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Abstract
Introduction: Blood purification is an option for treatment 
of the source of sepsis when correcting patients’ septic 
shock-induced clinical status. We investigated the efficacy of 
HA330 hemoperfusion adsorbent application with renal re-
placement therapy in patients with septic shock and acute 
kidney injury. Methods: This prospective observational 
study involved 23 patients diagnosed with sepsis who un-
derwent continuous venovenous hemodiafiltration and 
HA330 hemoperfusion for 2 h once daily for 3 days. The pa-
tients’ demographic data, comorbidities, lengths of inten-
sive care unit and hospital stays, blood cell counts, blood 
biochemistry values, coagulation values, blood gas values, 
inflammatory markers, hemodynamic parameters, and ino-
tropic medication use before and after each application of 
HA330 hemoperfusion were recorded. The effectiveness of 
HA330 hemoperfusion was evaluated by comparing the pa-
rameters on days 0 and 1, 1 and 2, and 2 and 3. Results: The 
pH increased significantly following the first application of 

HA330 hemoperfusion (p = 0.001), the C-reactive protein 
(CRP) and procalcitonin levels decreased significantly after 
the second application (p = 0.002 and 0.018, respectively), 
and the CRP level decreased significantly following the third 
application (p = 0.046). Conclusions: The application of 
HA330 hemoperfusion 2 h daily for 3 consecutive days im-
proved level of CRP and heart rate, but had no effect on oth-
ers or on the prognosis. © 2020 S. Karger AG, Basel

Introduction

Sepsis is defined as life-threatening organ dysfunction 
caused by a dysregulated host response to infection [1]. 
Septic shock is a form of sepsis in which underlying cir-
culatory and cellular/metabolic abnormalities are suffi-
ciently profound to substantially increase mortality [1].

The crude occurrence rates of sepsis, severe sepsis, and 
septic shock were 667, 103, and 91 cases per 100,000 pop-
ulation per year in Beijing from July 1, 2012 to June 30, 
2014 [2]. Sepsis and septic shock affect 100–1000 per 
100,000 person-years and 19 per 100,000 person-years, 
respectively, depending on the cohort studied [3]. Sepsis 
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is the most important cause of morbidity and mortality in 
hospitalized patients worldwide, accounting for > 50% of 
in-hospital deaths [4]. As sepsis is the most important 
cause of death in intensive care units (ICUs) worldwide, 
its management should be a primary topic of research [5].

Sepsis causes immune system defects due to prolonged 
infection [3, 6]. It may block several aspects of the host 
defense response to infection, which can lead to an exces-
sive host response [3, 6]. Such excessive responses lead to 
the release of various cytokines [3, 7, 8], which damage 
organ systems [3, 9].

Sepsis continues to be a problem for clinicians; the 
mechanism by which microbial pathogens disrupt the host 
defense, the ability to cooperate in the invasive stage of in-
fection, and the mechanism of interaction with microbial 
pathogens may be important for its treatment [3, 6].

An understanding of the pathophysiology of sepsis is 
important for the management of its treatment. Many 
studies have examined treatment strategies for cases in 
which cytokines are released, due to their important roles 
in the physiopathology of sepsis [10–13]. Those studies 
involved the use of antiendotoxin monoclonal antibodies 
and cytokine antagonists, which achieved partial re-
sponses in animal models; clinical success, however, re-
mains elusive [10, 11]. In recent years, adsorbent-based 
hemoperfusion to eliminate cytokines from the blood has 
been proposed [14, 15]. The adsorbents used for hemo-
perfusion include HA330, CytoSorb, NKU-9, CYT-860-
DHP, Lixelle, CTR-001, and MPCF-X [15, 16]. HA330 
includes a neutral microporous resin that adsorbs biliru-
bin and inflammatory cytokines such as tumor necrosis 
factor (TNF)-α, interleukin (IL)-1, IL-6, and IL-8 [11]. 
Moreover, HA330 hemoadsorbance may be beneficial for 
the treatment of septic shock [11].

Huang et al. [10] in a study which 44 patients with deep 
sepsis included in the study, 24 underwent HA330 hemo-
perfusion and 20 underwent standard intensive care 
treatment. The IL-6 and IL-8 levels were significantly 
lower than baseline in the HA330-treated group [11]. 
HA330 is used for the treatment of deep sepsis and septic 
shock in China, and this sepsis column has shown clinical 
utility and safety [11].

In patients who require treatment for both septic shock 
and acute kidney injury (AKI), it may be necessary to ap-
ply renal replacement therapy (RRT) and HA330 hemo-
perfusion adsorption columns together. The Prismaflex 
M100 hemofilter (Gambro Healthcare, Lakewood, CO, 
USA) and HA330 can be serially linked to enable simul-
taneous RRT and cytokine removal. This hemofilter is 
used for continuous venovenous hemodiafiltration 

 (CVVHDF). It eliminates low- and medium-molecular-
weight compounds, up to a certain weight. For exam-
ple,  it only partially eliminates beta 2-microglobulinin 
(12 kDa) and TNF-α (17 kDa) [17]. The HA330 hemoad-
sorbent efficiently eliminates 10–60-kDa molecules [18], 
including the cytokines IL-6 (6.5 kDa) and IL-8 (26 kDa) 
[10, 18]. Therefore, HA330 hemoadsorbent has a poten-
tial application for blood purification in patients with 
septic shock and AKI undergoing RRT.

In this study, we evaluated the efficacy of HA330 he-
moadsorbent for cytokine adsorption applied during 
RRT in patients with septic shock and AKI in the ICU.

Materials and Methods

This prospective observational study was initiated after obtain-
ing approval from the Clinical Research Ethics Board of Diyarba-
kir Gazi Yasargil Education and Research Hospital (No. 110, June 
29, 2018). Calculations indicated that a minimum of 23 patients 
was needed to achieve a two-tailed alpha error of 0.05, a power of 
0.95, and an effect size of 0.8 (G-Power version 3.1.9.4; Kiel Uni-
versity, Germany). Twenty-three patients who were hospitalized 
in the Anesthesiology and Reanimation ICU between July 7, 2018 
and October 10, 2018, with septic shock, and who were scheduled 
to undergo HA330 hemoperfusion, were included in the study. 
This study was conducted in compliance with the 2008 Declaration 
of Helsinki, and written informed consent was obtained from all 
patients or their first-degree relatives.

Inclusion criteria were: diagnosis of septic shock, based on the 
2017 guidelines of the European Society of Intensive Care Medi-
cine and the Society of Critical Care Medicine [1]; and Patients 
undergoing RRT in CVVHDF mode and patients that Kidney Dis-
ease: Improving Global Outcome (KDIGO) is 2 and 3. The patients 
were administered HA330 hemoperfusion within the first 12 h fol-
lowing diagnosis.

Exclusion criteria were: patients with allergies to HA 330 (char-
acterized by hypotension and/or tachycardia), age < 18 or >85 years, 
and acute respiratory distress syndrome (ARDS) or history of sep-
tic shock for > 12 h after diagnosis. Patients not treated with RRT. 
Patients in study received full intensive care management, includ-
ing fluid resuscitation, vasopressor administration, antimicrobial 
therapy, and ventilatory support.

In all patients, electrocardiography, pulse oximetry assessment, 
and continuous invasive arterial pressure measurement after in-
tra-arterial cannulation were performed using a BSM-9101K mon-
itor (Nihon Kohden Europe GmbH, Rosbach, Germany).

In addition to the standard therapy, the patients diagnosed with 
septic shock underwent CVVHDF and HA330 hemoperfusion 
daily for 2 h for 3 consecutive days [8]. Blood samples were taken 
2 h before CVVHDF and HA330 administration and 6 h after 
HA330 administration. Hemoperfusion was conducted by serially 
connecting the HA330 hemoperfusion cartridge to the Prismaflex 
M100 hemofilter system (Gambro Healthcare). Before HA330 ad-
ministration, 5,000 IU unfractionated heparin was primed; during 
RRT, it was infused for 40–60 s as needed to maintain the activat-
ed partial thromboplastin time (aPTT). RRT was applied in 
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 CVVHDF mode, with a 35–40-mL/kg/h dialysis dose and a blood 
flow rate of 100–200 mL/min. The HA330 hemoperfusion car-
tridge was serially connected before the Prismaflex M100 hemofil-
ter system. We applied this method to avoid dialysis; we do not 
know whether Baxter has approved it.

The researchers who diagnosed septic shock were different 
from those who followed the patients. Data were collected from our 
institution’s electronic medical records system and patient files.

Patients’ demographic data, comorbidities, Acute Physiology 
and Chronic Health Enquiry (APACHE) II scores at the time of 
ICU admission, Sequential Organ Failure Assessment (SOFA) 
scores before and after HA330 hemoperfusion, existing organ fail-
ure at the time of HA330 hemoperfusion, lengths of ICU and hos-
pital stays, and mortality data were recorded. All patients had acute 
renal failure, which developed in the ICU in 6 patients. Seventeen 
patients had the KDIGO score of 3 and 6 had the KDIGO score of 
2. All patients underwent RRT for AKI.

The hemoglobin level (BC-6800 auto-hematology analyzer; 
Mindray, Shenzhen, China), blood cell counts (white blood cells 
[WBCs], neutrophils, lymphocytes, platelets; BC-6800 auto he-
matology analyzer, Mindray), blood biochemistry values (urea, 
creatinine, alanine aminotransferase [ALT], aspartate amino-
transferase [AST], bilirubin; c702-502 autoanalyzer, Roche, Ros-
bach, Germany), coagulation parameters (prothrombin time 
[PT], aPTT, international normalized ratio [INR]; ACL TOP500 
and ACL TOP700, Instrumentation Laboratory, Bedford, MA, 
USA), blood gas parameters (pH, arterial oxygen tension [PaO2]/
fraction of inspired oxygen [FiO2], base excess [BE], lactate; Rap-
id Point 500 blood gas analyzer, Siemens, Berlin, Germany), in-
flammatory markers (C-reactive protein [CRP], Cobas c702 auto-
analyzer, Roche; procalcitonin [PRC], Cobas e601 and COBAS 
e602 analyzers, Roche), hemodynamic parameters (mean arterial 
pressure, heart rate [HR]), and inotropic medication use were re-
corded 2 h before CVVHDF + HA330 and 6 h after HA330. The 
effectiveness of HA330 hemoperfusion was evaluated by compar-
ing the parameters between days 0 and 1, 1 and 2, and 2 and 3. In 
addition, the parameters were compared between days 0 and 3. 
Blood samples were immediately transported to the laboratory. 
Blood, tracheal aspirate, urine, wound, rectal, and focal fixations 
were obtained from the patients with septic shock. Noradrenalin 
infusion dose recorded 2 h before and after 6 h of HA330 admin-
istration. The source of sepsis and the microorganisms cultured 
were recorded.

The data were analyzed using SPSS software (version 16.0 for 
Windows; SPSS Inc., Chicago, IL, USA). Numerical data are re-
ported as means and SDs, and categorical data are presented as 
frequencies and percentages. The normality of the data was evalu-
ated using a skewness test, and normally distributed variables were 
analyzed using parametric tests (paired-sample t test and analysis 
of variance). The Tukey post hoc test was also applied. p values 
≤0.05 were considered to indicate significance.

Results

Twenty-three patients hospitalized in the ICU and 
diagnosed with septic shock were included in this study. 
Fourteen (60.9%) of the patients were female and 9 

(39.1%) were male (mean age 42.30 ± 19.09 years). The 
mean length of ICU stay was 67.82 ± 124.40 days, and 
the mean length of hospital stay was 100.70 ± 156.72 
days. Nine (39.1%) patients died in the ICU and 14 
(60.9%) were transferred from the ICU to other servic-
es (Table 1).

The mean APACHE II score on ICU admission was 
24.43 ± 7.79, and the mean SOFA score before HA330 

Table 1. Demographic data and clinical features of patients

Mean ± SD

Age, years (n = 23) 42.30±19.09
Length of stay in ICU, day 67.82±124.40
Length of stay in hospital, day 100.70±156.72
APACHE II 24.43±7.79
Gender, n (%)

Female 14 (60.9)
Male 9 (39.1)

Comorbidity, n (%)
– 13 (56.5)
Diabetes mellitus 3 (13)
İmmunocompromised 2 (8.7)
Cancer 2 (8.7)
Others 3 (13)

Number of organs with failure, n (%)
1 6 (26.1)
3 6 (26.1)
4 7 (30.4)
5 4 (17.4)

Acute renal failure, n (%)
+ 23 (100)
– 0 (0)

KDIGO 2, n (%) 14 (60.87)
KDIGO 3, n (%) 9 (39.13)
Liver failure, n (%)

+ 6 (26.1)
– 17 (73.9)

Coagulation defect, n (%)
+ 6 (26.1)
– 17 (73.9)

Respiratory failure, n (%)
+ 22 (95.7)
– 1 (4.3)

Shock, n (%)
+ 23 (100)
– 0 (0)

Mortality, n (%)
+ 9 (39.1)
– 14 (60.9)

Total, n (%) 23 (100)

APACHE, Acute Physiology and Chronic Health Enquiry II 
Score; KDIGO, Kidney Disease Improving Global Outcomes.
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hemoperfusion was 10.52 ± 4.59. No additional disease 
was detected in 13 (56.5%) patients; diabetes mellitus was 
noted in 3 (13%) patients (Table 1).

Six (26.1%) patients had single organ failure, 6 (26.1%) 
had 3 failed organs, 7 (30.4%) had 4, and 5 (17.4%) had 5 
failed organs. In addition, 23 (100%) patients developed 
AKI, 6 (26.1%) had liver failure, 6 (26.1%) had coagula-
tion defects, 22 (95.7%) had respiratory failure, and 23 
(100%) were in shock (Table 1).

All patients received noradrenaline before and after 
HA330 administration 23 (100%) (Table 1).

The reasons for hospitalization in the ICU, the source 
of sepsis, and the microorganisms cultured are listed in 
(Table 2).

Significant decreases were detected in the hemoglobin, 
WBC, neutrophil, platelet, creatinine, BE, and HR values 
(p = 0.018, 0.013, 0.011, 0.005, 0.033, 0.015, and 0.027, re-
spectively) between baseline and 1 day after HA330 he-
moperfusion. A significant increase was detected in the 
pH (p = 0.001). No significant difference was observed 
between baseline and 1 day after HA330 hemoperfusion 
in the lymphocyte, CRP, PRC, urea, ALT, AST, bilirubin, 

PT, aPTT, INR, lactate, PaO2/FiO2, or mean arterial pres-
sure value, or in the noradrenaline infusion dose needed 
(Table 3).

The CRP, PRC, ALT, INR, and HR values decreased 
significantly between days 1 and 2 after HA330 hemo-
perfusion (p = 0.002, 0.018, 0.023, 0.035, and 0.016, re-
spectively). However, no significant difference was ob-
served in the hemoglobin, WBC, neutrophil, lympho-
cyte, platelet, urea, creatinine, AST, bilirubin, PT, aPTT, 
pH, BE, lactate, PaO2/FiO2, or mean arterial pressure 
value, or in the noradrenaline infusion dose needed (Ta-
ble 4).

A significant decrease in the CRP level (p = 0.046) was 
detected between days 2 and 3 after HA330 hemoperfu-
sion. No significant difference was observed in any other 
vital parameter or biochemical value (Table 5).

Significant decreases in the hemoglobin, platelet, CRP, 
creatinine, ALT, aPTT, and HR values (p = 0.003, 0.05, 
0.002, 0.012, 0.037, 0.043, and 0.006, respectively) were 
observed between baseline and after the third HA330 he-
moperfusion application. No significant difference was 
observed in any other vital parameter or biochemical 

Table 2. Source of sepsis, blood culture growth, and filter-type data of the study patients

Study 
patient

Reason for 
hospitalization in ICU

Source of sepsis Bacterial growth in 
blood

Gram Filter

1 Exacerbation of KOAH Urosepsis K. pneumoniae – M100
2 Pneumonia Pneumosepsis S. epidermidis + M100
3 Polytrauma Wound infection-associated sepsis P. aeruginosa – M100
4 Polytrauma Wound infection-associated sepsis S. epidermidis +
5 Urosepsis A. baumannii – M100
6 Pneumosepsis S. hominis ssp hominis + M100
7 Polytrauma Catheter-related sepsis S. hominis ssp hominis + M100
8 Polytrauma Catheter-related sepsis E. faecium + M100
9 Polytrauma Catheter-related sepsis S. aureus + M100

10 Pneumosepsis A. baumannii – M100
11 Gunshot injury Abdominal sepsis Enterobacter spp. – M100
12 Pneumonia Pneumosepsis P. aeruginosa – M100
13 Pneumonia Pneumosepsis S. aureus + M100
14 Polytrauma Catheter-related sepsis S. haemolyticus + M100
15 Gunshot injury Unclear Unclear Unclear M100
16 Gunshot injury Abdominal sepsis Enterobacter spp. – M100
17 Polytrauma Wound infection-associated sepsis P. aeruginosa – M100
18 Polytrauma Catheter-related sepsis S. hominis ssp hominis + M100
19 Pneumonia Unclear Unclear Unclear M100
20 Gunshot injury Abdominal sepsis A. baumannii – M100
21 Pneumonia Unclear Unclear Unclear M100
22 Gunshot injury Pneumosepsis A. baumannii – M100
23 Pneumonia Pneumosepsis P. aeruginosa – M100

ICU, intensive care unit.
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 value (Table 6). No patient developed an allergy or similar 
side effect or complication necessitating treatment 
 termination.

Discussion

The HA330 hemoadsorbent is a cytokine adsorbent 
used to treat sepsis, septic shock, and inflammatory dis-
eases [10]. We investigated the effects of HA330 hemo-
perfusion on the blood cells, blood biochemistry, inflam-
matory markers, and clinical status of patients with septic 
shock and AKI.

The mean length of ICU stay was 67.82 ± 124.40 days 
(Table 2). All patients were hospitalized due to polytrau-
ma, gunshot injury, or pneumonia. No patient was admit-
ted to the ICU due to sepsis. Sepsis and subsequent septic 
shock developed during follow-up in the ICU.

The clinical benefit of HA330 hemoperfusion in pa-
tients with septic shock has been reported [10, 13, 19–21]. 
HA330 is also effective in patients with hepatitis and pan-
creatitis [18, 22]. Moreover, HA330 hemoperfusion elim-
inates itching in patients receiving dialysis [23]. HA330 
has high biocompatibility, and its use in hemoperfusion 
does not cause cytotoxic or other side effects [24]. Many 
studies have documented the clinical benefits of HA330 
treatment for septic shock [10, 13, 19–21]. In this study, 
we observed no side effect or complication related to 
HA330.

We applied CVVHDF with HA330 hemoperfusion in 
all patients in this study; we did not include a control 
group. The molecular weight of creatinine is 113 Da 
[25]. The Prismaflex M100 hemofilter (Gambro Health-
care) is used for CVVHDF. It eliminates low- and me-
dium-molecular-weight compounds, up to a certain 
weight. For example, it only partially eliminates beta 

Table 3. Effectiveness of sepsis column on values in first day

Day 0 Day 1 p values

Hemoglobin 10.06±2.46 9.31±2.13 0.018*
WBC 19.18±9.40 16.02±7.99 0.013*
Neutrophil 15.01±7.00 12.55±5.77 0.011*
Lymphocyte 1.30±0.77 1.29±0.14 0.353
Platelet 169.26±118.96 136.82±149±57 0.005*
CRP 217.80±95.69 197.31±94.35 0.319
Procalcitonin 68.05±59.15 50.61±43.39 0.138
Urea 103.60±64.22 92.50±58.72 0.180
Creatinine 2.74±2.24 2.50±1.98 0.033*
ALT 319.31±598.23 259.95±538.28 0.193
AST 413.09±721.61 365.59±708.76 0.299
Bilirubin 1.57±2.01 1.81±2.50 0.160
PT 15.41±3.75 15.15±3.14 0.545
aPTT 52.43±32.22 44.02±14.48 0.149
INR 1.70±0.71 1.73±0.72 0.616
pH 7.30±0.131 7.36±0.107 0.001*
BE –4.98±7.28 –2.76±5.54 0.015*
Lactate 3.70±3.66 3.18±3.77 0.500
PO2/FiO2 176.11±97.30 187.28±124.75 0.601
MAP 74.31±19.96 78.04±14.69 0.199
HR 112.40±30.49 103.95±24.46 0.027*
NİD 0.80±0.38 0.89±0.49 0.408

* Statistically significant (p ≤ 0.05).
WBC, white blood cell; CRP, C-reactive protein; ALT, alanine 

aminotransferase; AST, aspartate aminotransferase; PT, pro-
thrombin time; aPTT, activated partial thromboplastin time; INR, 
international normalized ratio; pH, power of hydrogen; BE, base 
excess; PaO2/FiO2, arterial oxygen tension/fractional inspired ox-
ygen rate;  MAP, mean arterial pressure; HR, heart rate; NİD, nor-
adrenalin infusion dose.

Table 4. Effectiveness of sepsis column on values in second day

Day 1 Day 2 p value

Hemoglobin 9.31±2.13 9.06±1.66 0.292
WBC 16.02±7.99 17.45±12.31 0.404
Neutrophil 12.55±5.77 12.23±7.20 0.978
Lymphocyte 1.29±0.14 1.40±0.62 0.127
Platelet 136.82±149±57 131.52±112.53 0.574
CRP 197.31±94.35 161.34±96.82 0.002*
Procalcitonin 50.61±43.39 38.75±41.63 0.018*
Urea 92.50±58.72 93.28±69.94 0.918
Creatinine 2.50±1.98 2.35±1.92 0.427
ALT 259.95±538.28 196.27±426.61 0.023*
AST 365.59±708.76 272.77±546.68 0.194
Bilirubin 1.81±2.50 1.84±2.53 0.846
PT 15.15±3.14 16.75±2.60 0.570
aPTT 44.02±14.48 41.09±16.25 0.099
INR 1.73±0.72 1.53±0.66 0.035*
pH 7.36±0.107 7.37±0.09 0.686
BE –2.76±5.54 –1.46±6.29 0.084
Lactate 3.18±3.77 2.87±3.72 0.423
PO2/FiO2 187.28±124.75 201.68±121.97 0.236
MAP 78.04±14.69 77.59±17.17 0.841
HR 103.95±24.46 95.68±21.23 0.016*
NİD 0.89±0.49 0.65±0.33 0.166

* Statistically significant (p ≤ 0.05).
WBC, white blood cell; CRP, C-reactive protein; ALT, alanine 

aminotransferase; AST, aspartate aminotransferase; PT, prothrom-
bin time; aPTT, activated partial thromboplastin time; INR, inter-
national normalized ratio; pH, power of hydrogen; BE, base excess; 
FiO2, arterial oxygen tension; FiO2, fractional inspired oxygen 
rate; MAP, mean arterial pressure; HR, heart rate; NİD, noradren-
alin infusion dose.
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2-microglobulinin (12 kDa), TNF-α (17 kDa), IL-6 
(26 kDa), and IL-10 (30 kDa) [17]. Regarding pore size, 
the HA330 resin cartridge specifically absorbs inflam-
matory cytokines with molecular weights of 6–26 kDa, 
such as IL and TNF [10].

HA330 hemoperfusion decreased the WBC and neu-
trophil counts between days 0 and 1, the CRP and PRC 
levels between days 1 and 2, and the CRP level between 
days 2 and 3 (Tables 2–4). We also detected a significant 
decrease in the CRP level between days 0 and 3 (Table 
5). Huang et al. [10] reported a significant decrease in 
the WBC count between days 0 and 7. They concluded 
that the anti-inflammatory effect of HA330 hemoperfu-
sion persisted beyond completion of the 3-day treat-
ment. In our study, these parameters were checked on 
day 3 to evaluate the anti-inflammatory effect of HA330 
hemoperfusion. Their measurement over a longer peri-
od may be beneficial to determine the degree of perma-

nence of the anti-inflammatory effect of HA hemoper-
fusion. Administration of HA330 hemadsorption to pa-
tients with septic shock over 3 days decreased the WBC, 
neutrophil, CRP, and PRC values. CRP has a molecular 
weight of 115 kDa, and PRC has a molecular weight of 
14.5 kDa [26, 27]. The decrease in the PRC level was 
likely associated with elimination by HA330 and 
 CVVHDF, and the decrease in the CRP level was associ-
ated with a decrease in inflammation. The CVVHDF 
and HA330 cartridges cannot absorb CRP (which has a 
molecular weight of up to 115 kDa). As the host response 
is mediated by cytokines, absorption of cytokines by the 
HA330 cartridge reduces inflammation and the CRP 
level [6].

HA330 hemoperfusion decreased the INR between 
days 1 and 2 (Table 3) and significantly decreased the 
aPTT between days 0 and 3 (Table 6). Huang et al. [10] 
reported that the aPTT increased significantly after each 
hemoperfusion treatment. They used enoxaparin as the 
anticoagulant; in contrast, we used heparin and did not 
detect an increase in the aPTT. Additionally, high aPTT 
values had decreased significantly, to within normal lim-
its, by the end of day 3. Therefore, the anticoagulation 
performed during the operation was sufficient and effec-
tive.

HA330 hemoperfusion increased the pH and de-
creased the BE value, but did not increase the PaO2/FiO2 
ratio, between days 0 and 1 (Table 2). HA330 reportedly 
improves lung function, resulting in improved PaO2/
FiO2 values [19, 20]. The reason for the difference from 
our work is that the previous studies were conducted 
with patients with ARDS. In accordance with the Berlin 
criteria, patients with ARDS were excluded from our 
study.

We found that HA330 hemoperfusion decreased the 
HR, but had no effect on the need for inotropic medica-
tion (Tables 3, 4). Moreover, HA330 hemoperfusion sig-
nificantly decreased the HR, but did not significantly af-
fect the need for inotropic medication, between days 0 
and 3 (Table 6). HA330 reportedly has beneficial effects 
on hemodynamic parameters, but it had no effect on 
 hemodynamics in one study [10, 19]. We believe that 
HA330 can have beneficial hemodynamic effects second-
ary to its anti-inflammatory activity.

The crude population mortality rates of sepsis, se-
vere sepsis, and septic shock are 137, 27, and 77 cases 
per 100,000 population per year, respectively. These 
figures represent 831,674 deaths from sepsis, 156,057 
deaths from severe sepsis, and 447,219 deaths from 
septic shock nationally, although this extrapolation is 

Table 5. Effectiveness of sepsis column on values in third day

Day 2 Day 3 p value

Hemoglobin 9.06±1.66 8.62±2.09 0.090
WBC 17.45±12.31 17.34±16.63 0.945
Neutrophil 12.23±7.20 11.96±8.90 0.748
Lymphocyte 1.40±0.62 1.53±0.87 0.437
Platelet 131.52±112.53 129.53±108.35 0.809
CRP 161.34±96.82 129.21±92.56 0.046*
Procalcitonin 38.75±41.63 37.24±65.83 0.930
Urea 93.28±69.94 86.04±58.94 0.200
Creatinine 2.35±1.92 2.18±1.83 0.124
ALT 196.27±426.61 179.52±443.79 0.534
AST 272.77±546.68 284.04±618.82 0.842
Bilirubin 1.84±2.53 1.84±2.66 0.806
PT 16.75±2.60 13.99±2.18 0.190
aPTT 41.09±16.25 39.88±18.22 0.352
INR 1.53±0.66 1.45±0.88 0.500
pH 7.37±0.09 7.33±0.16 0.151
BE –1.46±6.29 –2.99±8.85 0.209
Lactate 2.87±3.72 3.64±5.45 0.243
PO2/FiO2 201.68±121.97 208.17±125.13 0.763
MAP 77.59±17.17 76.86±19.41 0.803
HR 95.68±21.23 93.09±24.21 0.442
NİD 0.65±0.33 0.60±0.43 0.428

* Statistically significant (p ≤ 0.05).
WBC, white blood cell; CRP, C-reactive protein; ALT, alanine 

aminotransferase; AST, aspartate aminotransferase; PT, pro-
thrombin time; aPTT, activated partial thromboplastin time; INR, 
international normalized ratio; pH, power of hydrogen; BE, base 
excess; FiO2, arterial oxygen tension; FiO2, fractional inspired ox-
ygen rate; MAP, mean arterial pressure; HR, heart rate; NİD, nor-
adrenalin infusion dose.
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speculative [2]. Clinically, a patient with septic shock 
can be identified by the requirement for a vasopressor 
to maintain a mean arterial pressure ≥65 mm Hg and 
a serum lactate level > 2 mmol/L (> 18 mg/dL) in the 
absence of hypovolemia; the in-hospital mortality rate 
among such patients is > 40% [7]. In our ICU, the mor-
tality rate was 39.1% (Table 1), which is in agreement 
with this rate.

Data from patients with severe sepsis and septic shock 
included in a 2011 study conducted by Herrán Monge et 
al. [28] were compared with those obtained in a similar 
study conducted in 2002. In 2002, the average APACHE 
II score was 25.5, and the ICU mortality rate was 48.8%; 
in 2011, the respective values were 21.9 and 27.2%. Nie-
winski et al. [29] reported in 2014 that the mortality rates 

of nonoperative patients with severe sepsis and septic 
shock in the ICU were 29% for those with APACHE II 
scores of 20–24 and 37% for those with scores of 25–29. 
In our study, the mean APACHE II score at the time of 
first ICU admission was 24.43 ± 7.79, and the rate of mor-
tality in the ICU was 39.1% (Table 1). This mortality rate 
is comparable to those observed in some, but not all, pre-
vious studies.

Lie et al. [30] reported that the overall 28-day mor-
tality rate in patients with sepsis and severe sepsis was 
22%; rates ranged from 7% for those with a SOFA score 
of 2 to 39% for those with scores > 6 at the time of ICU 
admission. Khwannimit et al. [31] reported that the 
overall 30-day mortality rate for patients with septic 
shock and a SOFA score of 9 was 45.1%. In our study, 
the mean SOFA score before HA330 hemoperfusion 
was 10.52 ± 4.59, and the rate of mortality in the ICU 
was 39.1% (Tables 1, 6). Moreover, no significant dif-
ference in the SOFA score was observed between days 
0 and 3 after HA330 hemoperfusion (Table 6). These 
results are comparable with those reported in the lit-
erature and show that our treatment did not alter the 
SOFA score.

Huang et al. [10] found no significant difference in the 
NID between days 0 and 3, as in this study.

Conclusion

The HR, but not the NID, decreased significantly be-
tween days 0 and 1. The CRP and PRC levels and the 
HR decreased significantly, despite the decrease in the 
NID, between days 1 and 2. Compared with day 2, 
only the CRP level was significantly lower on day 3; the 
NID did not decrease. The CRP level and HR, but not 
the NID, decreased significantly. The application of 
 CVVHDF and HA330 hemoperfusion adsorbent for 3 
consecutive days did not reduce the NID, but reduced 
the CRP level and the HR. These effects are likely attrib-
utable to cytokine adsorption via CVVHDF and HA330 
administration.

Limitations
This study was conducted during CVVHDF and did 

not include a control group. We evaluated the effects of 
the first, second, and third applications of HA330 hemo-
perfusion on laboratory and clinical parameters. We did 
not compare the parameters on days 7 and 14 with those 
on day 0. We recommend that future studies involve the 
monitoring of these parameters for longer periods after 

Table 6. Comparison of the values before and after the application 
of sepsis column

Day 0 Day 3 p value

SOFA score 10.52±4.59 8.95±4.09 0.107
Hemoglobin 10.06±2.46 8.62±2.09 0.003*
WBC 19.18±9.40 17.34±16.63 0.549
Neutrophil 15.01±7.00 11.96±8.88 0.084
Lymphocyte 1.30±0.77 1.53±0.87 0.273
Platelet 169.26±118.96 129.53±108.35 0.05*
CRP 217.80±95.69 129.21±92.56 0.002*
Procalcitonin 68.05±59.5 37.24±65.83 0.298
Urea 103.60±64.22 86.04±58.94 0.089
Creatinine 2.74±2.24 2.18±1.83 0.012*
ALT 319.31±598.23 179.52±443.79 0.037*
AST 413.09±721.61 284.04±618.82 0.185
Bilirubin 1.57±2.01 1.84±2.66 0.276
PT 15.41±3.75 13.99±2.18 0.118
aPTT 52.43±32.22 39.88±18.22 0.043*
INR 1.70±0.71 1.45±0.88 0.122
pH 7.30±0.131 7.33±0.16 0.501
BE –4.98±7.28 –2.99±8.85 0.276
Lactate 3.70±3.66 3.64±5.45 0.947
PO2/FiO2 174.11±97.30 208.17±125.13 0.295
MAP 74.31±19.96 76.86±19.41 0.561
HR 112.40±30.49 93.09±24.21 0.006*
NİD 0.80±0.38 0.60±0.43 0.340

* Statistically significant (p ≤ 0.05).
SOFA, The Sequential Organ Failure Assessment score; WBC, 

white blood cell; CRP, C-reactive protein; ALT, alanine amino-
transferase; AST, aspartate aminotransferase; PT, prothrombin 
time; aPTT, activatedpartialthromboplastin time; INR, internatio-
nal normalized ratio; pH, power of hydrogen; BE, base excess; 
PaO2, arterial oxygen tension; FiO2, fractional inspired oxygen 
rate; MAP, mean arterial pressure; HR, heart rate; NİD, noradren-
alin infusion dose.
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HA330 application. This study examined only the effec-
tiveness of HA330 hemoperfusion; a randomized, con-
trolled, prospective, double-blind study is required to val-
idate our results. Moreover, we did not determine wheth-
er HA330 hemoperfusion decreased the levels of cytokines 
such as TNF-α, IL-1β, IL-6, and IL-8. Studies of the effect 
of HA330 hemoperfusion on the levels of these cytokines 
are scheduled.
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