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The brain houses vital hormonal regulatory structures such as the hypothalamus and pituitary gland, which may confer unique 
susceptibilities to critical illness-related corticosteroid insufficiency (CIRCI) in patients with neurological disorders. In addition, 
the frequent use of steroids for therapeutic purposes in various neurological conditions may lead to the development of steroid 
insufficiency. This abstract aims to highlight the significance of understanding these relationships in the context of patient care 
and management for physicians. Neurological disorders may predispose patients to CIRCI due to the role of the brain in hormonal 
regulation. Early recognition of CIRCI in the context of neurological diseases is essential to ensure prompt and appropriate 
intervention. Moreover, the frequent use of steroids for treating neurological conditions can contribute to the development of 
steroid insufficiency, further complicating the clinical picture. Physicians must be aware of these unique interactions and be 
prepared to evaluate and manage patients with CIRCI and steroid insufficiency in the context of neurological disorders. This 
includes timely diagnosis, appropriate steroid administration, and careful monitoring for potential adverse effects. A comprehensive 
understanding of the interplay between neurological disease, CIRCI, and steroid insufficiency is critical for optimizing patient care 
and outcomes in this complex patient population.
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BACKGROUND 

Patients with neurological critical illness may suffer from 

hormone deficiencies for various reasons. To diagnose and 

understand this, it is essential to recognize the physiological 

characteristics of the hypothalamic-pituitary-adrenal (HPA) 

axis and administer suitable steroids. Critical illness-related 

corticosteroid insufficiency (CIRCI) should be considered 

whenever a patient presents with an unexplained decreased 

level of consciousness, persistent hemodynamic instability, 

hypoglycemia, electrolyte imbalance, or fever despite the use 

of inotropes, and an adrenocorticotropic hormone (ACTH) 

stimulation test or empiric steroid administration is recom-

mended. However, indiscriminate steroid use may increase 

the risk of infection or gastrointestinal bleeding, so it is im-

perative to be cautious. In neurologically critical patients, ste-

roids are not recommended for controlling intracranial pres-

sure and cerebral edema but should be reserved for cases such 

as adrenal insufficiency or electrolyte abnormalities. In addi-

tion, drug-induced adrenal insufficiency may occur in pa-

tients who have received steroids for a long period of time, so 

care should be taken when reducing the dosage.

LITERATURE REVIEW

HPA axis
The hypothalamus, pituitary gland, and adrenal glands 

form a complex that directly or indirectly influences one an-

other to secrete hormones and suppress hormone secretion 

through a feedback mechanism. Corticotropin-releasing hor-

mone (CRH) secreted by the hypothalamus triggers the pitu-

itary gland to secrete ACTH, which then prompts the adrenal 

cortex to secrete cortisol. When cortisol levels rise, hormone 

homeostasis is maintained by suppressing CRH secretion 

from the pituitary gland through a negative feedback mecha-

Fig. 1. Hypothalamic-pituitary-adrenal (HPA) axis regulation. This schematic diagram illustrates the key components and interactions within the HPA 
axis, highlighting the regulatory role of the hypothalamus, pituitary gland, and adrenal cortex in stress response and hormonal balance. The �gure 
demonstrates the release of corticotropin-releasing hormone (CRH) from the hypothalamus, which triggers the secretion of adrenocorticotropic 
hormone (ACTH) from the anterior pituitary gland. Subsequently, ACTH stimulates the adrenal cortex to produce cortisol, the primary stress hormone. 
The HPA axis is regulated through a negative feedback loop, where increased cortisol levels inhibit the release of both CRH and ACTH, maintaining 
hormonal homeostasis.
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nism. The HPA axis is a crucial neuroendocrine system in the 

brain that responds to stress, activates under stress, and plays 

a central role in regulating numerous homeostatic systems in 

the body, including cardiovascular, immune, metabolic, re-

productive, and central nervous systems14) (Fig. 1).

The adrenal cortex, activated through the HPA axis, uses 

cholesterol as a precursor to produce glucocorticoids (cortisol), 

mineralocorticoids (aldosterone), and adrenal androgens (de-

hydroepiandrosterone, DHEA). Mineralocorticoids act on 

Na+/K+ pumps in renal tubule epithelial cells and regulate 

electrolyte and water balance (Na and H2O uptake and K secre-

tion). DHEA is a reproductive hormone that plays a role in fetal 

development and as a sex hormone. Glucocorticoids are mainly 

involved in carbohydrate, fat, and protein metabolism and ex-

hibit anti-inflammatory, immunosuppressive, antiproliferative, 

and vasoconstrictor effects. Glucocorticoids’ anti-inflammato-

ry and immunosuppressive actions involve inducing (anti-in-

flammatory response) or suppressing (inflammatory response) 

gene transcription by directly or indirectly acting on cytoplas-

mic glucocorticoid receptors in structural cells such as inflam-

matory leukocytes and epithelial cells. In other words, gluco-

corticoids exert their effects by up-regulating the transcription 

of anti-inflammatory genes and down-regulating the transcrip-

tion of inflammatory genes by down-regulating cytokine and 

chemokine proteins, cell adhesion molecules, and enzymes in-

volved in the inflammatory response3,15) (Fig. 2).

Under normal conditions, glucocorticoids are typically pro-

duced in the zona fasciculata of the adrenal cortex. Their se-

cretion is stimulated by stress signals and influenced by circa-

dian rhythms, with peak levels occurring in the early morning 

Fig. 2. Steroidogenesis in the adrenal gland. This schematic diagram provides an overview of the key enzymatic processes involved in steroidogenesis 
within the adrenal gland, focusing on the synthesis of mineralocorticoids, glucocorticoids, and adrenal androgens. The �gure depicts the conversion of 
cholesterol to pregnenolone, serving as the initial and rate-limiting step in steroidogenesis. It further illustrates the speci�c enzymatic pathways and 
intermediate compounds leading to the production of aldosterone (mineralocorticoid), cortisol (glucocorticoid), and dehydroepiandrosterone (DHEA; 
adrenal androgen). Additionally, the figure emphasizes the distinct functional zones of the adrenal cortex, highlighting the zona glomerulosa 
(mineralocorticoid production), zona fasciculata (glucocorticoid production), and zona reticularis (adrenal androgen production). Adopted from Arlt 
and Stewart3) with permission. 3 ß HSD : 3-beta (ß)-hydroxysteroid dehydrogenase (HSD), P450c21 : human cytochrome P450c21 (steroid 
21-hydroxylase, CYP21A2), CYP11B2 : aldosterone synthase (previously known as corticosterone methyloxidase), P450c17 : steroid 17 alpha-
hydroxylase/17,20 lyase, CYP11B : steroid 11β-hydroxylase, SULT2A1 : dehydroepiandrosterone sulfotransferase.
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and the lowest levels at midnight. In plasma, about 75–90% of 

cortisol is bound to corticosteroid-binding globulin (CBG), 

while 10–15% is present as albumin-bound or unbound free 

form. The normal glucocorticoid concentration ranges from 

4.0 to 22 µg/dL (6 to 8 a.m.). When the concentration exceeds 25 

µg/dL, the ratio of albumin-bound and free cortisol increases, 

while the amount of CBG-bound cortisol remains unchanged. 

Glucocorticoids are metabolized primarily in the liver and 

kidneys1).

Characteristics of steroid agents
Since the introduction of Prednisone in 1954, various types 

of steroid preparations have become available. However, dif-

ferent steroid products exhibit diverse mineralocorticoid and 

glucocorticoid potencies and half-lives. It is crucial to accu-

rately identify these potencies to use steroids with the appro-

priate dosage and administration. Prednisone and predniso-

lone are among the most widely used steroid agents, 

commonly employed for their anti-inflammatory and immu-

nosuppressive properties due to their high glucocorticoid ac-

tivity and low mineralocorticoid response. Although similar 

to prednisone, methylprednisolone has a lower mineralocorti-

coid response and may be preferred when water retention and 

aldosterone effects should be avoided. Dexamethasone has 

minimal mineralocorticoid activity but significantly stronger 

and longer-lasting glucocorticoid action than prednisone. Be-

cause of its high glucocorticoid efficacy, long-term dexameth-

asone use can cause severe HPA axis suppression and adrenal 

insufficiency. Therefore, it is generally recommended for 

short-term use during acute phases. Cortisone and hydrocor-

tisone have relatively weak glucocorticoid activity compared 

to other steroids and exhibit both mineralocorticoid and glu-

cocorticoid activity, making them suitable for patients with 

adrenal insufficiency.

Fludrocortisone has much higher mineralocorticoid poten-

cy than glucocorticoid potency, so it is used to replace aldoste-

rone in salt-wasting forms of Addison’s disease and congenital 

adrenal hyperplasia. The effects of each steroid agent are dis-

played in Table 115), and the potencies of steroid agents equiva-

lent to 5 mg of prednisone are provided in Table 214,19).

CIRCI

Definition
In 2008, the term “Critical Illness-Related Corticosteroid 

Insufficiency” was introduced by the Association of Interna-

tional Multidisciplinary Projects organized by the Society of 

Critical Care Medicine (SCCM) to describe damage to the 

HPA axis in critically ill patients16). CIRCI is a response caused 

by insufficient downregulation of inflammatory transcription 

factors through glucocorticoid-glucocorticoid receptors and is 

defined as inadequate cellular corticosteroid activity for criti-

cally ill patients.

CIRCI is thought to occur in various acute conditions, in-

cluding sepsis and septic shock, severe pneumonia, acute re-

spiratory distress syndrome (ARDS), heart attack, head injury, 

trauma, burns, and after major surgery. It affects approxi-

mately 10% of hospitalized critically ill patients and occurs in 

about 20% of cases. CIRCI is known to occur in around 60% 

of patients with septic shock1). When CIRCI occurs, the in-

crease in inflammatory and coagulation factors over time is 

associated with increased patient morbidity, longer ICU stays, 

and higher mortality rates.

Mechanism of CIRCI 
Under normal conditions and in the absence of stress, corti-

sol is primarily secreted during the day according to the circa-

dian rhythm by ACTH, and ACTH is secreted from the pitu-

itary gland under the control of CRH secreted from the 

hypothalamus and arginine vasopressin. When cortisol secre-

tion increases, it acts on the pituitary gland and hypothalamus 

as a negative feedback mechanism to suppress secretion. Ad-

ditionally, most of the secreted cortisol exists bound to CBG, 

and about 10% of the remaining cortisol is in an unbound 

free form, which is available for use in the body8).

In stressful situations (infection, trauma, burns, surgery, 

etc.), cortisol levels can be about six times higher than under 

normal conditions, depending on the severity of the illness, 

and the normal diurnal variation disappears, maintaining 

consistently high levels. These changes are induced by various 

physiological mechanisms, including an increase in ACTH 

and CRH, and a decrease in the negative feedback function of 

cortisol. ACTH is additionally stimulated by norepinephrine 

produced in the locus coeruleus in stress condition. Further-

more, there are receptors for damage-associated molecular 
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patterns (DAMPs) and pathogen-associated molecular pat-

terns (PAMPs) in the nerve endings of afferent fibers of the 

autonomic nervous system in damaged tissue to sense threats 

and activate the noradrenergic/CRH system. DAMPs and 

Table 2. Frequently administered systemic glucocorticoids, in comparison to prednisolone 5 mg

Drug type Drug
Prednisolone equivalent doses,  

using 5 mg prednisolone as reference (mg)

Short acting glucocorticoids with lower potency  
(biological half-life <12 hours)

Hydrocortisone 20

Cortisone acetate 25

Deflazacort 6

Intermediate acting glucocorticoids with intermediate potency  
(biological half-life 12–36 hours)

Prednisone 5

Prednisolone 5

Methylprednisolone 4

Triamcinolone 4

Long-acting glucocorticoids with higher potency  
(biological half-life 36–54 hours)

Dexamethasone 0.50

Betamethasone 0.50

Glucocorticoid potency equivalences apply to oral and/or intravenous administration and take no account of mineralocorticoid effects. Potency and 
conversion reported are estimates and should be seen as guide only

Fig. 3. Glucocorticoid synthesis at rest and stress4). This graphical representation compares the rate and regulation of glucocorticoid synthesis, 
specifically cortisol, under resting conditions and during stress. The figure highlights the role of the hypothalamic-pituitary-adrenal (HPA) axis in 
modulating cortisol production in response to various stressors. Under resting conditions, the HPA axis maintains basal cortisol levels through a tightly 
regulated negative feedback loop. In contrast, during stress, the HPA axis is activated, resulting in increased secretion of corticotropin-releasing 
hormone (CRH) and adrenocorticotropic hormone (ACTH), ultimately leading to elevated cortisol production by the adrenal cortex. The figure 
emphasizes the crucial role of cortisol in mediating physiological adaptations to stress, such as mobilizing energy reserves and modulating the immune 
response. Adopted from Annane et al.1) with permission. AVP : arginine vasopressin, TLR : Toll-like receptor, ANS : autonomic nervous system, DAMPs : 
damage-associated molecular patterns, PAMPs : pathogen-associated molecular patterns. 
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PAMPs can also induce cortisol synthesis by directly stimulat-

ing adrenal cortical cells possessing Toll-like receptors (Fig. 3). 

In addition to systemic action, cytokines produced by inflam-

matory cells can increase peripheral cortisol levels and en-

hance the affinity of cortisol receptors for cortisol. This 

change in cortisol activity is considered an important adaptive 

mechanism regulating the inflammatory response (Fig. 4)1).

The anti-inflammatory action of cortisol is properly main-

tained by interacting with the inflammatory action that oc-

curs under stress, effectively controlling the inflammatory re-

sponse. However, if cortisol activity is reduced, continuous 

and excessive inflammation occurs, leading to tissue damage, 

necrosis, and disease progression. This inappropriate decrease 

in cortisol activity can be diagnosed as CIRCI.

A decrease in cortisol activity is frequently observed in criti-

cally ill patients, and this can be explained by two mecha-

nisms: adrenal cortisol hormone synthesis disorder and tissue 

resistance to cortisol. Adrenal cortisol synthesis disorder is 

Fig. 4. Activity of the hypothalamic-pituitary-adrenal (HPA) axis under di�erent conditions7). This three-panel �gure illustrates the activity of the HPA 
axis under normal conditions (A), during an appropriate response to stress (B), and during an inappropriate response to critical illness (C). (A) 
demonstrates the basal activity of the HPA axis under normal conditions, with the hypothalamus releasing corticotropin-releasing hormone (CRH), 
stimulating the anterior pituitary to secrete adrenocorticotropic hormone (ACTH), which in turn triggers the adrenal cortex to produce cortisol. A 
negative feedback loop maintains hormonal homeostasis. (B) shows an appropriate response to stress, where the HPA axis is activated, resulting in 
increased secretion of CRH and ACTH, and subsequently, elevated cortisol production. This adaptive response enables the body to cope with the 
stressor by mobilizing energy reserves, modulating immune response, and maintaining homeostasis. (C) depicts an inappropriate response to critical 
illness, characterized by a blunted or dysregulated HPA axis. This may lead to inadequate cortisol production, contributing to poor outcomes such as 
persistent in�ammation, immune dysregulation, and multi-organ dysfunction. This panel highlights the potential need for exogenous glucocorticoid 
administration to counteract the detrimental e�ects of HPA axis dysfunction during critical illness. Adopted from Cooper and Stewart8) with permission.
HIV : human immunode�ciency virus.
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caused by damage to neuroendocrine cells. Conditions such 

as sepsis and septic shock can lead to necrosis and hemorrhage 

of adrenal tissue, as well as damage to the pituitary gland and 

thalamus due to stroke. Furthermore, nitric oxide secretion 

increases under stress conditions like sepsis, inhibiting neuro-

nal cell death and ACTH synthesis. Also, fat and cholesterol 

storage in the adrenal cortex are reduced, leading to decreased 

cortisol synthesis, which requires these reactants. 

Tissue cortisol resistance occurs when there is a decrease in 

glucocorticoid receptor alpha (GR-α) activity despite normal 

plasma cortisol concentrations. This resistance can be influ-

enced by the cell’s response to cortisol due to changes in the 

location of GR-α (such as cell nucleus or mitochondria) or 

other related transcription factors. This information is sum-

marized in Table 32).

Clinical symptoms of CIRCI 
The clinical symptoms of CIRCI, which can manifest in 

various ways, as shown in Table 4. Specifically, in intensive 

care unit patients, CIRCI should be suspected when a persis-

tent altered mental state has no other identifiable cause, when 

hemodynamic instability occurs despite vasopressor use, or 

when symptoms like hypoglycemia, fever, and electrolyte im-

balance persist despite corrective measures. In such cases, ste-

roid administration should be considered2).

Diagnosis of CIRCI 
High-dose (250-µg) ACTH stimulation test : corticosteroid 

(adrenal) insufficiency can be diagnosed when cortisol levels 

are less than 18 μg/dL at 30 and 60 minutes after administer-

ing 250 μg of cosyntropin2). According to the 2008 guidelines, 

CIRCI can be diagnosed when the change in serum cortisol 

after administering 250 μg of cosyntropin is less than 9 μg/dL 

or when the total cortisol is <10 μg/dL at random16). The 

guideline raised questions about the effectiveness of the previ-

ous two methods and they are no longer recommended. Ac-

cording to the American Endocrine Society’s guidelines, the 

high-dose (250 μg) ACTH stimulation test (30- or 60-minute 

cortisol level less than 18 μg/dL) diagnoses primary adrenal 

insufficiency more effectively than other diagnostic tests2). 

Table 3. Main mechanisms of critical illness-related corticosteroid insu�ciency

General defect Main mechanism Key factor

Decrease in cortisol production

Altered adrenal synthesis  
of cortisol

Necrosis/hemorrhage Acute kidney failure; hypo-coagulation; disseminated intravascular 
coagulation; cardiovascular collapse; tyrosine kinase inhibitors

Decreased availability of esterified 
cholesterol

Depletion in adrenal storage regulated by annexin A1—formyl peptide 
receptors downregulated scavenger receptor-B1

Inhibition of steroidogenesis Immune cells/toll-like receptors/cytokines
Drugs e.g., sedatives, corticosteroids
ACTH-like molecules e.g., corticostatins

Altered synthesis of CRH/ACTH Necrosis/hemorrhage Cardiovascular collapse; disseminated intravascular coagulation; 
treatment with vasopressor agents

Inhibition of ACTH synthesis Glial cells/nitric oxide mediated neuronal apoptosis 
Increased negative feedback from circulating cortisol following 

up-regulation of ACTH-independent mechanisms of cortisol synthesis
Drugs e.g., sedatives, anti-infective, psychoactive agents 
Inappropriate cessation of glucocorticoid treatment

Alteration of cortisol metabolism Decreased cortisol transport Downregulation of liver synthesis of cortisol-binding globulins and 
albumin

Reduced cortisol breakdown Decreased expression and activity of the glucocorticoid-inactivating 
5-reductase enzymes in the liver with putative role of bile acids; 
decreased expression and activity of the hydroxysteroid dehydrogenase 
in the kidney

Tissue resistance to cortisol Inadequate GR-α activity Multifactorial etiology including reduced GR-α density and transcription 
and excessive NF-κB activation

ACTH : adrenocorticotropic hormone, CRH : corticotropin-releasing hormone, GR-α : glucocorticoid receptor alpha, NF-κB : nuclear factor kappa B
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However, in actual clinical practice, the ACTH stimulation 

test is used as an auxiliary tool rather than an absolute diag-

nostic tool, and diagnosis often depends on the clinician’s 

judgment based on the patient’s severity, symptoms, and con-

dition.

As a secondary method, the low-dose (1 μg) ACTH stimula-

tion test and the improvement of hemodynamic instability af-

ter administration of hydrocortisone (50–300 mg) can be 

used, but it is known to have less diagnostic value than the 

high-dose (250 μg) ACTH stimulation test. Other diagnostic 

tests, such as plasma total cortisol, random plasma or serum 

cortisol, and salivary free cortisol, have not yet been clearly 

demonstrated. Also, routinely measuring ACTH (corticotro-

pin) levels to diagnose CIRCI is not recommended. 

General management of corticosteroid insufficiency 
The treatment of CIRCI does not recommend using steroids 

in a standard dosage and regime for all patients with suspect-

ed adrenal insufficiency among critically ill patients. Guide-

lines also recommend its use according to different diseases 

and conditions such as sepsis, septic shock, and ARDS. As 

such, CIRCI treatment has not been clearly established, and 

treatment is often determined by the experience and judg-

ment of the clinician depending on the clinical situations10). 

Sepsis : The use of steroids is not recommended in adult 

septic patients without shock10). Septic shock : The use of ste-

roids is recommended for patients with septic shock who do 

not respond to f luid therapy and who require moderate to 

high doses of vasopressors. When steroids are used, long-term 

and low-dose administration (e.g., hydrocortisone IV <400 

mg/day IV for more than 3 days at full dose) is preferred over 

high-dose and short-term administration in adult septic shock 

patients. Common steroid use is a 200 mg/day dose of hydro-

cortisone IV, with 50 mg intravenous bolus injection or con-

tinuous infusion every 6 hours. It is usually recommended 

that these medications be initiated after at least 4 hours of ad-

ministration at doses of norepinephrine or epinephrine ≥0.25 

mcg/kg/min10). ARDS : Steroid use is recommended for pa-

tients with early moderate to severe ARDS (PaO2/FiO2 <200 

and within 14 days of onset). As a result of analyzing nine tri-

als, steroid administration was associated with a significant 

reduction in inflammatory cytokine, duration of mechanical 

ventilation, and reduction in mortality in patients with mild 

and severe ARDS. In addition, a multicenter, randomized 

study published in 2020 showed that dexamethasone treat-

ment in ARDS patients significantly decreased the duration of 

mechanical ventilation and mortality, and the rate of side ef-

fects was not significantly different23). In the 2017 SCCM 

guidelines, for patients with persistent ARDS, it is suggested 

to administer methylprednisolone at 1 mg/kg/day until the 

7th day of onset (PaO2/FiO2 <200) and at 2 mg/kg/day during 

the later period (6 days after onset). After that, it is advised to 

gradually taper the dosage over 13 days. Methylprednisolone 

is recommended due to its high lung tissue permeability.

CIRCI in neuro-critical care
Epidemiological investigations of CIRCI in neurocritical 

patients are still insufficient. Studies examining the incidence 

Table 4. Symptoms of CIRCI

Clinical symptom

General Fever, asthenia

Neurological Confusion
Delirium coma

Cardiovascular Hypotension refractory to fluid resuscitation decreased sensitivity to catecholamines high cardiac index

Digestive Nausea vomiting
Intolerance to enteral nutrition

Respiratory Persistent hypoxia

Laboratory Hypoglycemia
Hyponatremia
Hyperkalemia metabolic acidosis hypereosinophilia

Imaging Hemorrhage or necrosis in hypothalamus, pituitary gland or adrenal gland

CIRCI : critical illness-related corticosteroid insufficiency
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of adrenal insufficiency in traumatic brain injury (TBI) or 

subarachnoid hemorrhage report that it occurs in about 25% 

to 50% of patients with TBI, often within about 48 hours after 

the initial trauma7,9,18). In the case of subarachnoid hemor-

rhage, it can occur in about 37.5% to 69% of cases in the fol-

low-up period4,24). Cortisol levels initially rise after subarach-

noid hemorrhage, but return to normal levels after the acute 

phase. No association has been found between the severity of 

subarachnoid hemorrhage and cortisol levels24). In the chronic 

phase (several months to several years), adrenal insufficiency 

occurs in one-third of patients, and mortality rates are signifi-

cantly higher in patients with CIRCI (40%) compared to those 

without25).

Hypothalamic-pituitary dysfunction due to TBI, subarach-

noid hemorrhage, and ischemic stroke has recently gained at-

tention. Symptoms such as fatigue, difficulty concentrating, 

and depression are nonspecific and often remain undiagnosed 

or delayed. However, neuroendocrine dysfunction after brain 

injury may occur at a much higher prevalence than previously 

known4,24). Patients with pituitary insufficiency can have po-

tentially serious and sometimes life-threatening consequences, 

affecting morbidity, functional and cognitive outcomes, and 

impairing quality of life13). Therefore, these patients should be 

screened for hypopituitarism, and if suspected, each pituitary 

hormone should be evaluated individually, as various patterns 

of hormone deficiency may accompany it.

The pathophysiology of hypopituitarism due to brain injury 

has not yet been fully elucidated, and several factors have been 

suggested. Brain damage can cause damage to the anterior 

and posterior lobes and pituitary stalk in the form of hemor-

rhage, ischemia, necrosis, and fibrosis20). Additionally, pitu-

itary vascular injury can also be caused by portal pituitary in-

farction or pituitary stalk severing. A recent study suggests a 

possible interaction between autoimmunity and hypopituita-

rism after TBI, as the blood-brain barrier is destroyed due to 

brain damage, causing an immune response as brain proteins 

leak through it21,22).

As pituitary dysfunction due to TBI and cerebral infarction 

has recently been discovered, testing for pituitary-hypotha-

lamic hormones is highly recommended not only in the early 

stages of injury but also in the long term13). In one literature, 

within 1–7 days after the onset of injury, a 250-μg ACTH 

stimulation test, insulin tolerance test, and early morning se-

rum cortisol test were used to confirm the presence of adrenal 

insufficiency, and in the long term, additional adrenal insuffi-

ciency tests at 3–6 months and 1 year were recommended. 

Furthermore, thyrotropin releasing hormone - thyroid stimu-

lating hormone thyroid axis, GnRH-luteinizing hormone/ol-

licle stimulating hormone gonadal axis, somatotroph axis, 

and posterior pituitary tests are also recommended.

Use of steroid in controlling increased intracranial 
pressure (IICP) and brain edema 

Recently, the use of steroids to control ICP and cerebral 

edema in the neurocritical patients with TBI and stroke is not 

recommended. The Brain Trauma Foundation has not recom-

mended the use of steroids in TBI patients to improve progno-

sis or reduce ICP. High-dose methylprednisolone in patients 

with severe TBI has been associated with increased mortality, 

and its use is not recommended6). Additionally, the 2019 

American Heart Association and American Stroke Associa-

tion (AHA/ASA) acute ischemic stroke guidelines state that 

due to insufficient evidence for the efficacy of steroid use and 

the potential for increased risk of infectious complications, 

the use of steroids for the treatment of cerebral edema is con-

traindicated17). The 2022 AHA/ASA ICH guidelines also an-

nounced that the use of steroids for ICP control does not show 

efficacy and is not recommended11). Therefore, the use of ste-

roids (including mineralocorticoids) to control ICP and cere-

bral edema in neurocritical patients with brain trauma and 

stroke is only recommended when there are signs of adrenal 

cortical dysfunction or electrolyte abnormalities, such as hy-

ponatremia.

Exogenous glucocorticoid-induced adrenal  
insufficiency (GI-AI)

GI-AI is one of the most dangerous side effects of steroid 

therapy, involving symptoms and adrenal crisis caused by cor-

tisol deficiency due to insufficient adrenal function and corti-

sol reduction. Therefore, it is always important to be aware of 

the possibility of GI-AI when tapering and discontinuing 

long-term steroid therapy.

The cause of GI-AI is the suppression of the HPA axis due 

to exogenous steroid administration. The negative feedback 

mechanism caused by increased glucocorticoids from steroid 

treatment leads to a decrease in CRH synthesis and secretion 

in the hypothalamus and a decrease in ACTH secretion by the 

pituitary gland. Initially, this negative feedback suppresses the 
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synthesis of pro-opiomelanocortin (POMC) in the hypothala-

mus, reducing ACTH production. In the long term, atrophy of 

corticotroph cells and Crooke cells occurs due to decreased 

pituitary stimulation. The decrease in ACTH secretion can 

lead to a reduction in cortisol and androgen production in the 

adrenal cortex and atrophy of the zona fasciculata and reticu-

laris (Fig. 5).

In a state the adrenal cortex is atrophied, suddenly stopping 

steroid treatment prevents cortisol secretion, leading to a per-

sistent cortisol deficiency. Typically, after short-term gluco-

corticoid treatment, stopping the medication first results in 

recovery of ACTH secretion, followed by CRH, and eventually 

cortisol and androgen. However, in patients who have received 

long-term steroid treatment, a rapid and significant recovery 

in ACTH is observed, but cortisol secretion can be severely re-

duced for an extended period if adrenal atrophy has occurred. 

In patients with reduced cortisol secretion, an adrenal crisis 

can occur due to acute stress stimuli such as infection or sur-

gery, putting the patient’s life at risk.

GI-AI patients may present with a range of cortisol deficien-

cy symptoms, from asymptomatic to serious symptoms like 

adrenal crisis. Commonly known symptoms include fatigue, 

dizziness, gastrointestinal symptoms (nausea, vomiting, diar-

rhea, etc.), weight loss, low blood pressure, and headaches. 

These symptoms can be non-specific, gradually onset, and 

may be confused with other causes. A meta-analysis conduct-

ed in 2016 reported that adrenal insufficiency occurred in 

about 37% of patients receiving systemic steroids, with a high-

er incidence in those receiving high doses and long-term 

use5,12). Risk factors include daily administration for more 

than 2–4 weeks, divided doses multiple times per day, and ad-

ministering at night. Therefore, clinicians must be aware of 

the recovery of normal cortisol secretion and the symptoms 

and risk factors of GI-AI to safely discontinue steroid treat-

ment.

Fig. 5. Pathophysiology of glucocorticoid induced hypothalamic-pituitary-adrenal (HPA) axis suppression5). This schematic diagram illustrates the 
pathophysiological mechanisms underlying glucocorticoid-induced HPA axis suppression, focusing on the negative feedback loop triggered by exoge-
nous glucocorticoid administration. The �gure demonstrates that exogenous glucocorticoids, when administered in pharmacological doses, result in 
elevated systemic cortisol levels. This increase in cortisol suppresses the production and release of corticotropin-releasing hormone (CRH) from the hy-
pothalamus and adrenocorticotropic hormone (ACTH) from the anterior pituitary gland, e�ectively inhibiting the normal activity of the HPA axis. Con-
sequently, the adrenal cortex produces lower amounts of endogenous cortisol, leading to adrenal insu�ciency and a reduced ability to respond to 
stressors. The �gure highlights the importance of recognizing and managing glucocorticoid-induced HPA axis suppression to prevent complications, 
such as adrenal crisis, during withdrawal or rapid tapering of exogenous glucocorticoids. Adopted from Prete and Bancos19) with permission. GC : gluco-
corticoid, IV : intravenous, IM : intramuscular.
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PREVENTION OF GI-AI 

To avoid adrenal insufficiency, it is recommended to use 

short-term, low-dose steroids whenever possible and to ad-

minister once daily for intermediate and long-acting steroids. 

Additionally, it is advised to avoid administration at bed-

time19). In cases where steroid treatment lasts less than 2 weeks, 

adrenal insufficiency is generally unlikely, and tapering is not 

necessary. However, a tapering protocol is needed for those 

treated for more than two weeks. For initial high doses (>20 

mg prednisolone), a reduction of 5–10 mg (daily 1–2 mg) per 

week is recommended, and for intermediate and low doses 

(<20 mg prednisolone), a reduction of 1–2.5 mg per week until 

reaching 5 mg (or hydrocortisone 20 mg) is suggested.

After tapering daily prednisolone to 5 mg (or hydrocorti-

sone 20 mg), GI-AI differentiation methods include measur-

ing early morning serum cortisol 24 hours after the last ste-

roid administration. If the level is between 3.6–12.7 μg/dL, or 

if the 30-minute cortisol level in a 250 μg ACTH stimulation 

test is between 12.7–20 μg/dL and the 60-minute cortisol level 

is between 13.8–18.1 μg/dL, it is considered GI-AI. Continu-

ous steroid administration (hydrocortisone 15 mg AM + 5 mg 

early PM) is then given, and after 2–3 weeks, the adrenal in-

sufficiency test is performed again. Tapering is recommended 

once the test results have normalized19).

CONCLUSION 

The intricate relationship between the brain’s hormonal 

regulatory structures, such as the hypothalamus and pituitary 

gland, and CIRCI in patients with neurological disorders 

highlights the importance of recognizing and managing this 

complex clinical scenario. Neurological conditions may pre-

dispose patients to CIRCI, necessitating early identification 

and intervention. Additionally, the frequent use of steroids in 

the treatment of these disorders may lead to steroid insuffi-

ciency, further complicating patient care.

Physicians must remain vigilant to these interactions and 

strive to effectively evaluate and manage patients with CIRCI 

and steroid insufficiency in the context of neuro-critical care. 

This involves prompt diagnosis, judicious steroid administra-

tion, and diligent monitoring for potential adverse effects. A 

comprehensive understanding of the interplay between neu-

rological disease, CIRCI, and steroid insufficiency is essential 

for optimizing patient care and improving outcomes in this 

challenging patient population. By fostering awareness and 

enhancing the knowledge base of neuro-intensivists, we can 

ultimately contribute to the advancement of patient-centered 

care for those with neuro-critical disease and associated endo-

crine complications.
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