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Abstract
Introduction: Blood purification therapy is a method used to 
enable cytokine removal and to improve disturbed immune 
homeostasis in patients with sepsis or septic shock. This 
study aimed to evaluate the impact of HA 330 treatment on 
biochemical and hemodynamic parameters and cytokine 
levels in adult patients with septic shock. Methods: Critically 
ill patients with septic shock who received continuous veno-
venous hemodiafiltration and HA 330 treatment were in-
cluded in this prospective observational study. Biochemical 
and hemodynamic parameters were followed throughout 
HA 330 treatment. Serum interleukin (IL)-1β, IL-6, IL-8, tumor 
necrosis factor (TNF)-α, high-mobility group box1 (HMGB-1) 
protein, IL-10 levels were analyzed by ELISA method, before 
and after each HA 330 session. Results: A total of 18 criti-
cally ill patients were included in this study. The median 
APACHE 2 score was 22.2 ± 7.49 and median SOFA score 
9.6 ± 5.44 on intensive care unit admission. SOFA scores were 
significantly decreased on the 3rd day of HA 330 treatment, 

compared to 2nd day scores (p = 0.017). Median leukocyte 
value was significantly decreased (p = 0.027 and p = 0.024), 
while hemodynamic parameters remained unchanged 
throughout the HA 330 treatment. Median CRP and procal-
citonin levels were significantly reduced at day 3 of HA 330 
treatment compared to the baseline (p = 0.015 and p = 0.033, 
respectively). Serum IL-1 β, IL-6, IL-8, TNF-a, HMGB-1, and IL-
10 levels decreased insignificantly by 11.5%, 26.4%, 11.4%, 
37.9%, 0.02%, and 35.5%, respectively, at the end of the he-
moperfusion treatment compared to the pre-treatment. 
Conclusion: The administration of HA 330-based hemo-
perfusion in septic shock patients revealed improvements 
in SOFA scores, leukocyte count, and CRP and procalcito-
nin levels. However, there was no statistically significant 
change in concentrations of inflammatory cytokines and 
hemodynamic parameters during HA 330 treatment.

© 2023 S. Karger AG, Basel

Introduction

Sepsis is defined as a life-threatening organ dys-
function due to uncontrolled host response to infec-
tion [1]. The septic shock, the most severe form of 
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sepsis, is a very fatal condition that leads to mortality 
in 37–47% of cases in the setting of critical illness  
[2–4].

In septic shock, proinflammatory mediators are fre-
quently promoted by pathogen-associated molecular pat-
terns and damage-associated molecular patterns [5]. The 
conditions dominated by the cytokine storm with the high-
est levels of both the proinflammatory and the anti-inflam-
matory cytokine levels are known to be associated with very 
high mortality rates. Hence, blockade of cytokine overpro-
duction is suggested to prevent sepsis and to improve poor 
clinical outcomes [6].

Blood purification therapies are considered a novel 
therapeutic method to enable cytokine removal and to 
improve disturbed immune homeostasis in sepsis [3]. 
HA 330 is a high-volume hemoperfusion cartridge with 
an electrically neutral microporous copolymer resin de-
signed for critical clinical conditions associated with a cy-
tokine storm [7, 8]. HA 330 resin cartridge has the capac-
ity of adsorbing various medium-sized factors including 
inflammatory cytokines (interleukin [IL]-1, IL-6, IL-8, 
tumor necrosis factor [TNF-α]) with molecular weight of 
6–26 kDa [9].

Hemadsorption, a complementary mechanism for re-
moval of solutes, is based on direct binding of solutes to 
membranes or sorbent material inside the cartridge (ad-
sorption unit) [8]. In contrast to other extracorporeal blood 
purification techniques (i.e., high-volume hemofiltration 

and high-threshold membranes), an important character-
istic of sorbent materials is minimizing unwanted mole-
cules loss (such as nutrients and antibiotics) [10–12].

Adsorption can be used alone or in combination with 
other renal replacement therapies. Several clinical case re-
ports indicated the potential clinical benefit and safety of 
HA 330 in the treatment of septic shock and severe sepsis 
[8, 9, 13]. However, there is limited clinical evidence 
regarding the hemadsorption approaches, necessitating 
clarification of its clinical efficacy via further investiga-
tions [3]. This study aimed to evaluate the impact of HA 
330 hemadsorption treatment on biochemical findings, 
hemodynamic parameters, and inflammatory cytokines 
(IL-1β, IL-6, IL-8, TNF-α, high-mobility group box1 
[HMGB-1] protein, IL-10) in critically ill adult patients 
with septic shock.

Methods

This prospective observational study was conducted in patients 
diagnosed with septic shock who received HA 330 hemoperfusion 
treatment and continuous renal replacement therapy (CRRT) (con-
tinuous veno-venous hemodiafiltration, CVVHDF mode) in Anes-
thesiology and Reanimation and Medical ICU center. The study was 
performed in accordance with the ethical principles stated in the 
“Declaration of Helsinki” and approved by Erciyes University Ethics 
Committee (date of approval: January 09, 2019: Protocol No: 
2019/09). Written informed consent was obtained from all patient or 
from parents/guardian/next of kin for all vulnerable participants.

Table 2. Comparison of SOFA and biochemical parameters before and after HA 330 treatment

Day 1 (n = 18) Day 2 (n = 14) Day 3 (n = 8) p value Difference 
between days

SOFA 15.0 (12.0–17.0) 14.5 (12.8–17.8) 11.5 (7.5–14.8) 0.004 1–3 (p = 0.013)
2–3 (p = 0.017)

Creatinine, mg/dL 3.58 (2.32–4.26) 2.71 (1.72–3.92) 2.01 (0.89–2.27) 0.368
BUN, mg/dL 58.0 (42.2–90.0) 53.0 (44.8–80.3) 54.5 (37.8–65.3) 0.154
AST, U/L 116.0 (51.3–701.2) 112.0 (34.3–1747.5) 93.5 (41.5–757.3) 0.243
ALT, U/L 66.0 (21.0–522.8) 69.5 (30.8–752.8) 27.0 (23.3–980.5) 0.129
Bilirubin, mg/dL 1.8 (0.4–8.3) 1.3 (0.3–9.2) 1.3 (0.4–2.2) 0.225
Albumin, g/dL 2.5 (2.1–3.0) 2.2 (1.9–2.8) 2.5 (1.9–2.7) 0.290
Leukocyte, 103/μL 14.0 (7.2–22.3) 12.6 (9.5–20.6) 11.7 (9.0–14.6) <0.001 1–2 (p = 0.027)

2–3 (p = 0.024)
Platelet, 103/μL 103.0 (52.8–154.3) 93.0 (37.3–129.3) 96.0 (67.8–132.8) 0.082
PT, s 17.0 (15.3–24.3) 19.5 (16.0–28.1) 16.0 (13.5–17.7) 0.071
aPTT, s 41.3 (34.8–52.3) 65.5 (35.3–120.0) 40.3 (26.4–51.0) 0.202
CRP, mg/L 208.0 (88.3–330.5) 98.5 (37.5–210.0) 98.0 (42.3–287.5) 0.007 1–3 (p = 0.015)
Procalcitonin, ng/mL 12.1 (3.4–22.8) 7.9 (4.5–9.9) 4.1 (2.1–6.6) <0.001 1–3 (p = 0.033)

ALT, alanine aminotransferase; AST, aspartate aminotransferase; BUN, blood urea nitrogen; PT, prothrombin 
time; sec, seconds; SOFA, sequential organ failure assessment.
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Study Participants
The inclusion criteria were as follows: (1) 18–80 years of age, 

(2) the diagnosis of septic shock at ICU based on “the Third Inter-
national Consensus Definitions for Sepsis and Septic Shock 
(Sepsis-3)” [1] criteria, (3) receiving full ICU treatment including 
fluid resuscitation, vasopressor treatment, antibiotic treatment, 
and mechanical ventilatory support, (4) having Kidney Disease 
Improving Global Outcome (KDIGO) scores ≥2, (5) receiving HA 
330 hemoperfusion treatment and renal replacement therapy in 
the CVVHDF mode. Pregnant women, patients who had cardio-
pulmonary resuscitation within previous 24 h of the ICU admis-
sion, patients with cardiogenic shock, HIV positivity, thrombocy-
topenia, previous organ transplantation, advanced stage malignan-
cy with ongoing chemotherapy or radiotherapy, stage 5 or more 
chronic renal failure or end-stage liver failure, and those under 
immunosuppressive therapy with drugs other than corticosteroids 
were excluded from the study.

Data Collection
On Admission
Data on patient demographics (i.e., age, gender, body mass 

index), reason for ICU admission, source of sepsis, and presence 
of comorbidity were recorded. Clinical assessment on ICU admis-
sion was based on acute physiology and chronic health evaluation 
(APACHE) 2 score, sequential organ failure assessment (SOFA) 
score, and simplified acute physiology (SAPS) 2 score.

During Follow-Up
SOFA score, hemodynamic parameters (pulse, mean arte-

rial pressure [MAP]), blood gas analysis (pH, pCO2, HCO3, paO2/
FiO2), lactate levels, and therapy of vasopressor and antibiotic were 
followed during study period. Creatinine, blood urea nitrogen 
(BUN), aspartate aminotransferase (AST), alanine aminotransfer-
ase (ALT), total bilirubin, albumin, leukocyte count, platelet count, 
prothrombin time (PT), activated partial thromboplastin time 
(aPTT), C-reactive protein (CRP), and procalcitonin levels were 
daily recorded. Length of hospital/ICU stay and 28-day mortality 
data were recorded.

Study Protocol
All patients received CRRT combined with hemadsorption 

treatment and standard ICU treatment. CRRT was applied in CV-
VHDF (Fresenius or Gambro) mode for treatment of renal failure 
in the ICU. Unfractionated heparin was used as the anticoagulant. 
HA 330 (Jafron, Zhuhai, China) hemoperfusion column was at-
tached to CVVHDF and replaced every 24 h. Vascular access was 
obtained with Seldinger technique via double lumen catheter 
through the jugular vein or femoral vein. Ultrafiltration was set at 
a rate of 30–35 mL/kg/h and blood flow rate at 100–200 mL/min. 
Standard and invasive arterial pressure was monitored in all study 
patients. HA 330 was applied for at least once in each participant 
and for a maximum of 3 days and 2 h per day [14].

Analysis of Inflammatory Cytokines
A 3-mL peripheral blood sample was collected two times includ-

ing 1 h before and 1 h after each administration of HA 330 hemo-
perfusion. Collected blood samples were centrifuged at 4°C and 
150 × g for 10 min to obtain serum. Serum was stored at −80°C 
until analysis. The concentration of IL-1β, IL-6, IL-8, TNF-α, 
HMGB-1 proteins, and IL-10 were determined using commercial Ta
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sandwich ELISA kits according to the manufacturer’s instructions 
(Bioassay Technology Laboratory; E0143Hu, E0089Hu, E0082Hu, 
E0099Hu, E1635Hu, and E0119Hu, respectively). The measured 
protein concentrations were evaluated using the calibrated stan-
dard curve.

Statistical Analysis
Statistical analysis was performed using SPSS Statistics software, 

version 26.0. Continuous data were expressed as mean ± standard 
deviation,” median (25q-75q, interquartile) according to normality 
distribution using Shapiro-Wilk test. Categorical data were present-
ed as number (%). To compare two dependent groups, Wilcoxon 
test was used. Kruskal-Wallis test was used for comparison of three 
dependent groups. A p < 0.05 value was considered as statistically 
significant.

Results

The mean age of patients was 63.6 ± 14.53 years. The 
mean APACHE 2 score of study sample was 22.2 ± 7.49, 
mean SAPS 2 score was 56.8 ± 20.99, and mean SOFA 
score was 9.6 ± 5.44. The median length of HA 330 treat-
ment was 2.0 (1.0–3.0) days. All patients received invasive 
mechanical ventilation support throughout the whole 
process of sepsis column treatment. Demographic and 
clinical characteristics and clinical outcomes of the study 
patients are listed in Table 1 in detail.

SOFA score was significantly decreased on the 3rd day 
of HA 330 treatment (p = 0.013 for day 1 and day 3, p = 
0.017 for day 2 and day 3). A significant decrease was 
noted in median leukocyte value of patients starting from 
the onset of HA 330 therapy (p = 0.027 and p = 0.024). 
During follow-up, median CRP and procalcitonin levels 
were significantly decreased on the 3rd day of HA 330 treat-
ment (p = 0.015 and p = 0.033, respectively) (Table 2).

As summarized in Table 3, no significant change was 
noted in MAP values after HA 330 treatment compared 
to pre-treatment value (p = 0.432). Pre-treatment and 
post-treatment values for vasopressor dose, lactate levels, 
and pO2/FiO2 value were also similar (p = 0.833, p = 0.575, 
p = 0.866, respectively) (Table 2). Although not statisti-
cally significant, there was a tendency for decrease in serum 
IL-1β, IL-6, IL-8, TNF-a, HMGB-1 levels during the course 
of HA 330 treatment, by 11.5%, 26.4%, 11.4%, 37.9%, and 
0.02%, respectively (p = 0.417, p = 0.096, p = 0.809, p = 
0.493, and p = 0.102, respectively) (Fig. 1) (Table 4).

Serum IL-10 levels were decreased by 35.5% during 
HA 330 treatment session (Fig. 1). However, there was 
no significant difference between the pre- and post-HA 
330 therapy all days of sepsis column session (p = 0.937) 
(Table 4). Ta
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Fig. 1. Change of serum inflammatory cytokine values between pre- and post-HA 330 treatment. It shows con-
centrations of serum IL-1B, IL-6, IL-8, TNF-a, HMGB-1, and IL-10 during HA 330 treatment.

The median number of days with MV support of pa-
tients was 5.5 (1.8–13.5) days. The median length of ICU 
and hospital stay was 11.5 (4.8–21.8) and 18.5 (10.0–29.0) 
days, respectively. The 28-day all-cause mortality rate of 
study sample was 72.2% (Table 1).

Discussion

Our findings revealed the administration of HA 330 
treatment was associated with a significant decrease in 
SOFA scores, leukocyte count, CRP, and procalcitonin 
levels in patients who were admitted to ICU with septic 
shock or who develop septic shock during their ICU stay. 
During the course of HA 330 treatment, a nonsignificant 
decrease was found in serum IL-1β, IL-6, IL-8, TNF-a, 
HMGB-1, and IL-10 levels. However, no statistically sig-
nificant difference was found in the hemodynamic pa-
rameters (pulse, MAP).

Extracorporeal cytokine hemadsorption is a novel 
therapeutic approach applied in clinical conditions 
such as the septic shock including disturbed immuno-
regulation and cytokine storm. Although there is in-
sufficient amount of evidence on hemadsorption use 
in routine practice, the clinical efficacy remains de-
bated [15]. After HA 330 treatment started, SOFA 

scores of the study patients decreased at a statistically 
significant level during the follow-up. Moreover, con-
centrations of some inflammatory markers (WBC, 
CRP, and procalcitonin) decreased significantly at 
post-HA 330 treatment compared to the pre-HA 330 
treatment. Similarly, in a recent prospective study by 
Kacar et al. [16], the use of HA 330 hemadsorption for 
3 days in patients with septic shock was reported to be 
associated with reduction in inflammatory parameters 
including WBC, neutrophil counts, CRP, and procalci-
tonin levels. Another study found that there was rela-
tionship between HA 330 treatment and reduced SOFA, 
PCT, and CRP levels in critically ill patients [17]. Cy-
tosorb [18–20], as well as HA 330 [9, 21], is frequently 
used in removal of cytokines via hemoperfusion in pa-
tients with sepsis/septic shock. Cytosorb hemoadsorp-
tion was also indicated to be associated with improve-
ment of inflammatory syndrome along with marked 
decrease of WBC count and serum levels of CRP and 
procalcitonin [22].

Present study exhibited no statistically significant 
difference in hemodynamic parameters and vasopres-
sor dose throughout HA 330 treatment. Likewise, in a 
study conducted with severe sepsis or septic shock pa-
tients, use of HA 330 treatment plus standard treat-
ment versus standard treatment alone reported similar 
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hemodynamic parameters [9]. In addition, HA 330 treat-
ment was reported to reveal no improvement of vaso-
pressor usage in critically ill patients [16].

Our study results showed that although not statisti-
cally significant, serum IL-1β, IL-6, IL-8, TNF-a, 
HMGB-1, and IL-10 levels decreased by 11.5%, 26.4%, 
11.4%, 37.9%, 0.02%, and 35.5%, respectively, during 
HA 330 treatment. In a prospective study in 44 criti-
cally ill ICU patients with severe sepsis or septic shock 
by Huang et al. [9], it was analyzed efficiency of HA 330 
resin cartilage in two groups, critically ill patients re-
ceiving only standard ICU treatment (full ICU care 
composed of fluid resuscitation, vasopressor treat-
ment, antibiotic therapy, and ventilation support) and 
critically ill patients receiving in combination with the 
standard ICU treatment plus hemoperfusion treat-
ment. Patients who received hemoperfusion treatment 
had statistically significant decreased serum IL-6 and 
IL-8 levels [9]. In a recent prospective study in 32 crit-
ically ill patients receiving HA 330 therapy by Koc et al. 
[17], serum IL-6, IL-8, IL-10, and TNF-a levels were 
reported to significantly decrease with hemoadsorp-
tion treatment. Our findings revealed a nonstatistically 
significant slightly lower decrease in inflammatory cy-
tokines in patients treated with HA 330 than reported 
in the abovementioned studies, which seems to be re-
lated to larger sample size of these studies as well as the 
higher mortality rate. On the other hand, a study per-
formed in 96 septic shock patients found that there was 
no statistically significant difference between serum 
IL-6 levels of patients with and without cytokine ad-
sorption. Moreover, mortality was higher in the cyto-
kine adsorption group (HR: 1.82, 95% CI: 1.03–3.2, p 
= 0.038) (control: 20 [42%], cytokine adsorption: 32 
[67%], p = 0.024) [23]. Zuccari et al. [24] reported that 
only plasma IL-8 levels were decreased in the first 24 h 
of cytosorb adsorber treatment, with no statistically 
significant change in plasma TNF-a, IL 1-β, IL-6, and 
IL-10 levels in 10 patients with sepsis or septic shock 
receiving cytosorb adsorber. Moreover, our results 
showed no statistically significant change in serum 
inflammatory markers unlike CRP and procalcitonin. 
We believe that these results were due to our small size 
of study sample.

This study has some limitations. First, the lack of 
control group treated with CRRT alone seems to be 
the major limitation, given the likelihood of concom-
itant CRRT and antibiotic treatment also to decrease 
the inflammatory markers. Second, our study is case 
series; therefore, study sample was small size. Third, 

lack of data on certain hemodynamic parameters such 
as preload, afterload, and cardiac output is another 
limitation.

In conclusion, our findings revealed that use of HA 330 
treatment and CRRT was associated with significant de-
crease in SOFA score and inflammatory markers including 
WBC, CRP, and procalcitonin levels, with no significant 
alteration in inflammatory cytokine levels, hemodynamic 
parameters, and vasopressor treatment. The efficacy of HA 
330 needs to be further investigated in larger sample ran-
domized controlled studies with a longer-term follow-up.
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