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KEYWORDS Abstract

Septic shock; Objective: This study aimed to assess the clinical impact of oXiris-continuous hemofiltration

oXiris-continuous adsorption on patients with septic shock and their prognosis.

hemofiltration Design: A retrospective study.

adsorption; Participants: Septic shock patients.

CRRT; Interventions: The oXiris group underwent hemofiltration adsorption using oXiris hemofilters

Clinical prognosis and septic shock standard treatment, while the control group received septic shock standard
treatment.

Main variables of interest: The changes in inflammatory indicators and short-term mortality
rate were evaluated. Propensity score matching (PSM) was conducted based on the 1:2 ratio
between the oXiris and control groups to account for any baseline data differences.

Results: Results showed that after 24 h, 48 h, and 72 h of treatment, PCT, IL-6, and hs-CRP
levels in the oXiris group were significantly lower than those in the control group (P < 0.05).
However, there were no significant differences in norepinephrine equivalents and organ function
status (APACHE Il score, SOFA score, Lac) between the two groups at the same time points. The
72-h mortality rate (21.88% vs. 34.04%) and the 7-day mortality rate (28.12% vs. 44.68%) were
lower in the oXiris group compared to the control group, but not statistically significant. The
28-day mortality rate did not show a significant difference between the two groups (53.19% vs.
56.25%).

Conclusions: oXiris continuous hemofiltration adsorption technology may reduce the levels of
inflammatory factors in patients with septic shock; however, it does not appear to enhance
organ function or improve the 28-day mortality rate in these patients.
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PALABRAS CLAVE
Shock séptico;
Absorcion continua
de hemofiltracion
oxiris;

CRRT;

Pronostico clinico

Andlisis retrospectivo de la eficacia clinica de la adsorcion continua de
hemofiltracion de oxiris en el tratamiento del shock séptico

Resumen

Objetivo: Este estudio tiene como objetivo evaluar el impacto clinico y el prondstico de la
adsorcion continua de hemofiltracion de oxiris en pacientes con shock séptico.

Diseno: Estudio retrospectivo.

Participantes: Pacientes con shock séptico.

Intervencion: El Grupo oxiris utiliza un filtro de sangre oxiris para la absorcion de hemofiltracion
y recibe el tratamiento estandar de shock séptico, mientras que el grupo control recibe el
tratamiento estandar de shock séptico.

Variables de interés principales: Evaluacion de indicadores inflamatorios y cambios en la mor-
talidad a corto plazo.La coincidencia de puntuacion de predisposicion se realizo de acuerdo
con la tasa 1: 2 entre el Grupo oxiris y el grupo control para explicar cualquier diferencia en
los datos de referencia.

Resultados: Los resultados mostraron que después de 24, 48 y 72 horas de tratamiento, los
niveles de pct, IL - 6 y HS - CRP en el Grupo oxiris fueron significativamente mas bajos que en
el grupo control (p < 0,05). Sin embargo, al mismo tiempo, no hubo diferencias significativas
en el equivalente de noradrenalina y el Estado funcional de los 6rganos (puntuacion Apache ii,
puntuacion sofa, lac) entre los dos grupos. Las tasas de mortalidad a 72 horas (21,88% frente al
34,04%) y a 7 dias (28,12% frente al 44,68%) fueron mas bajas en el Grupo oxiris que en el Grupo
control, pero no estadisticamente significativas. La mortalidad a 28 dias no mostro diferencias
significativas entre los dos grupos (53,19% frente al 56,25%).

Conclusion: La tecnologia de absorcion de hemofiltracion continua de oxiris puede reducir los
niveles de factores inflamatorios en pacientes con shock séptico; Sin embargo, no parece haber
mejorado la funcion organica de estos pacientes ni haber aumentado la mortalidad a los 28
dias.

© 2024 Los Autores. Publicado por Elsevier Espana, S.L.U. Este es un articulo Open Access bajo

la CC BY-NC-ND licencia (http://creativecommons.org/licencias/by-nc-nd/4.0/).

Introduction

Sepsis is distinguished by organ dysfunction that could
be life-threatening, originating from the host’s abnormal
response to infection. Septic shock is essentially sepsis that
is compounded by severe circulatory, metabolic, and cellular
dysfunction, carrying a higher mortality risk in comparison
to uncomplicated sepsis."” A comprehensive meta-analysis
conducted from 2009 to 2019 across regions such as North
America, Europe, and Australia discovered that the 90-day
mortality rates were 32.2% for sepsis and 38.5% for septic
shock.? Similarly, a cross-sectional study in China indicated
that sepsis accounted for 20% of ICU patient diagnoses, with
90-day mortality rates observed at 35.5% for sepsis and 51.9%
for septic shock.?

The methods for treating sepsis include antibiotics,
infection source control, hemodynamic optimization. Anti-
endotoxin antibodies have been used in clinical practice,
but have not shown significant therapeutic effects. Scholars
are continuously investigating new treatment approaches
based on the pathological and physiological mechanisms of
sepsis, particularly for septic shock with a high mortality
rate. It is widely accepted that an excessive inflammatory
response in sepsis patients can lead to organ dysfunction

and early death.’ Continuous hemofiltration dialysis was first
reported in 1993 by Bellomo et al.’s study as a method
to clear inflammatory mediators.® Subsequent studies have
confirmed that the adsorption or filtration modes of con-
tinuous renal replacement therapy (CRRT) may effectively
remove pro-inflammatory and anti-inflammatory cytokines
in sepsis patients,””"" helping to maintain a stable immune
balance."

Currently, China and several Western countries have
started using the oXiris hemofilter for treating septic shock
patients.*'> The oXiris hemofilter combines the functions
of CRRT, endotoxin adsorption, and cytokine adsorption,
effectively suppressing the inflammatory response in septic
shock patients.® Preliminary small-scale clinical trials have
indicated that oXiris can notably decrease endotoxin levels
and remove inflammatory mediators in hyperendotoxemia
patients.’#-'® However, it remains uncertain whether oXiris
hemofilter can enhance circulatory status, organ function,
clinical outcomes in patients experiencing septic shock.
Therefore, this study retrospectively analyzes the clini-
cal outcomes from our center to offer additional insights
into the application of oXiris hemofilter in septic shock
patients.
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Materials and methods

Participants and grouping

The study involved patients who were admitted to the ICU
(The Third Hospital of Mianyang, Sichuan Province, China)
with septic shock from December 2020 to December 2023.
The criteria for inclusion were: 1) individuals aged 18 years
or older, 2) diagnosed with septic shock according to Sepsis
3.0 criteria, and 3) received antibiotics and sufficient fluid
resuscitation following the onset of septic shock. To diagnose
septic shock, the following criteria were used: 1) confirmed
or suspected infection, 2) an increase in the SOFA score by
more than 2 points compared to the baseline, 3) require-
ment of vasopressor medications to maintain a mean arterial
pressure of at least 65 mmHg after fluid resuscitation, and
4) blood lactate levels exceeding 2 mmol/L. Patients were
excluded if they had: 1) stage 5 chronic kidney disease
(glomerular filtration rate less than 15 mL/min/1.73 m?)
or were on maintenance dialysis, 2) primary illnesses with
a poor prognosis (e.g., cardiogenic shock), 3) previously
received ECMO treatment, 4) malignant tumors with an
expected lifespan of less than six months, 5) were organ
transplant recipients, 6) had family members unwilling to
pursue aggressive treatment choices (DNI, DNR, refusal of
invasive procedures), or 7) lacked medical records.

Participants were grouped based on whether they
received oXiris hemofilter CRRT or conventional hemofil-
ter CRRT. Those who received oXiris hemofilter CRRT were
categorized into the oXiris group, while those who did not
receive oXiris hemofilter CRRT or only received conventional
hemofilter CRRT (ST 100) were placed in the control group.
In this study, the baseline time point (0 h) for the oXiris group
was defined as the first instance of oXiris hemofilter CRRT
on the machine after septic shock was diagnosed. For the
control group, the baseline time point (0 h) was when the
patient was diagnosed with septic shock. Subsequent time
points were marked as 24 hours (24 h), 48 hours (48 h), and
72 hours (72 h) after the baseline.

Data collection

Data collection included information on patients’ general
situation upon entering the group such as name, sex, age,
height, ideal weight, underlying diseases, main diagnosis,
site of infection, use of antibiotics, vital signs, and use of
vasoactive drugs (measured as norepinephrine equivalent).
Underlying diseases were assessed using the aCCl score’
(see Table 54 in Supplemental digital content). The study
also gathered data on parameters for oXiris treatment,
indicators of inflammation, organ function, and evalua-
tion of prognosis. This included specifics such as time on
the oXiris machine, duration of hemofilter usage, alter-
ations in infection markers (white blood cells, procalcitonin
(PCT), Interleukin-6 (IL-6), high-sensitivity C-reactive pro-
tein (hs-CRP)), levels of lactate, equivalent amount of
norepinephrine (NE), Acute Physiology and Chronic Health
Evaluation Il (APACHE II) score, Sequential Organ Failure
Assessment (SOFA) score at 0 h, 24 h, 48 h, and 72 h. Subse-
quent evaluations up to 28 days post admission documented
overall hospital stay, length of ICU hospitalization, time on

mechanical ventilation, and mortality rate after 28 days.
Norepinephrine dose equivalences were estimated based on
previous studies?® (refer to Table S5 in Supplemental digital
content).

Statistical analysis

Mean =+ standard deviation or median (lower quartile-upper
quartile) described continuous variables, while examples
(percentage) depicted classified variables. To compare con-
tinuous variables, t-tests or nonparametric tests were
utilized, and x? analysis or Fisher’s exact test were employed
for classified variables. Matching variables with statisti-
cally significant differences (P < 0.05) in baseline data
(such as age, sex, aCCl, and various physiological mea-
surements) between the control group and the oXiris group
underwent propensity score matching (PSM) at a 1:2 ratio.
Subsequent comparisons between groups were conducted
on observed differences in indicators. Kaplan-Meier survival
analysis curve was used to assess 28-day mortality between
the groups. A univariate logistic regression analysis was
employed to assess the influencing factors on 28-day mortal-
ity in two groups of patients. Since the baseline data for both
groups had already undergone PSM, the multivariate analy-
sis was conducted based on previously reported risk factors,
as well as those factors that demonstrated statistical signif-
icance in the univariate analysis, which were subsequently
included in the model. Statistical analysis was performed
using IBM SPSS version 26.0 (IBM SPSS, Armonk, N.Y., USA)
and R language 3.5.3.

Results
General characteristics

A total of 271 individuals diagnosed with sepsis were admit-
ted to the ICU between December 2020 and December
2023. Among them, 216 patients exhibited signs of septic
shock, while 36 individuals were excluded for various rea-
sons: 11 cases were in the late stage of tumors, 2 cases
were complicated by severe cardiogenic shock, 4 cases had
stage 5 chronic kidney disease, and 19 cases were discon-
tinued by family members. The median age of the group
was 70.00 years (IQR: 60.00-79.00), with a median aCCl of
4.00 (IQR: 2.00-5.00), a median APACHE Il score of 24.00
(IQR: 20.00-30.00), and a median SOFA score of 11.00 (IQR:
9.00-13.00). The most common infection locations were the
lungs (44.4%), abdomen (48.9%), bloodstream (14.4%), and
other regions (17.2%). Some individuals had multiple sites of
infection, such as simultaneous lung and bloodstream infec-
tions.

The study included a control group (n = 138) and an
oXiris group (n = 42). Baseline data comparison between
the two groups showed differences in heart rate (111.50
[92.25, 132.75] vs. 124.50 [112.00, 138.00] per min), nore-
pinephrine equivalent (0.59 [0.29, 1.66] vs. 2.87 [1.03,
3.94]mcg/kg/min), SOFA score (10.00 [8.00, 13.00] vs. 13.00
[10.00, 14.75]), arterial blood lactate (3.40 [2.20, 5.68]
vs. 5.10 [3.12, 8.45] mmol/L), creatinine (121.00 [78.75,
233.25] vs. 190.00 [132.00, 244.00] umol/L), procalcitonin
(16.64 [5.20, 50.00] vs. 50.36 [18.97, 100.00] ng/ml), and
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Table 1

Baseline characteristics of patients in two groups before and after adjusting for the groups using the Propensity Score Matching.

Variable Before PSM After PSM
Control group oXiris group P SMD Control group oXiris group P SMD
(n =138) 1 (n=42) (n =47) 1 (n=32)

Age?®, years 69.00 (59.25, 80.00) 70.50 (66.00, 77.75) 0.765 —0.084 71.00 (65.00, 79.00) 72.00 (66.75, 78.00) 0.940 —0.061
Male®, (n,%) 90 (65.22) 31 (73.81) 0.299 0.195 34 (72.34) 24 (75.00) 0.793  0.061
accl? 3.50 (2.00, 5.00) 4.00 (3.00, 5.00) 0.462 0.106 4.00 (2.00, 5.00) 3.50 (3.00, 5.00) 0.883 —0.048
HR?, per min 111.50 (92.25, 132.75) 124.50 (112.00, 138.00) 0.028 0.399 116.00 (99.50, 131.00) 123.00 (111.00, 129.25) 0.451 0.139
MAP? | mmHg 68.50 (56.17, 83.67) 61.17 (53.42, 76.83) 0.063 —0.259 64.33 (54.50, 80.00) 61.17 (53.08, 75.17) 0.542 —-0.103
RR?, per min 23.00 (18.00, 30.00) 28.00 (20.00, 32.00) 0.124 0.141 23.00 (16.00, 32.00) 28.00 (20.00, 32.00) 0.190 0.288
NE?, mcg/kg/min  0.59 (0.29, 1.66) 2.87 (1.03, 3.94) <.001 0.948 1.92 (0.58, 3.27) 2.52 (0.99, 3.56) 0.281 0.229
APACHE 11? Score  24.00 (20.00, 29.00) 23.50 (20.25, 31.00) 0.224 0.271 24.00 (20.50, 31.00) 23.50 (21.00, 30.00) 0.865 0.053
SOFA? Score 10.00 (8.00, 13.00) 13.00 (10.00, 14.75) <.001 0.704 12.00 (10.00, 14.50) 12.00 (10.00, 13.00) 0.813  0.004
P/F?, mmHg 196.25 (120.00, 284.23) 177.50 (136.57, 220.93) 0.333 —0.263 182.00 (116.50, 273.00) 177.50 (136.98, 223.00) 0.838 —0.067
Lac?, mmol/L 3.40 (2.20, 5.68) 5.10 (3.12, 8.45) 0.003 0.406 4.10 (2.75, 7.15) 4.65 (3.03, 7.78) 0.772  0.027
WBC?, 10° /L 9.48 (5.42, 15.19) 11.77 (6.85, 17.56) 0.293 0.133 11.01 (3.21, 19.55) 13.10 (7.06, 17.22) 0.447 —0.048
BUN?, mmol/L 12.79 (8.83, 20.66) 15.81 (11.13, 19.81) 0.182 —-0.119 14.12 (9.52, 21.10) 15.81 (11.38, 19.62) 0.611  —0.222
Cr?, umol/L 121.00 (78.75, 233.25) 190.00 (132.00, 244.00) 0.003 0.256 163.00 (106.00, 291.50) 191.50 (131.00, 238.00) 0.772 —0.189
PCT?, ng/ml 16.64 (5.20, 50.00) 50.36 (18.97, 100.00) <.001 0.670 52.22 (16.70, 86.86) 50.36 (18.00, 85.80) 0.774 0.035
IL-62, pg/ml 351.97 (66.73, 1964.20) 4000.00 (589.60, 4000.00) <.001 0.779 2234.50 (348.97, 4000.00)  1103.42 (434.55, 4000.00) 0.640 —0.017
hs-CRP?, mg/L 113.22 (48.21, 233.42) 139.14 (55.15, 245.55) 0.443 0.146 115.10 (64.34, 227.54) 134.38 (59.03, 243.85) 0.723  0.078

aCCl: age-adjusted Charlson Comorbidity Index; HR: heart rate; MAP: mean arterial pressure; RR: respiratory rate; NE: norepinephrine equivalent; APACHE II: Acute Physiology and Chronic
Health Evaluation IlI; SOFA: Sequential Organ Failure Assessment; P/F: Arterial oxygen tension/Inspired oxygen fraction; Lac: lactate; WBC: leukocyte; BUN: blood urea nitrogen; Cr:

creatinine; PCT: procalcitonin; IL-6: Interleukin-6; hs-CRP: high-sensitivity C-reactive protein.
p Value <0.05 was considered as a significant difference.
@ Mann-Whitney test for comparison between three groups.
b Chi-square test for comparison between two groups.
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interleukin-6 (351.97 [66.73, 1964.20] vs. 4000.00 [589.60,
4000.00] pg/ml). Due to the larger sample size in the con-
trol group, matching variables were used to balance the
groups at a 1:2 ratio after propensity score matching, resul-
ting in 47 cases in the control group and 32 cases in the oXiris
group. The characteristics of baseline data before and after
matching can be found in Table 1.

Following PSM, there were no notable variances in infec-
tion sites and etiological data between the two cohorts, the
antibiotic usage rate for both groups of patients was 100%
(Table 2). Within the oXiris cohort, A total of 22(68.75%)
patients were diagnosed with septic shock and received
oXiris hemofilters treatment within 24 hours, while an
additional 10(31.25%) patients received oXiris hemofilters
treatment between 24 and 48 hours. The hemofilter typ-
ically underwent replacement after a specific timeframe
(12 or 24 hours) or upon achieving the desired results.
The majority of hemofilters received anticoagulation with
regional citrate (n = 26), followed by heparin anticoagula-
tion (n = 2), and no anticoagulation (n = 4). On average,
2 (range: 1-4) oXiris hemofilters were utilized during hos-
pital stay in the oXiris cohort, with the mean duration of
hemofilter use being 26.7 hours. In the control group, a
total of 5 patients (10.6%) received CRRT treatment utiliz-
ing conventional filters (ST100). The CRRT parameters were
configured as follows: Blood flow rate (120-150 ml/h) and
CRRT mode set to continuous venovenous hemodiafiltration
(CVVHDF), with a prescribed treatment dose of 30 ml/kg/h.
Bicarbonate replacement solution (produced by Chengdu
Qingshan Likang Pharmaceutical Co., Ltd., Chengdu, China)
was administered utilizing a post-dilution technique (fluid
replacement/dialysate ratio of 1:1).

Infection indexes and inflammatory mediators

Changes in infection indicators and inflammatory markers
were observed in both the control group and the oXiris
group. Both groups experienced a slight decrease in white
blood cell count up to 72 hours after admission, compared
to levels upon admission, although this distinction was not
statistically significant. Additionally, procalcitonin (PCT),
interleukin-6 (IL-6), and high-sensitivity C-reactive protein
(hs-CRP) all showed a decline in levels within the 72-h period
for both groups. Significantly, the oXiris group exhibited
markedly lower levels of PCT, IL-6, and hs-CRP compared
to the control group at 24, 48, and 72 hours post-admission
(P < 0.05) (Fig. 1 and Table S5).

NE equivalent and organ function status

Changes in the equivalent of noradrenaline (NE) and the sta-
tus of organ function were assessed in both the control and
oXiris groups. At the start of the study (0 hours), the NE
equivalent was 1.92 (0.58, 3.27) mcg/kg/min in the con-
trol group and 2.52 (0.99, 3.56) mcg/kg/min in the oXiris
group. Similarly, after 48 hours, the NE equivalent was 1.66
(0.68, 3.20) mcg/kg/min in the control group and 2.00 (1.22,
2.89) mcg/kg/min in the oXiris group. By the 72-h mark,
the NE equivalent was 1.04 (0.32, 2.94) mcg/kg/min in the
control group compared to 1.89 (0.67, 3.12) mcg/kg/min
in the oXiris group, with no statistically significant differ-

ence between the groups. The Acute Physiology and Chronic
Health Evaluation (APACHE) Il scores were compared at
different time points (0 h, 24 h, 48 h, 72 h) along with
Sequential Organ Failure Assessment (SOFA) scores (0 h,
24 h, 48 h, 72 h), showing no significant differences between
the control and oXiris groups. Additionally, the levels of lac-
tate (O h, 24 h, 48 h, 72 h) did not differ significantly between
the control and oXiris groups as depicted in Fig. 2 and Table
S7.

Prognosis analyses

Comparing the prognosis of the two groups revealed that
the mortality rates at 72 hours and 7 days were greater
in the control group than in the oXiris group (16 (34.04%)
vs. 7 (21.88%) and 21 (44.68%) vs. 9 (28.12%), respec-
tively, with no significant variation noted. The mortality
rate at 28 days was comparable between the two groups
(25 (53.19%) vs. 18 (56.25%)), also lacking statistical signif-
icance (Table 3). Examination of Kaplan-Meier survival data
revealed no notable contrast in the 28-day mortality rates
between the oXiris and control groups (p = 0.594) (Fig. 3).
Univariate logistic analysis revealed a statistically significant
difference (P < 0.05) in the distribution of 28-day mortality
rates between the NE equivalent and SOFA scores of the two
patient groups. Treating 28-day mortality as the dependent
variable (survival = 0, death = 1) and utilizing the inde-
pendent variables that demonstrated statistically significant
differences in the univariate analysis, the results indicated
that the NE equivalent greater than 1.0 mcg/kg/min was
an independent risk factor for 28-day mortality (Table S8).
The duration of ICU hospital stay was significantly length-
ier in the oXiris group than in the control group (8.00 (3.75,
13.00) vs. 4.00 (2.00, 8.50), showing a significant difference
(P < 0.05). Moreover, the periods of mechanical ventilation,
ICU expenses, and total hospitalization costs were elevated
in the oXiris group compared to the control group, albeit
lacking statistical significance (Table 3).

Discussion

Our study found that the oXiris hemofilters significantly
reduced levels of PCT, hs-CRP, and IL-6 compared to the
control group. Although the 72-h and 7-day mortality rates
were lower in the oXiris group, these differences were not
statistically significant. Additionally, there was no significant
difference in 28-day mortality between the two groups. Fur-
thermore, the oXiris group exhibited longer hospital stays,
increased mechanical ventilation times, and higher ICU and
total hospitalization costs compared to the control group;
however, these differences were also not statistically signif-
icant.

Endotoxin, a lipopolysaccharide present in the cell wall
of Gram-negative bacteria, is released into the bloodstream
upon bacterial death in significant quantities. This release
triggers the activation of the monocyte-macrophage system
through endotoxin stimulation, leading to the generation of
several inflammatory markers like C-reactive protein, pro-
calcitonin, tumor necrosis factor-a (TNF-a), and IL-6. This
sequence initiates an immune inflammatory cascade, pro-
moting the binding of neutrophils to endothelial cells. At
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Table 2 The conditions of the infection in two groups.

Variables Control group oXiris group P
(n = 47) (n =32)
Site of infection
Pulmonary (n,%) 22 (46.81) 10 (31.25) 0.167
Intra-abdomen (n, %) 25 (53.19) 19 (59.38) 0.587
Urinary (n,%) 2 (4.26) 3(9.38) 0.655
Blood (n,%) 6 (12.77) 8 (25.00) 0.162
Skin or tissue (n,%) 1(2.13) 0 (0.00) 1.000
Culture-proven infection
Gram positive (n,%) 5 (10.64) 1(3.12) 0.421
Gram negative (n,%) 25 (53.19) 18 (56.25) 0.789
Gram positive and negative (n,%) 6 (12.77) 6 (18.75) 0.683
Fungal infection (n,%) 4 (8.51) 5 (15.62) 0.538
Pathogen
Staphylococcus aureus (n,%) 7 (14.89) 13.12) 0.186
Pseudomonas aeruginosa (n,%) 1(2.13) 5 (15.62) 0.073
Acinetobacter baumannii (n,%) 13 (27.66) 9 (28.12) 0.964
Escherichia coli (n,%) 9 (19.15) 12 (37.50) 0.070
Klebsiella (n,%) 16 (34.04) 8 (25.00) 0.391
Candida Albicans (n,%) 4 (8.51) 5 (15.62) 0.538
Others 3 (6.38) 4 (12.50) 0.592
Antimicrobial treatment (n,%) 47(100%) 32(100%) -
50 150
. . [ contral[] oxXiris [ contral [] oXiris
=0. P=0.001 I
40 . P: 203 I ) I P<(’)'001
d E 100 1 r 1 T 1
% 30 )
- c
O
g & 50
10
0 0 '
Oh 24h 48h 72h L < = fizi
5000 [CJcontral [ oXiris 400 [CIcContral [ oXiris
P=0,014 P<0,001 P<0.001 P=0,025 P=0.005 P=0.004
* *
4000 — — == /= e .
- T -1 300 . o
E i o
\g 3000 - £
o 200
© 2000 [ | 53
= ,}2 '
1000 ] &
L d
e N . :
Oh 24h 48h 72h Oh 24h 48h 72h
Figure 1  Changes in WBC, PCT, IL-6 and hs-CRP at baseline, 24 h, 48 h and 72 h in two groups. *P < 0.05.

the same time, the excessive release of protease due to
lysosome membrane breakdown causes damage to vascular
endothelial cells, microvascular dysfunction, and irregu-
lar contractions, eventually resulting in septic shock.?!

Oxidative stress can trigger molecular pathways, initiat-
ing inflammatory responses and causing tissue injury, a
critical mechanism in the development of multiple organ
failure in septic shock.?? Conventional CRRT membrane
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Changes in NE dosage, APACHE Il score, SOFA score and Lac at baseline, 24 h, 48 h and 72 h in two groups.

Variables Control group oXiris group P
(n = 47) (n =32)

72 h death®, n(%) 16 (34.04) 7 (21.88) 0.243
7 days death®, n(%) 21 (44.68) 9 (28.12) 0.137
28 days death®, n(%) 25 (53.19) 18 (56.25) 0.789
ICU days?® 4.00 (2.00, 8.50) 8.00 (3.75, 13.00) 0.030
Hospital Days? 10.00 (3.00, 15.50) 13.00 (7.75, 15.25) 0.243
Mechanical ventilation time®(hours) 41.00 (18.50, 89.50) 98.50 (17.50, 201.00) 0.242
Hospitalization expenses?®, CNY 63196.95 (32247.11, 108122.24) 79291.03 (33249.99, 134161.16) 0.368
ICU expenses?®, CNY 33581.00 (19859.93, 90673.63) 59541.24 (28937.14, 112613.71) 0.055

CNY: Chinese Yuan.
a8 Mann-Whitney test for comparison between three groups.
b Chi-square test for comparison between two groups.

materials primarily provide kidney support, while adsorp-
tive CRRT membrane materials like AN69/AN69ST/PMMA
not only offer traditional CRRT functions but also have
the ability to adsorb inflammatory mediators. The lat-
est AN69 series product, the oXiris membrane material,
is an advancement that not only absorbs inflammatory
mediators but also endotoxins, while still providing kidney
support. PMX adsorption columns target endotoxins through
perfusion, and CytoSorb absorbs cytokines through hemop-
erfusion. Among current blood purification products, the
oXiris membrane material stands out for its comprehensive
functionality.??

Research conducted in laboratory settings has shown the
effectiveness of the oXiris hemofilter in the elimination
of inflammatory mediators and endotoxin.?* A small trial
that involved random assignment of participants to differ-
ent groups found that the oXiris hemofilters successfully
removed inflammatory mediators including TNF- «, IL-6, IL-
8, and IFN-y.?> Additional studies have pointed out that
patients with sepsis who survived exhibited a more rapid
reduction in IL-6 levels post-treatment in comparison to
patients who did not survive.'* The findings of this investi-
gation indicated a substantial decrease in infection markers
PCT, hs-CRP, and IL-6, with a particular focus on the sig-
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nificant decrease in IL-6 compared to the control group,
thereby suggesting the effectiveness of the oXiris hemofilter
in eliminating inflammatory mediators.

Several clinical trials have suggested that oXiris might
enhance hemodynamic parameters, reduce the necessity
for norepinephrine, improve lactic acid clearance, decrease
the need for resuscitation fluids,?®?’ and decrease the SOFA
score.”3% Qur study presents results that are in contrast
to prior investigations. It was noted that patients in the
oXiris group, following 24 to 72 hours of treatment, did
not display a decrease in demand for NE equivalents or lac-
tate levels compared to the control group. While there was
a decline in APACHEII score and SOFA score in the oXiris
group in comparison to the control group, this difference did
not achieve statistical significance. We attribute the afore-
mentioned results to the severe shock experienced by the
selected patients, 10 of whom (31.25%) initiated oXiris treat-
ment within 24 hours of being diagnosed with septic shock. It
is possible that these patients experienced a deterioration in
their condition, necessitating higher doses of vasopressors.
This study show that the 28-day mortality rates between
the two groups were comparable (56.25% vs. 53.19%). This
result contradicts several prior investigations.'>*' Pooling
data from 14 studies with 695 patients, a meta-analysis
discovered that septic patients using the oXiris hemofilter
had lower 28-day mortality rates [odds ratio (OR) 0.53; 95%
confidence interval (Cl) 0.36-0.77, p = 0.001] and reduced
ICU stays [weighted mean difference (WMD) —1.91; 95%
Cl —2.56 to —1.26, p < 0.001].3* However, concerns have
been expressed by some researchers about the statistical
techniques utilized, and most of the studies included were
retrospective, with insufficient cases to definitively confirm
the benefits of oXiris.3* These results prompt the inquiry as
to why prognosis is not enhanced. One possible rationale is
that although the oXiris hemofilter can eliminate endotoxins
and inflammatory mediators, it may impact only a fraction of
the inflammatory network, leaving the overall network unaf-
fected. Another consideration is that the removal of certain
cytokines and inflammatory mediators might overly suppress
the immune response in sepsis patients. Emphasizing the sig-
nificance of antibiotics in septic shock treatment is crucial.

Not only do membranes for hemofiltration absorb endotoxins
and inflammatory mediators but they also have the capa-
bility to capture antibiotics. At present, there are no set
protocols for altering antibiotic levels in oXiris hemofilter
CRRT, and the ideal antibiotic concentration is still unknown.
It is crucial to acknowledge that utilizing blood hemofilters
such as oXiris could potentially reduce the effectiveness
of antibiotics, potentially accelerating the decline of the
patient. This highlights the importance of ongoing clinical
surveillance and evaluation.

There is currently no agreement on the use of oXiris in
critically ill individuals with AKI. A recent randomized con-
trolled trial conducted across multiple countries showed
that initiating treatment with oXiris promptly can result
in enhanced kidney function, reduced CRRT duration, and
shortened ICU stay.>* In our study of the oXiris group,
patients had high APACHEIl and SOFA score, the dose of
vasoactive drugs at the beginning of oXiris treatment was
very large, indicating severe conditions. Further research
is needed to determine if inflammatory adsorption therapy
should be initiated when vasoactive drug doses reach a cer-
tain level (such as NE > 0.5 pg/kg/min or 1.0 ug/kg/min).
Our study used an average of 2.5 oXiris hemofilters per
patient, with an average hemofilter use time of 26.7 hours.
The optimal number of hemofilters and timing for their use
remains unclear, considering both clinical efficacy and eco-
nomic factors. Notably, patients in the oXiris group incurred
higher costs and longer hospitalization and ICU stays com-
pared to the control group, possibly influenced by early
mortality rates and limited control group cases.

The study comes with several limitations. Primarily, stan-
dardized clinical guidelines for the utilization of oXiris
are lacking, including explicit directions for commencing
and ceasing treatment, alongside inconsistencies in CRRT
parameters and the simultaneous utilization of traditional
hemofilters. Furthermore, this retrospective study was con-
ducted at a singular center with a restricted number of
cases. Even though PSM was utilized to account for differ-
ences in fundamental characteristics and disease severity,
potential biases stemming from unobserved confounding
variables remain plausible. The demographic of the study
exhibited notable diversity, encompassing various infection
locations (such as the abdominal cavity, lungs, blood, urine,
skin, and soft tissue) and diverse pathogens (including gram-
negative bacteria, gram-positive bacteria, and fungi). Solely
IL-6 levels were recorded, with pivotal cytokines like endo-
toxin level, IL-1, IL-8, and TNF-«, which play vital roles
in sepsis progression, not being evaluated, thereby limiting
the substantiation endorsing the efficacy of oXiris in remo-
ving inflammatory mediators. Given the limited number of
cases, our study did not analyze the differences between the
two patient groups using conventional filters and oXiris fil-
ters.Moreover, essential hemodynamic information, such as
cardiac output and vascular resistance, was not gathered,
raising uncertainties regarding whether CRRT, by eradicat-
ing inflammatory mediators and enhancing vascular tone,
amplified circulatory function in patients with septic shock.
Furthermore, the study’s follow-up duration was brief, pre-
cluding insights into the enduring effects of oXiris usage on
the prognosis of septic shock patients.
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Conclusion

The oXiris-continuous hemofiltration adsorption has shown
promise in reducing inflammatory mediators in septic shock
patients, yet it has not demonstrated significant improve-
ments in organ function or patient prognosis. Further
randomized controlled trials are necessary to validate its
clinical efficacy.
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