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Introduction. Sepsis-associated acute kidney injury (SA-AKI) is
a frequent and severe complication of sepsis with high mortality.
Hemoadsorption has been increasingly used as an adjunct to
continuous renal replacement therapy (CRRT) to remove inflammatory
mediators, but its clinical efficacy in SA-AKI remains uncertain. We
conducted a systematic review and meta-analysis to evaluate the
effects of hemoadsorption added to CRRT in critically ill patients
with SA-AKL

Methods. Following PRISMA guidelines, we systematically
searched PubMed, EMBASE, Web of Science, Scopus, Cochrane
Library, ClinicalTrials.gov, and WHO ICTRP through December 1,
2025. Comparative studies evaluating hemoadsorption plus CRRT
versus standard CRRT in septic patients with AKI were included.
The primary outcome was mortality (28-, 60-, 90-day, ICU, and in-
hospital). Secondary outcomes included ICU and hospital length
of stay, CRRT duration, changes in SOFA score, vasopressor dose,
lactate, IL-6, and procalcitonin. Random-effects meta-analyses were
performed.

Results. Fifteen studies involving 3,093 patients (1,509 hemoadsorption
plus CRRT; 1,584 CRRT alone) were included. Overall, hemoadsorption
was not associated with a significant reduction in 28-day mortality
(RR =0.79, 95% CI: 0.61 to 1.02) or other mortality endpoints.
However, hemoadsorption significantly reduced SOFA score at
48 hours (MD = -2.79, 95% CI: —4.00 to —1.58), IL-6 levels at 24
hours, and lactate levels at 24 and 48 hours compared with CRRT
alone. It also did not affect ICU or hospital length of stay or CRRT
duration. Subgroup analyses suggested a significant reduction in
28-day mortality with specific adsorption modalities (oXiris, oXiris
plus CytoSorb, and HA330-II), but not with polymyxin B.
Conclusions. In critically ill patients with SA-AKI, adding
hemoadsorption to CRRT improves short-term markers of organ
dysfunction and metabolic derangement but does not confer a clear
mortality benefit. Future large, multicenter trials with standardized
protocols are needed to determine whether specific patient subgroups
or adsorption modalities derive meaningful survival benefit.
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INTRODUCTION

Sepsis is a life-threatening condition caused by a
dysregulated response to an infectious source in the
body, which can lead to subsequent organ injury.!
Sepsis-associated acute kidney injury (SA-AKI) is
one of the serious complications of the mentioned
organ injury. It is estimated that AKI occurs in 60%
of patients admitted with sepsis, and it is a leading
cause of mortality and morbidity in these patients.?
A recent cohort study in France by Monard et al.
reported that nearly 30% of patients with SA-AKI
died during the disease course. They also found that
compared to isolated sepsis patients, the occurrence
of AKI increased the hospital length of stay (LOS)
by about 33%, and the cost of treatment by 38%.
Around 14.5% of SA-AKI patients required renal
replacement therapy (RRT).?

The basic principles of SA-AKI rely on early
recognition, administration of appropriate antibiotics
for source control, fluids and vasopressors to
maintain organ perfusion, and renal replacement
therapy (RRT) to remove accumulated products.*>
Several RRT modalities are investigated to optimize

= Resource Use

@ mw] |CU &Hospital Stay
= No Difference

&E1_ CRRT Duration
= No Difference

L

clinical outcomes in SA-AKI, each with a distinct
physiological mechanism.® Continuous renal
replacement therapy (CRRT) modalities, including
continuous Veno-venous hemofiltration (CVVH),
continuous Veno-venous hemodialysis (CVVHD),
and continuous Veno-venous hemodiafiltration
(CVVHDF), work based on extracorporeal blood
purification strategies in which uremic waste
products and inflammatory mediators are removed
simultaneously.” They can also be combined with
other therapeutic measures. For example, CVVH
can be used in combination with recombinant
alkaline phosphatase (rALP), functioning as a
dephosphorylating agent of lipopolysaccharide,
which is the main pathogenic component of gram-
negative bacterial endotoxins.®

Hemoadsorption has gained attention as RRT
in SA-AKI management in recent years, which
is an extracorporeal blood purification strategy
designed for the removal of inflammatory
mediators and pathogenic substances from the
blood. Hemoadsorption can be beneficial for
SA-AKI patients by regulating microcirculatory
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oxygenation in the kidneys, protecting the
kidneys from tubular cell injury, and facilitating
rapid hemodynamic restoration, which leads to
reduced vasopressor administration.”!? It has
also been shown to be effective in critically ill
COVID-19 patients.!! CytoSorb is one of the most
studied hemoadsorption devices, primarily used
in conjunction with CRRT, which removes a wide
range of inflammatory mediators non-specifically.!?
oXiris® Hemofilter is another unselective
hemoadsorption modality in which both cytokines
and endotoxins are removed simultaneously.!
Seraph 100 is also an unselective device used
for the direct removal of infectious pathogens like
viruses or bacteria from the circulation.!* Polymyxin
B, a selective hemoadsorption modality mainly
used for the removal of endotoxins, is highly
useful in cases of endotoxemia.!® Jafron® HA is
a recent hemoadsorption modality with different
models for different purposes (HA130, HA230, and
HA330). HA130 is mainly used in combination with
hemodialysis, while HA230 is usually used in drug,
pesticide, or industrial poisoning.!® HA330-1I is
used in the context of an acute hyperinflammatory
state, such as SA-AKI, which removes a broad
spectrum of inflammatory mediators and bacterial
toxins from the bloodstream.!”

Despite the increase in usage of hemoadsorption
techniques in septic and SA-AKI patients in recent
years, many uncertainties remain in this field.
Moreover, direct comparison of hemoadsorption
addition to CRRT with standard CRRT therapy
in this population has not been made. This study
aims to do a systematic review and meta-analysis
in order to evaluate the efficacy of hemoadsorption
in the SA-AKI clinical context.

MATERIALS AND METHODS
Eligibility Criteria

This systematic review and meta-analysis followed
the Preferred Reporting Items for Systematic
Reviews and Meta-Analysis (PRISMA) guidelines.!®
Studies reporting the use of hemoadsorption
in septic patients with AKI were eligible for
inclusion. Case reports, review articles, non-English
manuscripts, protocols, non-comparative studies,
and conference abstracts were dismissed. The
protocol of our study was registered in PROSPERO

(registration number = CRD420251270537).

Search Strategy

We systematically searched the following
electronic databases: PubMed, EMBASE, Web of
Science, Scopus, Cochrane Library, Clinicaltrials.
gov, and WHO'’s International Clinical Trials
Registry Platform (ICTRP) until December 1,
2025. No language restrictions or search filters
were applied. Keywords and search terms were:
“Hemoadsorption”, “Hemoperfusion”, “Blood
Purification”, “Sepsis”, “Acute Kidney Injury”,
and “AKI”. We also screened the reference list of
eligible studies and relevant reviews on the topic.

Study Selection

The results of the systematic search were
imported into EndNote software version 21.2
(Clarivate PLC, London, United Kingdom). Two
independent authors (BS, NB) screened them using
titles and abstracts of the studies. Disagreements
were resolved by a third reviewer (AAN).

Data Collection

Full texts of selected studies were retrieved, and
data were extracted according to a predesigned sheet.
One of the reviewers (BS) did the data extraction,
while a second reviewer (NB) cross-checked it.
If any needed information was unavailable, we
contacted the authors. From each trial, the following
information was extracted: the first author’s
name, study year, country of origin, trial design,
population and baseline characteristics, exclusion
criteria, details on the CRRT protocol, sample
size of each comparison group, and prespecified
outcomes. Reported data only in the plots were
extracted using the WebPlotDigitizer tool.'? Our
primary outcome was mortality (including 28-, 60-,
90-day, ICU, and hospital mortality). Secondary
outcomes were: 1) ICU and hospital stay (days),
2) duration of CRRT (days), 3) Changes in lactate,
IL-6, and PCT levels, and 4) Changes in SOFA
score and norepinephrine dose.

Risk of Bias Assessment

The quality of the included randomized
controlled trials (RCTs) was assessed using version
2.0 of the Cochrane Risk of Bias Assessment Tool
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for Randomized Trials (RoB2).292! Observational
studies were rated using the Newcastle-Ottawa Scale
(NOS) tool for cohort and case-control studies.??
Lastly, the critical appraisal of case series studies
was done using the JBI’s critical appraisal tool.?

Data Synthesis and Statistical Analysis

We performed all statistical analyses using the
R Programming language? and R Studio version
2025.09.1+401,% utilizing the “meta”? and “dmetar”?
statistical packages. The random-effects model for
the meta-analysis used the inverse-variance method
(IV) for continuous outcomes and the Mantel-
Haenszel method (MH) for dichotomous outcomes.
Due to insufficient data, a survival meta-analysis
of reported hazard ratios was not possible. Mean
and standard deviation (SD) were used to calculate
the mean difference (MD) with a 95% confidence
interval (CI) for continuous variables or risk ratios
(RR) with a 95% CI for dichotomous variables. For
outcomes with different units (such as ng/h and
ng/Kg/h for norepinephrine dose), standardized
mean difference (SMD) with 95% CI was calculated.
Median and interquartile range (IQR) were converted
to mean and SD using the methods developed
by Luo et al.?® and Wan et al.? We calculated the
change from baseline values from final and baseline
measurements, assuming a correlation coefficient
of 0.5. The restricted maximum likelihood (REML)
model was used to estimate the between-study
variance. Heterogeneity was evaluated using
Higgin's I? test, with thresholds defined as < 25%
for low, 26 to 75% for moderate, and > 75% for
high.3’ Meta-regression, subgroup, and leave-one-
out sensitivity analyses were conducted to identify
sources of heterogeneity. Publication Bias was
evaluated using funnel plot visual assessments, and
a trim-and-fill analysis was performed afterwards.?!
We utilized Egger’s test®? to check the significance
of publication bias for continuous variables reported
in more than ten studies. Due to the low number of
studies in the analyses (< 10), performing a meta-
regression using baseline SOFA or APACHE-II
score was not feasible.

RESULTS
Study Characteristics
The selection process for the included studies

is illustrated in the PRISMA flow diagram
(Figure 1). Following the screening, 15 studies
met the eligibility criteria and were included in
the analysis.!>3¢% Details of the included studies
are presented in Table 1. Studies were published
from 2002 to 2025, encompassing 1509 patients
on hemoadsorption therapy and 1584 patients on
standard CRRT therapy. All studies compared
hemoadsorption plus CRTT with CRRT alone; four
studies used polymyxin B, seven used oXiris, two
used CytoSorb, one used a combination of oXiris
and CytoSorb, and one used HA330-II. Seven studies
performed CRRT using CVVHDEF, six used CVVH,
one used CVVHD, and in one study, the modality
was not specified.’® Further details of the CRRT
protocols used in the included studies, including
treatment duration and intervals, effluent flow
rate, ultrafiltration, replacement flow rate, and
blood flow rate, are presented in Table 2.

Risk of Bias in Studies

By using the RoB2 tool, of the four included
RCTs, one was judged to have a low overall risk
of bias, one had some concerns, and two were at
a high risk. Cohort and case-control studies were
evaluated using the NOS tool, and all received a
low risk of bias except one.*! One case series study
with a historical control group was assessed using
the case-series JBI tool and was deemed suitable
for inclusion in the analysis.

Meta-analysis

Comparison of mortality rates between CRRT
plus hemoadsorption and standard CRRT treatment.
Compared to CRRT standard therapy, CRRT plus
hemoadsoroption therapy was not associated
with a significantly lower 28-day mortality
rate (RR =0.79, 95% CI: 0.61 to 1.02; I = 65.6%,
Figure 2). We performed subgroup analyses based
on hemoadsorption type, CRRT modalities, and
study design. oXiris, the combination of oXiris/
CytoSorb, and HA330-1I significantly reduced 28-
day mortality, whereas PMX did not. Additionally,
no significant differences were observed between
studies using CVVH versus CVVHDF (P = .29) or
between clinical trials and observational studies
(P = .08). Sensitivity leave-one-out analysis revealed
that excluding either the study by Suzuki et al.3
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Figure 1. The PRISMA Flow Diagram of the Screening Process

or Lee et al.*> would make the 28-day mortality
reduction by hemoadsorption statistically significant
(RR = 0.87,95% CI: 0.81 to 0.94; RR = 0.85, 95% CI:
0.78 to 0.91; respectively). The visual assessment
of the funnel plot did not indicate the presence of
publication bias, and the Trim-and-Fill analysis did
not alter the significance of the findings. Further
analyses showed that adding hemoadsorption to
CRRT did not significantly reduce 60-day, 90-day,
ICU, or hospital mortality.

Comparison of secondary outcomes between CRRT
plus hemoadsorption and standard CRRT treatment.
Adding hemoadsorption to standard CRRT did not
significantly affect ICU or hospital length of stay,
nor CRRT duration (Figure 3). Sensitivity analyses,
funnel plots, and Trim-and-Fill analyses confirmed
the robustness of these results.

Research Journal of Critical Care Nephrology, Vol 2, No 2, April 2026

Compared to CRRT alone, the combination
of CRRT and hemoadsoprtion demonstrated a
significant reduction of the SOFA score 48 hours
after CRRT (MD = -2.79, 95% CI: -4.00 to -1.58,
I2 = 0%), although no significant difference was
found after 24 hours (Figure 4). Moreover, no
significant differences in norepinephrine dose
reduction 24 and 48 hours after CRRT were observed
between the two groups (Figure 4).

Hemoadsorption significantly lowered IL-6
levels at 24 hours (MD = -593.59, 95% CI: -728.57
to -458.61, I? = 80.4%) and lactate levels at both
24 and 48 hours (MD = -0.88, 95% CI: -1.66 to
-0.11, I? = 48.3%; MD = -0.72, 95% CI: -1.33 to
-0.1, I? = 7.2%; respectively) compared with the
control group (Figure 5). However, no significant
difference was found in PCT reduction 24 hours
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Table 2. Continued

blood flow
rate
180-200 mL/

Ultrafilteration replacement
flow rate

Effluent
flow rate

CRRT protocol

n1 n2

Design Group 1 Group 2

Year Country

Author

30004000

4hr, CVVHDF for the rest of

10

10

Randomized CVVHDF + CVVHDF

China

2024

Zhou et

min

mL/h

the day.
patients received 3-5 HP

HP (HA330-II
HP machine)

controlled

al.

single-blind

treatments.

150-200 mL/

20-35 mL/kg/h

20-30 mL/

24h

126 135

CVVH

CVVH +

Single-center

2025 China

He et al.

min

kg/h

oXiris (M150)

retrospective

Efficacy of Hemoadsorption in Sepsis-Associated Acute Kidney Injury—Saeedian et al

cohort
Single-center

20-25 mL/
kg/h

a minimum cycle of 2
sessions, and a maximum of

6 sessions. The indications
for CytoSorb® were evaluated

Italy CVVHD + CVWHD 11 24
retrospective CytoSorb

Mariano 2024
et al.

cohort

daily after 2 sessions

and 48 hours after CRRT (Figure 5).

Qualitative Synthesis

Kidney Function and Prognosis. Utilizing multiple
regression models, some studies found the use
of oXiris hemoadsorption to be significantly and
independently associated with reduction of ICU,
30-day, and 90-day mortality.'*>** On the contrary,
other studies found no association between the
use of oXiris and 60- or 90-day mortality.4>48
Moreover, He et al. found no interaction between
the use of oXiris and age, AKI stage, or SOFA
score in predicting 90-day mortality.*® The use of
PMX treatment was also found to have conflicting
results regarding the association with 28-day

3842 with no interaction found between

mortality,
PMX use and underlying malignancy, site of
infection, previous surgery, ventilation support,
or use of norepinephrine.?® Regression models
also showed CytoSorb not to have a significant
association with ICU and hospital mortality.*!
Complete recovery of kidney function had no
significant difference between CRRT standard
therapy and using oXiris.!34¢ or CytoSorb.* This
complete recovery was defined as a return of
serum creatinine to baseline levels and a normal
urine test'®#¢ or recovery from CRRT need.*
With hemoadsorption using oXiris, creatinine
levels did not differ significantly between the two
groups.’#* HA330-1I decreased creatinine levels
in the treatment group; still, the difference was
not clinically significant.*’

Hemodynamics. Two studies demonstrated that
mean arterial pressure (MAP) values were identical
in the oXiris and standard filter groups,***3 while
another reported significant improvements in the
oXiris group.*® In a study by Epstein et al., the
vasopressor dependency index (VDI) showed a
slight increase in the standard CRRT group, while
patients receiving hemoadsorption (CytoSorb/
Oxiris) experienced a significant reduction.*
The reduction in vasoactive-inotropic score (VIS)
was also found to be greater in the oXiris group
than in the control group.!34® Patients receiving
hemoadsorption via CytoSorb*! or oXiris* were on
a significantly shorter duration of catecholamine
administration compared to standard filters.
On the other hand, no significant differences in
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HA + CRRT CRRT 28-day Mortality Risk Ratio
Study Events Total Events Total MH, Random, 95% CI RR 95%-Cl  Weight
Suzuki et al., 2002 (PMX) 6 24 18 24 —a— | 0.33 [0.16;0.69] 7.2%
Iwagami et al., 2016 (PMX) 393 978 458 978 0.86 [0.78;0.95] 16.6%
Lee et al., 2021 (PMX) 35 66 22 66 |- 1.59 [1.06;2.40] 11.9%
Guan et al., 2022 (oXiris) 49 70 54 66 B 0.86 [0.71;1.04] 15.6%
Feng et al., 2022 (oXiris) 5 8 6 8 : 0.83 [0.43;1.63] 7.9%
Epstein et al., 2024 (oXiris/Cytosorb) 16 47 18 29 — 0.55 [0.34;0.89] 10.5%
Zheng et al., 2024 (oXiris) 20 88 42 155 : 0.84 [0.53;1.33] 11.0%
Zhou et al., 2024 (HA330-I1) 2 10 9 10 0.22 [0.06;0.78] 3.3%
He et al., 2025 (oXiris) 83 126 98 135 = 0.91 [0.77;1.07] 16.0%
Random effects model 1417 1471 04 0.79 [0.61; 1.02] 100.0%

Heterogeneity: /2 = 65.6%, T2 = 0.1000, p = 0.0030 I I I I
0.1 05 1 2 10
CRRT HA +CRRT

Figure 2. Forest Plot of the 28-day Mortality Risk Ratio Between hemoadsorption + CRRT and CRRT

HA + CRRT CRRT ICU Stay (days)
Study Total Mean SD Total Mean SD IV, Random, 95% CI MD 95%-Cl Weight
Shum et al., 2013 (oXiris) 6 101 127 24 104 10.2 — -0.30 [-11.23;10.63] 1.1%
Navas et al., 2018 (PMX) 9 249 170 9 147 16.0 S B 10.20 [-5.05;25.45] 0.6%
Schittek et al., 2020 (CytoSorb) 43 127 1563 33 274 372 S -1470 [-28.17;-1.22] 0.7%
Guan et al., 2022 (oXiris) 70 165 159 66 156 144 —— 0.85 [-4.23; 5.94] 4.9%
Feng et al., 2022 (oXiris) 8 17.8 26.0 8 300 290 —MmM—+— -12.24 [-39.26; 14.78] 0.2%
Liu et al., 2022 (oXiris) 15 9.2 1.2 15 9.8 1.7 -0.56 [-1.62; 0.50] 75.5%
He et al., 2025 (oXiris) 126 126 112 135 114 105 1.20 [-1.44; 385 17.1%
Random effects model 277 290 -0.25 [-1.39; 0.89] 100.0%

Heterogeneity: /2 = 30.4%, ©° = 0.1548, p = 0.1957
-20 0 20
CRRT HA +CRRT

HA + CRRT CRRT Hospital Stay (days)
Study Total Mean SD Total Mean SD IV, Random, 95% CI MD 95%-Cl Weight
Shum et al., 2013 (oXiris) 6 215 73 24 27.7 322 — -6.24 [-20.36; 7.88] 2.1%
Navas et al., 2018 (PMX) 9 395 29.0 9 320 340 : 7.50 [-21.70;36.70] 0.5%
Schittek et al., 2020 (CytoSorb) 43 16.8 191 33 364 464 ——— -19.62 [-36.46;-2.77] 1.4%
Guan et al., 2022 (oXiris) 70 238 219 66 213 197 —t— 250 [-4.49; 949] 84%
Feng et al., 2022 (oXiris) 8 9.7 116 8 75 112 —— 219 [-8.99;13.37] 3.3%
Liu et al., 2022 (oXiris) 15 178 29 15 19.0 3.2 -1.22  [-3.43; 0.99] 84.3%

Random effects model 151 155
Heterogeneity: /2 = 27.0%, ©2 < 0.0001, p = 0.2324 NI UL
-30 -20 -10 0 10 20 30
CRRT HA +CRRT

Jomm

-1.12  [-3.15; 0.90] 100.0%

HA + CRRT CRRT CRRT Duration (days)

Study Total Mean SD Total Mean SD IV, Random, 95% CI MD 95%-Cl Weight
Shum et al., 2013 (oXiris) 6 23 1.4 24 2.0 1.6 -] 030 [-0.96; 1.55] 16.7%
Navas et al., 2018 (PMX) 9 8.5 7.6 9 35 1.9 — 500 [-0.12;10.12] 7.2%

Schittek et al., 2020 (CytoSorb) 43 4.1 3.8 33 85 101 - -443 [-8.05;-0.81] 10.3%
Guan et al., 2022 (oXiris) 70 21 1.2 66 57 59 -3.58 [-5.04;-2.12] 16.2%
Feng et al., 2022 (oXiris) 8 3.0 3.1 8 21 1.7 091 [-1.53; 3.35] 13.5%
Liu et al., 2022 (oXiris) 15 6.7 14 15 79 14 { -1.19  [2.21;-017]  17.2%
He et al., 2025 (oXiris) 126 3.5 3.1 135 31 29 0.35 [-0.39; 1.08] 17.7%
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Figure 3. Forest Plot of ICU Stay, Hospital Stay, and CRRT Duration Mean Difference Between Hemoadsorption + CRRT and CRRT
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HA + CRRT CRRT SOFA Score Change (24h)
Study Total Mean SD Total Mean SD IV, Random, 95% ClI MD 95%-ClI Weight
Shum et al., 2013 (oXiris) 6 21 52 24 -09 38 J -1.15 [-5.55; 3.25] 5.1%
Guan et al., 2022 (oXiris) 70 1.3 33 66 26 27 -1.30 [2.32;-0.28) 41.9%
Liu et al., 2022 (oXiris) 15 45 21 15 29 33 -1.60 [-3.59; 0.39] 19.6%
He et al., 2025 (oXiris) 126 01 48 135 -0.3 59 0.23 [-1.07; 1.53] 33.4%
Random effects model 217 240 -0.84 [-1.87; 0.19] 100.0%
Heterogeneity: /2 = 23.8%, ©° = 0.3912, p = 0.2681 ! ! ! J !
4 -2 0 2 4
HA + CRRT CRRT
HA + CRRT CRRT SOFA Score Change (48h)
Study Total Mean SD Total Mean SD IV, Random, 95% CI MD 95%-ClI Weight
Shum et al., 2013 (oXiris) 6 44 63 24 0.2 47 : — -4.20 [9.62; 1.22) 5.0%
Guan et al., 2022 (oXiris) 70 -07 59 66 19 37 - -2.60 [-4.25;-0.95] 54.2%
Liu et al., 2022 (oXiris) 15 72 20 15 43 32 —— -2.87 [-4.77;-0.97) 40.8%
Random effects model 91 105 < -2.79 [-4.00; -1.58] 100.0%
Heterogeneity: /2 = 0.0%, t° = 0, p = 0.8529 f 1
-5 0 5
HA + CRRT CRRT
HA + CRRT CRRT Norepinephrine Dose Change (24h)
Study Total Mean SD Total Mean SD IV, Random, 95% CI SMD 95%-Cl Weight
Shum et al., 2013 (oXiris) 6 58 375 24 50 258 [-0.92;0.87) 25.3%
Navas et al., 2018 (PMX) 9 -0.3 06 9 1.0 07 [0.09;2.10] 23.1%
Broman et al., 2019 (oXiris) 8 -03 03 8 -0.1 0.3 [-1.78;0.27] 22.8%
Liu et al., 2022 (oXiris) 15 -02 02 15 02 0.2 [-1.21;0.24] 28.8%
Random effects model 38 56 [-0.82; 0.69] 100.0%
Heterogeneity: 1% = 62.8%, 1% = 0.3790, p = 0.0448 !
-2 -1 0 1 2
HA + CRRT CRRT
HA + CRRT CRRT Norepinephrine Dose Change (48h)
Study Total Mean SD Total Mean SD IV, Random, 95% CI SMD 95%-Cl Weight
Shum et al., 2013 (oXiris) 6 -185 215 24 -164 222 -0.09 [-0.99; 0.80] 33.2%
Navas et al., 2018 (PMX) 9 -05 06 9 -1.1 0.6 0.93 [-0.06; 1.91] 31.7%
Liu et al., 2022 (oXiris) 15 -04 0.2 15 02 02 —@— -1.04 [-1.81;-0.27]) 35.1%
Random effects model 30 48 ' -0.10 [-1.22; 1.01] 100.0%

Heterogeneity: 12=79.4%, v* = 0.7686, p = 0.0079
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1.5

Figure 4. Forest Plot of the SOFA Score and Norepinephrine Dose Changes Mean Difference, 24 and 48 Hours After CRRT, Between

hemoadsorption + CRRT and CRRT

mechanical ventilation duration between CVVH
+ oXiris and CVVH alone were found.* Notably,
patients in the hemoadsorption with PMX group
required a longer duration of mechanical ventilation
compared to controls.? The changes in CRP levels
were contradictory between studies.!33%43444748
Endotoxin and Cytokine Levels. Only two
studies measured endotoxin levels and reported

Research Journal of Critical Care Nephrology, Vol 2, No 2, April 2026

that endotoxin levels had a significantly greater
decline in the oXiris* and PMX group® compared
to the standard filter group. Broman et al. revealed
that TNF-a levels declined more rapidly and to a
greater extent in the oXiris group (70% reduction),
compared with the standard CRRT therapy (20%
reduction).®’ Zheng et al. showed that TNFa and IL-
10 levels were lower in the oXiris group compared
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HA + CRRT CRRT Cytokine Level Change (24h)
Study Total Mean sD Total Mean SD IV, Random, 95% CI MD 95%-Cl Weight

Suzuki et al., 2002 (PMX) 24 -964.2 3023 24 -398.8  253.0
Navas et al., 2018 (PMX) 9 -798.0 673.0 9 -7668.0 6284.4
Guan et al., 2022 (oXiris) 70 -15496 28444 66 -3899 726.8
He et al., 2025 (oXiris) 126 -3076 9269 135 3164 13748

-565.40  [-723.09; -407.71] 73.3%
6870.00 [2740.79;10999.21] 0.1%
-1159.62 [-1848.63; -470.61] 3.8%
-623.91  [-906.70; -341.12] 22.8%

Random effects model 229 234
Heterogeneity: /2 = 80.4%, v* = 0, p = 0.0016 f T
-10000 -5000 0 5000 10000
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-593.59 [-728.57; -458.61] 100.0%
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Broman et al., 2019 (oXiris) 8 -16 0.9 8 0.1 14 —— -1.66 [-2.82;-0.50] 25.8%
Liu et al., 2022 (oXiris) 15 31 13 15 23 12 —=- -0.86 [-1.75; 0.03] 33.7%
Epstein et al., 2024 (oXiris/Cytosorb) 47 29 28 29 -03 67 —=——] -2.65 [-5.20;-0.10) 8.1%
He et al., 2025 (oXiris) 126 -16 32 135 -14 59 - -0.21 [-1.35; 093] 26.3%
Random effects model 205 196 < 0.88 [-1.66;-0.11] 100.0%

Heterogeneity: /2 = 48.3%, t2 = 0.2587, p =0.1016 ! ! ! !
4 2 0 2 4
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HA + CRRT CRRT Lactate Level Change (48h)
Study Total Mean SD Total Mean SD IV, Random, 95% CI MD 95%-Cl Weight
Navas et al., 2018 (PMX) 9 33 3.2 9 44 28 1.03 [-1.76; 3.82] 4.9%
Liu et al., 2022 (oXiris) 15 44 13 15 33 1.2 —— -1.06 [-1.98;-0.14] 45.7%
Zheng et al., 2024 (oXiris) 88 -36 28 155 -30 4.2 —-— -0.57 [-1.45; 0.31] 49.4%
Random effects model 112 179 ’ -0.72 [-1.33;-0.10] 100.0%
Heterogeneity: /2 = 7.2%, ©* < 0.0001, p = 0.3405 UL UL

3210 1 2 3
HA + CRRT CRRT

HA + CRRT CRRT PCT Level Change (24h)
Study Total Mean SD Total Mean SD IV, Random, 95% CI MD 95%-Cl Weight
Navas et al., 2018 (PMX) 9 -49.8 797 9 -43.1 593 : ! -6.70 [-71.59;58.19) 2.3%

Guan et al., 2022 (oXiris) 70 -25.1 332 66 -7.8 128
Liu et al., 2022 (oXiris) 15 1.2 441 15 20 32
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Figure 5. Forest Plot of IL-6, Lactate, and PCT Level Changes Mean Difference, 24 and 48 Hours After CRRT, Between
hemoadsorption + CRRT and CRRT
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to the control group.*® However, other studies
reported no significant differences between the
two groups in changes of IL-2, IL-10, and TNF-a
after the first treatment with oXiris,*3 IL-1p, IL-8,
IL-10, and TNF-a after treatment with PMX,? and
IL-1B and TNFa after treatment with HA330-11.4”

DISCUSSION

In our analysis of SA-AKI patients requiring
intensive care, the use of hemoadsorption
techniques, when added to CRRT, did not
demonstrate a statistically significant difference
across primary mortality outcomes compared to
conventional CRRT alone. No significant differences
were observed in primary endpoints, including 28-,
60-, and 90-day mortality, as well as ICU and in-
hospital mortality. Similarly, secondary outcomes,
such as length of ICU stay, total hospital length
of stay, and duration of CRRT, were comparable
between patients treated with hemoadsorption-
based strategies and those receiving standard CRRT.
Importantly, our analysis demonstrated that adding
hemoadsorption to CRRT was associated with a
significant reduction in SOFA score at 48 hours and
a significant decrease in IL-6 concentrations at 24
hours, alongside significant reductions in lactate
levels at both 24 and 48 hours. Subgroup analyses
further suggested a significant reduction in 28-
day mortality with specific adsorption modalities,
including oXiris, the combination of oXiris with
CytoSorb, and HA330-1I. Moreover, when combined
with hemoadsorption, no difference was found
between CVVH and CVVHDEF modalities for CRRT.

Non-significant differences in primary mortality
outcomes may be due to short follow-up durations
and multifactorial drivers of mortality in SA-AKI,
which are strongly influenced by disease severity
and comorbidities. Also, secondary outcomes,
including ICU length of stay, hospital length
of stay, and CRRT duration, were not inferior
to CRRT alone, suggesting that the addition of
hemoadsorption did not increase treatment duration
or healthcare resource use and may therefore be
feasible without increasing healthcare burden. This
finding was further supported by subgroup analysis,
which showed no improved efficacy of CVVHDF
compared to CVVH and no need for higher costs.
Also, our analysis demonstrated that the addition

of hemoadsorption to CRRT was associated with
a significant reduction in SOFA score at 48 hours,
suggesting a more rapid short-term improvement in
organ dysfunction compared with CRRT alone. This
early stabilization effect is biologically plausible,
given that hemoadsorption membranes can clear
circulating cytokines and endotoxins, key drivers
of sepsis-related vasodilation and impaired tissue
perfusion.” This interpretation is supported by prior
studies reporting similar early improvements in
organ function and hemodynamics using adsorptive
filters like 0Xiris.”2

In parallel, lactate levels were significantly lower
at both 24 and 48 hours in the hemoadsorption
group. Lactate is a core component of the current
definition of septic shock and represents an
objective marker of tissue hypoperfusion that is less
influenced by clinician judgment than vasopressor
titration. Experimental and clinical data have
linked persistent hyperlactatemia in sepsis to
microcirculatory dysfunction, endothelial injury,
and impaired oxygen utilization, highlighting its
relevance as a surrogate of microvascular recovery.>
In contrast, no significant differences were observed
in vasopressor dose reduction between groups,
a finding that may reflect the subjective nature
of vasopressor management, which depends on
physician preference, different protocols, and
target blood pressure strategies. Taken together,
these findings suggest that hemoadsorption
may preferentially improve objective markers
of perfusion, such as lactate, and early organ
dysfunction, which may help limit early progression
from sepsis toward septic shock.

Hemoadsorption is an extracorporeal blood
purification strategy designed to remove circulating
inflammatory mediators and pathogenic substances
involved in the dysregulated immune response of
sepsis and SA-AKL1% Broad-spectrum adsorption
devices such as oXiris, CytoSorb, and HA330-II
can remove a wide range of cytokines, pathogen-
associated and damage-associated molecular
patterns, and selected toxins, thereby addressing
multiple inflammatory pathways beyond renal
solute clearance alone.'®°1* In contrast, polymyxin
B hemoperfusion is primarily intended to selectively
bind circulating lipopolysaccharide and is therefore
most relevant in endotoxemia related to gram-
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negative bacterial infections.!%! These mechanistic
differences are reflected in our subgroup findings,
which demonstrated a significant reduction in
28-day mortality with oXiris, the combination
of oXiris plus CytoSorb, and HA330-II, but not
with polymyxin B hemoperfusion. Consistently,
sensitivity analyses showed that exclusion of
either the Suzuki et al. or Lee et al. studies resulted
in a statistically significant reduction in 28-day
mortality, a finding that is plausibly explained
by the predominant use of polymyxin B in those
trials. Taken together, these observations suggest
that inclusion of PMX-based studies where efficacy
may be confined to a narrower, endotoxin-driven
septic phenotype can dilute pooled mortality effects
in heterogeneous SA-AKI populations, whereas
broader adsorption modalities may be better
suited to the complex inflammatory environment
of critically ill patients.

Our findings align with the most recent meta-
analyses and reviews focused on CytoSorb or
similar broad-spectrum hemoadsorption in sepsis,
which have not demonstrated a significant mortality
reduction despite improvements in inflammatory
mediator clearance or hemodynamics.*>°¢ Notably,
these studies also described inconsistent effects on
secondary clinical outcomes, with some reporting
modest or transient reductions in lactate levels
or vasopressor requirements, while others found
no meaningful differences in ICU length of stay
or duration of organ support.!”*5% Similarly, we
observed significant improvements in objective
metabolic and organ dysfunction markers, such
as lactate reduction and SOFA score at 48 hours,
without corresponding changes in vasopressor
dose or ICU length of stay. In contrast, a network
meta-analysis of blood purification techniques in
septic patients reported heterogeneous results
across modalities, suggesting that potential
benefits in clinical or surrogate outcomes may be
driven by specific adsorption filters rather than
hemoadsorption as a uniform intervention.!”

Most of the previous studies focused on individual
hemoadsorption devices, mostly CytoSorb, and
enrolled heterogeneous septic populations without
specifically focusing on patients with SA-AKIL52°556
In contrast, our meta-analysis exclusively evaluated
ICU patients with SA-AKI undergoing CRRT

and systematically assessed hemoadsorption
as an adjunctive therapy across short-term and
intermediate-term mortality endpoints.

LIMITATIONS

This meta-analysis has several limitations.
Most included studies were conducted in Asia,
with limited representation from North America,
Africa, and other regions, which may restrict
generalizability. The majority of studies were
single-center with relatively small sample sizes,
and hemoadsorption dose and duration were
not consistently reported. In addition, study
populations were largely restricted to ICU patients,
and outcomes predominantly focused on short-
term mortality, particularly 28-day mortality, with
limited data on long-term outcomes.

CONCLUSION

In critically ill patients with sepsis-associated
AKI, the addition of hemoadsorption to CRRT was
associated with significant short-term improvements
in organ dysfunction and metabolic markers,
including reductions in SOFA score, IL-6, and
lactate levels. However, it didn’t cause significant
improvements in short- or intermediate-term
mortality, nor did they affect ICU or hospital
length of stay or CRRT duration. Larger, well-
designed multicenter trials with standardized
hemoadsorption protocols and longer follow-up
are needed to clarify whether specific patient
subgroups or adsorption modalities may derive
meaningful clinical benefit.
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