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Background: After its approval by the European Union in 2011, CytoSorb therapy

has been applied to control cytokine storm and lower the increased levels of

cytokines and other inflammatory mediators in blood. However, the efficiency of

this CytoSorb treatment in patients with coronavirus disease (COVID-19) still

remains unclear. To elucidate the Cytosorb efficiency, we conducted a

systematic review and single-arm proportion meta-analysis to combine all

evidence available in the published literature to date, so that this comprehensive

knowledge can guide clinical decision-making and future research.

Methods: The literature published within the period 1 December 2019 to 31

December 2021 and stored in the Cochrane Library, Embase, PubMed, and

International Clinical Trials Registry Platform (ICTRP) was searched for all relevant

studies including the cases where COVID-19 patients were treated with CytoSorb.

We performed random-effects meta-analyses by R software (3.6.1) and used the

Joanna Briggs Institute checklist to assess the risk of bias. Both categorical and

continuous variables were presented with 95% confidence intervals (CIs) as pooled

proportions for categorical variables and pooled means for continuous outcomes.

Results:We included 14 studies with 241 COVID-19 patients treated with CytoSorb

hemadsorption. Our findings reveal that for COVID-19 patients receiving CytoSorb

treatment, the combined in-hospital mortality was 42.1% (95% CI 29.5–54.6%, I2 =

74%). The pooled incidence of adjunctive extracorporeal membrane oxygenation

(ECMO) support was 73.2%. Both the C-reactive protein (CRP) and interleukin-6

(IL-6) levels decreased after CytoSorb treatment. The pooled mean of the CRP

level decreased from 147.55 (95% CI 91.14–203.96) to 92.36 mg/L (95% CI 46.74–

137.98), while that of IL-6 decreased from 339.49 (95% CI 164.35–514.63) to

168.83 pg/mL (95% CI 82.22–255.45).

Conclusions: Themajority of the COVID-19 patients treatedwith CytoSorb received

ECMO support. In-hospital mortality was 42.1% for the COVID-19 patients who had

CytoSorb treatment. Both CRP and IL-6 levels decreased after Cytosorb treatment.
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Introduction

After a new disease caused by the novel coronavirus broke out in

Wuhan, China, millions of confirmed cases of coronavirus disease

2019 (COVID-19), were reported. The disease led to numerous deaths

(1). Because of its high mortality rate, COVID-19-induced acute

respiratory syndrome has put considerable strain on healthcare

systems (2). Although it has previously been reported that during

outbreaks of emerging infections, acute respiratory distress syndrome

(ARDS) could be treated with extracorporeal membrane oxygenation

(ECMO) (3, 4), the clinical outcome varies for COVID-19 patients

with ECMO support (5–7). Hence, the same strategy cannot be

adopted for COVID-19 cases.

ECMO support could provide stable hemodynamics and oxygen

saturation, which is very recommended for patients with severe ARDS

(8). However, COVID-19 is additionally associated with the excessive

release of pro-inflammatory cytokines, such as granulocyte-

macrophage colony-stimulating factor (GM-CSF), interleukin-6 (IL-

6), interleukin-1 (IL-1), monocyte chemoattractant protein-1 (MCP-

1), and tumor necrosis factor (TNF). This excessive release of the pro-

inflammatory cytokines initiates an extreme inflammatory process and

results in a cytokine storm (9). COVID-19 patients in the intensive

care unit (ICU) had levels of interleukin-10 (IL-10), interleukin-2 (IL-

2), interleukin-7 (IL-7), and TNF-a that were considerably higher than

those of the non-ICU patients (10). This observation suggests that

cytokines may be crucial in the pathophysiology of COVID-19 (11,

12). As an adjuvant therapy for systemic inflammation, CytoSorb

therapy is an adsorptive blood purification procedure that attempts to

lower the increased levels of cytokines and other inflammatory

mediators in the blood and regulate the cytokine storm (13).

Following its approval by the European Union (EU) in 2011,

CytoSorb has been used to treat over 130,000 patients globally. It

has been mainly used to treat systemic hyperinflammation and

refractory shock (14). By controlling the cytokine storm, CytoSorb

might be a promising choice for COVID-19 patients.

Owing to the complex pathophysiological environment of

COVID-19, involving multiple mediators and highly redundant,

overlapping feedback mechanisms, cytokine adsorption therapy

may benefit from removing a wide range of inflammatory

substances and other cytokines, at least in theory (15). Nevertheless,

very few studies reported the outcomes after CytoSorb treatment in

COVID-19 patients. Reaching a credible conclusion with such a small

number of studies is difficult, and hence, we need some strong

evidence to guide the choices for clinical treatment. The purpose of

this study is to combine all the evidence in the published literature

related to cytokine adsorption therapy, especially the use of the

CytoSorb adsorption column for COVID-19 patients, and provide

credible guidance for clinical practice.
Methods

Search strategy

The Preferred Reporting Items for Systematic Reviews and Meta-

Analyses (PRISMA) Statement was followed when conducting this

study (16). Using the Cochrane Library, PubMed, Embase, and the
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International Clinical Trials Registry Platform (ICTRP), we

performed a comprehensive online search from 1 December 2019

to 31 December 2021, using the following: “COVID-19”, “2019 novel

coronavirus”, “coronavirus disease 2019”, “2019-nCoV”, “SARS-

CoV-2”, “severe acute respiratory syndrome coronavirus 2”,

“CytoSorb”, “CytoSorb cartridge”, “CytoSorb hemadsorption”,

“cytokine hemadsorption”, “cytokine adsorber”, and “cytokine

adsorption” as MeSH and EMTREE keywords. To find and include

relevant studies, we evaluated all related studies and their citations.
Study eligibility

We identified and included all relevant studies published regarding

CytoSorb treatment in adult patients with COVID-19. We excluded

any animal studies, review articles, case reports of a single patient, or

pediatric studies (< 18 years). The latest publication was used when

multiple articles relating to a single study had been published, to avoid

the possible overlapping of patients. Literature searches, study eligibility

assessments, and data extraction was conducted by two independent

investigators (S.L.W and Y.C.Z). By consensus and consultation with

experienced reviewers (Z.Z.L and Y.N.L), discrepancies were resolved.
Data collection

Two independent investigators (S.L.W and Y.C.Z) abstracted data

using a predefined standardized protocol and tool. WebPlotDigitizer

4.5 Software (https://automeris.io/WebPlotDigitizer) was used to

extract data from graphics. Two experienced reviewers (Z.Z.L and

Y.N.L) consulted with each other and settled any disagreements. The

data collection included study characteristics (first author, publication

year, country); patient demographics (numbers of patients, age, body

mass index [BMI], the proportion of male patients, comorbidities

including hypertension and diabetes); pre-CytoSorb characteristics

(Acute Physiology and Chronic Health Evaluation II [APCHE II]

score, Sequential Organ Failure Assessment [SOFA] score, partial

pressure of arterial oxygen to fraction of inspired oxygen ratio

[PaO2/FiO2], serum C-reactive protein [CRP] and interleukin-6

[IL-6] levels); post-CytoSorb characteristics (serum CRP and IL-6

levels); mortality (both in-hospital and substitution of the nearest

common mortality time point); and length of stay in ICU.
Assessment of risk of bias

Joanna Briggs Institute (JBI) checklists were used to assess the

study quality of case series and cohort studies. Egger’s test was

employed to estimate publication bias. I2 statistics, Chi-squared

tests, and visual inspections of forest plots were used to assess

statistical heterogeneity.
Outcomes of interest

In-hospital mortality was the primary outcome of interest. The

secondary outcomes were serum IL-6 and CRP levels before and after
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CytoSorb treatment, length of ICU stay, duration of mechanical

ventilation, adjunctive ECMO therapy, and mortality in patients

with or without ECMO.
Statistical analysis

The continuous variables were presented as mean (± standard

deviation) or median (interquartile range). We used the formulas

available in the literature to convert the median (interquartile range)

into a mean (± standard deviation) (17, 18). We reported the

categorical variables as numbers and percentages (%). To calculate

summary effects, we used R 3.6.1 software. The summary effects were

presented with 95% confidence intervals (CIs). Both odds ratios (OR)

and mean differences (MD) were used as summary statistics for

dichotomous data and continuous data, respectively. The

heterogeneity of the studies was assessed by the I2. A random

effects model was applied if the I2 value was greater than 50%,

otherwise, a fixed effects model was used.
Results

Study identification

We identified 215 potentially relevant studies, removed 103

duplicates, and excluded 64 studies after carefully reviewing the

titles and abstracts. A full-text review of the remaining 34 studies

led to their exclusion, details can be found in Figure 1. Following a

strict appraisal, 14 studies were selected, including 10 case series and 4

cohort studies. These studies included a total of 241 COVID-19

patients treated with CytoSorb hemadsorption (19–32).
Baseline characteristics of the
included studies

241 patients from 11 different countries were enrolled in the

study, characteristics were summarized in Table 1. All of the included

studies dealt with patients who were infected with the 2019 novel

coronavirus. Sex was reported in 13 studies and 75.52% of patients

were male. In 4 studies, all included patients were male. Age was

reported in 13 studies including 178 patients, the pooled mean age

was 54.29 (95% CI 50.54–58.05). Notably, hypertension and diabetes

were the most common comorbidities in this population. The pooled

incidence of hypertension is 48.2% (95% CI 33–63.4%) and that of

diabetes is 31% (95% CI 22.1–39.9%).
Assessment of study quality

To appraise study quality for cohort studies and case series, we

used the Joanna Briggs Institute (JBI) checklist. The results showed

that all case series studies had scores above 8/10 and cohort studies

had scores above 9/11 (Supplementary Table 1). This indicated that

high quality was strictly maintained for our study.
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Pre−CytoSorb variables

BMI was reported in 8 studies and the pooled mean BMI was

found to be 29.54 (95% CI 27.36–31.72). 11 studies reported PaO2/

FiO2 before CytoSorb initiation. The pooled mean PaO2/FiO2 was

123.81 (95% CI 92.46–155.16). Pre-CytoSorb SOFA score before

CytoSorb initiation was reported in 9 studies with a pooled mean

SOFA score of 9.6 (95% CI 6.81–12.4). Pre-CytoSorb APACHE2

score before CytoSorb initiation was reported in 4 studies with a

pooled mean APACHE2 score of 22.75 (95% CI 16.63–28.87). Serum

CRP before CytoSorb initiation was reported in 10 studies with a

pooled mean CRP of 147.55 mg/L (95% CI 91.14–203.96). Serum IL-6

before CytoSorb initiation was reported in 10 studies with a pooled

mean IL-6 of 339.49 pg/mL (95% CI 164.35–514.63).
Primary outcomes

In hospital mortality
The pooled in-hospital mortality of COVID-19 patients receiving

Cytosorb (12 studies, 230 patients) was 42.1% (95% CI 29.5–54.6%, I2 =

74%) (Figure 2) However, the in-hospital mortality reported varied from

18.2–76.9%. Visual inspection of the funnel plot indicated a low risk of

publication bias (Supplementary Figure 1). In addition, Egger’s tests

confirmed the absence of any overt risk of publication bias in the studies

included (Pegger = 0.2194) (Supplementary Figure 2). A sensitive analysis

(using the single-study-removed method) was also performed, which

demonstrated decent stability in the primary outcome of in-hospital

mortality (Supplementary Figure 3).
Secondary outcomes

Serum IL-6 and CRP
Ten studies reported serum IL-6 levels in COVID-19 patients

after CytoSorb hemadsorption treatment. The mean serum IL-6 level

varied from 37.44 to 442.23 pg/mL, with a pooled mean of 168.83 pg/

mL (95% CI 82.22–255.45, I2 = 96%) (Figure 3). It is to be noted that

the pooled mean IL-6 level before CytoSorb initiation was 339.49 pg/

mL (95% CI 164.35–514.63). Nine studies reported post-CytoSorb

hemadsorption treatment serum CRP in COVID-19 patients. The

mean serum CRP varied from 18.9 to 220.40, with a pooled mean of

92.36 (95% CI 46.74–137.98) (Figure 4).
Duration of mechanical ventilation, duration
of ICU stay, and incidence of ECMO support

Four studies reported the duration of mechanical ventilation

(MV) after CytoSorb hemadsorption treatment with a pooled mean

of 14.37 days (95% CI 7.96–20.78, I2 = 94%). Six studies reported

length of stay in the ICU with a pooled mean of 19.74 days (95% CI

12.92–26.56, I2 = 96%). Except for CytoSorb hemadsorption

treatment, 9 studies reported COVID-19 patients with ECMO

support, with a pooled incidence of ECMO support of 73.2% (95%

CI 48.7–97.7%).
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FIGURE 1

Flow diagram of the study selection process. ICTRP, the International Clinical Trials Registry Platform.
TABLE 1 Demographics of the included studies.

First
author Country Sample

size
Male
(n) Age P/F

ratio Comorbidity CytoSorb management
(Duration and flow rate)

Alharthy Arabia 50 39
49.64 ±
8.90

117.46 ±
36.92

Hypertension:25
Diabetes:14

Patients had 2 ± 1 sessions; Flow rate: 180 ± 20 ml/min

Damiani Italy 11 11
59.21 ±
12.55

108.51 ±
38.17

Hypertension:7
Diabetes:3

Two patients with one 24-hour cycle, the remaining 9 were 48 hours;
Flow rate: 100–150ml/min

Lebreton France 11 NR NR NR NR Each patients had 48 hours on CytoSorb

Lewis USA 8 7
41.13 ±
11.62

90.1 ±
45.57

NR
A total treatment duration of 72 hours

Mehta India 3 2
54.33 ±
12.01

108.1 ±
51.5

Hypertension:3
Diabetes:2

24 hours duration; Flow rate: 150–700mL/min

Nassiri Iran 26 20
53.7 ±
16.13

177.54 ±
41.49

Hypertension:16
Diabetes:14

Number of CytoSorb cartridges used 2 [1-3]; duration 35 [18-48] h; Flow
rate: 200-250mL/min

Paisey UK 15 12
50.64 ±
5.73

NR
Hypertension:1
Diabetes:5

Cartridge was replaced q12h in the first 24 h, q24h for the subsequent
48 h; Flow rate >150ml/min

Peng China 10 8
67.7 ±
10.41

142.02 ±
119.54

Hypertension:5
Diabetes:2

CytoSorb duration 47 [12-92] h; Flow rate: 150ml/min

Pieri Italy 15 15 55 ± 14 112 ± 36 NR
Each patient received an average of three cycles. The mean duration time
was 17 h 21 min; Flow rate: 150-200mL/min

Rampino Italy 5 5
57.8 ±
3.39

259.8 ±
52.32

Hypertension:2
Diabetes:0

4 h sessions in 2 consecutive days; Flow rate: 100-120mL/min

Rodeia Portugal 5 5
45 ±
17.9

79.2 ±
23.19

Hypertension:2
Diabetes:1

Two sequential CytoSorb cartridges each for 24 h

Supady Germany 17 12
62.54 ±
14.15

61.18 ±
19.56

Hypertension:9
Diabetes:5

cartridges were replaced every 24 h for a total treatment duration of 72h;
Flow rate: 100-700mL/min

Virág Hungary 13 12 57 ± 11
127.8 ±
58.48

Hypertension:9
Diabetes:6

96 hours; Flow rate: 100-250mL/min

Song USA 52 34
48.71 ±
9.15

NR
Hypertension:21
Diabetes:17

Duration of CytoSorb therapy: 79.4 ± 27.72 hours
F
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Mortality for patients with or without ECMO

There are eight studies reported the in-hospital mortality for

patients received CytoSorb therapy with ECMO support. The in-

hospital mortality reported varied from 27.3%-82.4%, and the pooled

in-hospital mortality of COVID-19 patients receiving CytoSorb

therapy with ECMO support was 54% (95% CI 36.9%-71.1%, I2 =

74%) (Supplementary Figure 4). For patients without ECMO support,

it was reported in eight studies, the mortality varied from 18.2%-

76.9%, and the pooled in-hospital mortality of COVID-19 patients

receiving CytoSorb therapy without ECMO support was 37.6% (95%

CI 21.2%-54.1%, I2 = 70%) (Supplementary Figure 5).
Frontiers in Immunology 05
Discussion

This prompt review of the relevant evidence and subsequent

meta-analysis studied the efficiency of CytoSorb hemadsorption in

adult COVID-19 patients. The pooled in-hospital mortality in these

COVID-19 patients was 42.1%, and this estimate was supported by

highly credible evidence. However, a study reported in-hospital

mortality of 37% for COVID-19 patients with ECMO support (33).

This implies that mortality was slightly higher (42.1%) in patients

receiving CytoSorb hemadsorption treatment. The pooled mean

serum IL-6 and CRP were 168.83 and 92.41 mg/L, respectively. The

values indicate that compared with the baseline levels before the
FIGURE 3

Forest plot of serum CRP before and after CytoSorb treatment for COVID-19 patients. CI: confidence interval; SD: standard deviation; CRP: C-reactive
protein.
FIGURE 2

Forest plot of in-hospital mortality for COVID-19 patients with CytoSorb treatment. CI: confidence interval.
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application of CytoSorb, both IL-6 and CRP levels have decreased

after hemadsorption treatment. The pooled mean duration of MV

was 14.37 days and the pooled mean length of ICU stay was 19.74

days. The majority of patients (73.2%) received adjunctive

ECMO support.

COVID-19 triggers cytokine storm, a systemic inflammatory

reaction that increases immune cell activation and pro-

inflammatory cytokine production (34). Furthermore, a

postmortem examination of the lung of a person who died of

COVID-19 revealed the presence of acute respiratory distress

syndrome (ARDS) and T-cell overactivity (35). Consequent to

infection with SARS-CoV-2, innate and adaptive immune responses

were triggered, resulting in uncontrolled inflammatory responses and,

eventually, the cytokine storm (36). Several studies found that

seriously sick COVID-19 patients had greater levels of pro-

inflammatory cytokines, particularly IL-6, than moderately unwell

individuals (37, 38). The increase of IL-6 and IL-10 in the COVID-19

patients was constant. IL-6 targets the IL-6 receptor, and the latter

recruits JAK, which activates the signal transducer and activator of

transcription 3 through a cascade signal (39). The transcriptome

sequencing of bronchoalveolar lavage fluid (BALF) cells indicated that

SARS-CoV-2 infection causes increased chemokine releases, such as

C-X-C motif chemokine ligand 10 (CXCL-10) and chemokine C-C

motif ligand 2 (CCL-2) (40). The excessive release of cytokines in

COVID-19 patients also suggests a bad prognosis. The cytokine storm

may cause epithelial and endothelial cell apoptosis and vascular

leakage, which can lead to ARDS, other severe symptoms, and

eventually to death.

Serum IL-6 concentrations can be reduced from a median value of

5000 to 289 pg/mL after 24 h of cytokine adsorption in patients with

severe infections (41). IL-6 levels have been associated with increased
Frontiers in Immunology 06
severity and mortality in COVID-19 patients. Herein, the pooled

results indicated that the mean serum IL-6 level decreased from

339.49 to 168.83 pg/mL. The RECOVERY trial showed benefits in

COVID-19 patients with low-dose dexamethasone (42). Although

CytoSorb treatment demonstrated effective suppression of

inflammation in COVID-19 patients, the in-hospital mortality

remains higher (42.1%) compared with ECMO-support patients

(36.9%) (43). One possible explanation could be these patients were

severely ill with high SOFA and APACHE2 scores.

Although CytoSorb device has neither been cleared nor approved

by the Food and Drug Administration (FDA) for the indication of

treating patients with COVID-19. In April 2020, CytoSorb therapy

was granted by Emergency Use Authorizations (EUA) to adsorb

inflammatory cytokines in adult COVID-19 patients admitted to the

ICU with imminent or confirmed respiratory failure (44). Therefore,

early acute lung injury, early acute respiratory distress syndrome,

septic shock, and multiple organ dysfunction are indications to

initiate CytoSorb therapy in adult COVID-19 patients. However,

exact criteria for hyperinflammation did not defined by EUA, the

decision to initiate CytoSorb therapy is at the discretion of the treating

doctor. What’s more, The CytoSorb device can be easily integrated

into extracorporeal circuits including continuous renal replacement

therapy (CRRT) and ECMO. In this way, CytoSorb is also suitable for

patients with renal dysfunction or cardiopulmonary failure as

adjuvant therapy.

Our study concludes that when conventional treatment fails to

provide adequate clinical stability to the patient, CytoSorb therapy

should be explored as an additional therapy. Although patients

included in our study were critically ill with 73.2% of them being

supported with ECMO, the in-hospital mortality was lower. It is to be

noted that CRP is a very sensitive marker of inflammation and tissue
FIGURE 4

Forest plot of serum IL-6 before and after CytoSorb treatment for COVID-19 patients. CI: confidence interval; SD: standard deviation; IL-6: interleukin-6.
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damage. Our study showed that after CytoSorb treatment, the CRP

level decreased. The removal spectrum of CytoSorb seems to

encompass other inflammation-related trigger substances such as

damage-associated molecular patterns, which could provoke and

maintain a generalized inflammatory host response.

Despite certain important insights obtained, we recognize several

limitations of the current study. First, the research was primarily a

case series study, except for the inclusion of one randomized

controlled trial (RCT). Although publication bias was absent and

JBI critical appraisal indicated most of the articles as high quality and

suitable for inclusion, a relatively small sample size of these studies

may induce increased heterogeneity in our results. Including the

primary outcome of in-hospital mortality, other pooled results also

indicated high heterogeneity. Second, the application of CytoSorb is a

new technique that has been widely used in systemic

hyperinflammation patients. However, there is no experience in

applying this blood purification technique to COVID-19 patients.

Hence, any standard protocol for CytoSorb usage is absent to date and

the pharmacological treatments and application procedures of

CytoSorb may be diverse for different countries and centers.

Therefore, these confounding factors inevitably affected outcomes.

Third, as the advantages of CytoSorb in COVID-19 patients have not

yet been fully investigated, only a small number of studies each with a

very small sample size reported Cytosorb treatment for COVID-19

patients. Hence, the credibility of the conclusion from our meta-

analysis may not be sufficient. Therefore, more RCTs with larger

sample sizes will be needed to validate the conclusion.

In summary, this single-arm proportion meta-analysis

demonstrated that the majority of COVID-19 patients treated

with CytoSorb also received ECMO support. Furthermore, both

CRP and IL-6 levels decreased after Cytosorb treatment, and the

pooled in-hospital mortality was 42.1%. However, more RCTs are

required to confirm the efficiency of Cytosorb treatment in COVID-

19 patients.
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Extracorporeal cytokine removal in critically ill covid-19 patients: A case series. Front
Med (Lausanne) (2021) 8:760435. doi: 10.3389/fmed.2021.760435

32. Song T, Hayanga J, Durham L, Garrison L, McCarthy P, Barksdale A, et al.
Cytosorb therapy in covid-19 (Ctc) patients requiring extracorporeal membrane
oxygenation: A multicenter, retrospective registry. Front Med (Lausanne) (2021)
8:773461. doi: 10.3389/fmed.2021.773461

33. Ramanathan K, Shekar K, Ling RR, Barbaro RP, Wong SN, Tan CS, et al.
Extracorporeal membrane oxygenation for covid-19: A systematic review and meta-
analysis. Crit Care (2021) 25(1):211. doi: 10.1186/s13054-021-03634-1

34. Zhang JJ, Dong X, Liu GH, Gao YD. Risk and protective factors for covid-19
morbidity, severity, and mortality. Clin Rev Allergy Immunol (2022) 19:1–18.
doi: 10.1007/s12016-022-08921-5

35. Tsukamoto T, Nakajima N, Sakurai A, Nakajima M, Sakurai E, Sato Y, et al. Lung
pathology of mutually exclusive Co-infection with sars-Cov-2 and streptococcus
pneumoniae. Emerg Infect Dis (2021) 27(3):919–23. doi: 10.3201/eid2703.204024

36. Mehta P, McAuley DF, Brown M, Sanchez E, Tattersall RS, Manson JJ. Covid-19:
Consider cytokine storm syndromes and immunosuppression. Lancet (2020) 395
(10229):1033–4. doi: 10.1016/s0140-6736(20)30628-0

37. Masotti L, Grifoni E, Pelagalli G, Cioni E, Mattaliano C, Cioffi E, et al. Prognostic
role of interleukin-6/Lymphocytes ratio in sars-Cov2 related pneumonia. Int
Immunopharmacol (2022) 103:108435. doi: 10.1016/j.intimp.2021.108435

38. Kox M, Waalders NJB, Kooistra EJ, Gerretsen J, Pickkers P. Cytokine levels in
critically ill patients with covid-19 and other conditions. Jama (2020) 324(15):1565–7.
doi: 10.1001/jama.2020.17052

39. Dzobo K, Chiririwa H, Dandara C, Dzobo W. Coronavirus disease-2019 treatment
strategies targeting interleukin-6 signaling and herbal medicine. Omics (2021) 25(1):13–
22. doi: 10.1089/omi.2020.0122

40. Mast AE, Wolberg AS, Gailani D, Garvin MR, Alvarez C, Miller JI, et al. Sars-Cov-
2 suppresses anticoagulant and fibrinolytic gene expression in the lung. Elife (2021) 10:
e64330. doi: 10.7554/eLife.64330

41. Friesecke S, Träger K, Schittek GA, Molnar Z, Bach F, Kogelmann K, et al.
International registry on the use of the cytosorb® adsorber in icu patients : Study protocol
and preliminary results. Med Klin Intensivmed Notfmed (2019) 114(8):699–707.
doi: 10.1007/s00063-017-0342-5

42. Horby P, Lim WS, Emberson JR, Mafham M, Bell JL, Linsell L, et al.
Dexamethasone in hospitalized patients with covid-19. N Engl J Med (2021) 384
(8):693–704. doi: 10.1056/NEJMoa2021436

43. Barbaro RP, MacLaren G, Boonstra PS, Combes A, Agerstrand C, Annich G, et al.
Extracorporeal membrane oxygenation for covid-19: Evolving outcomes from the
international extracorporeal life support organization registry. Lancet (2021) 398
(10307):1230–8. doi: 10.1016/s0140-6736(21)01960-7

44. CytoSorb 300mL device: Authorized by FDA for emergency treatment of COVID-
19(2020). Available at: https://www.fda.gov/media/136866/download (Accessed
September 03, 2021).
frontiersin.org

https://doi.org/10.1038/s41591-021-01500-9
https://doi.org/10.3389/fimmu.2021.592727
https://doi.org/10.3389/fimmu.2021.592727
https://doi.org/10.3390/v13122415
https://doi.org/10.1038/s41467-021-25191-5
https://doi.org/10.3390/ijms222312786
https://doi.org/10.21037/jtd.2017.10.128
https://doi.org/10.21037/jtd.2017.10.128
https://doi.org/10.1155/2021/7769516
https://doi.org/10.1136/bmj.b2700
https://doi.org/10.1177/0962280216669183
https://doi.org/10.1186/1471-2288-14-135
https://doi.org/10.1111/aor.13864
https://doi.org/10.1016/j.rmed.2021.106477
https://doi.org/10.1164/rccm.202011-4140LE
https://doi.org/10.1097/mat.0000000000001513
https://doi.org/10.1186/s13256-021-03021-y
https://doi.org/10.1111/aor.14024
https://doi.org/10.1177/03913988211023782
https://doi.org/10.1159/000517721
https://doi.org/10.1177/03913988211052572
https://doi.org/10.1159/000511725
https://doi.org/10.1159/000518712
https://doi.org/10.1016/s2213-2600(21)00177-6
https://doi.org/10.3389/fmed.2021.760435
https://doi.org/10.3389/fmed.2021.773461
https://doi.org/10.1186/s13054-021-03634-1
https://doi.org/10.1007/s12016-022-08921-5
https://doi.org/10.3201/eid2703.204024
https://doi.org/10.1016/s0140-6736(20)30628-0
https://doi.org/10.1016/j.intimp.2021.108435
https://doi.org/10.1001/jama.2020.17052
https://doi.org/10.1089/omi.2020.0122
https://doi.org/10.7554/eLife.64330
https://doi.org/10.1007/s00063-017-0342-5
https://doi.org/10.1056/NEJMoa2021436
https://doi.org/10.1016/s0140-6736(21)01960-7
https://www.fda.gov/media/136866/download
https://doi.org/10.3389/fimmu.2023.1067214
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

	CytoSorb in patients with coronavirus disease 2019: A rapid evidence review and meta-analysis
	Introduction
	Methods
	Search strategy
	Study eligibility
	Data collection
	Assessment of risk of bias
	Outcomes of interest
	Statistical analysis

	Results
	Study identification
	Baseline characteristics of the included studies
	Assessment of study quality
	Pre&minus;CytoSorb variables
	Primary outcomes
	In hospital mortality

	Secondary outcomes
	Serum IL-6 and CRP

	Duration of mechanical ventilation, duration of ICU stay, and incidence of ECMO support
	Mortality for patients with or without ECMO

	Discussion
	Author contributions
	Funding
	Supplementary material
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


