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Abstract

Aims/Background Sepsis remains a major cause of mortality in intensive care units (ICUs) worldwide,
with conventional treatments showing limited efficacy. Extracorporeal hemopurification (EH) techniques
have emerged as promising adjunctive therapies. This study aims to explore the impact of EH techniques,
including hemofiltration, hemoperfusion, hemodialysis, and hemosorption, on the clinical prognosis and
immune function of patients with sepsis.

Methods We searched relevant literature describing patients with a precise clinical diagnosis of sepsis,
severe sepsis, or septic shock across various databases, including MEDLINE, AMED, Cochrane Library,
Embase, PubMed, China National Knowledge Infrastructure (CNKI), Weipu, and Wanfang, published
from January 2010 to October 2023. Both randomized controlled trials and observational studies were
included to compare those receiving EH and conventional anti-infective treatment. Meta-analysis was
performed using RevMan 5.3 software after two evaluators independently screened the literature, extracted
information, and evaluated the methodological quality of the included studies. The primary outcome
indicators included in-hospital mortality (IHM) and length of ICU stay (LOS-ICU). Furthermore, the
changes in T-helper 1/T-helper 2 (Th1/Th2) levels were analyzed and expressed as relative risk (RR), odds
ratio (OR), or mean difference (MD) with corresponding 95% confidence interval (CI) as appropriate for
the type of outcome measure.

Results This analysis included 30 studies (n = 2262) (1267 in the EH group and 995 in the conventional
treatment group). We observed that EH treatment, such as hemopurification, hemofiltration, hemoperfu-
sion, hemodialysis, and hemoadsorption, significantly reduced IHM in sepsis patients (RR = 0.75, 95%
CI: 0.68-0.84, p < 0.00001). However, there was no significant impact on LOS-ICU (MD = -0.44, 95%
CI: —2.29-1.41, p = 0.64). Subgroup analyses suggested that cytokine adsorption (OR = 0.69, p = 0.17)
or polymyxin B blood perfusion (OR = 0.73, p = 0.06) did not reduce IHM in sepsis patients. Similarly,
EH did not improve IHM in patients with septic acute renal failure (RR = 0.82, p = 0.27) and IHM in
patients with burn-induced sepsis (RR = 0.59, p =0.07). For sepsis patients with improved Th1/Th2 value
of immune factor levels by EH, IHM was not significantly reduced (RR = 0.61, p = 0.08), and LOS-ICU
also showed no significant difference (MD = 0.34, 95% CI: —5.92-6.60, p = 0.92).

Conclusion For sepsis patients without relevant contraindications, EH holds promise as an adjunctive
therapy, but the modulation of immune factor levels during treatment does not consistently influence the
LOS-ICU.
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i ¢ Sepsis is a systemic inflammatory response syndrome induced by infection

(Fleischmann-Struzek et al, 2020). Traditional treatment approaches for sepsis
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primarily include early goal-directed therapy, appropriate antimicrobial therapy,
source control, and supportive care for organ dysfunction. Despite these conven-
tional treatments, the sepsis-related mortality rate remains high (Markwart et al,
2020). Sepsis commonly originates from severe infections such as burns, trauma,
severe pneumonia, or diffuse peritonitis. Without timely and effective treatment, it
can develop into severe sepsis or even septic shock (Fontetal, 2020). Primary death
in patients often results from early complications of infection, such as metabolic
acidosis, coagulation disorders, and hypoxemia, while secondary death is signifi-
cantly associated with systemic inflammatory response syndrome, compensatory
anti-inflammatory response syndrome, and ultimately multiple organ dysfunction
syndrome (Zou et al, 2022). Effective modulation of the inflammatory response
during the progression of sepsis proves effective in treating sepsis and serves as an
efficient strategy to reduce in-hospital mortality (IHM).

Extracorporeal hemopurification (EH) has become a common clinical adjunc-
tive therapy for sepsis. EH reduces sepsis-associated inflammatory mediators and
cytokines levels through biological clearance (Zhang et al, 2021). Moreover, EH
can attenuate the systemic inflammatory disorder induced by sepsis, thus helping
to maintain the body’s metabolic balance within a manageable range (Vorobii et al,
2019). In recent years, a range of novel EH treatments have emerged following
the classical principle of EH, such as high-volume hemofiltration (Bilgrami et al,
2010), coupled plasma filtration and adsorption (Li et al, 2022), and polymyxin B
blood perfusion.

The present study aims to explore treating sepsis patients using EH, a technol-
ogy that has not been fully integrated into routine clinical practice. The options
for EH modalities are vast; however, although the effectiveness of novel EH ap-
proaches has been demonstrated, their ability to improve IHM in septic patients
remains controversial (Terayama et al, 2017). The main objective of this study is
to examine the effect of EH on both overall IHM and immune function in septic
patients by means of conducting a meta-analysis according to the PRISM 2020
checklist (Supplementary Material).

Methods

Literature Search

We searched relevant literature across multiple databases, including MEDLINE,
AMED, Cochrane Library, Embase, PubMed, China National Knowledge Infras-
tructure (CNKI), Weipu, and Wanfang, published from January 2010 to October
2023. We focused on literature concerning EH and its impact on prognosis and
immune cytokines in patients with sepsis. Search keywords include “hemopurifica-

2 ¢

tion”, “hemofiltration”, “hemoperfusion”, “hemodialysis”, “hemoadsorption”, “sep-
sis”, “severe sepsis”, “septic shock”, “mortality”, “in-hospital stay length”, and
“immunity function”. To ensure comprehensive coverage of the literature, a sec-
ondary expanded search of the references of the included literature was conducted

to incorporate additional relevant literature in this analysis.
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Inclusion and Exclusion Criteria

The included article must satisfy the following criteria: (1) All selected studies
used at least one type of EH treatment; (2) The research subjects had a precise clini-
cal diagnosis of sepsis, severe sepsis, or septic shock based on the diagnostic criteria
outlined in the 2019 American College of Thoracic Physicians/Consultative Con-
ference on Critical Care Medicine (Hunt, 2019); (3) Randomized controlled trials
and observational studies (prospective and retrospective cohort studies) that com-
pared patients receiving EH combined with conventional anti-infective treatment
versus conventional treatment alone were included; (4) The study subjects were
divided into two groups: an EH group and an antibiotic treatment control group,
with clear documentation of clinical prognosis; (5) The studies clearly reported the
changes in immune-related cytokine levels among patients receiving EH treatment.
However, studies were excluded from this meta-analysis if they fulfilled the crite-
ria below: (1) Studies including patients with limited clinical infection lesions that
have not progressed to sepsis; and (2) Studies demonstrating proportional models or
survival curves as clinical prognosis data, making it impossible to precisely assess
the relevant survival data.

Data Extraction

Two researchers independently performed literature search based on the prede-
fined searching strategy. Subsequently, they reviewed and determined the inclusion
of eligible studies. A third researcher was responsible for extracting relevant data
for summarization and organization. The specific details were extracted, including
the first author’s name, publication years, patient numbers, EH methods, death rates,
length of intensive care unit (ICU) stay (LOS-ICU), changes in immune function-
related cytokine levels, and other relevant information.

Statistical Methods

For data with dichotomous outcomes, relative risks (RRs) or odds ratios (ORs)
and corresponding 95% confidence intervals (Cls) were calculated as appropriate.
For continuous outcomes, mean differences (MDs) and corresponding 95% Cls
were calculated. For continuous outcomes, MDs and corresponding 95% Cls were
calculated. The heterogeneity of I> > 50% was considered significant. Moreover,
the fixed-effect model was utilized to combine outcome data if > < 50%, whereas
the random-effect model was employed to combine outcome data when I > 50%.
A p-value < 0.05 was considered statistically significant, unless otherwise stated.
Statistical analyses were performed using Review Manager software (RevMan ver-
sion 5.3, Cochrane Collaboration, Cambridge, UK).

Results

Literature Retrieval Process

An initial screening identified a total of 1770 articles. Finally, 30 articles that
met the predefined inclusion criteria were included in the meta-analysis (Fig. ).
Out of the included studies, there were 25 articles related to EH and clinical prog-
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nosis (e.g., Zuccari et al, 2020; Mitaka et al, 2022) and 13 articles related to EH
and LOS-ICU (e.g., Peng et al, 2010; Paul et al, 2021). Subgroup analysis was
conducted on different EH treatment methods. Particularly, 5 articles (Friesecke
et al, 2019; Hawchar et al, 2019; Kobashi et al, 2018; Shiga et al, 2014; Zuccari
et al, 2020) reported the association between cytokine absorption and IHM, and 5
articles (Dellinger et al, 2018; Ichiyasu et al, 2017; Kim et al, 2019; Maynar et al,
2013; Srisawat et al, 2018) explored the correlation between polymyxin B blood
fusion and IHM. Subgroups of patients with sepsis were analyzed based on their
underlying comorbidities. Among these, 3 articles (Jin et al, 2022; Miao et al, 2018;
Shiga et al, 2014) reported the association between EH and IHM in patients with
sepsis combined with acute kidney injury, and 3 articles (Chung et al, 2017; Sri-
sawat et al, 2018; Xu et al, 2014) revealed the association between EH and IHM in
patients with burn-induced sepsis. Furthermore, 9 articles were included regarding
the association between T-helper 1/T-helper 2 (Th1/Th2) values and clinical prog-
nosis (Boss et al, 2021; Friesecke et al, 2019; Kobashi et al, 2018; Meng et al, 2018;
Regiroli et al, 2023; Shiga et al, 2014; Wu et al, 2019; Xu et al, 2014; Zuccari et
al, 2020), of which 3 articles (Jin et al, 2022; Meng et al, 2018; Wu et al, 2019)
pertained to the association between Th1/Th2 values and LOS-ICU (Table 1).

-§ 733 records removed.
E 1770 of records identified 225 repetitive literature
i through datebase searchimg | —— | 383 review literature
2 145 case report
1015 records 2fter removing 667 articles 1s excluded
non-sepsis population 156
R —
no EH 88
no quantitative outcome 423
£ I
;E 348 full-text articles assessed 136 full-text articles excluded
for eligibility 68 literatur= for non sepsis patients
88 literature without extracorporeal
hemopurification
— 192 studies mcluded i qualitative synthesis -*I\t:)e!a-analysls (Fge.vMan >3
rimary Analysis: EH vs.
e Then 30 studies mcluded m quantitative Control
ﬁ synthesis (meta-anal ysis) after removing: —*| *Subgroup Analysis:
2 46 liter=ture without statistical prognosis - Treatment Methods (n=9)
J 66 literature without cytokines - Patient Types (n=56)
- Immune Markers (n=10)

Fig. 1. PRISMA flow diagram for studies in this meta-analysis. EH, extracorporeal hemopurifi-
cation.
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Table 1. Clinical characteristics of the study population.

. Average Gender . . . Therapeutic method In-hospital mortality Th1/Th2 improvement Length of ICU stay
Studies n - Blood purification technique

age (years) 1 1o Female Blood  Traditional  Blood  Traditional  Blood  Traditional Blood  Traditional

purification  treatment  purification  treatment  purification  treatment  purification  treatment

Zuccari et al, 2020 9 - 5 4 Cytokine adsorption 6 3 2 2 1 - - -
Peng et al, 2010 155 56.0 110 65 High-volume hemofiltration 93 62 35 32 - - 11.7 154
Wu et al, 2019 106 48.6 66 40 High-volume hemofiltration 78 28 25 18 35 - 13.8 14.6
Srisawat et al, 2018 22 73.6 9 13 Polymyxin B blood perfusion 15 7 3 4 - - 5.6 6.7
Shum et al, 2014 15 74.3 - - Blood adsorption 7 8 1 3 - - 12.5 5.3
Quenot et al, 2015 60 66.6 42 18 High-volume hemofiltration 29 31 6 10 - - 21.6 20.7
Kim et al, 2019 40 67.3 24 16 Polymyxin B blood perfusion 20 20 10 10 - - 10.9 14.6
Dellinger et al, 2018 450 59.9 273 177 Polymyxin B blood perfusion 224 226 78 85 - - - -
Hawchar et al, 2019 20 65.6 13 7 Cytokine adsorption 10 10 1 3 - - 10.2 10.0
Xuetal, 2014 22 313 19 3 Hemodialysis 11 11 1 4 6 8 - -
Miao et al, 2018 155 56.0 110 45 High-volume hemofiltration 93 62 26 21 - - 15.7 16.8
Vassallo et al, 2019 98 75.8 75 28 Coupled plasma filtration and adsorption 48 50 7 6 - - - -
Regiroli et al, 2023 10 58.1 6 4 Hemofiltration 7 3 4 1 5 2 - -
Boss et al, 2021 65 63.5 44 21 Hemofiltration 50 15 40 3 33 - - -
Friesecke et al, 2019 38 68.7 25 13 Cytokine adsorption 19 19 10 10 7 9 - -
Jin et al, 2022 150 69.0 85 65 High volume hemofiltration 105 45 20 40 32 30 18.5 12.5
Kobashi et al, 2018 142 70.0 88 54 Cytokine adsorption 70 72 25 29 38 31 - -
Maynar et al, 2013 21 74.3 9 12 Polymyxin B blood perfusion 14 7 3 3 - - 5.4 6.1
Meng et al, 2018 76 60.3 50 26 High-volume hemofiltration 55 21 10 16 43 15 31.2 35.6
Livigni et al, 2014 184 65.3 121 63 Coupled plasma filtration and adsorption 91 93 41 44 - - 65.6 66.2
Chung et al, 2017 48 46.5 35 13 High-volume hemofiltration 30 18 10 8 - - - -
Ichiyasu et al, 2017 77 59.6 53 24 Polymyxin B blood perfusion 39 38 12 25 - - - -
Ren et al, 2016 15 58.6 10 5 High-volume hemofiltration 8 7 2 3 - - - -
Mitaka et al, 2022 103 65.0 68 35 Hemofiltration 50 53 20 32 - - - -
Shiga et al, 2014 34 63.9 23 11 Cytokine adsorption 18 16 5 8 10 8 - -
Paul et al, 2021 45 543 36 9 Cytokine adsorption 24 21 - - 20 16 16.88 19.74
Franchi et al, 2016 21 62.1 15 6 Coupled plasma filtration and adsorption 10 11 - - 8 8 - -
Servillo et al, 2013 20 63.0 12 8 Hemofiltration 12 8 - - 10 6 - -
Guo et al, 2017 48 64.8 35 13 High-volume hemofiltration 24 24 - - 20 20 - -
You et al, 2018 13 66.2 8 5 High-volume hemofiltration 7 6 - - 4 3 - -

Th1/Th2, T-helper 1/T-helper 2; ICU, intensive care unit.
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Quality Assessment of the Included Literature

Quality assessment was performed using tools appropriate for each study de-
sign. For randomized controlled trials (RCTs), the Cochrane risk of bias assess-
ment tool was applied, while the Newcastle-Ottawa Scale (NOS) was used for non-
randomized studies. All 30 papers included in the review underwent quality evalu-
ation.

Cochrane Risk of Bias Assessment Results

Twelve RCTs were evaluated using the Cochrane risk of bias assessment tool.
Among them, four multicenter RCTs demonstrated a relatively low overall risk of
bias: Dellinger et al (2018), Livigni et al (2014), Chung et al (2017), and Quenot
et al (2015). Most RCTs showed high risk of bias in participant and personnel
blinding, primarily due to the procedural nature of blood purification therapies that
precluded effective blinding. Dellinger et al (2018) reduced blinding-related bias
by employing sham treatment controls. The majority of studies exhibited low risk
of bias in random sequence generation and incomplete outcome data, but informa-
tion regarding allocation concealment and outcome assessment blinding was often
insufficient, resulting in “unclear” risk ratings. Fig. 2 illustrates the bias risk map
for these studies, while Fig. 3 provides a summary chart of the overall bias risk.

NOS Scores Results

Eighteen non-randomized studies were assessed using the NOS scoring sys-
tem. Quality assessment results were as follows: high-quality studies (89 points)
included Mitaka et al (2022), Kim et al (2019), Wu et al (2019), Miao et al (2018),
Ren et al (2016), and Zuccari et al (2020); moderate-quality studies (6—7 points)
included Kobashi et al (2018), Ichiyasu et al (2017), Paul et al (2021), Franchi et al
(2016), Maynar et al (2013), Friesecke et al (2019), Boss et al (2021), and Xu et al
(2014); lower-quality studies (<5 points) included Servillo et al (2013), Shiga et al
(2014), Regiroli et al (2023), and Vassallo et al (2019). The detailed results of the
NOS assessment are shown in Table 2.

Associations of EH With IHM and LOS-ICU

The association between different EH treatment methods and IHM was inves-
tigated in 24 studies. Our forest plot analysis revealed that EH treatment signif-
icantly reduced the overall IHM (RR = 0.75, 95% CI: 0.68-0.84, p < 0.00001,
with moderate heterogeneity among studies [I? = 47%], Fig. 4). Additionally, 13
articles reported the impact of different EH treatment methods on LOS-ICU, indi-
cating that EH treatment did not affect the overall LOS-ICU (MD =-0.44, 95% CI:
—2.29-1.41, p = 0.64, with high heterogeneity [I> = 86%], Fig. 5).

Subgroup Analysis

The impact of cytokine absorption therapy on IHM was investigated in 5 stud-
ies. The results showed that compared to the conventional hemofiltration tech-
niques, cytokine absorption therapy did not improve the clinical prognosis of pa-
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Fig. 2. The bias risk map of this meta-analysis.

tients (OR = 0.69, 95% CI: 0.41-1.17, p = 0.17, Fig. 6). Furthermore, five studies
that examined the association between polymyxin B blood perfusion treatment and
IHM indicate that the addition of polymyxin B blood perfusion is not effective in
reducing IHM compared to conventional hemoperfusion techniques (OR = 0.73,
95% CI: 0.53-1.02, p = 0.06, Fig. 7). Moreover, three research papers focusing on
patients with sepsis combined with renal injury showed that EH did not effectively
improve the clinical prognosis of patients in this subgroup (RR = 0.82, 95% CI:
0.58-1.16, p = 0.27, Fig. 8). Furthermore, three studies reported that EH did not
significantly reduce the IHM among burn-induced sepsis patients (RR =0.59, 95%
CI: 0.33-1.04, p = 0.07, Fig. 9). Additionally, ten studies have investigated the
changes in cytokine Th1/Th2 value during EH treatment, along with the correla-
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Fig. 3. A summary chart of bias risk.

tion between the levels of changes and IHM. After treatment, IHM in patients with
improved Th1/Th2 values did not show significant improvement (RR = 0.61, 95%
CI: 0.36-1.05, p = 0.08, Fig. 10). The relationship between changes in Th1/Th2
values during EH treatment and overall LOS-ICU was examined in 3 studies. The
analysis demonstrated that patients with improved Th1/Th2 values did not show
a significant difference in LOS-ICU (MD = 0.34, 95% CI: -5.92-6.60, p = 0.92,
Fig. 11). A random-effect model was used for this analysis due to the high hetero-
geneity observed (I2 = 94%).

Experimental Control Risk Ratio Risk Ratio
Study or Subgrou Events _ Total Events Total Weight M-H, Fixed, 95% CI M-H. Fixed, 95% CI
Eoss 2001 40 a0 3 18 11%  4.00[1.44,11.11]
Chuang 2017 10 3 8 19  23% 0.75[0.36, 1.55] R
Dellinger 2018 60 224 85 226 19.6% 0.71 [0.54, 0.94] B
Friesecke 2019 10 149 10 149 2.3% 1.00[0.85, 1.83] I P
Hawchar 2019 1 10 3 10 0.7% 0.33[0.04, 2.69] =
Ichiyasu 2017 12 349 25 38 59% 0,47 [0.28,0.79] FE 3
Jin 2022 49 105 20 40 67% 0.93 [0.64, 1.35] =
Kim 2019 10 20 10 20 2.3% 1.00[0.54, 1.86] N
lkohashi 2018 25 7a 29 72 BE% 0.89 [0.58,1.35] e
Livigni 2014 1 91 14 93 101% 0.95[0.70,1.30] =
Maynar 2013 3 14 3 70.8% 0.50[0.13,1.87] —
Meng 2018 10 a5 16 21 a.4% 0.24 [0.13, 0.44] N
Miao 2018 26 93 21 62 58% 0.83[0.81,1.33] g I
Mitaka 2022 20 a0 32 53 T.1% 0.66 [0.44, 0.99] =
Quenot 20145 5 29 10 31 2.2% 0.64 [0.27,1.54] =
Reqirali 2023 4 T 1 3 0.3% 1.71 [0.31, 9.61] R
Ren 2016 2 8 3 707% 0.58[0.13, 2.59] R
Shum 2014 1 7 3 8 0.6% 0.38[0.05, 2.88] =
Strizawat 2018 3 15 4 7T1.3% 0.35[0.11,1.186] T
Yassallo 20149 T 48 B a0 1.4% 1.22 [0.44, 3.36] -
Wiy 2019 25 78 18 28 B1% 0,50 [0.33, 0.76] T
Hu 2014 1 11 4 11 0.9% 0.25[0.03,1.90] _
Zhang 2010 35 93 32 62 89% 0.73[0.51,1.04] ]
Zuccari 2020 2 B 2 3 0.6% 0.50[0.13, 2.00] FE
Total (95% CI) 1172 904 100.0%  0.75[0.68, 0.84] ¢
Total events 403 392
Heterogeneity: Chi*= 43.56, df = 23 (P = 0.008); 1= 47% ID = n=1 150 100’

Testfor overall effect: Z= 4.97 (P =< 0.00001) Favours [experimental] Favours [control]

Fig. 4. Association between extracorporeal hemopurification and in-hospital mortality in sep-
sis patients. CI, confidence interval.
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Table 2. Detailed Newcastle-Ottawa Scale (NOS) quality assessment results.

Study Selection bias  Comparability Outcome bias NOS score  Quality category

(max 4) bias (max 2) (max 3)
Mitaka et al, 2022 3 2 3 8 High quality
Kim et al, 2019 3 2 3 8 High quality
Wu et al, 2019 3 2 3 8 High quality
Miao et al, 2018 3 2 3 8 High quality
Ren et al, 2016 3 2 3 8 High quality
Kobashi et al, 2018 2 2 3 7 Moderate quality
Ichiyasu et al, 2017 3 1 3 7 Moderate quality
Paul et al, 2021 3 2 2 7 Moderate quality
Franchi et al, 2016 3 2 2 7 Moderate quality
Maynar et al, 2013 3 1 2 6 Moderate quality
Friesecke et al, 2019 2 2 3 7 Moderate quality
Boss et al, 2021 2 2 3 7 Moderate quality
Zuccari et al, 2020 3 2 3 8 High quality
Xu et al, 2014 2 1 3 6 Moderate quality
Servillo et al, 2013 2 1 2 5 Low quality
Shiga et al, 2014 2 1 2 5 Low quality
Regiroli et al, 2023 2 1 1 4 Low quality
Vassallo et al, 2019 2 1 2 5 Low quality

Experimental Control Mean Difference Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% Cl IV, Random, 95% CI

Hawchar 2019 1002 38 10 10 28 10 T.E% 0.20 [-2.63, 3.03] T

Jin 2022 185 64 105 125 48 45 8.3% 6.00[3.91, 8.09] 3x

Kirm 2019 108 645 20 146 58 20 B.E%  -3.70[7.52,013] 72

Liviani 2014 B5.6 105 91 BEZ Y8 93 T.7%  -0.60[-3.28, 2.08] &

Maynar 2013 54 3z 14 61 2.6 7 T.8% -0.70 [-3.25, 1.89] |

Meng 2018 M2 88 85 356 46 21 TA4%  -440[7.39,-1.41] =

Miao 2018 167 78 93 168 66 63 81% 10337, 1.47] b

Paul 2021 1688 3148 24 1874 436 A 8.1% -2.86[-5.11,-0.61] =

Quenot 2015 216 54 29 207 64 N TA% 0.90 [-2.08, 3.89] 5

Shum 2014 125 43 T 53 38 a 0.3% F20[3.07,11.33] T

Srisawat 2018 56 372 148 BY 2.4 T 2.0% -1.10 [-3.60, 1.30] b

W 2018 138 465 78 148 HA45 28 T7% -0.80 [-3.50, 1.490] i

Zhang 2010 11.7 413 93 154 363 62 8.9% -3.70[-4.95,-2.45] =

Total (95% CI) 634 416 100.0%  -0.44 [-2.29, 1.41] [

Heterogeneity: Tau® = 9.66; Chi*= 88.01, df= 12 (P < 0.00001}; IF= 86% =_1 = 50 550 100’

Testforaverall effect 2= 0.47 (F = 0.64) Favours [experimental] Favours [control]

Fig. 5. Association between extracorporeal hemopurification and length of intensive care unit
(ICU) stay (LOS-ICU) in sepsis patients.

Discussion

In recent years, various studies have investigated whether patients with sep-
sis can benefit from EH treatment, yielding diverse results. One study has shown
that EH treatment significantly improves clinical prognosis, reduces IHM, and im-
proves patients’ clinical symptoms. Jin et al (2022) used high-volume hemofiltra-
tion to treat patients with sepsis complicated with acute kidney injury. The results
showed that high-volume hemofiltration significantly increased the Th1 percentage
and the Th1/Th2 ratio, reduced mortality, significantly reduced the Sequential Or-
gan Failure Assessment (SOFA) score, and shortened the LOS-ICU. Furthermore,
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Fig. 6. Effect of cytokine adsorption therapy on in-hospital mortality in sepsis patients receiv-

ing extracorporeal hemopurification.
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Fig. 7. Effect of polymyxin B blood perfusion on in-hospital mortality in sepsis patients receiv-

ing extracorporeal hemopurification.
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Fig. 8. In-hospital mortality in sepsis patients with acute kidney injury receiving extracorpo-

real hemopurification.
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Chuang 2017 10 il 8 18 51.4% 0.75[0.36, 1.55] ——
Srisawat 2018 3 15 4 ToO28.0% 035011, 1.16] e —
Hu 2014 2 11 4 11 20.6% 0800011, 219 -1
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Fig. 9. In-hospital mortality in patients with burn-induced sepsis receiving extracorporeal

hemopurification.

Friesecke et al (2019) confirmed that cytokine absorption can improve the immune

function of patients with sepsis. Dellinger et al

(2018) used polymyxin B blood

perfusion to treat patients with septic shock, revealing a significant reduction in
the incidence of multiple organ dysfunction syndrome and lower death rates. Ad-
ditionally, in their study of organic immune imbalance, Guo et al (2017) found

British Journal of Hospital Medicine | 2025 | https://doi.org/10.12968/hmed.2024.0651


https://www.magonlinelibrary.com/journal/hmed
https://doi.org/10.12968/hmed.2024.0651

SYSTEMATIC REVIEW

Experimental Control Risk Ratio Risk Ratio
Study or Subgrou Events Total Events Total Weight M-H, Random, 95% CI M-H. Random, 95% Cl
Boss 2021 40 a0 3 15 9.4% 4.001(1.44,11.11]
Friesecke 2019 10 19 10 19 11.9% 1.00[0.55,1.83] N
Jin 2022 20 108 40 45 13.0% 0.21[0.14,0.32] Ea
Kaobashi 2018 28 7o 29 72 128% 0.89 [0.58,1.35] I
Meng 2018 10 a5 16 21 11.9% 0.24 [0.13,0.44] B
Regiroli 2023 4 7 1 3 5.8% 1.71[0.31, 9.61] SR (TR
Shiga 2014 i 18 g 16 10.2% 0.56 [0.23, 1.36] RS
Wy 2019 25 T8 18 28 12.9% 0.50 [0.33, 0.76] T
Hu 2014 1 11 4 11 4.7% 0.25[0.03, 1.90] I
Zuccari 2020 2 4] 2 3 T.3% 0.50[0.13, 2.00] I
Total {(95% CI) 419 233 100.0% 0.61 [0.36, 1.05] B
Total events 142 131
Heterageneity: Tau®= 0.55; Chi*= 54.05, df = 8 (P < 0.00001); F= 83% Iu.um 0?1 150 1000’

Testfor overall efiect Z=1.77 (F = 0.08) Favours [experimental] Favours [control]

Fig. 10. Association between Th1/Th2 value improvement and in-hospital mortality in sepsis
patients receiving extracorporeal hemopurification.
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Fig. 11. Association between Th1/Th2 value improvement and length of ICU stay in sepsis
patients receiving extracorporeal hemopurification.

a significant decrease in SOFA scores in sepsis-induced multiple organ dysfunc-
tion syndrome patients receiving high-volume hemofiltration. Meng et al (2018)
demonstrated that high-volume hemofiltration significantly reduced the level of in-
flammatory factors, shortened LOS-ICU, and improved patients’ immune function.
You et al (2018) showed that high-volume hemofiltration significantly improved
90-day survival rates among patients with burn-induced sepsis.

On the contrary, some studies have demonstrated that EH treatment does not
affect the prognosis of sepsis patients. Possible hypotheses for these outcomes in-
clude: (1) The “threshold immune regulation hypothesis”: EH treatment may elim-
inate cytokines from the blood, leading to an imbalance in the ratio of cytokines
between tissue and blood, thereby promoting the transfer of cytokines from the tis-
sue to the blood. Consequently, the concentration of harmful cytokines in the body
fluid cycle does not decrease. (2) The “peak clearance hypothesis”: EH treatment
eliminates harmful components from the blood, accompanied by the clearance of
therapeutic elements such as nutrients and antibiotics, resulting in no significant
change in the proportion of various components in the overall body fluid circula-
tion. Kim et al (2019) indicated that polymyxin B blood fusion treatment for septic
shock could reduce serum inflammatory factor levels; however, it did not have a
significant effect on IHM and LOS-ICU. Hawchar et al (2019) found that early ex-
tracorporeal cytokine adsorption therapy is a safe method for treating individuals
with septic shock and has a significant impact on norepinephrine demand, procal-
citoninogen and big endothelin-1 concentrations, instead of on LOS-ICU and IHM.
Numerous studies have compared novel EH method with classical EH therapy in
the treatment of sepsis and have revealed that the former has limited efficacy in im-
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proving long-term survival. Particularly, multiple studies have suggested that cy-
tokine adsorption therapy failed to reduce overall IHM (Boss et al, 2021; Friesecke
et al, 2019; Hawchar et al, 2019; Kobashi et al, 2018; Zuccari et al, 2020). Further-
more, studies related to polymyxin B blood perfusion therapy showed that it did
not significantly improve IHM (Dellinger et al, 2018; Ichiyasu et al, 2017; Kim et
al, 2019; Maynar et al, 2013; Srisawat et al, 2018).

In this study, the impact of EH on patients with sepsis was investigated, par-
ticularly in terms of clinical prognosis using IHM and LOS-ICU as the relevant
parameters. We also analyzed outcomes among patients receiving various types of
novel EH methods, encompassing those with underlying comorbidities, and inde-
pendently studied the impact of the change in cytokine Th1/Th2 levels. The find-
ings showed that in patients with sepsis, although EH intervention did not reduce
LOS-ICU, their judicious use of EH therapy significantly reduced overall IHM and
improved long-term prognosis. Recently, the use of standardized EH treatments
has proven to be sufficiently effective, yet the clinical use of novel EH still needs
to be validated. In patients with sepsis and comorbidities, EH treatment is not yet
sufficient to improve their clinical prognosis, and active treatment of the primary
disease and control of comorbidities remain the focus of treatment for this group of
patients. Moreover, among patients with improved values of the immune cytokine
Th1/Th2 during EH treatment, their LOS-ICU was not significantly shortened, nei-
ther were the IHM rates being substantially reduced. Results from other individ-
ual studies are also highly heterogeneous, with some reporting increased LOS-ICU
while others showing decreased LOS-ICU. This suggests that the impact of immune
modulation in patients receiving EH on their hospitalization- and mortality-related
prognosis may be influenced by additional factors not captured in the current anal-
ysis.

Several limitations of this study need to be acknowledged: (1) Only studies
focusing on cytokine adsorption and polymyxin B blood perfusion were included
in this meta-analysis as novel EH treatments. High-volume hemofiltration and
hemofiltration were not included in the analysis due to incomplete data and lim-
ited literature. (2) In the present analysis, quantitative changes in Th1/Th2 concen-
tration were not captured; instead, only the number of cases associated with the
ordinally stratified categories of Th1/Th2 levels was analyzed. (3) Heterogeneity
tests were not performed, and the literature included in the analyses only contains
a small number of heterogeneous studies.

Conclusion

In summary, for patients with sepsis, EH treatment offers significant benefits
as an adjunctive therapy to the standardized treatment. Nevertheless, the current
meta-analysis was unable to demonstrate a consistent effect of immune cytokine
modulation on patients’ LOS-ICU, despite that such a beneficial impact is theoret-
ically possible.
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e Extracorporeal hemopurification significantly reduces overall in-hospital
mortality in sepsis patients.

e The relationship between immune factor modulation during EH treatment
and length of ICU stay remains inconclusive, due to high heterogeneity
among studies included.

e Novel EH approaches show promise but require further optimization for
clinical implementation.
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