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ABSTRACT

Objective: AN69 and Oxiris are filters used in continuous renal replacement therapy. In this study, 
we aimed to research the effects of these filters on blood cell counts, blood biochemistry, 
inflammation indicators, clinical of patients and 28 days mortality of patients diagnosed with 
septic shock-related acute kidney injury.
Method: Between 01 March 2019 and 30 October 2019, 42 adult patients (Group 1: Oxiris (n=21) 
or Group 2: AN69 (n=21)) with septic shock-related acute kidney injury and received continuous 
venovenous hemodiafiltration (CVVHDF) in the intensive care unit were included in prospectively 
observed planned the study and their results were compared. The data at the begining of CVVHDF 
(pre-CVVHDF) and 24 hours after the onset of CVVHDF (post-CVVHDF) were recorded.
Results: In the comparison of the pre- and post-CVVHDF values in Group 1, there was a statistically 
significant decrease detected in the procalcitonin (p=0.04) and noradrenaline infusion rate (p=0.02) 
levels. In the comparison of the pre- and post-CVVHDF values in Group 2, there was a statistically 
significant decrease detected in the urea (p=0.04), platelet count (p=0.02) and procalcitonin (p=0.002) 
levels. There was no statistically significant difference between the groups in terms of mortality.
Conclusion: CVVHDF with Oxiris filter causes a statistically significant decrease in noradrenaline 
infusion rate. We think that the use of CVVHDF with Oxiris filter applied for septic shock-related 
acute kidney injury will save us time in the treatment.

Keywords: Septic shock, acute kidney injury, continuous venovenous hemodiafiltration, AN69, 
oxiris

ÖZ

Amaç: AN69 ve oxiris kontinyu renal replasman tedavisinde kullanılan filtrelerdir. Bu çalışmadaki 
amacımız bu filtrelerin septik şok ilişkili akut böbrek hasarı tanılı hastaların 28 günlük mortalitesi ve 
kliniği, kan hücre sayımı, kan biokimyası, inflamasyon belirteçleri üzerine etkilerini araştırmaktır. 
Yöntem: 01 Mart 2019-30 Eylül 2019 ayları arasındaki septik şok ilişkili akut böbrek hasarı olan 
kontinyu venövenöz hemodiyafiltrasyon tedavisi alan ve yoğun bakım ünitesinde yatan 42 erişkin 
hasta (Grup 1 Oxiris (n=21) ya da Grup 2 AN69 (n=21)) gözlemsel prospektif olarak planlanan 
çalışmaya dahil edildi ve sonuçları karşılaştırıldı. Veriler CVVHDF başlangıcında ve CVVHDF başlan-
gıcından 24 saat sonra alındı ve kaydedildi.
Bulgular: Grup 1’de CVVHDF öncesi ve sonrası değerler karşılaştırıldığında prokalsitonin (p=0.04) ve 
noradrenalin infüzyon oranı (p=0.02) istatistiksel olarak anlamlı azalmıştı. Grup 2 için CVVHDF öncesi 
ve sonrası değerler karşılaştırıldığında üre (p=0.04), trombosit sayısı (p=0.02) ve prokalsitonin düzey-
leri (p=0.002) istatistiksel olarak anlamlı azalmıştı. Gruplar arasında mortalite açısından da istatistik-
sel olarak anlamlı bir farklılık yoktu.
Sonuç: Oxiris filtre ile CVVHDF noradrenalin infüzyon oranında istatistiksel olarak anlamlı azalmaya 
neden olmuştur. Biz septik şok ilişkili akut böbrek hasarında oxiris ile CVVHDF uygulamasının teda-
vi için zaman kazandıracağını düşünüyoruz.

Anahtar kelimeler: septik şok, akut böbrek hasarı, sürekli venövenöz hemodiafiltrasyon, AN69, oxiris
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INTRODUCTION

Septic shock is a subset of sepsis with circulatory, 

cellular and metabolic abnormalities. Patients with 

septic shock may be clinically defined by the need for 

vasopressors to maintain mean arterial pressure ≥65 

mmHg and serum lactate levels >2 mmol/L (>18 

mg/dL) in the absence of hypovolemia [1,2].

Lipoteichoic acid (LTA) in the structure of gram-posi-

tive bacteria and lipopolysaccharide (LPS) -endotox-

in- in the structure of gram-negative bacteria are 

proinflammatory bacterial lipids. These bacterial 

lipids induce proinflammatory cytokine synthesis by 

signaling monocytes, macrophages, neutrophils and 

other immune cell types [3]. Proinflammatory cytok-

ines induce a cytokine storm, causing endothelial 

cell disorder. Large molecules and liquid are 

extravasated into the interstitium [4]. As a result, 

organ dysfunction develops [5]. One of the organ dys-

functions that may develop in sepsis is Acute Kidney 

Injury (AKI). In septic AKI, microcirculatory disorder 

develops in renal parenchyma as a result of deregu-

lation of inflammatory mediators, immune cell infil-

tration and nitric oxide synthase [6]. 

Treatment of AKI involves treating the underlying 

disease and supporting renal function with renal 

replacement therapy (RRT). However, The Surviving 

Sepsis Campaign Guidelines [7] contain little explana-

tion regarding AKI treatment.

Many studies, with conflicting results, have evaluat-

ed the capacity of extracorporeal devices to adsorb 

endotoxins and cytokines [8,9], but The Surviving 

Sepsis Campaign Guidelines [7] have not made any 

recommendations on the use of blood purification 

techniques. For RRT, there is no significant difference 

between CRRT and intermittent renal replacement 

therapy in terms of clinical and laboratory results 
[10,11]. CVVHDF may be clinical benefit in patients with 

acute renal injury or who develop sepsis, even high-

flow hemofiltration is recommended, but further 

studies are recommended in patients with sepsis 

without sepsis-releated renal injury [12].

The size of the endotoxin molecules is about 10 kDa. 

However, it can form aggregates up to 1,000 kDa 

consisting of covalently bound lipid and polysaccha-

ride [13]. Cytokines are molecules that dissolve in 

water and are in free form in circulation. Their 

molecular weight is between 0.5-60 kDa [14]. RRT fil-

ters are semi-permeable membranes with approxi-

mately 35 kDa pores [15]. Two of these filters, AN69 

(M100, Gambro, France) and Oxiris (Baxter, France), 

are widely used.

AN69 adsorbs cytokines but does not adsorb endo-

toxins [16]. Oxiris adsorbs endotoxins (negatively 

charged) thanks to the positive charge on the sur-

face in addition to cytokine elimination [17]. Most 

studies of Oxiris include patients with sepsis/septic 

shock due to gram-negative bacteria. Because endo-

toxins are a component of gram-negative bacteria, 

rather than gram-positive bacteria. However, Oxiris 

may also be useful in the case of sepsis/septic shock 

due to gram-positive bacteria, as intestinal hypoper-

fusion usually causes gram-negative bacteria to pass 

through the digestive lumen into the blood [18].

We think that the use of Oxiris filter in patients with 

septic shock-related AKI will improve hemodynamics 

to save time for treatment, reducing the need for 

noradrenaline.

In this study, we aimed to research the effects of 

AN69 and Oxiris membranes on blood cell counts, 

blood biochemistry, inflammation indicators, clinical 

conditions and mortality of patients with septic 

shock-related AKI. 

MATERIAL and METHODS

This prospective observational study was performed 

between March 2019 and October 2019 in the 

Anesthesiology and Reanimation Intensive Care Unit 

of the Health Sciences University of Diyarbakır Gazi 

Yaşargil Training and Research Hospital. Our study 
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protocol was approved by the ethics committee of 

our hospital (234/2019). This study was conducted in 

accordance with the 2008 Declaration of Helsinki 

and written informed consent was obtained from all 

patients or their relatives. G-Power version 3.1.9.4 

(Universität Kiel, Germany) was used to calculate the 

sample size with reference to the proportions speci-

fied in a previous study [5]. The minimum number of 

patients to be included in the study was 42 with a 

two-tailed alpha error of 0.05, a power of 0.80, an 

allocation ratio of N2/N1=1 and an effect size of 0.8. 

Forty-two patients with septic shock in our intensive 

care unit [1] who underwent continuous venovenous 

hemodiafiltration (CVVHDF) due to AKI [19] were 

included in the study and the results were compared.

Inclusion criteria

• Age ≥18 years

• Presence of septic shock [1]

• Development of AKI [19]

Exclusion criteria

•	 Documented Stage 5 chronic kidney disease (glom-

erular filtration rate (GFR) <15 mL/min/1.73 m2)

•	 End-stage renal failure in long-term dialysis

•	 Patients receiving RRT before admission to the 

ICU

•	 Patients with an inferior vena cava collabability 

index (IVCCI) that cannot be measured or have 

comorbidities that may affect outcomes [20]. 

Electrocardiography (ECG), pulse oximetry (SpO2) 

assessment and continuous invasive arterial pres-

sure measurement after intraarterial cannulation 

were performed in all patients using the BSM-9101K 

monitor (Nihon Kohden Europe GmbH, Germany).

For vascular access, a double-lumen hemodialysis 

catheter (11.5 Fr, Scw medicath, China) was inserted 

into the femoral or internal jugular vein with ultra-

sonography (USG) guidance (GE Vivid device, United 

Medical Instruments, USA). In addition to standard 

treatment, all patients received CVVHDF for 24 hours 

using Prismaflex CRRT system (Gambro, Sweden) 

with the adsorbing Oxiris or AN69 filter. Daily dialysis 

dose was maintained between 35-45 mL/kg/h, blood 

flow between 100-150 mL/min, and filtration frac-

tion was between 35-45%. DIALISAN CVVHD BG 2D 

(Baxter, Italy) was used as dialysis and postdilution 

solution. The content of dialysis solution was Na: 

140, K: 2, Ca: 1.75, Mg: 0.5, Cl: 111.5, HCO3: 32, 

Lactate: 3, Glucose: 6.1 mmol/l.

For the anticoagulation of the circuit, continuous 

infusion of nonfractionated heparin was used in 

patients with hemorrhagic profile at physiological 

margin, and citrat solution was used in patients 

whose hemorrhage profile was not at physiological 

margin and/or who had bleeding risk. Heparin was 

used with an infusion rate of 5-15 IU/kg/h. The dos-

age of heparin was set for 45-60 seconds with acti-

vated partial thromboplastin time [aPTT] (ACL 

TOP500 and ACL TOP700, Instrumentation Laboratory, 

Bedford, MA, USA). Prismocitrate 10/2 (Gambro, 

Italy), a calcium-free but sterile citrate-containing 

solution, was infused in pretreatment mode in patients 

undergoing citrated anticoagulation. Content of pris-

mocitrate was 10/2 Citrate: 10, Na: 136, Cl: 106, Citric 

acid: 2 mmol/l. In postdilution, 10% calcium chloride 

was infused and after filtration was Ca ++ 0.6-0.8 

meq/L and arterial Ca ++ 1-1.5 meq/L.

The fluid balance of the patients was calculated from 

the inferior vena cava by USG every 4 hours and 

IVCCI was calculated to keep the IVCCI within the 

range of 30-40% [21].

The researchers who made the diagnosis, applied 

the CRTT, calculated the USG and IVCCI, collected 

and evaluated the results were different. The data 

were collected from the electronic medical record 

system and patient files of our institution.

Demographic data of the patients, Acute Physiology 

and Chronic Health Interrogation (APACHE) II score, 

number of organs with failure, mortality after ARF, 

duration of ICU stay, source of sepsis, isolated micro-

organisms in blood culture, KDIGO stage, the type of 
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filter used (AN69 or Oxiris), anticoagulation method 

(heparin/citrate) was recorded. Sequential Organ 

Failure Assessment (SOFA) score were recorded at 

the beginning of CVVHDF (pre-CVVHDF) and 24 

hours after the onset of CVVHDF (post-CVVHDF). 

Furthermore the values of hemoglobin, hematocrit 

(BC-6800 auto hematology analyzer, Mindray, China), 

blood cell count (white blood cells [WBC], platelets: 

BC-6800 auto hematology analyzer, Mindray, China), 

blood biochemistry (urea, creatinine, GFR, albumin: 

c702-502 autoanalyser, Roche, Germany), blood gas 

(lactate: Rapid Point 500 blood gas analyzer, Siemens, 

Germany), inflammation indicators (C-reactive pro-

tein [CRP]: Cobas c702 autoanalyser, Roche, Germany; 

procalcitonin [PRC]: Cobas e601 and COBAS e602 ana-

lyzers, Roche, Germany, erythrocyte sedimentation 

rate [ESR]: Vision-C automatic ESR analyzer, YHLO 

Biotech, China) and noradrenaline infusion rate (NIR) 

were recorded at pre- and post-CVVHDF. The efficacy 

of AN69 or Oxiris filters were evaluated by comparing 

the parameters at pre- and post-CVVHDF.

While writing the article, necessary checks were 

made with strobe statement checklist used for 

observational studies.

Statistical Analysis

SPSS 16.0 for Windows program was used for statis-

tical analysis. Statistical data were expressed as 

mean and standard deviation, and categorical data 

were expressed as frequency and percentage. The 

comparison of categorical data in the groups was 

made with chi-square test and the results were given 

as n%. The Kolmogorov-Smirnov test was used to 

determine whether the numerical data matched the 

normality distribution. Student’s T-test was used for 

the evaluation of the numerical data matching the 

normal distribution between the groups, and Mann-

Whitney U test was used for the non-normal distri-

bution. Paired T-test and Wilcoxon Signed Rank test 

were used for comparison of two normal distribu-

tion measurements. Data conforming to the normal 

distribution are given as mean±standard deviation, 

data not conforming to normal distribution were 

given as median (minimum-maximum). P <0.05 was 

accepted as statistically significant.

RESULTS

The mean age of the patients included in the study 

was 61.33±20.01; Apache II scores were 29.26±7.75 

and SOFA 1 scores were 10,07±2,78. At least 2 and at 

most 4 organ failure were detected in the patients 

included in the study. Fifty percent of the patients 

were female and 50% were male. During the study 

period twenty-five of the patients were died. 

Mortality rate was 59.5%. Heparin was used as anti-

coagulant in 81% (n=34) and citrate was used in 19% 

(n=8). Twenty-one patients had KDIGO stage 3, 13 

had KDIGO stage 2, and 8 had KDIGO stage 1. There 

was no statistically significant difference between 

the two groups in terms of KDIGO stages. The most 

common source of sepsis was the lungs (33.3%). The 

distribution of the patients in terms of the source of 

sepsis is shown in Figure 1.

Figure 1. Classification of patients in term of the source 
of sepsis.

Source of Sepsis

Soft tissue

Urinary tract

Lungs

Unclear

Catheter-related

Abdomen

0 2 4 6 8 10 12 14 16

The source of sepsis, reproduction in blood culture 

and the type of filter used are shown in Table 1. 

Among the gram-negative bacteria P. aeruginosa 

was found in the blood culture of 7 patients, A. bau-

mannii in 7, K. pneumoniae in 4 and Enterobacter 

spp. in 3 patients; while among the gram-positive 

bacteria S. epidermidis was found in the blood cul-

ture of 3 patients, S. aureus in 3 and S. hominis ssp 

hominis in 3 patients (Table 1).
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In 21 patients, CVVHDF was performed using Oxiris 

filter (Group 1) and in 21 patients CVVHDF was per-

formed using AN69 filter (Group 2). When the 

blood cultures of the patients using Oxiris filter 

were examined 12 patients had gram-negative, 6 

patients had gram-positive bacteria growth and 3 

patients had no growth. When the blood cultures 

of the patients using AN69 filter were examined 11 

patients had gram-negative, 6 patients had gram-

positive bacteria growth and 4 patients had no 

Table 1. Source of sepsis, blood culture growth and filter type data of the study patients.

Study Patient

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42

Source of sepsis

Urinary tract
Lungs
Soft tissue
Soft tissue
Urinary tract
Lungs
Catheter-related 
Catheter-related 
Catheter-related 
Lungs
Abdomen
Lungs
Lungs
Catheter-related 
Unclear
Abdomen
Soft tissue
Catheter-related 
Unclear
Abdomen
Unclear
Lungs
Lungs
Lungs
Lungs
Soft tissue
Urinary tract
Unclear
Unclear
Lungs
Lungs
Unclear
Abdomen
Urinary tract
Abdomen
Lungs
Unclear
Soft tissue
Lungs
Soft tissue
Lungs
Soft tissue

Bacterial Growth in Blood

K. pneumoniae
S. epidermidis
P. aeruginosa
S. epidermidis
A. baumannii

S. hominis ssp hominis
S. hominis ssp hominis

E. faecium
S. aureus

A. baumannii
Enterobacter spp. 

P. aeruginosa  
S. aureus

S. haemolyticus
Unclear

Enterobacter spp. 
P. aeruginosa

S. hominis ssp hominis
Unclear

A. baumannii
Unclear

A. baumannii
P. aeruginosa
P. aeruginosa

K. pneumoniae
S. maltophilia
A. baumannii

Unclear
Unclear

A. baumannii
A. baumannii

Unclear
M. R. S. aureus

E. coli
Enterobacter spp. 

S. aureus
Unclear

P. aeruginosa  
K. pneumoniae
S. epidermidis
K. pneumoniae
P. aeruginosa  

Gram

 -
+
-
+
-
+
+
+
+
-
-
-
+
+

Unclear
-
-
+

Unclear
-

Unclear
-
-
-
-
-
-

Unclear
Unclear

-
-

Unclear
+
-
-
+

Unclear
-
-
+
-
-

Filter

AN69
AN69
AN69
Oxiris
AN69
Oxiris
Oxiris
AN69
AN69
Oxiris
Oxiris
AN69
Oxiris
AN69
AN69
AN69
AN69
Oxiris
Oxiris
Oxiris
AN69
AN69
AN69
AN69
Oxiris
Oxiris
Oxiris
AN69
AN69
AN69
Oxiris
Oxiris
AN69
Oxiris
Oxiris
Oxiris
Oxiris
Oxiris
AN69
AN69
Oxiris
Oxiris

Table 2. Comparison of groups in terms of blood 
culture result.

Blood culture
result

Gram (-)
Gram (+)
Unclear

Total

Grup 1
n (%)

12 (57,1)
6 (28,6)
3 (14,3)

21 (100)

Grup 2
n (%)

11 (52,4)
6 (28,6)
4 (19)

21 (100)

p value*

0,911

*: Chi square p value
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growth. There was no statistically significant differ-

ence between the groups in terms of gram-negative 

and gram-positive bacteria growth in blood culture 

(Table 2).

The comparison of the groups in terms of clinical 

characteristics and laboratory values is shown in 

Tables 3 and 4. There was no statistically significant 

difference between the groups in terms of clinical 

features and laboratory values.

In the comparison of the pre- and post-CVVHDF val-

ues in Group 1, there was a statistically significant 

decrease detected in the procalcitonin (p=0.04) and 

noradrenaline infusion rate (p=0.02) levels. In terms 

of the other data there was no statistically significant 

difference between pre- and post-CVVHDF values in 

Group 1. In the comparison of the pre- and post-

CVVHDF values in Group 2, there was a statistically 

significant decrease detected in the urea (p=0.04), 

platelet count (p=0.02) and procalcitonin (p=0.002) 

levels. There was no statistically significant differ-

ence between pre- and post-CVVHDF values in terms 

of the other data in Group 2 (Table 4).

Table 5 shows the comparison of the groups in terms 

of gender, mortality and anticoagulant used. There 

was no statistically significant difference between 

the groups in terms of gender, mortality and antico-

agulants used.

DISCUSSION 

In our study, at the end of the CVVHDF for 24 hours 

we detected that PRC and NIR were reduced in 

patients using Oxiris filter; urea, platelet count and 

PRC levels were decreased significantly in patients 

using AN69 filter. There was no statistically signifi-

cant difference between the groups in terms of mor-

tality.

LTA, a cell wall component specific to gram-positive 

bacteria, is the functional equivalent of LPS, the main 

cell wall component of gram-negative bacteria [22]. 

Table 3. Comparison of clinical features of the groups

Age (Year)

APACHE II score

Length of stay in ICU (day)

KDİGO Stage
	 1
	 2
	 3

Number of organ failers
	 2
	 3
	 4

Mortality after AKI (28 day)
	 Yes
	 No

Group 1 (n=21)
Median (min-max) or Mean ± SD

59.71±20.14

29.52±7.84

20 (5-170)

n (%)
5 (11,9)
6 (14,3)

10 (23,8)
 

2 (4,8)
10 (23,8)
9 (21,4)

 

11 (26,2)
10 (23,8)

Group 2 (n=21)
Median (min-max) or Mean ± SD

62.95±20.24

29±7.84

15 (5-590)

n (%)
3 (7,1)

7 (16,7)
11 (26,2)

 

2 (4,8)
13 (31)
6 (14,3)

 

8 (19)
13 (31)

p value

0.6é

0.83é

0.26#

 

0,73*

 
0,61*

0,35*

APACHE: Acute Physiology and Chronic Health Evaluation; AKI: Acute Kidney İnjury; ICU: Intensive Care Unit; 
KDİGO: Kidney Disease Improving Global Outcomes; é: Student-t p value; #: Mann Whitney U test p value; 
*: Chi square or Fisher exact test p value
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Table 4. Comparison of pre- and post-CVVHDF clinical features and laboratory values of the groups 

SOFA score 1
SOFA score 2
pvalue*

Urea (mg/dl)1
Urea (mg/dl)2
pvalue*

Creatine (mg/dl)1
Creatine (mg/dl)2
pvalue*

GFR (ml/dk/1.73 m2) 1
GFR (ml/dk/1.73 m2)2
pvalue*

Albumin (g/l)1
Albumin (g/l)2
pvalue*

Hemoglobin (g/dl)1 
Hemoglobin (g/dl)2
pvalue*

Hematocrit (%)1
Hematocrit (%)2
pvalue*

Platelet (103/µL)1
Platelet (103/µL)2
pvalue*

Lactate (mmol/l) 1
Lactate (mmol/l) 2
pvalue*

WBC (103/µL)1
WBC (103/µL)2
pvalue*

CRP (mg/l)1
CRP (mg/l)2
pvalue*

ESR (mm/h)1
ESR (mm/h)2
pvalue*

Procalcitonin (ng/ml)1
Procalcitonin (ng/ml)2
pvalue*

NIR (mcg/kg/min)1
NIR (mcg/kg/min) 2
pvalue*

Group 1 (n=21)
Median (min-max) or Mean ± SD

10.01±2.73
10.19±2.8

0.62*

80 (44-165)
81 (37-150)

0.23&

2.14±1.1
1.89±0.96

0.09*

35 (10-90)
37 (13-90)

0.22&

2.51±0.41
2.51±0.41

0.94*

9.41±1.49
9.43±1.33

0.93*

29.72±4.23
29.87±3.61

0.84*

160 (28-353)
159 (35-395)

0.92&

1.94 (1.16-9.0)
1.62 (0.9-6.03)

0.07&

17.19 (5.86-30.49)
17.16 (6.29-30.23)

0.31&

157.3 (51.3-388)
140.9 (56,6-323.3)

0.15&

42 (3-102)
44 (11-96)

0.85&

4.44 (0.31-73.36)
4.36 (0.28-56.79)

0.04&

0.5 (0.3-0.8)
0.4 (0.1-0.8)

0.02&

Group 2 (n=21)
Median (min-max) or Mean ± SD

10.05±2.90
10.33±3.21

0.16*

99 (36-225)
81 (29-186)

0.04&

2.61±1.53
2.32±1.37

0.98*

26 (6-90)
34 (7-90)

0.25&

2.69±0.29
2.69±0.29

0.4*

8.66±1.26
8.97±1.43

0.29*

28±4.06
29.33±4.1

0.08*

212 (38-503)
170 (21-377)

0.02&

1.93 (0.87-14.15)
1.69 (0.79-9.45)

0.49&

15.56 (2.42-35.64)
13.78 (3.24-35.66)

0.26&

186.3 (11.7-379.5)
131.6 (44-381.1)

0.44&

44 (9-115)
43 (8-117)

0.43&

5.06 (0.32-100)
3.7 (0.0-87.3)

0.002&

0.3 (0.0-0.8)
0.4 (0.0-0.8)

0.37&

p value

0.95 é
0.87 é

0.37#
0.53#

0.25 é
0.25 é

0.24#
0.23#

0.33 é
0.13 é

0.08 é
0.29 é

0.18 é
0.65 é

0.19#
0.72#

0.4#
0.58#

0.8#
0.48#

0.93#
0.81#

0.61#
0.87#

0.77#
0.95#

0.08#
0.8#

APACHE: Acute Physiology and Chronic Health Evaluation; SOFA: Sequential Organ Failure Assessment; AKI: Acute Kidney 
İnjury; ICU: Intensive Care Unit; KDİGO: Kidney Disease Improving Global Outcomes; GFR: Glomerular filtration rate; 
WBC: White blood cell; CRP: C-reactive protein; ESR: Erythrocyte sedimentation rate;  NIR: Noradrenaline infusion rate;
é: Student-t p value; #: Mann Whitney U test p value; *: Paired samples t-test p value, &: Wilcoxon test pvalue, 
1: Pre-dialysis; 2: Post-dialysis 
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LTA and LPS are also called pathogen-associated 

molecular patterns (PAMPs) and stimulate the natu-

ral immune response by binding to pattern recogni-

tion receptors (PRRs) such as Toll-like receptors 

(TLRs) expressed by monocytes, macrophages, neu-

trophils and other immune cell types. Gram-negative 

LPS mainly signals through TLR4, while Gram-positive 

LTA can bind to and signal through TLR2 [3]. Both of 

these interactions stimulate the activation of Nuclear 

Factor kappa B (NF-κB), resulting in transcription and 

secretion of multiple pro-inflammatory cytokines 

such as tumor necrosis factor (TNF)-α, interleukin 

(IL) -1, IL-6, IL-8 and IL-10 that play important roles in 

inflammatory diseases such as sepsis [3,18]. Damaged 

host cells express surface damage-associated molec-

ular patterns (DAMPs) such as high-mobility-group-

box-1 protein (HMGB1) on their surface. DAMPs can 

be released into circulation and are recognized by 

pattern recognition receptors (PRRs). Thus, leuko-

cyte activation and cytokine synthesis are increased, 

fueling the vicious cycle of uncontrolled immuno-in-

flammatory process. Excessive release of cytokines 

in the blood is defined as a “cytokine storm” [18]. As a 

result, sepsis or septic shock develops through vaso-

dilatation, endothelial leakage and organ dysfunc-

tion [5]. One of the organ dysfunctions in sepsis is AKI. 

Although the pathophysiological mechanism in sep-

tic AKI is not fully understood, it is clear that the 

inflammatory cascade of sepsis contributes to AKI 

[23]. The basic pathophysiological paradigm correlates 

septic AKI with decreased global renal blood flow, 

secondary tubular epithelial cell death, or acute 

tubular necrosis. The reason for this belief is that AKI 

is associated with hypoperfusion and shock, and that 

ischemic damage can lead to intense cell death (eg 

acute tubular necrosis). However, the importance of 

ischemia-reperfusion is increasing [24].

Septic shock is associated with higher mortality com-

pared to sepsis [1]. Septic shock continues to account 

for 62% of general deaths and hospital mortality 

rates are above 40% [25]. Mortality associated with 

AKI is high (40-60%) and the short- and long-term 

outcomes in the form of chronic or end-stage renal 

disease are devastating [6]. AKI develops in more than 

45% of patients with septic shock [25]. The mortality 

rate of our study patients was 59.5%. Considering 

the fact that our patient group had septic shock-re-

lated AKI, our mortality rate was within normal lim-

its. There was no significant difference between the 

groups in terms of mortality.

When we look at the results of four studies in the 

literature, which examined a large number of patients 

with sepsis, the most common source of sepsis was 

reported to be lungs with varying rates (39-68%). 

Although the ranking varies, other common sources 

of infection are the abdomen (8-22%), unclear 

Table 5. Comparison of groups in terms of gender, mortality and anticoagulants

Gender
       Female
       Male

Mortality
       (-)
       (+)

Anticoagulant
       Heparin
       Citrate

Total

Group 1 n (%)

10 (47.6)
11 (52.4)

7 (33.3)
14 (66.7)

17 (81)
4 (19)

21 (100)

Group 2 n (%)

11 (52.4)
10 (47.6)

10 (47.6)
11 (52.4)

17 (81)
4 (19)

21 (100)

p value

0.75

0.34

1

*: Chi squarep value
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(17-20%), urinary tract (9-14%) and soft tissue (10%) 
[26-9]. In our study, the most common source of sepsis 

in the literature was the lungs (33%), followed by 

soft tissue (16%), unclear (16%), abdomen (12%), 

catheter-related infection (12%) and urinary tract 

(9%), respectively.

The Sepsis Occurrence in Acutely Ill Patients (SOAP) 

study reported an almost equal prevalence of gram-

positive and gram-negative bacterial infections in 

patients with sepsis [28]. Although subsequent studies 
[30] have suggested an increase in the incidence of 

gram-positive organisms, The 2012 Intensive Care 

Over Nations (ICON) study has shown that gram-

negative bacterial infections are more common in 

the United States than gram-positive bacterial infec-

tions [31]. In our study, gram-negative bacteria grew 

more in the blood cultures of the patients than 

gram-positive bacteria.

In a study of 13796 infected ICU patients published 

in 2009 S. aureus, Pseudomonas species, 

Enterobacteriaceae (especially E. coli) and fungi 

were the most common blood cultures. In this study, 

Acinetobacter accounted for 9% of patients with 

positive blood culture [29]. In a review published in 

2012, the most common isolated gram-negative bac-

teria were E. coli, P. aeruginosa and K. pneumonia; 

and and the most common gram-positive bacteria 

were S. aureus, S. pneumonia and Enterococcus spp. 

in patients with sepsis and septic shock (32). In our 

study, the most common gram-negative bacteria 

were P. aeruginosa, A. baumannii, K. pneumoniae 

and Enterobacter spp; and the most common gram-

positive bacteria were S. epidermidis, S. aureus and 

S. hominis ssp hominis in the blood culture. Our 

study was consistent with previous studies in terms 

of blood culture reproduction. However, 20% of 

patients with positive blood culture had acineto-

bacter reproduction and this rate was higher than 

previous studies. 

Continuous renal replacement therapy (CRRT) with 

improvement in extracorporeal blood purification 

techniques and membrane materials are widely 

used in critical illness [14]. The theoretical cut-off for 

an RRT membrane is about 35 kDa. Throughout this 

membrane, diffusion and convection can take place. 

Diffusion follows a concentration gradient (as in 

intermittent hemodialysis) and is an ideal method to 

remove small (<500 Da) molecules such as creati-

nine. Convection follows a hydrostatic pressure gra-

dient and is the best method for elimination of 

medium to large (500 Da to 60 kDa, 13,750 Da beta-2 

microglobulin) and large molecules (60 to 100 kDa, 

eg 70 kDa albumin). In clinical practice, high (60 kDa) 

or median (50 kDa) cut-off membranes are almost 

never used because high cut-off membranes may 

increase the risk of albumin loss [15]. Endotoxin mol-

ecules have a size of approximately 10 kDa, but can 

form aggregates of up to 1,000 kDa consisting of a 

covalently bonded lipid and polysaccharide [13]. The 

smaller molecular weight of the cytokines, the more 

cytokines will be removed in the CRRT. The cutoff 

value of CRRT was 30-40 kDa, while IL-1β was 17 

kDa, IL-1RA 15-20 kDa, IL-2 15 kDa, IL-6 26 kDa, IL-8 

8 kDa, macrophage migration inhibitory factor (MIF) 

has a molecular weight of 12.5 kDa, IL-10 35-40 kDa 

and TNF-α51 kDa. Thus, only IL-10 and TNF-α are 

outside the threshold of CRRT; all other cytokines 

can be slowly removed with CRRT. High volume 

hemofiltration or treatments like the ones with the 

use of a high cut-off membrane can increase the 

clearance of inflammatory cytokines but it is still 

unknown if it could provide benefit to patients [14].

AN69 is a copolymer of hydrophobic acrylonitrile 

and hydrophilic sodium metahalylsulfonate. As AN69 

is negatively charged due to sulfonate groups, the 

AN69 membrane adsorbs cytokines via ionic bond-

ing between its sulfonate group and the amino 

group on the surface of a cytokine molecule [16]. 

Oxiris is a high permeability polyacrylonitrile (AN69) 

based membrane on which a surface treatment of a 

positively charged polyethylene is added onto the 

hemofilter. Thanks to this positive charge on the 

surface of the Oxiris filter- in addition to the bulk 

cytokine elimination in the mass of the membrane- 
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endotoxin (negatively charged) adsorption takes 

place [17]. In in-vitro studies, Oxiris filter emerges as a 

hemoperfusion device capable of eliminating both 

endotoxin and cytokine [33]. Endotoxin hemoadsorp-

tion can reduce the pathogenic activity and organ 

dysfunction of endotoxin. Cytokine removal by 

hemofiltration or hemoadsorption can restore the 

status of immune homeostasis. It is thought that the 

use of semi-permeable membranes that can provide 

endotoxin and cytokine elimination is a valuable 

treatment option in septic shock due to gram-nega-

tive bacterial infection [34]. Endotoxin may also be 

present in the circulation due to translocation from 

the ischemic gut in gram-positive infections [5]. 

Therefore, the use of oxiris in gram-positive sepsis or 

septic shock may be beneficial [18]. 

The main finding of our study is that CVVHDF per-

formed with Oxiris filter improves hemodynamics, 

reduces NIR, is clinically applicable and has no side 

effects in patients with septic shock-related AKI. Our 

results confirm the results of some studies in which 

Oxiris filter was applied in the same patient group. 

Comparing Oxiris and AN69 filters in patients with 

septic shock-related AKI Broman et al. found a strong 

decrease in circulating endotoxin and cytokine levels 

as a result of CVVHDF treatment with Oxiris filter. 

This reduction was associated with a favorable 

hemodynamic effect, such as a faster decrease in 

blood lactate levels and a decrease in NIR required 

to maintain mean arterial pressure. There was a 

blunted cytokine response in both filter groups, but 

the decrease in TNF-α, IL-6, IL-8, and IFN- γ was more 

outstanding in patients treated with Oxiris than the 

AN69 filter [4]. In the study of Schwindenhammer et 

al., 31 patients were diagnosed with septic shock 

between 2014 and 2019 and one of the continuous 

venovenous hemofiltration (CVVH) or CVVHDF ther-

apies with Oxiris filter was applied. A relative 

decrease of 88% was observed in NIR. Lactatemia 

and pH improved significantly over time [17]. In their 

study on 60 septic patients published in 2019, Turani 

et al. found that CVVHDF with Oxiris filter improved 

basic cardiorenal and respiratory parameters and 

decreased NIR [35].

Shum et al., in a study performed CVVH for 48 hours, 

found a 37% reduction in the SOFA score of sepsis-

related AKI patients who underwent Oxiris filter 

compared to polysulfone-based standard filter [34]. In 

their study published in 2019, Turani et al. found that 

the SOFA score of 60 septic patients applied CVVHDF 

with Oxiris filter decreased from 12.4±2 to 9±2 [35]. In 

our study, no significant decrease was observed in 

the SOFA score by CVVHDF with Oxiris filter. This is 

due to the fact that our patients had very severe 

diseases with high mortality (septic shock-related 

AKI) and we evaluated the SOFA score after 24 hours 

of Oxiris administration. Longer CRRT could cause a 

significant decrease in SOFA score.

In their study on 13 patients with sepsis and multio-

rgan failure Dahaba AA et al. found that, PRC levels 

decreased significantly after 12 hours CVVH with 

AN69 filter [36]. Turani et al. in their studies published 

in 2019, observed a decrease in the PRC level of 60 

septic patients who received CVVHDF with Oxiris fil-

ter [35]. In our study, we found that PRC levels 

decreased significantly in both groups using Oxiris 

and AN69 filters after 24 hours of CVVHDF. The cut-

off value of AN69 filter is 35-40 kDa [32] and PCT 

molecular weight is 14.5 kDa [37]. We attributed the 

significant decrease in PCT value after CVVHDF with 

both filters to the fact that the molecular weight of 

PCT was considerably lower than the cut-off value.

The limitation of our study is that we evaluate the 

blood cell counts, blood biochemistry, inflammation 

indicators, clinical conditions and the mortality 

results without considering other intermittent condi-

tions after the 24 hours of CVVHDF. We compared 

the changes that occurred with only one CVVHDF 

application. In the future, randomized, controlled, 

double-blind, clinical trials can be planned to com-

pare the changes in renal function and mortality 

rates of CVVHDF with longer or repeated administra-

tion. 
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Conclusion

CVVHDF with Oxiris filter leads to a statistically sig-

nificant decrease in NIR. Therefore, we think that the 

use of CVVHDF with Oxiris filter applied for septic 

shock-related AKI will save us time and increase the 

improvement. 
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