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Introduction

Sepsis is a complex life-threatening condition character-
ized by dysregulated host response to infection, leading to 
organ failure, organ damage, septic shock, and death.1 
Sepsis signifies extremely lethal condition which leads to 
substantial morbidity and mortality2,3 With an incidence 
rate of 50–95 cases per 100,000, it accounts for 2% of hos-
pital admissions; roughly 9% of patients with sepsis pro-
gress to severe sepsis, and 3% with severe sepsis experience 
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septic shock, which accounts for 10% of admissions to 
intensive care units (ICU).4 In septic shock, the unregulated 
immune response of cytokines may cause serious damage 
to the cells (cytotoxic effects) and organ failure as excess of 
cytokines result in impaired immunity.5 Therefore, extra-
corporeal blood purification therapies have been proposed 
as they modulate the host inflammatory response by remov-
ing the inflammatory mediators or bacterial toxins.6 
Promising results have been reported with high-volume 
hemofiltration (HVHF), cascade hemofiltration, hemoad-
sorption, plasmapheresis, coupled plasma filtration adsorp-
tion (CPFA), high-adsorption hemofiltration, and high 
cutoff (HCO) hemodialysis/hemofiltration.

CytoSorb® is an extracorporeal adsorption device 
(ECAD) which is used to reduce toxic levels of cytokines. 
Cytokines are adsorbed by polymer beads within a car-
tridge perfused via extracorporeal circulation.7 Unlike met-
abolic approaches to anti-inflammation, it is designed to 
directly capture and reduce mid-molecular-weight inflam-
matory mediators (∼5–55 kDa) in the blood including both 
pro- and anti-inflammatory cytokines, chemokines, and 
bacterial exotoxins.8 It works with any standard renal 
replacement therapy including hemodialysis, sustained 
low-efficiency dialysis (SLED), and continuous renal 
replacement therapy (CRRT) set-up. The device is concen-
tration-dependent, reducing substances at high concentra-
tion efficiently while having significantly less activity on 
substances at low concentration.9 The CytoSorb® adsorber, 
which is mainly developed for this purpose, might be use-
ful in the management of septic shock patients. This retro-
spective study was designed to understand beneficial 
effects of CytoSorb® therapy in patients with septic shock.

Methodology

Study design

This was a retrospective and observational study, approved 
by the scientific and ethics committee of Max Super 
Specialty Hospital, Patparganj, Delhi, India. The study 
was conducted in compliance with the current International 
Council for Harmonization, Good Clinical Practice (ICH 
GCP), Schedule Y, and Indian Council of Medical Research 
(ICMR) guidelines.

Study characteristics

Subjects of either gender (age > 18 year) in whom 
CytoSorb® device was used during the 2015–2017 were 
included in the study. None of the patients were kept/
treated with extracorporeal membrane oxygenation 
(ECMO) and no adjunct therapy was used. Subjects with 
inadequate clinical information/data (e.g. where sepsis-
related organ failure assessment (SOFA) score and Acute 
Physiology and Chronic Health Evaluation II (APACHE 
II) score were not possible to calculate retrospectively) 
were excluded from the study.

The data were collected from the Medical Record 
Department (MRD) file of the eligible subjects. All the 
data were recorded on excel sheet by the study investigator 
and team. The study data were stored in the paper format 
in a secured area in compliance with the local law for 
2 years.

Statistical analysis

The continuous data were presented as mean ± standard 
deviation (SD) and categorical as frequency and percent-
age (%). The analysis was performed using chi-square test. 
A p value less than 0.05 (p < 0.05) was considered to be 
statistically significant. Stata (version 14; StataCorp, 
College Station, TX, USA) statistical software was used 
for the analysis.

Results

Study population

A total of 36 patients (24–84 years) were included in the 
study. Majority of the patients were male (n = 22; 61.1%) 
having a mean age (56.36 ± 14.83) years. The mean age of 
female patients was (57.57 ± 16.45) years. The number of 
patients who required medical treatment (77.8%) was 
larger than those who required surgical treatment (22.2%). 
The mean APACHE II score was 23.94 ± 5.64. The mean 
duration of stay in ICU was 18.1 ± 27.2 days, while the 
mean duration of invasive ventilation was 13.4 ± 28.1 days. 
The demographic characteristics of all the patients are rep-
resented in Table 1.

Study outcomes

Effect of CytoSorb® therapy on procalcitonin 
and total leucocyte count levels

After CytoSorb® therapy, there was a significant decrease 
in the procalcitonin (PCT) levels within 24 h of therapy. 
The pre-CytoSorb® PCT levels on Day 1 (−D1), Day 2 
(−D2), and Day 3 (−D3) were 36.06 ± 33.86 ng/mL, 
13.0 ± 30.13 ng/mL, and 6.57 ± 3.96 ng/mL, respectively. 
Post-CytoSorb® observed PCT levels on Day 1 (D1), Day 2 
(D2), and Day 3 (D3) decreased to 12.58 ± 12.98 ng/mL, 
3.16 ± 2.10 ng/mL, and 1.8 ng/mL, respectively. A signifi-
cant difference was observed in PCT levels from pre-Cyto-
Sorb® Day 1 to post-CytoSorb® Day 1 (−D1; D1: p = 0.0045) 
and pre-CytoSorb® Day 1 to post-CytoSorb® Day 2 (–D1, 
D2: p = 0.0381; Table 2).

After CytoSorb® therapy, there was a decrease in the total 
leucocyte count (TLC) levels. Pre-CytoSorb® observed TLC 
levels on −D1, −D2, and −D3 were 26.4 ± 15.28 × 109 L−1, 
18.75 ± 9.14 × 109 L−1, and 18.31 ± 7.94 × 109 L−1, respec-
tively. Post-CytoSorb® observed D1, D2, and D3 TLC level 
reduced (from −D1) to 22.99 ± 15.66 × 109 L−1, 18.42 ± 
 11.08 × 109 L−1 (p = 0.0319), and 16.31 ± 6.81 × 109 L−1 
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(p = 0.0103). A significant difference in TLC levels was 
observed from pre-CytoSorb® Day 1 to post-CytoSorb® 
Day 2 of (D1, D2: p = 0.0319) and pre-CytoSorb® Day 1 to 
post-CytoSorb® Day 3 (−D1, D3: p = 0.0103) was observed 
(Table 2).

Effect of CytoSorb® therapy on SOFA score

The data for SOFA score are presented in Table 3. Before 
the treatment, the SOFA score on −D1, −D2, and −D3 was 
11.41 ± 3.14, 9.8 ± 3.29, and 8.5 ± 2.25, respectively. After 
the CytoSorb® therapy, the observed SOFA scores on D1, 
D2, and D3 decreased to 10.4 ± 3.63, 8.7 ± 4.02, and 
7.8 ± 3.67, respectively. A significant difference (p = 0.0000) 
was observed in pre-treatment D1 SOFA (10.86 ± 3.09) and 
the minimum SOFA score of the patient’s post-treatment 
(7.3 ± 3.68). It was observed that after the CytoSorb® ther-
apy, 17 (77.3%) patients showed a reduction in SOFA score.

Difference in hours between shock onset and 
start of treatment

Before the onset of shock, eight patients were treated with 
CytoSorb® therapy. Within 28 h of onset of shock, 12 
(42.9%) patients were treated with therapy. Within 24 h 
after the CytoSorb® therapy, shock reversal was observed 
in n = 8 (22.2%) patients (Table 4).

Effect of different parameters on survivor 
status

The number of males (p = 0.858) and females (p = 0.102) 
was not statistically significant in both the survivor and non-
survivor groups. The mean age of the non-survival group 
(61.3 ± 13.6 years) was higher as compared to the survival 
group (52.2 ± 17.9 years), but not statistically significant.

In non-survivor group, the pre-treatment SOFA scores 
on −D1, −D2, and −D3 (12.2 ± 3.02, 10.9 ± 3.6, and 
9.2 ± 2.7) were higher as compared to the pre-treatment 
−D1, −D2, and −D3 (10.5 ± 3.1, 8.6 ± 2.1, and 7.6 ± 0.98) 
score of the survivor group. Even after the CytoSorb® ther-
apy, the SOFA scores on D1, D2, and D3 were higher in 
the non-survivor group as compared with the survivor 
group and differed significantly (p = 0.00). The time of 
onset of shock was higher in survivor group (7.2 ± 13.8) as 
compared to non-survivor group (5.6 ± 5.9; Table 5).

Discussion

Different studies have reported that the use of an adjuvant 
treatment with an extracorporeal cytokine adsorber 
resulted in effective removal of excess cytokine levels and 
may be helpful in patients with septic shock with multiple 
organ failures.10 Most blood purification techniques have 
limited capacity to remove cytokines from the blood com-
partment, resulting in the inability to significantly lower 
cytokine levels.11 Hemoadsorption may be effective for the 
treatment of these patients on the basis of clinical plausi-
bility and experimental evidence. However, there is evi-
dence from only a few high-quality studies available at 
present. In different animal models of septic shock, 
hemoadsorption with CytoSorb® significantly reduced the 
inflammation and improved overall survival rate.12

CytoSorb® has been successfully used in patients with 
septic shock, post-cardiopulmonary bypass systemic 
inflammatory response syndrome (SIRS),13 in liver fail-
ure,14 and rhabdomyolysis-associated myoglobinemia.15 
The most effective results were obtained in the treatment 
of hemodynamics accompanied by a decrease in vasopres-
sor doses.10 CytoSorb® physicochemically (hydrophobic 
molecules with a molecular weight of up to approximately 
55 kDa) binds with selective substances. The adsorber can 
be used as a standalone or is placed in series to the dialyzer 
during renal replacement therapy. The large surface area 
provides a high level of cytokine adsorption. To date, no 
large-scale randomized controlled trials have been per-
formed, and some clinical use has already been reported.16 
Peng et  al.17 reported that hemoadsorption using a car-
tridge containing CytoSorb® beads reduced anti-inflam-
matory cytokines (tumor necrosis factor (TNF), interleukin 
(IL)-1, IL-6, and IL-10) and significantly improved the 
overall survival (p < 0.01) in rats with cecal ligation and 
puncture-induced sepsis. David et al.18 reported that extra-
corporeal cytokine absorption techniques might have pro-
tective effects on vascular integrity.

Hetz et al. treated a 60-year-old female with CytoSorb® 
therapy with surgical wound infection advancing to 
necrotizing fasciitis and septic shock after surgical wound 
care. After the first session, IL-6 plasma concentration 
reduced from 70,000 to 39,100 pg/mL (−44.3%). The final 
IL-6 plasma concentration after the third session was 

Table 1.  Demographic profile of patients (N = 36).

Parameter  

Men, n (%) 22 (61.1)
Women 14 (38.9)
Age, years (mean ± SD)
  Men 56.36 ± 14.83
  Women 57.57 ± 16.45
Condition for use, n (%)
  Medical 28 (77.8)
  Surgical   8 (22.2)
Mean APACHE II score   23.9 ± 5.64
Duration of stay in ICU (mean ± SD)   18.1 ± 27.2
Duration of invasive ventilation (mean ± SD)   13.4 ± 28.1

SD: standard deviation; APACHE: Acute Physiology and Chronic 
Health Evaluation; ICU: intensive care unit; N: total number of patients; 
n: number of patients.
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66 pg/mL. The IL-6 plasma concentration assessed directly 
after the CytoSorb® cartridge was remarkably reduced 
compared to those measured before the CytoSorb®, gener-
ally confirming clearance effectiveness of the therapy.11 

Likewise, Mitzner et al.19 reported a decrease in the levels 
of IL-6, C-reactive protein (CRP), creatinine, PCT, and 
leukocytes CytoSorb therapy. Friesecke et al. reported the 
use of cytokine adsorption therapy in 20 septic shock 

Table 3.  Effect of CytoSorb therapy on SOFA score.

S. No. Day SOFA (mean ± SD) Pre-treatment Day 1 − minimum SOFA post-treatment 
(−D1-MinSOFA)*

  Reduction, n (%) Increase, n (%) No change, n (%)

Pre-treatment 17 (77.3) 3 (13.6) 1(4.5)
  1 Day 3 (−D3; n = 16) 8.5 ± 2.25  
  2 Day 2 (−D2; n = 30) 9.8 ± 3.29  
  3 Day 1 (−D1; n = 36) 11.41 ± 3.14  
Post-treatment  
  1 Day 1 (D1; n = 33) 10.4 ± 3.63  
  2 Day 2 (D2; n = 26) 8.7 ± 4.02  
  3 Day 3 (D3; n = 19) 7.8 ± 3.67  

SOFA (mean ± SD) Pre-treatment Day 1 (−D1) to 
post-treatment Day 1 (D1)

Pre-treatment Day 1 (−D1) to 
minimum SOFA post-treatment

Pre-treatment −D1 (N = 33) −D1 (N = 22)
  11.09 ± 3.03 10.86 ± 3.09
Post-treatment D1 (N = 33) Minimum SOFA (N = 22)
  10.36 ± 3.62 7.3 ± 3.68
Paired t-test
p value (pre and post) 0.1635 0.0000*

SOFA: sepsis-related organ failure assessment score; SD: standard deviation.
*p: probability value (p 0.05 = statistically significant).

Table 4.  Difference in hours between shock onset and start of treatment.

Patient Time duration

Onset of shock and start of treatment (N = 28a)
  Before shock Within 24 h Within 48 h Within 96 h Beyond 96 h
n (%) 8 12 (42.9) 13 (46.4) 2 (7.1) 1 (3.6)
Division of shock reversal (N = 36)
  No reversal No shock Within 24 h Within 48 h Beyond 48 h
n (%) 21 (58.3)   4 (11.1)   8 (22.2) 2 (5.6) 1 (2.8)

SD: standard deviation; N: total number of patients; n: number of patients.
aBefore shock is not included for calculating percentage.

Table 2.  Effect of CytoSorb therapy on procalcitonin (PCT) and total leucocyte count (TLC) levels.

Pre-treatment Post-treatment

  Days (N = patients) Days (N = patients)

PCT levels (mean ± SD) –D3 (N = 3) –D2 (N = 10) –D1 (N = 35) D1 (N = 18) D2 (N = 5) D3 (N = 1)
    6.57 ± 3.96   13.0 ± 30.13 36.06 ± 33.86 12.58 ± 12.98   3.16 ± 2.10 1.8
Difference from –D1 (N = 18) 32.9 24.12 ± 31 24.12 ± 3132.9  
TLC levels (mean ± SD) −D3 (N = 19) −D2 (N = 29) −D1 (N = 36) D1 (N = 31) D2 (N = 24) D3 (N = 18)
  18.31 ± 7.94 18.75 ± 9.14   26.4 ± 15.28 22.99 ± 15.66 18.42 ± 11.08 16.31 ± 6.81
Difference from –D1 (N = 31) 10.090   7.980   1.78 ± 9.34   1.78 ± 9.34   7.980 10.090
p values   0.0103*   0.0319*   0.2963   0.2963   0.0319*   0.0103*

SD: standard deviation; N: total number of patients.
*p: probability value (p < 0.05: statistically significant).
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patients after 7.8 ± 3.7 h of shock therapy. Following the 
initiation of adsorption therapy, noradrenaline dose could 
be significantly reduced after 6 h (−0.4 lg/kg/min; p = 0.03) 
and 12 h (−0.6 lg/kg/min; p = 0.001). A significant improve-
ment was observed in lactate clearance. Shock reversal 
was achieved in 13 (65%) patients; 28-day survival was 
45%. They observed that haemodynamic stabilization was 

achieved using cytokine adsorption therapy, resulting in 
shock reversal in two-thirds of these patients.20

Kogelmann et al. reported the use of CytoSorb® as an 
adjunctive therapy in 26 critically ill patients with septic 
shock and in need of renal replacement therapy. They 
observed that treatment of these patients was associated 
with hemodynamic stabilization and a reduction in blood 

Table 5.  Effect of different parameters on survivor status.

Parameter Non-survivor Survivor p value*

Gender (n) 0.102
  Women   5   9  
  Men 14   8  
Surgical status: 0.858
  Medical 15 13  
  Surgical   4   4  
Age (years); mean ± SD 61.3 ± 13.6 52.2 ± 17.9 0.959
SOFA scores; mean ± SD
  −D3 9.2 ± 2.7 7.6 ± 0.98 0.1515
  −D2 10.9 ± 3.6 8.6 ± 2.1 0.0475*
  −D1 12.2 ± 3.02 10.5 ± 3.1 0.1096
  D1 13.9 ± 5.2 8.8 ± 3.7 0.0020*
  D2 17.7 ± 7.3 7.6 ± 3.8 0.0000*
  D3 20.9 ± 6.4 7.4 ± 3.2 0.0000*
  Minimum SOFA Day 3 post-treatment 19.9 ± 7.2 7 ± 3.6 0.0000*
  Onset of shock 5.6 ± 5.9 7.2 ± 13.8 0.5599

SOFA: sepsis-related organ failure assessment score; n: number of patients, SD: standard deviation.
*p: probability value (p < 0.05 = statistically significant).

Table 6.  Effect of different parameters on survivor status group.

Parameter Non-survivor Survivor p value*

APACHE-II score (mean ± SD) 24.4 ± 6.01 23.5 ± 5.4 0.6407
Predicted mortality (mean ± SD) 54.7 ± 21.2 50.4 ± 19.7 0.5294
PCT (mean ± SD)
  −D3 6.6 ± 3.9 –  
  −D2 23.1 ± 42.1 2.9 ± 3.8 0.7789
  −D1 35.2 ± 34.4 36.9 ± 34.3 0.0433
  D1 23.7 ± 16.6 8.3 ± 8.7 1.000
  D2 0.6 3.8 ± 1.8 0.433
  D3 – 1.8  
TLC (mean ± SD)
  −D3 18.2 ± 9.1 18.4 ± 6.6 1.000
  −D2 21.7 ± 9.9 15.6 ± 7.3 0.0969
  −D1 33 ± 16.9 19.1 ± 8.9 0.0098
  D1 28.7 ± 20.9 18.2 ± 7.2 0.1417
  D2 21.6 ± 18.2 16.8 ± 5.1 0.8540
  D3 10.9 ± 1.2 17.8 ± 7 0.223
Duration of hospital stay (mean ± SD) 9.9 ± 7.7 35.8 ± 38.9 0.0019*
Duration of ICU days (mean ± SD) 7.6 ± 7.1 29.8 ± 35.9 0.0011*
Duration of ventilation days (mean ± SD) 3.5 ± 2.7 24.6 ± 38.5 0.0445*

APACHE: Acute Physiology and Chronic Health Evaluation; PCT: procalcitonin; TLC: total leucocyte count; ICU: intensive care unit; SD: standard 
deviation.
*p: probability value (p < 0.05 = statistically significantly).



6	 The International Journal of Artificial Organs 00(0)

lactate levels. Actual mortality was lower in the overall 
patient population than mortality predicted by acute physi-
ology APACHE II. No device-related adverse events (AEs) 
during or after the treatment sessions were observed.10

Schadler et al. reported the use of the CytoSorb® device 
in patients with severe sepsis and acute lung injury (ALI). 
Hemoperfusion significantly reduced IL-6 blood concen-
tration (−49.1%, p = 0.01), with similar reductions of 
monocyte chemoattractant protein (MCP)-1 (−49.5%, 
p = 0.002), IL-1ra (−36.5%, p = 0.001), and IL-8 (−30.2%, 
p = 0.002). The day 28 and day 60 mortality (28% vs 24% 
control, p = 0.84; 39% vs 32% control, p = 0.75), respec-
tively, did not differ significantly between both the groups. 
It was concluded that the device appeared to be safe and 
decreased the cytokines level in blood.21

In this study, after the CytoSorb® therapy, a significant 
difference was observed in PCT levels from –D1 to D1 
(p = 0.0045) and –D1 to D2 (p = 0.0381). Also, a significant 
difference in TLC levels was observed from –D1 to D2 
(p = 0.0319) and –D1 to D3 (p = 0.0103). PCT acts as a 
host-response marker for sepsis that is upregulated by 
microbial toxins and certain proinflammatory mediators 
(e.g. IL-1β, TNF-α, IL-6) and is downregulated during 
recovery. Continuous decline in PCT levels indicates a bet-
ter prognosis, and a persistent increase or failure to decline 
in the PCT levels has been related to higher mortality rates 
in various studies.22 From our results, it seems that there is 
a correlation between the increased level of PCT and TLC 
with sepsis.

Shock reversal was observed in patients (n = 8 (22.2%), 
n = 2 (5.6%), respectively) within 24 or 48 h after the 
CytoSorb® therapy. A significant difference (p = 0.0000) 
was observed in pre-treatment −D1 SOFA score 
(10.86 ± 3.09) and the minimum SOFA score of the 
patients after post-treatment (7.3 ± 3.68). It was observed 
that the SOFA scores on D1, D2, and D3 were significantly 
(p = 0.0000) reduced in survivor group as compared to the 
non-survivor group, after the therapy. The APACHE II 
score and predicted mortality were also lower in survivor 
group as compared to the non-survivor group (Table 6).

In the different studies conducted to date, no serious 
adverse effects of the therapy were observed.17,23 The 
findings of our study are consistent with some recent case 
reports demonstrating that CytoSorb® might be an effec-
tive rescue therapy, decreasing vasopressor requirements 
and stabilizing hemodynamics of severe septic shock 
patients.11,13,19,24

The result of previous studies indicated that initial ther-
apy no later than 24 h after diagnosis of septic shock might 
be beneficial. In our study, however, the therapy was initi-
ated late (>24 h after onset of septic shock) in a majority 
of the patients. We opine that the early therapy might have 
helped well. Although this is a real-world study, also have 
some limitations; first, this study was a small, single-center 
study and underpowered for any significant outcome 

analysis. Second, the lack of a control group precludes 
conclusions about effectiveness and cause of the therapy 
applied.

Conclusion

It seems to be justified that using extracorporeal adsorp-
tion therapy (CytoSorb®) early (preferably within less than 
24 h after onset of septic shock) might be a safe and well-
tolerated rescue therapy option in patients with septic 
shock. Furthermore, prospective randomized controlled 
trials should be performed to substantiate this hypothesis.
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