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Abstract
Many studies have been conducted to try and find interventions to
treat patients with severe sepsis, but with little success. In several
cases, initial apparent beneficial effects have not been confirmed in
later trials. The story of steroids in sepsis is one example of this
pendulum effect, with initial success in the study by Annane et al.
tempered by the more recent negative results of the Corticus
study. The reasons for this pendulum effect are likely related, at
least in part, to issues of clinical trial design and the way in which
clinical trials in intensive care unit patients are developed,
conducted and assessed needs to be critically reassessed.

The search for effective interventions in sepsis has, in several
cases, been associated with rather inconsistent results from
clinical studies, as the pendulum seems to swing from a
benefit effect through no effect to potential harm and all the
way back to benefit, leaving the practicing clinician with a real
therapeutic dilemma. This pendulum in clinical trial results is
demonstrated well by the use of steroids in the treatment of
patients with sepsis.

Forty years ago, high-dose steroids were used in the belief
that, because sepsis is an inflammatory response, the anti-
inflammatory properties of steroids could be useful. Initial
studies were encouraging, with Schumer demonstrating that
treatment with one or two doses of intravenous dexametha-
sone (3 mg/kg) or methylprednisolone (30 mg/kg) was
associated with reduced mortality compared with saline
treatment in patients with septic shock [1]. Two large,
double-blind, randomized controlled trials later failed to
confirm these findings [2,3], however, and two meta-analyses
in the mid 1990s concluded that steroids were ineffective [4]
or indeed were potentially harmful [5] in sepsis.

Then, in the late 1990s, several studies were published
suggesting a role for much smaller, so-called stress, doses of
steroids in reducing vasopressor requirements in patients
with septic shock [6-8]. These results led to a study by
Annane and colleagues in which patients with relative adrenal
insufficiency – as assessed by nonresponse to a cortico-

tropin test – who were treated with hydrocortisone (50 mg
intravenously every 6 hours) and fludrocortisone (50 μg orally
daily) for 7 days had a reduced mortality compared with
nonresponders treated with placebo [9]. Despite concerns
regarding the lack of statistical significance in overall mortality
rates at 28 days, the results from this study led to steroids
being recommended in the treatment of patients with septic
shock [10]. Steroid use was also incorporated into the so-
called sepsis bundles, with the recommendation that all
patients with septic shock should receive low-dose cortico-
steroids within 24 hours of diagnosis.

Doubts remained, however, and a large, international,
multicenter study was conducted to confirm the results of the
earlier study [9]. The Corticus – Corticosteroid Therapy of
Septic Shock – study, which included close to 500 patients,
recently showed that hydrocortisone did not improve survival
or reversal of shock in patients with septic shock, either
overall or in patients who did not respond to a corticotropin
test [11]. The results from the Corticus study were somewhat
disappointing, and, in the accompanying editorial, Dr Finfer
suggested the need for a further study to explore the effects
of steroids in septic shock in a much larger population [12].
With no signal from the Corticus study, however, merely
increasing the size of the study is unlikely to show mortality
differences.

Importantly, apart from the differences in effects on outcome,
there were other notable differences between the Corticus
study [11] and Annane and colleagues’ study [9], including
the larger number of postoperative patients, the more
common abdominal source of the sepsis, and, in particular,
the lower severity of illness in the Corticus study. This latter
factor is particularly important and can be explained by the
fact that many patients with severe septic shock were treated
with steroids in accordance with guidelines current at the
time of the study [10], and hence were excluded from
enrollment – so the included population, by definition,
consisted of less severely ill patients. As a result of this lower
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severity of illness, the mortality rate in the Corticus study was
about one-half that of Annane and colleagues’ study. It is
therefore still possible that steroids may decrease mortality in
very ill patients, just not in those with moderately severe shock.

Similar observations were made with activated protein C,
another adjunct therapy for sepsis, which was shown to
reduce mortality in very ill patients [13] but not in those
patients with a lower risk of death [14]. I believe we do need
another trial of steroids in sepsis, but specifically in patients
with severe septic shock rather than just in a larger general
population of septic shock patients.

In this age of evidence-based medicine, we urgently need
well-designed, appropriately targeted clinical trials to provide
convincing and reliable data on which we can base future
guidelines and recommendations for the treatment of patients
with septic shock. Importantly there can be no ideal global
clinical trial model – the design of each clinical trial must be
adapted according to the question it is attempting to answer;
however, general principles of clinical trial design can be
developed. To this end, a round table held in March 2008
joined 26 leaders in critical care medicine to create a think-
tank on the subject of improving clinical trials in the critically
ill. Participants presented, discussed, and debated all
aspects of clinical trial conduct, including inclusion and
exclusion criteria, sample sizes, timing, ethical issues,
selection of endpoints, power calculations, the benefits of
multicenter studies over single-center studies, logistics, and
much more.

There is no doubt there is an urgent need to improve
outcomes for patients with sepsis, but – in our rush to
produce that all-powerful randomized controlled trial – details
of clinical trial design can be overlooked, making the end
result less than ideal. Perhaps the time has come to take a
step back and reflect on past efforts so that future clinical
trials will be conducted in an optimal manner to limit the
pendulum effect and to provide results that stand up to
scrutiny and can be immediately introduced into clinical
practice to the benefit of our patients.

Competing interests
The author declares that they have no competing interests.

References
1. Schumer W: Steroids in the treatment of clinical septic shock.

Ann Surg 1976, 184:333-341.
2. Bone RC, Fisher CJJ, Clemmer TP, Slotman GJ, Metz CA, Balk

RA: A controlled clinical trial of high-dose methylprednisolone
in the treatment of severe sepsis and septic shock. N Engl J
Med 1987, 317:653-658.

3. Veterans Administration Systemic Sepsis Cooperative Study
Group: Effect of high-dose glucocorticoid therapy on mortality
in patients with clinical signs of systemic sepsis. N Engl J Med
1987, 317:659-665.

4. Lefering R, Neugebauer EA: Steroid controversy in sepsis and
septic shock: a meta-analysis. Crit Care Med 1995, 23:1294-
1303.

5. Cronin L, Cook DJ, Carlet J, Heyland DK, King D, Lansang MA,
Fisher CJ: Corticosteroid treatment for sepsis: a critical
appraisal and meta-analysis of the literature. Crit Care Med
1995, 23:1430-1439.

6. Annane D, Bellissant E, Sebille V, Lesieur O, Mathieu B, Raphael
JC, Gajdos P: Impaired pressor sensitivity to noradrenaline in
septic shock patients with and without impaired adrenal func-
tion reserve. Br J Clin Pharmacol 1998, 46:589-597.

7. Bollaert PE, Charpentier C, Levy B, Debouverie M, Audibert G,
Larcan A: Reversal of late septic shock with supraphysiologic
doses of hydrocortisone. Crit Care Med 1998, 26:645-650.

8. Briegel J, Forst H, Haller M, Schelling G, Kilger E, Kuprat G,
Hemmer B, Hummel T, Lenhart A, Heyduck M, Stoll C, Peter K:
Stress doses of hydrocortisone reverse hyperdynamic septic
shock: a prospective, randomized, double-blind, single-center
study. Crit Care Med 1999, 27:723-732.

9. Annane D, Sebille V, Charpentier C, Bollaert PE, Francois B,
Korach JM, Capellier G, Cohen Y, Azoulay E, Troché G, Chaumet-
Riffaut P, Bellissant E: Effect of treatment with low doses of
hydrocortisone and fludrocortisone on mortality in patients
with septic shock. JAMA 2002, 288:862-871.

10. Dellinger RP, Carlet JM, Masur H, Gerlach H, Calandra T, Cohen
J, Gea-Banacloche J, Keh D, Marshall JC, Parker MM, Ramsay G,
Zimmerman JL, Vincent JL, Levy MM: Surviving sepsis campaign
guidelines for management of severe sepsis and septic
shock. Crit Care Med 2004, 32:858-873.

11. Sprung CL, Annane D, Keh D, Moreno R, Singer M, Freivogel K,
Weiss YG, Benbenishty J, Kalenka A, Forst H, Laterre PF, Rein-
hart K, Cuthbertson BH, Payen D, Briegel J: Hydrocortisone
therapy for patients with septic shock. N Engl J Med 2008,
358:111-124.

12. Finfer S: Corticosteroids in septic shock. N Engl J Med 2008,
358:188-190.

13. Bernard GR, Vincent JL, Laterre PF, LaRosa SP, Dhainaut JF,
Lopez-Rodriguez A, Steingrub JS, Garber GE, Helterbrand JD, Ely
EW, Fisher CJ, Jr: Efficacy and safety of recombinant human
activated protein C for severe sepsis. N Engl J Med 2001,
344:699-709.

14. Abraham E, Laterre PF, Garg R, Levy H, Talwar D, Trzaskoma BL,
François B, Guy JS, Brückmann M, Rea-Neto A, Rossaint R, Per-
rotin D, Sablotzki A, Arkins N, Utterback BG, Macias WL:
Drotrecogin alfa [activated] for adults with severe sepsis and
a low risk of death. N Engl J Med 2005, 353:1332-1341.


	Abstract
	Competing interests
	References

