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Abstract. – OBJECTIVE: In this study, we 
aimed at evaluating the impact of HA330 hemo-
perfusion adsorbent application on inflammato-
ry markers and end-organ damage markers in 
patients with sepsis/septic shock.

PATIENTS AND METHODS: Patients who 
were diagnosed with sepsis/septic shock and 
treated with HA330 hemoperfusion adsorbent in 
addition to the standard treatment were includ-
ed in this retrospective study conducted at In-
onu University Turgut Ozal Medical Center be-
tween January 1, 2019 and January 1, 2021.

RESULTS: A total of 150 patients were includ-
ed in the study. The mean±SD age of the patients 
was 51.9±17.7 years. 102 patients (68%) were in 
septic shock. Mean±SD APACHE II scores were 
15.3±4.8. The need for mechanical ventilation 
was noted in 64 patients (42.7%). WBC, neutro-
phil count, hemoglobin, platelet count, BUN, 
creatinine, AST, ALT, CRP and procalcitonin lev-
els were measured before and after the proce-
dure. Overall, 104 patients (69.3%) died medi-
an (min-max) 2.5 (1-114) days after the cytokine 
adsorption, while 46 patients (30.7%) recovered 
from sepsis and were discharged. The increase 
in BUN levels and decrease in platelet count af-
ter the procedure were statistically significant 
(p≤0.001, 0.041, respectively) in the overall study 
population. The laboratory findings in 46 survi-
vors indicated significantly decreased AST and 
ALT levels after cytokine adsorption compared 
to baseline pre-treatment levels. WBC, neutro-
phil count, CRP, procalcitonin, BUN and creati-

nine values were also decreased after cytokine 
adsorption in survivors, whereas the change 
was not statistically significant. There was al-
so a non-significant tendency for an increase in 
platelet count and hemoglobin levels after cyto-
kine adsorption compared to pre-treatment val-
ues in these patients.

CONCLUSIONS: Although no effect of HA330 
hemoperfusion application on inflammatory 
markers and end-organ damage markers was 
demonstrated in our study, we used the HA330 
hemoperfusion adsorbent method as a last re-
sort in terminal patients with a mortality rate 
of approximately 90% and for whom antibiot-
ic treatment did not benefit. Therefore, multi-
center, prospective studies are needed to clarify 
the effect of early HA330 hemoperfusion use in 
the treatment of sepsis.
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Introduction

Sepsis has a clinical spectrum that ranges from 
infection and bacteremia to severe sepsis, organ 
dysfunction and septic shock. Patients with sus-
pected or proven sepsis ordinarily present with 
tachycardia, hypotension, fever and leukocytosis1.
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The estimates on the global incidence and 
mortality of sepsis in the 1995-2015 period re-
vealed the annual incidence of sepsis to be 437 
per 100,000 person-years with approximately 11 
million deaths due to sepsis annually, accounting 
for 19.7 % of all global deaths2. 

Sepsis is a life-threatening condition with mor-
tality rates which range from 10 to 52%3-5. Mortal-
ity rates significantly differ according to severity, 
as reported to be 10% for sepsis-related mortality 
and 40% for septic shock-related mortality1.

Early initiation of fluids and antibiotics are 
the treatment priorities in sepsis. Besides the 
treatments with proven efficacy, there are also 
experimental treatment modalities. The use of 
hemadsorption together with cytokine and toxin 
inactivators is considered a promising adjunctive 
therapy in the treatment of sepsis6,7.

Removal of inflammatory mediators by extra-
corporeal blood purification methods has been 
reported to be an effective treatment modality in 
patients with sepsis and septic shock8,9. HA330 
hemoperfusion adsorbent application is a method 
used for cytokine apheresis that can extract cyto-
kines and other medium molecular weight toxins 
from the circulation. It is a high flow, low re-
sistance cytokine adsorbent containing polymer 
beads with a large adsorption surface10.

Representing the largest case series in the lit-
erature on the efficacy of HA330 hemoperfusion 
adsorbent application in sepsis, the present study 
aimed to evaluate the changes in inflammatory 
markers and organ dysfunction in patients with 
sepsis/septic shock who received HA330 hemo-
perfusion adsorbent in our hospital for varying 
clinical reasons over 2 years. 

Patients and Methods

Patients who were diagnosed with sepsis or sep-
tic shock and treated with HA330 hemoperfusion 
adsorbent across different units [hematology ward, 
bone marrow transplantation unit, general inten-
sive care unit (ICU), surgery ICU, reanimation 
ICU and COVID-19 ICU] of the Inonu University 
Turgut Ozal Medical Center Hospital were includ-
ed in this retrospective study conducted between 
January 1, 2019, and January 01, 2021. This study 
was approved by the Inonu University Faculty of 
Medicine Ethics Committee (Date of Approval: 
26/01/2021, Reference number: 2021/1567).

Sepsis was diagnosed according to the Third 
International Consensus Definitions for Sepsis and 

Septic Shock1. Septic shock was considered in pa-
tients who need for vasopressors to maintain mean 
arterial pressure ≥ 65 mm Hg and serum lactate lev-
els above 2 mmol / L (> 18 mg/dL), despite adequate 
fluid therapy1. Severity of illness scores, using Acute 
Physiological and Chronic Health Assessment-II 
(APACHE-II) scoring system, was recorded to pre-
dict mortality in general ICU patients11. 

All patients received HA330 hemoperfusion 
adsorbent with HA330 resin cartridge once a day 
for 3 to 5 following days. A double-lumen cathe-
ter was inserted in the internal jugular or femoral 
vein for blood access. Each hemoperfusion ses-
sion lasted from 2.5 to 3 hours. Enoxaparin was 
used as an anticoagulant. Treatment was carried 
out as outlined in the company’s user manual. In 
this method, filters retain inflammatory media-
tors between 10-60 kilodaltons.

Data on inflammatory markers [procalcitonin 
(PCT) and C-reactive protein (CRP)] and organ 
dysfunction markers including blood urea nitro-
gen (BUN), creatinine, alanine aminotransferase 
(ALT), aspartate aminotransferase (AST) levels 
were recorded before and after the procedure. 
Laboratory reference ranges were as follows: 
PCT (0-0.5 ng/mL), CRP (0-0.35 mg/dL), BUN 
(5.1-16.8 mg/dL), creatinine (0.57-1.25 mg/dL), 
ALT (0-55 U/L) and AST (5-34 U/L).

Statistical Analysis
Statistical analysis was made using IBM SPSS 

Statistics for Windows, version 25.0 (IBM Corp., 
Armonk, NY, USA). The normality of continuous 
variables was investigated by Shapiro-Wilk’s test. 
The change in laboratory values before and after 
the procedure was analyzed with the Wilcoxon 
test. Data were expressed as mean ± standard de-
viation (SD), median (minimum-maximum) and 
percentage (%) where appropriate. p<0.05 was 
considered statistically significant.

Results

A total of 150 patients were included in the study. 
All patients received a median of 3 sessions and a 
total of 559 sessions of HA330 hemoperfusion. The 
baseline demographic and clinical characteristics of 
the patients are summarized in Table I.

Overall, 104 patients (69.3%) died median 
(min-max) 2.5 (1-114) days after the cytokine 
adsorption, while 46 patients (30.7%) recovered 
from sepsis and were discharged. 
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The increase in BUN level and decrease in 
platelet count after the procedure were statisti-
cally significant (p ≤ 0.001, 0.041, respectively). 
The change of laboratory parameters before and 
after the application of cytokine adsorption in the 
overall study population is provided in Table II.

The pre- and post-procedural laboratory find-
ings ​​of patients who survived with early use 
(median 62 hours) of HA330 hemoperfusion are 
provided in Table III. The laboratory findings in 
46 survivors indicated significantly decreased 
AST and ALT levels after cytokine adsorption 
compared to baseline pre-treatment levels. While 
WBC, neutrophil count, CRP, procalcitonin, 
BUN and creatinine values were also decreased 
after cytokine adsorption in survivors, the change 
was not statistically significant. There was also a 
non-significant tendency for increase in platelet 

count and hemoglobin levels after cytokine ad-
sorption compared to pre-treatment values. 

Discussion

Hemadsorption, a blood purification technique, 
represents a potentially useful therapeutic modal-
ity in the severe sepsis by removing inflamma-
tory cytokines from the blood. The membranes 
used in this treatment modality have high adsorp-
tion capacity due to both high permeability and 
good biocompatibility of adsorption membranes, 
as well as the fast adsorption speed.

In a prospective study by Kaçar et al12 on the 
results of HA330 hemoperfusion applied for 2 
hours a day for 3 days in 23 patients with sepsis, 
a statistically significant decrease in CRP and 
procalcitonin levels was reported after the second 
application (p=0.002 and p=0.018, respectively)12. 
In our retrospective study, however, no significant 
changes were observed in CRP and procalcitonin 
levels after HA330 hemoperfusion (p=0.352 and 
p=0.927, respectively).

In a study by Huang et al13 with 44 sepsis/septic 
shock patients who received either standard treat-
ment (n=20) or standard treatment plus HA330 
hemoperfusion (n=24), IL-6 and IL-8 levels were 
reported to be significantly lower in the stan-
dard treatment plus HA330 hemoperfusion group 
compared to standard treatment (control) group. 
The sequential organ failure assessment (SOFA) 
scores revealed no significant difference between 
treatment groups from the onset to the 7th day 
of treatment, whereas SOFA scores significantly 
improved in the standard treatment plus HA330 
hemoperfusion group on the 14th day13. Since our 
study was retrospective and IL-6 and IL-8 were 
not analyzed, possible changes in these parameters 
could not be reported.

Table I. Baseline characteristics.

Age (years), mean ± SD	 51.9 ± 17.7
Sex (Female/male), n	 49/101
Body mass index (kg/m2), mean  ±  SD	 24.4 ± 4
Septic shock, n	 102 (68)
APACHE II score, mean ± SD	 15.3 ± 4.8
Infection site, n (%)
Intra-abdominal	   30 (20)
Pulmonary	   80 (53.4)
Urinary tract	   12 (8)
Skin and soft tissue	   14 (9.3)
Other or unknown	   14 (9.3)
Source of infection, n (%)
Community-acquired	   32 (21.3)
Hospital-acquired	 118 (78.7)
Pathogen, n (%)
Gram positive bacteria	   28 (18.7)
Gram negative bacteria	   31 (20.7)
Fungus	   15 (10)
Virus	     4 (2.6)
Mixed	   41 (27.3)
Unknown,	   31 (20.7)
Mechanical ventilation, n (%)	   64 (42.7)

Table II. Laboratory parameters before and after cytokine adsorption overall.

	 Median (min-max)	 Before cytokine adsorption	 After cytokine adsorption	 p-value

Platelet count (×109/L)	 54 (3-647)	 41 (2-588)	 0.041
CRP (mg/L)	 11.3 (0.3-125)	 10 (0.3-45.9)	 0.352
Hemoglobin (g/dl)	 9.3 (5-15.9)	 9.2 (5.5-14.9)	 0.203
WBC (×109/L)	 5.33 (0-116.67)	 5.32 (0.01-139)	 0.227
Neutrophil count (×109/L)	 5 (0-94.3)	 3.85 (0-95.8)	 0.626
Procalcitonin (ng/mL)	 2.49 (0.05-100.1)	 2.21 (0.09-100)	 0.927
BUN (mg/dl)	 27.95 (3.03-167.84)	 37.38 (3.03-125)	 < 0.001
Creatinine (mg/dl)	 0.91 (0.4-5.21)	 0.9 (0.4-10.68)	 0.057
AST (IU/L)	 35 (3-3,885)	 42 (6-4,202)	 0.206
ALT (IU/L)	 27 (6-2,171)	 29 (5-4,013)	 0.021
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Uğur et al14 investigated the inflammatory 
blood parameters including copeptin, interleu-
kin-6, procalcitonin, CRP, erythrocyte sedimen-
tation rate (ESR), WBC count, and creatinine 
levels before and after Cytosorb administration 
in 34 patients diagnosed with sepsis. A signif-
icant decrease was reported in the copeptin, 
interleukin-6, procalcitonin, CRP and ESR levels 
after the procedure. The authors considered the 
decrease in inflammatory cytokines via Cytosorb 
administration in sepsis patients to be poten-
tially helpful in preventing cytokine storm and 
enabling clinical improvement14. In our study, 
however, no significant changes were observed in 
inflammatory markers.

In a meta-analysis of 37 randomized con-
trolled trials in 2,499 patients with sepsis or sep-
tic shock who received hemoperfusion, hemofil-
tration and plasmapheresis (as a blood purifica-
tion technique) by Putzu et al15, the authors con-
cluded that, with very low-quality randomized 
evidence, use of hemoperfusion, hemofiltration 
or plasmapheresis can reduce mortality in sepsis 
or septic shock15. In a meta-analysis of 39 stud-
ies involving 2,729 sepsis patients treated with 
extracorporeal blood purification techniques by 
Snow et al16, hemofiltration, endotoxin remov-
al devices and non-specific adsorption devices 
were concluded to be associated with survival 
benefit. Cytokine removal or combined hemofil-
tration and adsorption processes were found not 
to be associated with survival benefit16. Since 
there was no control group in our study, the 
effect of HA330 hemoperfusion application on 
mortality could not be evaluated.

Although no significant effect of HA330 he-
moperfusion application on inflammatory mark-
ers or end-organ damage markers was demon-
strated in our study, we consider the use of 
HA330 hemoperfusion in the early period to be 
beneficial. In our patients, APACHE-2 scores 

were high, and end-organ damage due to sepsis 
probably developed prior to HA330 hemoperfu-
sion in most of them. Therefore, we did not ob-
serve sufficient laboratory and clinical improve-
ment in patients who underwent late procedures 
(>72 hours). No study to date investigated the 
effectiveness of the early use (first 72 hours) of 
HA330 hemoperfusion in the treatment of sepsis. 
In our study, we observed that patients who un-
derwent HA330 hemoperfusion within 62 hours 
after the diagnosis of sepsis benefited from the 
treatment. Besides, there was a non-significant 
tendency for decrease in WBC, neutrophil count, 
CRP, procalcitonin, BUN and creatinine values 
in 46 surviving patients along with significant-
ly decreased AST and ALT levels. In addition, 
albeit not significant, an increase was noted in 
platelet count and hemoglobin levels after the 
procedure among survivors.

Limitations
The major limitations of our study are its ret-

rospective design, the absence of a control group, 
and the fact that the patient group was selected 
from a group with heterogeneous background 
high mortality. Prospective and randomized stud-
ies with larger numbers of patients are needed to 
clarify the effect of early HA330 hemoperfusion 
use in the treatment of sepsis.

Conclusions

Our findings revealed that the healing effect of 
HA330 hemoperfusion application on infection 
markers and end-organ damage markers (liver 
damage markers in particular) were observed in 
early use. This study may be valuable in demon-
strating the benefit of early use of HA330 hemo-
perfusion therapy in sepsis.

Table III. Laboratory parameters before and after cytokine adsorption in survivors.

	 Median (min-max)	 Before cytokine adsorption	 After cytokine adsorption	 p-value

Platelet count (×109/L)	 64 (3-647)	 90 (2-368)	 0.743
CRP (mg/L)	 4.97 (0.3-32.2)	 3.13 (0.3-31)	 0.175
Hemoglobin (g/dl)	 8.1 (5.9-14)	 9.7 (7.1-14.9)	 0.899
WBC (×109/L)	 5.95 (0-51.7)	 5.21 (0.03-50.5)	 0.924
Neutrophil count (×109/L)	 4.82 (0-46.6)	 3.61 (0-47.4)	 0.608
Procalcitonin (ng/mL)	 1.08 (0.05-100.1)	 0.74 (0.09-100)	 0.201
BUN (mg/dl)	 19.16 (3.03-115.07)	 18.01 (3.03-124.29)	 0.798
Creatinine (mg/dl)	 0.83 (0.43-4.16)	 0.74 (0.4-2.96)	 0.154
AST (IU/L)	 27 (7-3,177)	 24 (6-289)	 0.024
ALT (IU/L)	 42 (6-1,662)	 39 (5-241)	 0.017
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