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Abstract 

Background: Patients resuscitated from out-of-hospital cardiac arrest (OHCA) have a high morbidity and mortal-
ity risk and often develop post-cardiac arrest syndrome (PCAS) involving systemic inflammation. The severity of the 
inflammatory response is associated with adverse outcome, with anoxic irreversible brain injury as the leading cause 
of death following resuscitated OHCA. The study aimed to investigate the anti-inflammatory and neuroprotective 
effect of pre-hospital administration of a high-dose glucocorticoid following OHCA.

Methods: The study is an investigator-initiated, randomized, multicenter, single-blinded, placebo-controlled, clinical 
trial. Inclusion will continue until one hundred twenty unconscious OHCA patients surviving a minimum of 72 h are 
randomized. Intervention is a 1:1 randomization to an infusion of methylprednisolone 250 mg following a minimum 
of 5 min of sustained return of spontaneous circulation in the pre-hospital setting. Methylprednisolone will be given 
as a bolus infusion of 1 × 250 mg (1 × 4 mL) over a period of 5 min. Patients allocated to placebo will receive 4 mL 
of isotonic saline (NaCl 0.9%). Main eligibility criteria are OHCA of presumed cardiac cause, age ≥ 18 years, Glasgow 
Coma Scale ≤ 8, and sustained ROSC for at least 5 min. Co-primary endpoint: Reduction of interleukin-6 and neuron-
specific-enolase. Secondary endpoints: Markers of inflammation, brain, cardiac, kidney and liver damage, hemo-
dynamic and hemostatic function, safety, neurological function at follow-up, and mortality. A research biobank is 
set up with blood samples taken daily during the first 72 h from hospitalization to evaluate primary and secondary 
endpoints.

Discussion: We hypothesize that early anti-inflammatory steroid treatment in the pre-hospital setting can mitigate 
the progression of PCAS following resuscitated OHCA. Primary endpoints will be assessed through analyses of bio-
markers for inflammation and neurological damage taken during the first 72 h of admission.
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Introduction
Background and rationale {6a}
Each year, approximately 5000 individuals suffer from 
out-of-hospital cardiac arrest (OHCA) in Denmark, 
and despite an improved prognosis, 30-day mortality is 
approximately 85% [1]. For unconscious OHCA patients 
admitted to an intensive care unit (ICU) after successful 
resuscitation, the 30-day mortality remains higher than 
50% [2, 3].

Unconscious patients resuscitated from OHCA often 
develop a complicated systemic response, called post-
cardiac arrest syndrome (PCAS) [4, 5]. PCAS consists of 
four interacting components: (1) ischemic/reperfusion 
brain injury with possible development of brain edema, 
(2) myocardial dysfunction, (3) a systemic inflamma-
tory response, and (4) persistent stress from the trig-
gering cause of the cardiac arrest, e.g., acute myocardial 
infarction (AMI) [4]. PCAS progresses during the first 
days in unconscious patients following resuscitated car-
diac arrest, and the treatment aims to reduce neurologic 
injury by targeted temperature management, circulatory 
support with vasopressors, and inotropics or mechanical 
devices as well as identification and treatment of revers-
ible causes to the cardiac arrest, e.g., acute revasculariza-
tion of an AMI [5, 6].

Several studies have shown that the systemic inflam-
matory response is associated with a high risk of poor 
outcome following OHCA in unconscious patients [7–9]. 
Despite this, no specific treatment targets this compli-
cated and life-threatening inflammatory response, and 
guidelines remain inconclusive in this field.

Anoxic irreversible brain injury remains the leading 
cause of death in unconscious patients following resus-
citated OHCA [10, 11], and it is thought to develop due 
to neuron apoptosis and reperfusion/ischemic injury [4, 
12]. Inhibiting the causes of the anoxic brain injury in 
the early stages following resuscitation from OHCA may 
therefore be key to optimizing post-cardiac arrest care.

Inflammatory markers associated with poor outcome 
include interleukin (IL) 6, high-sensitivity C-reactive 
protein (hsCRP), leucocytes, IL-1b, IL-10, IL-13, tumor-
necrosis factor (TNF) α, and procalcitonin [7, 13, 14].

The biomarker neuron-specific enolase (NSE) cor-
relates to neuron damage in the blood stream and has 
a strong predictive value for poor outcome following 
OHCA [15, 16].

http://www.equator-network.org/reporting-guidelines/spirit-2013-statement-defining-standard-protocol-items-for-clinical-trials/
http://www.equator-network.org/reporting-guidelines/spirit-2013-statement-defining-standard-protocol-items-for-clinical-trials/
http://www.equator-network.org/reporting-guidelines/spirit-2013-statement-defining-standard-protocol-items-for-clinical-trials/
http://www.equator-network.org/reporting-guidelines/spirit-2013-statement-defining-standard-protocol-items-for-clinical-trials/
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Following resuscitated OHCA, the function of the 
adrenal gland is compromised due to global ischemia, 
and accordingly, reduced levels of the steroid gluco-
corticoid are produced [17, 18]. Glucocorticoid has an 
important role in several physiologic processes includ-
ing a systemic anti-inflammatory response [19, 20]. As 
a result, resuscitated cardiac arrest patients are affected 
by a severe inflammatory response, while the body’s 
natural defense mechanism to modulate inflammation is 
suppressed.

Systemic treatment with glucocorticoids serves as an 
anti-inflammatory mediator. It counteracts acute micro-
circulation injury and free radical formation, resulting 
in diminished vasodilation and reduction of edema, e.g., 
brain edema [20–22]. These anti-inflammatory effects are 
mediated through a slow genomic response (hours) and 
a rapid non-genomic response (seconds/minutes) [23]. 
Two former small studies have shown signs of improved 
survival and neurologic outcome among patients who 
were given injections with glucocorticoids after in-
hospital cardiac arrest (IHCA) [24, 25] and a similar 
contemporary study found an association between gluco-
corticoids and higher rates of return of spontaneous cir-
culation (ROSC) but with no impact on survival [26]. The 
incidence of adverse events was not higher in patients 
receiving glucocorticoids in the three studies. Long-term 
treatment with glucocorticoids is associated with a series 
of side effects, whereas short-term treatment only has 
limited side effects [27]. Short-term systemic treatment 
with glucocorticoids could therefore be an essential and 
safe factor in the acute treatment of resuscitated cardiac 
arrest patients that could potentially improve survival 
and neurological outcome [22].

In summary, PCAS is a life-threatening condition fol-
lowing resuscitated OHCA that involves a systemic 
inflammatory component. PCAS and the level of inflam-
mation are associated with increased mortality and poor 
neurological outcome. Inhibition of this inflammatory 
response may have an important, yet relatively unknown, 
role in post-cardiac arrest care. Early treatment following 
resuscitation with the anti-inflammatory glucocorticoid 
methylprednisolone in the pre-hospital setting could mit-
igate inflammation through non-genomic pathways and 
thereby prevent further development of PCAS, leading to 
improved outcome.

Objectives {7}
Primary objective
The primary objective is to determine the efficacy of 
methylprednisolone compared with placebo adminis-
tered after ROSC on outcome parameters: daily IL-6 and 
NSE levels from admission to 72  h later, in comatose, 
resuscitated OHCA patients.

Secondary objectives
The secondary objectives are to determine the effects of 
methylprednisolone on markers of inflammation, car-
diac protection, neuroprotection, renal protection and 
endothelial protection, clinical endpoints including sur-
vival and neurological outcome, and safety. Quantifica-
tion of secondary objects is specified in the “Outcomes 
{12}” section.

Hypothesis
Bolus infusion of 250 mg methylprednisolone in the pre-
hospital setting will inhibit the systemic inflammatory 
response and reduce biomarkers of the degree of cerebral 
injury in comatose, resuscitated OHCA patients.

Trial design {8}
The study was designed as an investigator-initiated, 1:1 
randomized, multicenter, blinded, placebo-controlled 
phase II clinical superiority trial.

Methods: participants, interventions, 
and outcomes
Study setting {9}
Multicenter study carried out at the following sites:

1. The Cardiac ICU at the Department of Cardiology, 
The Heart Centre, Copenhagen University Hospi-
tal—Rigshospitalet, Copenhagen

2. The ICU, Copenhagen University Hospital—Gen-
tofte Hospital, Copenhagen

3. The Emergency Medical Services of the Capital 
Region of Denmark—Copenhagen

Eligibility criteria {10}
All resuscitated OHCA patients in the Capital Region 
of Denmark are screened for eligibility. The screen-
ing is performed by the on-duty physician manning the 
mobile critical care unit (CCU). The Danish Cardiac 
Arrest Registry will be used as a screening log during the 
trial. Following successful screening, the patient will be 
included, and study drug will be given. Inclusion in the 
STEROHCA trial does not prohibit participation in other 
trials.

Inclusion criteria

1. Age ≥ 18 years
2. OHCA of presumed cardiac cause
3. Unconsciousness (GCS ≤ 8) upon pre-hospital rand-

omization
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4. Sustained ROSC for at least 5 min
5. Randomization and start of study medicine infusion 

within 30 min of sustained ROSC

Exclusion criteria

1. Advanced life support termination-of-resuscitation 
(TOR) exclusion criteria [28, 29].

2. Asystole as primary electrocardiogram (ECG) 
rhythm

3. Women of childbearing potential
4. Known therapy limitation (known decision made of 

no resuscitation or intensive therapy)
5. Known allergy to methylprednisolone
6. Known pre-arrest modified Rankin Scale (mRS) 

score of 4–5
7. Temperature upon randomization < 30° C
8.  > 30 min to sustained ROSC

Who will take informed consent? {26a}
The trial will be conducted in accordance with the Decla-
ration of Helsinki and follow European and national leg-
islation on medical research in emergency situations with 
subjects temporarily incapacitated. Since subjects are 
incapacitated, they will not be able to provide informed 
consent prior to enrollment. According to Danish legisla-
tion, a proxy consent from a legal surrogate (trial guard-
ian) is required on behalf of the patient prior to inclusion. 
The trial guardian providing informed consent will be a 
medical doctor with no involvement in the patient treat-
ment in this trial. The consent will be filled out through 
the encrypted database program REDCap. Further, 
informed consent from the next of kin will be obtained 
at the earliest time possible. The latter consent will be 
obtained by the physician on call or a dedicated team of 
research personnel, all medical doctors. A consent from 
a secondary trial guardian will be obtained following 
admission of the patient in REDCap. Approvals from the 
relevant authorities can be seen in section {24}.

Additional consent provisions for collection and use 
of participant data and biological specimens {26b}
Approval from the local ethical committee will be needed 
for ancillary studies of patient data or biological speci-
mens unless this is waived based on prior approvals or 
the design of the studies.

Interventions {11}
Explanation for the choice of comparators {6b}
We have chosen a single bolus infusion of 250 mg meth-
ylprednisolone (Solumedrol) for attenuation of the 

inflammatory response seen following OHCA. Pulse 
doses of methylprednisolone (≥ 250  mg) are widely 
used in the treatment of conditions such as prevention 
of organ rejection after transplantation, rheumatic dis-
eases with acute deterioration, multiple sclerosis, and 
acute injury of the bone marrow [30]. At methylpredniso-
lone doses above 250 mg, infusion time should be above 
30 min, whereas doses below 250 mg can be completed 
within 5 min, according to the Danish summary of prod-
uct characteristics. Placebo is chosen as comparator since 
there is no known effective treatment targeting inflam-
mation and neuroprotection in resuscitated OHCA 
patients.

Intervention description {11a}
Patients allocated to methylprednisolone will receive 
a bolus infusion of 250  mg over 5  min. The study drug 
is prepared by a simple shaking-mechanism where 
2 × 125 mg/2 mL of methylprednisolone powder is mixed 
preservative-free to a total volume of 4 mL. Patients allo-
cated to placebo will receive a 4 mL infusion of isotonic 
saline. Infusion of study drug or placebo will be made as 
soon as possible following 5  min of stable ROSC in the 
pre-hospital setting.

Criteria for discontinuing or modifying allocated 
interventions {11b}
If the next of kin or the trial guardian of a patient refuses 
or withdraws consent to participate in the study, the 
patient will be withdrawn from the trial without preju-
dice to future medical care. Further, if the patient refuses 
or withdraws consent, when able to, no study obser-
vations will be made from the date of request and the 
patient will be removed from the study.

A patient can be withdrawn from the study by the 
sponsor-investigator if any of the following occurs: (1) 
significant intercurrent illness, (2) patient refusal to con-
tinue observations, and (3) investigator decides that ter-
mination is in the best medical interest of the patient.

If withdrawal of consent occurs, observations will be 
completed to the date of withdrawal and a final evalua-
tion of the patient’s withdrawal will be made at this point 
with an explanation for the withdrawal. If withdrawal is 
due to an adverse event, the patient will be followed until 
the adverse event is stabilized or resolved.

Strategies to improve adherence to interventions {11c}
All trial guardians and physicians including patients have 
relevant knowledge of the cardiological specialty and 
knowledge of the study from an obligatory instruction 
video and the handing out of the study protocol, proto-
col summaries, and pocket cards. None of these physi-
cians are involved with the primary care of the patient 
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following admission. The study medicine is a single bolus 
infusion administered over 5 min, and there is a low risk 
of missing or delaying the intervention following screen-
ing of the patient.

In-hospital personnel involved in the primary care of 
the patient, i.e., doctors and nurses, have relevant knowl-
edge of the study through the instruction video and writ-
ten instructions and have been trained in data collection 
study specific procedures.

Relevant concomitant care permitted or prohibited 
during the trial {11d}
According to temporary guidelines, all patients included 
in the study will be treated with standard therapies for 
OHCA, including targeted temperature management at 
36 degrees, vasopressors and/or inotropes if needed and 
prophylactic antibiotics. Necessary cardiac interventions 
will not be delayed by the trial intervention. The specific 
care of all patients is left to the discretion of the treating 
physician.

Provisions for post‑trial care {30}
Included patients will be insured by the Patient Compen-
sation Association (the health system responsible for the 
trial sites, “Rigshospitalet” and “Gentofte Hospital”).

Outcomes {12}
Primary outcome
The primary outcome is the repeated daily measure-
ments of IL-6 and NSE at admission and the following 24, 
48, and 72 h after admission.

Secondary outcomes
Markers of inflammation: hsCRP, leucocyte- and dif-
ferential count, plasma cytokine levels (IL1b, IL-2, IL-4, 
IL-5, IL-7, IL-8, IL-10, IL-12, IL-13, IL-17A, GM-CSF, 
G-CSF, MCP-1, MIP-1beta, IFN-g and TNF-α), and pro-
calcitonin measured daily the first 3 days from admission.

Markers of kidney and hepatic injury: Daily creatinine 
levels the first 3  days from admission. Daily measure-
ments of ALAT, ASAT, ALP, bilirubin, and INR the first 
3 days from admission.

Markers of the coagulation system (only at the site 
“Rigshospitalet”): Plasma fibrinogen the first three days 
from admission, and thromboelastography (TEG) at 
admission and at 48 h.

Protein and enzymatic protection: Daily proteom-
ics and metabolomics samples the first 3  days from 
admission.

Hemodynamics: Daily evaluation by Swan-Ganz 
catheter (only at “Rigshospitalet”), bihourly analyses 
of arterial blood gasses the first 36  h and transthoracic 

echocardiogram (TTE) measured at time of admission 
and before hospital discharge.

Neuroprotection: Daily measurements of Tau and NfL 
levels the first 3 days from admission.

Cardiac protection: Measurements of TnT (at “Rig-
shospitalet”), TnI (at “Gentofte Hospital”), and CKMB 
levels at admission and the following 6, 12, 24, 36, 48, and 
72 h of admission.

Clinical endpoints: Daily Sequential Organ Failure 
Assessment (SOFA) scores the first 3  days from admis-
sion. Survival and neurological outcome, decided by CPC 
and mRS score after 5 days, at discharge from the inten-
sive ward and the hospital and following a minimum of 
180 days from discharge through telephone interview.

Follow-up at 90 days following discharge in an ambu-
latory setting: MoCA-score for assessment of cognitive 
function and patients will be screened for quality of life, 
anxiety, depression, and the return to daily living with 
their nearest relatives.

Safety: Cumulated daily incidence of any adverse event 
(AE) the first 7  days, including “severe adverse event” 
(SAE), and “adverse event with believed relation to the 
study medicine” (SUSAR).

Participant timeline {13}
Besides the section presenting outcomes above ({12}), a 
flow chart for the trial is presented in Fig. 1, and a time 
schedule for the trial is presented as a schematic diagram 
in Table 1.

Sample size {14}
The trial is powered at the co-primary endpoint. We 
chose a priori to power the trial at the “weakest” of the 
two endpoints, ensuring that we would have sufficient 
power for both endpoints. As we were not able to find 
data regarding the effect of methylprednisolone on IL-6- 
or NSE levels from admission, we chose to power the trial 
towards a single measurement drawn 48  h after admis-
sion. With the assumption that methylprednisolone 
would reduce IL-6 levels by 20%, the trial would achieve 
a power of 0.90 at an alpha-level of 0.025 if 112 patients 
were included. With the assumption that methylpredni-
solone would reduce NSE levels by 20%, the trial would 
achieve a power of 0.90 at an alpha-level of 0.025 if 114 
patients were included.

Based on the above, inclusion of 120 patients would 
be sufficient to adjust for missingness due to withdrawn 
consent, though we estimated from previous studies 
that approximately 20% of resuscitated OHCA patients 
would die within 72  h, i.e., before complete assessment 
of the co-primary endpoint. Further, due to the acute 
nature of the trial, we expect 10% of post-randomization 
exclusions and/or patients where consent is not obtained. 
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To achieve a complete set of blood samples from 120 
patients, we, therefore, plan to include 1.30 × 120 = 156 
patients. We will however stop the trial before if our tar-
get at 120 patients is reached.

Recruitment {15}
The study includes an enrolment period of up to 
18 months, followed by a follow-up period of 6 months 
and analyses of paraclinical results another 12  months. 
The expected study period is based on previous clini-
cal studies in OHCA patients at our department, where 

approximately 150 patients are included each year 
(including OHCA patients admitted from outside the 
Capital Region of Denmark).

Methods: assignment of interventions
Allocation {16}
Sequence generation {16a}
The pharmacy of the Capital of Region of Denmark will 
prepare, box, and label the study medicine and the pla-
cebo ampoules. The pharmacy is approved by the Dan-
ish Health authorities. Randomization will be generated 

Fig. 1 Flow chart for the trial
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by using the website randomization.com (http:// www. 
rando mizat ion. com) with allocation in a 1:1 fashion with 
active study medicine and placebo randomized in per-
muted blocks of four. The pharmacy will be responsible 
for generation of the allocation sequence. Study medicine 
and placebo are placed in identical opaque boxes and will 
be numbered randomly according to allocation. Once 
prepared the pharmacy will ship twenty boxes to the five 
“physician staffed CCU” stations covering the Capital 
Region of Denmark. The CCUs are manned 24 h 7 days 
a week with a physician (henceforth referred to as “CCU 
physician”) and an experienced paramedic. The respon-
sible project physician will ensure that any CCU station 
always has boxes in storage and ready for use, and when 
box storage is used, the pharmacy will provide new boxes. 
Before each shift, the on-duty physician and paramedic 
will make sure that a minimum of two boxes are stored 
in their unit. When a patient is successfully screened the 
including physician will open one of these boxes and use 
the content (study medicine or placebo). The box num-
ber will be registered by the including physician and for 
safety reasons a photo of the box number will be taken to 
the pre-hospital journal and the empty box will be deliv-
ered to the department at hospital admission. All treating 
in-hospital personnel and study coordinators will remain 

blinded throughout the study. Still, in case of need for 
emergency unblinding, this can be done by the principal 
investigator at each site.

Concealment mechanism {16b}
Treatment allocation is managed as described above. The 
opaque boxes containing study medicine or placebo are 
identical besides the assigned unique allocation ID writ-
ten on the box. Treatment assignment during the trial is 
only available for the including CCU physician and the 
accompanying medical assistant manning the CCU fol-
lowing screening of the patient and contact with the trial 
guardian for informed consent. Once informed consent 
is obtained, the including physician opens a random 
opaque box and infuse the content, i.e., study medicine 
or placebo. The box allocation number will be available at 
all time through information filled out in the pre-hospital 
journal, consent by the including physician and/or the 
delivery of the used box at the department of admission.

Implementation {16c}
Allocation of study medicine and placebo will be done by 
the pharmacy as described in {16a}. After inclusion and 
completion of study drug infusion, the including CCU 
physician will complete an electronic consent through 

Table 1 Time schedule for the trial

ABG Arterial blood gas, CPC Cerebral Performance Category, ECG Electrocardiogram, mRS Modified Rankin Score, MoCA Montreal Cognitive Assessment, SOFA 
Sequential Organ Failure Assessment, VBG Venous blood gas
a Details in outcomes section in the manuscript
b Additional blood gasses are taken bihourly until 12 h and at 18 h

Trial period

Enrolment Post-allocation Follow-up

Timepoint 0 h 6 h 12 h 24 h 36 h 48 h 72 h Days 90 and 180

Enrolment
 Eligibility screen x

 Informed consent Trial guardian and 
next of kin

Patient as soon as possible

 Randomization x

Interventions
 Infusion of study drug x

Assessments
 Biochemistrya x x x x x x x

 Biobank samples x x x x

 ECG x x x x x x x

 Swan-Ganz-based measurements x x x x x x x

 Echocardiography Day 1 Before discharge

 ABG and VBGb x x x x x x x

 SOFA score x x x

 CPC and mRS score x

 MoCA score Only day 90

http://www.randomization.com
http://www.randomization.com
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REDCap with allocation number and confirm that inclu-
sion is made following contact and consent from the trial 
guardian. No in-hospital personnel will have knowledge 
of allocation at any time and the including physician 
will not take further part in treatment of the patient. At 
trial completion the investigators will be informed of 
allocation.

Blinding {17}
Who will be blinded {17a}
All in-hospital personnel, research personnel, and 
patients will be blinded to intervention allocation 
throughout the trial. The including pre-hospital CCU 
physician and the medical assistant will be blinded dur-
ing screening, inclusion, and randomization of the 
patient, but unblinded upon breaking concealment of 
the randomized box. Infusion is completed before arrival 
at the hospital and no information other than alloca-
tion number will be given at hospital admission. When 
follow-up is completed, and data collected, the database 
will be locked and treatment allocation will be unblinded.

Procedure for unblinding {17b}
Information on treatment allocation is kept in concealed 
envelopes in a safe available to authorized personnel at 
each site. Unblinding will only occur if the knowledge 
is necessary for treatment of the patient or in case of 
safety reporting for the involved authorities. In any case 
of unblinding, the PI will be contacted beforehand. The 
unblinding will be documented in the trial master file 
and the patient’s electronic case report fil (eCRF), and the 
sponsor-investigator will be informed within 1 day.

Methods: data collection, management, 
and analysis
Data collection
Assessment of outcomes {18a}
Patient data will be handled as ordinary chart records. 
All data will be kept according to national legislation, i.e., 
the General Data Protection Regulation (GDPR) and the 
Data Protection Act. Acceptance of the data handling 
and management will be applied for at these institutions 
before initiation of the study. All handling of personal 
data in the study is the responsibility of the principal 
investigator. The study database will be constructed in 
accordance with national legislation and local practice. 
Data is entered by study personnel and the database will 
be maintained for 15 years and anonymized if requested 
by relevant authorities. Data will be monitored by the 
Good Clinical Practice (GCP) unit, including review of 
consent forms and eligibility for the trial. The frequency 
of onsite monitoring will depend on compliance with the 
protocol, number of enrolled patients, and the quality of 

data handling. The principal investigator will be respon-
sible for all data in the eCRF. At completion of the study, 
biomarkers will be analyzed, and data will be stored in an 
encrypted server with a backup function.

Participant retention and follow‑up plan {18b}
Patients included are expected to remain in the ICUs the 
first three days of admission until the primary endpoints 
are collected. If a patient awakes and is transferred to the 
ward, blood sampling will be done here, including sam-
ples for the research biobank to analyze the primary end-
points. If a patient is transferred to a local hospital within 
three days of admission, samples for the biobank are not 
taken but standard biochemistry will be taken routinely 
and will be collected. At both sites, dedicated staff will 
be responsible for follow-up in the ambulatory setting 
at approximately 90  days following OHCA. The patient 
will be offered a visit at home if an ambulatory visit is 
not possible or not wanted by the patient. Patients who 
discontinue the study during follow-up will remain in the 
study database if an informed consent is obtained. After 
180 days patients will be evaluated through a telephone 
interview.

Data management {19}
The database system REDCap® is used for data stor-
age. REDCap is hosted and maintained by the Regional 
IT department, and data quality will be monitored as 
described in the “ Assessment of outcomes {18a}” section.

Confidentiality {27}
Patient confidentiality will be ensured throughout the 
trial according to national and international legisla-
tion (GDPR and the Data Protection Act). Data entered 
in REDCap are encrypted and will only be assessed by 
dedicated personnel. After trial completion, the biobank 
material analyses will be stored in a secured server, and 
the results from the trial will only be available upon 
request if approval is provided by relevant authorities.

Plans for collection, laboratory evaluation, and storage 
of biological specimens for genetic or molecular analysis 
in this trial/future use {33}
A research biobank is established from trial initiation and 
biological material is stored according to legislation and 
approvals. The material will be analyzed at an advanced 
laboratory following inclusion of the last participant. 
Currently, no genetic studies are planned, and future 
studies including the material are only possible with 
approval from relevant authorities.
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Statistical methods
Statistical methods for primary and secondary outcomes 
{20a}
Analyses of primary and secondary outcomes will be 
conducted on the intention-to-treat population. Categor-
ical variables will be presented as numbers and continu-
ous variables will be presented as mean (± SD) or median 
(25th percentile–75th percentile), according to distribu-
tion. The primary analyses of the co-primary endpoint 
will include the modified intention-to-treat population.

Further, we will conduct sensitivity analyses of the co-
primary endpoint including all randomized patients. In 
this analysis, values missing because a patient died prior 
to blood sampling will be replaced with the median value 
of the given biomarker in patients dying after blood sam-
pling, but before 30 days.

Continuous endpoints, including the co-primary 
endpoint, will be assessed at multiple time points and 
analyzed by application of linear mixed models of covari-
ance. For approximation of normal distribution, loga-
rithmic transformation will be done, as appropriate. 
The application of linear mixed models will ensure that 
a higher power is achieved compared to the sample size 
calculation, which is based on a single measurement (see 
the “Sample size {14}” section). For analyses of categori-
cal secondary outcomes, chi-squared or Fisher’s exact 
test will be applied.

Cox proportional hazard models will be applied and 
sequentially adjusted for the interaction between treat-
ment arm and relevant variables (sex, age, primary ECG 
rhythm, time to ROSC, pPCI performed, NSE-, and IL-6 
levels). Differences in mortality between treatment arms 
will be depicted in Kaplan–Meier estimate plots and 
compared with the log-rank test.

R Studio, version 1.2.5001, will be used for all analyses 
(RStudio Team [2020]. RStudio: Integrated Development 
for R. RStudio, PBC, Boston, MA; URL: http:// www. rstud 
io. com/).

Interim analyses {21b}
For monitoring of general safety, interim analyses of mor-
tality and hospital length of stay will be performed after 
60 participants have been included in the trial.

Methods for additional analyses (e.g., subgroup analyses) 
{20b}
Additional subgroup analyses will be performed on 
patients with ST-elevation myocardial infarction (pri-
marily suspected in the ECG followed by pPCI) to decide 
whether active study drug, methylprednisolone, can miti-
gate the cardiac injury.

Another subgroup will be patients not intubated at 
admission since a part of included patients will wake up 

sufficiently, so intubation is not needed and therefore 
not go to the ICU. Primarily, the changes in markers of 
inflammation will be compared according to allocation to 
study drug or placebo and secondarily awake patients will 
be compared with comatose patients.

Methods in analysis to handle protocol non‑adherence 
and any statistical methods to handle missing data {20c}
All analyses will be made on the modified intention-
to-treat population. For missingness greater than 10% 
for the co-primary endpoint, multiple imputations by 
chained equations will be applied as sensitivity analysis 
with generation of 10 individual data sets.

Plans to give access to the full protocol, participant 
level‑data, and statistical code {31c}
Both protocol and data will be available upon reasonable 
request and approval from relevant authorities after the 
trial has been completed.

Monitoring
The coordinating center and trial steering committee {5d}
The trial is anchored at Rigshospitalet as the coordinat-
ing center. The trial steering committee (SC) will consist 
of LO, CH, JK, and FF and will represent both partici-
pating centers (Rigshospitalet and Gentofte Hospital). 
Composition of the data monitoring committee (DMC) 
is described in {21a}. The local GCP-unit will monitor the 
trial according to national and international guidelines.

The data monitoring committee {21a}
The DMC will consist of Professor Lars Køber, Depart-
ment of Cardiology, Rigshospitalet and Professor Anders 
Perner, Department of Anesthesiology, Rigshospitalet. 
Interim analyses and monitoring of overall conduct of 
the trial will be performed by the DMC and decisions 
are reported to the sponsor. The DMC is independent of 
the sponsor and has no competing interests that could 
impact the trial.

Harms: adverse events {22}
AEs will be recorded daily for the first seven days and 
further entered in a pre-specified form in the eCRF. 
AEs occurring after day seven will be evaluated at 30- 
and 180-day follow-up. For each AE, relationship to 
trial intervention will be rated as “probable,” “possible,” 
“unlikely,” or “unknown.” Trial investigators will record 
and evaluate SAEs and SUSARs throughout the trial. If 
a life-threatening or fatal SUSAR occurs, the Danish 
Medicine Agency (DMA) will be notified by the sponsor 
within seven days. Further, the sponsor will inform the 
DMA on all follow-up action to these SUSARs no more 
than 8  days after the reporting. Any other SUSARs will 

http://www.rstudio.com/
http://www.rstudio.com/
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be reported to the DMA no later than 15 days from when 
the sponsor is informed. For assessment of potential cau-
sality between the trial intervention, i.e., whether the 
adverse event is suspected, the summary of product char-
acteristics for Solumedrol will be used. All SAEs occur-
ring at both trial centers will be submitted once a year by 
the sponsor and a safety report of all trial patients will be 
submitted to the DMA.

No later than 90 days after the trial has been completed, 
the sponsor will notify the DMA. If the trial is stopped 
earlier than planned, the reasons will be reported.

In addition, we will report all SAEs as endpoint meas-
ures and all SUSARs in the final trial report and the 
results of the trial will be reported on EudraCT.

Auditing {23}
The DMC will perform interim analyses after 60 patients 
have participated in the trial and advice the sponsor and 
the SC thereafter. The DMC will have unlimited access 
to data upon request. The GCP monitoring will be exter-
nally done by the Copenhagen GCP unit and both on- 
and off-site monitoring will be performed throughout the 
trial. Monitoring frequency is decided by the GCP unit 
according to compliance with the trial protocol. The prin-
cipal investigators will be responsible for all data entered 
in the eCRF.

Plans for protocol amendments (e.g., trial participants, 
ethical committees) {25}
Relevant protocol revisions and amendments have been 
communicated and authorized by all relevant authori-
ties. No changes in the current protocol will be done 
and updates to the clinical trial registry have been done 
accordingly (https:// clini caltr ials. gov/ ct2/ show/ NCT04 
624776). The trial status will be updated as appropriate.

Dissemination plans {31a}
All trial analyses will be done by the SC, and the trial 
will be unblinded upon acceptance from the commit-
tee. Authorship will be granted according to ICMJE 
guidelines. The main results of the trial will be published 
in a peer-reviewed international journal regardless of 
the results and further presented at international con-
gresses. Trial results will be communicated to partici-
pating patients and relevant patient relatives if this was 
requested in the informed consent form.

Discussion
The aim of this study is to investigate whether an early 
infusion of 250  mg methylprednisolone can mitigate 
the systemic inflammatory response seen in comatose 
patients resuscitated after OHCA. The co-primary end-
points investigated are the biomarkers IL-6, and NSE and 

we expect to find a reduction of 20% for both biomark-
ers measured daily from admission to 72  h following 
admission.

Inflammation has a key role in the complex systemic 
response, PCAS. Previous findings have shown that cir-
culating levels of inflammatory biomarkers such as IL-6 
are associated to outcome following OHCA, i.e., neu-
rological function and death [9, 31]. A possible clinical 
benefit of early anti-inflammatory treatment in OHCA 
remains unknown, but several studies targeting inflam-
mation have promising results. Two small studies from 
2009 and 2013 found improved survival and neurologi-
cal outcome following a combination of epinephrine, 
vasopressin, and glucocorticoid in patients suffering from 
IHCA [24, 25]. In both of these studies, glucocorticoid 
intervention was a low dose of 40  mg methylpredniso-
lone injected during CPR and subsequently patients who 
developed shock were treated with stress-dose hydrocor-
tisone for a maximum of 7 days. Further, a similar recent 
Danish study in IHCA patients compared the combina-
tion of vasopressin and methylprednisolone (40 mg) with 
placebo administered during CPR and found the combi-
nation to be associated with a higher rate of ROSC, but 
not survival [26]. The most important difference from 
these studies compared to the present study was the tim-
ing (intra-arrest administration) and dosage (40  mg VS 
250 mg) of glucocorticoid. The populations studied con-
sisted of IHCA patients, which in a recent observational 
study has been found to be similar to OHCA patients in 
demographics, but with a higher burden of cardiovascu-
lar comorbidity [32]. Based on current evidence, ILCOR 
and the European Resuscitation Council do not sup-
port the use of glucocorticoids neither as intra-arrest- or 
post-cardiac arrest treatment in IHCA and OHCA [33, 
34]. However, further evidence could clarify the optimal 
use and possible role of glucocorticoids in cardiac arrest 
treatment.

Several studies have demonstrated the molecular mech-
anisms of glucocorticoids, and it is clear that the effects 
work both through genomic and non-genomic pathways 
[23, 35], whereas genomic effects alter protein expression 
within hours, non-genomic effects are believed to kick 
in within seconds to minutes. A recent review reported 
rapid non-genomic anti-inflammatory properties both in 
transformed and immune cells and concluded that these 
effects are not well understood but could have significant 
therapeutic value [36]. Further, both genomic and non-
genomic effects of glucocorticoids on the cardiovascular 
system have been suggested to induce an increase in both 
blood pressure and contractility [37, 38]. Similarly, evi-
dence indicates that glucocorticoids may effectively treat 
neuroinflammation, which may be comparable to the 
condition seen in PCAS. Still, the mechanisms are both 

https://clinicaltrials.gov/ct2/show/NCT04624776
https://clinicaltrials.gov/ct2/show/NCT04624776
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poorly understood and investigated [39, 40]. As the inter-
vention in this study is a high dose of methylprednisolone 
injected shortly after ROSC, we hope to achieve essential 
knowledge about the beneficial non-genomic effects of 
glucocorticoids by mitigation of the inflammatory part of 
PCAS at the earliest stage possible and hereby possible 
improving hemodynamic parameters and neurological 
stunning. The results of this study should be interpreted 
as hypothesis-generating in terms of the need to conduct 
a larger scale study powered towards clinical endpoints 
such as survival and neurological outcome.

Trial status
Protocol: v3.1 of September 23, 2021

Recruiting status: First patient included on October 
2020. Estimated recruitment completed in July 2022 and 
completion of 180 day follow up in January 2023.

Abbreviations
ABG: Arterial blood gas; AE: Adverse event; ALAT: Alanine aminotransferase; 
ALP: Alkaline phosphatase; AMI: Acute myocardial infarction; ASAT: Aspartate 
aminotransferase; CCU : Critical care unit; CKMB: Creatine kinase-MB; CPC: 
Cerebral performance categories; DMA: Danish medicines agency; DMC: Data 
monitoring committee; ECG: Electrocardiogram; ECRF: Electronic case report 
file; G-CSF: Granulocyte-colony stimulating factor; GCP: Good clinical practice; 
GCS: Glasgow coma scale; GDPR: General data protection regulation; GM-CSF: 
Granulocyte macrophage-colony stimulating factor; HSCRP: High-sensitive 
C-reactive protein; ICU: Intensive care unit; IFN: Interferon; IHCA: In-hospital 
cardiac arrest; IL: Interleukin; ILCOR: International liaison committee on resus-
citation; INR: International normalized ratio; MCP-1: Monocyte chemoattract-
ant protein-1; MIP-1: Macrophage inflammatory protein-1; MOCA: Montreal 
cognitive assessment; MRS: Modified Rankin score; NFL: Neurofilament light 
chain; NSE: Neuron specific enolase; OHCA: Out-of-hospital cardiac arrest; 
PCAS: Post-cardiac arrest syndrome; PPCI: Primary percutaneous coronary 
intervention; ROSC: Return of spontaneous circulation; SAE: Serious adverse 
event; SC: Steering committee; STEMI: ST elevation myocardial infarction; 
SUSAR: Suspected unexpected adverse reaction; TEG: Thromboelastographic; 
TNF: Tumor necrosis factor; TNI: Troponin I; TNT: Troponin T; TOR: Termination of 
resuscitation; TTE: Transthoracic echocardiography; VBG: Venous blood gas.

Acknowledgements
The authors would like to acknowledge all personnel at the cardiac ICU, Rig-
shospitalet, the ICU, Gentofte Hospital, and the Emergency Medical Services of 
the Capital Region of Denmark, Copenhagen.

Authors’ contributions {31b}
LO: Co-investigator, drafted the original protocol, responsible for the conduct 
of the trial and data collection, drafted this manuscript. RB: Co-investigator, 
participates in the conduct of the trial and data collection. SW: Co-investigator, 
co-drafted the original protocol. FF: Principal investigator at the site of Gen-
tofte Hospital where the trial is carried out, participates in the conduct of the 
trial. JEM: Co-investigator, co-drafted protocol, participates in the conduct of 
the trial. JK: Co-investigator, co-drafted protocol, participates in the conduct 
of the trial. CH: Sponsor-investigator, co-drafted the original protocol, is overall 
responsible for the initiation and conduct of the trial. All authors read and 
approved the final manuscript.

Funding {4}
Independent funding was obtained for the trial with no influence on planning 
or conduction of the trial. The funding bodies have no part in data collection, 
statistical analyses, and interpretation of the trial results, and they will have no 
role in writing of the present or future manuscripts based on the trial.
The following funding have been obtained:
Rigshospitalet Research Foundation: Salary for the co-investigator LO

Novo Nordisk Foundation (NNF20OC0064043): funding for the whole trial 
budget, including salary for the co-investigator RB
Lundbeck Foundation (R186-2015–2132): CHs salary is supported by an 
unrestricted grant.

Availability of data and materials {29}
Data required to support the protocol are available upon request and 
approval from relevant authorities.

Declarations

Ethics approval and consent to participate {24}
Prior to initiation of the trial, permissions were obtained from the Regional 
Ethics Committee (ID: H-20022320) and the Danish Medicines Agency (ID: 
2020033425), and a legal data handling agreement was approved by the 
Capital Region of Denmark (ID: P-2020–866). Further, a monitoring agreement 
of adherence to national and international guidelines was made with the 
GCP-unit of Copenhagen prior to initiation.
This trial sought to inhibit the inflammatory state developing in OHCA 
patients following resuscitation, and injection of study medicine is therefore 
initiated as soon as possible in the pre-hospital setting. Similar studies and 
knowledge cannot be obtained in another setting, i.e., in non-comatose 
patients, and the risks associated to the intervention are considered accept-
able. Based on the acute nature of the trial, informed consent of inclusion 
will be obtained from the primary trial guardian (on-duty physician at the 
coordinating center of the EMS Copenhagen) which later will be confirmed 
by the secondary trial guardian (physician at the Department of Thoracic 
Anesthesiology, Rigshospitalet). Informed consent from the nearest relatives 
will be obtained as soon as possible following admission to the hospital and 
further from the patient upon regained consciousness. The process of obtain-
ing consent will be according to national legislation.

Consent for publication {32}
Consent forms for the trial guardians, patient relatives and the patient are all 
available upon request. All consent forms have been approved by relevant 
authorities and are written in Danish.

Competing interests {28}
The authors declare that they have no competing interests.

Author details
1 Department of Cardiology, The Heart Centre, Copenhagen, Denmark. 
2 University Hospital - Rigshospitalet, Copenhagen, Denmark. 3 Department 
of Cardiothoracic Anesthesiology, The Heart Centre, Copenhagen University 
Hospital – Rigshospitalet, Copenhagen, Denmark. 4 Department of Cardiology, 
Copenhagen University Hospital - Herlev-Gentofte Hospital, Copenhagen, 
Denmark. 5 Copenhagen Emergency Medical Services, University of Copenha-
gen, Copenhagen, Denmark. 

Received: 12 April 2022   Accepted: 11 October 2022

References
 1. Lippert FK, Christensen EF, Hansen PA, Torp-Pedersen C. Danish Cardiac 

Arrest Register - Annual Report.; 2020. https:// hjert estop regis ter. dk/? 
page_ id= 428. Accessed 05 Apr 2022.

 2. Sasson C, Rogers MAM, Dahl J, Kellermann AL. Predictors of survival from 
out-of-hospital cardiac arrest a systematic review and meta-analysis. Circ 
Cardiovasc Qual Outcomes. 2010;3(1):63–81.

 3. Søholm H, Wachtell K, Nielsen SL, Bro-Jeppesen J, Pedersen F, Wanscher 
M, Boesgaard S, Møller JE, Hassager C, Kjaergaard J. Tertiary centres have 
improved survival compared to other hospitals in the Copenhagen area 
after out-of-hospital cardiac arrest. Resuscitation. 2013;84(2):162–7.

 4. Neumar RW, Nolan JP, Adrie C, Aibiki M, Berg RA, Böttiger BW, Callaway 
C, Clark RSB, Geocadin RG, Jauch EC, Kern KB, Laurent I, Longstreth WT, 
Merchant RM, Morley P, et al. Post–cardiac arrest syndrome epidemiology, 
pathophysiology, treatment, and prognostication a consensus statement 
from the International Liaison Committee on Resuscitation (American 

https://hjertestopregister.dk/?page_id=428
https://hjertestopregister.dk/?page_id=428


Page 12 of 12Obling et al. Trials          (2022) 23:952 

Heart Association, Australian and New Zealand Stroke Foundation of 
Canada,. Circulation. 2008;118:2452–83.

 5. Stub D, Bernard S, Duffy SJ, Kaye DM. Post cardiac arrest syndrome: a 
review of therapeutic strategies. Circulation. 2011;123(13):1428–35.

 6. Callaway CW, Donnino MW, Fink EL, Geocadin RG, Golan E, Kern KB, Leary 
M, Meurer WJ, Peberdy MA, Thompson TM, Zimmerman JL. Part 8: Post-
cardiac arrest care: 2015 American Heart Association guidelines update 
for cardiopulmonary resuscitation and emergency cardiovascular care. 
Circulation. 2015;132(18):S465–82.

 7. Peberdy MA, Andersen LW, Abbate A, Thacker LR, Gaieski D, Abella BS, 
Grossestreuer AV, Rittenberger JC, Clore J, Ornato J, Cocchi MN, Callaway 
C. Inflammatory markers following resuscitation from out-of-hospital 
cardiac arrest: a prospective multicenter observational study. Resuscita-
tion. 2016;103:117–24.

 8. Vaahersalo J, Skrifvars MB, Pulkki K, Stridsberg M, Røsjø H. Admission 
interleukin-6 is associated with post resuscitation organ dysfunction and 
predicts long-term neurological outcome after out-of-hospital ventricular 
fibrillation. Resuscitation. 2014;85(11):1573–9.

 9. Bro-Jeppesen J, Kjaergaard J, Stammet P, Wise MP, Hovdenes J, Åneman A, 
Horn J, Devaux Y, Erlinge D, Gasche Y, Wanscher M, Cronberg T, Friberg H, 
Wetterslev J, Pellis T, et al. Predictive value of interleukin-6 in post-cardiac 
arrest patients treated with targeted temperature management at 33°C 
or 36°C. Resuscitation. 2016;98:1–8.

 10. Laver S. Mode of death after admission to an intensive care unit following 
cardiac arrest. Intensive Care Med. 2004;30:2126–8.

 11. Dragancea I, Rundgren M, Englund E, Friberg H, Cronberg T. The influence 
of induced hypothermia and delayed prognostication on the mode of 
death after cardiac arrest. Resuscitation. 2013;84(3):337–42.

 12. Schneider A, Böttiger BW, Popp E. Cerebral resuscitation after cardiocircu-
latory arrest. Anesth Analg. 2009;108(3):971–9.

 13. Bro-Jeppesen J, Kjaergaard J, Wanscher M, Nielsen N, Friberg H, Bjerre M, 
Hassager C. Systemic inflammatory response and potential prognostic 
implications after out-of-hospital cardiac arrest: a substudy of the target 
temperature management trial. Crit Care Med. 2015;43(6):1223–32.

 14. Fries M, Kunz D, Gressner AM, Rossaint R, Kuhlen R. Procalcitonin serum le 
v els after out-of-hospital cardiac arrest. Resuscitation. 2003;59:105–9.

 15. Stammet P, Collignon O, Hassager C, Wise MP, Hovdenes J, Åneman 
A, Horn J, Devaux Y. Neuron-specific enolase as a predictor of death 
or poor neurological outcome after out-of-hospital cardiac arrest and 
targeted temperature management at 33C and 36C. J Am Coll Cardiol. 
2015;65(19):2104–14.

 16. Wiberg S, Hassager C, Schmidt H, Thomsen JH, Frydland M, Lindholm 
MG, Høfsten DE, Engstrøm T, Køber L, Møller JE, Kjaergaard J. Neuropro-
tective effects of the glucagon-like peptide-1 analog exenatide after 
out-of-hospital cardiac arrest: a randomized controlled trial. Circulation. 
2016;134(25):2115–24.

 17. Schultz CH, Rivers EP, Feldkamp CS, Goad EG, Smithline HA, Martin GB, 
Fath JJ, Wortsman J, Nowak RM. A characterization of hypothalamic-
pituitary-adrenal axis function during and after human cardiac arrest. Crit 
Care Med. 1993;21(9):1339–47.

 18. Hékimian G, Baugnon T, Thuong M, Monchi M, Dabbane H, Jaby D, 
Rhaoui A, Laurent I, Moret G, Fraisse F, Adrie C. Cortisol levels and 
adrenal reserve after successful cardiac arrest resuscitation. Shock. 
2004;22(2):116–9.

 19. Barnes PJ. Anti-inflammatory actions of glucocorticoids: molecular 
mechanisms. Clin Sci. 1998;94:557–72.

 20. Barnes PJ. Molecular mechanisms and cellular effects of glucocorticoster-
oids. Immunol Allergy Clin North Am. 2005;25(3):451–68.

 21. Dietrich J, Rao K, Pastorino S, Kesari S. Corticosteroids in brain 
cancer patients: benefits and pitfalls. Expert Rev Clin Pharmacol. 
2011;4(2):233–42.

 22. Varvarousi G, Stefaniotou A. Glucocorticoids as an emerging pharma-
cologic agent for cardiopulmonary resuscitation. Cardiovascular Drugs 
Therapy. 2014;28:477–88.

 23. Stahn C, Buttgereit F. Genomic and nongenomic effects of glucocorti-
coids. Nat Clin Pract Rheumatol. 2008;4(10):525–33.

 24. Mentzelopoulos SD, Zakynthinos SG, Tzoufi M, Katsios N, Papastylianou A, 
Gkisioti S, Stathopoulos A, Kollintza A, Stamataki E, Roussos C. Vasopres-
sin, epinephrine, and corticosteroids for in-hospital cardiac arrest. Arch 
Intern Med. 2009;169(1):15–24.

 25. Mentzelopoulos SD, Malachias S, Chamos C, Konstantopoulos D, 
Ntaidou T, Papastylianou A, Kolliantzaki I, Theodoridi M, Ischaki H, 
Makris D, Zakynthinos E, Zintzaras E, Sourlas S, Aloizos S, Zakynthinos 
SG. Vasopressin, steroids, and epinephrine and neurologically favorable 
survival after in-hospital cardiac arrest: a randomized clinical trial. JAMA. 
2013;310(3):270–9.

 26. Andersen LW, Isbye D, Kjærgaard J, Kristensen CM, Darling S, Zwisler 
ST, Fisker S, Schmidt JC, Kirkegaard H, Grejs AM, Rossau JRG, Larsen JM, 
Rasmussen BS, Riddersholm S, Iversen K, et al. Effect of vasopressin and 
methylprednisolone vs placebo on return of spontaneous circulation in 
patients with in-hospital cardiac arrest: a randomized clinical trial. JAMA. 
2021;326(16):1586–94.

 27. Caplan A, Fett N, Rosenbach M, Werth VP, Micheletti RG. Prevention and 
management of glucocorticoid-induced side effects: a comprehensive 
review: a review of glucocorticoid pharmacology and bone health. J Am 
Acad Dermatol. 2017;76(1):1–9.

 28. Morrison LJ, Visentin LM, Kiss A, Theriault R, Eby D, Vermeulen M, Sherbino 
J, Verbeek PR. Validation of a rule for termination of resuscitation in out-
of-hospital cardiac arrest. N Engl J Med. 2006;355(5):478–87.

 29. Morrison LJ, Verbeek PR, Vermeulen MJ, Kiss A, Allan KS, Nesbitt L, Stiell 
I. Derivation and evaluation of a termination of resuscitation clini-
cal prediction rule for advanced life support providers. Resuscitation. 
2007;74(2):266–75.

 30. Sinha A, Bagga A. Pulse steroid therapy. Indian J Pediatr. 
2008;75(10):1057–66.

 31. Peberdy MA, Andersen LW, Abbate A, Thacker LR, Gaieski D, Abella BS, 
Grossestreuer AV, Rittenberger JC, Clore J, Ornato J, Cocchi MN, Callaway 
C, Donnino M, Roberts CS, Gossip M, et al. Inflammatory markers fol-
lowing resuscitation from out-of-hospital cardiac arrest-a prospective 
multicenter observational study. Resuscitation. 2016;103:117–24.

 32 Høybye M, Stankovic N, Holmberg M, Christensen HC, Granfeldt A, 
Andersen LW. In-hospital vs out-of-hospital cardiac arrest: patient charac-
teristics and survival. Resuscitation. 2021;158(October 2020):157–65.

 33. Nolan JP, Sandroni C, Böttiger BW, Cariou A, Cronberg T, Friberg H, 
Genbrugge C, Haywood K, Lilja G, Moulaert VRM, Nikolaou N, Mariero 
Olasveengen T, Skrifvars MB, Taccone F, Soar J. European Resuscitation 
Council and European Society of Intensive Care Medicine Guidelines 
2021: post-resuscitation care. Resuscitation. 2021;161:220–69.

 34. Wyckoff MH, Singletary EM, Soar J, Olasveengen TM, Greif R, Liley HG, 
Zideman D, Bhanji F, Andersen LW, Avis SR, Aziz K, Bendall JC, Berry DC, 
Borra V, Böttiger BW, et al. 2021 International Consensus on Cardiopul-
monary Resuscitation and Emergency Cardiovascular Care Science With 
Treatment Recommendations: Summary From the Basic Life Support; 
Advanced Life Support; Neonatal Life Support; Education, Implementa-
tion, and Teams.; 2022.

 35. Rhen T, Cidlowski JA. Antiinflammatory action of glucocorticoids — new 
mechanisms for old drugs. N Engl J Med. 2005;353(16):1711–23.

 36. Panettieri RA, Schaafsma D, Amrani Y, Koziol-White C, Ostrom R, Tliba O. 
Non-genomic effects of glucocorticoids: an updated view. Trends Phar-
macol Sci. 2019;40(1):38–49.

 37. Lee SR, Kim HK, Youm JB, Dizon LA, Song IS, Jeong SH, Seo DY, Ko KS, 
Rhee BD, Kim N, Han J. Non-genomic effect of glucocorticoids on cardio-
vascular system. Pflügers Archiv. 2012;464(6):549–59.

 38. Liu B, Zhang TN, Knight JK, Goodwin JE. The glucocorticoid receptor in 
cardiovascular health and disease. Cells. 2019;8(10):1–21.

 39. Samuel S, Nguyen T, Choi HA. Pharmacologic characteristics of corticos-
teroids. J Neurocrit Care. 2017;10(2):53–9.

 40. Schweingruber N, Reichardt SD, Lühder F, Reichardt HM. Mechanisms of 
glucocorticoids in the control of neuroinflammation. J Neuroendocrinol. 
2012;24(1):174–82.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


	Steroid treatment as anti-inflammatory and neuroprotective agent following out-of-hospital cardiac arrest: a randomized clinical trial
	Abstract 
	Background: 
	Methods: 
	Discussion: 
	Trial registration: 

	Administrative information
	Introduction
	Background and rationale {6a}
	Objectives {7}
	Primary objective
	Secondary objectives
	Hypothesis

	Trial design {8}

	Methods: participants, interventions, and outcomes
	Study setting {9}
	Eligibility criteria {10}
	Inclusion criteria
	Exclusion criteria

	Who will take informed consent? {26a}
	Additional consent provisions for collection and use of participant data and biological specimens {26b}
	Interventions {11}
	Explanation for the choice of comparators {6b}
	Intervention description {11a}
	Criteria for discontinuing or modifying allocated interventions {11b}
	Strategies to improve adherence to interventions {11c}
	Relevant concomitant care permitted or prohibited during the trial {11d}
	Provisions for post-trial care {30}

	Outcomes {12}
	Primary outcome
	Secondary outcomes

	Participant timeline {13}
	Sample size {14}
	Recruitment {15}

	Methods: assignment of interventions
	Allocation {16}
	Sequence generation {16a}
	Concealment mechanism {16b}
	Implementation {16c}

	Blinding {17}
	Who will be blinded {17a}
	Procedure for unblinding {17b}


	Methods: data collection, management, and analysis
	Data collection
	Assessment of outcomes {18a}
	Participant retention and follow-up plan {18b}

	Data management {19}
	Confidentiality {27}
	Plans for collection, laboratory evaluation, and storage of biological specimens for genetic or molecular analysis in this trialfuture use {33}
	Statistical methods
	Statistical methods for primary and secondary outcomes {20a}
	Interim analyses {21b}
	Methods for additional analyses (e.g., subgroup analyses) {20b}
	Methods in analysis to handle protocol non-adherence and any statistical methods to handle missing data {20c}
	Plans to give access to the full protocol, participant level-data, and statistical code {31c}

	Monitoring
	The coordinating center and trial steering committee {5d}
	The data monitoring committee {21a}
	Harms: adverse events {22}
	Auditing {23}
	Plans for protocol amendments (e.g., trial participants, ethical committees) {25}
	Dissemination plans {31a}


	Discussion
	Trial status
	Acknowledgements
	References


