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Changsha, China

oXiris is a new, high-adsorption membrane filter in continuous hemofiltration
adsorption to reduce the inflammatory response in sepsis. The investigators
retrospectively reviewed patients with sepsis/septic shock who underwent
at least one oXiris-treatment from November 2020 to March 2022. The
demographic data, baseline levels before treatment, clinical datas, prognosis,
and the occurrence of adverse events during treatment were recorded. 90
patients were enrolled in this study. The hemodynamic indices, sequential
organ failure assessment score, lactate, inflammatory biomarkers levels were
significantly improved at 12h and 24 h after treatment. Procalcitonin and
interleukin-6 reduction post-treatment of oXiris were most pronounced in
infection from skin and soft tissue, urinary and abdominal cavity. Logistic
regression analysis showed that pre-treatment sequential organ failure
assessment score (p = 0.034), percentage decrease in sequential organ failure
assessment score (p = 0.004), and age (p = 0.011) were independent risk
factors for intensive care unit mortality. In conclusion, oXiris-continuous
hemofiltration adsorption may improve hemodynamic indicators, reduce the
use of vasoactive drugs, reduce lactate level and infection indicators. Of note,
oXiris improve organ function in sepsis, which may result to higher survival rate.

oXiris, continuous hemofiltration adsorption, sepsis, septic shock, cytokine storm

Introduction

Sepsis is a life-threatening organ dysfunction syndrome because of a disordered host
response after a host infection caused by pathogenic microorganisms (1). Sepsis has been
confirmed to be associated with a >10% in-hospital mortality; septic shock is subset
of sepsis with particularly severe circulatory, cellular, and metabolic abnormalities that
carries a greater risk of death than sepsis alone, and it is associated with >40% in-hospital
mortality (1). Although the concept and technology of treatment have developed rapidly,
the incidence and case fatality rate of sepsis are still high, which has become challenge for
the global medical community.
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Sepsis is a highly heterogeneous clinical syndrome. Different
host response and pathophysiological driving mechanisms of
different patients result in complex but excessive immune
activation and immunosuppression of sepsis, which has always
been the central link in the pathophysiology of sepsis
(2). Upregulation of pro-inflammatory and anti-inflammatory
pathways causes a system-wide release of cytokines, mediators,
and pathogenesis-related molecules, resulting in the activation
of the coagulation and complement cascades (3). In septic
shock, the dysregulated host response to infectious pathogens
leads to a cytokine storm—the uncontrolled production and
release of humoral pro- and anti-inflammatory mediators—
causing cytotoxicity and promoting the development of organ
dysfunction and increased mortality (4).

Continuous renal replacement therapy (CRRT) is the main
form of RRT in the intensive care unit (ICU), because it has
accurate volume control and stable acid-base and electrolyte
correction and can achieve hemodynamic stability. Significant
results have been achieved in severe patients, especially in the
field of sepsis treatment (4, 5). In addition to renal replacement
therapy, adsorption therapy seems to be more promising in the
application of sepsis (3, 5, 6).

oXiris (Baxter, Meyzieu, France) is a filter that combines
cytokine- and endotoxin-removal properties, renal replacement
function, and antithrombotic properties (7). The peak of
“cytokine casade” should be within the first a few hours of onset,
and this should be the optimal intervening window for oXiris.
It can reduce the levels and early harmful effects of circulating
proinflammatory cytokines and endotoxins in the first few hours
and days of septic shock therapy to improve patient outcomes
(4,7).

It has been shown that oXiris treatment in septic
patients enables optimization of hemodynamic status, clears
inflammatory mediators such as tumor necrosis factor (TNF)-
o, interleukin (IL)-6, IL-8, and interferon-y, and ultimately
improves prognosis (8-11). However, the evidence-based use of
oXiris for sepsis is still limited. This study aims to explore the
clinical effect of continuous hemofiltration adsorption (CHFA)
with oXiris filter in patients with sepsis/septic shock.

Materials and methods

Study population

The study protocol was approved by the Institutional Ethics
Committee of the Second Xiangya Hospital of Central South
University (No. 2022K040). We retrospectively collected data on
90 patients with sepsis/septic shock who received at least one
oXiris-CHFA treatment at the Second Xiangya Hospital, Central
South University, between November 2020 and March 2022.
All the patients treated in ICU. The inclusion criteria were: (1)
Patients with clinical diagnosis consistent with sepsis (meeting
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the 2016 Sepsis-3 definition) (1); and (2) men or women in
the age range of 18-90 years. The exclusion criteria were: (1)
immunodeficiency diseases such as tumors, connective tissue
disease, and use of immunosuppressants in the last 3 months;
and (2) pregnant or lactating patients.

Methods

All selected patients underwent titrated fluid resuscitation
in strict accordance with the sepsis guidelines (2016 Sepsis-3)
(1) and received vasoactive drugs, empiric/based antibiotics,
mechanical ventilation, sedation, and analgesia. Baseline
characteristics, primary site of infection, microbiological
results, antibiotic and acute physiological and chronic health
assessment (APACHE II) scores, initial creatinine level, and
renal function grade [acute kidney injury (AKI)- stages 1-3 (12)
or end-stage renal disease (ESRD)] were recorded. Details of
baseline characteristics and infection and clinical outcomes are
presented in Table 1.

All patients received at least one oXiris-CHFA treatment
with the oXiris filter on a Prismaflex system (Baxter
International, Deerfield, IL, United States). The mode was
CHFA (CVVH/CVVHDF + oXiris adsorption), and 4 patients
underwent hemoperfusion therapy (HA380, Jafron Biomedical
Co., Zhuhai, China). Start timing, treatment dose, duration,
and anticoagulation (citrate/heparin/no anticoagulant) were
determined by the physician in charge according to the patient’s
specific situation. The oXiris-CHFA treatment duration lasted
at least 24 h for each patient, except under special circumstances
(such as death or abandoning treatment). The blood flow rate
was maintained between 150 and 200 mL/min. Details of the
CRRT prescriptions are presented in Table 2.

Data collection

For patients who had used oXiris-CHFA several times, we
only recorded data before and after the first treatment, including
heart rate (HR), respiratory rate (RR), mean arterial pressure
(MAP), and norepinephrine (NE) level at 0, 12, and 24 h after
treatment. The levels of procalcitonin (PCT), IL-6, and lactate
and the sequential organ failure assessment (SOFA) scores were
compared at 0, 12, and 24 h after treatment.

Study design and statistical methods

This study was designed for self-pairing, and SPSS software
(version 22.0; IBM Corporation, Armonk, NY, United States)
was used for statistical analysis of data. The distribution of
measurement data was first tested, and normally distributed
measurement data were expressed as mean =+ standard
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TABLE 1 Baseline characteristics and infection and clinical outcomes
of included patients.

Clinical data

Male (n, %) 59 (65.6)
Age, years 63 [50.75-74]
SOFA total 14 [10-17]
APACHE II 24 [19-32]

Creatinine, pmol/L 172.00 [109.75-278.50]

Renal function at CRRT initiation (1, %)

AKI Stage 3 24 (26.7)

AKI Stage 2 23 (25.6)

AKI Stage 1 32 (35.6)
ESRD 11 (12.2)
Norepinephrine (11, %) 84 (87.00)
Norepinephrine, pg/kg/min 0.6 [0.14-1.50]
Mechanical ventilation (1, %) 75 (83.3)

Pa0,/FiO; ratio 190.25 [112.85-287.00]

ECMO (n, %) 5(5.5)
Lactate >2 mmol/L (n, %) 77 (85.56)
Lactate, mmol/L 5.15[2.78-8.65]
Infection characteristics

Site of infection (n, %)

Pulmonary 28 (31.1)
Abdominal 33 (36.7)
Skin and soft tissue 5(5.6)
Bacteremia 16 (17.8)
Urinary 8(8.9)
Culture (1, %)

Gram negative 45 (50.0)
Gram positive 17 (18.9)
Fungus 12 (13.3)
Not identified 16 (17.8)
Positive blood culture 27 (30)

SOFA, Sequential Organ Failure Assessment; APACHE II, Acute Physiology and Chronic
Health Evaluation II; AKI, acute kidney injury; CRRT, continuous renal replacement
therapy; ESRD, end-stage renal disease; ECMO, extracorporeal membrane oxygenation.
Continuous variables are presented as median [interquartile range].

deviation, and repeated measurement ANOVA test was used
for comparison among three groups. Non-normally distributed
measurement data were expressed as median [interquartile
range (IQR)]: Friedman’s test was used for comparison among
three groups, and Wilcoxon symbol rank test was used
for comparison between two groups. A p value <0.05 was
considered to indicate statistically significant differences. Based
on patients’ survival during ICU treatment, all patients were
divided into survival and non-survival groups. Two independent
non-normally distributed samples were compared by Mann-
Whitney U test, and categorical variables were compared using
either chi-square test or Fishers exact test, as appropriate.
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Independent sample Kruskal-Wallis test was used to compare
subgroups grouped according to baseline conditions and
RRT parameters.

Results

Demographic data

A total of 90 patients (59 male; median age: 63 years; IQR:
50.75-74 years) with sepsis/septic shock were included from
November 2020 to March 2022. Eleven patients had ESRD
but required CRRT due to hemodynamic instability. Of the
79 patients with AKI, 32, 23, and 24 patients had stages 1,
2, and 3, respectively. On admission, the median APACHE II
score was 24 (IQR: 19-23). The median dose of initial use of
the vasoactive drug was 0.6 pg/kg/min (IQR: 0.14-1.50). The
median oxygenation index was 190.25 mmHg (IQR: 112.85-
287.00): 75 patients were undergoing mechanical ventilation for
respiratory support at inclusion, and 5 patients were treated with
extracorporeal membrane oxygenation (ECMO). The median
lactate level was 5.15 mmol/L (IQR: 2.78-8.65), and 77 patients
had lactate levels >2 mmol/L. Abdominal infection (n = 33)
was the most common source of sepsis in this study, followed
by pulmonary infection (n = 28). Gram-negative sepsis was
found in 45 (50%) patients, followed by gram-positive (n =
17) and fungal (n = 12) sepsis. Further, 27 patients (30%) had
positive blood cultures. Patient characteristics and the details of
the infections are described in Table 1.

All patients were treated with 1-12 oXiris-CHFA [median
= 2 (IQR: 1-2)] at the discretion of the attending physician.
The median time between ICU admission and the start of
oXiris was 18 h (IQR: 7.00-61.50), and in terms of treatment
mode selection, 56 patients required CVVH, 30 required
CVVHDE, and 4 required CVVH + HP. More than half of
the patients (51.10%) required no anticoagulant, 43.30% had
citrate anticoagulant, and only 5.60% had heparin anticoagulant
therapy. The median prescribed treatment dose was 28.95
mL/kg/h (IQR: 26.81-38.89), and the median filter score was
21.15% (IQR: 19.03%—24.31%). Because some patients had also
been treated with other filters, the median CRRT treatment time
for each patient was 66.85h (IQR: 37.63-132.50), and the oXiris
treatment time was 38.5h (IQR: 22.00-59.87). Details of the
CRRT prescriptions are presented in Table 2.

Results after oXiris treatment

After 24h of oXiris-CHFA, MAP increased by 9.1% (p <
0.001), NE dose decreased by 61.53% (p < 0.001), HR decreased
by 21.31% (p < 0.001) and RR decreased by 21.74% (p <
0.001). In parallel to hemodynamic stabilization, blood lactate
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TABLE 2 CRRT prescription in each patient.

CRRT parameter

CRRT modality (1, %)

CVVH 56 (62.2)
CVVH + HP 4(4)
CVVHDEF 30 (33)
Blood flow rate (1, %)

150 mL/min 39 (43.3)
200 mL/min 51 (56.7)
Circuit anticoagulation (n, %)

Citrate 39 (43.3)
Heparin 5(5.6)
None 46 (51.1)

28.95 [26.81-38.89]
38 (42.2)
52 (57.8)
21.15 [19.03-24.31]

Prescribed therapeutic dose (mL/kg/h) (n, %)

>30 mL/kg/h

<30 mL/kg/h

Filtration fraction (%)

Time between ICU admission and oXiris® initiation, h 18.00 [7.00-61.50]
Number of sessions per patient 2.00 [1.00-2.00]
Duration of CRRT treatment, h 66.85 [37.63-132.50]

Duration of oXiris-CHFA treatment, h 38.5[22.00-59.87]

CRRT, continuous renal replacement therapy; CVVH, continuous venovenous
hemofiltration; ~ HP,  hemoperfusion; ~ CVVHDE
hemodiafiltration; ICU, intensive care unit. Continuous variables are presented as

continuous venovenous

median [interquartile range].

levels decreased by 37.86% after 24h compared to the pre-
treatment period (p = 0.008) (Table 3, Figure 1). The SOFA score
was significantly decreased by 21.43% (p < 0.001) after 24h
of oXiris-CHFA treatment, and the median pre-/post-treatment
SOFA score was 14 (10.00-17.00) vs. 11.00 (9.00-15) (Table 3,
Figure 2).

In terms of infection index, PCT decreased by 48.79% (p <
0.001) after 24h of treatment, and IL-6 decreased by 81.80%
(p < 0.001) (Table 3, Figure 2). The ICU mortality rate was
34.4%, wherein 59 patients survived and 31 patients died. The
median ICU stay time was 7.5 days (4.00-20.50), and the 30-day
mortality rate was 44.4%. Hospital mortality rate was 35.6%.

Subgroup analysis and regression analysis

Initiation time and therapeutic dose of
oXiris-CHFA

There were no statistically significant differences in ICU
mortality rate between patients who received oXiris <24h or
>24h (p = 0.921) and between patients whose prescription
therapeutic dose was >30 mL/kg/h or <30 mL/kg/h (p = 0.309).
There was no significant difference in SOFA scores between
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surviving and non-surviving groups [13.00 (10.00-16.00) vs.
14.00 (12.00-18.00), p = 0.064], but after 24 h of oXiris-CHFA,
the surviving patients had significantly lower SOFA scores than
non-surviving patients [10.00 (8.00-13.00) vs. 15.50 (12.00-
17.00), p < 0.001] (Figure 3).

Site of primary infection

From the perspective of primary infection sites, the
distribution of PCT and IL-6 percentage reduction was
significantly (p = 0.035 and p = 0.001, respectively). The decline
in PCT was most pronounced in skin and soft tissue infections
(61.4%), followed by urinary (57.20%) and abdominal (43.63%)
infections, and was least in blood (7.35%) and pulmonary
infections (3.57%). The decrease in IL-6 was also the most
pronounced in urinary tract infections (93.8%), followed by skin
and soft tissue infection (80.42%), abdominal cavity infection
(79.29%), and pulmonary infection (23.64%), and showed the
least significant decrease in blood infection (0%) (Figure 4,
Supplementary Table 1).

Other subgroup analyses

We divided the sample population into groups from
different perspectives, such as renal function status at CRRT
initiation, culture result type, CRRT method, blood flow velocity,
and anticoagulation method, and compared whether there were
differences in PCT, IL-6, SOFA score, the decline of lactate,
vasoactive drug dosage, and the improvement of vital signs
among the groups. The results showed that patients who started
treatment at AKI1 stage had a greater decrease in IL-6 levels than
those who started treatment later or had end-stage renal disease
(P = 0.027) (Supplementary Table 1). Patients with a blood
flow rate of 200 ml/min during CRRT showed more significant
improvements in HR (p = 0.012) and RR (p = 0.015) than
150 ml/min (Supplementary Table 1). The results of subgroup
comparison of different anticoagulation methods showed that
the improvement of HR (p = 0.009) and RR (p = 0.019)
was heparin (36.54%, 41.38%, respectively), no anticoagulation
(23.79%, 30.73%, respectively), and citrate (11.74%, 11.88%,
respectively) in order (Supplementary Table 1).

Regression analysis

We conducted a logistic regression analysis for patient age,
pre-treatment SOFA score, percentage SOFA score decline,
APACHE 1I score, pre-treatment creatinine level, total CRRT
duration, oXiris duration, time from ICU to oXiris initiation,
number of oXiris-filters use, percentage MAP increase,
percentage HR decline, percentage RR decline, percentage PCT
decline, and percentage IL-6 decline. The results showed that
pre-treatment SOFA score (p = 0.034), percentage decrease in
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TABLE 3 Hemodynamic and inflammatory biomarkers, metabolic changes, and blood platelet count during oXiris-CHFA treatment.

Parameter Baseline (n = 90) 12 h (n = 85) 24h(n=75) p value
MAP?*, mmHg 75.16 [66.00-84.00] 79.33 [73.00-85.84] 82.00 [77.67-88.67] <0.001
Norepinephrine dosage?, jLg/kg/min 0.65 [0.14-1.50] 0.40 [0.12-1.00] 0.25 [0.00-0.70] <0.001
HR?, per min 122.00 [102.75-136.50] 101.00 [87.50-119.00] 96.00 [80.00-109.00] <0.001
RR?, per min 23.00 [19.75-29.00] 20.00 [16.50-21.00] 18.00 [16.00-20.00] <0.001
SOFA® 14 [10.00-17.00] - 11.00 [9.00-15] <0.001
Lactate®, mmol/L 5.15 [2.78-8.65] 3.6 [2.05-7.40] 3.20 [2.20-4.80] 0.008
Procalcitonin®, ng/mL 23.70 [3.31-81.07] 12.9 [2.47-59.75] 11.90 [5.08-41.90] <0.001
Interleukin-6°, pg/mL 1986.50 [555.25-5000.00] 1245.00 [292.00-5000.00] 361.50 [138.75-1051.00] <0.001
Blood platelet count?, 10°/L 83.50 [28.75-143.50] - 44.00 [22.00-90.00] <0.001

oXiris-CHFA, continuous hemofiltration adsorption with oXiris; MAP, mean arterial pressure; HR, heart rate; RR, respiratory rate; SOFA, Sequential Organ Failure Assessment.
Non-normally distributed measurement data were expressed as median [interquartile range].

2Friedman’s test for comparison between three groups.

YWilcoxon symbol rank test for comparison between two groups.

p value <0.05 was considered as a significant difference.
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SOFA score (p = 0.004), and age (p = 0.011) were independently 27%; for every 1 year of age increase, and 8.6%, the risk of death
associated with ICU mortality rate. For every 1-unit increase increased by 8.6%; for every 1 increase in percentage decrease in
in pre-treatment SOFA score, the risk of death increased by SOFA score, a 6.6% reduction in risk of death.
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Adverse events

Blood platelet count decreased by 47.3% after 24h of
treatment (Figure 5). However, the decrease in platelets did not
differ significantly between the different anticoagulation groups
(p=0.054), and it did not differ significantly among the different
CRRT modality (p = 0.905). The majority of patients (83.3%)
tolerated oXiris well; 15 patients experienced adverse events
during treatment, with the most common being coagulation-
related adverse events. 8 patients had high transmembrane
pressure alarm in the treatment, 3 patients developed clotting
deaeration chamber, 2 patients had hypotension during
treatment, and 2 patients had abnormal pressure alarm at the
arterial or venous end of the catheter.
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Discussion

The Third International Consensus Definitions for Sepsis
and Septic Shock (Sepsis-3) defined sepsis as a life-threatening
organ dysfunction caused by a dysregulated host response to
infection. This organ dysfunction can be identified as an acute
change in the total SOFA score of 2 after infection. Septic shock
is classified as a subtype of sepsis, defined as the need for a
vasopressor to maintain MAP >65 mmHg despite adequate
volume resuscitation, with serum lactate levels >2 mmol/L (18
mg/dL) (1).

According to a recent global survey, sepsis is a common
disease worldwide. In 2017, 48.9 million cases of sepsis were
reported worldwide, resulting in 11 million deaths, or 19.7% of
all global deaths (13). Hospital mortality rate in patients with
sepsis ranges from 15 to 30%, and the 1-year mortality rate
is 35% (14-16). Septic shock has a higher risk of mortality,
with hospital and 1-year mortality rates of 39-56 and 60%,
respectively (15-17). Sepsis is not only an important public
health problem (18, 19), it also presents a significant global
economic burden (20).

Patients with sepsis undergo immune hyperactivation
and experience a cytokine storm, which leads to multiple
organ failure (3). Cytokine storm is a comprehensive term
for generalized immune dysregulation characterized by
systemic symptoms and systemic inflammation and multi-
organ dysfunction (21). The severity of the cytokine storm is
associated with patient prognosis in septic shock (22).

Measures to treat sepsis include antimicrobial application
and infectious source control, optimization of hemodynamics
(using fluid and vasoactive drugs), blood purification therapy,
and immunomodulatory/targeted therapy. Different treatments
may be required for each stage of sepsis (23), and timely
intervention in the early stage of the cytokine storm has the
potential to improve the prognosis of patients with sepsis.
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The treatment targeting inflammatory mediators has become
a new target in the treatment of sepsis, and the removal of
systemic inflammatory mediators can be accomplished by blood
purification therapy (3). Alleviating or eliminating endotoxin
and cytokine storms in the body can be accomplished in various
ways, including blood purification, which helps alleviate sepsis,
improve patient hemodynamic status, and perhaps improve
patient outcomes (3, 24-26).

Many different attempts have been made in the field of
blood purification. For example, increasing the therapeutic
dose, adjusting the interception molecular weight size, and
using plasma exchange (27-31). A reasonable reason for
the use of adsorption therapy in sepsis is the response to
restoring balanced pro-inflammatory and anti-inflammatory
mediators (32). Adsorption therapy is widely used in the
treatment of sepsis and includes the use of cytokine adsorption
columns (CytoSorb ™) and polymyxin B adsorption columns
(Toraymyxin ) (3, 32-35).

oXiris is a representative film material with high-adsorption
film technology comprising three different layers (7). Its
structure include AN69 copolymer hydrogel structures (to
adsorb cytokines), multiple layers of polyethyleneimine (to
adsorb endotoxins), and heparin grafting (to reduce local
thrombogenicity). This unique design allows for a combination
of four characteristics in one device: renal support, cytokine
removal, endotoxin removal, and local anticoagulant therapy
(7). It not only has high adsorption efficiency for cytokines and
circulating endotoxin, but also has good blood compatibility,
and can perform CHFA for patients without plasma separation.
Recent studies have shown that the use of oXiris in patients
with sepsis or septic shock can effectively reduce lactate levels,
reduce concentrations of endotoxin and cytokines, optimize
hemodynamics, reduce SOFA scores, and improve clinical
outcomes (8, 9, 11, 36, 37). European Experience recommends
oXiris in septic patients with unstable hemodynamic status,
with or without AKI (38). The Asia Pacifica Experience
also recommends that patients with sepsis or septic shock
should be treated based on their hemodynamic indicators,
microcirculation, and organ function, rather than AKI (39).
Therefore, we believe that oXiris-based clinical research should
be focused on patients’ hemodynamic indicators and perfusion
index and whether adverse reactions occurred in order to
analyze the clinical outcome in terms of survival with oXiris
treatment; this could provide a meaningful basis for the clinical
treatment of sepsis.

In this study, a total of 90 patients with sepsis (median
APACHE 1II: 24) were included; this cohort included patients
with both ESRD and AKI. The initial SOFA score (median
SOFA: 14) suggested that most patients had failure of more than
two organs.

After 24 h of oXiris-CHFA treatment, we observed a 9.1%
increase in MAP, 61.53% decreased in NE dose, 61.53%
decreased in HR, 21.74% decreased in RR, and 37.86%
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decreased in lactate, suggesting that this treatment may
improve hemodynamics and microcirculation perfusion in
patients, showing the effectiveness of treatment intuitively
in clinical situations. Among the parameters examined,
the changes in lactate and improvement of hemodynamic
indicators also appeared in parallel, consistent with the
pathophysiological mechanism seen in sepsis patients. After
oXiris-CHFA treatment combined with standard flow sepsis
fluid resuscitation treatment, most patients seemed to obtain
satisfactory hemodynamic status in a relatively short time
(24h), and their tissue perfusion quickly improved along
with correction of internal environmental disorders such as
hyperlactemia and subsequent acidosis caused by tissue hypoxia.

In terms of organ function maintenance, oXiris-CHFA
treatment resulted in a decrease in SOFA score by 37.86%, and
SOFA score decreased from higher high level of 14 (10.00-
17.00) to lower level of 11.00 (9.00-15), indicating that this
treatment can play a positive role in organ function maintenance
in septic patients. A SOFA score change over 2 points is a
reliable predictor of in-hospital mortality within the ICU (40).
This change was very significant in the first 24h of the first
use of oXiris, suggesting that the use of this treatment as soon
as possible may shorten the time of organ dysfunction, reduce
the use of supportive care such as ventilators, vasoactive drugs,
and blood products, and further shorten the organ support time
of patients and reduce medical costs. The subsequent subgroup
analysis also showed that although the difference in SOFA scores
between the pre-treatment survival and non-survival groups
was not significant, the SOFA scores in the survival group after
oXiris-CHFA treatment were significantly lower than those in
the non-survival group, indicating that functional status of the
organs and improved prognosis were better in the former group
of patients.

In terms of infection index, PCT showed a significant
decrease after treatment (48.79%), while the IL-6 decrease was
more obvious (81.80%). AS a widely used biomarker of sepsis,
PCT is a precursor of calcitonin with extreme low level in
general. However, almost all tissues and organs secrete PCT
in pathological conditions and its generation is regulated by
bacterial toxins and cytokines (41). It is used to guide the
diagnosis and antibiotic treatment of sepsis (42-44), and it is
also used as an indicator to evaluate the severity of sepsis (45).
Its elevated concentration and non-clearance are closely related
to the all-cause mortality of sepsis (46). IL-6, a well-known
proinflammatory factor in cytokine storm, is a product of T
cells that stimulates B cells and enhances antibody production.
Together with IL-1 and the inflammatory mediator TNE it is
the main regulator of inflammation and one of the few true
pleomorphic cytokines (47, 48). A decrease in IL-6 predicts
the success rate of antibiotic therapy for sepsis in nonsurgical
patients (49). Moreover, the dynamic change of IL-6 is closely
related to the individual patient mortality rate (22). The IL-6 and
PCT tests have similar diagnostic values in distinguishing sepsis

frontiersin.org


https://doi.org/10.3389/fpubh.2022.1012998
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org

Zhou et al.

from non-infectious systemic inflammatory response syndrome
(50). Declines in the above two indicators show that after oXiris-
CHFA treatment, the cytokine storm level of inflammatory
cytokines in the body decreased significantly, and the systemic
inflammatory response state was improved relative to that before
treatment. The application of oXiris treatment in the early stage
can help correct the high inflammation state of patients as soon
as possible (within 24h), reduce the resulting organ function
damage, and reverse hemodynamic instability, thus improving
the prognosis of patients.

In the present study, the ICU mortality, 30-day mortality,
and hospital mortality rates were 34.4, 44.4, and 35.6%,
respectively, consistent with previously reported mortality rates
from sepsis and septic shock (14-17). Given that more-critical
patients, often with more severe inflammatory responses, were
included, the physician in charge preferred to use oXiris-CHFA;
thus, all included patients had severe sepsis. This is confirmed
by the higher SOFA score (14) and APACHE II score (24)
at baseline, and we further discuss the factors influencing
mortality rate in the subsequent subgroup analysis results.
Due to the different timing of inclusion, although 77 (85.56%)
had 2 mmol/L lactate before oXiris-CHFA and 84 patients
(87.00%) needed NE to maintain blood pressure, the actual
number of patients with septic shock may not have had adequate
fluid resuscitation.

The median time from ICU admission to initiation of
oXiris treatment was 18h, somewhat earlier than the 21-
46h in several other studies (11, 37, 51). The ICU mortality
rate was also lower than previously reported rates (37). A
retrospective study showed that patients who were started
on oXiris treatment within 3h of adequate resuscitation had
reduced vasopressor use, decreased SOFA scores, and increased
MAP compared with those who were started on oXiris after 3h
of adequate resuscitation (52). However, in this study, there was
no significant difference in ICU mortality rate between patients
initiated with oXiris-CHFA within 24 h versus after 24 h after
admission (p = 0.921). A detailed review of the medical history
showed that some patients were admitted to the ICU with a
first diagnosis of severe pneumonia or hemorrhagic shock, liver
and kidney failure, or cardiac and respiratory arrest rather than
sepsis. In the course of ICU hospitalization, sepsis and septic
shock occurred. That is, there was no indication for initiating
oXiris-CHFA therapy when the patient first entered the ICU.
Moreover, there are many factors affecting patient mortality,
and inflammatory adsorption treatment is only part of the
comprehensive treatment.

By comparing the two groups of patients in this study with
prescribed therapeutic doses >30 mL/kg/h and <30 mL/kg/h,
it appeared that no prescribed therapeutic dose was directly
associated with ICU mortality rate. We found that the prescribed
therapeutic doses of the included patients were basically within
the appropriate range of the prescribed therapeutic doses
of 25-30 mL/kg/h (actual achieved therapeutic dose 20-25
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mL/kg/h) recommended by the Kidney Disease Improving
Global Outcomes (KDIGO) guidelines (12). oXiris-CHFA-
mediated improvement in endotoxin and cytokine storms in
septic patients occurred mainly through the adsorption of the
membrane (7). This effect is mainly related to the membrane
area and filter use time rather than therapeutic dose, which may
also be a prime reason for the above result.

Sepsis is a clinical syndrome with great heterogeneity
rather than a class of diseases with relatively consistent
etiology and pathophysiology (3). Numerous factors affect the
prognosis of sepsis patients and include multi-organ system
support treatment, volume management, etiology treatment,
and rehabilitation treatment, CRRT does not independently
influence patient treatment.

The therapeutic effect of oXiris-CHFA varies based on the
primary site of infection in sepsis. The top three primary
infection sites of inflammatory indicators (PCT and IL-6
decline) in this study were urinary tract, abdominal cavity, and
skin and soft tissue, indicating that oXiris-CHFA treatment
may be more clinically effective for infections originating from
these regions. This is also consistent with previous reports that
treatment with oXiris significantly improved hemodynamics
and inflammation in patients with sepsis/septic shock due to
abdominal, urinary, and skin soft tissue infections (8, 11, 53).
Binary logistic regression analysis showed that both initial status
and severity of decline in SOFA score were independently
associated with ICU mortality. This shows that the more severe
the organ failure before treatment, the higher the risk of death;
the better the organ function recovery after treatment, the lower
the risk of death. This finding is consistent with previous studies
(18, 54).

From our results, oXiris-CHFA treatment initiated in the
early stage of sepsis (AKI stage 1) may reduce the levels of
proinflammatory factors such as IL-6 more significantly than in
the later stage (AKI stage 2-3). It can also be understood that the
main purpose of oXiris-CHFA is not to replace the kidney, but
to clear the early inflammatory storm, which is also consistent
with many previous literatures (3, 38, 39). As for the effect of
blood flow rate and anticoagulation on the improvement of
vital signs, we all know that blood flow rate is closely related
to the anticoagulation method, and also related to the basal
state of the patient. In the case of heparin anticoagulation or
no anticoagulation, the blood flow rate of CRRT is usually 200
ml/min, while the blood flow rate of citrate anticoagulation
is usually <150 ml/min to ensure the anticoagulation effect.
We believe that in CRRT patients with heparin and without
anticoagulation, a higher flow rate can be used to correct
the possible volume overload in these patients more quickly,
resulting in more significant improvements in HR and RR.

Platelet counts decreased after oXiris-CHFA treatment,
but this difference was not significant in subgroup analyses
0.054) and treatment
modalities (p = 0.905). The reasons may be as follows. First,

comparing anticoagulation (p =
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cardiopulmonary bypass lines activate blood coagulation.
Although heparin has been pre-grafted in the oXiris filter, other
parts of the extracorporeal line do not have anticoagulation
efficacy, so anticoagulation is still activated, resulting in
the consumption of coagulation substances and consequent
decrease of platelet count. The results of this study suggest that
thrombocytopenia is not caused by inadequate anticoagulation
or improper mode setting. Second, diseases with active bleeding
in the primary site or severe infection cause platelet decline.
The above two reasons have been similarly reported in previous
studies of case reports (53). Further studies need to explore
whether oXiris will directly leadly to a decrease in platelet count.
Other adverse events were mainly thrombosis-related adverse
events, but no bleeding-related adverse events were seen.
Studies have also shown that fixed heparin has no significant
systemic anticoagulant or adverse bleeding events (55). This
also suggests that we should regulate anticoagulation according
to the condition of oXiris treatment to reduce activation of the
coagulation system and the consumption of coagulation factors
and platelets.

This study included 90 patients with different causes of
sepsis and septic shock with improvement in hemodynamic
parameters, lactate levels, and organ function after oXiris-CHFA
treatment; recorded changes in infection and inflammatory
indicators and platelet changes; and finally recorded patient
outcome. The present study has some limitations. First, this
is a descriptive small case series, lacking a control group
with a heterogeneous group of patients (i.e., infectious source,
duration of antibiotic administration, resuscitation regimen)
and multiple concomitant interventions (e.g., CRRT, antibiotics,
ECMO, hemoperfusion, and vasopressors). This is probably the
main limitation of this article. There are three reasons for the
absence of control in this study: (1) All sepsis patients in our
hospital during the same period (from November 2020 to now)
have been treated with oXiris. (2) If historical control is selected,
given the rapid update of sepsis guidelines in recent years,
especially in fluid resuscitation and hemodynamic management,
which have a great impact on the results of this study, the control
group can provide limited reference. (3) This study focuses
on the changes in hemodynamics, perfusion level and organ
function of patients before and after oXiris use, and whether
oXiris has different effects on patients with different primary
infections. Second, due to the retrospective study design, PCT
or IL-6 results were missing in some cases. Third, some patients
eventually abandoned treatment for discharge owing to non-
medical factors, which may have had an impact on the final
outcome. Finally, whether improvements in hemodynamic and
metabolic parameters might be achieved only by infection
control and CRRT itself, and not necessarily by oXiris-CHFA
treatment. oXiris-CHFA treatment can be used as an adjuvant
treatment for sepsis patients, but further randomized controlled
trials with a larger sample size are needed.
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Conclusions

In patients with sepsis or septic shock, oXiris-CHFA
treatment was associated with a significant improvement
in hemodynamic measures, significantly decreased vasoactive
drug dosage, reduced lactate level and infection measures,
and decreased SOFA score after treatment. The SOFA score
was an independent risk factor for ICU mortality. However,
improvement of SOFA score after oXiris-CHFA treatment was
scarcely reported and we provided convincing evidence in the
present study. In terms of the primary site of infection, patients
with skin and soft tissue, urinary tract, and abdominal cavity
infections benefitted the most from treatment with oXiris-
CHFA. The results of this study show that the efficacy and safety
of oXiris-CHFA treatment are relatively high. It's worth noting
that we observed no evidence that a therapeutic dose of >30
mL/kg/h improves survival rate of patient, and the decrease in
platelet count may be multifactorial.
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