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Empirical therapy with limited data

Septic shock remains a major challenge in critically 
ill patients with a mortality rate of 30% to 50% (1-3). 
The 2016 Surviving Sepsis Campaign (SSC) guidelines 
recommend the use of hydrocortisone to treat patients with 
septic shock if adequate fluid resuscitation and vasopressor 
therapy cannot restore hemodynamic stability (4). Although 
glucocorticoids have been used as an adjuvant therapy for 
septic shock for more than 50 years, the quality of evidence 
for this weak recommendation remains low (4). Two recent 
systemic reviews and meta-analyses have reported different 
conclusions on the ability of glucocorticoids to reducing 28-
day mortality (5,6).

Largest randomized controlled trials to date

Two large-scale randomized controlled trials were reported 
in 2018 have improve the quality of evidence for using 
hydrocortisone to treat septic shock patients (7,8). In 
the ADRENAL (Adjunctive Corticosteroid Treatment 
in Critically Ill Patients with Septic Shock) trial (7),  
Venkatesh et al. reported that a continuous infusion of 
hydrocortisone did not decrease the 90-day mortality 
compared wi th  the  p lacebo.  By  contras t ,  in  the 
APROCCHSS (Activated Protein C and Corticosteroids 
for Human Septic Shock) trial (8), Annane et al. reported 
that hydrocortisone plus fludrocortisone reduced 90-day 

all-cause mortality compared with placebo. Nevertheless, 
both trials indicated that faster reversal of septic shock 
and shorter duration of mechanical ventilation in patients 
receiving hydrocortisone than in those receiving placebo. 

Different results, but why?

The design and outcomes of both trials are listed in 
Table 1. Several differences are apparent when examining 
the two trials. First, the APROCCHSS trial reported 
a 90- and 180-day survival benefit of a hydrocortisone 
plus fludrocortisone. Annane et al. noted that the ability 
of fludrocortisone to reduce mortality may be related 
to restore α1-adrenoceptor expression in patients with 
persistent vasopressor-dependent septic shock and organ 
failure (9), but the authors did not discuss the discrepancy 
between the APROCCHSS trial and their previous trial 
that did not indicated any survival benefit with the addition 
of oral fludrocortisone (10). Second, the ADRENAL trial 
enrolled patients from 5 countries over 4 years, whereas 
the APROCCHSS trial was conducted over 7 years only in 
France. In total, 3,713 patients completed the evaluation 
in the ADRENAL trial, a number three times larger than 
the number of patients in the APROCCHSS trial. Third, 
the required vasopressor dosage and timing were lower and 
shorter, respectively, in the ADRENAL trial than in the 
APROCHSS trial. This might explain higher shock severity 
and mortality in the APROCCHSS.
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In the subgroup analysis of 90-day mortality, no survival 
benefit was noted in the patients with severer shock 
comparing to the patients with less severe shock in the 
ADRENAL trial. Notably, subgroup analysis of the time 
from shock onset to randomization in the ADRENAL trial 
revealed a survival benefit in the subgroup of 6–12 hours 
[odds ratio (OR) =0.71; 95% confidence interval (CI), 
0.54–0.94]. Further investigation could explore the optimal 
timing of hydrocortisone use.

Patient selection makes all the difference

A comparison of the patient characteristics between the two 
trials is provided in Table 2. Both trials enrolled patients 
with vasopressor-dependent shock, who were also ventilator 
dependent. However, a higher number of patients received 
renal replacement therapy and had pneumonia in the 
APROCCHSS trial than in the ADRENAL trial. Whether 
more patients with acute respiratory distress syndrome 

Table 1 Comparison of design and outcomes of ADRENAL and APROCCHSS trials 

Variables ADRENAL APROCCHSS

Number of patients Hydrocortisone (n=1,853); placebo (n=1,860) Hydrocortisone plus fludrocortisone (n=614); placebo (n=627)

Countries Australia; United Kingdom; New Zealand; 
Saudi Arabia; Denmark

France

Patients Septic shock patients treated with 
vasopressors or inotropic agents for at least 4 
hours 

Patients who had developed septic shock within 24 hours and 
received norepinephrine, epinephrine, or any other vasopressor 
at a dose of ≥0.25 μg/kg/min for at least 6 hours

Intervention Continuous intravenous infusion of 
hydrocortisone at a dose of 200 mg per day 
for a maximum of 7 days without tapering

A 50-mg intravenous bolus of hydrocortisone every 6 hours and 
a 50-μg fludrocortisone tablet given through a nasogastric tube 
once daily in the morning for 7 days without tapering

Primary outcome 90-day mortality; (hydrocortisone 27.9%, 
placebo 28.8%, P=0.50)

90-day mortality; (hydrocortisone 43.0%, placebo 49.1%, P=0.03) 

Significant 
secondary 
outcomes

Shorter median time to resolution of shock; 
shorter median time to discharge from the 
ICU; shorter median time to cessation of 
mechanical ventilator; fewer blood transfusion

Lower 180-day mortality; more vasopressor-free days to day 28; 
more organ-failure-free days to day 28

Table 2 Comparison of patient characteristics of ADRENAL and APROCCHSS trials

Variables

ADRENAL APROCCHSS

Hydrocortisone Placebo
Hydrocortisone plus 

fludrocortisone
Placebo

Age (years) 62±15 63±15 66±14 66±15

Severity APACHE II score 24 [19–29] APACHE II score 23 [18–29] SOFA score 12±3 SOFA score 11±3

Mechanical ventilation (%) 99.8 99.9 92.3 91.3

Inotropes or vasopressors (%) 99.5 99.7 95.6 97.3

Renal-replacement therapy (%) 12.3 13.0 27.0 28.1

Primary site of infection (%)

Pulmonary 33.8 36.5 60.7 58.0

Abdominal 25.9 25.2 12.1 10.9

Urinary 7.9 7.2 16.6 16.6

APACHE, Acute Physiology and Chronic Health Evaluation; SOFA, Sequential Organ Failure Assessment.
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were enrolled in the APROCCHSS trial and whether this 
was related to the survival benefit in the trial’s results has 
not been mentioned clearly. Both trials did not taper the 
dose of hydrocortisone during the 7-day treatment. The 
reported incidence of adverse events was considerably lower 
in the ADRENAL trial than in the APROCCHSS trial. 
The APROCCHSS trial reported a higher incidence of 
hyperglycemia in the hydrocortisone plus fludrocortisone 
group than in the placebo group (89.1% vs. 83.1%, 
P=0.002). Whether these results can be generalized to Asian 
populations remains a concern. Thus, additional large-scale 
clinical trials investigating the effects of hydrocortisone on 
Asian patients with septic shock are warranted.

Conclusions

Low doses of hydrocortisone can shorten the episodes of 
septic shock and may decrease the severity of organ failure 
and increase survival rate. Identifying suitable patients and 
the optimal time to use hydrocortisone is the responsibility 
of the intensive care team presented during resuscitation 
of septic shock. For Asian populations, intensivists must 
carefully assess responses to hydrocortisone and monitor 
any possible adverse events. Additional large-scale clinical 
trials should examine Asian patients with septic shock to 
determine differences from the results of ADRENAL and 
APROCCHSS trials. 
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