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Effect of corticosteroid administration 
on cardiac arrest: a systematic review 
and network meta-analysis of the 
timing of administration
Youngchan Pyo, Tae Nyoung Chung
Department of Emergency Medicine, CHA Bundang Medical Center, CHA University School of Medicine, 
Seongnam, Korea

Corticosteroids may have a beneficial effect on the outcome of cardiac arrest (CA); however, it is 
not known whether the timing of corticosteroid use affects the outcome. We performed a sys-
tematic review and network meta-analysis to compare the efficacy of corticosteroid administra-
tion according to the timing. A favorable final outcome, as the primary study outcome, was de-
fined as a combination of survival with good neurologic outcome and survival for 1 year. The 
secondary outcome was survival to discharge. Nine clinical studies were included. Corticoste-
roids administered during cardiopulmonary resuscitation (CPR; odds ratio [OR], 1.29; 95% confi-
dence interval [CI], 1.11–1.51) and post-CA (OR, 1.47; 95% CI, 1.30–1.66) had a positive effect 
on the favorable final outcome compared to the control protocol (no corticosteroid administra-
tion), while those used prior to CA had a negative effect. Corticosteroids administered post-CA 
had a positive effect on survival to discharge compared to the control protocol (OR, 1.82; 95% 
CI, 1.02–3.27), while those used prior to CA and during CPR had no significant effect. Post-CA 
was evaluated to be the best administration timing for both outcomes. In conclusion, the timing 
of corticosteroid administration may be an important factor for the prognosis of CA. Corticoste-
roids administration post-CA and during CPR may have beneficial effects on CA outcomes.
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What is already known
Use of corticosteroids for the treatment of cardiac arrest may be beneficial in 
terms of return of spontaneous circulation, survival with good neurologic out-
come, and long-term survival. However, the optimal timing for corticosteroid 
administration is unknown.

What is new in the current study
The timing of administration may affect the effect of corticosteroids on the 
prognosis of patients with cardiac arrest. Corticosteroids may be best adminis-
tered after the return of spontaneous circulation regardless of whether they 
were administered during cardiopulmonary resuscitation or not.
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INTRODUCTION

Cardiac arrest (CA) is referred to as the abrupt loss of heart me-
chanical activity, as confirmed by the absence of signs of circula-
tion. Out-of-hospital CA and in-hospital CA are important causes 
of mortality and morbidity worldwide, and it is estimated that 
360,000 and 290,000 cases occur annually in the United States, 
respectively, with only 10% to 12% and 25% to 40%, respective-
ly, of patients surviving.1,2

 Currently, epinephrine is considered the only essential pharma-
ceutical therapy except for antiarrhythmic drugs in CA according 
to the current advanced cardiac life support (ACLS) guidelines.3,4 
Several studies have previously shown that relative adrenal insuf-
ficiency is common in patients after CA, and higher cortisol levels 
are associated with lower mortality from circulatory shock in ani-
mal models and humans.5-8 These results suggest that the use of 
corticosteroids after CA can suppress inflammatory reactions, reg-
ulate catecholamine synthesis, and protect against ischemia-re-
perfusion injury.9 Based on this concept, there have been various 
clinical studies that assess the effect of corticosteroid adminis-
tration on CA, which showed inconsistent results.10-18 Moreover, 
even the results of recent meta-analyses that included those clini-
cal studies were inconsistent.19-22 The designs of the clinical stud-
ies mentioned above are quite different, especially in terms of the 
timing of corticosteroid administration; in some cases, corticoste-
roids were administered during cardiopulmonary resuscitation 
(CPR) or after the return of spontaneous circulation (ROSC), while 
other patients had a history of recent corticosteroid use prior to 
CA. We hypothesized that this difference in timing caused the 
discrepancies observed in the results of existing clinical studies 
and meta-analyses.
 We aimed to assess the effect of corticosteroid administration 
on CA and whether the timing of administration affects the out-
come. Hence, we performed a network meta-analysis of clinical 
studies that assessed the effect of corticosteroid administration 
on CA with a head-to-head comparison of the outcomes accord-
ing to the timing of corticosteroid administration and prior corti-
costeroid use.

METHODS

Protocol
This study followed the PRISMA (Preferred Reporting Items for 
Systematic Review and Meta-Analysis) statement extension for 
network meta-analysis guidelines23,24 and was prospectively reg-
istered in PROSPERO (international prospective register of sys-
tematic reviews; No. CRD42022331973).25

Search strategy and inclusion criteria
Two reviewers independently searched for studies published in 
English before May 2022 using PubMed, Embase, Scopus, Web of 
Science, and Cochrane Central Register of Controlled Trials. We 
combined the following search words: “cardiac arrest,” “heart ar-
rest,” “cardiopulmonary arrest,” “cardiopulmonary resuscitation,” 
“ventricular fibrillation,” “CPR,” “advanced cardiovascular life sup-
port,” “ACLS,” “steroid,” “glucocorticoid,” “hydrocortisone,” “adre-
nal cortex hormones,” “methylprednisolone,” and “dexametha-
sone.” We also searched for unpublished trials and ongoing stud-
ies at ClinicalTrials.gov (The US National Institutes of Health On-
going Trials Register).
 The studies with the following characteristics were enrolled: (1) 
population: adults (≥18 years) with CA, regardless of the CA lo-
cation, with an initial presenting rhythm of CA; (2) intervention: 
steroid use during and/or after CA; (3) control: no steroid use (i.e., 
placebo or conventional ACLS therapy); (4) outcome: survival to 
discharge and ROSC; and (5) design: randomized controlled trial 
(RCTs), case-control studies, and cohort studies. In addition, the 
intervention group of some studies was administered additional 
drugs, such as vasopressin.
 We excluded animal studies, case reports or series without a 
control group, study protocols, commentaries, review articles, and 
irrelevant studies (i.e., insufficient information or not in the field 
of interest).

Data collection and quality (risk of bias) assessment
Two reviewers independently extracted data from a data-collec-
tion form, including study title, name of author(s), publication 
year, country, study design, patients and demographics, interven-
tions, timing of corticosteroid administration, and outcomes. 
 Risk of bias was assessed by using the Revised Cochrane risk of 
bias tool (RoB 2) for RCTs and GRACE (Good Research for Compar-
ative Effectiveness) ver. 5.1 checklist for observational studies.26,27

 Any discrepancies were resolved by discussion and consensus 
between two authors. In the case of a sustained disagreement, a 
third expert acted as a moderator.

Outcomes and intervention groups
Primary outcome was the favorable final outcome, which we de-
fined as cerebral performance category 1 or 2 at the time of dis-
charge or 1-year survival after CA. The secondary outcome was the 
survival to discharge. The timing of corticosteroid administration 
was categorized as administration prior to CA, during CPR, or post-
CA. We classified all the cases in which corticosteroids were ad-
ministered after ROSC into the post-CA group regardless of whether 
corticosteroids were administered during CPR or not. This was be-



288 www.ceemjournal.org 

Effect of corticosteroids on cardiac arrest

cause our interest lay in whether corticosteroids were administered 
post-CA, when the patient is in a sepsis-like condition. Every “prior 
to CA” classification was based on the subject’s history before the 
CA event in the observational study, not the timing of the actual 
intervention in the trial.

Statistical analysis
We calculated and presented odds ratios (ORs) with 95% confi-
dence intervals (CIs) for each outcome and each intervention. 
Only the number of subjects who achieved ROSC was used as the 
overall count of each intervention group for the studies that en-
rolled whole CA patients, in order to match the conditions with 
those enrolled only post-CA patients. A frequentist random-ef-
fects network meta-analysis was conducted using multivariate 
meta-analysis and meta-regression.28,29 The design-by-treatment 
model was used to confirm the consistency of the entire network.30 
The node-splitting method was also used to check the inconsis-
tency between direct and indirect estimates of the effect.31,32 Rank-
ing probabilities were estimated by the surface under the cumu-
lative ranking curve for each outcome. We used STATA ver. 17 (Stata 
Corp., College Station, TX, USA) for statistical calculations.

RESULTS

Study search results and characteristics
We identified 6,173 records through a database search and screened 

5,018 after duplicates were removed (Fig. 1). Among these, 114 
articles went through a full-text review, and 10 articles were fi-
nally selected by applying the inclusion criteria, including one case-
control study,33 five RCTs,10-13,15 one prospective cohort study,18 and 
three retrospective cohort studies (Supplementary Table 1).14,16,17 
Characteristics of the included studies are summarized in Table 
1.10-18,33

Risk of bias in the enrolled studies
Most of the trials and all the cohort studies reviewed in the cur-
rent meta-analysis were classified as those with good quality, ac-
cording to RoB 2 assessment, except one trial with a high risk of 
bias (Supplementary Fig. 1). One case-control study was classified 
as a study with an uncertain risk of bias because of its lack of de-
tailed information.33

Favorable final outcome
Nine studies were included for the analysis to determine the fa-
vorable final outcome.10-13,15-18,33 The network plot of the analysis 
for the favorable final outcome is depicted in Fig. 2A. We did not 
find any inconsistency in the entire network (Supplementary Ta-
ble 2). There were significant positive effects on the favorable fi-
nal outcome associated with corticosteroids administered during 
CPR (OR, 1.29; 95% CI, 1.11–1.51) and administered post-CA (OR, 
1.47; 95% CI, 1.30–1.66), compared to the control protocol (no 
corticosteroid administration), while there was a negative effect 

Fig. 1. PRISMA (Preferred Reporting Items for Systematic Review and Meta-Analysis) flowchart and study selection.
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associated with their administration prior to CA (OR, 0.70; 95% 
CI, 0.64–0.77). Corticosteroids administered during CPR and post-
CA showed a significant positive effect on the favorable final out-
come compared to that administered prior to CA (OR, 1.85; 95% 
CI, 1.56–2.18 and OR, 2.10; 95% CI, 1.85–2.39, respectively). Cor-
ticosteroids administration post-CA did not have a significant ef-
fect on the favorable final outcome compared to administration 
during CPR (OR, 1.14; 95% CI, 0.94–1.38) (Fig. 3).10-13,15-18,33 Post-
CA was shown as the best timing for corticosteroid administra-
tion to achieve a favorable final outcome with a probability of 
89.9% (Table 2).

Survival to discharge
Nine studies were included for the analysis of survival to disch-
ar ge.10,12-18,33 The network plot of the analysis for the survival to 
discharge is depicted in Fig. 2B. We found an inconsistency in the 
network (P<0.001), and the node-splitting method detected an 
inconsistency between corticosteroid administration prior to CA 

and during CPR (Supplementary Table 3). There was a significant 
positive effect on survival to discharge when corticosteroids were 
administered post-CA compared to the control protocol (OR, 1.82; 
95% CI, 1.02–3.27), while there was no significant effect associ-
ated with administration prior to CA (OR, 0.83; 95% CI, 0.45–1.55) 
or during CPR (OR, 1.02; 95% CI, 0.51–2.05). Corticosteroid ad-
ministration post-CA showed a significant positive effect on sur-
vival to discharge compared to administration prior to CA (OR, 
2.19; 95% CI, 1.04–4.63), but no significant effect of administra-
tion during CPR existed (OR, 1.23; 95% CI, 0.55–2.72). Cortico-
steroid administration post-CA did not have a significant effect 
on survival to discharge compared to administration during CPR 
(OR, 1.79; 95% CI, 0.72–4.47) (Fig. 4).10,12-16,18,33 Post-CA was shown 
as the best timing for corticosteroid administration to achieve 
survival to discharge with a probability of 87.3% (Table 2).

DISCUSSION

To the best of our knowledge, this was the first network meta-
analysis ever performed regarding the effect of corticosteroid ad-
ministration on CA. The results of our current network meta-anal-
ysis suggest that the timing of corticosteroid administration may 

Table 1. Characteristics of the enrolled studies

Study Design Subject Administration timing
Outcome

Enrolled analysis
ROSC GNO SD S1Y

Schwitzer et al.33 (1983) CC OHCA During CPR 7 3 3 NA SD, FFO

Paris et al.15 (1984) RCT OHCA During CPR 6 0 0 0 SD, FFO

Tsai et al.18 (2007) PC OHCA During CPR 46 1 9 NA SD, FFO

Mentzelopoulos et al.13 (2009) RCT IHCA During CPR and post-CA 66 NA 11 NA SD, FFO

Mentzelopoulos et al.12 (2013) RCT NS During CPR and post-CA 200 25 31 NA SD, FFO

Bolvardi et al.11 (2016) RCT NS During CPR 15 1 NA NA FFO

Tsai et al.17 (2016) RC NS Prior to CA and during CPR NA NA 5,471 4,891 SD, FFO

Niimura et al.14 (2017) RC OHCA and IHCA Post-CA NA NA 253 NA SD

Tsai et al.16 (2019) RC NS Prior to CA and post-CA NA NA 3,552 2,204 SD, FFO

Andersen et al.10 (2021) RCT IHCA During CPR 186 38 NA NA SD, FFO

ROSC, return of spontaneous circulation; GNO, good neurologic outcome; SD, survival to discharge; S1Y, 1-year survival; CC, case-control study; OHCA, out-of-hospital car-
diac arrest; CPR, cardiopulmonary resuscitation; NA, not available; FFO, favorable final outcome; RCT, randomized control trial; PC: prospective cohort study; IHCA, in-hos-
pital cardiac arrest; CA, cardiac arrest; NS, not specified; RC, retrospective cohort study.

Fig. 2. Network maps of (A) the analysis for the favorable final outcome 
and (B) the survival to discharge. Network plot includes history of re-
cent corticosteroid use prior to cardiac arrest (CA), corticosteroid ad-
ministration during cardiopulmonary resuscitation (CPR), and cortico-
steroid administration post-CA.

A BPrior to CA Prior to CA

During CPR During CPRControl Control

Post-CA Post-CA

Table 2. Ranking of the timing of corticosteroid administration

Variable
Favorable final outcome Survival to discharge

SUCRA PrBest Mean rank SUCRA PrBest Mean rank

Placebo 33.3 0 3.0 40.1 0.9 2.8

Prior to CA 0 0 4.0 20.2 1.1 3.4

During CPR 70.0 10.1 1.9 44.8 10.7 2.7

Post-CA 96.6 89.9 1.1 94.9 87.3 1.2

SUCRA, surface under the cumulative ranking curve; PrBest, probability for the 
best timing; CA, cardiac arrest; CPR, cardiopulmonary resuscitation.
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affect the outcome of CA patients. They also suggest that the dis-
crepancy among the results of previous clinical studies assessing 
the effect of corticosteroid administration on CA may be due to 
differences in the study setting regarding the timing of adminis-
tration. We can assume that the discrepancy among the meta-
analyses that enrolled those studies could be due to differences 
in the setting of enrolled studies in each meta-analysis. 
 CA is a devastating medical condition that leads to high socio-

economic costs from which only a small portion of patients can 
achieve meaningful recovery. Its poor prognosis results from glob-
al cerebral ischemia-reperfusion injury, systemic inflammatory 
response, activation of the apoptotic pathway, free radical pro-
duction, and myocardial injury.34-37 It also causes disorders of the 
immune system and hemodynamic instability with increased lev-
els of endotoxins and cytokines, i.e., a so-called sepsis-like syn-
drome.34 One study showed that the serum cortisol level was de-

Fig. 3. The analysis for the favorable final outcome. (A) Forest plot and (B) interval plot. In treatment arm: A, control; B, history of recent corticosteroid 
use prior to cardiac arrest (CA); C, corticosteroid administration during cardiopulmonary resuscitation (CPR); and D, corticosteroid administration post-
CA.
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Fig. 4. The analysis for survival to discharge. (A) Forest plot and (B) interval plot. In treatment arm: A, control; B, history of recent corticosteroid use prior 
to cardiac arrest (CA); C, corticosteroid administration during cardiopulmonary resuscitation (CPR); and D, corticosteroid administration post-CA.
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creased after ROSC and was associated with short-term surviv-
al.38 These results initiated studies evaluating the effect of corti-
costeroid administration on CA. As a result, it was known that 
corticosteroid administration in CA improves cardiovascular sta-
bility through control of the systemic inflammatory response and 
improvement of the vascular response to vasopressors by lower-

ing the catecholamine reuptake; it also helps to reduce myocar-
dial and cerebral injury by reducing oxidative stress.39-43

 Many clinical studies that assessed the effect of corticosteroids 
on CA showed inconsistent results; therefore, the use of corticoste-
roids for the treatment of CA is recommended in a limited fashion 
with uncertain value in current guidelines for CPR.3 Our current 

Test of consistency: chi2(3)=24.51, P<0.001
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study suggests that the timing of administration may be an impor-
tant factor in the effect of corticosteroids on CA. Based on this, 
further research directly comparing the effects on CA according to 
the timing of corticosteroid administration is necessary to establish 
a clinical guideline for corticosteroid use during CA treatment. 
 One of the most interesting findings in our research was that 
the outcomes of CA were significantly worse in patients to whom 
corticosteroids were administered prior to CA compared to con-
trols; otherwise, the outcomes were significantly better than con-
trol group outcomes if corticosteroids were administered during 
CPR or post-CA. Considering that patients administered cortico-
steroids prior to CA, when included in our network meta-analysis, 
included those in whom a history of corticosteroid administration 
was identified during a short-term period before the CA event, it 
is likely that this group included chronic corticosteroid users. Ad-
renal insufficiency associated with chronic corticosteroid use may 
explain the worse prognosis in this group.44 However, this result 
would better be accepted as a phenomenon showing that the 
prognosis is worse than that of the control group in a situation 
where relative adrenal insufficiency is suspected rather than as a 
recommendation for the timing of administration, considering 
that the “prior to CA” classification in original studies was not 
based on an actual timing of intervention but instead was a re-
sult of retrospective observation.
 The results of our study also suggest that the effect of cortico-
steroids on CA may be better when they are administered after 
CA than when administered during CPR. We failed to identify a 
statistically significant difference in the indirect comparison of 
the effects of corticosteroids administered during CPR and those 
administered after CA, although there were consistent tendencies 
showing a relative superiority of their administration after CA. 
However, the results of the ranking probability tests for both out-
comes support the better effect of corticosteroid administration 
after CA. Moreover, corticosteroid administration during CPR did 
not even show a significant difference in the comparison with 
the control protocol for survival to discharge. Considering the 
sepsis-like condition of post-CA patients, timely administration of 
corticosteroids targeting this condition may explain the better ef-
fect. Recent studies showing that corticosteroid administration 
after cerebral ischemia-reperfusion reduces neurological damage 
through the inhibition of apoptosis and inflammatory responses 
may also support this finding.45,46

 The results of the inconsistency test using the design-by-treat-
ment model showed that the analysis of the primary outcome met 
the assumptions about consistency and homogeneity to some 
extent.28 Therefore, it showed that our result from the analysis for 
the favorable final outcome could be reliable. On the other hand, 

the result of the analysis for survival to discharge, the secondary 
outcome, which did not meet those assumptions, may be difficult 
to accept. However, it could be adopted as a supportive result for 
the analysis of the favorable final outcome, considering that the 
results of both analyses showed a similar trend.
 Our network meta-analysis had a few limitations. First, we used 
a newly defined outcome measure, the favorable final outcome, 
as a primary outcome, instead of a widely used one, such as sur-
vival with good neurologic recovery. This was because informa-
tion regarding neurologic recovery was not available in two stud-
ies with the largest effect sizes.16,17 Those studies used 1-year sur-
vival as an outcome measure reflecting long-term prognosis. Hence, 
we had to define a new outcome measure that can reflect the 
ultimate prognosis as much as possible, which was a combination 
of survival with good neurologic function and 1-year survival. Sec-
ond, the design and quality of the studies included in our analysis 
vary compared to their number, and this may compromise the 
consistency and homogeneity, which are important for the reli-
ability of a network meta-analysis. Hence, caution in adopting 
the results of our study despite our efforts to overcome this limi-
tation, such as the use of design-by-treatment model or publica-
tion bias assessment, should be taken. Third, the analysis for the 
secondary outcome, survival to discharge, did not meet the con-
sistency assumption of a network meta-analysis. Hence, one should 
be careful to adopt the result of the analysis for survival to dis-
charge, especially for the comparison between corticosteroids 
administered prior to CA and those administered during CPR, which 
showed inconsistency. Fourth, we also classified studies with co-
administered drugs such as vasopressin into the corticosteroid 
administration group, as in most of the prior pairwise meta-anal-
yses dealing with the effect of corticosteroids on CA19,21,22; there-
fore, the possibility of errors due to differences in the intervention 
regimen cannot be excluded. Hence, caution is required in adopt-
ing our results because there might be an interaction of co-ad-
ministered drugs that affects the efficacy of corticosteroids on 
CA. Fifth, our post-CA classification included cases of corticoste-
roid administration during CPR as well as after ROSC. Therefore, 
we could not rule out the possibility that our results, which showed 
that post-CA could be a better timing of corticosteroid adminis-
tration, were attributable to the effect of repeated administration. 
Finally, our results did not contain enough direct comparisons for 
checking inconsistencies. Further research to directly compare 
the effects of corticosteroid administration according to the tim-
ing of administration is necessary.
 In conclusion, the timing of corticosteroid administration may 
be an important factor for the prognosis of CA. Corticosteroids 
administration post-CA and during CPR may have beneficial ef-
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fects on the outcomes of CA compared to the control protocol. 
Corticosteroids administration post-CA may have better efficacy 
than administration during CPR. Also, our data suggest that cor-
ticosteroid use prior to CA may be associated with poor outcomes. 
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