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aBStraCt
Background: Two recent randomized controlled trials (Adjunctive 
Glucocorticoid Therapy in Patients with Septic Shock [ADRENAL] and Activated 
Protein C and Corticosteroids for Human Septic Shock [APROCCHSS]) of corti-
costeroids in patients with septic shock reported different treatment effects on 
90-day mortality. Both trials enrolled patients who met the criteria for septic 
shock using the second international consensus definitions for sepsis and 
septic shock (Sepsis-2), but the APROCCHSS trial mandated a greater severity 
of shock as an inclusion criterion.

Methods: The authors conducted post hoc sensitivity analyses of the 
ADRENAL trial to determine the effects of hydrocortisone versus placebo in 
subgroups selected using third international consensus definitions for sep-
sis and septic shock (Sepsis-3) diagnostic criteria or APROCCHSS inclusion 
criteria.

results: There were 1,950 subjects (973 hydrocortisone and 977 pla-
cebo) who met the Sepsis-3 criteria (ADRENAL–Sepsis-3 cohort) and 905 
patients (455 hydrocortisone and 450 placebo) who met the APROCCHSS 
criteria (ADRENAL–APROCCHSS cohort). At 90 days after randomization, in 
the ADRENAL–Sepsis-3 cohort, 312 of 963 (32.4%) and 337 of 958 (35.2%) 
patients assigned to hydrocortisone and placebo, respectively, had died (odds 
ratio, 0.86; 95% CI, 0.70 to 1.06; P = 0.166). The corresponding figures 
for the ADRENAL–APROCCHSS cohorts were 187 of 453 (41.3%) and 200 
of 445 (44.9%), respectively (odds ratio, 0.84; 95% CI, 0.60 to 1.17; P = 
0.303). There was no statistically significant difference in the time to death 
between the groups during the 90 days after randomization (hazard ratio = 
0.87; 95% CI, 0.75 to 1.02; P = 0.082 for ADRENAL–Sepsis-3; and hazard 
ratio = 0.86; 95% CI, 0.71 to 1.06; P = 0.156 for ADRENAL–APROCCHSS 
cohorts). In both cohorts, patients assigned to hydrocortisone had faster reso-
lution of shock. In the ADRENAL–Sepsis-3 cohort, patients assigned to hydro-
cortisone had an increase in the number of days alive and free of mechanical 
ventilation (57.0 ± 37.2 vs. 53.7 ± 38.2 days; 95% CI, 0.40 to 7.04; P = 
0.028) and the number of days alive and free of the intensive care unit (54.3 
± 36.0 vs. 51.0 ± 37.1; 95% CI, 0.82 to 7.24; P = 0.014).

Conclusions: In a post hoc analysis of the ADRENAL trial participants who 
fulfilled either the Sepsis-3 or the APROCCHSS inclusion criteria, a continu-
ous infusion of hydrocortisone did not result in a lower 90-day mortality than 
placebo in septic shock.
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Two recent large randomized controlled trials (Adjunctive 
Glucocorticoid Therapy in Patients with Septic Shock 

[ADRENAL] and Activated Protein C and Corticosteroids 
for Human Septic Shock [APROCCHSS]) have added sub-
stantial new data to inform opinion regarding the use of cor-
ticosteroids in patients with septic shock.1,2 The ADRENAL 
trial (N = 3,800) investigated the role of 200 mg per day of 
hydrocortisone by infusion for 7 days compared with placebo 
and reported no significant difference between groups with 

editOr’S PerSPeCtiVe

What We Already Know about This Topic

• Definitions and management strategies for septic shock continue to 
be updated as defined in Sepsis-2, Sepsis-3, and other guidelines

• Recent randomized controlled trials of corticosteroids in septic 
shock report different treatment effects on 90-day mortality but 
use different inclusion criteria

What This Article Tells Us That Is New

• In a post hoc analysis of the Adjunctive Glucocorticoid Therapy in 
Patients with Septic Shock (ADRENAL) trial, in participants who 
fulfilled either the Sepsis-3 or -2 inclusion criteria or those with 
severe septic shock, a continuous infusion of hydrocortisone did not 
result in a lower 90-day mortality than placebo
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respect to 90-day mortality (27.9% vs. 28.8%), but patients 
assigned to hydrocortisone had earlier shock reversal and 
liberation from mechanical ventilation.1 The trial used the 
second international consensus definitions for sepsis and 
septic shock (Sepsis-2)3 and additionally mandated a mini-
mum duration of 4 h of vasopressor therapy and the need for 
mechanical ventilation to be eligible for enrollment.

In 2016, subsequent to the commencement of the 
ADRENAL trial, a third international task force provided an 
updated consensus definition of sepsis and septic shock, termed 
Sepsis-34. It is unclear whether the use of Sepsis-3 criteria for 
enrolling patients into the ADRENAL trial would have influ-
enced the trial results and resulted in different conclusions.

The APROCCHSS trial2 (N  =  1,241) examined the 
effect of 200 mg per day of hydrocortisone administered 
in divided doses, combined with oral fludrocortisone com-
pared with placebo in patients with severe septic shock and 
reported improved 90-day mortality in the steroid group 
(43.0% vs. 49.1%), coupled with earlier shock reversal and 
liberation from mechanical ventilation. The two trials dif-
fered with respect to trial design, inclusion–exclusion cri-
teria, mode of administration of hydrocortisone (infusion 
vs. bolus), and use of fludrocortisone. Attention has focused 
on the inclusion criteria of the two trials and whether the 
different treatment effect was because of a sicker cohort of 
patients in the APROCCHSS group.

We hypothesized that hydrocortisone may have benefi-
cial effects on mortality in the sicker cohort of patients with 
septic shock. We therefore conducted post hoc subgroup 
analyses of the ADRENAL trial to determine whether the 
application of the Sepsis-3 or the APROCCHSS inclusion 
criteria to the study population would have resulted in dif-
ferent treatment effects between the hydrocortisone and the 
placebo groups.

Materials and Methods
Study Design and research

We conducted a post hoc analysis of the ADRENAL 
database to identify patient cohorts who met Sepsis-3 

criteria (ADRENAL–Sepsis-3) for septic shock or the 
APROCCHSS (ADRENAL–APROCCHSS) inclusion 
criteria. A detailed description of the study methods, out-
comes, statistical analysis, and the results for the ADRENAL 
trial has already been published.5 In brief, the ADRENAL 
trial enrolled mechanically ventilated patients with septic 
shock who required a minimum duration of 4 h of vasopres-
sor therapy. The APROCCHSS trial enrolled patients with 
septic shock with organ failure criteria and who required a 
minimum duration of 6 h of vasopressor therapy and doses 
of norepinephrine of 0.25 μg · kg−1 · min−1. The key aspects  
of and the differences in the inclusion–exclusion criteria 
and interventions for the ADRENAL and APROCCHSS 
trials are listed in Supplemental Digital Content 1 (http://
links.lww.com/ALN/C48). To identify patients for inclu-
sion in the analyses, we performed two separate interroga-
tions of the ADRENAL database as outlined below.
ADRENAL–Sepsis-3 Analysis. Patients were selected using 
the following criteria: subjects who had (1) a mean arterial 
pressure (MAP) of less than 65 mmHg in the 24 h preced-
ing randomization and (2) a plasma lactate concentration of 
more than 2 mmol.
ADRENAL–APROCCHSS Analysis. Patients were selected using 
the following criteria: patients receiving (1) more than 0.25 
μg · kg−1 · min−1 of catecholamines at baseline and (2) any 
one of the following criteria for organ failure: partial pres-
sure of arterial oxygen tension/fraction of inspired oxygen 
concentration ratio less than 200, or platelets less than 50 × 
109/l, or bilirubin more than 102 μmol/l, or creatinine of 
more than 300 μmol/l.

Statistical Analysis and Outcome measures

Of the original cohort of 3,800 patients, 1,950 met the 
Sepsis-3 criteria, and 905 met the APROCCHSS cri-
teria. We determined that a sample size of 1,950 in the 
ADRENAL–Sepsis-3 cohort provided 90% power to 
detect an absolute difference of 7% and 80% power to 
detect an absolute difference of 6%, assuming 35% mortality 
rate in control group. In the ADRENAL–APROCCHSS 
cohort, a sample size of 905 provided 90% power to detect 
an absolute difference of 11% and 80% power to detect an 
absolute difference of 9%, assuming a baseline mortality of 
45%. We applied the same statistical methods as described in 
the original ADRENAL trial and used the same set of pri-
mary and secondary outcomes. For the primary outcome 
of mortality at day 90, to account for stratification variables, 
the main analysis was performed using logistic regression 
with treatment allocation and admission type (medical or 
surgical) as fixed effects and trial site as a random effect. For 
secondary binary and continuous outcomes, logistic regres-
sion and linear regression were used, respectively, depending 
on the type of outcomes, including treatment allocation and 
admission type as fixed effect and site as a random effect. 
These were described in detail in a statistical analysis plan 
published before database lock of the ADRENAL trial.5 All 
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tests were conducted with statistical significant level of 0.05 
(type 1 error), and significant test results are hypothesis-
generating. No adjustments for multiplicity of testing were 
applied, but significant test results were interpreted in light 
of the multiple comparisons made.

We also applied the analytical methods as reported in the 
APROCCHSS article6 on the ADRENAL–APROCCHSS 
cohort to assess the treatment effect on the primary outcome, 
using relative risk without adjustment of stratification factor 
and trial site. We also performed survival analysis of time to 
death using same approach as described for the ADRENAL 
trial. Time to death was reported using Kaplan–Meier plots 
with differences in survival tested using a Cox proportional 
hazard model7 including the randomized treatment arm, 
admission type, and a random-center effect. Proportional haz-
ard assumptions were tested by adding the interaction term 
between time and treatment in the Cox regression model. We 
used SAS Enterprise Guide 7.15 software for statistical analy-
sis (SAS institute, Australia).

results
Of the original cohort of 3,800 patients in ADRENAL, there 
were 1,950 (51.3%) subjects who met the Sepsis-3 criteria: 
973 assigned to hydrocortisone and 977 assigned to placebo. 
Of these subjects, 905 (23.8%) patients met the APROCCHSS 
criteria: 455 assigned to hydrocortisone and 450 assigned to 
placebo. The patient flow chart is shown in Supplemental 
Digital Content 2 (http://links.lww.com/ALN/C49).

The baseline characteristics of all ADRENAL participants 
as well as the cohorts meeting Sepsis-3 and APROCCHSS 
criteria are reported in table 1. The three groups were sim-
ilar at baseline with respect to demographic characteristics, 
admission diagnoses, sources of sepsis, baseline interventions, 
and illness severity. Patients in the ADRENAL–Sepsis-3 
and ADRENAL–APROCCHSS cohorts had higher mean 
baseline plasma lactate concentration than the original 
ADRENAL cohort. There was higher proportion of medi-
cal admissions and more patients treated with renal replace-
ment therapy at baseline in the ADRENAL–APROCCHSS 
cohort than in the ADRENAL cohort.

Outcomes

Primary Outcome. At 90 days after randomization, in the 
ADRENAL–Sepsis-3 cohort, 312 of 963 (32.4%) of the 
patients assigned to hydrocortisone and 337 of 958 (35.2%) 
of the patients assigned to placebo had died (odds ratio, 
0.86; 95% CI, 0.70 to 1.06; P = 0.166; table 2). The cor-
responding figures for the ADRENAL–APROCCHSS 
cohorts were 187 of 453 (41.3%) and 200 of 445 (44.9%), 
respectively, for hydrocortisone and the placebo groups 
(odds ratio, 0.84; 95% CI, 0.60 to 1.17; P = 0.303). We con-
ducted an additional post hoc analysis of the primary out-
come in the ADRENAL–APROCCHSS cohort who were 
randomized after 6 h of vasopressor therapy. Of the 905 

patients in the ADRENAL–APROCCHSS, 730 patients 
were randomized after 6 h of pressor therapy (365 in each 
group). The 90-day mortality rates were 42% (153 of 365) 
and 46.1% (168 of 365) in the hydrocortisone and placebo 
groups, respectively (odds ratio, 0.83; 95% CI, 0.60 to 1.16; 
P = 0.306). When the original ADRENAL data and the 
ADRENAL–APROCCHSS cohorts were analyzed using 
the APROCCHSS approach as rate ratios, there were 
no statistically significant differences in the primary out-
come between the treatment groups (Supplemental Digital 
Content 1, http://links.lww.com/ALN/C48). There was 
no statistically significant difference in the time to death 
between the groups during the 90days after randomization 
(hazard ratio = 0.87; 95% CI, 0.75 to 1.02; P = 0.082 for 
the ADRENAL–Sepsis-3 cohort; and hazard ratio = 0.86; 
95% CI, 0.71 to 1.06; P  =  0.156 for the ADRENAL–
APROCCHSS cohort; figs. 1 and 2).

Secondary Outcomes.
ADreNAL–Sepsis-3. There was a statistically significant 
difference in day-28 mortality between the two groups 
26.7% (259 of 969) versus 31% (300 of 968) in the hydro-
cortisone and placebo groups, respectively (odds ratio, 
0.80; 95% CI, 0.64 to 0.99; P = 0.042). Patients assigned 
to hydrocortisone had faster resolution of shock (median 
[interquartile range], 3 [2 to 6] vs. 5 [3 to 12] days; hazard 
ratio = 1.36; 95% CI, 1.23 to 1.50; P < 0.0001), a higher 
frequency of recurrence of shock (22.1% [214 of 970] 
vs. 17.4% [170 of 977]; odds ratio, 1.35; 95% CI, 1.08 to 
1.69; P = 0.009), an increase in the number of days alive 
and free of mechanical ventilation (57.0 ± 37.2 vs. 53.7 ± 
38.2 days; 95% CI, 0.40 to 7.04; P = 0.028), an increase 
in the number of days alive and free of renal replacement 
therapy (60.9 ± 38.2 vs. 57.2 ± 39.6 days; 95% CI, 0.57 
to 7.43; P  =  0.022), and an increase in the number of 
days alive and free of the intensive care unit (54.3 ± 36.0 
vs. 51.0 ± 37.1; 95% CI, 0.82 to 7.24; P = 0.014). There 
were no significant differences with respect to the devel-
opment of new onset bacteremia or fungemia, in the pro-
portions of patients requiring blood transfusions, in days 
alive and out of hospital, or in time to hospital discharge 
between the groups.
ADreNAL–APrOccHSS. There was no statistically signif-
icant difference in day-28 mortality between the two 
groups (36.6% [166 of 454] vs. 40.3% [181 of 449] in the 
hydrocortisone and placebo groups, respectively; odds ratio, 
0.84; 95% CI, 0.62 to 1.13; P = 0.251). Patients assigned 
to hydrocortisone had a faster resolution of shock (median 
[interquartile range], 4 [3 to 41] vs. 7 [3 to unavailable value] 
days; hazard ratio = 1.27; 95% CI, 1.09 to 1.48; P = 0.002) 
but a higher frequency of recurrence of shock (23.3% [106 
or 455] vs. 16.2% [73 of 450]; odds ratio, 1.57; 95% CI, 1.12 
to 2.18; P = 0.008).

There were no statistically significant differences 
with respect to the number of days alive and free of 
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mechanical ventilation, the number of days alive and free of 
renal replacement therapy, the number of days alive and free 
of the intensive care unit, the development of new onset 
bacteremia or fungemia, in the proportions of patients 
requiring blood transfusions, the number of days alive and 
out of hospital, or the time to hospital discharge between 
the groups. A comparison of the secondary outcomes of the 
Sepsis-3 and the APROCCHSS cohorts with those of the 
original ADRENAL and the APROCCHSS trial partici-
pants is outlined in table 3.

discussion
In the subsets of patients from the ADRENAL trial who 
met the Sepsis-3 or APROCCHSS inclusion criteria, there 
was a higher overall mortality rate at day 90, but the admin-
istration of hydrocortisone did not result in a significantly 
lower mortality as compared with placebo. This is in line 
with the original trial results.

There was also concordance between the three cohorts 
in some of the secondary outcomes: earlier time to reversal 

table 2. Primary Outcome comparison: ADreNAL, ADreNAL–Sepsis-3 cohort, ADreNAL–APrOccHSS cohort, and  
APrOccHSS original

Hydrocortisone Placebo
Odds or  

rate ratio 95% Ci P Value

ADreNAL (original) 511/1,832 (27.9) 526/1,826 (28.8) 0.95* 0.82 to 1.10 0.504
ADreNAL–Sepsis-3 312/963 (32.4) 337/958 (35.2) 0.86* 0.70 to 1.06 0.166
ADreNAL–APrOccHSS 187/453 (41.3) 200/445 (44.9) 0.84* 0.60 to 1.17 0.303
APrOccHSS (original) 264/614 (43.0) 308/627 (49.1) 0.88† 0.78 to 0.99 0.03

The primary outcome was 90-day mortality (%) reported as odds ratios (using the statistical analytical methods described in the ADreNAL article1,5). The proportions are presented as 
number of subjects/denominator (percentage). The analysis of mortality at day 90 reported in this table, adjusted for stratification variables is a logistic regression including treatment 
and admission type as fixed effects and study site as a random effect.
*Odds ratios. †rate ratios.

Fig. 1. Adjunctive Glucocorticoid Therapy in Patients with Septic Shock (ADreNAL) Sepsis-3: Probability of survival and risk of death at 90 
days, according to subgroup. Shown are the Kaplan–meier estimates of the probability of survival for patients receiving either hydrocortisone 
or placebo. The P value was calculated using a cox proportional hazard model including the randomized treatment arm, admission type, and 
a random-center effect. Hr, hazard ratio.

Copyright © 2019, the American Society of Anesthesiologists, Inc. Unauthorized reproduction of this article is prohibited.
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of shock with hydrocortisone, rate of recurrence of mechan-
ical ventilation, days alive and out of hospital, and the rate 
of new-onset bacteremia or fungemia. In contrast to the 
original trial, patients in both subsets who received hydro-
cortisone had a higher rate of recurrence of shock, but there 
was no differential treatment effect on the blood transfusion 
rates. In patients meeting the Sepsis-3 criteria, those assigned 
to hydrocortisone had reduced 28-day mortality, an increase 
in the number of days alive and free of mechanical ventila-
tion and renal replacement therapy, and an increase in the 
number of days alive and out of the intensive care unit.

comparisons of mortality among ADreNAL,  
ADreNAL–Sepsis-3, and ADreNAL–APrOccHSS

The day-90 mortality in the ADRENAL–Sepsis-3 cohort 
was 33.8% (about 4 percentage points higher than the 
original ADRENAL cohort) but substantially lower than 
that predicted by the task force.4 Of note, all the patients in 
the ADRENAL–Sepsis-3 cohort were mechanically venti-
lated, suggesting a higher degree of organ failure. Although 
a number of post hoc analyses of randomized controlled 
trials and registry data report mortality rates greater than 
40% when Sepsis-3 criteria are applied,8–10 other data sets 
have also found lower than predicted mortality rates when 
applying the Sepsis-3 criteria.11–13

The mortality rates for day 90 were comparable between 
the ADRENAL–APROCCHSS cohort and the origi-
nal APROCCHSS cohort, although there was no different 
treatment effect between hydrocortisone and placebo in 
the ADRENAL. The other major difference between the 
ADRENAL and APROCCHSS was the use of fludrocor-
tisone in the latter. It is unclear whether the use of fludro-
cortisone would be sufficient to explain the difference in 
survival. The only trial comparing hydrocortisone alone ver-
sus hydrocortisone plus fludrocortisone lacked adequate sta-
tistical power to identify a difference in mortality.14 There are 
several reasons to doubt that the addition of fludrocortisone 
to the treatment regime would confer any additional benefit. 
Because the mineralocorticoid receptor has an equal affinity 
for both mineralocorticoids and glucocorticoids, a daily dose 
of 50 mg or more of hydrocortisone is equivalent to 0.1 mg 
of fludrocortisone.15 Furthermore, the short plasma half-life 
(1.4 h) of fludrocortisone suggests that a single daily dose may 
not be optimal,16 and there is evidence to suggest that its oral 
absorption is impaired in critically ill patients.17

In both cohorts, similar to the original trial, shock 
reversal occurred earlier in the hydrocortisone group, 
but at variance with the original ADRENAL trial 
results was the observation that recurrence of shock was 
higher in the hydrocortisone group. This finding was not 
reported in either of the primary studies, is an observation 

Fig. 2. Adjunctive Glucocorticoid Therapy in Patients with Septic Shock (ADreNAL)–Activated Protein c and corticosteroids for Human Septic 
Shock (APrOccHSS): Probability of survival and risk of death at 90 days, according to subgroup. Shown are the Kaplan–meier estimates of 
the probability of survival for patients receiving either hydrocortisone or placebo. The P value was calculated using a cox proportional hazard 
model including the randomized treatment arm, admission type, and a random-center effect. Hr, hazard ratio.
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table 3. Secondary Outcomes comparison: ADreNAL, ADreNAL–Sepsis-3 cohort, ADreNAL–APrOccHSS cohort, and APrOccHSS Original

Hydrocortisone Placebo

Odds ratio, Hazard 
ratio, rate ratio, or  
absolute difference 95% Ci P Value

28-day mortality      
 ADreNAL (original) 410/1,841 (22.3) 448/1,840 (24.3) 0.89* 0.76 to 1.03 0.125
 ADreNAL–Sepsis-3 259/969 (26.7%) 300/968 (31.0%) 0.80* 0.64 to 0.99 0.042
 ADreNAL–APrOccHSS 166/454 (36.6%) 181/449 (40.3%) 0.84* 0.62 to 1.13 0.251
 APrOccHSS (original) 207/614 (33.7) 244/627 (38.9) 0.87 0.75 to 1.01 0.06
Time to reversal of shock (days); median (IQr)      
 ADreNAL (original) 3 (2–5) 4 (2–9) 1.32† 1.23 to 1.41 < 0.0001
 ADreNAL–Sepsis-3 3 (2–6) 5 (3–12) 1.36† 1.23 to 1.50 < 0.0001
 ADreNAL–APrOccHSS 4.0 (3.0 to 41.0) 7.0 (3.0 to N/A) 1.27† 1.09 to 1.48 0.002
 APrOccHSS (original) N/A N/A N/A N/A N/A
recurrence of shock      
 ADreNAL (original) 365/1,853 (19.7) 343/1,860 (18.4) 1.07* 0.94 to 1.22 0.319
 ADreNAL–Sepsis-3 214/970 (22.1%) 170/977 (17.4%) 1.35 1.08 to 1.69 0.009
 ADreNAL–APrOccHSS 106/455 (23.3%) 73/450 (16.2%) 1.57 1.12 to 2.18 0.008
 APrOccHSS (original) N/A N/A N/A N/A N/A
Days alive and free of IcU      
 ADreNAL (original) 58.2 ± 34.8 56.0 ± 35.4 2.26‡ 0.04 to 4.49 0.047
 ADreNAL–Sepsis-3 54.3 ± 36.0 51.0 ± 37.1 4.03‡ 0.82 to 7.24 0.014
 ADreNAL–APrOccHSS 45.9 ± 37.7 42.3 ± 37.7 4.20‡ −0.66 to 9.07 0.090
 APrOccHSS (original) 42 ± 38 38 ± 38 N/A N/A 0.05
Days alive and free of hospital      
 ADreNAL (original) 40.0 ± 32.0 38.6 ± 32.4 1.45‡ −0.59 to 3.49 0.164
 ADreNAL–Sepsis-3 36.3 ± 31.9 34.8 ± 32.6 1.68 −1.16 to 4.52 0.245
 ADreNAL–APrOccHSS 31.6 ± 31.5 28.3 ± 31.1 3.67‡ −0.36 to 7.70 0.074
 APrOccHSS (original) 31 ± 33 29 ± 33 N/A N/A 0.27
Days alive and free of mechanical ventilation      
 ADreNAL (original) 61.2 ± 35.6 59.1 ± 36.1 2.18‡ −0.11 to 4.46 0.062
 ADreNAL–Sepsis-3 57.0 ± 37.2 53.7 ± 38.2 3.72‡ 0.40 to 7.04 0.028
 ADreNAL–APrOccHSS 48.5 ± 39.2 45.4 ± 39.1 3.78‡ −1.28 to 8.84 0.143
 APrOccHSS (original) 45 ± 39 40 ± 39 N/A N/A 0.04
recurrence of mechanical ventilation      
 ADreNAL (original) 180/1,842 (9.8) 154/1,850 (8.3) 1.18* 0.96 to 1.45 0.113
 ADreNAL–Sepsis-3 93/967 (9.6%) 71/974 (7.3%) 1.36* 0.98 to 1.88 0.063
 ADreNAL–APrOccHSS 38/455 (8.4%) 31/447 (6.9%) 1.22* 0.74 to 2.0 0.432
 APrOccHSS (original) N/A N/A N/A N/A N/A
Days alive and free of rrT      
 ADreNAL (original) 42.6 ±39.1 40.4 ± 38.5 2.37‡ −2.00 to 6.75 0.294
 ADreNAL–Sepsis-3 60.9 ± 38.2 57.2 ± 39.6 4.00‡ 0.57 to 7.43 0.022
 ADreNAL–APrOccHSS 51.5 ± 40.6 49.5 ± 40.9 2.54‡ −2.73 to 7.82 0.344
 APrOccHSS (original) N/A N/A N/A N/A N/A
Use of rrT      
 ADreNAL (original) 567/1,853 (30.6) 609/1,860 (32.7) 0.94* 0.86 to 1.03 0.178
 ADreNAL–Sepsis-3 350/969 (36.1%) 389/973 (40.0%) 0.83* 0.69 to 1.00 0.049
 ADreNAL–APrOccHSS 239/454 (52.6%) 217/447 (48.5%) 1.16* 0.89 to 1.52 0.275
 APrOccHSS (original) N/A N/A N/A N/A N/A
New bacteremia or fungemia      
 ADreNAL (original) 262/1,853 (14.1) 262/1,860 (14.1) 1.00* 0.86 to 1.16 0.957
 ADreNAL–Sepsis-3 143/969 (14.8%) 135/972 (13.9%) 1.07* 0.82 to 1.39 0.616
 ADreNAL–APrOccHSS 66/455 (14.5%) 60/448 (13.4%) 1.13* 0.75 to 1.70 0.560
 APrOccHSS (original) 49/614 (8.0%) 48/626 (7.7%) 1.04 0.71 to 1.53 0.86
blood transfusion      
 ADreNAL (original) 683/1,848 (37.0) 773/1,855 (41.7) 0.82* 0.72 to 0.94 0.004
 ADreNAL–Sepsis-3 393/973 (40.4%) 424/977 (43.4%) 0.89* 0.74 to 1.07 0.212
 ADreNAL–APrOccHSS 224/455 (49.2%) 205/450 (45.6%) 1.17* 0.90 to 1.52 0.246
 APrOccHSS (original) N/A N/A N/A N/A N/A
180-day mortality      
 ADreNAL (original) 571/1,812 (31.5%) 574/1,803 (31.8%) 0.99* 0.86 to 1.13 0.834
 ADreNAL–Sepsis-3 349/959 (36.4%) 367/952 (38.6%) 0.89* 0.76 to 1.10 0.239
 ADreNAL–APrOccHSS 199/448 (44.4%) 211/441 (47.8%) 0.84* 0.64 to 1.11 0.220
 APrOccHSS (original) 285/611 (46.6%) 328/625 (52.5%) 0.89* 0.79 to 0.99 0.04

Plus–minus values represent means ± standard deviations. The proportions are presented as numbers of subjects/denominator (percentage). median (IQr) values are presented for 
not normally distributed variables. The analysis of mortality at days 28 and 180 reported in this table, adjusted for stratification variables, is a logistic regression including treatment 
and admission type as fixed effects and study site as a random effect.
*Odds ratios; †Hazard ratios. ‡mean absolute differences.
ADreNAL, Adjunctive Glucocorticoid Therapy in Patients with Septic Shock trial; APrOcHSS, Activated Protein c and corticosteroids for Human Septic Shock trial; IcU, intensive care 
unit; IQr, interquartile range; N/A, not available (value not reported in the main article or in the Supplemental Digital content 1 [http://links.lww.com/ALN/c48] of the APrOccHSS 
publication and hence not available); rrT, renal replacement therapy; Sepsis-3, third international consensus definitions for sepsis and septic shock.
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originating from post hoc analyses, and may be regarded as 
hypothesis-generating.

Limitations

The Sepsis-3 task force stipulated three criteria for the 
diagnosis of septic shock: MAP of less than 65 mmHg, lac-
tate of more than 2 mmol/l, and absence of hypovolemia. 
Volume status is difficult to assess in critically ill patients. 
Baseline filling pressures assessed by the central venous 
pressure was within normal limits in the Sepsis-3 cohort, 
and this was used as a surrogate for euvolemia. Our study 
was limited to patients who required a minimum of 4 h 
of vasopressor therapy and mechanical ventilator support, 
neither of which are required to meet the Sepsis-3 cri-
teria for septic shock. Therefore, the number of eligible 
patients who would have met Sepsis-3 criteria may have 
been underestimated. Because a number of patients who 
were deemed to be in danger of imminent death or in 
whom death was deemed inevitable during the admis-
sion were excluded (which were not exclusions in the 
original Sepsis-3 validation cohort), the mortality in our 
cohort of patients meeting Sepsis-3 criteria may have been 
underestimated. Matching of the ADRENAL trial partic-
ipants with the APROCCHSS cohort may not have been 
precise, because there were different duration require-
ments for pressor therapy for entry into the study. The 
APROCCHSS trial used 6 h of pressor therapy, as opposed 
to only 4 h in the ADRENAL trial. However, this is miti-
gated by the baseline equivalence of patients between the 
ADRENAL–APROCCHSS and original APROCCHSS 
trials. Moreover, the analysis of primary outcome in the 
cohort of patients in the ADRENAL–APROCCHSS 
group who were randomized after 6 h did not reveal a 
treatment effect. Another key difference between the two 
trials was the exclusion of patients who had received eto-
midate, a known adrenal suppressant, in the ADRENAL 
trial. Although the impact of this exclusion criterion could 
not be evaluated in this analysis, it is well recognized that 
the use of etomidate was a significant confounder in the 
interpretation of the results of two earlier trials of low dose 
steroids in septic shock.18,19 The absolute risk reduction of 
3.6% in mortality in favor of hydrocortisone observed in 
the ADRENAL–APROCCHSS cohort may be consid-
ered as clinically significant, especially in the context of a 
safe and an inexpensive intervention, but the interpretation 
is limited by the lack of statistical significance, the post hoc 
nature of the analysis, and the reduced power due to the 
smaller sample size.

conclusions

In the ADRENAL trial participants who fulfilled either the 
Sepsis-3 or the APROCCHSS inclusion criteria, a contin-
uous infusion of hydrocortisone did not result in a signifi-
cantly lower 90-day mortality than placebo in septic shock.
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