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Background

Systemic inflammation is the hallmark of 
sepsis or ARDS
Corticosteroids modulate the immune 
response to sepsis through genomic and 
non-genomic effects
Cytokines suppress cortisol production or 
access to tissues, inducing corticosteroids 
insufficiency in almost half of septic shock



Regulation of Inflammation
Two TFs are central to the regulation of 
inflammation

In unstimulated cells, NF-κB & 
GRα

are sequestered in the cytoplasm

Found in all cells

Inhibitory
Glucocorticoid 

Receptor α

Stimulatory
Nuclear Factor-κB

Barnes and Karin. NEJM 1997; 336: 1066.Barnes and Karin. NEJM 1997; 336: 1066.



Reprogrammation rather than suppression!

845 genes 1125 genes

Faseb, 2002



Perreti, Blood 2007

Within minutes!



Perreti, Blood 2007

Within hours!



Perreti, Blood 2007

Within days



Evidence for an Inappropriate Activation 
of the HPA axis 
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Kashiwabara et al, J Nippon Med Sch 2007

Minor surgery:
ACTH/IL-6 >1

Moderate surgery
ACTH/IL-6 >1

Major surgery
ACTH/IL-6 <1



[Citrulline] (iNOS product)

NO plays a major role 

Li et al Cir Res 2003



NO plays a major role
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Clinical consequences of the impaired HPA axis 

Normal HPA function

Impaired HPA function

Annane, Br J Clin Pharmacol, 1998
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Clinical consequences of the impaired HPA axis 



A 3-Level Prognostic Classification in Septic Shock Based on 
Cortisol Levels and Cortisol Response to Corticotropin

Annane, JAMA 2000



Survivors will recover a normal HPA axis!

Briegel, Intensive Care Med 1996;22:894

13 of 20 patients BL < 25 mg/dl



Critical Analysis of the Literature



Results of the literature search

Annane, JAMA 2009 &CDSR 2010



Methodological Quality of Trials

Annane, JAMA 2009 &CDSR 2010



Glucocorticoids Restore 
Cardiovascular Homeostasis



Hydrocortisone Restores the Responsiveness to Vasopressors  

Normal adrenal

function

Impaired adrenal

function

Before HC
After HC

Annane, British Journal of Clinical Pharmacology, 1



Hydrocortisone reduces the time on vasopressors

Sprung, NEJM 2008



Hydrocortisone normalizes the cardiovascular function

Annane JAMA 2009 & CDSR 2010



Glucocorticoids Restore 
Immune Homeostasis



Corticosteroids inhibited NF-kB Activation 

NF-κB staining with FITC-AbNFNF--κκB staining with FITCB staining with FITC--AbAb

BeforeBefore steroidssteroids

nucleus

Nuclear translocation

AfterAfter 10 10 daysdays of of steroidssteroids

nucleus

Cytoplasm



Corticosteroids inhibited NF-kB Activation

Crit Care Med 2001; 29:1074



Didier Keh, AJRCCM 2003

Corticosteroids decreased circulating levels of all 
pro-inflammatory cytokines



Corticosteroids decreased circulating levels of most 
of anti-inflammatory cytokines

Didier Keh, AJRCCM 2003



Keh, AJRCCM 2003

Corticosteroids attenuated the endothelial activation



Glucocorticoids Restore 
Organs Function



Corticosteroids reduced the number and intensity 
of organ dysfunctions

0.037.1 ± 4.86.1 ± 4.47

0.0047.7 ± 5.06.4 ± 4.36

0.0068.4 ± 4.66.9 ± 4.45

0.039.9 ± 4.47.8 ± 4.24

0.019.7 ± 4.08.7 ± 4.43

NS10.3 ± 3.710.2 ± 3.82

NS10.7 ± 3.610.4 ± 3.71

NS10.6 ± 3.210.6 ± 3.40

PPlacebo
(n=248)

HC
(n=251)

Moreno, Intensive Care Medicine 2011



Corticosteroids reduced the number and intensity 
of organ dysfunctions

Annane JAMA 2009 & CDSR 2010



Corticosteroids reduced ICU length of stay

Annane JAMA 2009 & CDSR 2010



Glucocorticoids 
Save Life



Annane JAMA 2009 & CDSR 2010



Annane JAMA 2009 & CDSR 2010



Corticosteroids dose: the lower the better

Annane JAMA 2009 & CDSR 2010



Corticosteroids duration: the longer the better

Annane JAMA 2009 & CDSR 2010



Glucocorticoids 
Tolerance



Corticosteroids and risk of stress ulcer

Annane JAMA 2009 & CDSR 2010



Corticosteroids and risk of superinfection

Annane JAMA 2009 & CDSR 2010



Corticosteroids and risk of metabolic 
complications

Annane JAMA 2009 & CDSR 2010



When I use Corticosteroids? When I use Corticosteroids? 

(1) Annane D. et al. Lancet 2005

Referral to intensive
care unit

Shock onset

Antibiotics
Broad spectrum
Surgical cure if needed

Time
0 h 6 h 24 - 48 h Day 7

Checking suitability of 
antibiotics and if possible 
narrowing spectrum
Surgical relook if needed

Beyond intensive
care unit
Rehabilitation
programme

Respiratory support

Haemodynamic
resuscitation

Fluid challenges

Vasopressors if
patient remain 
hypotensive

Adrenocorticotrophic
hormone test
Start low-dose steroids

Non-refractory
septic shock

Refractory
septic shock

Consider weaning from 
vasopressors and other
life supportive therapies

Stop steroids

Fluid
challenges

Normal adrenal function

Stop steroids



Surviving Sepsis Campaign

Guidelines for Management of Severe
Sepsis/Septic Shock

2012
Tentative draft 



CorticosteroidsCorticosteroids
1. We suggest that a minimum of five day course of 

continuous infusion of intravenous hydrocortisone (200-
300 mg daily and no higher) be used only in adult septic 
shock patients who require persistent high dose of 
vasopressors to keep adequate blood pressure despite 
adequate fluid resuscitation (Grade 2C).

2. We suggest not using the ACTH stimulation test to 
identify the subset of adults with septic shock who 
should receive hydrocortisone (Grade 2B). 

3. We suggest that patients with septic shock receive 
hydrocortisone rather than other steroids (Grade 2B). 
Further we recommend that hydrocortisone alone be 
used instead of hydrocortisone plus fludrocortisone
(Grade 1B).



CorticosteroidsCorticosteroids

4. We suggest that clinicians taper the patient 
from steroid therapy when vasopressors are no 
longer required (Grade 2D).

5. We recommend that corticosteroids not be 
administered for of the purpose of treating 
severe sepsis in the absence of shock (Grade 
1C). 


