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Dysfunction of the hypothalamic-pituitary-adrenal axis in
critical iliness: a narrative review for emergency physicians
Lucas Oliveira Marino and Heraldo Possolo Souza

The stress response to acute disease is characterized

by activation of the hypothalamic-pituitary-adrenal (HPA)
axis and the sympathoadrenal system, increased serum
cortisol levels, increased percentage of its free fraction
and increased nuclear translocation of the glucocorticoid-
receptor complex, even though many pathways may be
inhibited by poorly understood mechanisms. There is no
consensus about the cutoff point of serum cortisol levels
for defining adrenal insufficiency. Furthermore, recent
data point to the participation of tissue resistance to
glucocorticoids in acute systemic inflammatory processes.
In this review, we evaluate the evidence on HPA axis
dysfunction during critical illness, particularly its action on
the inflammatory response, during acute severe injury and
some pitfalls surrounding the issue. Critical iliness-related
corticosteroid insufficiency was defined as a dynamic
condition characterized by inappropriate cellular activity of
corticosteroids for the severity of the disease, manifested
by persistently elevated proinflammatory mediators. There

Introduction

For more than 70years, we have been studying how cor-
tisol acts to maintain body homeostasis, and we are still
far from understanding the whole picture. One example
is how incomplete our knowledge is about the function
of the hypothalamic-pituitary-adrenal (HPA) axis dur-
ing critical illness, particularly sepsis. Hundreds of arti-
cles have been published about this issue, but it remains
unclear whether glucocorticoids improve the outcome of
septic patients or how they work.

It is known that under stress conditions, the need for corti-
sol may increase several times with a concomitant loss of the
circadian rhythm pattern of production [1]. Moreover, mor-
tality in critical patients follows a bimodal pattern, being
higher when serum cortisol levels are elevated (possibly
reflecting the greater severity of the disease) or decreased
(confirming the idea that glucocorticoids are important
for survival of a severe disease) [2]. Unfortunately, deter-
mining the appropriate adrenal response under such acute
challenges is presently impossible due to considerable var-
iability in disease severity, serum protein levels and resist-
ance to hormone activity in different tissues.
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is no consensus regarding the diagnostic criteria and
treatment indications of this syndrome. Therefore, the
benefits of administering corticosteroids to critically ill
patients depend on improvements in our knowledge about
the possible disruption of its fragile signalling structure in
the short and long term. European Journal of Emergency
Medicine 27: 406-413 Copyright © 2020 The Author(s).
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In this short review, we evaluate the literature on HPA
axis dysfunction during critical illness, particularly
its action on the inflammatory response, during acute
severe injury, and we aim to point out some of the pit-
falls in our knowledge on the issue. Most of the stud-
ies reviewed here involve patients with sepsis. It is
understandable, because use of corticosteroids in other
critical illnesses is not recommended (such as acute
cardiovascular syndromes or trauma) or has precise
indications (such as asthma or COPD exacerbations);
however, in sepsis, corticosteroid use is still a contro-
versial matter.

Physiology of the hypothalamic-pituitary-
adrenal axis

In healthy individuals, secretion of cortisol is strictly
controlled by the HPA axis. In situations of imbalance of
homeostasis (cold, infection, haemorrhage, hypotension,
emotional stress, and burn, among others), the hypothal-
amus secretes corticotropin-releasing hormone (CRH),
which, through a pituitary-portal system, reaches the ade-
nohypophysis and stimulates specialized cells to release
adrenocorticotrophic hormone (ACTH) [3]. This hor-
mone acts on the adrenal cortex, stimulating the release
of steroids, especially cortisol. The system is modulated
by a negative feedback mechanism at both the pituitary
and hypothalamic levels (Fig. 1) [3].
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Fig. 1
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Physiology of the HPA axis. Cortisol secretion is rigorously controlled
by the HPA axis, which works with a tethering mechanism of negative
feedback at all levels. Stress stimulates the hypothalamus to increase
the secretion of CRH, a hormone that stimulates specialized cells

of the anterior pituitary gland to release ACTH. ACTH reaches the
adrenal cortex and stimulates the production of steroids, such as
cortisol. Cortisol contributes to the restoration and maintenance of
haemostasis during stress, counteracts many steps of the inflamma-
tory response, stimulates gluconeogenesis and glycogenolysis, and
maintains vascular tone and endothelial integrity. ACTH, adrenocor-
ticotrophic hormone; CRH, corticotropin-releasing hormone; HPA,
hypothalamic-pituitary-adrenal.

Under physiological conditions, cortisol has both diur-
nal and pulsatile secretion patterns, with maximum cir-
culatory levels in the morning and noticeable decreases
throughout the day. The adrenal cortex secretes approx-
imately 20-30 mg of cortisol daily, reaching serum levels
ranging from 5 to 24 pg/dL [1]. Under stress conditions,
secretion may increase 10- to 12-fold [4].

Once released, almost all of the cortisol (90-95%) in cir-
culation is bound to plasma proteins [cortisol-binding
globulin (CBG) and albumin]; however, only the free
fraction is bioactive [3].

Lipid-soluble glucocorticoids easily cross the plasma
membrane and bind to cytoplasmic glucocorticoid recep-
tors. Once activated, the dimeric complex glucocorti-
coid-glucocorticoid receptor changes its conformation
and enters the nucleus. Glucocorticoid exerts an anti-in-
flammatory action through two different mechanisms:
transactivation or transrepression, as illustrated in Fig. 2.

In addition to their action inside the nucleus, the gluco-
corticoid-glucocorticoid receptor complex can also affect
cell signalling inside the cytoplasm, acting on second
messengers such as calcium or cyclic AMP. All these pro-
cesses may occur together or separately, resulting in a
strong anti-inflammatory response [5].

A large interindividual variability of cortisol sensitivity
has been reported in population studies. Although still
poorly understood, this variability seems to be correlated,
at least in part, with genetic variations in glucocorticoid
receptors. Three isoforms of glucocorticoid receptor were
isolated: glucocorticoid receptor-a, more abundant, func-
tionally active; glucocorticoid receptor-f, which partially
inhibits glucocorticoid receptor-a; and glucocorticoid
receptor-P, which optimizes the function of glucocorticoid
receptor-a.. Changes in the levels of each glucocorticoid
receptor isoform are believed to regulate tissue sensitiv-
ity to cortisol [6]. Unfortunately, the particular expression
or activity of these isoforms has not been described in
acute critical patients.

Hypothalamic-pituitary-adrenal axis function
during critical illness

In critical illness, inflammatory mediators (mainly
IL-1a, IL-1B, IL.-6 and TNF-a) activate the HPA axis
at the hypothalamic, pituitary and adrenal levels in
such a way that the pulsatile pattern and the circadian
variability of cortisol secretion are lost [7,8]. The result-
ing hypercortisolism is initially protective, increasing
gluconeogenesis, maintaining intravascular volume and
modulating the inflammatory response. Cortisol levels
remain high throughout the critical illness, despite the
reduction in adrenocorticotrophic hormone (ACTH),
suggesting the participation of other pathways in this
regulation [9,10].

Several mechanisms have been implicated in maintain-
ing high cortisol levels and negative feedback loss during
critical illness:

1. Reduction in cortisol metabolism may occur due to
impaired expression and activation of enzymes asso-
ciated with this process [11].

2. Renal dysfunction prolongs the half-life of circulating
cortisol.

3. Concentrations of cortisol-binding globulin (CBG)
and albumin are decreased, as well as their affinity for
cortisol, increasing the hormone-free fraction [12].

4. Inflammatory cytokines may increase glucocorticoid
receptor affinity, increasing peripheral conversion of
their precursors [12,13].

Once the critical phase of the disease has passed, cor-
tisol levels tend to return to normal. The maintenance
of hypercortisolism, however, seems to be associated
with long-term complications (hyperglycaemia, myo-
pathy, posttraumatic stress disorder, and poor wound
healing) [2].
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Fig. 2
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Mechanism of action of glucocorticoids at the cellular level. (a) Transactivation occurs when glucocorticoid-glucocorticoid receptor binds to
specific DNA sequences [glucocorticoid-response elements (GREs)] and mediates the transcription of anti-inflammatory genes, such as IL-10.
Transrepression is more complex and involves three distinct mechanisms. (b) The glucocorticoid-glucocorticoid receptor complex can bind to
specific sequences that repress the transcription of genes involved in the inflammatory response [negative GREs (nGREs)]. (c) The glucocorti-
coid-glucocorticoid receptor complex can capture coactivators necessary for gene transcription, avoiding their use by proinflammatory transcrip-
tion factors. (d) The glucocorticoid-glucocorticoid receptor complex can attach itself to proinflammatory transcription factors (e.g., NF-kappaB or
AP1, preventing them from connecting to their promoters and consequently, blocking their activity).

In summary, the stress response to acute disease is char-
acterized by activation of the HPA axis and sympathoad-
renal system, increased serum cortisol levels, increased
percentage of its free fraction and increased nuclear trans-
location of the Glucocorticoid-glucocorticoid receptor
complex. In many critical patients, however, this fragile
balance between stimuli and response seems to be lost.
The mechanisms of HPA axis dysfunction in this context
are complex and still poorly understood [14].

Hypocortisolism in critically ill patients may occur due
to structural damage of adrenal glands, HPA axis block-
ade secondary to exogenous corticosteroid replacement
or HPA dysfunction.

Absolute adrenal insufficiency is uncommon in critically
ill patients, with an estimated incidence of less than
3% [15]. A subgroup of patients may develop adrenal
structural damage (infarction, haemorrhage) second-
ary to abdominal trauma, major surgeries, disseminated

intravascular coagulation, heparin-induced thrombocyto-
penia, HIV, fungal infections and tuberculosis [14,16].

Exogenous replacement of glucocorticoids in suppress-
ing doses is also a cause of secondary adrenal insuffi-
ciency. The time required to suppress the axis varies
depending on the dose and from patient to patient. The
axis 1s considered suppressed in patients with clinical
manifestations of Cushing’s syndrome who use 20mg/
day of prednisone or the equivalent for more than three
weeks or in patients taking supraphysiological doses of
glucocorticoids for more than 3-6weeks [17]. Several
other drugs can also cause adrenal insufficiency. Inducers
of cytochrome P-450 (rifampicin, phenytoin) increase
cortisol metabolism, while ketoconazole and etomidate
depress hormone secretion and synthesis [12,18].

Both of these mechanisms of adrenal insufficiency are
rare. Most critically ill patients who develop adrenal
insufficiency present reversible HPA axis dysfunction. A
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condition known as relative or functional adrenal insuffi-
ciency [14].

Functional adrenal insufficiency in critical
patients

The diagnosis of adrenal insufficiency in the presence of
critical illness is challenging. Unfortunately, there is no
universally accepted definition, and authors differ in its
diagnostic criteria. The most common methods used to
classify a patient with functional adrenal insufficiency are
as follows:

1. Total serum cortisol: the most widely available val-
ues for serum cortisol in the literature range from 10
to 34-pg/dL. [14]; however, reduced plasma protein
levels may negatively impact cortisol measurements
[19]. In addition, increased mortality is associated
with both low levels (insufficient stress response)
and high levels (reflective of greater discase severity),
making cortisol levels difficult to interpret [20-22].

2. Free cortisol: the free cortisol concentration more
accurately reflects the activation of the HPA axis,
avoiding the problem of plasma protein concentra-
tions. Moreover, there appears to be a good correlation
between the free cortisol measured and calculated by
the Coolens equation (based on plasma cortisol and
CBG measurements) [23]. Unfortunately, there are
still insufficient data to support the use of free cortisol.

3. High-dose ACTH stimulation test: This test is used
to evaluate the integrity of the HPA axis. It consists of
the administration of 250 pg of intravenous corticotro-
pin and measurement of serum cortisol concentrations
after 30-60 min. A diagnosis of adrenal insufficiency
is suggested if poststimulus cortisol is <20pg/dL or
the increase in cortisol (A cortisol) is <9 pg/dL. [14,24].
The main pitfall of this test is that nonresponse may
not be indicative of insufficiency but rather of a corti-
sol secretion maximally and proportionally appropri-
ate to the stimulus.

4. Low-dose ACTH stimulation test: because 250 pg of
corticotropin is considered a supraphysiological dose
and capable of stimulating cortisol secretion even
with a decreased adrenal reserve, 1pg of corticotro-
pin has been proposed as an alternative [25]. A pro-
spective cohort of 59 septic shock patients was used
to compare both tests, and adrenal insufficiency was
detected in 22% of patients with 1pg corticotropin,
while it was identified in 9% with 250 pg [26].

We can find that, in the literature, functional adrenal
insufficiency diagnosed by all the methods described
above, which makes a comparison among them difficult.

In one of these studies, 46 patients with sepsis were chal-
lenged with high or low doses of corticotropin. Responsive
patients (A cortisol >9pg/dL.), regardless of the test, pre-
sented higher survival rates than nonresponsive patients
[27]. Those who responded only to the 250-pg test

showed higher mortality. It is suggested that the 1-pg cor-
ticotropin test identifies a subgroup of patients with inad-
equate adrenal reserve neglected by the high-dose test
[27]. In another study, a cohort of 189 patients with septic
shock was divided into three prognostic groups according
to baseline cortisol and response to the high-dose ACTH
stimulation test: (1) good prognosis (26% mortality in 28
days) — baseline cortisol <34 pg/dL. and A cortisol >9pg/
dL; (2) poor prognosis (82% mortality in 28 days) — base-
line cortisol >34 pg/dL. and A cortisol <9pg/dL. and (3)
intermediate prognosis (67% mortality in 28 days) — base-
line cortisol >34 pg/dL. and A cortisol 29 pg/dL. or baseline
cortisol <34 pg/dL. and A cortisol <9 pg/dL [2].

As observed, there is no consensus about a cutoff point
of serum cortisol levels for defining adrenal insufficiency.
Moreover, there are other limitations of the assessment of
adrenal function in critically ill patients:

1. Patients may present a spontaneous increase (without
stimulus) in serum cortisol 29 pg/dL., which calls into
question the clinical validity of data obtained after
the ACTH stimulation test [28].

2. Reproducibility of the ACTH stimulation test is
questionable, with varying results when performed in
the same individual on more than one occasion [29].

3. Cortisol metabolism is impaired, which is at least par-
tially responsible for hypercortisolacmia and not only
the activation of the axis [11].

4. Etomidate, a drug commonly used in the context of
critical illness, may interfere with the test results [30].

5. The most accurate cortisol dosing methodology (lig-
uid chromatography with mass spectrometry) is labo-
rious and not wide.ly available and has commonly
been replaced by immunoassays, which present
known pitfalls [31].

In addition, serum cortisol levels may not translate into
activity in tissues. In a study of 35 septic patients undergo-
ing mechanical ventilation, a worrisome discrepancy was
observed between circulating cortisol levels and intersti-
tial cortisol concentrations, measured by a microdialysis
catheter in the subcutaneous tissue of the thigh [32].

Furthermore, tissue resistance to glucocorticoids is a
classically described condition in chronic inflammatory
disorders (COPD, severe asthma, systemic lupus ery-
thematosus, ulcerative colitis and rheumatoid arthritis).
Recent data point to the participation of this condition
in acute systemic inflammatory processes, such as sepsis
and acute respiratory distress syndrome (ARDS).

Several mechanisms have been implicated in the resist-
ance to glucocorticoid associated with systemic inflam-
mation: reduction in glucocorticoid receptor, increase in
B-isoform expression, reduction in glucocorticoid recep-
tor affinity to ligands, altered coactivators of nuclear
receptors, reduction in DNA binding, increased con-
version of cortisol to cortisone, glucocorticoid receptor
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polymorphisms, among others. It is believed that medi-
ators released during critical illness can both stimulate
and inhibit the synthesis and action of cortisol depending
on the severity of the disease, the time of evolution and
the mediator pattern, interfering with the HPA axis and
the glucocorticoid receptor signalling [14]. In an ex-vivo
model, a reduction in nuclear translocation of the gluco-
corticoid receptor-glucocorticoid complex was demon-
strated in patients with fatal ARDS, despite adequate
plasma cortisol concentrations [33]. The results from
other clinical and experimental studies indicate that the
absence of improvement in sepsis and ARDS may corre-
late with failure to activate glucocorticoid receptor and
therefore, in modulating the inflammatory response, a
condition known as systemic inflammation-associated
glucocorticoid resistance [16]. These findings led some
authors to propose the term critical illness-related corti-
costeroid insufficiency (CIRCI).

Critical iliness-related corticosteroid
insufficiency

Adrenal insufficiency in critical patients seems to be a
complex and still unknown medical entity. Considering
all the pitfalls described above, it was suggested that the
term absolute or relative adrenal insufficiency should be
replaced by CIRCI [14].

CIRCI was then defined as a dynamic and usually revers-
ible condition characterized by inappropriate cellular
activity of corticosteroids for the severity of the disease,
manifested by persistently elevated proinflammatory
mediators. There is no consensus regarding the diagnos-
tic criteria and treatment indications of this syndrome
[14].

The signs and symptoms of these patients seem to be
nonspecific. When classic symptoms of adrenal crisis are
present in patients with other clinical signs of adrenal
insufficiency, such as hyperpigmentation, the diagnosis
may be more easily suspected, but only a minority of
these patients show such findings.

More commonly, clinical manifestations of CIRCI are a
consequence of an exacerbated inflammatory response.
Hypotension refractory to volume resuscitation requir-
ing vasopressors is a hallmark for suspicion. The lab-
oratory may show eosinophilia and hypoglycaemia.
Hyponatraemia and hyperkalaemia are uncommon [14].

In the study conducted by Annane ez /. [2] cited above,
the incidence of adrenal insufficiency (A cortisol <9 pg/
dL after 250pg of Cortrosyn) in patients with septic
shock was 54%. On the other hand, a study conducted
in Australia in which patients who received etomidate
were excluded, the incidence of CIRCI in septic shock
patients was 24.5% [34].

Although the definitions are nebulous and not consen-
sual, the evidence showing a dysfunction in cortisol

metabolism during sepsis seems convincing. Therefore,
several studies have addressed how glucocorticoids
should be replaced.

Many randomized controlled trials evaluating glucocor-
ticoid replacement in critically ill patients (severe sepsis,
septic shock and ARDS) have been published in recent
decades [20,28,31,35,36]. Different doses, drugs, strat-
egies and treatment times were tested. Two trials must
be initially mentioned; both included patients with sep-
tic shock and performed a high-dose ACTH stimulation
test. In a multicentric French study, 300 patients were
randomly divided into an intervention group (hydro-
cortisone 50mg 6/6h +fludrocortisone 50 pg/day) and
a control group (placebo). There was a difference in
mortality between the groups, 55 vs. 61%, respectively.
When stratified by adrenal function, those patients with
adequate adrenal reserve (A cortisol>9pg/dL.) had no
mortality benefit or vasopressor weaning, unlike that
observed in patients with diminished adrenal reserve
[20]. On the other hand, the CORTICUS study rand-
omized 499 patients between hydrocortisone and pla-
cebo. There was no difference between the groups
(28-day mortality of 35 vs. 32%, respectively), even
when the subgroups were analysed for adrenal reserve.
The hydrocortisone group showed a more rapid rever-
sion of the shock (3.3 vs. 5.8 days in the placebo group).
Thus, CORTICUS did not show a difference between
high-dose corticosteroid responders or nonresponders to
adjuvant corticosteroid treatment [31]. Although there
were large methodological differences between these
two studies (therapeutic window, fludrocortisone, treat-
ment time, steroid weaning strategy, inclusion criteria,
severity of patients included, percentage of surgical
patients, incidence of adrenal insufficiency) and con-
flicting results, the sepsis and septic shock management
guidelines published state that adjunctive treatment
with corticosteroids should not be based on response to
tests with synthetic AC'TH [37].

A meta-analysis published by Minneci ez /. [38] demon-
strated a linear inverse relationship between disease
severity and glucocorticoid effects on mortality. This
finding suggests that steroids are harmful in less severe
patients and that at low doses, increase the survival in
septic shock with a high risk of death [38]. The hetero-
geneity of the included trials is frequently criticized and
limits the reliability of this effect. Another meta-analysis
published in the same year, considered to be of better
quality, included eight studies (six randomized trials)
with 1876 patients with septic shock and found that
corticosteroid treatment did not result in a difference in
mortality at 28 days, only in shock duration, independent
of adrenal function. The meta-analysis concludes that the
glucocorticoid does not increase the incidence of noso-

comial infections, contrary to what was previously sug-
gested by CORTICUS [39].
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In summary, the use of intravenous hydrocortisone is rec-
ommended in cases of septic shock with poor response
after volume resuscitation and vasopressor therapy, with
dosages not exceeding 400mg/day; dexamethasone
should be avoided because of the possible immediate
and prolonged suppression of the HPA axis; fludrocorti-
sone is dispensable when hydrocortisone is used for its
intrinsic mineralocorticoid effect and progressive wean-
ing is suggested by the risk of increased proinflammatory
mediators and haemodynamic deterioration with abrupt
withdrawal [37].

Evidence for using adjunctive glucocorticoids
in sepsis and septic shock

The last Surviving Sepsis Campaign, published in 2017,
recommends considering adjunctive treatment with a
stress dose of hydrocortisone (<400 mg/day for >3 days at
full dose), regardless of serum total cortisol levels, in the
situation of septic shock with poor response to fluid resus-
citation and vasopressors. We must emphasize that this is
a weak recommendation with low quality of evidence, as
the precise indication and optimal regimen have not yet
been established [37].

The year 2018 was emblematic for this issue because
two randomized clinical trials (ADRENAL [40] and
APROCCHSS [35]) enrolled more patients than all
observational and interventional studies designed since
the 1950s on adjunctive glucocorticoids in sepsis. A mis-
interpretation of these trials could restrict the analysis of
their conflicting results regarding the primary outcome
(90-day mortality), defining APROCCHSS as a positive
study and ADRENAL as a negative one. Nonetheless,
when all things are considered, the real picture is much
more complex than this simple dichotomy.

Indeed, both studies included more than 5000 patients
with septic shock and randomized for hydrocortisone
(and fludrocortisone, in the case of APROCCHSS) vs.
placebo. APROCCHSS demonstrated a lower mortality
rate in the treatment arm (49.1 vs. 43%; P=0.03), a find-
ing not present in ADRENAL. However, both studies
identified a significant reduction in secondary outcomes,
such as the duration of mechanical ventilation, time to
resolution of shock and time to discharge from the ICU.

It must be mentioned that the mortality observed in
APROCCHSS was much higher than that in ADRENAL.
Other differences could have influenced this survival
benefit in APROCCHSS: sample with mean higher
doses of vasopressors, older population, higher frequency
of medical sepsis than surgical sepsis and a shorter time
from shock onset until randomization [35,40].

Notably, it seems unlikely that in the short and medium
term, another similar study would be conducted to address
the use of glucocorticoids in critical patients, comparable
with these very large RC'Ts. Therefore, the task is how to

jointly interpret the lessons coming from these two trials.
Moreover, even the three meta-analyses subsequently
published, which already included APROCCHSS and
ADRENAL, still exhibited conflicting results [41-43].
The prevailing reading of them resides on the potential
benefits, including survival, of low-dose hydrocortisone
restricted to the sickest population with septic shock,
mainly with high doses of vasopressors (refractory shock)
on the early onset of presentation (less than 12 h) [44].

Corroborating the view that only more severe patients
might benefit, the capacity of preventing the develop-
ment of septic shock was touched upon by the HYPRESS
study, published in 2016 [45]. The researchers rand-
omized 380 patients with sepsis to receive low-dose con-
tinuous infusion of hydrocortisone vs. placebo and found
that this approach was not effective.

Another controversial point concerns the prescription
of fludrocortisone. It is not reasonable to attribute the
survival benefit demonstrated in APROCCHSS to the
addition of fludrocortisone, because hydrocortisone has
substantial mineralocorticoid activity. Furthermore, its
half-life is quite short, and its pharmacokinetics and phar-
macodynamics have not been well studied in scenarios
involving critically ill patients [46]. A previously pub-
lished trial (COII'TSS trial), which enrolled 509 patients
with septic shock and multiple organ dysfunction who
received adjunctive hydrocortisone, corroborated this
overcited analysis, as the addition of fludrocortisone to
hydrocortisone and insulin did not achieve a mortality
benefit compared with hydrocortisone alone [47].

The rationale behind the prescription of adjunctive glu-
cocorticoids in sepsis resides in the fact that the intense
reaction induced by a pathogen could lead to derange-
ments of the HPA axis associated with tissue resistance
to cortisol activity (the classic description of CIRCI
reported above), and this ominous and prolonged cycle
of increased proinflammatory mediator secretion (leading
to organ dysfunction) could potentially be interrupted by
exogenous glucocorticoid administration.

Nevertheless, this view disregards the potential perfor-
mance of the stress dose of hydrocortisone attributed to
its mineralocorticoid activity rather than (or not only to)
its anti-inflammatory properties. To our knowledge, no
trials have ever been published comparing hydrocorti-
sone vs. fludrocortisone alone in septic shock scenarios.
Concerning this doubt, they would be very welcome.

Conclusion and future perspectives

We still do not have the whole picture of the HPA axis
and glucocorticoid intracellular signalling during an acute
disease. What we do know is that there is a very complex
network of corticosteroid-secreting enzymes, receptors,
signalling molecules and effectors held together with the
main objective of maintaining body homeostasis.
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How inflammation triggered by bacterial infections may
lead to dysfunction of this network should be a primary
goal in future years for all researchers interested in caring
for critical patients.

The most important trials recently published in this area
show conflicting results, while the prevailing view points
to potential benefits restricted to the sickest subgroup of
patients with septic shock. Unfortunately, these studies
were not designed to correlate glucocorticoid prescrip-
tions with CIRCI pathophysiological aspects (derange-
ments of the HPA axis, inadequate cellular glucocorticoid
activity, or alterations in cortisol metabolism or break-
down); hence, some data that could enlighten our under-
standing of glucocorticoid insufficiency in critical illness
are not available.

Otherwise, in addition to the current evidence indicating
the potential benefits of stress doses of hydrocortisone,
such as refractory septic shock, for a specific subgroup of
patients in the emergency department, there is a patent
misinterpretation of the whole picture. Given this gap
between the understanding of the pathophysiology of
CIRCI and its treatment, from our perspective, it is wor-
risome to generalize the prescription of corticosteroids as
a rule disregarding the possible disruption of this frag-
ile intracellular signalling structure, which may be more
harmful in the short and long term.
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