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ABSTRACT
Introduction Sepsis and septic shock have mortality rates 
between 20% and 50%. In sepsis, the immune response 
becomes dysregulated, which leads to an imbalance 
between proinflammatory and anti- inflammatory 
mediators. When standard therapeutic measures fail 
to improve patients’ condition, additional therapeutic 
alternatives are applied to reduce morbidity and mortality. 
One of the most recent alternatives is extracorporeal 
cytokine adsorption with a device called CytoSorb. This 
study aims to compare the efficacy of standard medical 
therapy and continuous extracorporeal cytokine removal 
with CytoSorb therapy in patients with early refractory 
septic shock. Furthermore, we compare the dosing of 
CytoSorb adsorber device changed every 12 or 24 hours.
Methods and analysis It is a prospective, randomised, 
controlled, open- label, international, multicentre, phase 
III study. Patients fulfilling the inclusion criteria will be 
randomly assigned to receive standard medical therapy 
(group A) or—in addition to standard treatment—CytoSorb 
therapy. CytoSorb treatment will be continuous and last 
for at least 24 hours, CytoSorb adsorber device will be 
changed every 12 (group B) or 24 hours (group C). Our 
primary outcome is shock reversal (no further need or 
a reduced (≤10% of the maximum dose) vasopressor 
requirement for 3 hours) and time to shock reversal 
(number of hours elapsed from the start of the treatment 
to shock reversal).
Based on sample size calculation, 135 patients (1:1:1) 
will need to be enrolled in the study. A predefined interim 
analysis will be performed after reaching 50% of the 
planned sample size, therefore, the corrected level of 
significance (p value) will be 0.0294.
Ethics and dissemination Ethics approval was obtained 
from the Scientific and Research Ethics Committee of the 
Hungarian Medical Research Council (OGYÉI/65049/2020). 
Results will be submitted for publication in a peer- 
reviewed journal.
Trial registration number NCT04742764; Pre-results.

BACKGROUND
Sepsis and septic shock are devastating 
conditions with mortality rates between 

20% and 50%.1–3 Sepsis has an outstand-
ingly complex pathophysiology, therefore, 
the clinical presentation of sepsis is often 
diverse and unpredictable.4 5 The process 
begins with the host’s immune response 
triggered by various insults.6 This response 
becomes uncontrolled and an imbalance 
occurs between proinflammatory and anti- 
inflammatory mediators. This condition 
is also referred to as the ‘cytokine storm’.7 
During the cascade- like inflammatory 
response, cytokines are released, which are 
a heterogeneous group of proteins, mostly 
in the mass range of 40 kDa.8 The theory 
that cytokine storm may be responsible 
for the observed deleterious sequence of 
events in sepsis, raises the pathophysiolog-
ical rationale of extensive removal of circu-
lating cytokines.9 A disturbance in vascular 
tone regulation also develops in sepsis: 

Strengths and limitations of this study

 ► It is a prospective, randomised, controlled, multi-
centre study with a relatively homogeneous group 
of patients.

 ► Instead of the internationally criticised hard end-
points in sepsis trials, physiological outcomes were 
chosen as our primary endpoints.

 ► Shock reversal has not been used as a primary out-
come in randomised trials before, therefore, sample 
size calculation was based on a heterogeneous pop-
ulation of patients with sepsis from a limited number 
of studies.

 ► For safety measures we decided to treat patients 
in both CytoSorb- treated groups for at least 24 
hours—according to current practice—therefore, 
we will not able to assess sustained shock reversal 
without haemadsorption therapy during the first 24 
hours.
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vasoplegia is thought to be a key factor responsible for 
the death of patients with septic shock, due to persistent 
hypotension.10

When standard therapeutic measures, such as adequate 
early resuscitation, source control and organ support 
fail to improve the patients’ condition, additional thera-
peutic alternatives, called ‘adjuvant therapies’ are applied 
to reduce morbidity and mortality by providing some 
extra help.11 Several adjuvant therapies have been tested 
over the decades with non- conclusive results.12–14 One of 
the most recent alternatives is extracorporeal cytokine 
adsorption with a device called CytoSorb (CytoSorbents, 
New Jersey, USA) that has become available in clinical 
practice in 2011. It is a high- flow, low- resistance cytokine 
adsorbent, containing specially developed polymer beads 
with a large adsorption surface and a spectrum of adsorp-
tion between 5 and 60 kDa.15

Over 100 case studies describing the use of CytoSorb in 
many clinical scenarios and in general, the effects are prom-
ising, and the treatment is well tolerated.16–18 Concerning 
the treatment of sepsis, clinical trials are lacking at present, 
and we have mainly small case series.19–22 There is also an 
international CytoSorb Registry, and recent data analysis 
on 198 patients indicated, that observed mortality (65%) 
was substantially better as compared with the predicted 
(80%–20%) and the treatment also proved to be safe.23 
Furthermore, recent case series and case–control studies 
reported profound benefit on the outcome in patients 
with septic shock and treated with CytoSorb.24 25 Recently, 
the Adsorption of Cytokines Early in Septic Shock (ACESS 
trial) was published, which is the first randomised clinical 
trial (RCT) on CytoSorb as a stand- alone haemoperfu-
sion treatment (ie, without continuous renal replacement 
therapy (CRRT)) in patients with septic shock.26 It was 
a proof- of- concept pilot study on 20 medical patients 
randomised into a CytoSorb and a standard treatment 
group, with cytokine adsorption initiated within the first 
24 hours after the onset of septic shock. The treatment 
proved to be safe and resulted in a significant reduction 
in norepinephrine requirement and serum procalcitonin 
(PCT) levels in the CytoSorb group as compared with 
controls. In a more recent propensity- score- weighted 
retrospective study on more than 100 patients with septic 
shock requiring CRRT, when patients were weighted by 
stabilised inverse probability of treatment weights the 
results suggested that CytoSorb therapy may be associated 
with decreased all- cause mortality at 28 days compared 
with CRRT alone.27

Despite the promising case series and preliminary 
results, several questions need to be clarified before 
recommendations can be made, including the right 
target population, the timing and the length of a single 
treatment and the overall duration of the therapy. Some 
preliminary data are suggesting that PCT is removed by 
the adsorber in a time- dependent manner28 being most 
efficient during the first 12 hours, after which removal is 
negligible.

AIM OF THE STUDY
This study aims to compare the efficacy of standard 
medical therapy (SMT, group A) and continuous extra-
corporeal cytokine removal with CytoSorb therapy in 
patients with early refractory septic shock. Furthermore, 
we compare the dosing of CytoSorb adsorber device 
changed every 12 (group B) or 24 hours (group C).

METHODS AND ANALYSIS
Study design
It is a prospective, randomised, controlled, three- arm, 
open- label, international, multicentre, phase III study 
with adaptive ‘sample size re- estimation’ design.

The study protocol was constructed in accordance 
with the Standard Protocol Items: Recommendations for 
Interventional Trials 2013 statement.29

Randomisation
A computer- generated random number sequence will 
be conducted with randomly varied multiple block sizes 
stratified according to the participating centres with an 
equal (1:1:1) allocation ratio. The medical personnel in 
each study centre will have credentials to access the rando-
misation site. On this site, the medical staff has to check 
all inclusion criteria and the absence of all the exclusion 
criteria. Patients will be recruited consecutively. After the 
participant was registered, the allocation appears but the 
following allocations and the block sizes are concealed.

Blinding
It is not possible for the staff who are providing patient 
care to be unaware of the group assignments after rando-
misation. Sham procedures for the control group would 
be unethical. Statisticians are blinded to treatment 
assignments.

Duration
Duration per patient: The study starts after randomi-
sation. In the CytoSorb groups, measurements, blood 
sampling and other recordings are performed immedi-
ately after the start of CytoSorb therapy (indicated as T0). 
In the SMT group, T0 is defined as the first recordings 
after randomisation. The study period ends (Te) 12 hours 
after shock reversal or on day 5 after randomisation or at 
the time of death within this period, whichever happens 
first. The patients will be followed up on day 28±7 and day 
90±7 after randomisation. Duration of the entire study: 
the planned starting date of the study is June 2021, and 
the planned completion date is June 2024.

Study groups
Patients eligible for the study in terms of the inclusion 
and exclusion criteria (defined below) will be randomly 
assigned to one of the three study groups after informed 
consent. In case the patient is unable to give consent, 
informed consent will be obtained from the next of 
kin or his/her legal guardian, information on the study 
and the treatment will be provided by the attending 
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physician. Patients in group A will be treated with SMT. 
Patients in group B will be treated with continuous Cyto-
Sorb therapy in addition to SMT; CytoSorb device will 
be changed every 12 hours. Patients in group C will also 
be treated with continuous CytoSorb therapy in addition 
to standard treatment, however, CytoSorb device will be 
changed every 24 hours. In each group, the treatment will 
be continued for a minimum of 24 hours, after that until 
shock reversal occurs, for a maximum of 5 days or until 
the patient’s death (figure 1).

Patient enrolment
The inclusion and exclusion criteria are based on the 
results of previous case series,24 25 on the ACESS trial26 
and modified accordingly:

Inclusion criteria
 ► Septic shock as defined by the Sepsis-3 criteria.30

 ► Septic shock of both medical and surgical aetiology 
(except for reoperation).

 ► Acute Physiology and Chronic Health Evaluation II 
(APACHE II) score >2524–26 (APACHE II score will be 
assessed at T0).

 ► Mechanical ventilation.
 ► Norepinephrine requirement ≥0.4 µg/kg/min for at 

least 30 min, when hypovolaemia is highly unlikely 
as indicated by invasive haemodynamic measure-
ments24–26 assessed by the attending physician.

 ► Invasive haemodynamic monitoring to determine 
cardiac output and derived variables.

 ► PCT level ≥10 ng/mL.24–26

 ► Inclusion within 6–24 hours after the onset of vaso-
pressor need and after all standard therapeutic 
measures (including steroid therapy and/or second 
vasopressor) have been implemented without clinical 
improvement (ie, the shock is considered refractory).

 ► Written informed consent.

Exclusion criteria
 ► Patients under 18 years of age and over 80.
 ► Lack of health insurance.
 ► Pregnancy.
 ► Criteria of standard guideline- based medical treat-

ment not exhausted (detailed below at 3.7) SMT).
 ► End- stage organ failure.31

 ► New York Heart Association class IV.
 ► Chronic renal failure with estimated glomerular filtra-

tion rate (eGFR) <15 mL/min/1.73 m2.

 ► Model for End- Stage Liver Disease Score ( >30, Child- 
Pugh score class C.

 ► Unlikely survival for 24 hours according to the 
attending physician.

 ► Acute onset of haemato- oncological illness.
 ► Postcardiopulmonary resuscitation care.
 ► Reoperation in the context of a septic insult.
 ► Immunosuppression.
 ► Systemic steroid therapy (>10 mg prednisolone/day).
 ► Immunosuppressive agents (ie, methotrexate, azathi-

oprine, ciclosporin, tacrolimus, cyclophosphamide).
 ► HIV infection (active AIDS): HIV- VL >50 copies/

mL.32

 ► Patients with transplanted vital organs.
 ► Thrombocytopaenia (<20.000/mL).
 ► More than 10%-of body surface area with a third- 

degree burn.
 ► Acute coronary syndrome.
 ► In case of the need for a transfer of the patient 

to radiology or surgery, and if the device has to be 
disconnected, then the adsorber should be kept in a 
recirculation mode. In case of the need for changing 
the adsorber (ie, clotting) or if the disconnection 
lasted more than 2 hours, the patient should be 
excluded from the study.

Standard medical therapy
Patients will receive standard monitoring and care 
according to the centres’ local standard protocols based 
on international guidelines.33 It includes 5- lead ECG, 
pulse oximetry, continuous invasive blood pressure moni-
toring, central venous cannulation and advanced haemo-
dynamic monitoring with the PiCCO- technology.

Figure 1 Flow chart of the therapy according to the SPIRIT 
2013 statement.29 The figure presents 24 hours of the 
treatment period. D, deterioration, SPIRIT, Standard Protocol 
Items: Recommendations for Interventional Trials; SR: shock 
reversal; U: unchanged state.
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Advanced haemodynamic monitoring will be under-
taken to optimise haemodynamics. Study teams will be 
encouraged to wean catecholamine support as soon as 
possible (mean arterial pressure (MAP) between 65 and 
70 mm Hg in general),34 but this should remain at the 
physician’s discretion and should be tailored to each 
patient’s individual need, based on other indices of global 
haemodynamic parameters and tissue perfusion such as 
urine output, serum lactate levels, ScvO2, etc. The first 
choice of vasopressor is norepinephrine. For the second 
line, vasopressin is the recommended vasopressor—
also including steroid support decided by the attending 
physician. In case of the need for an inotrope, dobu-
tamine is suggested as first- line treatment. SMT will be 
performed according to the ’Surviving Sepsis Campaign’ 
Guidelines.33

Patients in both group B and C will receive a haemo-
dialysis catheter inserted into a central vein (femoral, 
subclavian or internal jugular, as appropriate). Treatment 
will be performed as instructed by the manufacturer’s 
user guide.

CytoSorb therapy
In short, CytoSorb will be placed in a blood pump circuit 
in prehaemofilter position (haemoperfusion) using a 
renal replacement device—of the choice of the given 
site—as a stand- alone treatment or in combination with 
renal replacement therapy. The device will be run in 
continuous venovenous hemofiltration (CVVH), contin-
uous venovenous hemodialysis (CVVHD) or continuous 
venovenous hemodiafiltration (CVVHDF) mode. Intra-
venous anticoagulation will be performed—according 
to the current standards recommended by the manufac-
turers—with heparin, low- molecular- weight heparin or 
citrate as required, and a pump flow rate of 100–400 mL/
min will be aimed and flow rate recorded.

Physicians are strongly advised to start CytoSorb therapy 
as soon as possible after randomisation, but not later than 
2 hours. In case of further delay, the patient should be 
removed from the study.

In groups B and C, special attention will be paid to 
coagulation, therefore, in addition to standard labora-
tory tests (prothrombin time, activated thromboplastin 
time, international normalised ratio), rotational throm-
boelastometry will be performed whenever necessary and 
available.

Antibiotic serum concentrations are recommended to 
be monitored—in centres where it is available—according 
to international standards and doses should be altered as 
recommended if necessary.

Shock reversal will be assessed by the attending physi-
cian and the treatment will be immediately continued or 
terminated with a new adsorber. Criteria for termination 
are as follows:
1. Discontinuation: shock reversal (see below) has been 

achieved and remains so after finishing 12 hours of 
SMT.26

2. Restarting: treatment can be restarted within 12 hours 
if vasopressor requirement increases despite normovo-
laemia confirmed with haemodynamic monitoring 
and in case of worsening organ function such as deteri-
oration in gas exchange, increased extravascular lung 
water (EVLW), etc, which is considered by the attend-
ing physician as a result of a new onset of hyperinflam-
matory response.

3. Defining non- responders: It is expected that there will 
be patients who do not respond to CytoSorb treatment. 
Therefore, patients whose clinical condition deterio-
rates during and within the first 24 hours of CytoSorb 
therapy will be considered as non- responders and 
CytoSorb will not be continued. Non- responsiveness 
will be defined as: (A) increasing vasopressor require-
ment not related to hypovolaemia or bleeding, (B) in-
creasing lactate not associated with acute liver failure 
and (C) when the worsening clinical picture is accom-
panied by increasing PCT/Interleukin-6 (IL-6) levels 
despite the likely presence of adequate source control.

Patients’ data will be recorded on the electronic case 
report form (eCRF) at T0, T6, T12, T24 and then daily until 
the end of the study period (Te) that is until 12 hours 
after shock reversal or up to a maximum of 5 days or until 
the patient’s death, whichever occurs first. Follow- up 
visits/calls are scheduled on day 28±7 and day 90±7 after 
randomisation.

Primary endpoints
1. Time to shock reversal: the hours elapsed from T0 to 

shock reversal.
2. Shock reversal: In previous studies, shock reversal oc-

curred in 65%,24 38.5%25 and 65%26 of patients, within 
a 24- hour CytoSorb treatment, which has been consid-
ered as the most important clinical effect of the thera-
py. Based on the results ‘shock reversal’ will be defined 
as:
i. No further need or reduced (≤10% of the max-

imum dose) in the vasopressor requirement (in-
cluding norepinephrine and/or vasopressin) for 
3 hours25 35

(In case of multiple vasopressor agents are re-
quired, the reduction of one of them (≤10% of the 
maximum dose) is sufficient if the other agent(s)’ 
dosage does not need to be increased).

ii. Low doses of vasopressor (≤10% of the maximum 
dose) may be required to compensate for sedation 
or to maintain adequate organ perfusion.

iii. In case of (2.a) invasive haemodynamic measure-
ments will be performed to confirm haemody-
namic stability.

iv. In case of (2.a), arterial and central venous blood 
gas analysis will be performed, to determine arte-
rial lactate levels (the target is ≤2 mmol/L), ve-
nous to arterial partial pressure of carbon dioxide 
gap (normal value is: ≤7 mm Hg) and central ve-
nous O2 saturation (ScvO2) (increase above 70% 
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at Te if it was lower than 70% at T0 or returning 
into 70%–75% by Te in case it was greater than 
75%–80% at T0).

Secondary endpoints
1. Blood samples will be collected at T0, T6, T12, T24 and 

then daily, and the change from T0 to Te of the follow-
ing parameters will be assessed:

i. Inflammatory parameters: 1. PCT, 2. IL-6, 3. C- 
Reactive Protein (CRP), 4. IL-1, 5. IL- 1ra, 6. IL-8, 
7. IL-10, 8. Tumour necrosis factor- alpha (TNF-α), 
9. syndecan-1, 10. heparan sulfate.

ii. Arterial lactate levels.
2. Change in Sequential Organ Failure Assessment 

(SOFA) score from T0 to Te (SOFA score will be as-
sessed at T0, T24 and then daily).

3. Change in EVLW from T0 to Te.

4. Duration of mechanical ventilation in days (every 24 
hours when the patient required the organ support 
therapy counts as one).

5. Duration of catecholamine requirement in days.
6. Duration of renal replacement therapy in days.
7. Need for dialysis on day 28±7.
8. Need for dialysis on day 90±7.
9. Length of stay at the Intensive Care Unit (ICU).

10. Length of stay at the hospital.
11. Survival: ICU.
12. Survival: hospital.
13. Survival at day 28
14. Survival at day 90.
15. Survival: number of days (every finished 24 hours 

counts one).
16. Adverse events (AEs).

AEs and serious AEs: definition and recording
AEss will be collected from the start of the intervention 
period until follow- up.

All AEs and device deficiencies including all serious 
AEs (SAEs) are collected and documented in the source 
document and the AE report form (see at online supple-
mental file, AEs) during the entire study period, that 
is, from the patient’s informed consent until the last 
follow- up visit/call. Dates of the event, the seriousness of 
the event and the relationship to the study device need to 
be documented. The AE report form has to be forwarded 
to the SC and the independent data management board 
(IDMB). Provided that the AE is confirmed by the SC, the 
national ethics committee needs to be notified (http://
www. ett. hu/ tukeb. htm).

Follow-up
A follow- up assessment will be conducted 28±7 days and 
90±7 days after randomisation using a follow- up letter/
email or a phone call. In case the patient or the next- 
of- kin cannot be reached, medical records will be used to 
obtain the needed information. At day 28 and 90 survival, 
need for dialysis and AEs will be assessed.

Statistical analysis
Sample size calculation
Based on the previous case series and the ACESS pilot 
data, the most apparent clinical benefit is expected to 
be the reduction in norepinephrine requirement; there-
fore, we chose shock reversal as the most important 
outcome.24–26 In the ACESS trial, it was found that one 
single 24- hour treatment resulted in an almost 70% 
reduction in the required norepinephrine dose. A similar 
observation was made in a recent case series,24 in which 
a 50% reduction was found after a 24- hour treatment. 
Furthermore, in our pilot study, the most profound effect 
occurred within the first 12 hours of treatment, as far as 
norepinephrine requirement and PCT- level reduction 
are concerned.28 Based on these results, it is postulated 
that cytokine removal may be most effective in the first 
hours of treatment, therefore, shock reversal could occur 
faster in group B as compared with group C and faster in 
both groups as in group A (controls).

The sample size calculation was based on patient data 
from the study of Kogelmann et al.25 The time of shock 
reversal was separately calculated for those in whom the 
first adsorber was changed after 12 hours (n=3), and 
for those who received therapy for 24- hours each time 
(n=17) (48±30 hours vs 68±21, respectively). In a recent 
prospective RCT on patients with sepsis and septic shock, 
vasopressors were weaned in 96±40 hours in the control 
group (n=50).36

We considered these differences as clinically relevant 
and not to be overlooked between the three groups. 
Sample size calculation suggests that 135 patients (1:1:1) 
will need to be enrolled (45 in each study arm) to confirm 
or reject the hypothesis for the primary endpoint with a 
20% drop- out, 80% power and 95% significance level. 
Non- responders will be handled as dropouts and will 
continue to receive SMT.

Analysis plan and statistics
Descriptive statistics—mean, median, SD, quartiles and 
relative frequency—weighted generalised linear model 
with contrasts (continuous variable) for the primary 
endpoint and mixed models (continuous variable), a 
weighted generalised linear model with contrasts (contin-
uous variable), relative risk (dichotomous variables) for 
secondary endpoints. Affiliated statistical analyses will 
be performed with an error probability of 0.0294 (type 
I error probability) for per- protocol (PP) and intention- 
to- treat population. All statistical analyses are performed 
with R (V.3.5.2).

Interim analysis
Appropriate sample size calculation was not possible 
due to the lack of available high- quality clinical data.25 
Therefore, it is highly likely that the event rate of shock 
reversal will occur in substantially less than 100%. In 
order to adapt the required sample size to maintain statis-
tical power, we decided to allow sample size re- estimation 
after an interim analysis at the 50% recruitment rate. If 
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no more subjects are needed, early termination will be 
applied. For this reason, the p value should be adjusted 
to diminish the probability of type I error; therefore, the 
corrected level of significance (p value) will be 0.0294.

The following rules will be applied:
1. If the treatment in any of the groups proves to be sig-

nificantly (p<0.0294) less effective than the others and 
it is already obvious that there is no hope for ascer-
taining a significant difference between the other two 
groups, the study will be stopped.

2. If the treatment in any of the groups are significantly 
(p<0.0294) less effective than the others and it is al-
ready visible that there is hope of ascertaining a sig-
nificant difference between the other two groups, the 
inferior treatment will be dropped, and the study will 
be continued with the remaining two arms.

3. If any of the groups proves to be significantly 
(p<0.0294) more effective than the others, the study 
will be discontinued.

Study populations
Safety analysis set (all patients enrolled in the study), PP 
Set (PPS, all enrolled patients who finished the study 
conforming to the requirements of the study protocol) 
and ITT (all randomised participants who start on a treat-
ment, excluding consent withdrawals) will be performed.

Withdrawal of a subject from PPS
Patients will not be included in the per- protocol analysis 
if: (1) during the trial any exclusion criteria is met; (2) 
a serious adverse effect occurs; (3) data required for the 
primary endpoints are missing; or (4) serious medical 
conditions not related to septic shock occur (eg, myocar-
dial infarction, stroke); (5) commencement of CytoSorb 
more than 2 hours after randomisation and (6) the dura-
tion of CytoSorb therapy did not reach 24 hours or the 
patient died within 24 hours from enrolment in groups 
B and C.

Patient and public involvement
Patients or the public were not involved in the design, 
conduct, reporting or dissemination plans of our research.

ETHICS AND DISSEMINATION
Ethical and legal considerations
This clinical study will be conducted following the Decla-
ration of Helsinki. It will be conducted in compliance with 
the protocol, Good Clinical Practice (GCP) (2001/20/
EEC, CPMP/ICH/135/95), designated standard oper-
ating procedures, and local laws and regulations relevant 
to the country of conduct. This protocol in its current 
version was approved by the Scientific and Research 
Ethics Committee of the Hungarian Medical Research 
Council (OGYÉI/65049/2020).

Data management
IDMB will handle data, eCRF will be applied. The inves-
tigator will guarantee that the data in the eCRF are 

accurate, complete and clear. Data management plan will 
detail the data handling during and after the trial. Data 
from completed eCRFs will be assessed under the direc-
tion of the data manager at IDMB according to a data 
cleaning plan. In case of missing, improbable or inconsis-
tent data in the eCRFs will be referred back to the Investi-
gator using a data query form.

Publication policy
Centres recruiting more than 10 patients can nominate 
two authors to the authorship list. Every additional 10 
patients will give the opportunity to nominate an addi-
tional author.

Trial organisation, committees and boards
DECRISS is designed and coordinated by the Centre for 
Translational Medicine at the Medical School of Univer-
sity of Pécs.

Steering committee
The steering committee (SC) will be led by ZM (intensive 
care specialist). The members will be AK (medical doctor, 
full- time employee on the project), MM (intensive care 
specialist), KKo (intensive care specialist), LS (intensive 
care specialist), BE (clinical research specialist) and PH 
(clinical pharmacologist). SC will discuss all important 
questions including AEs and the drop- outs during the 
study.

Participating centres
The trial will start in two centres (University of Pécs, Pécs, 
Hungary; Poznan University of Medical Sciences, Poznan, 
Poland), then the trial is open for other centres. The 
centre will be assessed by the IDMB and will be presented 
to the SC. The SC has the right to decide whether the 
centre meets the required quality to join the study. 
Compulsory requirements for a centre are: (1) it needs 
to treat at least 50 patients with septic shock a year; (2) it 
needs to have all the equipment required for the study; 
(3) besides the regular medical team, the centre has to 
have human resources (doctors, nurse/administrator) 
available for the trial; and (4) before study commence-
ment a meeting will be held; at least one person/centre 
needs to attend who completed a GCP course. All the 
details of the study protocol will be discussed thoroughly. 
A letter of intent needs to be sent to the corresponding 
author by email in case of a centre wishing to participate 
in the study.

DISCUSSION
To our best knowledge, this is the first multicentre clin-
ical trial, assessing the dosing of CytoSorb treatment 
alone as well as in combination with standard CRRT and 
compared with standard treatment in patients with refrac-
tory septic shock.

Strengths and limitations of the study
Study design intends to aim a relatively homogeneous 
group of patients in order to overcome the drawbacks of 
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previous large sepsis trials, that resulted in non- significant 
findings.37 38 Therefore, in addition to the broad term 
Sepsis-3 definition of septic shock,30 other prerequisites 
will be incorporated into the inclusion criteria such as the 
minimum APACHE II score, norepinephrine dose, PCT 
levels, mechanical ventilation, etc.

Most sepsis randomised trials applied hard endpoints to 
evaluate the effects of a single treatment, such as mortality, 
length of hospital stay or ventilator and vasopressor- free 
days.39 40 However, this approach has been criticised 
by several internationally acknowledged experts for 
numerous reasons.41 42 One of the possible solutions is to 
design trials with physiologic primary endpoints.41 Cyto-
Sorb therapy has been shown to reduce the need of vaso-
pressor support in several case series and studies.24 25 38 
Therefore, we decided to choose ‘shock reversal’ as our 
primary outcome measure. Furthermore, it is not only 
the occurrence of shock reversal but the ‘time to shock 
reversal’ from the start of treatment that is of particular 
interest in the current study.

The current practice of applying one adsorber for 24 
hours is an arbitrary one, based on the company’s recom-
mendation and theoretical considerations. Nevertheless, 
several centres change the cartridge earlier (most often 
after 12 hours), based simply on their experience, but no 
study investigated this issue yet. Therefore, the current 
study should have important results to determine if there 
is any difference in the effects when the adsorber is ‘fresh’ 
as compared with its later performance. For this purpose, 
we designed a three- arm trial comparing standard therapy 
to 12 and 24 hours CytoSorb adsorber changing strategies 
to assess, which leads to faster shock reversal.

Another strength of our study is that in addition to well- 
acknowledged parameters indicating organ dysfunction a 
specific issue in the current trial will be the investigation 
of the evolution of EVLW during the treatment. EVLW 
is an indicator of increased pulmonary capillary perme-
ability, often due to systemic inflammation.43 There is 
one case report indicating that CytoSorb therapy may 
have protective effects on vascular barrier function.44 As 
mechanical ventilation is also an inclusion criterium, our 
study may provide further insight into the relationship 
between cytokine removal and pulmonary function.

Although it has been shown in several experimental 
models that CytoSorb removes cytokines but clinical data, 
especially from prospective randomised trials are missing. 
An array of inflammatory markers and mediators are 
planned to be determined during the study, which can 
provide a further understanding of the removal proper-
ties of the device.

One of the limitations of the study is that shock reversal 
per se has not been used as a primary outcome, there-
fore, sample size calculation was based on data from a 
limited number of patients and a heterogeneous popula-
tion of patients with sepsis. Another potential limitation 
is the heterogeneity of the study population. Patients with 
septic shock both due to medical and surgical origin will 
be included, while the inflammatory response might be 

different in the two groups.45 However, currently avail-
able clinical data indicate that both patient populations 
can benefit similarly from the therapy.25 Another concern 
regarding heterogeneity could be that CytoSorb treat-
ment will be applied on its own as haemoperfusion and 
in combination with CRRT. However, we have no data yet, 
neither pro nor con that these two therapies interact in 
any way. For safety measures, we decided to treat patients 
in both CytoSorb- treated groups for at least 24 hours—
as precurrent practice—therefore, we will not be able to 
assess sustained shock reversal after 12 hours during the 
first 24 hours.

Author affiliations
1Institute for Translational Medicine, Medical School, University of Pécs, Pécs, 
Hungary
2Heim Pál National Paediatric Institute, Budapest, Hungary
3Doctoral School of Clinical Medicine, University of Szeged, Szeged, Hungary
4Chair and Department of Anaesthesiology and Intensive Therapy and Pain 
Treatment, Poznan University for Medical Sciences, Poznan, Poland
5Department of Anaesthesiology and Intensive Therapy, Semmelweis University, 
Budapest, Hungary
6Department of Anaesthesiology and Intensive Care, Medical School, University of 
Pécs, Pécs, Hungary
7Institute for Translational Medicine, Szentágothai Research Centre, Medical School, 
University of Pécs, Pécs, Hungary
8Centre for Translational Medicine, Semmelweis University, Budapest, Hungary
9Division of Pancreatic Diseases, Heart and Vascular Center, Semmelweis University, 
Budapest, Hungary
10János Szentágothai Research Center, University of Pécs, Pécs, Hungary
111st Department of Medicine, Medical School, University of Pécs, Pécs, Hungary
12International Fluid Academy, Lovenjoel, Belgium
13Faculty of Engineering, Department of Electronics and Informatics, Vrije 
Universiteit Brussel (VUB), Brussels, Belgium
14Medical Department, CMO, AZ Jan Palfijn Hospital, Ghent, Belgium
15First Department of Anaesthesiology and Intensive Therapy, Medical University of 
Lublin, Lublin, Poland
16Department of Anaesthesiology and Intensive Care, Central Clinical Hospital of the 
Ministry of Interior and Administration, Warsaw, Poland
17Chair of Anatomy, Faculty of Medicine, Jagiellonian University Medical College, 
Krakow, Poland
18Department of Anaesthesiology and Intensive Care Medicine, Klinikum Emden, 
Emden, Germany

Contributors AK, ZMo and KKo constructed the trial. LS, MLNGM, PH, KS, JS, ZMá 
and KKu offered recommendations and will regularly follow the study. AK, ZMo, 
NZ and BE outlined the manuscript, while all the authors edited the manuscript. 
AK prepared the figure. The sample size calculation was carried out by NG. 
The treatments will be carried out by ZMá, TK, KKu, KS, JS and KKo. The final 
manuscript was reviewed and authorised by all of the authors.

Funding This is an investigator- initiated study, without any financial support from 
CytoSorbents. Center costs (IT, biostatistics, trial organisation, etc) are covered by 
the University of Pécs, Medical School, GINOP-2.3.2-15-2016-00048 - STAY ALIVE' 
and GINOP-2.3.4-15-2020-00010 Competence Center for Health Data Analysis, 
Data Utilisation and Smart Device and Technology Development at the University of 
Pécs).

Competing interests ZMo is one of the medical directors at CytoSorbents Europe.

Patient consent for publication Not required.

Provenance and peer review Not commissioned; externally peer reviewed.

Supplemental material This content has been supplied by the author(s). It has 
not been vetted by BMJ Publishing Group Limited (BMJ) and may not have been 
peer- reviewed. Any opinions or recommendations discussed are solely those 
of the author(s) and are not endorsed by BMJ. BMJ disclaims all liability and 
responsibility arising from any reliance placed on the content. Where the content 
includes any translated material, BMJ does not warrant the accuracy and reliability 

 on M
ay 19, 2023 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2021-050464 on 26 A

ugust 2021. D
ow

nloaded from
 

http://bmjopen.bmj.com/


8 Kanjo A, et al. BMJ Open 2021;11:e050464. doi:10.1136/bmjopen-2021-050464

Open access 

of the translations (including but not limited to local regulations, clinical guidelines, 
terminology, drug names and drug dosages), and is not responsible for any error 
and/or omissions arising from translation and adaptation or otherwise.

Open access This is an open access article distributed in accordance with the 
Creative Commons Attribution Non Commercial (CC BY- NC 4.0) license, which 
permits others to distribute, remix, adapt, build upon this work non- commercially, 
and license their derivative works on different terms, provided the original work is 
properly cited, appropriate credit is given, any changes made indicated, and the use 
is non- commercial. See: http:// creativecommons. org/ licenses/ by- nc/ 4. 0/.

ORCID iDs
Zsolt Molnar http:// orcid. org/ 0000- 0002- 1468- 4058
Péter Hegyi http:// orcid. org/ 0000- 0003- 0399- 7259

REFERENCES
 1 Sogayar AMC, Machado FR, Rea- Neto A, et al. A multicentre, 

prospective study to evaluate costs of septic patients in Brazilian 
intensive care units. Pharmacoeconomics 2008;26:425–34.

 2 Adrie C, Alberti C, Chaix- Couturier C, et al. Epidemiology and 
economic evaluation of severe sepsis in France: age, severity, 
infection site, and place of acquisition (community, Hospital, or 
intensive care unit) as determinants of workload and cost. J Crit Care 
2005;20:46–58.

 3 Khwannimit B, Bhurayanontachai R. The direct costs of intensive 
care management and risk factors for financial burden of patients 
with severe sepsis and septic shock. J Crit Care 2015;30:929–34.

 4 Iskander KN, Osuchowski MF, Stearns- Kurosawa DJ, et al. Sepsis: 
multiple abnormalities, heterogeneous responses, and evolving 
understanding. Physiol Rev 2013;93:1247–88.

 5 Kwan A, Hubank M, Rashid A, et al. Transcriptional instability during 
evolving sepsis may limit biomarker based risk stratification. PLoS 
One 2013;8:e60501.

 6 Akira S, Uematsu S, Takeuchi O. Pathogen recognition and innate 
immunity. Cell 2006;124:783–801.

 7 Hotchkiss RS, Monneret G, Payen D. Sepsis- Induced 
immunosuppression: from cellular dysfunctions to immunotherapy. 
Nat Rev Immunol 2013;13:862–74.

 8 Schulte W, Bernhagen J, Bucala R. Cytokines in sepsis: potent 
Immunoregulators and potential therapeutic targets- an updated view. 
Mediators Inflamm 2013;2013:1–16.

 9 Venet F, Lukaszewicz A- C, Payen D, et al. Monitoring the immune 
response in sepsis: a rational approach to administration of 
immunoadjuvant therapies. Curr Opin Immunol 2013;25:477–83.

 10 Sharawy N. Vasoplegia in septic shock: do we really fight the right 
enemy? J Crit Care 2014;29:83–7.

 11 László I, Trásy D, Molnár Z, et al. Sepsis: from pathophysiology to 
individualized patient care. J Immunol Res 2015;2015:510436.

 12 Bellomo R, Baldwin I, Ronco C. Extracorporeal blood purification 
therapy for sepsis and systemic inflammation: its biological rationale. 
Contrib Nephrol 2001:367–74.

 13 Cruz DN, Antonelli M, Fumagalli R, et al. Early use of polymyxin B 
hemoperfusion in abdominal septic shock: the EUPHAS randomized 
controlled trial. JAMA 2009;301:2445–52.

 14 Kreymann KG, de Heer G, Nierhaus A, et al. Use of polyclonal 
immunoglobulins as adjunctive therapy for sepsis or septic shock. 
Crit Care Med 2007;35:2677–85.

 15 Cytosorbents Corporation CytoSorbents. Available: http:// 
cytosorbents. com/ products/ cyto- sorb/

 16 Basu R, Pathak S, Goyal J, et al. Use of a novel hemoadsorption 
device for cytokine removal as adjuvant therapy in a patient with 
septic shock with multi- organ dysfunction: a case study. Indian J Crit 
Care Med 2014;18:822–4.

 17 Bedina Eet al. Hemoadsorption by cytosorb® in septic shock with 
acute kidney injury: a case series. Blood Purification 2018;46:183–4.

 18 Bracht Het al. Pattern of cytokine removal using an adsorption 
column CytoSorb® during severe Candia albicans induced septic 
shock. Infection 2013;41:S64–5.

 19 Kellum JA, Venkataraman R, Powner D, et al. Feasibility study of 
cytokine removal by hemoadsorption in brain- dead humans. Crit 
Care Med 2008;36:268–72.

 20 Namas RA, Namas R, Lagoa C, et al. Hemoadsorption reprograms 
inflammation in experimental gram- negative septic peritonitis: 
insights from in vivo and in silico studies. Mol Med 2012;18:1366–74.

 21 Peng Z- Y, Carter MJ, Kellum JA. Effects of hemoadsorption on 
cytokine removal and short- term survival in septic rats. Crit Care 
Med 2008;36:1573–7.

 22 Peng Z- Y, Wang H- Z, Carter MJ, et al. Acute removal of common 
sepsis mediators does not explain the effects of extracorporeal blood 
purification in experimental sepsis. Kidney Int 2012;81:363–9.

 23 Friesecke S, Träger K, Schittek GA, et al. International registry 
on the use of the CytoSorb® adsorber in ICU patients : Study 
protocol and preliminary results. Med Klin Intensivmed Notfmed 
2019;114:699–707.

 24 Friesecke S, Stecher S- S, Gross S, et al. Extracorporeal cytokine 
elimination as rescue therapy in refractory septic shock: a 
prospective single- center study. J Artif Organs 2017;20:252–9.

 25 Kogelmann K, Jarczak D, Scheller M, et al. Hemoadsorption by 
CytoSorb in septic patients: a case series. Crit Care 2017;21:74.

 26 Hawchar F, László I, Öveges N, et al. Extracorporeal cytokine 
adsorption in septic shock: a proof of concept randomized, 
controlled pilot study. J Crit Care 2019;49:172–8.

 27 Brouwer WP, Duran S, Kuijper M, et al. Hemoadsorption with 
CytoSorb shows a decreased observed versus expected 28- day 
all- cause mortality in ICU patients with septic shock: a propensity- 
score- weighted retrospective study. Crit Care 2019;23:317.

 28 Öveges N, L.s.I. Forgács M, et al. Procalcitonin elimination during 
cytokine adsorption therapy in septic shock: a spin- off study of the 
ACESS trial. Crit Care 2017;21:383.

 29 Chan A- W, Tetzlaff JM, Altman DG, et al. SPIRIT 2013 statement: 
defining standard protocol items for clinical trials. Ann Intern Med 
2013;158:200.

 30 Singer M, Deutschman CS, Seymour CW, et al. The third 
International consensus definitions for sepsis and septic shock 
(Sepsis-3). JAMA 2016;315:801–10.

 31 Knaus WA, Draper EA, Wagner DP, et al. APACHE II: a severity of 
disease classification system. Crit Care Med 1985;13:818–29.

 32 Amendola A, Sberna G, Forbici F, et al. The dual- target approach in 
viral HIV-1 viremia testing: an added value to virological monitoring? 
PLoS One 2020;15:e0228192.

 33 Rhodes A, Evans LE, Alhazzani W, et al. Surviving sepsis campaign: 
international guidelines for management of sepsis and septic shock: 
2016. Intensive Care Med 2017;43:304–77.

 34 Khanna A, English SW, Wang XS, et al. Angiotensin II for the 
treatment of vasodilatory shock. N Engl J Med Overseas Ed 
2017;377:419–30.

 35 Kogelmann K, Scheller M, Drüner M, et al. Use of hemoadsorption in 
sepsis- associated ECMO- dependent severe ARDS: A case series. 0, 
1751143718818992.

 36 Wani SJ, Mufti SA, Jan RA, et al. Combination of vitamin C, 
thiamine and hydrocortisone added to standard treatment in the 
management of sepsis: results from an open label randomised 
controlled clinical trial and a review of the literature. Infect Dis 
2020;52:271–8.

 37 Peake SL, et al, ARISE Investigators, ANZICS Clinical Trials Group. 
Goal- Directed resuscitation for patients with early septic shock. N 
Engl J Med 2014;371:1496–506.

 38 TP I. A randomized trial of Protocol- Based care for early septic shock 
2014;370:1683–93.

 39 Peake SL, Bailey M, Bellomo R, et al. Australasian resuscitation of 
sepsis evaluation (ARISE): a multi- centre, prospective, inception 
cohort study. Resuscitation 2009;80:811–8.

 40 ProCESS Investigators, Yealy DM, Kellum JA, et al. A randomized 
trial of protocol- based care for early septic shock. N Engl J Med 
2014;370:1683–93.

 41 Girbes ARJ, de Grooth H- JJJoTD. Time to stop randomized and 
large pragmatic trials for intensive care medicine syndromes: 
the case of sepsis and acute respiratory distress syndrome 
2019:S101–9.

 42 Vincent J- L. We should abandon randomized controlled trials in the 
intensive care unit. Crit Care Med 2010;38:S534–8.

 43 Jozwiak M, Teboul J- L, Monnet X. Extravascular lung water in critical 
care: recent advances and clinical applications. Ann Intensive Care 
2015;5:38.

 44 David S, Thamm K, Schmidt BMW, et al. Effect of extracorporeal 
cytokine removal on vascular barrier function in a septic shock 
patient. J Intensive Care 2017;5:12.

 45 Trásy D, Tánczos K, Németh M, et al. Early procalcitonin kinetics 
and appropriateness of empirical antimicrobial therapy in critically 
ill patients: a prospective observational study. J Crit Care 
2016;34:50–5.

 on M
ay 19, 2023 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2021-050464 on 26 A

ugust 2021. D
ow

nloaded from
 

http://creativecommons.org/licenses/by-nc/4.0/
http://orcid.org/0000-0002-1468-4058
http://orcid.org/0000-0003-0399-7259
http://dx.doi.org/10.2165/00019053-200826050-00006
http://dx.doi.org/10.1016/j.jcrc.2004.10.005
http://dx.doi.org/10.1016/j.jcrc.2015.05.011
http://dx.doi.org/10.1152/physrev.00037.2012
http://dx.doi.org/10.1371/journal.pone.0060501
http://dx.doi.org/10.1371/journal.pone.0060501
http://dx.doi.org/10.1016/j.cell.2006.02.015
http://dx.doi.org/10.1038/nri3552
http://dx.doi.org/10.1155/2013/165974
http://dx.doi.org/10.1016/j.coi.2013.05.006
http://dx.doi.org/10.1016/j.jcrc.2013.08.021
http://dx.doi.org/10.1155/2015/510436
http://dx.doi.org/10.1159/000060105
http://dx.doi.org/10.1001/jama.2009.856
http://www.ncbi.nlm.nih.gov/pubmed/18074464
http://cytosorbents.com/products/cyto-sorb/
http://cytosorbents.com/products/cyto-sorb/
http://dx.doi.org/10.4103/0972-5229.146321
http://dx.doi.org/10.4103/0972-5229.146321
http://dx.doi.org/10.1097/01.CCM.0000291646.34815.BB
http://dx.doi.org/10.1097/01.CCM.0000291646.34815.BB
http://dx.doi.org/10.2119/molmed.2012.00106
http://dx.doi.org/10.1097/CCM.0b013e318170b9a7
http://dx.doi.org/10.1097/CCM.0b013e318170b9a7
http://dx.doi.org/10.1038/ki.2011.320
http://dx.doi.org/10.1007/s00063-017-0342-5
http://dx.doi.org/10.1007/s10047-017-0967-4
http://dx.doi.org/10.1186/s13054-017-1662-9
http://dx.doi.org/10.1016/j.jcrc.2018.11.003
http://dx.doi.org/10.1186/s13054-019-2588-1
http://dx.doi.org/10.7326/0003-4819-158-3-201302050-00583
http://dx.doi.org/10.1001/jama.2016.0287
http://www.ncbi.nlm.nih.gov/pubmed/3928249
http://dx.doi.org/10.1371/journal.pone.0228192
http://dx.doi.org/10.1007/s00134-017-4683-6
http://dx.doi.org/10.1056/NEJMoa1704154
http://dx.doi.org/10.1080/23744235.2020.1718200
http://dx.doi.org/10.1056/NEJMoa1404380
http://dx.doi.org/10.1056/NEJMoa1404380
http://dx.doi.org/10.1016/j.resuscitation.2009.03.008
http://dx.doi.org/10.1056/NEJMoa1401602
http://dx.doi.org/10.1097/CCM.0b013e3181f208ac
http://dx.doi.org/10.1186/s13613-015-0081-9
http://dx.doi.org/10.1186/s40560-017-0208-1
http://dx.doi.org/10.1016/j.jcrc.2016.04.007
http://bmjopen.bmj.com/

	Dosing of Extracorporeal Cytokine Removal In Septic Shock (DECRISS): protocol of a prospective, randomised, adaptive, multicentre clinical trial
	Abstract
	Background
	Aim of the study
	Methods and analysis
	Study design
	Randomisation
	Blinding
	Duration
	Study groups
	Patient enrolment
	Inclusion criteria
	Exclusion criteria

	Standard medical therapy
	CytoSorb therapy
	Primary endpoints
	Secondary endpoints

	AEs and serious AEs: definition and recording
	Follow-up
	Statistical analysis
	Sample size calculation
	Analysis plan and statistics
	Interim analysis
	Study populations
	Withdrawal of a subject from PPS

	Patient and public involvement

	Ethics and dissemination
	Ethical and legal considerations
	Data management
	Publication policy
	Trial organisation, committees and boards
	Steering committee
	Participating centres

	Discussion
	Strengths and limitations of the study

	References


