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Abstract
Objective

In this study, we aimed to analyze the laboratory and clinical results of cytokine hemadsorption as an
immunomodulation therapy in ICU patients diagnosed with sepsis or septic shock.

Methods

The levels of procalcitonin (PCT) and C-reactive protein (CRP), determined to be indicators of
infection/sepsis, and the levels of interleukins (IL-6, IL-8, and IL-10) and tumor necrosis factor o (TNFa),
deemed as indicators of the cytokine storm, were compared among 32 patients before and after

the hemadsorption procedure.

Results

The hemadsorption significantly reduced the levels of IL-6, IL-8, IL-10, TNFa, PCT, CRP, Acute Physiology
and Chronic Health Evaluation (APACHE) scores, mortality rate, and Sequential Organ Failure Assessment
(SOFA) scores (p<0.05). APACHE scores and the mean predicted mortality rate (PMR) of the non-survivors
measured before the procedure was significantly higher than those of survivors (p=0.002 for both). IL-10,
APACHE scores, and the mortality rates determined before the hemadsorption procedure were

deemed significant parameters to predict the mortality among all ICU patients (p<0.05). IL-10 levels <125.3
ng/L, APACHE score >30, and PMR >70.33 were significantly associated with the mortality rates of all
patients, indicating that these three parameters determined before the hemadsorption may be good
predictors of mortality among ICU patients with sepsis.

Conclusion

The progression of sepsis in ICU patients may be prevented with cytokine hemadsorption applied as an
immunomodulator therapy.

Categories: Anesthesiology, Internal Medicine, Infectious Disease
Keywords: intensive care, interleukin, mortality, cytokine hemadsorption, sepsis

Introduction

Sepsis is a serious and life-threatening organ dysfunction that results from an altered regulation in the host
response against infections. Sepsis is associated with high mortality and morbidity rates, reportedly
between 30-50% or even higher among patients admitted in ICUs [1,2]. In Turkey, the mortality rates related
to sepsis and septic shock in ICUs were reported to be 22% and 78%, respectively [3]. Sepsis triggers the
stimulation of the factors in the complement system through the secretion of inflammatory cytokines
including several interleukins (IL), tumor necrosis factor a (TNFa), and nitric oxide, resulting in a systemic
inflammatory response [4]. This secretion of inflammatory cytokines reduces systemic vascular resistance,
leading to acute hypotension and hyperlactatemia, and subsequent septic shock [5]. The combination of
hypotension with microvascular obstruction leads to severe tissue ischemia, eventually resulting in multiple
organ failure [2,4].

Some potential treatment mechanisms have been developed to eliminate the pro-inflammatory and anti-
inflammatory cytokines in sepsis, which are positively correlated with high mortality rates [2,5,6]. One of
these treatments is extracorporeal cytokine hemadsorption, which helps to reduce the excessive
inflammatory response in sepsis and facilitates immunomodulation in ICU patients [1,6]. A treatment using
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adsorption of cytokines has been previously reported with respect to sepsis [2,4,7], but the effects of
cytokine hemadsorption on ICU patients diagnosed with sepsis, as well as the progression and outcomes of
the disease, were not elucidated. In this prospective study, we intended to determine the impact of cytokine
hemadsorption on the clinical progression and mortality among patients diagnosed with sepsis or septic
shock and admitted to the ICU.

Materials And Methods
Study design

In this single-center study, we prospectively analyzed the outcomes and laboratory findings of 39 patients
diagnosed with sepsis from January 1, 2020, to December 30, 2020, who were admitted to the ICU. The
inclusion criteria for the selection of patients were the availability of the data pertaining to the clinical and
laboratory diagnosis of sepsis and septic shock according to “The Third International Consensus Definitions
for Sepsis and Septic Shock” [8], and detection of Gram-negative bacterial agents in blood or sputum culture.
Of the patients, we included those who had shock symptoms such as hypotension, tachycardia, or fever
during the progression of sepsis. The exclusion criteria were uncontrolled hemorrhage, diagnosis with
cardiac failure at stage 4, renal failure at stage 4, hepatic liver failure at stage 4, end-stage cancer, or
admission with acute coronary syndrome.

Seven patients died due to septic shock before the end of the study and were hence excluded from the study.
The remaining 32 patients diagnosed with sepsis or septic shock, hospitalized in the ICU, and undergoing a
cytokine storm were selected for the study. At the end of the 90-day follow-up, all patients selected for the
study were classified as either survivors or non-survivors.

The medical indications for extracorporeal cytokine hemadsorption included cytokine storm, cytokine
release syndrome, hyperkalemia, acidosis, multiple organ dysfunction, or severe sepsis. The study protocol
was approved by the Non-interventional Clinical Research Ethics Committee of Biruni University (No:
2021/47-28; date: January 29, 2020).

Data collection

All data including the demographics, clinical course, and laboratory findings were collected from the
patients’ records in the hospital and compared between survivors and non-survivors. Inflammatory
cytokines including TNFa, IL-6, IL-8, and IL-10 were dosed in a single serum sample by using flow
cytometry (HA-330 disposable perfusion cartridge, Jafron Biomedical, Zhuhai, China). Hemadsorption was
started on the day when the need for intubation developed and mechanical ventilation was started in
patients without sepsis, and when the agent was detected in patients with sepsis. The procedure was
initiated by placing a double-lumen catheter through the femoral vein or the subclavian vein. All data for
hemadsorption therapy before the procedure (pre-HAD), during the procedure (intra-HAD), and after the
procedure (post-HAD) were obtained. Procalcitonin (PCT) was measured by a fast test kit using the
immunofluorescence assay (IA) method on a Getein 1600 device (Getein Biotech, Nanjing, China). All
laboratory examinations were carried out by experienced physicians.

Survival outcomes

Survival rates of patients were determined by the length of hospitalization in the ICU or until their discharge
from the hospital or exitus. The total duration of hospitalization in ICU (measured in days) was recorded
before, during, and after hemadsorption treatment. The mean predicted mortality rate (PMR) of the study
population was calculated based on the Acute Physiology and Chronic Health Evaluation (APACHE) scores.

Statistical analysis

Statistical analyzes were performed with the SPSS Statistics software version 23 (IBM, Armonk, NY) and
MedCalc software version 18.5 (MedCalc Software Ltd, Ostend, Belgium). Continuous variables were
presented as means and standard deviation, minimum, maximum, and median values, and categorical
variables as frequencies and percentages. The normality of distribution was tested with Shapiro Wilk's
Lambda test. The independent variables were analyzed by the Mann-Whitney U test; two dependent
variables were analyzed by the Wilcoxon signed-ranks test, and three or more dependent variables were
analyzed by the Friedman test. The variables that were significant in the prediction of mortality were
analyzed by the receiver operating characteristic (ROC) curve. The statistical significance was set at p<0.05.

Results

The demographics of 32 patients diagnosed with sepsis are presented in Table I; 26 patients (81.25%) died
during the 90-day follow-up. No significant difference was found regarding gender between survivors and
non-survivors; however, the median age of the non-survivor group was significantly higher than that of the
survivor group (p=0.026).
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Survivors (n=6) Non-survivors (n=26) P-value
Female 4 (26.67) 11 (73.33)
Gender, n (%) 0.383
Male 2 (11.76) 15 (88.24)
Age, years Median (range) 52.0 (42.0-75.0) 74.5 (25.0-96.0) 0.026

TABLE 1: Demographics of all patients with sepsis

The laboratory parameters measured before, during, and after the extracorporeal hemadsorption procedure
were compared among all patients with sepsis and the outcomes are presented in Table 2. The mean levels of
TNF-q, IL-6, IL-10, PCT, and CRP measured during and after the hemadsorption were significantly lower
compared to the levels measured before the procedure (p<0.05). The mean level of IL-8, the median of
APACHE score, the PMR based on APACHE score, and SOFA score determined after the procedure were
significantly lower compared to those determined before the procedure for all patients (p<0.05).
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Parameter Period Mean * SD; median (range) P-value
Pre-HAD 129.32 + 41.24; 115.05 (54.3-225.8)

IL-6 (ng/L) Intra-HAD 101.7 + 36.3%; 89.1 (47.2-177.4) 0.001
Post-HAD 88.35 + 55.01%; 84.7 (5.7-206.4)
Pre-HAD 86.14 + 58.34; 81.85 (7.87-215.4)

IL-8 (ng/L) Intra-HAD 52.76 £ 47.98; 45.46 (0.14-158.2) 0.0001
Post-HAD 38.37 + 40.36°; 24.51 (1.24-154.3)
Pre-HAD 172.33 £ 187.72; 117.2 (23.15-856.3)

IL-10 (ng/L) Intra-HAD 115.77 + 88.89%; 93.95 (14.9-389.2) 0.0001
Post-HAD 82.8 + 61.34% 69.7 (0.15-292.2)
Pre-HAD 86.85 £ 49.9; 71.65 (12.45-212.2)

TNFa (pg/mL) Intra-HAD 52.61 + 34.449; 48.5 (3.24-151.5) 0.0001
Post-HAD 22.64 +20.37%: 14.6 (1.23-98.2)
Pre-HAD 6.74 £ 11.09; 2.17 (0.28-57)

PCT (ng/mL) Intra-HAD 2.24 + 38; 0.95 (0.1-15) 0.001
Post-HAD 2.2 +3.15%; 0.61 (0.06—4)
Pre-HAD 183.75 £ 70; 176 (63-350)

CRP (mg/mL) Intra-HAD 121.38 + 57.71%; 108.5 (37—259) 0.0001
Post-HAD 97.57 + 70.21%; 83 (9.2-338)
Pre-HAD 33.94 £ 9.71; 35.5 (13-50)

APACHE score 0.001
Post-HAD 26.94 +9.47; 26.5 (8-47)
Pre-HAD 73.76 + 22.81; 80.02 (16.54-98.01)

PMR 0.001
Post-HAD 58.94 + 21.99; 55.47 (11.34-96.53)
Pre-HAD 16.06 + 3.08; 16 (10-24)

SOFA score 0.0001
Post-HAD 12.48 + 3.79; 12 (5-21)

TABLE 2: Comparison of the laboratory parameters of patients according to the periods of
extracorporeal hemadsorption

aP<0.05 vs pre-HAD IL-6. bp<0.05 vs pre-HAD IL-8. °P<0.05 vs pre-HAD IL-10. dp<0.05 vs pre-HAD TNF-a. ®P<0.05 vs pre-HAD PCT. fP<0.05 vs pre-
HAD CRP

SD: standard deviation; HAD: hemadsorption; IL: interleukin; TNFa: tumor necrosis factor a; PCT: procalcitonin; CRP: C-reactive protein; APACHE: Acute
Physiology and Chronic Health Evaluation; PMR: predicted mortality rate of the study population calculated based on APACHE score; SOFA: Sequential
Organ Failure Assessment

The laboratory parameters measured before the hemadsorption were compared between the groups and the
outcomes are presented in Table 3. The mean levels of TNFaq, IL-6, IL-8, IL-10, PCT, CRP, and SOFA score did
not differ between the non-survivor and survivor groups (p>0.05). However, the median APACHE score of
non-survivors was significantly greater than that of survivors (p=0.002). Moreover, the mean PMR of the
study population determined before the procedure was found to be elevated among the non-survivors
compared with that of the survivors (p=0.002).
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Parameter Survivors (n=6), mean * SD; median (range)
IL-6 (ng/L) 125.48 + 29.55; 115.05 (95.6-174.3)

IL-8 (ng/L) 66.68 +41.32; 67.71 (20.23-120.01)

IL-10 (ng/L) 296.55 + 292.33; 180.85 (58.3-856.3)

TNFa (pg/mL)  81.18 + 58.25; 61.8 (33.69-196.2)
PCT (ng/mL)  8.22£10.77; 1.81(0.3-22.2)

CRP (mg/mL)  173.83 + 90.48; 183.5 (63-312)
APACHE score 22 + 7.24; 22 (13-30)

PMR 44.37 + 23.94; 44.37 (16.54-70.33)

SOFA score 15.33 £ 0.82; 15.5 (14-16)

Non-survivors (n=26), mean * SD; median (range)
130.2 + 43.93; 114.95 (54.3-225.8)

90.63 + 61.37; 88.35 (7.87-215.4)

143.66 + 148.48; 115.25 (23.15-678.1)

88.16 + 48.98; 76.2 (12.45-212.2)

6.4 +11.34; 2.17 (0.28-57)

186.04 + 66.41; 176 (100-350)

36.69 + 8.02; 37.5 (18-50)

80.54 + 16.6; 86.81 (29.13-98.01)

16.23 + 3.39; 16 (10-24)

TABLE 3: Comparison of the laboratory parameters of the patients recorded before the

extracorporeal hemadsorption

P-value

0.961

0.469

0.06

0.53

0.923

0.664

0.002

0.002

0.624

SD: standard deviation; IL: interleukin; TNFa: tumor necrosis factor a; PCT: procalcitonin; CRP: C-reactive protein; APACHE: Acute Physiology and
Chronic Health Evaluation; PMR: predicted mortality rate of the study population calculated based on APACHE score; SOFA: Sequential Organ Failure

Assessment
The receiver operating characteristic (ROC) curve analysis of pre-hemadsorption laboratory parameters in
predicting the mortality showed that IL-10, APACHE score, and PMR determined before the hemadsorption
procedure were significant parameters to predict the mortality among all ICU patients (p<0.05; Table 4). IL-
10 levels £125.3 ng/L [area under the ROC curve (AUC): 0.75, 95% CI%: 0.566-0.885], APACHE score >30
(AUC: 0.907, 95% CI1%: 0.751-0.981), and PMR >70.33 (AUC: 0.907, 95% CI%: 0.751-0.981) determined before
the procedure were significantly associated with PMRs of all patients (Figure 7).
Pre-HAD Cut- Sensitivity (95% Specificity (95% PPV (95%
€ Y ensitivity (95%  Specificity (95% 5% Npv(eswcy  Auc (95% CI) P-value
parameters off Cl) Cl) Cl)
95 (75.8— 41.7 (25.7-
IL-10 <1253 73.08 (52.2-88.4)  83.33(35.9-99.6) ( ( 0.75 (0.566-0.885) 0.0406
99.1) 59.7)
46.2 (31.3— 0.907 (0.751—
APACHE score >30 73.08 (52.2-88.4) 100 (54.1-100.0) 0 ( ( <0.0001
61.8) 0.981)
42.9 (29.6— 0.907 (0.751—
PMR >70.33 69.23 (48.2-85.7) 100 (54.1-100.0) 0 ( ( <0.0001
57.2) 0.981)

TABLE 4: ROC curve analysis of pre-hemadsorption laboratory parameters in predicting the

mortality among the patients

ROC: receiver operating characteristic; HAD: hemadsorption; PPV: positive predictive value; NPV: negative predictive
value; IL: interleukin; APACHE: Acute Physiology and Chronic Health Evaluation; PMR: predicted mortality rate of the study population calculated based on

APACHE score
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FIGURE 1: Laboratory ROC analysis before hemadsorption to predict
mortality

ROC: receiver operating characteristic; IL: interleukin; TNFa: tumor necrosis factor a; PCT: procalcitonin; CRP: C-
reactive protein; APACHE: Acute Physiology and Chronic Health Evaluation; SOFA: Sequential Organ Failure
Assessment

Discussion

Currently, there are various adjuvant therapy modalities for the management of excessive cytokine
production in sepsis, including immunoglobulin therapy, plasma filtration, endotoxin-binding polymyxin B,
and hemoperfusion. However, these techniques carry a high risk of nephrotoxicity as well as acute blood loss
in patients hospitalized in ICUs [9,10,11]. One alternative treatment to these modalities is the
extracorporeal cytokine hemadsorption, which is currently used in clinical practice as a safe and well-
tolerated technique to reduce significant serum cytokine concentrations. In the present study, we
investigated the effectiveness of this method on the clinical progression and mortality among 32 ICU
patients diagnosed with sepsis or septic shock. It was found that the mean levels of TNFa, IL-6, IL-10, PCT,
and CRP measured during and after the extracorporeal cytokine hemadsorption significantly decreased
compared to the baseline levels. The mean level of IL-8, the median APACHE score, the mortality rate, and
SOFA scores determined following the procedure were found significantly reduced compared to those
determined before the procedure for all patients; 26 patients (81.25%) died during the 90-day follow-up.

An extracorporeal cytokine adsorption device (CytoSorb®, CytoSorbents Corporation, Monmouth Junction,
NJ) used with current standard care including mechanical ventilation and dialysis has been shown to reduce
the pro-inflammatory cytokines, resulting in regulated hemodynamics in sepsis and septic shock [12]. This
device has been reported to provide a safe and well-tolerated therapy in ICU patients in the advanced stage
of sepsis and lung injury [13]. Recently, routine care in the management of sepsis and septic shock with the
aid of CytoSorb® therapy has been proven to improve clinical outcomes. This system has been shown to
decrease the mortality rates of patients with septic shock, improve hemodynamics by regulating the mean
arterial pressure, and reduce the use of vasopressors and their doses. In addition, the therapy

achieved significantly lower APACHE II and SOFA scores, especially in the survivor group (APACHE II score:
20.1 £ 2.47 and SOFA score: 9.04 £ 3.00) [14]. These scores significantly decreased after the cytokine
hemadsorption therapy in our study as well. Our findings are consistent with the outcomes reported in the
literature [15,16].
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Cytokines play a major role in the pathophysiology of sepsis. Increased levels of pro-inflammatory cytokines
in the serum result in a disturbance in the immune system, inducing multi-organ failure that may cause
prolonged hospitalization and elevated mortality rates among ICU patients [17,18]. In the present study,
several cytokines were examined in the 32 ICU patients having sepsis or septic shock whose indications
included cytokine storm, cytokine release syndrome, hyperkalemia, acidosis, and multiple organ
dysfunction. The levels of cytokines before the cytokine hemadsorption were compared in both the survivor
and non-survivor groups. The median age and APACHE score of non-survivors were notably higher than
those of survivors. However, the mean levels of TNF-a, IL-6, IL-8, IL-10, PCT, CRP, and SOFA score did not
differ between the two groups. The ROC curve analysis of these parameters revealed that IL-10 levels and
APACHE score determined before the procedure were significant parameters to predict mortality among all
ICU patients. In addition, the cut-off levels of IL-10 <125.3 were ng/L (AUC: 0.75, 95% CI%: 0.566-0.885),
and those of APACHE score were >30 (AUC: 0.907, 95% CI%: 0.751-0.981), suggesting an association with the
mortality rates of all patients. In a study by Singbartl et al., the elevated serum levels of IL-1 and IL-6 were
found to be correlated with the severity of sepsis and resultant organ damage [19,20]. In a recent prospective
study, Paul et al. used the CytoSorb® device to perform extracorporeal cytokine adsorption in 45 patients
with sepsis and septic shock who were hospitalized in the ICU and reported elevated levels of IL-6 in the
survivor group of patients [15]. However, we did not find any difference in the mean IL-6 levels between
survivors and non-survivors in our study, probably due to the small sample size and different clinical
indications of patients. Paul et al. also found the mean APACHE II score and SOFA score measured before
applying the adsorption therapy in the survivor group to be 25.46 = 2.91 and 12.90 + 4.02, respectively [14].
In our study, the APACHE score determined before the procedure was lower (22 * 7.24) while the SOFA score
was higher (15.33 + 0.82) in survivors compared to the findings of Paul et al. Moreover, non-survivors
showed significantly higher APACHE scores than those of survivors, suggesting that this score combined
with the IL levels may be efficient in predicting the mortality among patients diagnosed with sepsis or septic
shock in ICUs. These findings of our study are partially supported by the above-mentioned studies,
indicating that it is vital to examine biochemical parameters in detail.

The PMR calculated based on APACHE scores can be employed in determining the functioning of an ICU and
to compare different ICUs in terms of the clinical progression of patients. In a study by Venkataraman et al.,
the reported mean PMR of patients hospitalized in the ICU was 44.8 + 26.7 according to the APACHE II
scoring system and 29.1 # 28.5 according to the APACHE IV system. The overall mortality rate was found to
be 22.4% [21]. In another study, 26 critically ill patients with septic shock were treated with CytoSorb®
therapy, and the rates of 28-day mortality, mortality in ICU, and mortality in the hospital were 61.54%,
73.08%, and 80.77%, respectively. However, the mortality predicted by the APACHE II score was 89.9%,
which was higher than the overall mortality in the cohort [22]. Another study evaluating hemadsorption
using CytoSorb® reported that the observed vs. expected 28-day mortality decreased in patients with septic
shock, and the mean PMR calculated by SOFA was 75% while the actual mortality was found to be 48% [23].
In a very recent study, Paul et al. calculated PMR before CytoSorb® therapy as 56.5% in the ICU patients
diagnosed with sepsis and septic shock, while the actual mortality following the CytoSorb® therapy was
determined to be 48.8% [14]. In the present study, PMR determined before the hemadsorption procedure
(73.76 * 22.81) was a significant parameter to predict the mortality among all ICU patients; it decreased
after the procedure to 58.94 + 21.99, which was consistent with the literature. In addition, the actual
mortality rate was 81.25% after a 90-day follow-up. The mean PMR of the patients determined before the
procedure was higher among non-survivors compared with the rates of survivors (80.54 £ 16.6 vs. 44.37 =
23.94, respectively).

This study has some limitations. It had a relatively small sample size and unstandardized demographics
including the age difference between survivors and non-survivors. Moreover, there was no control group to
assess the efficiency of cytokine hemadsorption. Also, detailed hemodynamic parameters were not
measured. There was also no safety data showing the possible complications of the procedure including
thrombocytopenia. However, a very recent prospective study has provided the safety data for the therapy as
the platelet count remained stable in it [24].

Conclusions

Overall, the current study showed reductions in cytokine levels, CRP, and PCT levels among ICU patients
diagnosed with sepsis or septic shock following cytokine hemadsorption therapy. Our findings support the
concept that IL-10 level and APACHE score determined before the procedure correlated with the mortality
rates of septic patients. Hence, the extracorporeal cytokine hemadsorption might be an efficient adjuvant
therapy to reduce circulating cytokine levels and regulate the hemodynamics of septic shock patients.
However, further multicenter randomized case-control studies are required to validate our findings and
establish this therapy as a standard method for use in clinics. Moreover, future clinical trials are required to
evaluate other cytokines and hematological parameters in critically ill patients diagnosed with sepsis and
undergoing cytokine hemadsorption therapy.

Additional Information
Disclosures

Human subjects: Consent was obtained or waived by all participants in this study. Non-interventional
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Clinical Research Ethics Committee of Biruni University issued approval No: 2021/47-28. Date: January 29,
2020. The study protocol was approved by the Non-interventional Clinical Research Ethics Committee of
Biruni University (No:2021/47-28; date: January 29, 2020). Animal subjects: All authors have confirmed
that this study did not involve animal subjects or tissue. Conflicts of interest: In compliance with the
ICMJE uniform disclosure form, all authors declare the following: Payment/services info: All authors have
declared that no financial support was received from any organization for the submitted work. Financial
relationships: All authors have declared that they have no financial relationships at present or within the
previous three years with any organizations that might have an interest in the submitted work. Other
relationships: All authors have declared that there are no other relationships or activities that could appear
to have influenced the submitted work.
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