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Abstract
BACKGROUND 
Sepsis is a severe clinical syndrome related to the host response to infection. The 
severity of infections is due to an activation cascade that will lead to an auto 
amplifying cytokine production: The cytokine storm. Hemoadsorption by 
CytoSorb® therapy is a new technology that helps to address the cytokine storm 
and to regain control over various inflammatory conditions.

AIM 
To evaluate prospectively CytoSorb® therapy used as an adjunctive therapy along 
with standard of care in septic patients admitted to intensive care unit (ICU).

METHODS 
This was a prospective, real time, investigator initiated, observational multicenter 
study conducted in patients admitted to the ICU with sepsis and septic shock. The 
improvement of mean arterial pressure and reduction of vasopressor needs were 
evaluated as primary outcome. The change in laboratory parameters, sepsis scores 
[acute physiology and chronic health evaluation (APACHE II) and sequential 
organ failure assessment (SOFA)] and vital parameters were considered as 
secondary outcome. The outcomes were also evaluated in the survivor and non-
survivor group. Descriptive statistics were used; a P value < 0.05 was considered 
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to be statistically significant.

RESULTS 
Overall, 45 patients aged ≥ 18 and ≤ 80 years were included; the majority were 
men (n = 31; 69.0%), with mean age 47.16 ± 14.11 years. Post CytoSorb® therapy, 26 
patients survived and 3 patients were lost to follow-up. In the survivor group, the 
percentage dose reduction in vasopressor was norepinephrine (51.4%), 
epinephrine (69.4%) and vasopressin (13.9%). A reduction in interleukin-6 levels 
(52.3%) was observed in the survivor group. Platelet count improved to 30.1% (P 
= 0.2938), and total lung capacity count significantly reduced by 33% (P < 0.0001). 
Serum creatinine and serum lactate were reduced by 33.3% (P = 0.0190) and 39.4% 
(P = 0.0120), respectively. The mean APACHE II score was 25.46 ± 2.91 and SOFA 
scores was 12.90 ± 4.02 before initiation of CytoSorb® therapy, and they were 
reduced significantly post therapy (APACHE II 20.1 ± 2.47; P < 0.0001 and SOFA 
9.04 ± 3.00; P = 0.0003) in the survivor group. The predicted mortality in our 
patient population before CytoSorb® therapy was 56.5%, and it was reduced to 
48.8% (actual mortality) after CytoSorb® therapy. We reported 75% survival rate in 
patients given treatment in < 24 h of ICU admission and 68% survival rates in 
patients given treatment within 24-48 h of ICU admission. In the survivor group, 
the average number of days spent in the ICU was 4.44 ± 1.66 d; while in the non-
survivor group, the average number of days spent in ICU was 8.5 ± 15.9 d. 
CytoSorb® therapy was safe and well tolerated with no adverse events reported.

CONCLUSION 
CytoSorb® might be an effective adjuvant therapy in stabilizing sepsis and septic 
shock patients. However, it is advisable to start the therapy at an early stage 
(preferably within 24 h after onset of septic shock).

Key Words: Acute physiology and chronic health evaluation score; Hemadsorption; Sepsis; 
Sequential organ failure assessment score; Vasopressor

©The Author(s) 2021. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: This prospective, real time, observational multicenter study was conducted in 
45 patients with sepsis and septic shock. Post therapy, 26 patients survived and dose 
reduction in norepinephrine, epinephrine and vasopressin was 51.4%, 69.4% and 
13.9%, respectively. Interleukin-6 level reduction was 52.3%, and platelet count 
improved significantly to 30.1%. Mean acute physiology and chronic health evaluation 
and sequential organ failure assessment scores were reduced significantly. Predicted 
mortality before CytoSorb® therapy was 56.5%, and mortality reduced to 48.8% after 
CytoSorb® therapy. The survival rate in patients given treatment in < 24 h of intensive 
care unit admission was 75% and 68% when given within 24-48 h of intensive care 
unit admission. CytoSorb® therapy was safe and well tolerated with no adverse events 
reported.

Citation: Paul R, Sathe P, Kumar RS, Prasad S, Aleem M, Sakhalvalkar P. Multicentered 
prospective investigator initiated study to evaluate the clinical outcomes with extracorporeal 
cytokine adsorption device (CytoSorb®) in patients with sepsis and septic shock. World J Crit 
Care Med 2021; 10(1): 22-34
URL: https://www.wjgnet.com/2220-3141/full/v10/i1/22.htm
DOI: https://dx.doi.org/10.5492/wjccm.v10.i1.22

INTRODUCTION
Sepsis is a life-threatening organ dysfunction caused by a dysregulated host response 
to infection with a high mortality rate, ranging from 30%-50% or more[1]. 
Extracorporeal cytokine hemoadsorption attenuates the overwhelming inflammatory 
response in sepsis and helps in immunomodulation[1,2]. Septic shock is defined as 
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sepsis with hyperlactataemia and concurrent hypotension[3,4]. In intensive care units 
(ICUs), sepsis is a leading cause of death and the 11th leading cause of death overall. 
In India, more than one million estimated new cases of sepsis are treated in ICUs each 
year, accounting for one out of every four patients in the ICUs. A recent study 
conducted by the Indian Society of Critical Care across 17 states of India in 4209 
patients (the Indian intensive care case mix and practice patterns study) reported 
mortality as high as 46% in patients with septic shock and 42.2% overall in septic 
patients, compared with 17.8% mortality for ICU patients who did not develop 
sepsis[5].

The management of patients with septic shock includes early resuscitation with 
fluid and vasopressor therapy, support by mechanical ventilation, renal replacement 
therapy and appropriate antibiotic initiation[6]. An initial goal to treat patients with 
septic shock and sepsis is to maintain mean arterial pressure (MAP) and cardiac 
output. Patients who fail to respond to adequate fluid resuscitation are prescribed 
vasopressors [norepinephrine (NE), dopamine, epinephrine (E), vasopressin (V), 
phenylephrine] and inotropes (dobutamine, milrinone) in order to maintain 
hemodynamic parameters[7]. These agents help to maintain adequate blood pressure 
and organ perfusion. However, they can have substantial adverse effects like profound 
vasoconstriction, causing hypoperfusion and arrhythmic events[8]. Thus, their 
optimized use is crucial. CytoSorb® is an International Science Organization 10993 
biocompatible device that is approved in the United States under International Science 
Organization 13485 certification. It is also approved as an extracorporeal cytokine 
adsorber in the European Union and marketed in 29 countries across the globe for all 
the indications that are associated with high cytokine levels[9-11]. It is a CE-approved 
hemoadsorption device designed to remove excess levels of inflammatory mediators 
like cytokines and other mid-molecular weight molecules through size selective 
removal and surface adsorption[12,13]. Unlike metabolic approaches to anti-
inflammation, CytoSorb® is able to capture directly and reduce mid-molecular weight 
inflammatory mediators (approximately 10-60 kDa) in blood, including both pro- and 
anti-inflammatory cytokines, chemokines and bacterial exotoxins[14]. It is reported to 
work most effectively when treatment is initiated within 24 h of diagnosed sepsis[15]. 
As a result of adsorption of inflammatory metabolites like cytokines it is inferred that 
hemodynamic and metabolic stabilization will follow[16].

In addition to standard treatment, including renal replacement and cardiac support, 
recent studies showed promising results with the use of extracorporeal cytokine 
hemoadsorption therapy[17-20]. CytoSorb® therapy along with standard of care is also 
utilized in the treatment of allergic reactions, burn injuries, and liver and pulmonary 
failure. Other potential indications for use of CytoSorb® therapy are trauma, 
hemophagocytic lymphohistiocytosis, pancreatitis and rhabdomyolysis[21,22].

To date, scarce scientific evidence including few case series and randomized 
controlled trials are available on the use of CytoSorb® therapy[10,15]. An international 
registry of 22 countries on use of Cytosorb® therapy in 198 patients noted that sepsis 
was the most common indication for use of Cytosorb® therapy (n = 135) and reported 
improved interleukin (IL)-6 levels and improved actual mortality (AM, 65%) vs 
predicted mortality (PM, 78%) for these patients[10].

CytoSorb® has been used in India for several years. Therefore, the purpose of this 
prospective study was to collect data and evaluate the clinical outcomes with 
CytoSorb® therapy in patients with sepsis and septic shock.

MATERIALS AND METHODS
Study design
This was a prospective, real time, investigator initiated, observational, multicenter 
study conducted for 8 mo (including enrollment and completion) across four different 
tertiary care ICUs in India. The study protocol was approved by the local scientific and 
ethical committee. 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 guidelines. A written informed consent was 
obtained from all the patients/relatives before initiating the therapy. The patients/ 
caretakers received information about the usage, advantages and disadvantages of 
treatment.

Inclusion/exclusion criteria
We enrolled patients admitted in the ICU with sepsis and septic shock who were 
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initially managed for at least 6 h as recommended by the surviving sepsis guidelines[2]. 
Of these, we included those patients who had evidence of at least one new onset organ 
dysfunction during the course of sepsis.

Patients were excluded if: Diagnosed with septic shock for > 48 h; Had symptoms of 
uncontrolled hemorrhage in the last 24 h; Had more than three failed organs on 
presentation; Had received chemotherapy or radiation treatment within last 60 d; 
Diagnosed with chronic kidney disease stage 5 or end stage hepatic liver failure; Had a 
history of immunosuppressive disorders or admitted with acute coronary syndrome 
or life-threatening cardiac arrhythmia.

Study procedure
Before initiating the CytoSorb® therapy, the baseline patient data, including relevant 
demographic details, vital signs, clinical diagnosis, progression of clinical condition 
and laboratory parameters, were recorded in the case record form (CRF). To monitor 
the effects of CytoSorb therapy, all relevant parameters were recorded before and after 
the CytoSorb® treatment.

Primary outcomes
The following outcomes were considered as primary end points:

Change in vasopressor requirement: As per vasopressor or inotropic requirement, the 
MAP was targeted > 65 mmHg. Dose and number of drugs (i.e. NE, E and V) and 
change in MAP before and after CytoSorb® therapy were recorded.

Cytokine assay: Serum samples for multi cytokine assay (i.e. IL-1, IL-6) were collected 
pre-(baseline) and post-(after the last treatment) CytoSorb® therapy and analyzed in 
Syngene Lab (Bangalore, India). The post CytoSorb® samples were collected before 
disconnecting the device. Change in pre and post cytokine values were recorded in 
CRF.

Percentage reduction in vasopressor dose/cytokine level was calculated as 
(difference in average pre and average post vasopressor dose or cytokine 
level/average pre vasopressor dose or pre cytokine level dose) × 100. To monitor the 
vasopressor-MAP relationship, the MAP/NE ratio was used.

Secondary outcomes
Evaluation of laboratory parameters: We recorded the complete blood count and 
biochemistry test results both at baseline, during and at the completion of CytoSorb® 
therapy in the CRF. Change in laboratory parameter values for pre and post CytoSorb® 
therapy were evaluated.

Organ function
Acute physiology and chronic health evaluation (APACHE II) and Sequential organ 
failure assessment (SOFA) scores were recorded at baseline and post therapy. Vital 
parameters were recorded at baseline and on each day of CytoSorb® treatment. MAP, 
X–ray findings, ventilator requirement and oxygenation parameters (fraction of 
inspiration O2, alveolar oxygen partial pressure, partial pressure of carbon dioxide) 
were also documented in CRF. At the end of treatment, change in pre and post therapy 
values were calculated. APACHE-II calculator was used as a severity score and 
mortality estimation tool[23].

Survival outcomes
Survival outcomes were determined on the basis of length of patients’ stay in ICU 
(total number of days spent by the patient in ICU before, during and post CytoSorb® 
therapy) and mechanical ventilation/dialysis requirement (frequency at which the 
patients required mechanical ventilation and dialysis before and after the treatment).

Length of treatment
The duration of CytoSorb® treatment in hours and number of CytoSorb® devices used 
were decided as per the patient’s condition and clinical outcomes. We used a 
minimum of two devices for each patient. Each day one CytoSorb® device was used for 
8-12 h in hemodialysis machine or for maximum of 24 h in continuous renal 
replacement therapy machines.

Safety evaluation 
Any event that was not expected due to the course of disease and concurrent 
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medications was recorded and evaluated.

Statistical analysis
A sample size calculation was not performed due to the exploratory character of the 
study. Data were primarily recorded in Microsoft Excel 2016. Data are summarized 
according to data distribution (normal or not-normal), and the appropriate parametric 
or non-parametric statistical tests were used to evaluate the difference in clinical 
outcomes and the change in clinical and laboratory parameters before and after 
CytoSorb® therapy. The level of significance was defined as P < 0.05.

RESULTS
Study population
A total of 45 patients aged ≥ 18 and ≤ 80 years were included in the study. Majority of 
the patients were men (n = 31; 69.0%) with mean age 47.16 ± 14.11 years. The mean age 
of women patients was 48.14 ± 19.04 years. Prior to CytoSorb® therapy, the percentage 
of patients who required mechanical ventilation and dialysis were 78% and 49%, 
respectively. The rest of the demographics are summarized in Table 1. Twenty-six 
patients (57.8%) survived the full course of CytoSorb® therapy, and 3 patients were lost 
to follow up.

Evaluation of primary outcomes
Vasopressor requirement: Table 2 shows the change in vasopressor drugs in the 
survivor group from the start after the termination of CytoSorb® therapy. Overall, 
before CytoSorb® therapy, 21 patients required NE, 4 patients were on E and 9 were on 
V. In general, there was a tendency of reduced need for vasopressors post CytoSorb® 
therapy, but it did not reach statistical significance. Amongst the patients in the non-
survivor group, the use of vasopressor drugs increased or remained unchanged (data 
not shown).

Change in laboratory parameters in survivors (Table 3): Total lymphocyte count 
reduced significantly at the end of the therapy. Serum creatinine and lactate levels also 
reduced significantly. There was no other significant change in any of the investigated 
parameters (Table 3).

There was some reduction in the inflammatory marker levels for both IL-1 and IL-6, 
but it did not reach statistical significance (Table 4).

Change in vital parameters in survivors (Table 5): After CytoSorb® therapy, there was 
a 15.8% significant increase in MAP. Among non-survivors (n = 19) there was also a 
significant increase in MAP (from 69.56 ± 7.84 to 72.13 ± 13.2 mmHg, P = 0.036). Post 
CytoSorb® therapy, both heart rate and the Glasgow coma score improved 
significantly in the survivor group. The rest of the data for survivors are shown in 
Table 5.

Evaluation of secondary outcomes
Assessment of sepsis scores: Both APACHE II and SOFA scores were significantly 
reduced by the end of the treatment among survivors (Figure 1). Overall, there was a 
20.7% reduction in APACHE II and 29.8% reduction in SOFA scores. In the non-
survivor group, APACHE II scores increased from 26.5 ± 5.2 to 27.93 ± 5.2, and SOFA 
scores also increased from 13.56 ± 4.53 to 15.38 ± 4.29.

Predicted mortality: The PM before CytoSorb® therapy was 56.5% in the overall 
population; the actual mortality after CytoSorb® therapy was 48.8% (Figure 2).

Initiation of CytoSorb® therapy: In most patients, treatment was commenced between 
24-48 h after ICU admission (Figure 3). Only 3 patients among survivors and 1 in non-
survivors received therapy within < 24 h, and in 16 cases treatment was started > 48 h 
after ICU.

Overall, 50% (n = 8) of patients survived after 72 h of therapy. In the survivor group, 
the average number of days spent in ICU was 4.44 ± 1.66 d; while in the non-survivor 
group, it was 8.5 ± 15.9 d.

Evaluation of safety parameters: We could not observe any CytoSorb® related side 
effects or adverse events. There was no significant change in platelet or albumin levels 
(Table 3). Only 1 single patient showed clot formation in the device when used 
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Table 1 Baseline characteristics of all the patients before initiating the therapy

Baseline characteristics Findings, mean ± SD

Age, yr 47.46 ± 15.56

Heart rate, beats/min 117 ± 22.05

MAP, mmHg 69.15 ± 9.19

GCS 9.04 ± 3.06

APACHE-II 25.46 ± 5.06

SOFA 12.90 ± 4.37

Leucocytes, µL 15311.44 ± 7140.54

Platelets, cells/mm3 139153.48 ± 89467.72

S. Creatinine, mg/dL 2.74 ± 1.72

S. Lactate, mmoL/L 4.61 ± 2.87

PaCO2 43.37 ± 18.22

PaO2 94.02 ± 49.09

FiO2 48.78 ± 43.28

PaO2/FiO2 118.6 ± 58.01

APACHE II: Acute physiology and chronic health evaluation; FiO2: Fraction of inspiration O2; GCS: Glasgow coma scale; MAP: Mean arterial pressure; SD: 
Standard deviation; SOFA: Sequential organ failure assessment; PaCO2: Partial pressure of carbon dioxide; PaO2: Alveolar oxygen partial pressure.

Table 2 Percentage decrease in patients and vasopressor doses (survivors)

Vasopressor drug, 
µg/kg/min

Pre CytoSorb®, therapy patient number 
(n), dose (median)

Post CytoSorb® Therapy, patient 
number (n), dose (median)

% Decrease in 
dose

P value 
(dose)

Norepinephrine 21; 1 18; 0.45 43.3 0.160

Epinephrine 4; 0.055 1; 0.055 64.4 -

Vasopressin 9; 1.5 7; 1 15.4 0.816

without heparin due to the clinical condition of the patient, which led to the stoppage 
of the therapy when used for the second time. One patient was diagnosed with 
ventricular tachycardia and needed injection of amiodarone.

DISCUSSION
Various adjuvant therapies are included in current treatment modalities for controlling 
cytokine storm; immunoglobulin therapy, endotoxin-binding polymyxin B 
hemoperfusion, dialysis and plasma filtration, etc. The mortality rate still remains high 
with these techniques[24-26]. Direct hemoperfusion using a polymyxin B endotoxin-
adsorbing column was studied in clinical trials (ABDOMIX Study). The study could 
not confirm its clinical efficacy due to the nephrotoxic effects of the technique and 
associated high risks of cartridge clotting resulting in acute blood loss in patients 
admitted in ICU[27]. Similarly, anti-IL-1RA, anti-IL-1β, anti-tumor necrosis factor-α and 
anti-lipopolysaccharide showed disappointing results in both preclinical and clinical 
trials, despite their ability to reduce significantly serum cytokine concentrations[28,29]. A 
recent Cochrane review reported low-quality evidence for high-volume hemofiltration 
in the treatment of critically ill patients with sepsis and suggested that more 
multicenter randomized controlled trials are required before these therapies can be 
recommended for routine use[12].

Extracorporeal cytokine adsorption is a recent adjuvant alternative introduced into 
clinical practice less than a decade ago. Its aim was to reduce cytokine storm by the 
bulk removal of mediators of inflammation. Later, this treatment was reported as safe 
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Table 3 Change in laboratory parameters for survivors

Parameters Pre CytoSorb® therapy Post CytoSorb® therapy P value

Hb, g/dL 10.01 ± 2.20 9.28 ± 1.53 0.1830

HCT, % 29.74 ± 8.4 25.75 ± 7.67 0.0909

Leucocytes, µL 16724 ± 5425 11215 ± 3317 0.00011

Platelets, cells/mm3 139256 ± 88029 181203 ± 181381 0.2938

S. Creatinine, mg/dL 3.13 ± 1.92 2.08 ± 1.02 0.01901

S. Lactate, mmol/L 4.75 ± 2.77 2.88 ± 2.39 0.01201

SGOT, U/L 488.44 ± 1570.42 369.95 ± 1134.74 0.7661

SGPT, U/L 192.72 ± 298.99 145.90 ± 236.97 0.5503

BUN, mg/dL 76.21 ± 61.88 62.39 ± 52.28 0.4076

Bilirubin, mg/dL 9.91 ± 36.77 8.35 ± 31.36 0.8730

Sodium, mmol/L 134.38 ± 25.69 134.32 ± 6.20 0.9908

Potassium, mmol/L 3.98 ± 0.95 3.73 ± 1.05 0.3723

Albumin, g/L 2.65 ± 0.93 2.71 ± 0.95 0.8261

Arterial pH 7.35 ± 0.100 7.36 ± 0.105 0.7291

Bicarbonate 24.89 ± 10.71 24.75 ± 9.21 0.9599

1Significant value P < 0.05, all values are defined as mean ± SD.
BUN: Blood urea nitrogen; Hb: Hemoglobin; HCT: Hematocrit; SD: Standard deviation; SGOT: Serum glutamic oxaloacetic transaminase; SGPT: Serum 
glutamic-pyruvic transaminase.

Table 4 Cytokine assay results for survivors

Cytokine Pre CytoSorb® therapy, mean ± SD Post CytoSorb® therapy, mean ± SD Percentage change P value

IL1, pg/mL 10.74 ± 9.70 9.54 ± 9.66 11.11 0.5580

IL6, pg/mL 889.15 ± 1307.43 423.69 ± 1105.55 52.34 0.0792

IL: Interleukin.

Table 5 Change in vital parameters in survivors

Parameters Survivor group P value

Pre CytoSorb® therapy, mean ± SD Post CytoSorb® therapy, mean ± SD

Heart rate, beats/min 118.57 ± 19.8 103.07 ± 19.38 0.00651

MAP, mmHg 68.61 ± 9.62 79.42 ± 9.05 0.00011

GCS 9.86 ± 2.34 12.20 ± 1.47 0.00011

PaCO2 43.32 ± 18.63 38.57 ± 11.66 0.2757

PaO2/FiO2 162.09 ± 82.99 161.20 ± 66.58 0.9704

1Significant P value < 0.05.
All values are defined as mean ± SD. FiO2: Fraction of inspiration O2; GCS: Glasgow coma scale; MAP: Mean arterial pressure; PaCO2: Partial pressure of 
carbon dioxide; PaO2: Alveolar oxygen partial pressure; SD: Standard deviation.
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and well-tolerated in more than 300 human treatments in very sick patients with the 
worst forms of sepsis and lung injury, and to date, the treatment has emerged as the 
safest in nearly 1500 human treatments overall[30]. Though published data suggest that 
using CytoSorb® in conjunction with standard care including mechanical ventilation 
and dialysis may decrease the level of pro-inflammatory cytokines and improve 
hemodynamics in sepsis and septic shock, high-quality data from clinical trials are not 
available yet[16].

The present study evaluated some aspects of the clinical outcomes with CytoSorb® 
device treatment along with current standard of care in management of sepsis and 
septic shock. We observed improved clinical outcomes of patients with septic shock in 
terms of reduced mortality as compared to predicted, improved hemodynamics as 
indicated by MAP, and reduced use of vasopressors and their doses.

We studied patients requiring increasing vasopressor dose to maintain MAP > 65 
mmHg. In our study, MAP increased significantly during CytoSorb® therapy in both 
survivors and non-survivors. This improvement in MAP was accompanied by a non-
significant reduction in vasopressor dose as also indicated by the increase in the 
MAP/NE ratio. These results are in accord with our previous study conducted in 10 
ICU patients where an overall reduction in all the vasopressor drugs after CytoSorb® 
therapy was reported[31]. Of the nine patients who were given vasopressin, five were 
weaned off V, two had a reduced dose and two were on the same dose as before.

Our results were consistent with the results reported by a prospective single center 
study with 20 patients; wherein the CytoSorb® treatment included NE dose that was 
significantly reduced after 6 h (−0.4 µg/kg/min; P = 0.03) and 12 h (−0.6 µg/kg/min; P 
= 0.001). Shock reversal was achieved in 13 (65%) patients; 28 d survival was 45%. The 
study reported shock reversal in two-thirds of these patients after using CytoSorb® 
adsorption therapy[10]. The findings of our study are supported by some more recent 
case reports demonstrating that CytoSorb® might be an effective adjuvant therapy, 
decreasing vasopressor requirements and stabilizing hemodynamics of septic shock 
patients[15,31-35].

Cytokines play an important role in the pathophysiology of sepsis and other clinical 
conditions with systemic inflammation. An elevated circulating levels of pro-
inflammatory cytokines causes dysregulation in immune response and results in multi 
organ failure causing prolonged ICU stay and high mortality in ICU patients[36,37]. 
Specifically, elevated serum IL-1 and IL-6 appear to correlate with sepsis severity and 
end-organ damage[38]. We performed a cytokine assay, and our results showed 
improved levels of IL-6 in survivor group.

In addition to all above parameters, our results showed significant reduction in 
laboratory parameters like total lung capacity count improved (P < 0.00001) and 
overall improvement in HR (P = 0.0065), Glasgow coma score (P < 0.0001) and other 
biomarkers like serum creatinine (P = 0.0190) and lactate (P = 0.0120). An insignificant 
improvement was seen in other parameters also (i.e. respiratory parameters, liver and 
kidney profile). There was significant reduction in the SOFA scores (P = 0.0003) in the 
survivor group. The current findings are well consistent with other published 
studies[33,39,40].

We also investigated the time of initiation of CytoSorb® (in less than 24 h or 48 h of 
admission in ICU). Although there was a tendency that survivors received therapy 
earlier compared to non-survivors, the numbers are very small to make firm 
conclusions regarding timing and outcome. Nevertheless, the tendency of this pattern 
provide some further support to those studies, which also reported that starting 
therapy within 24 h after the onset of septic shock is the most beneficial[16,24].

PM was 54% in survivor group and 60% in non-survivor group using acute 
APACHE II calculator[23]. However, the AM was 42%. Our findings are similar to those 
of Kogelmann et al[15] who used CytoSorb® as an adjunctive therapy in 26 critically ill 
patients with septic shock and in need of renal replacement therapy. They reported 
that AM was lower in the overall patient population than PM. The actual 28 d, ICU 
and hospital mortality was 61.54%, 73.08% and 80.77%, respectively. However, 
mortality as predicted by APACHE II score in the overall patient population was 
89.9%. Another previously published study reported that hemoadsorption with 
CytoSorb® results in a decreased observed vs expected 28 d mortality in patients with 
septic shock, and the mean PM (based on SOFA) was 75% (95%CI: 71%-79%) while 
AM was found to be 48% (mean difference-27%, 95%CI: 38%-15%, P < 0.001)[11].

Regarding safety, our results provide further data that the therapy is safe, as we 
could not find any device related AE or laboratory deterioration. In fact, platelet count 
remained unchanged or rather slightly increased, rather than decreased. This is 
contrast with some other reports, where thrombocytopenia had been observed[41].

This study has certain limitations. The sample size is relatively small, several 
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Figure 1 Sepsis scores in survivor group (pre and post Cytosorb® therapy). Significant P values obtained for both acute physiology and chronic health 
evaluation (P < 0.0001) and sequential organ failure assessment scores (P = 0.0003). APACHE II: acute physiology and chronic health evaluation; SOFA: Sequential 
organ failure assessment scores.

Figure 2  Predicted mortality vs actual mortality based on acute physiology and chronic health evaluation.

circumstances were not standardized and there was no control group. Detailed 
hemodynamic evaluation and conventionally used inflammatory markers, such as C-
reactive protein or procalcitonin, were not measured. However, a very recent 
retrospective, propensity score matched study reported very positive results on 
around 100 patients without measuring inflammatory markers[11].

CONCLUSION
Overall, the current study showed improvement in hemodynamic stability and organ 
function and reduction in IL-6 levels. Our results provide further support to the notion 
that outcomes are better if cytokine adsorption (CytoSorb®) is initiated early after the 
onset of septic shock. We can also conclude that we could not find any treatment 
related AE. Further, studies should be performed to help us to identify the appropriate 
patient population and timing of therapy and also to test the positive results of 
retrospective and observational studies, just like the current results, in the setting of 
randomized clinical trials.
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Figure 3  Time of initiation of CytoSorb® therapy in survivors and non-survivors.

ARTICLE HIGHLIGHTS
Research background
Sepsis is one of the oldest and most elusive syndromes in medicine, and yet it remains 
the most significant unmet medical need. In India, more than one million estimated 
new cases of sepsis are treated in intensive care units (ICUs) each year. CytoSorb® is an 
International Science Organization 10993 biocompatible device that is approved in the 
United States under International Science Organization 13485 certification. It is also 
approved as an extracorporeal cytokine adsorber in the European Union and marketed 
in 29 countries. In this study, clinical outcomes of patients with septic shock were 
assessed in terms of reduced mortality as compared to predicted, improved 
hemodynamics as indicated by mean arterial pressure (MAP) and reduced use of 
vasopressors and their doses.

Research motivation
Sepsis and septic shock is the leading cause of death among hospitalized patients. 
CytoSorb® therapy showed promising results in hyperinflammatory condition of 
critically ill septic patients. This study was conducted to evaluate clinical outcomes in 
these patients. This study will help clinicians to evaluate the use of CytoSorb® therapy 
for the patients considering clinical outcomes like MAP and use of vasopressors drugs.

Research objectives
The objective of the study was to evaluate CytoSorb® use as an adjunctive therapy 
along with the standard of care. The study showed improvement in hemodynamic 
stability and organ function and reduction in interleukin-6 levels.

Research methods
This was a prospective, real time, investigator initiated, observational multicenter 
study conducted in the patients admitted to the ICU with sepsis and septic shock. The 
improvement of MAP and reduction of vasopressor needs were evaluated as primary 
outcome. The change in laboratory parameters, sepsis scores [acute physiology and 
chronic health evaluation (APACHE II) and sequential organ failure assessment 
(SOFA)] and vital parameters were considered as secondary outcome. The outcomes 
were also evaluated in the survivor and non-survivor group. Descriptive statistics 
were used; a P value < 0.05 was considered to be statistically significant.

Research results
A total of 45 patients aged ≥ 18 and ≤ 80 years were included; a majority were men (n = 
31; 69.0%) with mean age; 47.16 ± 14.11 years. Post CytoSorb® therapy, 26 patients 
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survived and 3 patients were lost to follow-up. In the survivor group, the percentage 
dose reduction in vasopressor was NE (51.4%), E (69.4%) and V (13.9%). A reduction in 
interleukin-6 levels (52.3%) was observed in the survivor group. Platelet count 
improved to 30.1% (P = 0.2938), total lung capacity count significantly reduced by 33% 
(P < 0.0001). Serum creatinine and serum lactate were reduced by 33.3% (P = 0.0190) 
and 39.4% (P = 0.0120), respectively. The mean APACHE II score was 25.46 ± 2.91, and 
SOFA scores was 12.90 ± 4.02 before initiation of CytoSorb® therapy and reduced 
significantly post therapy (APACHE II 20.1 ± 2.47; P < 0.0001 and SOFA 9.04 ± 3.00; P 
= 0.0003) in the survivor group. The predicted mortality in our patient population 
before CytoSorb® therapy was 56.5%, and it reduced to 48.8% (actual mortality) after 
CytoSorb® therapy. We reported 75% survival rate in patients given treatment in < 24 
h of ICU admission and 68% survival rates in patients given treatment within 24-48 h 
of ICU admission. In the survivor group, the average number of days spent by patients 
in ICU was 4.44 ± 1.66 d; while in the non-survivor group, the average number of days 
spent by patients in ICU was 8.5 ± 15.9 d. CytoSorb® therapy was safe and well 
tolerated with no adverse events reported.

Research conclusions
Early initiation of CytoSorb® therapy significantly improves clinical outcomes.

Research perspectives
In the future, adding a standard of control group and conducting a study that is 
powered to compare the time of initiation of CytoSorb® therapy will be necessary.
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