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Clinical question

What is the role of steroids in septic shock in the

emergency department?
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Study objective

To assess the safety and efficacy of low-dose hydro-

cortisone therapy for patients with septic shock and to

compare outcomes based on response to corticotropin

testing.
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BACKGROUND

Sepsis accounts for 4 of 1,000 emergency department
visits in the United States and occurs in approximately
2% of hospitalized patients, with a mortality rate of 20
to 50%.1–7 Efforts to decrease mortality have focused
on a number of interventions, including the use of
corticosteroids for treatment of relative adrenal insuf-
ficiency, which is thought to complicate approximately
60% of septic shock presentations.8 Studies that have
evaluated the use of short-course corticosteroids in
patients with septic shock have yielded mixed results in

terms of mortality outcome data and have not been
definitive in recommending which patients should
receive the therapy.

STUDY DESIGN AND PATIENT POPULATION

The Corticosteroid Therapy of Septic Shock
(CORTICUS) study was a prospective, multicentred,
randomized, double-blind, placebo-controlled trial.9

Patients were recruited from 52 intensive care units
(ICUs) in nine countries from March 2002 to
November 2005. Patients were 18 years of age or
older with clinical evidence of infection, evidence of
systemic response to infection, and hypoperfusion or
organ dysfunction attributable to sepsis. The onset of
shock had to occur within 72 hours of admission and
was defined as a systolic blood pressure of , 90 mm
Hg despite adequate fluid resuscitation or the need for
the infusion of vasopressor medications for longer than
1 hour. Patients were excluded if they had a preexisting
illness with poor prognosis, were expected to die
within 24 hours, were immunosuppressed, had used
long-term corticosteroids in the previous 6 months, or
had used short-term steroids in the previous 4 weeks.
Randomization occurred in a 1:1 fashion in blocks of
four and was carried out using a computerized random
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number generator where study drugs appeared similar,
and all study participants and administrators were
blinded to treatment assignment.

Patients were randomized to receive either hydro-
cortisone or placebo as a 50 mg intravenous bolus every
6 hours for 5 days and then tapered to 50 mg every
12 hours for 3 days and finally 50 mg every 24 hours for
an additional 3 days. All patients were to undergo a
corticotropin stimulation test prior to initiation of
therapy.

OUTCOME MEASURES

The primary end point was 28-day all-cause mortality
in patients who did not respond to corticotropin
(defined as a change of # 9 mg/dL or 248 nmol/L in
cortisol after a 250 mg cosyntropin stimulation test).
Secondary end points were mortality in those patients
who responded to corticotropin and in the overall
population at various time intervals including in the
first 28 days, in the ICU, during hospital admission,
and at the 1 year follow-up. Additional secondary end
points included organ failure resolution, shock resolu-
tion, and ICU and hospital lengths of stay. Safety was
monitored by the collection of adverse event data,
including rates of superinfection.

A power calculation, estimating a sample size of 800
patients, was performed to detect a 10% mortality
difference from a projected mortality rate of 50% in
patients who lack a response to corticotropin (40% of
total). However, the trial was stopped after 500
patients were enrolled, reaching only 62.5% of the
sample size, owing to ‘‘slow recruitment..., termination
of funding and time expiry of the study drug.’’9

RESULTS

After enrolment of 500 patients, 251 were assigned to
receive hydrocortisone (1 withdrew consent) and 248
received placebo. Two hundred thirty-three patients
(46.7%) did not have a response to corticotropin.
There was no difference in 28-day mortality in patients
receiving hydrocortisone versus placebo in nonrespon-
ders (39.2% v. 36.1%), responders (28.8% v. 28.7%),
or all patients (34.3% v. 31.5%). These differences
were also not present between any of the groups when
looking at mortality rates during ICU stay, during total
hospitalization, or at 1 year. The overall length of stay
was similarly unaffected between groups. Although

those in the hydrocortisone group with persistent
hypotension had an 11.3% mortality reduction com-
pared to those hypotensive patients receiving placebo,
this was not statistically significant (p 5 0.28).

Reversal of shock occurred at similar rates in
patients receiving hydrocortisone versus placebo
whether or not they responded to corticotropin and
overall. However, in those who did reverse their shock,
reversal occurred more quickly in patients treated with
hydrocortisone compared to placebo in all three
groups: 3.3 versus 5.8 days overall, 2.8 versus 5.8 days
in those who responded to corticotropin, and 3.9
versus 6.0 days in those who did not respond.

In the hydrocortisone group, there was an increased
incidence of superinfection, including new sepsis or
septic shock, with a combined odds ratio of 1.37 (95%
CI 1.05 to 1.79), as well as an increased incidence of
hyperglycemia and hypernatremia. The prevalence of
other adverse events was similar, including the rate
of critical illness polyneuropathy.

COMMENTARY

The emergency department treatment of septic patients
has been the focus of considerable attention. The
Surviving Sepsis Campaign guidelines published in
200410,11 and widespread adaptation of early goal-
directed treatment protocols12 have been paramount in
establishing benchmarks for the evidence-based treat-
ment of septic patients. The question of whether to
initiate treatment with corticosteroids in patients with
septic shock continues to be an area of considerable
controversy. Based on available data at the time and
including results from the CORTICUS trial, the
current recommendations from the Canadian Journal of
Emergency Medicine clinical practice guidelines13 and the
Surviving Sepsis Campaign14 are to administer steroids
to septic shock patients who have refractory hypoten-
sion despite adequate fluid resuscitation and vasopressor
therapy (D and 2C recommendations, respectively).

The CORTICUS trial was one of six randomized
controlled trials investigating whether hydrocortisone
in sepsis improves mortality in moderate-dose admin-
istration (200–300 mg/d). A meta-analysis of data from
these trials favours shock reversal but demonstrates no
mortality benefit.15 A further meta-analysis, which
included 17 randomized and 3 quasirandomized trials,
did not demonstrate a difference in all-cause mortality
at 28 days.16 However, a subgroup analysis of those

Toma et al

274 2011;13(4) CJEM N JCMU

https://doi.org/10.2310/8000.2011.110243 Published online by Cambridge University Press

https://doi.org/10.2310/8000.2011.110243


trials looking at prolonged low-dose corticosteroid
treatment did demonstrate a 28-day mortality reduc-
tion from 44.1% to 37.5% (95% CI 0.72–0.97) in
those treated with hydrocortisone.

In part, the goal of these meta-analyses was to
attempt to determine how to reconcile the conflicting
results of the CORTICUS study with the only other
reasonably powered study for mortality: the French
multicentre study by Annane and colleagues, which
included 300 patients with refractory septic shock who
were randomized to receive hydrocortisone and
fludrocortisone or placebo for 7 days.17 In this study,
the group that did not respond to the corticotropin
stimulation test had a 10% reduction in 28-day
mortality when treated with corticosteroids. The
difference in outcome when compared to the
CORTICUS trial is likely a consequence of a number
of different factors. The patients in the Annane and
colleagues trial had higher organ dysfunction scores,
had greater hemodynamic instability, were enrolled
earlier (within 8 hours v. 72 hours), and were more
likely to be surgical patients. All of these factors point
to the need for proper patient selection to determine
who might benefit from the administration of steroids.

It is possible that the lack of mortality benefit in the
CORTICUS trial may be due to confounding variables
and not the failure of the hydrocortisone administra-
tion. The study experienced significant difficulty in
recruiting its target sample size. This may have been
due to the fact that clinicians were unwilling to
randomize their patients to the possibility of not
receiving steroids, which at the time was thought to
confer a significant survival advantage based on the
Annane and colleagues data.17 In addition, newer
treatment strategies such as early goal-directed therapy
may have accounted for the difference in placebo
mortality (61% in the Annane and colleagues study v.
32% in CORTICUS) and could also have affected the
response to corticosteroids.

One of the major limitations of the CORTICUS
trial was that it was stopped early owing to slow
recruitment, termination of drug funding, and time
expiry of the trial drug. This resulted in only 62.5% of
the a priori sample size, possibly resulting in failure to
identify a treatment effect. Although the study was not
stopped early because of apparent benefit, concern
must be raised over the interpretation of data gathered
from any truncated trial, for any reason, particularly
when the target sample size was not achieved. Stopping

trials early for apparent benefit typically overestimates
the treatment effect.18,19 Randomized controlled trials
stopped early for reasons other than benefit might
share some characteristics with those stopped because
of an apparent benefit; however, their implications are
very different.20 Trials stopped early because of harm
or futility tend to result in decreased use or prompt
discontinuation of useless or potentially harmful
interventions. In contrast, trials stopped early for
benefit may result in the hasty institution into practice.
Similar to both situations are the questionable
magnitude and plausibility of their treatment effects
and the reasons behind their premature arrest.

It is often difficult to interpret the results of such a
truncated trial. Just as stopping a trial early for
apparent benefit might overestimate the treatment
effects, stopping early because of apparent lack of
benefit might underestimate the treatment effect. This
is especially concerning given the lack of power
achieved in the CORTICUS trial and the lower
control death rate, which suggests that either selection
bias was introduced or the sickest patients were not
enrolled. It is plausible that sicker patients are more
likely to benefit, but this effect may not have been seen
owing to early termination.

CONCLUSION

The results of the CORTICUS study provided no
additional insights into the role of steroids for septic
shock for emergency physicians treating these patients
in the first hours of this process. The study did not
recruit its predetermined sample size. Its negative
results arose from a study population who may have
had up to a 72-hour delay in the initiation of steroids.
Its results therefore are probably not applicable to the
emergency department setting. In patients with septic
shock, current data suggest that those who receive
corticosteroids may benefit from a faster resolution of
hypotension if corticosteroids are administered early
(within the first 8 hours). This potential benefit has to
be weighed against the possible increase in super-
infection and recurrent shock.

In the emergency department, steroids should be
administered to septic patients who remain hypoten-
sive despite aggressive volume resuscitation and
vasopressors. Hydrocortisone 50 mg IV would be a
common initial dose with a cumulative 24-hour dose of
200 to 300 mg given three to four times daily.

Steroids in septic shock

2011;13(4) 275CJEM N JCMU

https://doi.org/10.2310/8000.2011.110243 Published online by Cambridge University Press

https://doi.org/10.2310/8000.2011.110243


Competing interests: None declared.

REFERENCES

1. Martin GS, Mannino DM, Eaton S, et al. The epidemiology
of sepsis in the United States from 1979 through 2000. N
Engl J Med 2003;348:1546-54, doi:10.1056/NEJMoa022139.

2. Dombrovskiy VY, Martin AA, Sunderram J, et al. Rapid
increase in hospitalization and mortality rates for severe
sepsis in the United States: a trend analysis from 1993 to
2003. Crit Care Med 2007;35:1244-50, doi:10.1097/01.CCM.
0000261890.41311.E9.

3. Esper A, Martin GS. Is severe sepsis increasing in incidence
AND severity? Crit Care Med 2007;35:1414, doi:10.1097/
01.CCM.0000262946.68003.21.

4. Padkin A, Goldfrad C, Brady AR, et al. Epidemiology of
severe sepsis occurring in the first 24 hrs in intensive care
units in England, Wales, and Northern Ireland. Crit Care
Med 2003;31:2332-8, doi:10.1097/01.CCM.0000085141.
75513.2B.

5. Vincent JL, Sakr Y, Sprung CL, et al. Sepsis in European
intensive care units: results of the SOAP study. Crit Care Med
2006;34:344-53, doi:10.1097/01.CCM.0000194725.48928.3A.

6. Dombrovskiy VY, Martin AA, Sunderram J, et al. Facing the
challenge: decreasing case fatality rates in severe sepsis
despite increasing hospitalizations. Crit Care Med 2005;33:
2555-62, doi:10.1097/01.CCM.0000186748.64438.7B.

7. Marx JA, Hockberger RS, Walls RM. Rosen’s emergency
medicine, concepts and clinical practice, 7th ed. Philadelphia: Mosby
Elsevier, 2010.

8. Annane D, Maxime V, Ibrahim F, et al. Diagnosis of adrenal
insufficiency in severe sepsis and septic shock. Am J Respir
Crit Care Med 2006;174:1319-26, doi:10.1164/rccm.200509-
1369OC.

9. Sprung CL, Annane D, Keh D, et al. Hydrocortisone
therapy for patients with septic shock. N Engl J Med 2008;
358:111-24, doi:10.1056/NEJMoa071366.

10. Dellinger RP, Caler JM, Masur H, et al. Surviving Sepsis
Campaign guidelines for management of severe sepsis and
septic shock. Crit Care Med 2004;32:858-73, doi:10.1097/
01.CCM.0000117317.18092.E4.

11. Dellinger RP, Carlet JM, Masur H, et al. Surviving Sepsis
Campaign guidelines for management of severe sepsis and
septic shock. Intensive Care Med 2004;30:536-55, doi:10.1007/
s00134-004-2398-y.

12. Rivers E, Nguyen B, Havstad S, et al. Early goal-directed
therapy in the treatment of severe sepsis and septic shock. N
Engl J Med 2001;345:1368, doi:10.1056/NEJMoa010307.

13. Green RS, Djogovic D, Gray S, et al. Canadian Association
of Emergency Physicians Sepsis guidelines: the optimal
management of severe sepsis in Canadian emergency
departments. CJEM 2008;10:443-59.

14. Dellinger RP, Levy MM, Carlet JM, et al. Surviving Sepsis
Campaign: international guidelines for management of
severe sepsis and septic shock: 2008. Intensive Care Med
2008;34:17-60, doi:10.1007/s00134-007-0934-2.

15. Marik PE, Pastores SM, Annane D, et al. Recommendations
for the diagnosis and management of corticosteroid insuffi-
ciency in critically ill patients: consensus statements from an
international task force by the American College of Critical
Care Medicine. Crit Care Med 2008;36:1937-49, doi:10.
1097/CCM.0b013e31817603ba.

16. Annane D, Bellissant E, Bollaert PE. Corticosteroids in the
treatment of severe sepsis and septic shock in adults: a
systematic review. JAMA 2009;301:2362-75, doi:10.1001/
jama.2009.815.

17. Annane D, Sebille V, Charpentier C, et al. Effect of
treatment with low doses of hydrocortisone and fludrocorti-
sone on mortality in patients with septic shock. JAMA 2002;
288:862-71, doi:10.1001/jama.288.7.862.

18. Mueller PS, Montori VM, Bassler D, et al. Ethical issue in
stopping randomized trials early because of apparent benefit.
Ann Intern Med 2007;146:878-81.

19. Bassler D, Briel M, Montori VM, et al. Stopping rando-
mized trials early for benefit and estimation of treatment
effects: systematic review and meta-regression analysis.
JAMA 2010;303:1180-7, doi:10.1001/jama.2010.310.

20. Montori VM, Devereaux PJ, Adhikari NKJ, et al.
Randomized trials stopped early for benefit: a systematic
review. JAMA 2005;294:2203-9, doi:10.1001/jama.294.17.
2203.

Toma et al

276 2011;13(4) CJEM N JCMU

https://doi.org/10.2310/8000.2011.110243 Published online by Cambridge University Press

https://doi.org/10.2310/8000.2011.110243


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 30%)
  /CalRGBProfile (None)
  /CalCMYKProfile (U.S. Sheetfed Coated v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed false
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /PDFX1a:2003
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError false
  /PDFXTrimBoxToMediaBoxOffset [
    34.02000
    34.02000
    34.02000
    34.02000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    8.49600
    8.49600
    8.49600
    8.49600
  ]
  /PDFXOutputIntentProfile (Euroscale Coated v2)
  /PDFXOutputConditionIdentifier (FOGRA1)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /CreateJDFFile false
  /SyntheticBoldness 1.000000
  /Description <<
    /DEU <>
    /FRA <>
    /JPN <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU (Settings for the Rampage workflow.)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


