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Introduction
Sepsis is a common emergency department presentation which unfortu-
nately carries a mortality rate estimated to be as high as 50% in severe 
sepsis and 80% in septic shock.1 Beyond the mainstay of  treatment–IV 
fluid resuscitation, vasopressors as needed, and timely administration of  
antibiotics–it is not uncommon to see the use of  steroids in septic shock 
patients from the ED to the intensive care unit (ICU).2,3 The physiologic 
basis of  this therapy stems from the concept that acute stressors such 
as severe infection can cause acute adrenal insufficiency compounding 
the hypotension seen in septic shock and potentiating organ dysfunc-
tion.2 It is unclear, however, if  treatment of  this potential adrenal insuf-
ficiency translates to a clinical benefit and the use of  steroids in septic 
shock remains somewhat controversial, although the latest iteration 
of  the Surviving Sepsis Campaign have recommended the addition of  
hydrocortisone therapy in patients with septic shock who remain hemody-
namically unstable despite fluid and vasopressor resuscitation.3 We have 
already looked at some studies using steroids as an adjuvant therapy 
in a previous Resident Journal Review. Here, we will review additional 
literature regarding the possible benefit of  steroids in the management of  
septic shock.   

Question
What is the remaining evidence for the use of  steroids in patients with 
septic shock? 

Sprung CL, Annane D, Keh D, et al. Hydrocortisone 
therapy for patients with septic shock. N Engl J Med. 
2008;358(2):111-124. doi:10.1056/NEJMoa071366
Prior to 2008, a short course of  high-dose corticosteroids was a gener-
ally accepted therapy for septic shock patients based on studies such as 
the 1976 study by Schumer et al. and the 2002 Annane Trial suggesting 
a survival benefit.4-5 Subsequent studies failed to replicate the beneficial 
results and even suggested superimposed infections with corticosteroid 
use. 

The 2008 CORTICUS (Corticosteroid Therapy of  Septic Shock) Trial was 
a multicenter, double-blinded randomized trial of  499 patients with per-
sistent septic shock (defined as systolic blood pressure of  < 90 mmHg 
despite adequate fluid replacement or a need for vasopressor for a least 
1 hour) and hypoperfusion or organ dysfunction attributable to sepsis, 
enrolled within 72 hours. It excluded patients with underlying disease car-
rying an overall poor prognosis, life expectancy < 24h, immunosuppres-
sion, and patients with recent treatment with long-term corticosteroids 
within the past 6 months or short-term corticosteroids within the past 4 
weeks. The majority of  patients were older (mean age 63 years), male 
(66%), and white (94%).

Participants were randomized to receive either 50mg of  hydrocortisone 
or placebo IV every six hours for five days, every 12 hours for three 
days, then daily for three days. Prior to treatment, all patients received 
an ACTH stimulation test and were classified as responders (cortisol rise 
> 9 mcg/dL) or non-responders (cortisol rise ≤ 9 mcg/dL). There was 
no significant difference (34% vs 32%, p=0.51) in the primary outcome 
of  28-day mortality regardless of  corticotropin response. While there 
was no survival benefit, hydrocortisone was associated with a quicker 
reversal of  shock (3.3 vs 5.8 days, p<0.0001) in all subgroups studied. 
Etomidate use was associated with higher 28-day mortality (60% vs 
43%, p=0.004) in ACTH non-responders. There were no significant differ-
ences in secondary outcomes such as reversal of  shock, length of  stay, 
reversal of  organ failure, and superimposed infection. 

The lack of  mortality benefit in the CORTICUS trial outcomes contrasted 
with the results of  previous trials, potentially due to less-sick study popu-
lation with a lower mortality rate than the Annane trial, and omission of  
the use of  fludrocortisone. The authors acknowledge the trial was likely 
underpowered, falling short of  the 800 patients needed to detect a 10% 
mortality difference with an expected mortality of  50%. Neuromuscular-
specific testing for myopathy development among subjects was not 
performed, and the authors acknowledge potential methodologic issues 
surrounding the accurate diagnosis of  adrenal insufficiency in critically-
ill patients, although the findings may indicate a decreased prognostic 
importance of  this phenomenon in less severe shock. They authors con-
cluded that hydrocortisone cannot be recommended as general adjuvant 
therapy for septic shock, but stated hydrocortisone may have a benefit in 
selected patients who despite appropriate treatment remain vasopressor 
unresponsive.

Annane D, Bellissant E, Bollaert PE, et al. Corticosteroids for 
treating sepsis in children and adults. Cochrane Database 
Syst Rev. 2019;12(12):CD002243. doi:10.1002/14651858.
CD002243.pub4
The original Cochrane review examining the utility of  corticosteroids in 
septic shock was first published in 2004, with this most recent update in 
2019.6 In this systematic review, the authors included randomized control 
trials (RCTs) assessing steroids versus placebo or usual care in both 
adults and children. They included studies of  patients in sepsis, defined 
as a suspected or documented infection with the presence of  at least two 
of  four SIRS (systemic inflammatory response syndrome) criteria and 
at least one sign of  organ dysfunction (metabolic acidosis, hypoxemia 
PaO2:FiO2 < 250 mmHg, oliguria < 30 mL/h for ≥ 3 hours, coagulopathy, 
or encephalopathy), and septic shock which was defined as sepsis with 
hypotension (persistent systolic blood pressure < 90 mmHg refractory to 
fluid resuscitation, requiring vasopressor support). 
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The trials included assessed the use of  continuous or bolus low-dose 
systemic corticosteroids (cortisone, hydrocortisone, methylprednisolone, 
betamethasone, dexamethasone) of  ≤ 400 mg hydrocortisone daily (or 
equivalent dose) for both short (< 3 days) and long (≥ 3 days) courses. 
Steroid intervention was compared to standard treatment (antibiotics, 
fluids, inotropic or vasopressor therapy, mechanical ventilation, renal 
replacement therapy) and/or placebo. The primary outcome was 28-day 
all-cause mortality. Secondary outcomes included all-cause mortality at 
90-days, long-term (longest available follow-up beyond three months), 
ICU, and hospital, shock reversal (hemodynamic stability ≥ 24 hours after 
cessation of  vasopressors) at day seven and 28, number of  organs af-
fected and severity of  organ dysfunction at day seven as measured by 
SOFA score, ICU and hospital length of  stay (LOS), and adverse events 
(gastrointestinal bleeds, superinfection, hyperglycemia, hypernatremia, 
muscle weakness, neuropsychiatric event, stroke, cardiac events, or 
other adverse events associated with corticosteroids). 

A total of  8,928 studies were screened with a final of  61 studies included 
of  which 28 were new trials since the most recent update. From the data 
extracted from these studies, the authors did find a slight reduction in 
28-day mortality (RR 0.91, 95% CI 0.84 to 0.99, p=0.01). There may be 
a reduction in 90-day mortality (RR 0.93, 95% CI 0.87 to 1.00, p=0.05), 
but they found no mortality benefit beyond that (RR 0.07, 95% CI 0.91 to 
1.03, p=0.29). There was a slight reduction in hospital (RR 0.90, 95% CI 
0.82 to 0.99, p=0.03) and ICU (RR 0.89, 95% CI 0.83 to 0.96) mortality 
as well as both hospital (mean difference (MD) -1.63 days, 95% CI -2.93 
to -0.33, p=0.01) and ICU (MD -1.07 days, 95% CI -1.95 to -0.19, p=0.02) 
length of  stay (LOS). Corticosteroids were also shown to be associated 
with shock reversal at day 7 (RR 1.23, 95% CI 1.13 to 1.34, p<0.00001) 
and at day 28 (RR 1.06, 95% CI 1.03 to 1.08, p<0.0000). Corticosteroids 
were also associated with better SOFA scores at day 7 (MD -1.37, 95% 
CI -1.84 to -0.09, p<0.00001). The authors also performed subgroup 
analyses that showed no difference in study drug, dose, or duration 
(though it should be noted most studies looked at low-dose long courses 
of  > 72 hours) on 28-day mortality but did see an increased benefit with 
combination hydrocortisone plus fludrocortisone. 

While there was an increased risk of  muscle weakness (p=0.04), hyper-
natremia (p<0.00001), and hyperglycemia (p<0.00001) associated with 
corticosteroid therapy, the authors found no increased risk of  superinfec-
tion (p=0.27), gastrointestinal (GI) bleeding (p=0.55), stroke (p=0.73), 
neuropsychiatric (p=0.73) or cardiac events (p=0.68).

In this review, the authors found that while corticosteroids may reduce 
short-term mortality, decrease hospital and ICU LOS, and are associated 
with shock reversal and lower SOFA scores at day seven, there was no 
benefit on long-term mortality. It should be noted that the authors found 
the evidence to be inconsistent with heterogeneity of  results among stud-
ies reducing the overall reliability and certainty of  the conclusion. 

Bonnin S, Radosevich JJ, Lee YG, et al. Comparison of 
shock reversal with high or low dose hydrocortisone 
in intensive care unit patients with septic shock: A 
retrospective cohort study. J Crit Care. 2021;62:111-6. 
doi:10.1016/j.jcrc.2020.12.001
This was a multicenter retrospective cohort study conducted at two 
hospitals, evaluating outcomes associated with either low-dose (50 mg 
every six hours) or high-dose (100 mg every eight hours) hydrocortisone.  
The primary outcome was shock reversal, defined as discontinuation 
of  vasopressors for four hours or more. Secondary outcomes included 
need for additional vasopressor therapy post steroid use, recurrence of  
shock, development of  new shock, and adverse drug events. Univariate 
and multivariate analysis was used for the entire study cohort to assess 
outcomes.

Study participants included ICU patients in septic shock receiving vaso-
pressors and hydrocortisone between years 2013 and 2018. Institutional 
protocols for sepsis treatment were similar between the two institutions 
and guided by recommendations from Surviving Sepsis Campaign 
guidelines, including fluid administration and broad-spectrum antibiotics 
with vasopressor support to maintain mean arterial pressure of  at least 
65 mmHg. Patients were identified using centralized medical records. 
Inclusion criteria were age greater than 18 years, suspicion of  or proven 
infection, and receipt of  at least 48 hours of  either steroid regimen. 
Exclusion criteria included death within 48 hours of  ICU admission or 
pre-existing diagnosis of  immunosuppression requiring daily steroid 
use. Patients were matched in a 1:1 manner using a nearest neighbor 
approach and a caliper of  0.1. T-test were used to compare continuous 
data while Mann Whitney U was used for any skewed data.

A total of  319 patients met inclusion criteria, with 134 patients in the low-
dose group and 185 patients in the high dose group. Mean age was 61 
years old with a SOFA score of  10.7 +/- 3.3. Pneumonia was the most 
common primary source. Baseline characteristics between the groups 
were similar with exception of  slightly younger age and higher SOFA 
scores and need for mechanical ventilation in the high-dose group. There 
was no statistically different rate of  shock reversal between the low and 
high dose regimens (84% vs 88%, p=0.247) on propensity-matched 
analysis. Secondary outcomes were similar between groups with excep-
tion for a higher incidence of  additional vasopressor post steroid initiation 
(34% vs 22%, p=0.012) and shock recurrence (11% vs 4.3%, p=0.039) in 
the low-dose group. 

The authors based the discordant results of  their primary outcome on 
differences in baseline characteristics between the two groups. They also 
noted that the small sample size fell below the calculated threshold re-
quired for the study. As a retrospective cohort study, the presence of  vari-
ous confounding factors was unavoidable; attempts to control these using 
multivariate analysis with score matching were, of  course, inferior to ran-
domization. The lack of  a standard protocol to guide all aspects of  septic 
shock management produced a high likelihood of  variation between the 
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two medical centers. As there is a paucity of  studies comparing low and 
high dose steroid use in patients in septic shock, this article may perhaps 
be a preview of  possible future prospective studies to delineate the opti-
mal dosage of  steroids.

Conclusion 
Although data from the 2002 Annane trial and the APROCCHSS trial did 
suggest some short-term mortality benefit, this benefit was not seen in 
studies such as the CORTICUS and ADRENAL trials. The more recent 
Cochrane review did suggest some potential short-term benefits (28-day 
mortality and reversal of  shock at day seven) without a benefit to long-
term survival. The use of  corticosteroids in critically ill septic patients 
is still widespread, most likely due to their more reproducible effect on 
shortening time to shock reversal, and should be considered in patients 
with refractory shock despite adequate fluid resuscitation and vasopres-
sor therapy.

Answer: Although the impact of  steroids on mortality remains unclear, 
they have repeatedly been associated with a shortened time to shock 
reversal. Patients with refractory septic shock failing to improve after fluid 
and vasopressor resuscitation may benefit from their use. Exact dosage 
and duration are still a subject of  debate.  
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