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Abstract
Background: The purpose of this study was to determine whether the provision of corticosteroids improves time
to shock reversal and outcomes in patients with post-cardiac arrest shock.
Methods: We conducted a randomized, double-blind trial of post-cardiac arrest patients in shock, defined as
vasopressor support for a minimum of 1 hour. Patients were randomized to intravenous hydrocortisone 100 mg or
placebo every 8 hours for 7 days or until shock reversal. The primary endpoint was time to shock reversal.
Results: Fifty patients were included with 25 in each group. There was no difference in time to shock reversal
between groups (hazard ratio: 0.83 [95 % CI: 0.40–1.75], p = 0.63). We found no difference in secondary outcomes
including shock reversal (52 % vs. 60 %, p = 0.57), good neurological outcome (24 % vs. 32 %, p = 0.53) or survival to
discharge (28 % vs. 36 %, p = 0.54) between the hydrocortisone and placebo groups. Of the patients with a baseline
cortisol < 15 ug/dL, 100 % (6/6) in the hydrocortisone group achieved shock reversal compared to 33 % (1/3) in the
placebo group (p = 0.08). All patients in the placebo group died (100 %; 3/3) whereas 50 % (3/6) died in the
hydrocortisone group (p = 0.43).
Conclusions: In a population of cardiac arrest patients with vasopressor-dependent shock, treatment with
hydrocortisone did not improve time to shock reversal, rate of shock reversal, or clinical outcomes when
compared to placebo.
Clinical trial registration: Clinicaltrials.gov: NCT00676585, registration date: May 9, 2008.
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Background
Cardiac arrest occurs in over 400,000 patients in the
United States each year [1], and the overall mortality for
cardiac arrest remains dismal with a survival rate less
than 10 % [1]. In an attempt to improve survival and
quality of life, international cardiac arrest guidelines
emphasize not only the importance of optimizing intra* Correspondence: mdonnino@bidmc.harvard.edu
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arrest treatment, but also the management of patients
during the post-cardiac arrest period [2–4]. Unfortunately,
due to a paucity of studies investigating new medical
treatments, clinicians have little to offer to post-cardiac
arrest patients other than supportive care and temperature
management [5].
Adrenal insufficiency is common in critical illness and
post-cardiac arrest and is associated with poor outcome
[6–12]. Adrenal insufficiency in the post-cardiac arrest
state can be explained by multiple pathophysiological
mechanisms including ischemia/reperfusion injury of the
adrenal glands, increased metabolic demand, and the ongoing systemic inflammatory response after the cardiac
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arrest [13]. The relationship between adrenal insufficiency and hemodynamic compromise has been established in primary adrenal insufficiency. Corticosteroids,
while controversial, are currently suggested in patients
with refractory septic shock as a mean of reducing time
to shock reversal and potentially improving mortality
[14–16]. Previous studies have demonstrated multiple
similarities between the post-cardiac arrest shock state
and that of septic shock [12, 17–19]. Thus, a physiologic
rationale exists for the potential efficacy of corticosteroid
therapy in post-cardiac arrest patients with shock. Both the
International Liaison Committee on Resuscitation (ILCOR)
[20] and the American Heart Association (AHA) [5] state
that the utility of corticosteroids remains unknown and
that a critical knowledge gap exists in this area.
We hypothesized that the administration of hydrocortisone to post-cardiac arrest patients in refractory shock
would improve hemodynamics leading to more rapid
shock reversal and ultimately improvement in survival.

Methods
Study design

We conducted a multi-center, double-blind, randomized,
placebo-controlled trial of hydrocortisone in post-cardiac
arrest patients in shock. The study was conducted at
Beth Israel Deaconess Medical Center (BIDMC), MA, USA
(coordinating site), Wayne State Medical Center, MI, USA
and Baystate Medical Center, MA, USA. The Committee
on Clinical Investigations at BIDMC (2007-P-000227),
Wayne State University Human Investigation Committee
(082108MP2F) and the Institutional Review Board at
Baystate Medical Center (132387) approved the study. The
trial was registered at clinicaltrials.gov (NCT00676585). All
patients were consented and enrolled via legal authorized
representatives. Drs. Donnino and Andersen had full
access to all the data in the study and take responsibility
for the integrity of the data and the accuracy of the
data analysis.
Patients and intervention

The emergency department and intensive care units
were screened for eligible patients between January 2008
and March 2014. We included patients if they met all of
the following criteria: age ≥ 18 years, out-of-hospital or
in-hospital cardiac arrest, and post-cardiac arrest vasopressor dependence for at least 1 hour. We defined vasopressor
dependence as a continuous infusion of norepinephrine,
dopamine (≥5 mcg/kg/min), vasopressin (>0.04 units/min),
phenylephrine and/or epinephrine. Dobutamine or other
inotropes at any dose were not considered vasopressor
dependence. We excluded patients if they met one or
more of the following criteria: (1) vasopressor dependence
before the cardiac arrest, (2) chronic use of steroids prior
to the cardiac arrest, (3) clinical indication for steroids or
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provision of steroids by the clinical team, (4) “do-notresuscitate” (DNR) or “comfort measures only” (CMO)
designation prior to enrollment, and (5) inability to obtain
consent.
Patients were randomized in a 1:1 ratio to either
hydrocortisone or placebo. The intervention consisted
of intravenous hydrocortisone 100 mg every 8 hours
for a total of 7 days or until 24 hours after shock reversal. The placebo was identical in appearance to the
active treatment and patients, healthcare personnel
and the research team remained blinded throughout
the study period.
Outcomes and data collection

The primary outcome was time to shock reversal defined
as at least 24 hours off all vasopressor medications [21].
Secondary outcomes included shock reversal (yes/no),
cytokine levels (see below), the cumulative vasopressor
dose within 24 hours, and mortality and good neurological outcome at hospital discharge. Neurological outcome was defined using the cerebral performance
category (CPC) scale, which ranges from 1 (normal) to 5
(brain death) [22]. We considered a CPC of 1 or 2 a
“good neurologic outcome” and a CPC of 3, 4 or 5 and
death a “poor neurologic outcome” consistent with previous cardiac arrest investigations [23–25]. The cumulative vasopressor dose was calculated as the total dose of
vasopressors within the first 24 hours after study drug
administration. Since different vasopressors have different
potency we used the following formula: cumulative
vasopressor dose (μg/kg) = norepinephrine (μg/kg) +
dopamine/2 (μg/kg) + epinephrine (μg/kg) + phenylephrine/10 (μg/kg) as previously used [26–28].
Cosyntropin test and cytokines

An adrenocorticotropic hormone (cosyntropin) stimulation test was performed immediately before the first
dose of the study medication: cosyntropin (250 μg) was
administered immediately after an initial blood draw and
then blood was drawn again 30 and 60 minutes thereafter. Cortisol levels were measured in all these samples.
After the 60-minute draw, the study medication was administered. Adrenal insufficiency was defined in two
ways: absolute: baseline cortisol < 15 ug/dL and relative:
< 9 ug/dL increase at 30 minutes or 60 minutes (using
the highest value) after the cosyntropin test as compared
to baseline, consistent with previous literature.
Additional blood draws for cytokine measurements
were obtained 24 hours after the study drug administration. Plasma samples were analyzed for interleukin (IL)6 and IL-10 using a customized Meso Scale Discovery
(MSD) Human Multiplex Panel (Rockville, MD, USA)
according to the manufacturer’s protocol. IL-6 and IL-10
are measured in pg/mL.
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Sample size and statistical analysis

We determined that a sample size of 50 patients (25
per group) would yield 86 % power based on the following
assumptions: the survival distributions followed an exponential function and the median time to event for
the placebo group was 33 hours and 13 hours for the
hydrocortisone group with a follow-up period of 7 days.
The type I error rate was set at 0.05 and we used a twosided test with the Lakatos normal approximation for the
log-rank test.
The study population was characterized using descriptive statistics; categorical variables are provided as
counts with frequencies and continuous variables as
means with standard deviations (SD) or medians with
quartiles depending on the normality of the data.
The primary endpoint of time to shock reversal was
complicated by a high incidence of death prior to reversal of shock. To account for this we classified death as a
competing risk event and used the estimated cumulative
incidence function (CIF) to illustrate the comparison of
CIFs between the two treatment groups. These estimated CIF functions were derived from the estimation
of the Fine-Gray competing risk model [29]. We tested
the sub-distribution hazards of these two CIFs and obtained the estimated hazard ratio with 95 % confidence
intervals.
Given that cytokine values were severely right-skewed,
we log-transformed them before analysis and then
compared values between the groups with a t test.
Differences between groups (hydrocortisone vs. placebo)
in other outcomes were evaluated using Fisher’s exact test
for categorical variables, and two-sample t tests or
Wilcoxon rank-sum tests for continuous variables.
Preplanned subgroup analyses were performed in
those with baseline absolute and relative adrenal insufficiency. All hypothesis tests were two-sided, with a significance level of p < 0.05. We performed no adjustment
for multiple comparisons and all secondary analysis
should therefore be considered exploratory. Statistical
analyses were conducted with the use of SAS software,
version 9.4 (SAS Institute Inc., Cary, NC, USA).

Results
Patient characteristics

Fifty patients were included; 25 received hydrocortisone
and 25 received placebo. Forty-eight patients were enrolled at the coordinating site. No patients were lost to
follow-up and no patients had the study drug stopped
prematurely or required unblinding. The mean age for
the complete study population was 69 (SD: 14) years
and 17 (34 %) were female. The majority of patients
(38 [76 %]) had an out-of-hospital cardiac arrest and 34
(68 %) died before hospital discharge. Baseline characteristics for each group are presented in Table 1. The groups
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were well matched on baseline characteristics except for a
higher frequency of hypertension in the placebo group
and a higher frequency of renal disease in the hydrocortisone group.
Clinical and safety outcomes

There was no difference in the primary outcome of time
to shock reversal between the groups (hazard ratio: 0.83
[95 % CI: 0.40–1.75], p = 0.63). There was no difference
in shock reversal (13 [52 %] vs. 15 [60 %], p = 0.78), good
neurological outcome (6 [24 %] vs. 8 [32 %], p = 0.75) or
survival to discharge (7 [28 %] vs. 9 [36 %], p = 0.76) between the hydrocortisone and placebo groups. Three
(12 %) patients in the hydrocortisone group and four
(16 %) in the placebo group died within 24 hours of study
drug administration (p = 0.68). There was no difference
between the two groups in the mode of death (p = 0.92,
Table 2). The cumulative vasopressor dose within the first
24 hours was calculated on 47 patients with available data
(24 in the hydrocortisone group and 23 in the placebo
group). There was no difference in the cumulative vasopressor dose between the hydrocortisone and placebo
groups (842 μg/kg [418, 3120] vs. 437 μg/kg [170, 4237],
p = 0.62) during the first 24 hours. In patients who
achieved shock reversal (i.e., excluding those who died
while on vasopressors), there was no difference in the time
to shock reversal between the hydrocortisone and placebo
groups (55 hours [30, 59] vs. 49 [25, 71] hours, p = 0.86).
Potential adverse events and selected laboratory values
are presented in Table 3. There was no difference in
bleeding, administration of new antibiotics or administration of an insulin infusion between the hydrocortisone
and placebo groups. Glucose and sodium levels were
similar between the two treatment groups at 6, 24, 48,
and 72 hours after initiation of study drug. There was no
difference in the white blood cell count between groups
at 6 or 24 hours, however patients who received hydrocortisone had higher white blood cell count at 48 and
72 hours after administration of the study drug.
Cytokines

Thirty-seven patients had cytokine levels measured at the
24-hour time point and were included in the analysis; 19
in the hydrocortisone group and 18 in the placebo group.
Patients in the hydrocortisone group had significantly
lower log-transformed IL-6 levels at the 24-hour time
point as compared to the placebo group (3.14 [SD: 2.00]
vs. 4.97 [SD: 1.96], p = 0.008, Fig. 1). There was no difference in log-transformed IL-10 levels (1.89 [SD: 1.57] vs.
1.31 [SD: 1.22], p = 0.22, Fig. 1) at the 24-hour time point.
Patients with adrenal insufficiency

Baseline cortisol levels were available on 47 patients and
46 had follow-up cortisol levels. Nine patients had
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Table 1 Selected baseline characteristics of the study patientsa
Characteristic

Hydrocortisone (n = 25)

Placebo (n = 25)

Age (years)

71 (13)

66 (15)

Sex (female)

9 (36)

8 (32)

Race (white)

21 (84)

18 (78)

Coronary artery disease

11 (44)

9 (36)

Congestive heart failure

6 (24)

8 (32)

Hyperlipidemia

7 (28)

9 (36)

Hypertension

11 (44)

19 (76)

Chronic obstructive pulmonary disease

2 (8)

1 (4)

Diabetes

5 (20)

6 (24)

Liver disease

0 (0)

0 (0)

Demographics

Co-morbidities

Renal disease

6 (24)

2 (8)

Cancer

2 (8)

1 (4)

In-hospital

6 (24)

6 (24)

Out-of-hospital

19 (76)

19 (76)

Location of the arrest

Arrest characteristics
Initial rhythm (shockable)

9 (36)

10 (40)

Downtime (minutes)

21 (10, 30)

16 (10, 38)

Primary cardiac

13 (52)

12 (48)

Pulmonary embolism

1 (4)

1 (4)

Respiratory

5 (20)

6 (24)

Presumed cause of the arrest

Metabolic/electrolyte

2 (8)

1 (4)

Sepsis

1 (4)

0 (0)

Other/unknown

3 (12)

5 (20)

Heart rate

84 (18)

82 (21)

Systolic blood pressure

103 (97, 132)

109 (93, 130)

Diastolic blood pressure

61 (51, 70)

59 (48, 67)

Respiratory rate

22 (5)

23 (5)

Glasgow coma scale

3 (3, 6)

3 (3, 4)

Vital signs at enrollment

Laboratory values at enrollment
Lactate (mmol/L)

2.8 (1.9, 5.3)

3.9 (1.9, 6.5)

Glucose (mg/dL)

237 (108)

226 (99)

pH

7.25 (0.14)

7.24 (0.13)

9.9 (7.3, 19.6)

12.7 (7.8, 15.6)

Time from ROSC to study drug (hours)
Time from start of vasopressor(s) to study drug (hours)

9.7 (6.3, 18.0)

11.4 (7.5, 15.0)

APACHE II score at enrollment

29 (5)

30 (7)

Induced hypothermia

19 (76)

16 (64)

ROSC return of spontaneous circulation, APACHE Acute Physiology and Chronic Health Evaluation
a
Categorical variables are presented as count (frequency) and continues variables as mean (standard deviation) or median (quartiles) depending on the normality
of the data. Data missing on one patient for downtime, one patient for Glasgow coma score, one patient for pH, one patient for lactate, two patients for glucose
and one patient on time from start of vasopressors to study drug
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Table 2 Mode of death
Hydrocortisone
(n = 18)

Placebo
(n = 16)

Refractory shock

1 (6)

1 (6)

Sudden cardiac arrest

2 (11)

2 (13)

Co-morbid disease withdrawal of care

3 (17)

1 (6)

Primary neurological withdrawal of care

12 (67)

11 (69)

Other/unknown

0 (0)

1 (6)

baseline absolute cortisol deficiency (six in the hydrocortisone group and three in the placebo group). The
sample size in this subgroup was too small to perform the competing risk analysis. All six patients
(100 %) in the hydrocortisone group had shock reversal as compared to one patient (33 %) in the placebo
group (p = 0.08). There was no difference in the proportion of patients with good neurological outcome
(2 [33 %] vs. 0 [0 %], p = 0.50) or survival to hospital
discharge (3 [50 %] vs. 0 [0 %], p = 0.46) between the
hydrocortisone and placebo groups.
Twenty-one patients had relative adrenal insufficiency
(11 in the hydrocortisone group and 10 in the placebo
group). There was no difference in shock reversal (3
Table 3 Potential adverse events and selected laboratory
valuesa
Hydrocortisone
(n = 25)

Placebo
(n = 25)

p value

Any bleeding

5 (20 %)

2 (9 %)

0.42

New or changed antibiotics

9 (36 %)

11 (44 %)

0.77

New insulin infusion

7 (28 %)

6 (24 %)

1.00

6 hour

242 (151)

230 (118)

0.76

24 hour

218 (109)

199 (90)

0.54

48 hour

163 (50)

155 (59)

0.66

72 hour

150 (52)

144 (61)

0.79

6 hour

139 (5)

139 (6)

0.78

24 hour

139 (5)

138 (5)

0.37

48 hour

139 (7)

139 (5)

0.80

72 hour

143 (6)

139 (8)

0.09

6 hour

15.0 (6.9)

17.0 (6.7)

0.43

24 hour

17.8 (8.7)

15.5 (4.7)

0.29

48 hour

21.5 (9.3)

12.6 (3.4)

<0.001

72 hour

19.2 (8.8)

11.9 (2.9)

0.005

Adverse event after study drug

Laboratory values
Glucose level (mg/dL)

Sodium level (mmol/L)

3

White blood count (x 10 )

a

Categorical variables are presented as count (frequency) and continues
variables as mean (standard deviation)

[27 %] vs. 6 [60 %], p = 0.20), good neurological outcome (1 [18 %] vs. 4 [20 %], p = 0.36), or survival to
hospital discharge (3 [27 %] vs. 4 [40 %], p = 0.66)
between the hydrocortisone and placebo groups in
this subgroup of patients.

Discussion
In this study, we found no difference in time to shock
reversal or other clinical outcomes in post-cardiac arrest
patients with shock receiving hydrocortisone compared
to placebo. While the corticosteroid group displayed increased white cell counts at 48 and 72 hours, we did not
detect any significant differences in the side effect profiles between the groups. To the best of our knowledge,
this is the first randomized trial to specifically evaluate the
efficacy of hydrocortisone in the post-cardiac arrest patient
population [5, 20].
The post-cardiac arrest syndrome is characterized by a
variety of pathophysiological features similar to septic
shock states including a systemic inflammatory response
and hemodynamic perturbations, which may include
microcirculatory dysfunction and myocardial suppression
[17, 19, 30, 31]. Corticosteroid therapy in this setting
could work via both immunologic and hemodynamic
mechanisms. Corticosteroids are known to modulate the
systemic inflammatory response [32, 33] and animal
models have shown preserved myocardial function and
improvement of arterial reactivity with the administration
of physiological doses of corticosteroids [34, 35]. Despite
the physiological rationale for corticosteroid therapy
in this patient population and the fact that the utility
of corticosteroids have been relatively well studied in
the setting of septic shock [36], there is a lack of research
on the efficacy of corticosteroids in post-cardiac arrest
patients [5, 20].
A recent study by Mentzelopoulos et al. examined the
effects of corticosteroids and vasopressin during and
after in-hospital cardiac arrest. In this study, patients
who received vasopressin and methylprednisolone during
the cardiac arrest and hydrocortisone in the post-arrest
period (if in shock) had improved clinical outcomes [37].
There are multiple potential explanations for the differences between studies. First, and most importantly,
the study by Mentzelopoulos et al. included multiple
interventions in the treatment arm both during and
after the cardiac arrest. As such, it is difficult to make
firm conclusions about any specific interventions [38].
Second, the patient populations differ substantially between studies (for example, we enrolled 76 % out-ofhospital arrest patients whereas Mentzelopoulos et al.
enrolled only inpatients). Lastly, the sample size in
the current study may have been too small to detect
a significant difference between groups. In light of our
findings, we believe that the provision of post-cardiac
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Fig. 1 Cytokine levels at 24 hours. Log-transformed interleukin (IL)-6 (left) and IL-10 (right) levels 24 hours after study drug administration. There
was significantly lower IL-6 levels at 24 hours in the hydrocortisone group compared to the placebo group (p = 0.008) but no difference in IL-10
levels (p = 0.22). The dots indicate the means and the error bars the standard deviation

arrest corticosteroids in the context of the Mentzelopoulos et al. trial protocol would need to be specifically evaluated even if the full protocol were validated.
Multiple studies have examined adrenal insufficiency
in the post-cardiac arrest population [8–12]. Although
some inconsistency exists between these studies, they
have generally found that impaired adrenal function is
common [8] and that both low baseline cortisol levels
[9, 10] and impaired cortisol response to adrenocorticotropic hormone stimulation are associated with poor outcomes [11, 12]. One study found that cortisol levels are
rarely checked in patients with vasopressor-dependent
shock post-cardiac arrest [8]. Out of a total group of 69
patients in that study, cortisol levels were only measured
in nine (13 %) and corticosteroids were provided for the
indication of shock in 12 (17 %) [8]. In the current study,
we found that nine (18 %) of included patients had absolute baseline cortisol deficiency (<15 ug/dL) and 21 (42 %)
had relative adrenal insufficiency. Although we did not
find any significant differences in outcomes between those
receiving hydrocortisone and placebo in these subgroups,
we did see a nonsignificant difference in shock reversal in
those with absolute adrenal insufficiency with six patients
(100 %) in the hydrocortisone group having shock reversal
as compared to one patient (33 %) in the placebo group
(p = 0.08). Future studies may determine whether these
patients could benefit from corticosteroid therapy.
Corticosteroids are well known to modulate the immune system and could theoretically have an effect on
the post-cardiac arrest inflammatory response. In our
study, we found that IL-6 levels were decreased in the
hydrocortisone group as compared to the placebo group
at 24 hours. We and others have previously reported
that increased IL-6 levels measured after cardiac arrest
are associated with increased mortality and worse neurological outcome [39–41]. While hydrocortisone attenuated IL-6 levels, there were no associated differences in
clinical outcomes. These findings raise the possibility

that IL-6 elevation after arrest may be an epiphenomenon and not necessarily in the causal pathway of persistent or ongoing injury. For reasons that remain
unclear, we did not find any difference between groups
in IL-10 levels, though IL-10 is considered to be an antiinflammatory cytokine.
Our study has several limitations. First, the heterogeneity of our study population may not have allowed for
assessment of subsets of patients that would be more or
less likely to benefit from corticosteroids, or may have
led to inclusion of population for which the ultimate
outcome was less modifiable given baseline injury severity. Second, we found that the majority of patients succumbed to death from neurological causes and not
hemodynamic compromise. In contrast, corticosteroids
would theoretically be most efficacious in a population
that has a higher burden of death from cardiovascular
causes (i.e., refractory hemodynamic shock). That stated,
we did not find that hydrocortisone led to a more rapid
shock reversal or increased rate of shock reversal in this
trial. Third, the numbers of patients with either relative
or absolute adrenal insufficiency was too small for definitive conclusions in this important subgroup. Future
study is necessary to help identify the value of corticosteroids in the deficient population, and our data suggests that a reasonable target population might be
patients with a baseline cortisol < 15 ug/dL as opposed to
those who fail to increase cortisol levels by 9 ug/dl with a
cosyntropin stimulation test. The timing of corticosteroids
may influence outcome, and this intervention could theoretically be beneficial earlier (i.e., just after return of spontaneous circulation in order to prevent subsequent injury)
or later (i.e., after 24 hours hypothetically in the subset
with adrenal exhaustion). Differing dosages, duration, or
ways of providing (i.e., continuous versus intermittent infusion) may have impacted the findings. Finally, although
three sites were enrolling patients, the vast majority of patients (48) were enrolled at the coordinating site.
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Conclusions
Hydrocortisone compared to placebo did not decrease
time to shock reversal or improve overall shock reversal
in post-cardiac arrest patients in shock.
Key messages
 Until now, the effectiveness of corticosteroids in









post-cardiac arrest patients with vasopressordependent shock is unknown
We conducted a randomized, double-blind,
placebo-controlled pilot trial of corticosteroids in
post-cardiac arrest patients in shock
In the overall population of patients with shock
post-cardiac arrest, corticosteroids did not improve
shock reversal or other clinical outcomes
For the overall population of patients with shock
post-cardiac arrest, corticosteroids did attenuate
inflammation as represented by interleukin-6 levels
For the subpopulation of patients with baseline
adrenal insufficiency, corticosteroids had a
near-significant improvement in shock reversal
compared to placebo, though future studies with
larger number of patients will be needed to evaluate
this population.

Abbreviations
CIF: cumulative incidence function; CPC: cerebral performance category;
IL: interleukin; SD: standard deviation.
Competing interests
Dr. Donnino is a paid consultant for the American Heart Association
though he did not have this role during the design/execution of the
trial and his position at the American Heart Association is not related to
the current manuscript. There are no other conflicts of interest for the
remaining authors.
Authors’ contributions
MWD was responsible for the conception, study design, study execution,
oversight of data management, data interpretation, and manuscript writing.
LWA was responsible for study execution, data analysis, data interpretation,
and manuscript writing. KMB and MC were responsible for study execution,
data interpretation and manuscript writing. RS and HS were responsible for
study site coordination, study execution, interpretation of results, and
manuscript editing. EC was responsible for study design, execution, trial
coordination, and manuscript editing. LN was responsible for study design
and data analysis. PVP was responsible for study execution, data
management, data interpretation and manuscript editing. XL was
responsible for study execution, biomarker analysis, interpretation of results,
and manuscript editing. DC and PZ were responsible for study design,
execution, interpretation of results and manuscript editing. MNC was
responsible for the conception, study design, study execution, data
interpretation and manuscript editing. All authors have read and approved
the final manuscript.
Acknowledgements
The study was funded by the American Heart Association (0735533 T)
through a grant awarded to Dr. Donnino. The authors wish to acknowledge
the administrative efforts of Francesca Montillo both in coordinating aspects
of the trial and with editorial review of the manuscript. The authors also
acknowledge the Data Safety and Monitoring Board members including
Bruno DiGiovine MD, Stephen Traub MD, and David O’Halloran MD.

Page 7 of 8

Collaborating authors
Tyler Giberson, Brandon Giberson, Justin Salciccioli, Amanda DeBrule, Amy
Uber, Michael Rogan, Caitlin Jones-Bamman, Ari Moskowitz, and Julia
Balkema.
Author details
1
Department of Emergency Medicine, Beth Israel Deaconess Medical Center,
Boston, MA, USA. 2Department of Medicine, Division of Pulmonary and
Critical Care, Beth Israel Deaconess Medical Center, Boston, MA, USA.
3
Department of Anesthesiology, Aarhus University Hospital, Aarhus, Denmark.
4
Department of Emergency Medicine, Wayne State University School of
Medicine, Detroit, MI, USA. 5Department of Emergency Medicine, Baystate
Medical Center, Springfield, MA, USA. 6Shared Resources, Georgetown
University Medical Center, Washington, DC, USA. 7Department of Medicine,
Division of General Medicine and Primary Care, Beth Israel Deaconess
Medical Center, Boston, MA, USA. 8Department of Cardiology, Beth Israel
Deaconess Medical Center, Boston, MA, USA. 9Department of Anesthesia
Critical Care, Division of Critical Care, Beth Israel Deaconess Medical Center,
Boston, MA, USA. 10Research Center for Emergency Medicine, Aarhus
University Hospital, Aarhus, Denmark.
Received: 17 December 2015 Accepted: 26 February 2016

References
1. Go AS, Mozaffarian D, Roger VL, Benjamin EJ, Berry JD, Blaha MJ, et al. Heart
disease and stroke statistics–2014 update: a report from the American Heart
Association. Circulation. 2014;129(3):e28–292.
2. Field JM, Hazinski MF, Sayre MR, Chameides L, Schexnayder SM, Hemphill R,
et al. Part 1: executive summary: 2010 American Heart Association
Guidelines for Cardiopulmonary Resuscitation and Emergency
Cardiovascular Care. Circulation. 2010;122(18 Suppl 3):S640–56.
3. Nolan JP, Soar J, Zideman DA, Biarent D, Bossaert LL, Deakin C, et al.
European Resuscitation Council Guidelines for Resuscitation 2010 Section 1.
Executive summary. Resuscitation. 2010;81(10):1219–76.
4. International Liaison Committee on Resuscitation. 2005 International
Consensus on Cardiopulmonary Resuscitation and Emergency
Cardiovascular Care Science with Treatment Recommendations. Part 4:
Advanced life support. Resuscitation. 2005;67(2-3):213–47.
5. Peberdy MA, Callaway CW, Neumar RW, Geocadin RG, Zimmerman JL,
Donnino M, et al. Part 9: post-cardiac arrest care: 2010 American Heart
Association Guidelines for Cardiopulmonary Resuscitation and Emergency
Cardiovascular Care. Circulation. 2010;122(18 Suppl 3):S768–86.
6. Cooper MS, Stewart PM. Corticosteroid insufficiency in acutely ill patients.
N Engl J Med. 2003;348(8):727–34.
7. Marik PE, Zaloga GP. Adrenal insufficiency in the critically ill: a new look at
an old problem. Chest. 2002;122(5):1784–96.
8. Miller JB, Donnino MW, Rogan M, Goyal N. Relative adrenal insufficiency in
post-cardiac arrest shock is under-recognized. Resuscitation. 2008;76(2):221–5.
9. Schultz CH, Rivers EP, Feldkamp CS, Goad EG, Smithline HA, Martin GB, et al.
A characterization of hypothalamic-pituitary-adrenal axis function during
and after human cardiac arrest. Crit Care Med. 1993;21(9):1339–47.
10. Hekimian G, Baugnon T, Thuong M, Monchi M, Dabbane H, Jaby D, et al.
Cortisol levels and adrenal reserve after successful cardiac arrest
resuscitation. Shock. 2004;22(2):116–9.
11. Pene F, Hyvernat H, Mallet V, Cariou A, Carli P, Spaulding C, et al. Prognostic
value of relative adrenal insufficiency after out-of-hospital cardiac arrest.
Intensive Care Med. 2005;31(5):627–33.
12. Kim JJ, Lim YS, Shin JH, Yang HJ, Kim JK, Hyun SY, et al. Relative adrenal
insufficiency after cardiac arrest: impact on postresuscitation disease
outcome. Am J Emerg Med. 2006;24(6):684–8.
13. Chalkias A, Xanthos T. Post-cardiac arrest syndrome: mechanisms and
evaluation of adrenal insufficiency. World J Crit Care Med. 2012;1(1):4–9.
14. Dellinger RP, Levy MM, Rhodes A, Annane D, Gerlach H, Opal SM, et al.
Surviving sepsis campaign: international guidelines for management of
severe sepsis and septic shock: 2012. Crit Care Med. 2013;41(2):580–637.
15. Oppert M, Schindler R, Husung C, Offermann K, Graf KJ, Boenisch O,
et al. Low-dose hydrocortisone improves shock reversal and reduces
cytokine levels in early hyperdynamic septic shock. Crit Care Med.
2005;33(11):2457–64.

Donnino et al. Critical Care (2016) 20:82

16. Annane D, Sebille V, Charpentier C, Bollaert PE, Francois B, Korach JM, et al.
Effect of treatment with low doses of hydrocortisone and fludrocortisone
on mortality in patients with septic shock. JAMA. 2002;288(7):862–71.
17. Adrie C, Adib-Conquy M, Laurent I, Monchi M, Vinsonneau C, Fitting C, et al.
Successful cardiopulmonary resuscitation after cardiac arrest as a “sepsis-like”
syndrome. Circulation. 2002;106(5):562–8.
18. Adrie C, Laurent I, Monchi M, Cariou A, Dhainaou JF, Spaulding C.
Postresuscitation disease after cardiac arrest: a sepsis-like syndrome? Curr
Opin Crit Care. 2004;10(3):208–12.
19. Omar YG, Massey M, Andersen LW, Giberson TA, Berg K, Cocchi MN, et al.
Sublingual microcirculation is impaired in post-cardiac arrest patients.
Resuscitation. 2013;84(12):1717–22.
20. Neumar RW, Nolan JP, Adrie C, Aibiki M, Berg RA, Bottiger BW, et al. Postcardiac arrest syndrome: epidemiology, pathophysiology, treatment, and
prognostication. A consensus statement from the International Liaison
Committee on Resuscitation (American Heart Association, Australian and
New Zealand Council on Resuscitation, European Resuscitation Council,
Heart and Stroke Foundation of Canada, InterAmerican Heart Foundation,
Resuscitation Council of Asia, and the Resuscitation Council of Southern
Africa); the American Heart Association Emergency Cardiovascular Care
Committee; the Council on Cardiovascular Surgery and Anesthesia; the
Council on Cardiopulmonary, Perioperative, and Critical Care; the Council on
Clinical Cardiology; and the Stroke Council. Circulation. 2008;118(23):2452–83.
21. Sprung CL, Annane D, Keh D, Moreno R, Singer M, Freivogel K, et al.
Hydrocortisone therapy for patients with septic shock. N Engl J Med.
2008;358(2):111–24.
22. Jennett B, Bond M. Assessment of outcome after severe brain damage.
Lancet. 1975;1(7905):480–4.
23. Nielsen N, Wetterslev J, Friberg H, Group TTMTS. Targeted temperature
management after cardiac arrest. N Engl J Med. 2014;370(14):1360.
24. Donnino MW, Miller JC, Bivens M, Cocchi MN, Salciccioli JD, Farris S, et al.
A pilot study examining the severity and outcome of the post-cardiac arrest
syndrome: a comparative analysis of two geographically distinct hospitals.
Circulation. 2012;126(12):1478–83.
25. Becker LB, Aufderheide TP, Geocadin RG, Callaway CW, Lazar RM, Donnino MW,
et al. Primary outcomes for resuscitation science studies: a consensus statement
from the American Heart Association. Circulation. 2011;124(19):2158–77.
26. Russell JA, Walley KR, Singer J, Gordon AC, Hebert PC, Cooper DJ, et al.
Vasopressin versus norepinephrine infusion in patients with septic shock. N
Engl J Med. 2008;358(9):877–87.
27. Poukkanen M, Wilkman E, Vaara ST, Pettila V, Kaukonen KM, Korhonen AM,
et al. Hemodynamic variables and progression of acute kidney injury in
critically ill patients with severe sepsis: data from the prospective
observational FINNAKI study. Crit Care. 2013;17(6):R295.
28. Dunser MW, Ruokonen E, Pettila V, Ulmer H, Torgersen C, Schmittinger CA, et al.
Association of arterial blood pressure and vasopressor load with septic shock
mortality: a post hoc analysis of a multicenter trial. Crit Care. 2009;13(6):R181.
29. Fine J, Gray R. A proportional hazards model for the subdistribution of a
competing risk. J Am Stat Assoc. 1999;94:496–509.
30. Oksanen T, Skrifvars M, Wilkman E, Tierala I, Pettila V, Varpula T.
Postresuscitation hemodynamics during therapeutic hypothermia after outof-hospital cardiac arrest with ventricular fibrillation: a retrospective study.
Resuscitation. 2014;85(8):1018–24.
31. Nolan JP, Neumar RW, Adrie C, Aibiki M, Berg RA, Bottiger BW, et al. Postcardiac arrest syndrome: epidemiology, pathophysiology, treatment, and
prognostication. A Scientific Statement from the International Liaison Committee
on Resuscitation; the American Heart Association Emergency Cardiovascular Care
Committee; the Council on Cardiovascular Surgery and Anesthesia; the Council
on Cardiopulmonary, Perioperative, and Critical Care; the Council on Clinical
Cardiology; the Council on Stroke. Resuscitation. 2008;79(3):350–79.
32. Meduri GU, Tolley EA, Chrousos GP, Stentz F. Prolonged methylprednisolone
treatment suppresses systemic inflammation in patients with unresolving
acute respiratory distress syndrome: evidence for inadequate endogenous
glucocorticoid secretion and inflammation-induced immune cell resistance
to glucocorticoids. Am J Respir Crit Care Med. 2002;165(7):983–91.
33. van Leeuwen HJ, van der Bruggen T, van Asbeck BS, Boereboom FT. Effect
of corticosteroids on nuclear factor-kappaB activation and hemodynamics in
late septic shock. Crit Care Med. 2001;29(5):1074–7.
34. Liakopoulos OJ, Teucher N, Muhlfeld C, Middel P, Heusch G, Schoendube
FA, et al. Prevention of TNFalpha-associated myocardial dysfunction

Page 8 of 8

35.

36.

37.

38.
39.

40.

41.

resulting from cardiopulmonary bypass and cardioplegic arrest by
glucocorticoid treatment. Eur J Cardiothorac Surg. 2006;30(2):263–70.
Mansart A, Bollaert PE, Giummelly P, Capdeville-Atkinson C, Atkinson J.
Effects of dexamethasone and L-canavanine on the intracellular calciumcontraction relation of the rat tail artery during septic shock. Am J Physiol
Heart Circ Physiol. 2006;291(3):H1177–82.
Annane D, Bellissant E, Bollaert PE, Briegel J, Confalonieri M, De Gaudio R,
et al. Corticosteroids in the treatment of severe sepsis and septic shock in
adults: a systematic review. JAMA. 2009;301(22):2362–75.
Mentzelopoulos SD, Malachias S, Chamos C, Konstantopoulos D, Ntaidou T,
Papastylianou A, et al. Vasopressin, steroids, and epinephrine and
neurologically favorable survival after in-hospital cardiac arrest: a
randomized clinical trial. JAMA. 2013;310(3):270–9.
Buddineni JP, Callaway C, Huang DT. Epinephrine, vasopressin and steroids
for in-hospital cardiac arrest: the right cocktail therapy? Crit Care. 2014;18(3):308.
Vaahersalo J, Skrifvars MB, Pulkki K, Stridsberg M, Rosjo H, Hovilehto S, et al.
Admission interleukin-6 is associated with post resuscitation organ
dysfunction and predicts long-term neurological outcome after out-ofhospital ventricular fibrillation. Resuscitation. 2014;85(11):1573–9.
Bro-Jeppesen J, Kjaergaard J, Wanscher M, Nielsen N, Friberg H, Bjerre M,
et al. The inflammatory response after out-of-hospital cardiac arrest is not
modified by targeted temperature management at 33 degrees C or 36
degrees C. Resuscitation. 2014;85(11):1480–7.
Peberdy MA, Andersen LW, Abbate A, Thacker LR, Gaieski D, Abella B, et al.
Inflammatory markers following resuscitation from out-of-hospital cardiac
arrest-A prospective multicenter observational study. Resuscitation. 2016 Jan
27. S0300-9572(16)00030-7. doi:10.1016/j.resuscitation.2016.01.006.

Submit your next manuscript to BioMed Central
and we will help you at every step:
• We accept pre-submission inquiries
• Our selector tool helps you to find the most relevant journal
• We provide round the clock customer support
• Convenient online submission
• Thorough peer review
• Inclusion in PubMed and all major indexing services
• Maximum visibility for your research
Submit your manuscript at
www.biomedcentral.com/submit

