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INTRODUCTION 

Critical illness encompasses a diverse range of severe conditions that require advanced organ 

support in the intensive care unit (ICU) and has an estimated prevalence of 45 million cases 

annually. Although it is a leading cause of death, critical illness is not a single condition and 

should be distinguished from the underlying disease diagnosis [1,2]. A proposed definition of 

critical illness is "a state of ill health with the potential for reversibility characterized by vital 

organ dysfunction and a high risk of imminent death if care is not provided" [3]. The duration 

and severity of critical illness are determined by its etiology, which includes systemic inflam-

matory response syndrome, compensatory anti-inflammatory response syndrome, cytokine 

release syndrome, acute respiratory distress syndrome (ARDS), multiple organ failure, per-

sistent inflammation, immunosuppression, and catabolism syndrome [4]. Critical illnesses 
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Intensive care unit (ICU) admissions in the United States exceed 5.7 million annually, often leading 
to complications such as post-intensive care syndrome and high mortality rates. Among these 
challenges, critical illness-related corticosteroid insufficiency (CIRCI) requires emphasis due to its 
complex, multiple-cause pathophysiology and varied presentations. CIRCI, characterized by adrenal 
insufficiency during critical illness, presents in up to 30% of ICU patients and may manifest as an 
exaggerated inflammatory response. Factors such as dysregulation of the hypothalamic-pitu-
itary-adrenal (HPA) axis, altered cortisol metabolism, tissue corticosteroid resistance, and drug-in-
duced suppression contribute to CIRCI. Diagnosis is a complex process, relying on a comprehensive 
assessment including clinical presentation, laboratory findings, and dynamic stimulatory testing. 
Treatment involves intensive medical care and exacting glucocorticoid therapy. Recent guidelines 
advocate for individualized approaches tailored to patient presentation and etiology. Understand-
ing the pathophysiology and treatment of CIRCI is vital for clinicians managing critically ill pa-
tients and striving to improve outcomes. This research paper aims to explore the latest develop-
ments in the pathophysiology and management of CIRCI. 
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are marked by heightened systemic cortisol levels, an integral 

component of the stress response. In instances of acute stress, 

the risk of an adrenal crisis is elevated. This risk is increased 

further with underlying hypothalamic-pituitary-adrenal (HPA) 

axis pathology inadequately managed with stress doses of hy-

drocortisone [5]. Cortisol, a glucocorticoid hormone, is a pri-

mary product of the HPA axis that serves as a vital component 

of the biological stress response system. Cortisol dysregulation 

is implicated in various mental and physical health outcomes 

[6]. Glucocorticoids, including endogenous cortisol, exert 

predominantly anti- inflammatory and immunosuppressive 

effects by inhibiting the production and activity of inflamma-

tory cells and promoting their redistribution to other body 

compartments, resulting in decreased circulating immune 

cells overall [7]. These mechanisms may contribute to medi-

ating associations between stress exposure and subsequent 

developmental and health outcomes, impacting the onset 

and progression of both mental and physical health disorders. 

Corticosteroids are efficiently absorbed in the gastrointestinal 

tract, exhibit high protein binding, undergo hepatic metabo-

lism, and are excreted by the kidneys [8]. 

Critical illness-related corticosteroid insufficiency (CIRCI) 

is characterized by adrenal insufficiency (AI) due to impaired 

functioning of the HPA axis, altered cortisol metabolism, and 

tissue corticosteroid resistance. These result in an exaggerated 

prolonged proinflammatory response, especially in ICU pa-

tients [9-13] in whom the incidence of CIRCI varies widely and 

ranges from 0% to 30%. In specific patient populations such 

as those with septic shock or trauma, the incidence can be as 

high as 25% to 40% and 50% to 70%, respectively [10,14,15]. 

In addition to an elevated 28-day mortality rate compared to 

non-CIRCI patients, a mortality rate of 34% among post-trau-

ma CIRCI patients was reported. Non-survivors were older (65 

years and older); had more severe base deficits at admission; 

required prolonged ventilatory days; and had increased rates 

of sepsis, bacteremia, and pneumonia [15-17]. 

CIRCI is a common and complex phenomenon, the under-

standing of which is evolving [10]. A study conducted in 2021 

examined medical practitioners' approaches to CIRCI man-

agement, and 72% of respondents reported having to address 

CIRCI at least one weekly. However, the utilization of formal 

protocols for CIRCI diagnosis was limited, and a notable por-

tion of practitioners forgo laboratory testing for this purpose. 

Moreover, a substantial majority expressed uncertainty regard-

ing the therapeutic role of corticosteroids in CIRCI cases [14]. 

Therefore, given the CIRCI prevalence in various critical con-

ditions, medical professional education on its pathophysiology 

and treatment is imperative [10]. 

PATHOPHYSIOLOGY 

Critical illness elicits a significant physiological stress response, 

prompting the body to activate various mechanisms to main-

tain homeostasis [18,19]. One crucial mechanism involves the 

heightened activity of the HPA axis, which rapidly increases 

systemic glucocorticoid levels that are essential for survival 

[20]. The classic model describes that the stressors in critically 

ill patients consist of neuronal and inflammatory signals that 

act on the hypothalamic nucleus paraventricularis to release 

corticotropin-releasing hormone (CRH) and arginine vaso-

pressin (AVP). The CRH and AVP are transported to the ante-

rior pituitary to trigger the release of adrenocorticotropic hor-

mone (ACTH) into the systemic circulation from corticotrope 

cells [21]. Under the influence of ACTH, the adrenal glands 

synthesize glucocorticoids (cortisol), mineralocorticoids (al-

dosterone), and adrenal androgens (dehydroepiandrosterone) 

from cholesterol. Adrenal mitochondria also play a pivotal role 

in steroidogenesis within adrenocortical cells, facilitating the 

conversion of intracellular cholesterol into cortisol [22]. The 

cortisol then exerts its systemic effects on numerous cells and 

modulates inflammation, cardiovascular function, and me-

tabolism. However, in recent years, this traditional model has 

faced scrutiny, and it has been shown that elevated cortisol 

level in critically ill patients does not necessarily coincide with 

high concentration of plasma ACTH [21,23-25]. Dysregulation 

of the HPA axis, altered cortisol metabolism, and tissue resis-

■ Critical illness-related corticosteroid insufficiency 
(CIRCI), with an incidence of up to 30% in intensive 
care unit admissions, is defined as adrenal insufficiency 
in critically ill patients.

■ The pathophysiology of CIRCI is characterized by dys-
function of the hypothalamic-pituitary-adrenal axis, 
altered cortisol metabolism, and increased tissue re-
sistance to cortisol and may be associated with use of 
certain medications.

■ Treatment should be individualized, tailored to patient 
presentation, and may include fluids, vasopressors, 
intravenous (IV) methylprednisolone, and IV hydrocor-
tisone.
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tance to glucocorticoids are now thought to be the three main 

pathophysiologic events in CIRCI [12]. 

HPA Axis Dysfunction 
The classic activation model of the central HPA axis is charac-

terized by elevated ACTH level driving heightened adrenocor-

tical cortisol production in response to sepsis or critical illness 

[21]. An increase in plasma ACTH has only been observed 

temporarily in critically ill patients, after which, at least during 

the initial week in the ICU, plasma ACTH is consistently main-

tained below normal levels [26]. Recent research indicates that 

patients who spend four weeks or more in the ICU may expe-

rience suppression of the HPA axis that resembles central AI 

[27]. When the HPA axis stress response becomes dysregulated 

in intensity or duration, the equilibrium is disrupted, leading 

to CIRCI. Detrimental effects on fundamental bodily processes 

such as growth, metabolism, circulation, reproduction, im-

mune response, cognition, and behavior follow [28]. Disrup-

tion of the HPA axis during stress also affects mitochondrial 

function, compromising their vital roles in energy production 

and synthesis of lipids, heme, purine, and steroids to exacer-

bate metabolic disturbances [29]. Under conditions of severe 

stress, responses typically deemed adaptive may prove to be 

inadequate or even detrimental [11]. 

Altered Cortisol Metabolism and Negative Feedback 
Inhibition 
The regulation of cortisol production during critical illness is 

complex and involves intricate interactions among the CRH/ 

ACTH pathways, autonomic nervous system, vasopressin sys-

tem, and immune system. This includes disruption of the nor-

mal circadian rhythm of cortisol secretion due to rapid ACTH 

release via CRH and AVP mechanisms [30]. Initially, there is 

reduced cortisol breakdown in the liver and kidneys during 

critical illness. This is attributed to suppressed expression and 

activity of cortisol-metabolizing enzymes with an extension of 

cortisol half-life and hypercortisolemia [26,31]. Additionally, 

cortisol is released from the plasma binding proteins trans-

cortin and albumin due to decreased hepatic synthesis of and 

decreased cortisol binding to these proteins [32,33]. 

However, although there is an initial activation of the pi-

tuitary glucocorticoid receptor and increased circulating 

availability of free cortisol, this eventually results in impaired 

processing of pro-opiomelanocortin (POMC) into ACTH and 

decreased secretion of mature ACTH. This response is due to 

a negative feedback loop via expression of annexin A1 [26,34]. 

The negative feedback inhibition at the pituitary level may also 

involve the binding of free cortisol to glucocorticoid receptors 

or binding of other ligands of glucocorticoid receptors such 

as bile acids [5]. The reduced expression of the enzyme pro-

hormone convertase 1 during sepsis also contributes to the 

decreased conversion of POMC into ACTH [26]. 

Tissue Resistance 
CIRCI is mediated by tissue resistance to glucocorticoids. A 

transient increase in the expression of glucocorticoid recep-

tor beta (GRβ) is present in mononuclear cells from septic 

patients and is accompanied by a simultaneous increase in 

dominant negative GRβ expression. Additionally, serum ob-

tained from septic patients induces glucocorticoid resistance 

in cell cultures, suggesting a potential mechanism for cell-lev-

el resistance to glucocorticoids in sepsis [35]. Furthermore, 

sepsis is characterized by a decline in glucocorticoid receptor 

alpha (GRα) levels in circulating, liver, and muscle tissues, 

with reduced GRα transcription in various tissues including 

circulating, lymph nodes/spleen, liver, kidney, and lung cells 

and tissues. This reduction in GRα is paralleled by an increase 

in the expression of GRβ isoforms, leading to an imbalance 

between GRα and GRβ [36]. Moreover, glucocorticoid therapy 

induces the expression of mitochondrial receptor-124, which 

downregulates GRα and limits the anti-inflammatory effects of 

glucocorticoids. These observations suggest that steroid treat-

ment may exacerbate glucocorticoid resistance, particularly in 

patients with elevated GRβ [37]. These imbalances in GRα and 

GRβ expression are associated with increased sickness sen-

sitivity and reduced glucocorticoid sensitivity, both of which 

contribute to corticosteroid resistance at the tissue level [38]. 

Drug-Induced CIRCI 
Certain medications administered during critical illnesses, 

including glucocorticoids, opioids, azole antifungals like ke-

toconazole, and psychoactive substances can potentially sup-

press the synthesis of ACTH [39]. Administration of exogenous 

glucocorticoids exerts negative feedback control on the HPA 

axis by suppressing the production of CRH in the hypothala-

mus and ACTH secretion in the pituitary gland. This suppres-

sion leads to hypotrophy and atrophy of the adrenal cortex, 

leading to a significant decrease in cortisol production while 

maintaining mineralocorticoid activity [40]. Consequently, 

this results in AI, with the adrenal glands becoming incapable 

of producing sufficient levels of cortisol after cessation of glu-

cocorticoid therapy. Abrupt cessation or rapid withdrawal of 
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glucocorticoid therapy may precipitate symptoms of AI [41,42]. 

Opioids may induce AI in a similar fashion by primarily inhib-

iting the HPA axis at the level of the hypothalamus, decreasing 

cortisol production [42-44]. Benzodiazepines contribute to the 

rapid decline in cortisol production by inhibiting functions 

across various central and peripheral points of the HPA axis. 

These points include the activities of adrenal microsomal 17- 

and 21-hydroxylase and 11-β-hydroxylase in the adrenal mito-

chondria [12]. 

Administration of etomidate inhibits the final enzymatic 

step in cortisol synthesis and markedly increases the likeli-

hood of AI at both four-to-six-hour and 12-hour post-adminis-

tration in critically ill patients [45]. Ketoconazole, an imidazole 

antifungal medication and a treatment option for Cushing’s 

syndrome, targets and inhibits crucial enzymes in adrenal 

steroidogenesis. Acute AI also has been observed in patients 

treated with fluconazole, another antifungal agent, especially 

among those who are critically ill (Figure 1) [46-49]. 

PRESENTATION AND DIAGNOSIS 

CIRCI in the context of prolonged critical illness poses sig-

nificant challenges in diagnosis due to overlapping signs and 

symptoms with the expected clinical course in these patients. 

These signs and symptoms include fatigue, weight loss, synco-

pe, fever, confusion, somnolence, back and leg cramps, pos-

tural dizziness, and hypotension. In severe cases, hypovolemic 

shock and coma may occur [5,50]. Features such as encepha-

lopathy, poor neurological recovery after sedation cessation, 

and persistent need for vasopressors should raise suspicion for 

CIRCI [5]. Additionally, a reduction in adrenal gland volume 

to less than 10 cm3, found in some patients with septic shock, 

has been linked to increased mortality [51]. 

The Endocrine Society advises stimulatory testing for cor-

tisol deficiency in suspected primary adrenal insufficiency 

(PAI) cases. Confirmation of PAI typically involves morning 

cortisol level <140 nmol/l with elevated plasma ACTH, fol-

Figure 1. Pathophysiology of critical illness-related corticosteroid insufficiency (CIRCI). (A) Variation in hypothalamic-pituitary-adrenal (HPA) axis 
response during critical illness. (B) Altered cortisol metabolism, HPA axis inhibition and peripheral resistance to cortisol. (C) Tissue resistance to 
corticosteroids. (D) Drug-induced CIRCI. GRα: glucocorticoid receptor alpha; GRβ: glucocorticoid receptor beta.
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lowed by the 250 μg Synacthen stimulation test [26,52,53]. 

ACTH measurement aids in distinguishing primary from 

secondary or tertiary AI. An ACTH value > 66 pmol/l is sug-

gestive of PAI in patients with confirmed hypocortisolemia 

[52]. Stimulatory testing, using both low and high Synacthen 

doses, aids in diagnosis. Simultaneous renin and aldoste-

rone measurement is recommended for mineralocorticoid 

deficiency confirmation [52,54]. Secondary AI diagnosis 

involves dynamic stimulatory testing; the insulin toler-

ance test is the gold standard for this [55]. The American 

College of Critical Care Medicine suggests considering AI 

in patients with random cortisol <10 μg/dl (275.9 nmol/L)  

[11-12,54]. 

However, diagnosing CIRCI is more complex. While a low 

random plasma cortisol concentration may raise suspicion, 

there is no clearly established guidelines for definitive CIRCI 

diagnosis [5,52]. Critically ill patients requiring mechanical 

and pharmacological support in the ICU for four weeks or 

longer, especially those with hemodynamic instability despite 

adequate resuscitation and vasopressor support, should be 

considered at risk for CIRCI. Furthermore, exposure to med-

ications that affect the HPA axis or cortisol synthesis should 

heighten suspicion for CIRCI [5,54]. Laboratory findings in 

CIRCI may include hyponatremia, elevated creatinine levels, 

normochromic anemia, lymphocytosis, eosinophilia, hypogly-

cemia, and mild hypercalcemia [50]. Patients with CIRCI may 

also exhibit normal or low cortisol levels, low albumin and 

cortisol-binding globulin levels, normal or low ACTH levels, 

and high bile acid and bilirubin levels [5,21,25,56]. Elevated 

inflammatory cytokine levels, such as those for tumor necro-

sis factor, interleukin (IL)-1β, and IL-6, at ICU admission and 

throughout the ICU stay correlate with disease severity and 

increased mortality risk [57]. 

A total serum cortisol of <9 μg/dl post-ACTH stimulation or 

a random total cortisol level <10 μg/dl was considered reliable 

for diagnosing AI in critically ill patients according to the 2008 

task force guidelines by the American College of Critical Care 

Medicine [11]. However, these criteria were not widely adopt-

ed in clinical practice, and recent guideline updates in 2017 do 

not include the use of these specific tests. Instead, the Endo-

crine Society confirms that the high-dose (250 μg) ACTH stim-

ulation test is superior to other tests such as plasma or serum 

free cortisol, salivary free cortisol, low-dose ACTH stimulation, 

hydrocortisone levels (50–300 mg), and corticotropin levels in 

diagnosing CIRCI. Peak plasma total cortisol level <18 μg/dL at 

30 or 60 minutes on high-dose ACTH stimulation is considered 

confirmatory in diagnosing CIRCI. Despite these suggestions, 

new pathophysiological evidence of CIRCI has had diagnostic 

implications. For example, the increase in distribution cortisol 

volume and the suppression of cortisol-binding globulin have 

invalidated the use of the classic 250 µg ACTH stimulation test 

[26,53,58]. Due to these pathophysiological changes, the stim-

ulation test result is confounded as the incremental response 

of total plasma cortisol to the ACTH injection is suppressed. 

Although the ACTH stimulation test cannot be used as a mark-

er of AI, a low cortisol response does reflect increased severity 

of the illness [25-26,59]. Random total cortisol concentrations 

are also unlikely to provide useful information to clinicians 

for diagnosis as they vary widely between patients and even 

within a single patient [26,53]. Additionally, specific imaging 

techniques like bedside ultrasound, computed tomography, or 

magnetic resonance imaging can assist in diagnosing CIRCI by 

distinguishing it from rare complications of critical illnesses, 

such as adrenal hemorrhage [38]. 

Although there are many findings that suggest the diagnosis, 

there is no single diagnostic test or imaging technique to reli-

ably diagnose CIRCI [5]. When diagnosing CIRCI in critically 

ill patients, a comprehensive approach that considers clinical 

presentation, laboratory findings, and dynamic stimulatory 

testing is required. Acknowledging the challenges posed by 

altered cortisol dynamics and the evolving understanding of 

CIRCI pathophysiology also are required [26,53,58,59]. A better 

understanding of the presentation and diagnosis of AI in criti-

cally ill patients can help clinicians manage patients effectively 

and improve outcomes. 

TREATMENT 

Once CIRCI is accurately diagnosed, treatment with intensive 

medical care and hydrocortisone is recommended. However, 

the exact hydrocortisone dose that is needed to manage CIRCI 

and prevent mortality is uncertain [5,21,60]. Traditionally, the 

recommendation was to administer doses ranging from 200 to 

400 mg per day to critically ill patients in the ICU. This is equiv-

alent to approximately 10 to 20 times the standard substitution 

or replacement dose [5,61,62]. The assumption behind this 

was that the dose would meet the daily cortisol requirement 

necessary to generate the elevated plasma concentration 

associated with severe stress in healthy HPA axis individuals 

[5,63,64]. 

A 2008 study by Marik et al. [11] recommended a hydrocor-

tisone management regimen for CIRCI in septic shock cases. 
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This recommendation was to administer 200 mg/day hydro-

cortisone in four divided doses or a continuous infusion at a 

rate of 240 mg/day (10 mg/hr), for at least 7 days in cases of 

septic shock. The study also recommended methylpredniso-

lone at a daily dose of 1 mg per kg of body weight for at least 14 

days, specifically for patients with severe early ARDS. Gradual 

glucocorticoid tapering, rather than abrupt discontinuation, is 

necessary. If symptoms of sepsis, hypotension, or worsening 

oxygenation recur, treatment should be reinstated. Dexameth-

asone is not recommended for treatment of CIRCI [11]. 

In a 2017 study, these guidelines were updated by a 

multi-specialty task force of 16 international experts in critical 

care medicine and endocrinology. Their recommendations 

were based on the evidence cited in the 2008 study and more 

recent findings from an updated systematic review. The rec-

ommendations were formulated using the Grading of Rec-

ommendations Assessment, Development, and Evaluation 

methodology and required approval by 80% of the task force 

members. This study further emphasized the need for an indi-

vidualized approach that considers the patient's presentation, 

etiology, vital signs, and responsiveness to vasopressors and 

fluids in various critical illness conditions. For patients suffer-

ing from septic shock and not responding to standard treat-

ments such as fluid resuscitation and vasopressor therapy, 

intravenous (IV) hydrocortisone at a dosage below 400 mg/day 

for a minimum of 3 days is recommended [12]. A 2018 study 

found that a hydrocortisone plus fludrocortisone regimen 

resulted in lower 90-day all-cause mortality compared to pla-

cebo in patients with septic shock [65]. Similarly, for patients 

with early moderate to severe ARDS, IV methylprednisolone at 

a dose of 1 mg/kg/day is suggested. For patients hospitalized 

with community-acquired pneumonia, corticosteroids for 

5–7 days at a daily dose less than 400 mg IV hydrocortisone or 

its equivalent is recommended. Corticosteroids are also rec-

ommended for patients with bacterial meningitis and those 

undergoing cardiopulmonary bypass surgery. In the context of 

cardiac arrest, the use of corticosteroids is suggested. However, 

caution is needed when using corticosteroids in cases of major 

trauma and in adult patients with sepsis without shock. Sev-

eral trials have shown no clear benefit in these cases, and the 

risks may outweigh benefits in such patients. Corticosteroids 

should not be administered in adults with influenza [12,66]. 

A 2022 study by Téblick et al. [5] proposed a more generalized 

approach for managing CIRCI, advising a daily hydrocorti-

sone regimen of 60 mg split into two IV boluses, 40 mg in the 

morning and 20 mg in the evening. This replicates the normal 

diurnal rhythm that is disrupted in critically ill patients. Once 

corticosteroid treatment for CIRCI is initiated, administration 

should be tapered to the lowest effective maintenance dose. 

Discontinuation of the medication should be achieved as soon 

as possible [5,31,67]. 

The administration of corticosteroids in critically ill patients 

is associated with significant adverse effects that necessitate 

careful consideration. These include hyperglycemia due to 

disrupted glucose homeostasis, hypernatremia and fluid 

retention from altered renal function, and increased suscep-

tibility to nosocomial infections due to immunosuppression. 

Corticosteroid use has also been linked to neuropsychiatric 

complications such as delirium and the development of 

ICU-acquired weakness [68]. However, emerging evidence 

suggests that the risk of ICU-acquired weakness may be mit-

igated by lower steroid dosages, better glycemic control, and 

reduced sedation. Thus, the appropriate steroid dosage bal-

ancing the therapeutic benefits with these potential adverse 

effects is crucial (Table 1) [69-71]. 

Table 1. Treatment guidelines for CIRCI: 2017 and beyond
Clinical scenario Medication Dosage
CIRCI in septic shock unresponsive to fluids and vasopressors IV hydrocortisone <400 mg/day for 3 days
CIRCI in early moderate to severe ARDS IV methylprednisolone 1 mg/kg/day
CIRCI in community-acquired pneumonia IV hydrocortisone <400 mg/day for 5–7 days
CIRCI (generalized approach) IV hydrocortisone 60 mg/day divided into 40 mg bolus in the 

morning and 20 mg bolus in the evening

Mechanism of action: hydrocortisone and methylprednisolone bind to the glucocorticoid receptor and blocks the function of transcription factors such as nuclear 
factor-kappa-B and phospholipase A2 which leads to inhibition of the promoter sites of proinflammatory genes, promotes expression of anti-inflammatory gene 
products, and inhibits the synthesis of inflammatory cytokines [5,12,31,66,67,70,71].
CIRCI: critical illness-related corticosteroid insufficiency; IV: intravenous; ARDS: acute respiratory distress syndrome.
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CONCLUSION 

The increasing rate of ICU admissions highlights the impor-

tance of recognizing complications such as CIRCI. CIRCI pres-

ents a difficult diagnostic and therapeutic challenge in ICUs, 

necessitating a comprehensive understanding of its latest 

pathophysiology and evolving treatment strategies. CIRCI is 

characterized by AI and is triggered by use of certain medica-

tions and by various pathophysiological changes that occur 

in critically ill patients. These pathophysiological changes 

include dysfunction of the HPA axis, altered cortisol metabo-

lism, and increased tissue resistance to cortisol. Diagnosing 

CIRCI requires evaluation of the patient's clinical signs and 

symptoms, laboratory results, and dynamic testing results. Al-

though there is controversy regarding the exact recommended 

doses, glucocorticoid treatment approaches have evolved from 

traditional and generalized to individualized regimens that 

are specifically tailored to the patient's condition. Updates in 

treatment guidelines for CIRCI demonstrate ongoing research 

by incorporating the latest pathophysiological evidence and 

insights from various clinical trials. The aim is to improve 

management of critically ill patients. However, further research 

is needed, particularly randomized clinical trials investigating 

the short- and long-term outcomes of suggested treatments. 

Optimization of dosing and tapering strategies is also required. 

By enhancing understanding of CIRCI, clinicians can optimize 

patient care and mitigate the detrimental effects of this com-

plex condition in the ICU setting. 
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