reduction in ICU stay
and 30-day mortality afforded by the use of cytokine ﬁlters
during non-elective cardiac surgery, especially in patients with
high inﬂammatory burden such as infective endocarditis.
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