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Abstract 

Purpose: Patients who are successfully resuscitated following out‑of‑hospital cardiac arrest (OHCA) are still at a high 
risk of neurological damage and death. Inflammation and brain injury are components of the post‑cardiac arrest 
syndrome, and can be assessed by systemic interleukin 6 (IL‑6) and neuron‑specific enolase (NSE). Anti‑inflammatory 
treatment with methylprednisolone may dampen inflammation, thereby improving outcome. This study aimed to 
determine if prehospital high‑dose methylprednisolone could reduce IL‑6 and NSE in comatose OHCA patients.

Methods: The STEROHCA trial was a randomized, blinded, placebo‑controlled, phase II prehospital trial performed 
at two cardiac arrest centers in Denmark. Resuscitated comatose patients with suspected cardiac etiology were 
randomly assigned 1:1 to a single intravenous injection of 250 mg methylprednisolone or placebo. The co‑primary 
outcome was reduction of IL‑6 and NSE‑blood levels measured daily for 72 h from admission. The main secondary 
outcome was survival at 180 days follow‑up.

Results: We randomized 137 patients to methylprednisolone (n = 68) or placebo (n = 69). We found reduced IL‑6 
levels (p < 0.0001) in the intervention group, with median (interquartile range, IQR) levels at 24 h of 2.1 pg/ml (1.0; 7.1) 
and 30.7 pg/ml (14.2; 59) in the placebo group. We observed no difference between groups in NSE levels (p = 0.22), 
with levels at 48 h of 18.8 ug/L (14.4; 24.6) and 14.8 ug/L (11.2; 19.4) in the intervention and placebo group, respec‑
tively. In the intervention group, 51 (75%) patients survived and 44 (64%) in the placebo group.

Conclusion: Prehospital treatment with high‑dose methylprednisolone to resuscitated comatose OHCA patients, 
resulted in reduced IL‑6 levels after 24 h, but did not reduce NSE levels.

Keywords: Out‑of‑hospital cardiac arrest, Intensive cardiovascular care, Post‑cardiac arrest syndrome, Inflammation, 
Neuroprotection

Introduction
Out-of-hospital cardiac arrest (OHCA) is one of the 
leading causes of death in Europe, with an annual inci-
dence between 67 and 170 per 100,000 inhabitants 
and a survival rate of ~ 10% [1]. Prehospital interven-
tions such as early cardiopulmonary resuscitation and 
the use of an automated external defibrillator have 
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improved outcomes. However, patients who remain 
unconscious after resuscitation have a higher risk of 
mortality compared to those who regain consciousness 
upon admission [2, 3]. OHCA induces global tissue 
hypoxia and reperfusion injury, triggering immunologi-
cal cascades, which progress after the return of sponta-
neous circulation (ROSC), leading to the development 
of post-cardiac arrest syndrome (PCAS). PCAS is a 
complex condition characterized by a systemic inflam-
matory response, brain injury, and myocardial dysfunc-
tion [4, 5]. Hypoxic ischemic brain injury (HIBI) is the 
most common cause of death after OHCA [6, 7], and 
initial treatment of PCAS following resuscitation aims 
to reduce neurological damage by fever prevention and 
to achieve hemodynamic stabilization, as well as iden-
tifying and treating the precipitating pathology to the 
cardiac arrest [8].

Interleukin 6 (IL-6) is a pro-inflammatory cytokine 
associated with pathological processes in PCAS, includ-
ing the development of neurological damage [9–12]. 
Neuron-specific enolase (NSE) reflects neuron cell body 
injury and is a guideline-recommended biomarker for 
neuroprognostication following OHCA [13, 14].

Methylprednisolone, a glucocorticoid that possesses a 
wide range of anti-inflammatory properties, is used in the 
treatment of various inflammatory diseases [15]. Methyl-
prednisolone is associated with physiological effects that 
encompass attenuation of oxidative stress and potential 
anti-apoptotic properties [16].

This study hypothesized that high-dose methylpred-
nisolone treatment in the prehospital setting would 
mitigate inflammatory injury, potentially preventing 
neurological deterioration and worsening of PCAS. 
Therefore, the aim of the STEROHCA randomized trial 
(STERoid treatment as anti-inflammatory and neuropro-
tective agent following OHCA) was to assess the poten-
tial anti-inflammatory and neuroprotective effects of 
early systemic glucocorticoid treatment, as measured by 
IL-6- and NSE levels in patients who were resuscitated 
from OHCA.

Methods
Design and setting
This study was an investigator-initiated, randomized, 
multicenter, blinded, placebo-controlled phase II clini-
cal superiority trial. Prior to initiation, the trial was reg-
istered at https:// clini caltr ials. gov (Unique Identifier: 
NCT04624776). The study protocol has previously been 
published [17]. The prehospital inclusion process is dis-
played in the appendix (supplementary Fig. 1). Study pro-
tocol and statistical code will be available on reasonable 
request.

Participants
The trial was conducted at two cardiac arrest centers in 
Denmark covering the Capital Region of Denmark (1.9 M 
out of 5.9 M inhabitants as of 2023 [18]) in collaboration 
with the Emergency Medical Services. The enrollment 
period spanned from the 10th of October 2020 to the 
15th of July 2022.

Patients who suffered OHCA were considered eligible 
if they were adults (≥ 18  years), had cardiac arrest due 
to a suspected cardiac etiology, remained unconscious 
(Glasgow Coma Scale ≤ 8) following ROSC, and achieved 
ROSC for at least 5 min.

The exclusion criteria were: advanced life support ter-
mination-of-resuscitation exclusion criteria [19], asystole 
as first monitored rhythm, women of childbearing poten-
tial (judged by including physician), known treatment 
limitations (previous decision of no resuscitation), known 
allergy to methylprednisolone, known pre-arrest modi-
fied Rankin Scale (mRS) score ranging from 4 to 5, tem-
perature below 30 °C upon randomization, or > 30 min to 
ROSC.

Screening of eligible patients was done by the prehospi-
tal physician manning the critical care unit attending the 
OHCA incident, and inclusion was based on the available 
information at the scene. In the protocol, we prespeci-
fied that included patients could be excluded in route to 
or upon arrival to hospital if criteria for inclusion were 
violated.

Following cardiac arrest, patients received standard 
of care in adherence to International post-resuscitation 
guidelines [8]. This involved targeted temperature man-
agement at 36° C in comatose patients, sedation with 
primarily propofol and fentanyl, vasopressor and ino-
tropes as needed. In addition, all comatose patients 
received prophylactic antibiotic treatment with intrave-
nous piperacillin/tazobactam or cefuroxime in case of 
β-lactam allergy, and continuous intravenous insulin for 
hyperglycaemia.

Randomization, group allocation, and concealment
The group allocation sequence for the study was gener-
ated using a random number generator randomizing 
patients in a 1:1 fashion in permuted blocks of four.

Take‑home message 

Prehospital high‑dose methylprednisolone to patients resuscitated 
from out‑of‑hospital cardiac arrest resulted in a substantial decrease 
in interleukin 6 after 24 h but had no effect on neuron‑specific eno‑
lase. The early anti‑inflammatory intervention was not able to affect 
the possible link between inflammation and brain injury in these 
severely ill patients.

https://clinicaltrials.gov
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Study medicine and placebo were packed in identical 
opaque boxes numbered randomly according to alloca-
tion. The prehospital physician and accompanying medi-
cal assistant were unblinded after opening a medicine 
box. The prehospital staff were not involved further in the 
treatment of the patient or the study following admission. 
The patient, all hospital personel, and all study investiga-
tors and study staff were blinded for treatment allocation.

Study intervention
If eligible for inclusion, patients were randomized to 
receive a bolus injection of methylprednisolone 250  mg 
intravenously (2 × 125  mg/2  mL) or placebo (4  mL iso-
tonic NaCl), both administered over 5  min. The dosage 
was the maximum allowed for methylprednisolone bolus 
injection in Denmark. The intervention was performed 
as soon as possible following resuscitation and a mini-
mum of 5  min from ROSC in the prehospital setting. 
Injection of allocated medicine was completed before 
hospital arrival, and only allocation number was available 
at admission.

Outcomes
The co-primary outcome consisted of daily measure-
ments of IL-6 and NSE from admission until 72 h from 
admission, with all available measurements included in 
the statistical analysis. NSE levels were also analyzed in 
the subset of patients who remained comatose at hospital 
arrival.

Secondary outcomes included survival and neuro-
logical function at hospital discharge and after 180 days. 
Survival was continuously updated with data from “The 
Medical Register of Births and Deaths” in Denmark. 
Neurological function, defined by cerebral performance 
category (CPC) score (range 1–5, higher scores indicat-
ing greater disability with 3 or 4 being severe disability, 
coma or vegetative state and 5 being death) and mRS 
score (range 0–6, to evaluate the degree of disability or 
dependence in daily activities with 0 being no symptoms 
and 6 being death) [20, 21]. CPC and mRS at discharge 
were determined by retrospective chart review and at 
180  days through telephone interview. The anti-inflam-
matory impact of the intervention was further evaluated 
through the measurement of high-sensitive C-reactive 
protein (hsCRP) levels and leukocyte count. Addition-
ally, the potential neuroprotective effect was assessed by 
quantifying neurofilament light chain (NfL) levels. To 
gauge markers of kidney and hepatic injury, we exam-
ined creatinine levels, alanine aminotransferase (ALAT), 
aspartate aminotransferase (ASAT), alkaline phosphatase 
(ALP), and bilirubin levels. Plasma fibrinogen served as 
an indicator for assessing the coagulation system. For 
potential cardiac protection, troponin T (TnT), troponin 

I (TnI), and creatine kinase MB (CKMB) levels were 
measured. Finally, within the setting of the intensive care 
unit (ICU), we monitored hemodynamic parameters, 
including mean arterial pressure (MAP), central venous 
pressure (CVP), mean pulmonary arterial pressure 
(PAPm), pulmonary capillary wedge pressure (PCWP) 
using a Swan-Ganz catheter, and arterial blood gas analy-
ses were conducted to assess  PaO2,  PaCO2, and lactate 
levels.

Safety
Safety was assessed by the cumulative incidence of 
adverse events 180  days after randomization. As stated 
in the study protocol [17], the following was considered 
an adverse event: infection, bleeding, dialysis, electro-
lyte derangement (hypo- or hyperkalemia), metabolic 
derangement (hypo- or hyperglycemia), cardiac arrhyth-
mia, seizure, and other (for example, other conditions 
leading to re-hospitalization or death). It was considered 
a serious adverse event if an adverse event led to pro-
longed hospitalization or a life-threatening condition 
requiring re-hospitalization or death. The sponsor evalu-
ated all serious adverse events for the possibility of a seri-
ous adverse reaction or a suspected unexpected serious 
adverse reaction.

Biomarker assessment
Biological material to establish a research biobank was 
drawn from patients at admission and 24-, 48- and 72 h 
following admission. Biobank samples were subsequently 
spun at 2000 g for 10 min, aliquoted in four samples, and 
stored at – 80 °C. The co-primary outcome for inflamma-
tion, IL-6, was measured in ethylenediamine tetraacetic 
acid (EDTA) plasma samples with the 17-plex human 
cytokine assay (Bio-Rad). An IL-6 measurement below 
the lower limit of detection (LLD) were assigned 50% of 
the LLD; 0.025  pg/mL. The other co-primary outcome, 
NSE, was measured in serum samples along with creati-
nine, ALAT, ASAT, ALP, bilirubin, fibrinogen, TnI, TnT, 
and CKMB in a DS/EN ISO 15189 by a COBAS 8000. 
Finally, hsCRP was measured in EDTA plasma samples 
from the biobank by a COBAS 8000 and leukocytes were 
measured as routine biochemistry by a Sysmex XN.

Approvals, monitoring, and informed consent procedures
Approvals for the study were obtained from the Regional 
Ethics Committee (ID: H-20022320) and the Danish 
Medicines Agency (ID: 2,020,033,425), and a legal data 
handling agreement was provided by the Capital Region 
of Denmark (ID: 2020-866). According to Danish legis-
lation, an independent primary trial guardian provided 
informed consent prior to the inclusion of a patient, 
with a secondary trial guardian subsequently confirming. 
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Consent from a surrogate and the patient, if considered 
cognitively capable following regained consciousness, 
was obtained as soon as possible following admission. 
The trial was overseen by a Data and Safety Monitoring 
Board for safety and overall conduct and monitored for 
adherence to national and international guidelines by the 
Good Clinical Practice unit of Copenhagen.

Sample size calculation
Calculation of the target sample size was based on the 
co-primary outcome. We powered the trial towards a 
single measurement at 48  h due to the lack of support-
ing data for repeated biomarker measurements. The trial 
would achieve a 90% power to detect a 20% reduction in 
IL-6 levels if 112 patients were included and a 20% reduc-
tion in NSE levels if 114 patients were included at an 
alpha level of 0.025. Therefore, to ensure sufficient power, 
we planned to include 120 patients. Data from previous 
studies suggest that approximately 20% of resuscitated 
OHCA patients would die before assessment of the co-
primary outcome, i.e., before 72  h after admission. We 
further expected approximately 10% post-randomiza-
tion exclusions due to the acute nature of the study or if 
the consent could not be provided. Based on these esti-
mates, we planned to continue the trial until 156 patients 
(120 + 24 + 12) were included or until 120 patients com-
pleted the co-primary outcome measurement prior to 
this.

Statistical analysis
We performed all analyses for primary and secondary 
outcomes on the modified intention-to-treat population, 
defined by patients not being excluded post-randomiza-
tion with consent provided. Dichotomous variables were 
presented as numbers (n, %) and analyzed with the Chi-
squared or Fisher’s exact test. Continuous variables were 
presented as median (25th percentile; 75th percentile) 
and difference between groups were tested with the Wil-
coxon test. For continuous variables assessed at multiple 
time points, including the co-primary outcome, appli-
cation of linear mixed models of unstructured covari-
ance were applied, with logarithmic transformation for 
approximation of normal distribution. For these analy-
ses, we used the ‘LMMstar’ package (Ozenne B, For-
man J (2023).  LMMstar: Repeated measurement models 
for discrete times. R package version 0.9.0). The values 
for IL-6 and NSE are presented as predicted geometric 
means and confidence limits after antilog. Missing values 
were estimated based on maximum likelihood inference, 
and multiple imputations would be performed at > 10% 
missingness. Assumptions for multiple imputations were 
assessed, but since the prespecified limit for missingness 

was not exceeded, multiple imputations were not 
performed.

The Kaplan–Meier estimator was applied to show dif-
ferences in mortality for all included patients and the 
modified intention-to-treat population. Crude hazard 
ratio from a Cox regression model was reported. Addi-
tionally, a predefined multivariable analysis was made 
adjusting for sex, age, primary defibrillator rhythm, time 
to ROSC (duration from collapse or alarm call to the re-
establishment of circulation), and primary percutaneous 
coronary intervention (pPCI) performed following inves-
tigating for interaction after fulfilling assumptions for 
proportional hazards. The selection of variables included 
in the multivariable analysis was done a priori guided by 
previous knowledge of factors known to influence sur-
vival following OHCA [22].

All statistical analyses were performed in R Studio, 
version 4.2.2 (RStudio Team [2020]. RStudio: Integrated 
Development for R. RStudio, PBC, Boston, MA; URL: 
http:// www. rstud io. com/). For the co-primary outcome, 
a p value below 0.025 was considered statistically signifi-
cant. In all other analyses, a p value below 0.05 was con-
sidered statistically significant.

Results
Between October 10, 2020, and July 15, 2022, 158 patients 
were randomized to methylprednisolone (n = 80) or pla-
cebo (n = 78), with 137 patients encompassing the modi-
fied intention-to-treat population (Fig. 1). Follow-up was 
completed by February 10, 2023. The trial ended after 
inclusion of 120 patients surviving > 72 h following hos-
pital admission. All patients were followed for safety rea-
sons and included in the safety analyses.

Study participants
Baseline characteristics for the two groups were overall 
similar (Table 1), with a median age of 67 years (25th per-
centile: 56; 75th percentile: 75) and the majority being 
males (81%). The median time to ROSC was 18  min 
(13; 21) compared to 14 min (10; 20) in the intervention 
and the placebo group, respectively. Time-to-inclusion, 
defined as the time in minutes from ROSC to randomiza-
tion, occurred at a median of 20 min (13; 29). All included 
patients received the full dosage (both ampoules) of the 
study medicine and placebo.

A total of 130 (95%) and 129 (94%) patients had at least 
one valid measurement of IL-6 or NSE during admis-
sion, respectively. Overall, the completeness of data for 
both co-primary outcomes were 92% for patients surviv-
ing > 72  h, including patients where blood samples were 
not possible to obtain (i.e., admission at a peripheral 
hospital).

http://www.rstudio.com/
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Primary outcome
For the co-primary outcomes, we found that the first IL-6 
level was almost identical in the two groups (15  pg/mL 
(95% confidence interval (CI) 10.4; 21.6) vs. 15  pg/mL 
(10.4; 21.7), p = 1), subsequently a reduction in IL-6 lev-
els was observed in the intervention group with a signifi-
cant treatment-by-time interaction, p < 0.0001 (Fig.  2A). 
The intervention group exhibited significantly lower IL-6 
levels at 24 h compared to the placebo group: 2.1 pg/mL 
(1.3; 3.2) vs. 29.8 pg/mL (18.9; 46.8), p < 0.0001. The IL-6 
levels at 48  h were: 5.7  pg/mL (3.8; 8.4) vs. 10.1  pg/mL 
(6.7; 15.1), p = 0.04, and at 72 h (4.3 pg/mL (2.7; 6.6) vs. 
3.4 pg/mL (2.2; 5.4), p = 0.51).

There was no difference in NSE levels over time, 
p = 0.22 (Fig.  2B). NSE levels in the intervention group 
versus the placebo group were as follows for all time 
points (admission: 19.6 ug/L (16.9; 22.7) vs. 17.2 ug/L 
(14.8; 20, p = 0.11), 24  h: 19.1 ug/L (15.9; 22.9) vs. 17.2 
ug/L (14.3; 20.7), p = 0.69), 48  h: 18.8 ug/L (14.4; 24.6) 
vs. 14.8 ug/L (11.2; 19.4), p = 0.58), and 72  h: 15.7 ug/L 
(11.9; 20.6) vs. 14.7 ug/L (11.1; 19.5), p = 0.82). When 

restricting the analysis to patients who were in a coma-
tose state upon arrival at the hospital (n = 111), the find-
ings remained consistent.

IL-6 and NSE levels, the co-primary outcomes, to all 
time points, including NSE levels in comatose patients 
only, are summarized in the supplementary material 
(supplementary Table 1).

Secondary outcomes
For the secondary outcomes, we found a significant treat-
ment-by-time interaction for hsCRP, while there was no 
difference in NfL levels over time. The treatment-by-time 
interaction depicted for both biomarkers can be seen in 
the supplementary (supplementary Fig. 2A + B).

After 180 days, 51 (75%) patients vs. 44 (64%) patients 
were alive in the intervention and placebo arm, respec-
tively (unadjusted hazard ratio 0.65 (0.35–1.2), p = 0.17, 
and adjusted hazard ratio 0.35 (0.18–0.67), p = 0.002, 
from a multivariable model including sex, age, primary 
defibrillator rhythm, time to ROSC, and pPCI), Fig.  3. 
The details from the multivariable model is included in 

Fig. 1 Consort flow diagram. *Screening was done retrospectively per‑protocol through review of data from the Danish Cardiac Arrest Registry. 
†Based on previous data, patients with PEA as primary rhythm accounted for ~ 5% at our cardiac arrest centers, thus the number of eligible patients 
with PEA was estimated to 10% of patients with primary shockable rhythm. ‡Erronous inclusions, excluded en‑route or upon arrival to hospital
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Table 1 Baseline characteristics of the STEROHCA trial population

Randomization

Methylprednisolone, N = 68 Placebo, N = 69

Demographic characteristics
Age, years, median (IQR) 67 (57, 74) 66 (56, 75)

Male, n (%) 56 (82%) 56 (81%)

Medical history
Hypertension, n (%) 30 (44%) 29 (42%)

Hypercholesterolemia, n (%) 16 (24%) 22 (32%)

Heart failure, n (%) 16 (24%) 12 (17%)

Ischemic heart disease, n (%) 11 (16%) 18 (26%)

Atrial fibrillation, n (%) 11 (16%) 14 (20%)

Previous PCI or CABG, n (%) 7 (10%) 13 (19%)

Previous pacemaker or ICD, n (%) 2 (3%) 4 (6%)

Stroke, n (%) 7 (10%) 2 (3%)

Diabetes mellitus, n (%) 9 (14%) 6 (9%)

Chronic kidney disease, n (%) 1 (2%) 0 (0%)

COPD, n (%) 4 (6%) 2 (3%)

Current smoker, n (%) 23 (35%) 23 (35%)

Former smoker, n (%) 30 (44%) 28 (41%)

Characteristics of the cardiac arrest
Witnessed arrest, n (%) 57 (84%) 64 (93%)

Bystander CPR, n (%) 60 (88%) 56 (81%)

Place of arrest, n (%)

 Residential 28 (41%) 33 (48%)

 Public place 40 (59%) 36 (52%)

First monitored defibrillator rhythm  shockablea, n (%) 64 (94%) 65 (94%)

Bystander defibrillation, n (%) 14 (21%) 15 (22%)

Time to EMS arrival, min, median (IQR) 7 (5, 9) 7 (5, 9)

CPR‑related injury, n (%) 15 (22%) 14 (20%)

Number of defibrillations 3 (2, 4) 2 (1, 3)

Adrenaline administered, n (%) 43 (63%) 32 (46%)

Amiodarone administered, n (%) 32 (47%) 17 (25%)

Time to ROSC, min, median (IQR) 18 (13, 20) 14 (10, 19)

ROSC at admission, n(%) 67 (99%) 68 (99%)

Prehospital seizures, n (%) 3 (4%) 5 (7%)

Clinical characteristics at admission
LVEF at arrival, (%), median (IQR) 40 (25, 45) 40 (25, 50)

Post‑resuscitation ECG rhythm, n (%)

 Sinus rhythm 48 (71%) 53 (77%)

 Atrial fibrillation 12 (18%) 13 (19%)

  Otherb 8 (12%) 3 (4%)

Post‑resuscitation ECG, signs of ischemia, n (%)

 ST‑elevation 29 (43%) 28 (41%)

 LBBB or RBBB 16 (24%) 19 (28%)

 Unspecific ischemia 4 (6%) 10 (14%)

 No ischemia 19 (28%) 12 (17%)

Cardiogenic shock at arrival, n (%) 2 (3%) 8 (12%)

Acute CAG, n (%) 38 (56%) 42 (61%)

Acute PCI, n (%) 23 (34%) 25 (36%)

Acute CABG, n (%) 0 (0%) 0 (0%)
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the supplementary material (supplementary Table  2). 
When including all patients excluded from the modi-
fied intention-to-treat analysis in the Kaplan–Meier 
plot, the results were similar (supplementary Fig. 3).

CPC- and mRS-scores, evaluated a minimum of 
180  days following OHCA, were similar in the two 
groups (supplementary Fig.  4). All other clinical out-
comes can be found in Table 2.

Leukocyte counts were numerically higher in the 
intervention group with a statistically significant treat-
ment-by-time interaction. Leukocyte counts are sum-
marized in the supplementary along with markers of 

kidney injury (creatinine) and hepatic injury (ALAT, 
ASAT, ALP, and bilirubin), plasma fibrinogen, and car-
diac enzymes (TnT, TnI and CKMB), supplementary 
Table 3.

Median lactate levels were higher in the intervention 
group, but ≤ 2  mmol/L at all time points expect from 
admission. Hemodynamic parameters can be seen in the 
supplementary material (supplementary Table 4).

Safety
All predefined serious adverse events were reported 
in Table  2 and an overview for all adverse events were 

Table 1 (continued)

Randomization

Methylprednisolone, N = 68 Placebo, N = 69

Patient consciousness at arrival, n (%)

 Awake 10 (15%) 8 (12%)

 Comatose 58 (85%) 61 (88%)

CABG coronary arterial bypass grafting, COPD chronic obstructive pulmonary disease, CPR cardiopulmonary resuscitation, ECG electrocardiogram, EMS emergency 
medical services, ICD implantable cardioverter defibrillator, LBBB left bundle branch block, LVEF left ventricular ejection fraction, PCI percutaneous coronary 
intervention, RBBB right bundle branch block, ROSC return of spontaneous circulation
a If an AED had provided a shock before EMS arrival, the primary rhythm was deemed shockable
b Including pace rhythm, nodal rhythm and sinus bradycardia

Fig. 2 Primary efficacy analyses: A Treatment‑by‑time interaction for IL‑6 (pg/mL) depicting geometric means and 95% confidence intervals after 
antilog to each time point according to randomization; B Treatment‑by‑time interaction for NSE (ug/L) depicting geometric means and 95% confi‑
dence intervals after antilog to each time point according to randomization. The figure includes the measurements for the modified intention‑to‑
treat population (n = 137)
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reported in the appendix (supplementary Table 5). Over-
all, the incidence of adverse events and serious adverse 
events were similar between the two intervention groups 
(adverse events: 69 (86%) vs. 60 (77%); serious adverse 
events: 43 (54%) vs. 44 (56%)). In the intervention and 
placebo groups, hyperglycemia reported as an adverse 
event occurred in 30 (38%) and 12 (15%) patients, with 
no associated sequelae recorded during follow-up.

Discussion
In this randomized controlled trial assessing OHCA 
patients, we observed a reduction in IL-6 levels after 
24 h, while NSE levels were unaffected, by an prehospital 
injection of high-dose methylprednisolone administered 
after ROSC.

Previous studies have associated elevated IL-6 and 
other inflammatory markers with unfavorable outcomes 
in resuscitated OHCA patients [23, 24]. Although the 
anti-inflammatory properties of methylprednisolone are 
well-known, there is limited evidence supporting its use 
after cardiac arrest [25]. In this trial, a substantial reduc-
tion in IL-6 levels was observed in the intervention group 
24 h after admission, but at 72 h, there was no difference. 
In the present trial, the intervention was performed as 
early as possible in the prehospital setting to maximize 
efficacy. NSE levels were unaffected at all time points in 
this trial, and to our knowledge, there are no pharmaco-
logical intervention studies demonstrating reduced NSE 
levels in resuscitated OHCA patients. Previous studies 
report that IL-6 and NSE have central roles in neuroin-
flammation following cerebral ischemia [12, 26, 27]. NSE 

has a high predictive value for poor outcome following 
OHCA [14], whereas IL-6 has been found to have pre-
dictive value for mortality but not neurological outcome 
[28]. A study conducted by Hoiland et  al. [29] demon-
strated that cerebral IL-6 increases following resuscitated 
cardiac arrest in patients with brain tissue hypoxia. This 
finding raises the possibility of the involvement of IL-6 s 
in the previously described “two-hit model” wherein sec-
ondary HIBI develops following resuscitation [30]. But it 
is important to highlight, that while emerging evidence 
hints at a possible connection between inflammation 
and HIBI [12], the precise mechanistic effects are still 
to be unveiled, and that there is presently no substanti-
ated evidence supporting the notion that inhibition of 
neuroinflammation following OHCA confers therapeutic 
benefits.

A prior study conducted at our institution, which 
explored the impact of in-hospital IL-6 blockage using 
Tocilizumab, revealed no significant difference in neuro-
logical outcomes. However, a notable reduction in hsCRP 
levels was observed [31]. Similar to the IL-6 reduction in 
the present study, hsCRP levels were reduced from 24 to 
72 h. These biochemical results all support that the inter-
vention dosage administered was sufficient to induce an 
anti-inflammatory response. Methylprednisolone also 
induced leukocytosis and hyperglycemia in the inter-
vention group, both known physiological side effects to 
glucocorticoid treatment, during the initial three days of 
admission [15, 32]. Further, increased lactate levels were 
found in the intervention group, but besides admission 
lactate, the median levels were below 2  mmol/L at all 
time points. A previous ICU study found that treatment 
with high-dose dexamethasone increases lactate levels 
and suggested that this directly related to the increased 
glucose levels [33].

Two previous studies of limited size indicated 
improved survival and neurologic outcome in patients 
who received glucocorticoids along with vasopressin 
after in-hospital cardiac arrest [34, 35]. Another clinical 
study suggested increased rates of ROSC following glu-
cocorticoid and vasopressin injections during cardiopul-
monary resuscitation, but with no difference in mortality 
[36]. Although there was no difference in crude mortality, 
the adjusted analysis suggested lower risk of death with 
methylprednisolone. Blinded randomized controlled tri-
als anticipate that patients in the two groups are compa-
rable, but in this trial the intervention group had numeric 
longer time to ROSC, and received more adrenaline 
and amiodarone during resuscitation. Accordingly, after 
adjusting for predefined factors, including time to ROSC, 
we observed a potential benefit on survival within the 
intervention group. These findings are intriguing, but 
they can only serve to generate hypotheses for future 

Fig. 3 Kaplan–Meier plot of survival to day 180 after out‑of‑hospital 
cardiac arrest (modified intention‑to‑treat population), presenting 
the crude hazard ratio with 95% CI from a univariate Cox regression 
model, and the hazard ratio with 95% CI from a predefined multivari‑
able Cox regression model adjusted for sex, age, primary defibrillator 
rhythm, time to ROSC, and primary percutaneous coronary interven‑
tion performed
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studies adequately powered to investigate the impact on 
survival.

Effects of glucocorticoids are exerted through a slow 
genomic mechanism with gene expression alterations 
and a rapid non-genomic mechanism involving interac-
tion with cellular membranes and non-specific mem-
brane-bound receptors [32, 37]. In this study, we aimed 
to administer the intervention prehospital to leverage 
its potential rapid mechanism of action, and further to 
mitigate potential secondary ischemic/reperfusion injury 
after OHCA as early as possible. However, the treat-
ment did not appear to reduce systemic IL-6 levels upon 
admission, which indicates that non-genomic pathways 
differ from the genomic pathways in reducing IL-6 lev-
els, although we did not have baseline measurements 
available.

Enrolling OHCA patients in the prehospital setting 
presents challenges from both logistic and ethical per-
spectives. This prompts for an early and potentially 

important effect of the intervention, but also for possible 
erroneous inclusion of patients and the need for post-
randomization exclusion. The modified intention-to-
treat in this trial reflects this, with 21 patients excluded 
post-randomization. All these patients were followed 
for adverse events, including mortality, but could not be 
included in the co-primary outcome analysis since it was 
impossible to obtain biobank samples.

Finally, and importantly, methylprednisolone adminis-
tered after OHCA prehospitally in the used dosage was 
deemed safe with a similar amount of serious adverse 
events in the two treatment arms. Steroid treatment has 
previously been found harmful after traumatic brain 
injury [38], but our safety results support that this does 
not apply to OHCA.

There are limitations to consider in this study. The co-
primary outcomes were assessed using peripheral blood 
samples, whereas utilizing samples from the jugular vein 
might have provided more comprehensive insights into 

Table 2 Secondary clinical outcomes and serious adverse events

CPC cerebral performance categories, mRS modified Rankin Score, SAE serious adverse event
a Range from 1 to 5 with higher scores indicating greater disability with 3 or 4 being severe disability, coma or vegetative state and 5 being death
b Range from 0 to 6 with higher scores indicating greater degree of disability or dependence in daily activities with 0 being no symptoms and 6 being death
c Adverse event leading to prolonged hospitalization or a life-threatening condition requiring re-hospitalization or death

Randomization

Methylprednisolone, N = 68 Placebo, N = 69 p value

Secondary outcomes
Mortality, hospital discharge, n (%) 16 (24%) 24 (35%) 0.15

Mortality, 180 days, n (%) 17 (25%) 25 (36%) 0.15

CPCa score at discharge from hospital among patients 
alive at discharge, n (%)

0.17

 1 30 (58%) 34 (76%)

 2 15 (29%) 7 (16%)

 3 7 (13%) 4 (8.9%)

mRSb score at discharge from hospital among patients 
alive at discharge, n (%)

0.65

 0 14 (27%) 13 (29%)

 1 14 (27%) 13 (29%)

 2 10 (20%) 11 (24%)

 3 8 (16%) 6 (13%)

 4 5 (9.8%) 1 (2.2%)

 5 0 (0%) 1 (2.2%)

Serious adverse eventsc

Patients with ≥ 1 SAE, n (%) 35 (51%) 37 (54%) 0.80

Infection, n (%) 5 (7.4%) 4 (5.8%) 0.74

Bleeding, n (%) 0 (0%) 4 (5.8%) 0.12

Dialysis, n (%) 2 (2.9%) 1 (1.4%) 0.62

Electrolyte, n (%) 2 (2.9%) 1 (1.4%) 0.62

Metabolic, n (%) 1 (1.5%) 0 (0%) 0.50

Arrhytmia, n (%) 7 (10%) 10 (14%) 0.46

Seizures, n (%) 12 (18%) 13 (19%) 0.86
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the neuroinflammatory process. The sample size in the 
trial was small, hence a risk of type II errors was present, 
and generally secondary outcomes should be cautiously 
interpreted. Further, a risk of selection bias was present 
when excluding patients post-randomization, but accord-
ing to our sample size calculation of 120 patients com-
pleting the study, we expected a part of included patients 
to violate exclusion criteria. Inclusion of patients in 
the prehospital setting is challenging, and a number of 
potential eligible patients were not included.

In the STEROHCA trial, prehospital treatment with a 
single high-dose methylprednisolone injection to resusci-
tated comatose OHCA patients, resulted in reduced IL-6 
levels after 24  h, but did not reduce NSE levels, during 
the first 72 h of admission.
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