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SUMMARY

The altered adrenal axis and treatment  
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corticosteroid therapy during critical illness.
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INTRODUCTION
The response of the hypothalamic–pituitary–
adrenal (HPA) axis to the sustained stress of severe 
illness is biphasic, as is the case for the other 
neuroendocrine axes.1,2 The hypothalamic–
pituitary axes have central roles in the endocrine 
regulation of metabolic and immunological 
homeostasis. The severe alterations in response 
to critical illness or after trauma have long been 
known to contribute to a high risk of morbidity 
and mortality. Therapeutic interventions 
designed to correct these alterations—with the 
aim of improving survival—have been studied 
with varying success. 

Much controversy surrounds the topic of 
alterations in the HPA axis. Here, we explain the 
normal physiology of this system and its response 

Critical illness is generally hallmarked by activation of the hypothalamic–
pituitary–adrenal axis. The development of very high levels of cortisol has 
been associated with severe illness and a raised risk of death. Likewise, a 
response that is inadequate relative to the degree of stress, termed relative 
adrenal insufficiency (also known as critical-illness-related corticosteroid 
insufficiency) has been associated with increased mortality. Much 
controversy exists with regard to the definition and biochemical testing of 
an adequate adrenal response to critical illness, which hampers diagnosis. 
High doses of glucocorticoids have been shown to have no effect in this 
setting and might be harmful. Moderate doses have been advocated, 
however, for critically ill patients with inflammatory conditions, such as 
acute respiratory distress syndrome and septic shock syndrome. Initial 
results from proof-of-concept studies were promising but thus far have 
not been reproduced in large, multicenter trials, although the latter were 
underpowered to yield definite conclusions. The role of glucocorticoid 
therapy in intensive care, therefore, remains uncertain. Until the debate has 
been settled, we recommend that use of glucocorticoid therapy in critically 
ill patients should continue to be based on the clinician’s judgment and 
that routine adjuvant use should be avoided. 
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to stress in critically ill patients before discussing 
issues relating to the definition of an appropriate 
response to underlying illness and the possible 
benefits of treatment with glucocorticoids. 

THE ADRENAL AXIS AND CRITICAL ILLNESS 
Physiology of the adrenal cortex
The adrenal cortex is responsible for the produc-
tion of three major steroid hormones: cortisol, the 
main and most physiologically active glucocorti-
coid in humans; aldosterone, a mineralocorticoid; 
and dehydroepiandrosterone, an androgen.

In a stress-free human, cortisol is secreted in a 
diurnal pattern, with levels reaching a peak early 
in the morning and being lowest in the late 
evening. The synthesis and secretion of cortisol 
are stimulated by adrenocorticotropic hormone 
(ACTH). ACTH release by the anterior pituitary 
is mainly regulated by hypothalamic corticotro-
pin-releasing hormone (CRH), but vasopressin is 
also a weak ACTH secretagogue and acts in 
synergy with CRH. Cortisol exerts negative feed-
back control at the level of ACTH, CRH and vaso-
pressin release. More than 90% of circulating 
cortisol is bound to proteins, predominantly to 
corticosteroid-binding globulin and, to a lesser 
extent, to albumin; only free cortisol, however, is 
biologically active. Conversion between inactive 
cortisone and active cortisol is regulated by type 
1 and type 2 11β-hydroxysteroid dehydrogenases. 
Cortisol acts through the glucocorticoid receptor. 
It also has mineralocorticoid activity via its ability 
to bind to the mineralocorticoid receptor. In 
many target tissues, however, this action of corti-
sol is blocked by the coexpression of 11β-
hydroxysteroid dehydrogenase type 2, which 
converts cortisol to inactive cortisone.3,4 

Both dehydroepiandrosterone, considered 
the only biologically active form of this andro-
gen, and its derivative dehydroepiandrosterone 
sulfate are synthesized and secreted by the adre-
nals, a process stimulated by ACTH. Aldosterone 
production is also regulated by ACTH, but a 
more important regulator of this hormone is 
the renin–angiotensin system.

Physiologic actions of glucocorticoids
Glucocorticoids have a major influence on metabo-
lism via their counter-regulatory actions on glucose 
metabolism, which result in insulin resistance and 
hyperglycemia. They also activate lipolysis in adipose 
tissue, have a catabolic effect on muscle by inhibiting 
protein synthesis and activating proteolysis, and are 
involved in bone and mineral metabolism.5

Glucocorticoids have cardiovascular effects and 
play a part in maintenance of myocardial contrac-
tility, vascular tone, and blood pressure by modu-
lating synthesis of and/or cardiovascular reactivity 
to angiotensin II and the catecholamines epi-
nephrine and norepinephrine, regulating vascular 
permeability, and decreasing production of nitric 
oxide and other vasodilators.5

The immune system is also affected by glu-
cocorticoids. Actions include stimulation of 
anti-inflammatory cytokine production and 
inhibition of proinflammatory cytokine produc-
tion, inflammatory cell migration, and expression 
of inflammatory mediators (e.g. phospholipase 2, 
prostaglandin synthase 2, cyclo-oxygenase 2 and 
inducible nitric oxide synthase).5,6 Three distinct 
mechanisms account for these effects: genomic 
actions by direct binding of the liganded glu-
cocorticoid receptor to DNA; interaction of the 
ligand-bound receptor with other transcription 
factors, in which interference with NF-κB signal-
ing plays a major part; and nongenomic actions 
mediated by second messenger systems, activa-
tion of kinase pathways, and ion fluxes.6,7

Response of the adrenal axis to critical 
illness
Any type of acute illness or trauma results in 
loss of the diurnal variation in cortisol secre-
tion.8 In the early phase of critical illness cortisol 
levels frequently rise, either directly, in response 
to increased release of CRH and ACTH, or via 
resistance to or inhibition of negative-feedback 
control, exerted by cortisol.8,9 Specific cytokines, 
concentrations of which are elevated in critical 
illness, have been shown to activate the HPA 
axis and to modulate the activity of the 11β-
hydroxysteroid dehydrogenases and the number, 
affinity or both of glucocorticoid receptors.10–12 
Levels of corticosteroid-binding globulin are 
substantially depleted,13,14 due primarily to 
decreased hepatic production15 but also due in 
part to elastase-induced cleavage,16 which could 
represent a mechanism of cortisol delivery to 
sites of inflammation.17 Also, severely reduced 
albumin levels have been observed in critically ill 
patients.18 The loss of cortisol-binding proteins 
results in proportionally much higher increases 
in the levels of the free hormone relative to the 
total cortisol level.13,14,18 

In the chronic phase of critical illness, high 
cortisol levels are generally sustained. In con-
trast to the acute phase, ACTH levels are low, 
indicating that pathways not mediated by this 
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hormone are involved.19,20 In sustained critical 
illness, levels of corticosteroid-binding globulin 
gradually increase.13,14 Cortisol levels decrease 
only slowly, reaching normal levels in the recov-
ery phase of illness.1

Both very high and very low cortisol levels have 
been associated with increased mortality from 
critical illness.21 This finding suggests that appro-
priate activation of the HPA axis is a determin-
ing factor for survival. High cortisol levels reflect 
severe stress, whereas low levels, at baseline and/
or upon ACTH stimulation, could point to an 
inability to sufficiently respond to stress.22 This 
effect is termed relative adrenal insufficiency (also 
known as critical-illness-related corticosteroid 
insufficiency). The hypercortisolism induced by 
acute stress is crucial, as it fosters the acute provi-
sion of energy by altering carbohydrate, fat and 
protein metabolism, protects against excessive 
inflammation by suppressing the inflammatory 
response, and improves hemodynamic status 
by inducing fluid retention and sensitization of 
the vasopressor response to catecholamines.1,11 
Whether the persistent elevation of cortisol levels 
is beneficial in sustained critical illness is unclear 
as, in theory, it could contribute to increased sus-
ceptibility to infectious complications.

Dehydroepiandrosterone sulfate levels decrease 
in response to critical illness, as documented for 
severe sepsis and septic shock.19,23,24 Nevertheless, 
levels of dehydroepiandrosterone have been 
found to increase in acute illness. The most 
severely ill patients and nonsurvivors have a high 
ratio of cortisol to dehydroepiandrosterone. This 
ratio has, therefore, been proposed as a novel 
potential prognostic marker in septic shock.23 

THE CONCEPT OF RELATIVE ADRENAL 
INSUFFICIENCY
In a substantial fraction of critically ill patients, 
cortisol response is believed to be inadequate rela-
tive to the severity of illness and degree of stress. 
Although the concept of relative adrenal insuffi-
ciency has been related to increased morbidity and 
mortality in several studies, its actual existence 
remains controversial. The reported incidence of 
this condition varies widely, depending on the 
patient population studied and diagnostic criteria 
used.25 The variation in expected cortisol levels 
according to type and severity of disease hampers 
the creation of a standardized definition of normal 
biochemical response to illness. Several criteria 
have been proposed—based on random cortisol 
levels, stimulation tests to assess functionality of 

the whole or parts of the adrenal axis, or both—
but no consensus has been reached. Proposed 
thresholds are 276–938 nmol/l for minimum base-
line total cortisol levels, 497 nmol/l for stimulated 
total cortisol levels, and 193–248 nmol/l for total 
cortisol increment after stimulation, or certain 
combinations of thresholds for baseline cortisol 
and increment after stimulation.6,22,25–27 
Thresholds for free cortisol levels of 49.7 nmol/l 
before and 85.6 nmol/l after stimulation have also 
been proposed.18 

Such cut-off levels all emerged from empirical 
studies of factors associated with poor outcome. 
For instance, in the study by Rothwell et al.27 all 
patients with a cortisol response below 250 nmol/l 
died, versus 32% of those with a higher response. 
A three-level prognostic classification for patients 
with septic shock was determined by Annane 
et al.22 based on the association of cortisol levels 
with mortality at 28 days after diagnosis of septic 
shock. A reasonable prognosis (mortality 26%) 
was observed in patients with baseline cortisol 
levels of 938 nmol/l or lower and a maximum 
increment after ACTH stimulation of more than 
250 nmol/l; a poor prognosis (mortality 82%) 
was indicated by baseline cortisol levels higher 
than 938 nmol/l and a maximum increment of 
250 nmol/l or lower.

Confounding factors in the biochemical 
diagnosis of relative adrenal insufficiency
Several diagnostic tests are available for evalu-
ating cortisol response in a patient who is not 
in an intensive care unit, including ACTH stim
ulation, the metyrapone test and the insulin-
tolerance (hypoglycemia) test, all of which have 
inherent limitations. The insulin-tolerance test 
assesses the integrity of the whole HPA axis and 
has traditionally been regarded the gold standard. 
It is, however, unreliable, and unsafe to perform 
in critically ill patients given the risk of devel-
oping severe hypoglycemia. Decreasing cortisol 
concentrations by administration of metyrapone 
in order to evaluate the compensatory response 
might also expose the patients to severe risk. 

Stimulation with ACTH is preferentially 
used to assess cortisol response in critically ill 
patients, but the optimum ACTH dosage con-
tinues to be debated. Pharmacological dosing 
with 250 μg ACTH leads to supraphysiologic 
stimulation and might elicit an adequate 
response despite inadequate adrenal reserve, as 
such a high dose could overcome adrenal resis-
tance to ACTH. Physiologic testing with 1 μg 
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ACTH has been performed to identify patients 
with relative adrenal insufficiency who would 
have been overlooked when using the high-dose 
test,28,29 but the value of the findings has been 
brought into question.30,31 

The adrenals of critically ill patients might 
already be maximally stimulated at baseline. 
Diagnostic criteria based on a minimum rise in 
cortisol after ACTH are probably invalid in such 
individuals and the use of stimulated cortisol 
level is supported. The latter approach could, 
however, be affected by disturbances in cortisol 
metabolism and by the marked hourly variation 
in cortisol that continues to occur despite loss 
of the circadian rhythm.32 Furthermore, the 
response to a short stimulation test might not 
reliably reflect the response to chronic stress.

Routine cortisol assays measure total levels of 
the hormone, despite only the free hormone being 
biologically active. This issue is important given 
the depletion of cortisol-binding globulins during 
critical illness.13,14 Accordingly, appropriate 
levels and responses of free cortisol have been 
observed in patients despite abnormalities in 
total cortisol levels,18 partly invalidating the 
use of total hormone levels in the diagnosis of 
relative adrenal insufficiency. Direct determi-
nation of free cortisol levels is, however, labor-
intensive and impractical for routine clinical use. 
Alternative surrogate markers are the free corti
sol index,19 free cortisol levels calculated from 
total cortisol and cortisol-binding globu-
lins,14,33,34 and salivary cortisol levels.25 

Another confounding factor relates to the 
wide variety of total cortisol assays that are 
commercially available. Given the differences 
in specificity, sensitivity, accuracy, precision 
and reproducibility, many of these assays over
estimate or underestimate actual cortisol levels35 
and, as such, hamper the correct diagnosis of 
relative adrenal insufficiency.

Potential development of (tissue-specific) 
glucocorticoid resistance might hinder accu-
rate diagnosis of relative adrenal insufficiency, 
warranting adjustment of the criteria for appro-
priate cortisol levels in this condition. Another 
important consideration is that patients whose 
initial responses appear adequate could develop 
adrenal insufficiency at a later stage.

Clinical suspicion might increase the sensitivity 
and specificity of ACTH-stimulation testing for 
relative adrenal insufficiency in critically ill 
patients (Box 1). The most common clinical 
feature associated with this condition, although 

very nonspecific in the critically ill, is hypotension 
refractory to fluid resuscitation and requiring 
vasopressors.8,36 Such patients frequently have 
hyperdynamic circulation, and the development 
of central nervous system dysfunction is 
common.8,19,36 Causes of adrenal insufficiency in 
critically ill patients are listed in Box 2.

TREATMENT WITH GLUCOCORTICOIDS 
DURING CRITICAL ILLNESS
The use of glucocorticoids during critical illness 
has been advocated mainly for two indications: 
acute respiratory distress syndrome and septic 
shock syndrome. Approaches to therapy have, 
however, undergone a major evolution in the 
past few decades, although on the basis of various 
rationales. From the 1960s until early 1980s, 
very high doses of corticosteroids were used to 
block the inflammatory cascade that perpetu-
ates acute respiratory distress syndrome and 
septic shock syndrome. Daily doses of 30 mg/kg 
methylprednisolone were widely administered. 

Box 1 Features supporting clinical suspicion  
of adrenal insufficiency.

General
Fever, purpura fulminans

Clinical 
Critical illness
	 Hemorrhage (disseminated intravascular  
	 coagulation, thrombocytopenia)

	 Surgery (adrenalectomy, suprarenal vascular 
	 surgery)

	 Disseminated bacterial, viral or fungal infection
Drug-related factors

	 Previous use of glucocorticoids
	 Decreased cortisol synthesis (etomidate,  

	 ketoconazole)
	 Increased cortisol metabolism (phenytoin,  

	 phenobarbital, rifampicin)

Mental
Weakness, fatigue, lethargy, agitation, apathy, 
depression, delirium, coma

Gastrointestinal
Anorexia, nausea, vomiting, diarrhea, abdominal pain

Hemodynamic
Unexplained circulatory instability, hypovolemic 
shock, hyperdynamic shock

Laboratory
Hypoglycemia, hyponatremia, hyperkalemia, 
hypercalcemia, neutropenia, eosinophilia, 
hyperprolactinemia, hypothyroidism
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Despite some promising reports from animal 
studies and small but methodologically flawed 
clinical studies, larger, multicenter, random-
ized, controlled trials37,38 and meta-analyses39,40 
could not confirm beneficial effects in sepsis. 
Glucocorticoid therapy during acute respiratory 
distress syndrome fared similarly, as high-dose, 
short-course therapies aimed at inhibiting the 
inflammatory response during the early phase of 
illness yielded no improvements in survival.41,42

Moderate-dose glucocorticoid strategies are 
now being assessed. Two paradigms have led 
to this testing. Firstly, arterial resistance vessels 
are thought to become hyporesponsive to cat-
echolamines during severe sepsis, yet improve 
with moderate-dose corticosteroids.43 Secondly, 
the concept of relative adrenal insufficiency was 
based on the observation that patients in septic 
shock have a blunted cortisol response to stimu-
lation with ACTH, despite high baseline serum 
cortisol levels.22,27 Hence, substitution with  
so-called moderate-stress or physiological-stress 

doses of 200–300 mg hydrocortisone daily during 
septic shock or 1–2 mg/kg methylprednisolone 
daily in acute respiratory distress syndrome was 
hypothesized to be beneficial. 

Acute respiratory distress syndrome
Meduri et al.44 sought to confirm whether long-
term glucocorticoid treatment during acute 
respiratory distress syndrome could reduce 
mortality. In this study, 24 patients with severe 
acute respiratory distress syndrome in whom 
lung injury score had not improved by day 7 
were randomly assigned placebo or 2 mg/kg 
methylprednisolone daily for 2 weeks, with doses 
gradually tapered over at least another 2 weeks. 
Reductions were seen in the lung injury score and 
multiple organ dysfunction scores in the methyl-
prednisolone group. Mortality while in intensive 
care was strikingly decreased from 62% to 0%, 
and hospital mortality from 62% to 12%. Aspects 
of the study methods have, however, caused 
concern, as the protocol contained a crossover 
provision for patients who did not respond after 
10 days of therapy. Hence, in the placebo group 
four of eight patients were switched to methyl
prednisolone, albeit in a blinded fashion. In 
addition, the study was designed as a sequen-
tial clinical trial, in which sample size was not 
calculated in advance and data were examined 
in a series of interim analyses, and the study was 
stopped when there was sufficient evidence that 
the treatments differed significantly.

To confirm these results, a multicenter, placebo-
controlled, double-blind trial was performed by 
the National Heart, Lung, and Blood Institute 
Acute Respiratory Distress Syndrome Clinical 
Trials Network.45 The primary end point in this 
study was mortality at 60 days, with the number 
of ventilator-free days and organ-failure-free days 
being secondary end points. All patients with 
chronic respiratory disease and those taking 
corticosteroids were excluded, leaving 180 
patients to be randomly assigned placebo or 
2 mg/kg methylprednisolone daily for up to 
25 days. Methylprednisolone increased the 
number of days free from ventilator use and 
organ failure before day 28 compared with 
placebo, but mortality was not lowered at day 60 
(placebo 28.6% [95% CI 20.8–38.6%] versus 
methylprednisolone 29.2% [95% CI 20.8–
39.4%]). The short-term benefits in improved 
lung function achieved with methylprednisolone 
appeared to be offset by increased return to 
assisted breathing. Moreover, methylprednisolone 

Box 2 Causes of adrenal insufficiency in critical 
illness.7,11,36

Decreased production of cortisol
Hypothalamic–pituitary dysfunction 

	 Anatomical damage to hypothalamus or  
	 pituitary gland

	 Congenital ACTH deficiency 
	 Interfering drugs (e.g. glucocorticoids)
	 Immaturity of the HPA axis (neonates,  

	 particularly preterm infants)
Destructive or functional disease of the adrenal gland

	 Hemorrhage or infarction
	 Long-term use of glucocorticoids before critical  

	 illness
	 Drugs interfering with cortisol production  

	 (e.g. etomidate)
	 Adrenal exhaustion syndrome as a result of  

	 long-term critical illness
	 Substrate deficiency

ACTH and cortisol resistance
Decreased delivery and tissue uptake (e.g. depletion 
of CBG)
Decreased expression of GR
Decreased affinity of GR
Decreased function of GR (postreceptor defects)
Increased tissue conversion of cortisol to cortisone 
(e.g. drugs that interfere with this process)

Abbreviations: ACTH, adrenocorticotropic hormone; 
CBG, corticosteroid-binding globulin; CRH, corticotropin-
releasing hormone; GR, glucocorticoid receptor; HPA, 
hypothalamic–pituitary–adrenal.
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treatment increased mortality risk when started at 
least 14 days after the onset of acute respiratory 
distress syndrome and augmented the incidence of 
myopathy and neuropathy. Of note, the study suf-
fered from slow recruitment—spanning a period 
of 7 years—during which time intensive-care 
practice might have evolved considerably. 

As timing of methylprednisolone therapy 
seems to play a determining role in outcome, 
a third, important, randomized, double-blind, 
placebo-controlled trial was set up to study the 
effect of this drug (1 mg/kg daily) in 91 patients 
with early severe acute respiratory distress syn-
drome.46 Among these, 66% had concomitant 
sepsis, and a quarter had adrenal insufficiency 
at enrollment. All patients were enrolled within 
3 days of the acute respiratory distress syn-
drome being diagnosed, and treatment lasted 
up to 28 days. Methylprednisolone therapy 
reduced the lung injury score, doubled the 
proportion of patients breathing without assis-
tance, and halved intensive-care-unit mortality 
from 42.9% in the placebo group to 20.6% in 
the study group. A confounding factor in this 
study, however, was the use of open-label methyl
prednisolone treatment for patients whose lung 
injury had not improved by days 7–9. 

In all three studies methylprednisolone did 
not increase the frequency of infectious compli-
cations; in fact, in the trials by Meduri et al.,44,46 
incidence of infection was surveyed weekly by 
bronchoalveolar lavage. 

On the basis of trials with mortality as the 
primary end point, the use of glucocorticoids, 
even at a low dose of 1 mg/kg methylprednisolone 
daily, cannot be systematically recommended in 
nonresolving acute respiratory distress syn-
drome, although a benefit on pulmonary func-
tion is quite likely. The controversy surrounding 
the use of corticosteroids in this syndrome is 
further highlighted by the contrasting findings 
of two meta-analyses, which included different 
trials and were limited by clinical and moderate 
statistical heterogeneity.47,48

Septic shock syndrome
The use of glucocorticoids during septic shock 
has also been promoted. The incentive has  
been the supplementation of relative adrenal 
insufficiency rather than the inhibition of the 
inflammatory response. 

In the late 1990s several reports showed that 
administration of supraphysiologic doses of 
hydrocortisone reversed septic shock. Bollaert 

et al.49 and Briegel et al.50 demonstrated in 41 
and 40 patients, respectively, that those receiving 
300 mg hydrocortisone daily had earlier shock 
reversal and substantially shorter need for vaso-
pressor support than those receiving placebo. 
These small trials led to the seminal multicenter 
study by Annane and co-workers,26 in which 
300 patients with septic shock who were receiv-
ing vasopressor therapy were randomly assigned 
placebo or 200 mg hydrocortisone plus 50 μg 
fludrocortisone. This study’s major strength 
was the use of 28-day mortality as end point. 
Additionally, relative adrenal insufficiency was 
tested with the short ACTH test. Hydrocortisone 
administration was associated with a reduction in 
the duration of vasopressor therapy and in mor-
tality (10% absolute risk reduction) in patients 
who were unable to produce an adequate total 
cortisol response to ACTH. 

The latter finding points to some complexity 
in the interpretation of the results of the Annane 
et al. trial. The effect of steroid supplementation 
on withdrawal of vasopressor therapy was sig-
nificant in the entire study population (i.e. both 
responders and nonresponders to ACTH), yet the 
mortality reduction in the steroid supplementa-
tion group was present only in the patients who 
did not show an adequate cortisol response to 
ACTH. A confounding factor might have been 
introduced by the use of etomidate (a drug used 
as a narcotic for tracheal intubation but that is 
known to suppress adrenal function) in 72 (24%) 
patients, of whom 68 were classified as non
responders to ACTH. Although the use of etomi-
date is an important feature of clinical practice, 
and patients who received this drug might benefit 
from treatment with hydrocortisone, these results 
do not allow generalization of such therapeutic 
effect of hydrocortisone replacement therapy to 
patients not receiving the drug.

There are some other methodological con-
cerns relating to this pioneer study, such as the 
use of one-sided statistical testing, which basi-
cally excludes possible harmful effects of steroid 
administration from the analysis, the use of the 
Cox’s proportional hazards model, which cor-
rects for baseline differences between the ran-
domized groups, and a power calculation that 
assumed 95% mortality in the nonresponder 
placebo subgroup. In hindsight, a more realistic 
sample size calculation would have shown that 
for a baseline mortality of 63%, 400 patients in 
each group of a parallel study, with two inde-
pendent groups, would be needed to show an 
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absolute risk reduction of 10% with a statistical 
power of 80%. These values are important for 
repeat studies on this topic. 

To settle the controversy and evaluate the 
efficacy and safety of hydrocortisone therapy 
in a broad population of patients with septic 
shock, the Corticosteroid Therapy of Septic 
Shock (CORTICUS) study was performed.51 
In this multicenter, randomized, double-blind, 
placebo-controlled trial patients received 
either placebo or 200 mg hydrocortisone daily 
for 5 days followed by a tapering period. The 
primary end point was mortality at 28 days in 

patients with inadequate total cortisol responses 
to ACTH. This trial confirmed that hydro
cortisone treatment shortens the duration of 
time to shock reversal in the entire population 
of patients with septic shock (hydrocortisone 
3.3 days [95% CI 2.9–3.9 days] versus placebo 
5.8 days [95% CI 5.2–6.9 days]) as well as in 
responders to ACTH (hydrocortisone 2.8 days 
[95% CI 2.1–3.3 days] versus placebo 5.8 days 
[95% CI 5.2–6.9 days]). However, no mor-
tality benefit could be shown at 28 days in 
nonresponders (hydrocortisone 39.2% [95% 
CI 30.5–47.9%] versus placebo 36.1% [95% 
CI 26.9–45.3%]) or the entire population 
(hydrocortisone 34.3% [95% CI 28.3–40.2%] 
versus placebo 31.5% [95% CI 25.6–37.3%]). 
Moreover, hydrocortisone supplementation 
increased the incidence of septic shock relapse, 
hyperglycemia and hypernatremia.

Two main factors could explain the nega-
tive findings in the above study. Firstly, because 
of slow recruitment the trial was stopped after 
only 500 of the planned 800 patients had been 
enrolled. Secondly, baseline mortality in the 
placebo subgroup of patients not responding to 
ACTH was much lower in the CORTICUS trial 
than in the landmark study by Annane et al.26 
(36% versus 63%), which suggests a less-severely 
ill patient population. The combination of these 
factors resulted in an underpowered the study, 
which substantially weakens any negative results. 
The trial profile diagram was not published, thus 
preventing judgment on possible selection bias. 
In addition, the short ACTH test seemed not to 
satisfactorily predict which patients would benefit 
from hydrocortisone supplementation, despite 
being useful in the prediction of mortality.52 

Other clinical conditions 
An important study contributing to the debate 
on the benefit of using corticosteroids is the 
Corticosteroid Randomisation After Significant 
Head Injury (CRASH) trial.53 After numerous 
small studies hinted an advantage of cortico
steroid administration in head trauma manage-
ment, this large (n = 10,008), international, 
randomized, placebo-controlled trial showed 
that high-dose methylprednisolone increased 
the risk of death after considerable head injury. 
Other well-controlled studies suggested that 
corticosteroids prevent atrial fibrillation after 
cardiac surgery54 and laryngeal edema after extu-
bation.55 The long term safety profile for these 
indications, however, remains unclear.

Box 3 Recommendations for the use of corticosteroids during critical illness 
and septic shock.15,61,62

■	 Dysfunction of the HPA axis in critical illness is best described by the term 
adrenal insufficiency (also known as critical-illness-related corticosteroid 
insufficiency), although the differentiation of absolute and relative adrenal 
insufficiency remains controversial

■	 The current best diagnostic assessment for adrenal insufficiency in all 
critically ill patients is stepwise measurement of total cortisol levels, 
including random/basal levels and peak response after 250 μg ACTH

■	 The ACTH stimulation test should not be used in patients with no clinical 
features of adrenal insufficiency to identify those with septic shock or ARDS 
who should receive glucocorticoids

■	 Free cortisol measurements cannot be recommended for routine use at  
this time

■	 Moderate-dose hydrocortisone therapy can be considered in the 
management strategy of patients with septic shock, particularly those who 
have responded poorly to fluid resuscitation and vasopressor agents

■	 Moderate-dose glucocorticoids might be considered in the management 
strategy of patients with early severe ARDS (PaO2:FiO2 <200) and before 
day 14 in patients with unresolving ARDS, but the optimum duration of 
glucocorticoid treatment is unclear

■	 Glucocorticoid treatment should be tapered slowly and not stopped abruptly

■	 The dose of intravenous hydrocortisone for septic shock should be 200 mg 
daily in four equally divided doses or as a bolus of 100 mg followed by 
continuous infusion at 10 mg/h (240 mg daily). The initial dosing regimen in 
patients with early severe ARDS is methylprednisolone 1 mg/kg daily as a 
continuous infusion

■	 Treatment with fludrocortisone (50 μg orally once daily) is optional

■	 Dexamethasone is not recommended for the treatment of septic shock  
or ARDS

Abbreviations: ACTH, adrenocorticotropic hormone; ARDS, acute respiratory distress 
syndrome; FiO2, fraction of inspired oxygen; HPA, hypothalamic–pituitary–adrenal; PaO2, 
partial arterial pressure of oxygen.
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Eye to the future
As the clinical trials on the use of glucocorticoids 
in the acute respiratory distress syndrome and 
the septic shock syndrome remain inconclu-
sive, further research on HPA axis function in 
critical illness is necessary. Ideally, the biological 
effects of steroids during critical illness should be 
assessed by measuring, for instance, glucocorti-
coid receptor activation, as total cortisol is rather 
nonspecific and free cortisol levels too hard to 
quantify directly. Furthermore, the behavior of the 
HPA axis in the chronic phase of critical illness, 
hallmarked by dysfunctional pituitary release of 
ACTH, deserves more attention. Stimulation of 
the HPA axis by upstream substitution with CRH 
or ACTH might, for example, be a better method 
to bring about the right level of HPA activity, 
but the clinical benefit of this approach is yet to 
be proven.56 Additionally, the interaction of the 
HPA axis with the somatotropic and thyrotropic 
axes and reactivation of the axes with releasing 
factors (growth-hormone-releasing hormone, 
growth-hormone-releasing peptide 2 and TSH-
releasing hormone)1,2 would be an interesting 
area of research. As a counter-regulatory hormone, 
cortisol antagonizes the effects of insulin and 
aggravates hyperglycemia. As strict blood glucose 
control with intensive insulin therapy has been 
shown to decrease morbidity and mortality during 
critical illness,57,58 theoretically both strategies 
should be adopted in combination. 

If the fundamentals of the concept of gluco-
corticoid supplementation are not better under-
stood, drafting future guidelines for clinicians 
will remain a challenge. An absolute reduction in 
the risk of death in the intention-to-treat popu-
lation seems unlikely to surpass the 10% mark 
(intensive insulin therapy 3–4% and drotrecogin 
α 6% absolute risk reduction);57–59 therefore, a 
study sufficiently powered to detect a difference 
in a clinically hard end point, such as mortality, 
would require a very large number of patients. 

CONCLUSIONS
Undoubtedly, the discussion of whether glucocor-
ticoids have a pivotal role in the management of 
inflammatory syndromes in critical illness will not 
be settled for some time. The major culprit for this 
ongoing debate is the great divide between the 
promising results in the original, small and 
thought-provoking studies that launched the 
concept and the less favorable data from the  
subsequent multicenter trials, which tried to eval-
uate these earlier findings in broader, real-life 

populations. Design-related features, such as slow 
recruitment of patient populations that differ 
from those in the original trials and too-small 
sample sizes, have compromised possible conclu-
sions from these studies and hampered generaliz-
ability. The heterogeneity of the case-mix and 
lower risk of death is also not helpful in harnessing 
the statistical power of these studies.

While awaiting larger, adequately powered 
and targeted studies, designed by trials consor-
tia,60 physicians should adopt a common sense 
policy for steroid use in individual patients. This 
approach is supported by a consensus state-
ment from the American College of Critical Care 
Medicine61 and by the Surviving Sepsis Campaign 
guidelines62 (Box 3). Clinical decision-making 
based on results from the ACTH test remains a 
huge challenge, as the most appropriate interpre-
tation of such results in the critically ill is unclear 
and the test cannot accurately define a patient 
population that will benefit from hydrocortisone 
therapy. An interesting alternative approach 
recommends a three-level test: first, clinical sus-
picion of adrenal insufficiency; second, basal cor-
tisol testing; and finally, if necessary, the ACTH 
test with peak cortisol levels as the end-point 
(Figure 1).15 Moreover, judging on the presently 
available clinical data, glucocorticoids cannot be 
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Figure 1 Diagnostic algorithm for adrenal insufficiency. Abbreviation: ACTH, 
adrenocorticotropic hormone.15
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generally recommended as a routine adjuvant 
therapy, neither in acute respiratory distress nor 
in septic shock. Glucocorticoids have, however, 
earned their spot among other rescue strategies in 
subgroups with the highest mortality risk.

KEY POINTS
■	 An appropriate response of the hypothalamic–

pituitary–adrenal axis to the severe stress of 
critical illness is essential for survival, as both 
very high cortisol responses and low responses 
(so-called relative adrenal insufficiency) have 
been associated with increased mortality

■	 The adrenocorticotropic hormone stimulation 
test is widely used to assess activation of the 
hypothalamic–pituitary–adrenal axis, albeit 
without a confirmed optimum dose

■	 The concept of relative adrenal insufficiency 
remains enigmatic as there is no consensus 
about the accurate biochemical diagnostic 
criteria by which to identify this condition, 
particularly since total cortisol response does 
not necessarily reflect response at the free 
hormone level

■	 Initial studies on moderate-dose glucocorticoid 
therapy in acute respiratory distress syndrome 
or septic shock syndrome showed major clinical 
benefits; larger, multicenter trials did not confirm 
these results or even suggested harm, but 
statistical power or design issues hamper solid 
conclusions

■	 Demonstrating a survival benefit for 
glucocorticoid therapy in critically ill patients 
is challenging due to the enormous number of 
patients that would be needed in order to obtain 
sufficient statistical power, but trial consortia 
might enable such studies

■	 Until the issues surrounding the role of 
glucocorticoid therapy in critical illness are 
resolved, physicians should not use these drugs 
as routine adjuvant therapy, although use as a 
rescue strategy at the clinician’s discretion is 
acceptable
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