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Abstract 
Background: Sepsis persists to be the leading cause of morbidity and mortal-
ity worldwide with the huge cost of health care resources. Besides adequate 
antibiotics and infectious source control, definitive therapy is still being stu-
died. The activation of multiple pro- and anti-inflammatory mediators plays a 
key role in the sepsis process. The application of adsorption may help deacti-
vate and decrease the peak elevation of these mediators in the earlier course 
of sepsis, when levels of endotoxins and cytokines are extremely high. How-
ever, the clinical evidence to support hemadsorption for removing endotoxins 
and/or pro-inflammatory mediators in sepsis remains incompetent and con-
troversial. In this study protocol, we aimed to test the efficacy of removing 
cytokines and the safety of a new hemadsorption device, CA330, in septic pa-
tients. Design: This is a multicenter randomized controlled clinical trial enrol-
ling 8 tertiary hospitals in China. A total of 144 patients will be randomly di-
vided into the experimental group and the control group according to the ra-
tio of 1:1. The primary endpoint is the reduction rate of IL-6 serum concen-
tration between the initiation of the first adsorption and end with the second 
adsorption. Discussion: To our knowledge, this clinical trial is the first to 
evaluate the efficacy and safety of the CA330 hemadsorption device in sepsis 
patients. Our study will raise the level of evidence for the treatment of sepsis 
patients with hemadsorption. 
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1. Background 

Sepsis is one of the leading causes of morbidity and mortality worldwide. More-
over, the magnitude of health care resources utilized to manage septic patients is 
huge. All these severe facts call for constant efforts to optimize therapy. At present, 
conventional treatment of sepsis typically starts with resuscitative measures. How-
ever, the only definitive therapy is adequate antibiotics and infectious source con-
trol. According to the latest international consensus, sepsis is defined as life-threa- 
tening organ dysfunction caused by a dysregulated host response to infection [1]. 
Fortunately, research has led to a better understanding of the pathophysiology of 
sepsis, in which the activation of multiple pro- and anti-inflammatory mediators 
plays a key role [2]. Understanding of this complex mechanism has led to the de-
velopment of treatment strategies aimed at restoring a balanced immune response 
by eliminating/deactivating these inflammatory mediators. Whilst animal mod-
els of sepsis have provided encouraging results with strategies aiming at immune 
response modulation; clinical studies in patients using targeted pharmacological 
approaches have so far proved disappointing. 

Besides AKI, Renal Replacement Therapy (RRT) is applied to remove inflam-
matory mediators extracorporeally. Across the different modalities, the applica-
tion of adsorption may help deactivate and decrease the peak elevation of these 
mediators in the earlier course of sepsis, when levels of endotoxins and cytokines 
are extremely high [3]. Recently, attempts to improve the outcome of sepsis pa-
tients with such devices, i.e., CytoSorb cytokine hemadsorption and Polymyxin 
B (Toraymyxin) endotoxin adsorption, have seen a certain renaissance. The evi-
dence for CytoSorb (CS) is limited to case reports/series and a few RCTs, but it is 
growing. It was recently studied in a multicenter RCT in 100 mechanically venti-
lated patients with severe sepsis or septic shock and acute lung injury or ARDS [4]. 
Though IL-6 was removed, hemadsorption did not lead to lower plasma IL-6-le- 
vels. Significant differences in the multiple organ dysfunction scores, ventilation 
time and time course of oxygenation were not detected either. Toraymyxin was 
developed in Japan in the early 1990s. Though two multicenter trials demonstrated 
that Toraymyxin may improve hemodynamics and organ dysfunction [5], even 
reduce 28-day mortality [6], two subsequent larger clinical studies were negative 
[7] [8]. HA330, an extracorporeal hemoperfusion device that uses neutral micro-
porous resin, also showed effectiveness in sepsis treatment. Despite the two RCTs 
were small, HA330 decreased inflammatory mediators, along with an improve-
ment in hemodynamics, respiratory parameters, mortality, and ICU length of stay 
[9] [10]. Overall, the clinical evidence to date supporting hemadsorption for re-
moving endotoxins and/or pro-inflammatory mediators in sepsis remains in-
competent and controversial. 

CA330 (Jafron Biomedical Co., Ltd., Zhuhai, China) is a hemadsorption de-
vice containing hemocompatible, porous polymeric beads capable of removing 
cytokines and other mid-molecular weight toxins from the blood by size exclu-
sion and surface adsorption. Compared with HA330, improved resin synthesis 
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technology makes CA330 a better performance in removing cytokines. This trial 
is the first to evaluate CA330 efficacy of cytokine reduction using the change in 
plasma interleukin (IL)-6 concentrations over time as a primary outcome. Although 
the trial was neither designed nor powered to evaluate the outcome, we also eva-
luated organ function parameters as well as 28-day all-cause mortality. 

2. Method 
2.1. Trial Design and Setting 

This is a multicenter randomized controlled clinical trial enrolling 8 tertiary hos-
pitals in China. Study participants will not be enrolled until the study is approved 
by the institutional ethics boards for all study sites. All enrolled patients or legally 
authorized representatives will provide written informed consent. 

2.2. Participants 

Patients are eligible to participate if they meet the following criteria: 
1) Hospitalized patients aged 18 - 75 years, regardless of gender; 
2) Meet the clinical criteria of sepsis according to the Third International Con-

sensus Definitions for Sepsis [1]; 
3) The diagnosis of sepsis is established within last 48 hours. 
4) Written informed consent is signed, and agreement to participate in all vis-

its, examinations and treatments as required by the research program is achieved. 
If a patient is not able to give consent, the legal representative is asked to con-
sent. 

Patients are excluded if there are following exclusion criteria: 
1) End-stage renal disease that need maintenance hemodialysis treatment; 
2) Congenital or acquired immunodeficiency disorders or those who had re-

ceived organ transplantation within one year; 
3) Prescription of immunosuppressive medications (tripterygium wilfordii, 

mycophenolate mofetil, cyclophosphamide, FK506, etc.) or prednisolone for more 
than 10 mg/day (or the same dose of other hormone therapy) within 30 days; 

4) Coagulation dysfunction, severe bleeding tendency (PT, APTT prolonged 
significantly with bleeding, or fibrinogen less than 1.2 g/L with bleeding), active 
bleeding or uncontrolled acute massive bleeding within 24 hours; 

5) Malignant tumors, consumptive diseases, site of infection cannot be cleared 
(ie surgical patients who cannot be operated on) or body weight less than 35 kg; 

6) A terminal state of organ failure (end stage of COPD, pulmonary heart dis-
ease, heart dysfunction stage-IV, brain death or persistent vegetative state, chronic 
liver disease with hepatic encephalopathy, coagulation dysfunction, fluid reten-
tion and hepatocellular jaundice); 

7) Following results are detected during screening: platelet count < 50 * 109/L, 
neutrophil count < 0.5 * 109/L, hemoglobin < 70 g/L; 

8) Despite of adequate volume resuscitation, vasopressors and hormones, the 
mean arterial blood cannot maintain above 65 mmHg; 
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9) Those who have been participating in or participated in another interven-
tional clinical study within 30 days prior to enrollment, such as the clinical study 
of related drugs or medical devices affecting immunity (i.e., Xuebijing, ulinasta-
tin, CRRT, etc.); 

10) Anaphylaxis to materials of cardiopulmonary bypass, anticoagulants and 
hemoperfusion or other serious allergic history; 

11) Those who are not suitable for this clinical trial, which is determined by 
researchers, such as pregnant or lactating women, current drug addicts, patients 
with severe mental or neurological disorders, and those who have a history of al-
cohol abuse and cannot be terminated. 

2.3. Treatment Allocation and Randomization 

Eligible patients are stratified by site and randomly assigned in a 1:1 ratio to ei-
ther CA330 hemoperfusion plus conventional medical therapy group or conven-
tional medical therapy group. The randomization is performed by researchers 
on the central randomization system, provided by the Department of Biostatis-
tics, Southern Medical University. In this study, the center coded random num-
ber table is produced by stratified and sectional randomization method. SAS 9.4 
statistical software is used to generate random coding tables with serial numbers 
(001-144) according to the number of cases allocated in each center and the pro-
portion of experimental group and control group (1:1). The length of selected 
sections (block) and random seed number are sealed together as confidential data. 
The random number table is provided by the statisticians of the Department of 
Biostatistics, Southern Medical University. 

2.4. Study Interventions 

The experimental group receives routine treatment of sepsis combined with cy-
tokine adsorption column (CA330) perfusion, and the control group receives 
routine treatment of sepsis only. 

Hemoperfusion treatments are performed using a perfusion machine via cen-
trally inserted standard dialysis catheters at a prescribed blood flow rate of 100 - 
300 mL/min. In the beginning, lower flow rate is recommended, if there is no 
discomfort, and then gradually increases. Each patient received 2 hemoperfusion 
treatments within 24 hours with a target duration for each treatment of 120 - 180 
minutes (minimum of 120 minutes). The shorter the interval between the two 
hemoperfusion, the better. It is suggested that the second hemoperfusion be 
performed within 0 - 5 hours after the first one. 

Anticoagulation was recommended with low-molecular-weight heparin in ar-
terial line of the circuit at the dose of 60 - 80 IU/kg. No additional dose is re-
quired. The activity of anticoagulant factor α can be monitored at 60 minutes. It 
is suggested that the activity of anticoagulant factor α should be maintained at 
500 - 1000 U/L in subjects without bleeding tendency and 200 - 400 U/L in sub-
jects with bleeding tendency. If the clinical condition is limited, it is not manda-
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tory to monitor this parameter. 
Since there is no recommendation of timing to start RRT in sepsis, we take 

KDIGO Clinical Practice Guideline for Acute Kidney Injury into account [11]. 
Emergency RRT therapy includes life-threatening hyperkalemia, acidosis, pul-
monary edema and uremia complications; non-emergency RRT treatment in-
cludes solute control, fluid clearance, acid-base imbalance correction, volume 
control, nutritional support, drug delivery and maintenance of water and elec-
trolyte balance. RRT blood flow is set to 100 - 250 ml/min. For patients with 
unstable hemodynamics, the blood flow rate was gradually increased from 50 - 
100 ml/min. While for patients with stable hemodynamics, the blood flow rate is 
set to about 200 ml/min. The prescription dose of RRT is 25 - 30 ml/kg/h to 
achieve the actual therapeutic dose of 20 - 25 ml/kg/h. For RRT, the preferred 
hemofilter model is AV600S. For hospitals without this type of hemofilter, M100 
is the alternative offer. The proportion and length of RRT are taken as secondary 
result when analyze. The anticoagulant regimen of RRT is not mandatory. It is 
suggested to select the anticoagulant regimen according to the sequence of “low- 
molecular-weight heparin, unfractionated heparin, citric acid”. The unfractio-
nated heparin is given at 0/30/60/90 minutes to maintain ACT at 180 - 240 se- 
conds. 

All sites agree, when feasible, to follow the tenets of the Surviving Sepsis 
Campaign clinical practice guidelines for management of sepsis [12]. 

2.5. Sample Size Estimation 

According to the previous studies, the average decline rate of IL-6 in experi-
mental group is 10% lower than that of the control group. The overall standard 
deviation of the two groups is difficult to estimate. We assume that the effect is 
20%. Using nQuery Advisor + nTerim 4.0 software, 64 cases in each group are 
estimated to provide a bilateral test level of 0.05% and 80% power. Considering 
10% drop-off rate, the final numbers of cases in each group are determined to be 
72 cases, a total of 144 cases are required. 144 subjects were randomly divided 
into the experimental group and the control group according to the ratio of 1:1. 

2.6. Endpoint 

The primary endpoint of the study is the reduction rate of IL-6 serum concentra-
tion at the initiation of first adsorption and at the end of the second adsorption. 

Secondary endpoints are the reduction rate of IL-10, TNF-α, lactic acid serum 
concentration at the initiation of first adsorption and at the end of the second 
adsorption, the dynamic change of APACHE II score, ventilation time, oxygena-
tion index, urinary output, length of vasopressors, catecholamine index, RRT in-
cidency and length of treatment, ICU and hospital length of stay, and 28-day 
all-cause mortality. Data are collected at the following time points: screening, 
hemadsorption period, 1 day ± 2 hours after the end of second adsorption, 3 day 
± 4 hours after the end of second adsorption, 7 ± 2 days after the end of second 
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adsorption, 14 ± 3 days after the end of second adsorption, 28 ± 4 days after the 
end of second adsorption. 

The safety parameters include vital signs (including body temperature, heart 
rate, respiratory rate and blood pressure), CBC, coagulation function, liver func-
tion (ALT, AST, TBIL, DBIL, total protein, albumin), renal function (creatinine, 
blood urea), electrolyte (potassium, sodium, calcium, phosphorus, magnesium) be-
fore and after the hemadsorption. Adverse effects are also recorded. 

2.7. Statistical Analysis 

Statistical analyses are performed using SAS (SAS Institute Inc) software for 
Windows version 9.4. Descriptive analyses are performed on baseline variables 
using mean (SD), median (interquartile range [IQR]), or proportions and per-
centages as appropriate. Measurement data are tested by two independent sam-
ple size t test or corrected t test (when variance heterogeneity is assumed), or the 
corresponding non-parametric method. Categorical data are tested by Pearson 
Chi-square test. Rank data are analyzed by rank sum test. 

The primary endpoint intergroup comparison is conducted using covariance 
analysis (ANCOVA) with baseline as covariate, taking into account the central 
effect and possible interaction effects. With the validation of superiority, if the 
lower limit of 95% confidence interval between the experimental group and the 
control group is greater than 0, it can be inferred that the experimental group is 
better than the control group. 

The secondary endpoints intra-group comparisons are conducted by paired 
t-test or Wilcoxon sign rank test for quantitative variables, and paired chi-square 
test for qualitative variables. For intergroup comparisons, quantitative indicators 
are tested by two independent samples t test or Wilcoxon rank sum test, and qu-
alitative indicators are tested by chi-square test. Grade factors are tested by Wil-
coxon rank sum test. 

3. Discussion 

The latest guideline for the management of sepsis and septic shock didn’t sup-
port renal replacement therapy without definitive indications for renal replace-
ment therapy, including uremic complications, refractory academia, refractory 
fluid overload or hyperkalemia [13]. However, the updated recommendations were 
based on new RCTs including septic patients with AKI and far-fetched results 
favoring delayed RRT due to central venous access device infections. Besides, the 
guideline only mentioned continuous and intermittent renal replacement thera-
py, but hemadsorption is a distinct modality with special mechanisms and treat-
ment goals. A literature review showed that CytoSorb adsorber had beneficial ef-
fects on survival rate and inflammatory responses of sepsis both in animal expe-
riments and patients [14]. To our knowledge, this clinical trial is the first to eva-
luate the efficacy and safety of the CA330 hemadsorption device in sepsis pa-
tients. Our study will raise the level of evidence for the treatment of sepsis pa-
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tients with hemadsorption. 
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