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CHAPTER 6

Mineralocorticoid Dysfunction during Critical Illness: A Review of the Evidence. 

Anesthesiology. Nethathe GD, Cohen J, Lipman J, Anderson R, Feldman C. 

This chapter is a narrative review that arose from the recognition that with regards to relative 

adrenal insufficiency, adrenal dysfunction syndromes in critical illness are unlikely to be 

localised to the zona glomerulosa of the adrenal cortex. This chapter critically examines the 

role of the mineralocorticoid axis in critical illness, emphasizing the broader implications of 

adrenal dysfunction. Gladness Dakalo Nethathe was the lead author and finalised the 

manuscript for submission after receiving input from all co-authors.

CHAPTER 7

CIRMI—a new term for a concept worthy of further exploration: a narrative review. 

Nethathe GD, Lipman J, Anderson R, Feldman C. 

This paper introduces the concept of Critical Illness-Related Mineralocorticoid Insufficiency 

(CIRMI). This review explores the parallels between CIRMI and Critical Illness-Related 

Corticosteroid Insufficiency (CIRCI), highlighting gaps in the literature and providing novel 

insights into mineralocorticoid dysfunction in critical illness. Gladness Dakalo Nethathe led 

the manuscript preparation, consulted with all co-authors, and finalised the submission.
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CHAPTER 8

Glucocorticoids with or without fludrocortisone in septic shock- a biochemical and 

molecular perspective. Nethathe GD, Fuller P, Anderson R, Lipman J, Feldman C. 

This manuscript examines the potential role of fludrocortisone as an adjunct to 

hydrocortisone in septic shock. This narrative review discusses the molecular mechanisms 

underlying glucocorticoid and mineralocorticoid action and provides a rationale for 

adjunctive therapy in septic shock. Pending the publication of a well designed randomised 

controlled trial on the role of fludrocortisone in septic shock, a molecular perspective on the 

potential role of fludrocortisone, provides supportive rationale and guidance in informing 

clinical strategies. Gladness Dakalo Nethathe was the lead author and finalised the 

manuscript after incorporating feedback from all co-authors.
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ABSTRACT

This thesis investigated the pathophysiology and clinical implications of adrenal insufficiency

(AI) in the context of systemic inflammation with a particular focus on the interplay between 

the renin-angiotensin-aldosterone system (RAAS), cortisol metabolism, and glucocorticoid 

sensitivity. Through a series of observational studies and narrative reviews, a comprehensive 

analysis of hormonal alterations, their impact on critical care management, and the potential 

for targeted therapeutic strategies in critically ill patients is provided.

The first study examined the profiles of pro- and anti-inflammatory cytokines and total 

cortisol levels in patients with severe sepsis and septic shock. Elevated levels of interleukin 

(IL)-6 and tumour necrosis factor receptor 1 (TNFR1) were identified as significant 

predictors of mortality in this population, while the independent role of cortisol in predicting 

outcomes remains less definitive. IL-1 receptor antagonist (Ra) showed a significant median 

reduction from day 1 to day 7, with a significant association with an increased mortality ratio,

suggesting its potential role as a marker of immune resolution and recovery in the current 

cohort. This study is the first to explore the trajectory of these biomarkers in a South African 

cohort with severe sepsis and septic shock. The findings highlight the importance of IL-6, 

TNFR1, ILRa and total cortisol in characterising disease severity, progression, and outcomes,

emphasising their potential utility in risk stratification for critically ill patients.

A related investigation evaluated the free cortisol response to synacthen and glucocorticoid 

sensitivity in patients with traumatic brain injury (TBI). Findings from this study highlight 

altered glucocorticoid sensitivity and responsiveness in TBI. Significant variability in 
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measures of glucocorticoid sensitivity attributed to receptor-level changes and impaired 

hypothalamic-pituitary-adrenal (HPA) axis function was observed. These findings suggest 

that in traumatic brain injury, the sensitivity and responsiveness to glucocorticoids are altered 

with mechanistic and therapeutic implications.

To establish a baseline for understanding glucocorticoid receptor dynamics in critical illness, 

the thesis extended this investigation to glucocorticoid sensitivity in healthy volunteers to 

provide a baseline for interpreting cortisol metabolism and receptor activity in critically ill 

states. This comparative analysis established the extent to which critical illness modifies 

glucocorticoid receptor function. 

Moreover, the concept of critical illness-related mineralocorticoid insufficiency is introduced,

challenging the conventional focus on glucocorticoid insufficiency alone and advocating for a

more comprehensive and nuanced approach to adrenal pathophysiology and support in 

critical illness. Finally, the thesis critically evaluated adjunctive corticosteroid therapy in 

septic shock. To integrate these findings into clinical practice, the thesis provides a narrative 

review of adjunctive corticosteroid therapy, particularly the use of adjunctive hydrocortisone 

with or without fludrocortisone in septic shock. The biochemical and molecular basis of 

corticosteroid action, the potential benefits of dual therapy targeting both glucocorticoid and 

mineralocorticoid pathways, and the limitations of current treatment protocols are discussed. 

In summary, this thesis advances the understanding of adrenal insufficiency in critical illness 

by elucidating the complex interactions between cortisol production, RAAS dysregulation, 

and glucocorticoid and mineralocorticoid receptor dynamics. The integrated approach taken 
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here—spanning observational studies and comprehensive reviews—offers a holistic view of 

adrenal dysfunction and proposes actionable insights with the potential to refine current 

understanding, with the aim to improve outcomes for patients with septic shock and traumatic

injury.

Key words: neuroendocrine response, hormone supplementation, critical illness, 

corticosteroids, mineralocorticoids, trauma, sepsis, septic shock, corticosteroid insufficiency, 

hypothalamic-pituitary-adrenal axis.
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CHAPTER 1: Background and introduction

The stress response to critical illness involves intricate interactions involving the 

neuroendocrine axis, hypothalamic-pituitary-adrenal axis (HPA), the renin-angiotensin-

aldosterone system (RAAS), as well as metabolic and immune system changes (1). These 

processes are generally proportional to the severity of the stress and reflect the body’s attempt

to restore homeostasis (1).  Impairments in the HPA axis, including dysregulation of the 

hypothalamic-pituitary-axis, altered cortisol metabolism and tissue corticosteroid resistance, 

are hallmark features of critical illness-related corticosteroid insufficiency (CIRCI) (2). Such 

dysregulation has been associated with increased disease severity and mortality, yet gaps 

remain in understanding the mechanisms underlying these changes, with changes affecting 

various sub-populations being under-explored (2–5).

A number of studies have shown a positive correlation between serum total cortisol and 

severity of illness. However the free cortisol rather than the total cortisol is the active form 

and its levels might be a better reflection of the degree of stress. In addition tissue action is 

evidently increasingly relevant in the pathophysiology of CIRCI (2,6,7).

Furthermore, a growing body of evidence highlights the importance of glucocorticoid 

sensitivity—the responsiveness of tissues to circulating glucocorticoids—in the 

pathophysiology of CIRCI. Tissue-specific variability in glucocorticoid sensitivity influences 

inflammatory and metabolic outcomes, independent of circulating cortisol levels. This thesis 

explores the interplay between cortisol dynamics, glucocorticoid sensitivity, and 

16



inflammatory responses in critically ill patients, focusing on severe sepsis, septic shock, and 

traumatic brain injury (TBI). By comparing findings in critically ill patients with healthy 

controls, this work sheds light on the complex and often independent mechanisms of adrenal 

dysfunction in severe sepsis and trauma.

Despite its clinical significance, the role of glucocorticoid sensitivity in critical illness is 

poorly understood. Traditional measures of adrenal function, such as total cortisol levels and 

the short synacthen test, do not account for variability in tissue-level glucocorticoid action 

(2,6). By incorporating assessments of glucocorticoid sensitivity—using suppression assays 

of inflammatory cytokines like IL-6 and TNF-α—this thesis provides novel insights into how 

glucocorticoid action varies across critically ill populations. Findings from this work suggest 

that glucocorticoid sensitivity and cortisol dynamics operate through distinct mechanisms, 

with implications for individualized endocrine management in critical care settings.

Furthermore, mineralocorticoid dysfunction has emerged as a key, albeit under-explored 

component of adrenal insufficiency (3). A significant proportion of critically ill patients 

display dissociation of aldosterone and renin levels, a condition associated with poor 

outcomes, and potentially representative of adrenal gland adaptation to prioritise cortisol 

synthesis (8). This thesis introduces the concept of critical illness-related mineralocorticoid 

insufficiency (CIRMI), highlighting the comprehensive nature of adrenal dysfunction as a 

time-dependent condition involving both cortisol and aldosterone pathways, which is 

demonstrable by concurrent derangements in both cortisol and aldosterone handling. 

The interplay between CIRCI, CIRMI, and glucocorticoid sensitivity offers a framework for 
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optimising adjunctive therapy in critically ill patients. Current evidence supports the use of 

adjunctive hydrocortisone in septic shock (9), yet the potential benefits of adjunctive 

fludrocortisone remain under-explored (10,11). This thesis investigates how combined 

glucocorticoid and mineralocorticoid therapies could address both cortisol and aldosterone 

dysfunction, thereby improving patient outcomes. A molecular perspective discussed in this 

thesis potentially offers valuable insights and guidance to help inform clinical strategies (12).
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CHAPTER 2: Literature review, incorporating the concept of the thesis

2.1 Stress response to trauma and sepsis

Stress may be defined as a state of threatened homeostasis. Critical illness represents a severe

form of acute stress which evokes complex responses from the endocrine, autonomic and 

immune systems (1–3). These overlapping responses are collectively termed the stress 

response. During the stress response, the central nervous system (CNS) senses stress from a 

variety of hormonal and neurological inputs, which induce activation of both the 

sympathoadrenergic system and the hypothalamic-pituitary-adrenal axis (HPA) (2,4,5). The 

main mediators of this response include cytokines, catecholamines and corticosteroid 

hormones (3). The aim of this response is to maintain homeostasis through modulation of the 

neuro-endocrine axis, metabolic and immune systems (3). The stress response thus involves 

modulation of the autonomic nervous system, the neuro-endocrine axis, metabolic and 

immune systems. The magnitude of the stress response typically correlates with the severity 

of the stressor (2,5,6). 

Trauma and sepsis are leading causes of critical illness associated with significant morbidity 

and mortality worldwide. Globally, traumatic injury remains a leading cause of mortality, 

hospitalisation, morbidity and disability (7–9). Traumatic injury is a devastating condition 

and a significant cause of mortality particularly among young individuals (9–11). Intensive 

care unit (ICU) admissions for multi-trauma cases accounted for 2.0% of all injury 

hospitalisations in Australia in 2021-22 (11). Trauma-induced tissue injury activates an 

inflammatory cascade, the immune system and the coagulation pathway (12). The subsequent

systemic inflammatory response syndrome (SIRS), a result of immune system activation, is 
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correlated with adverse clinical outcomes (13).

Sepsis is a life-threatening condition characterised by a dysregulated host response to 

infection, leading to organ dysfunction and multi-organ failure. It is a major global health 

concern, with a substantial and increasing annual incidence in high-income countries (14–

18). While mortality rates in sepsis have decreased over time, likely due to advances in 

pathophysiological insights and therapeutic strategies (19–21), it remains a leading cause of 

death (22). In sub-Saharan Africa, where data are scarce, the burden is anticipated to be 

higher due to prevalent infectious diseases (10). 

The pathophysiology of sepsis is multifactorial, driven by the interactions between 

pathogens, host factors, neuroendocrine and immune responses (2). In septic shock, time-

dependent derangements occur which result in increased risk of persistent shock, organ 

dysfunction and death. Inflammatory mediators lead to altered corticotropin synthesis, 

increased distribution volume for corticosteroids, modified corticosteroid delivery to tissues, 

prolonged corticosteroid metabolism and decreased tissue sensitivity to steroids (23–28). 

Termed critical illness-related corticosteroid insufficiency, these patients exhibit a 

dysregulated hypothalamic-pituitary-adrenal (HPA) axis, altered cortisol metabolism, and 

tissue resistance to glucocorticoids (26).

2.2 Adrenal dysfunction in critical illness

Adrenal insufficiency clinically manifests in the setting of inefficient production, or action of,

glucocorticoids and is classified as primary, secondary, or relative (29,30). Primary disease 
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involves decreased production from the adrenal gland and stems from adrenal gland 

destruction from autoimmune disease, tuberculous adrenalitis and haemorrhage into the 

adrenals, leading to both glucocorticoid and mineralocorticoid deficiency (30). Secondary 

adrenal insufficiency arises from anterior pituitary dysfunction, most commonly following 

abrupt cessation of glucocorticoid therapy (30). Additional causes include hypopituitarism 

due to brain injury or post-pituitary surgery, or haemorrhage into the pituitary, as well as 

pituitary tumours (30).

There remains a concern that a subset of critically ill patients has an inadequate adrenal 

glucocorticoid response to their degree of illness, and that outcome could be improved by 

adjunctive glucocorticoid therapy in this group (31–33). Critical illness-related corticosteroid 

insufficiency (CIRCI) remains a topic of continued interest as a potential cause of increased 

mortality in critical illness (5). The diagnosis of CIRCI, however, poses a number of 

challenges. The standard method used to assess corticosteroid insufficiency (CI) in the non-

critical care setting is a corticotrophin test, based on the administration of 250µg of synthetic 

ACTH followed by measurement of the adrenal response in the form of plasma total cortisol 

secretion. Furthermore, the currently accepted basal and stimulated cortisol levels of 15 ± 8 

mg/dl (± 2SD) and 32 ± 12 mg/dl (± 2SD), respectively, were developed in healthy, non-

stressed subjects (34). Application of this procedure in the setting of critical illness poses 

several difficulties, such as baseline variability of total plasma cortisol levels in critical 

illness. A false-positive result may occur when using the stimulated total cortisol level 

because of altered protein-binding. Conversely, the resultant drop in binding protein may 

result in a decrease in total cortisol (35). The alternative criteria of using the change from the 

basal to the stimulated level of 5–9 µg/dl is also problematic in critical illness as the delta 
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level is inversely related to the basal level, which is already high in the critically ill (36). In 

this context, studies have demonstrated a failure of as many as 30% of normal subjects to 

meet the delta criteria (37–39). Plasma cortisol levels are generally considerably raised in 

non-survivors of critical illness and less so in survivors, a finding considered inconsistent 

with the concept of relative adrenal insufficiency (31,33,36,40,41). Direct methods of free 

cortisol measurement such as ultra-high frequency tandem mass spectrometry may thus be 

more reliable in the assessment of cortisol levels in the critically ill (42). 

2.3 Free cortisol in traumatic brain injury

Traumatic brain injury (TBI) is a recognised cause of secondary adrenal insufficiency; 

however, the biochemical diagnosis of adrenal insufficiency remains challenging in this 

context (43–45). Previous investigators have demonstrated that free cortisol levels provide 

better accuracy through demonstration of marked variation in free cortisol levels and nearly 

identical total plasma cortisol increments across healthy patients and those with septic shock 

(45,46). Significantly lower corticosteroid binding globulin (CBG) levels have been 

demonstrated in patients with TBI compared to controls (47). The reduction in CBG may 

contribute to the observed elevations in free cortisol, as well as highlighting the limitations of

the use of indirect methods of free cortisol assessment (48).

2.4 Glucocorticoid sensitivity and tissue activity of glucocorticoids

Glucocorticoid sensitivity varies significantly across individuals and is influenced by genetic 

and disease-related factors (49). Understanding glucocorticoid action on target tissue may 
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allow for a more rational individualised approach to supplementation (36). Several factors, 

inclusive of glucocorticoid receptor density and function (50), as well as intracellular cortisol 

and cortisone metabolism as regulated by the functioning of the 11β-hydroxysteroid 

dehydrogenase enzyme (11β-HSD) system, play a role (51).  

The glucocorticoid receptor is cytosolic (unbound form), expressed in almost every human 

cell and regulates genes that affect development, metabolism, and the immune system (50). 

Inflammation and cytokines impact significantly on glucocorticoid receptor number and 

function (52–54). A decrease in both binding activity and glucocorticoid receptor-mediated 

transcription, have been shown in acute respiratory distress syndrome (55). More recently 

glucocorticoid receptor expression and binding capacity have been shown to be increased in 

burn injury (54).

Suppression of 11β-HSD-2 activity, resulting in increased cellular cortisol availability has 

been shown in critical illness (35). Furthermore, the finding of reduced cortisol metabolism in

sepsis, implying increased tissue cortisol exposure, suggests that lower doses of 

hydrocortisone than previously advocated may be sufficient if steroid supplementation is to 

be used (35,56–58). Interestingly, in critical illness, elevated serum cortisol levels are often 

observed, and the diminished or absence of a total cortisol response to ACTH may represent a

physiological adaptation to a hypercortisolaemic state rather than a pathological deficiency 

(57).  

Recently glucocorticoid sensitivity has been shown to be associated with disease severity 

(59). The association of in vitro glucocorticoid sensitivity with clinical outcome has not, 

however, yet been shown, regardless of whether glucocorticoid therapy has been employed. 
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Glucocorticoid sensitivity is influenced by genetic and disease-related factors and is thus 

highly variable in both healthy and critically ill individuals (59–61). Chronic conditions such 

as autoimmune diseases, obesity, and endocrine disorders have been shown to affect 

glucocorticoid sensitivity, with the diverse responses to glucocorticoids observed in 

conditions like rheumatoid arthritis highlighting the therapeutic relevance of considering 

individual variability in glucocorticoid sensitivity (61–64). The in vitro assessment of 

glucocorticoid sensitivity has previously been advocated in rheumatoid arthritis, a disease in 

which glucocorticoid therapy is known to be beneficial (61).

A number of methods have been employed in the assessment of in vitro glucocorticoid 

sensitivity. These commonly rely on glucocorticoid-induced suppression of peripheral blood 

mononuclear cell proliferation or glucocorticoid-induced suppression of cytokine release in 

stimulated or unstimulated human cell cultures derived from peripheral blood cells or 

alveolar macrophages, the stimulant being lipopolysaccharide (LPS) (63,65,65–67). Of note 

is that the suppression of cytokine release from LPS stimulated peripheral blood cells may be 

affected by the stimulation process itself, as well as by circulating glucocorticoids (63). The 

dexamethasone-induced suppression of cytokine production from LPS-stimulated monocytes,

also called the dexamethasone suppression of cytokine production assay (DSCP), is one such 

assay with a reported greater ability to detect tissue glucocorticoid sensitivity than other 

methods (67). Although reduced glucocorticoid metabolism, has been observed in sepsis 

(35,57,68), tissue corticosteroid bioavailability has not been consistently shown to predict 

clinical outcome in critical illness. 
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2.5 Hyperreninemic hypoaldosteronism, a neglected entity

There is a novel and growing recognition that patients with CIRCI often exhibit endocrine 

dysfunction, encompassing both the hypothalamic-pituitary-adrenal axis and the RAAS (69). 

Angiotensin II was shown to effectively increase blood pressure in patients with vasodilatory 

shock non-responsive to conventional high doses of vasopressors bringing to light the role of 

the renin angiotensin system in outcomes of patients with critical illness (70). Furthermore, 

there has been demonstration of elevated plasma renin levels and inappropriately low 

aldosterone levels among a substantial cohort of critical illness patients (71). Hyperreninemic

hypoaldosteronism, associated with a high mortality rate, has previously been described in a 

subset of critically ill patients (72). In this seminal study, a spectrum of aldosterone 

responsiveness in 18 patients (n=28) with persistent hypotension was described. Plasma renin

activity was found to be increased in the total sample with aldosterone being inappropriately 

low in 18 of the 28 participants. The lack of an aldosterone response to angiotensin II or 

ACTH in most of the patients in this study suggested that the defect was at the level of the 

adrenal zona glomerulosa. Though the study was small and the methods used to measure both

aldosterone and renin have since been improved, it nevertheless highlighted a neglected 

entity, namely selective hypoaldosteronism in haemodynamically unstable critically ill 

patients. Termed hyperreninaemic hypoaldosteronism, hyperreninaemia in septic shock is a 

clinically relevant marker of illness severity. This marker is associated with vasopressor-

resistant vasodilatory shock, a form of shock characterised by increased or preserved cardiac 

output and peripheral vasodilation, as well as worsening renal failure and increased mortality 

(23,73,74).

Mineralocorticoid insufficiency, in trauma patients presenting in haemorrhagic shock, is 
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associated with increased disease severity, requirement for a more aggressive resuscitative 

effort, higher likelihood to experience hypotension, a higher risk of acute renal failure (AKI) 

and higher mortality rates (75). Critical illness–associated hyperreninemic hypoaldosteronism

is identifiable when there is dissociation of plasma aldosterone and plasma renin as evidenced

by a plasma aldosterone/plasma renin (PA/PR) ratio of less than 2. This definition is used in 

non-critically ill patients with mineralocorticoid deficiency and corresponds to the 98th 

percentile of the control population (76). Mineralocorticoid dysfunction may represent 

adrenal (mal)adaptation designed to optimise cortisol production as a result of precursor 

substrate diversion towards cortisol production in the critically ill (71).

Indeed, in sepsis, mineralocorticoid steroidogenesis has been shown to be more frequently 

impaired than glucocorticoid steroidogenesis (23). Sepsis and trauma are both common 

aetiologies of adrenal insufficiency and vasodilatory shock in the critically ill.

Cortisol and aldosterone are the primary corticosteroids produced in critical illness and 

contribute to the stress response. Steroidogenesis, the process by which steroid hormones, 

including aldosterone and cortisol are synthesised, occurs in the adrenal gland and is 

dependent on the availability of steroid precursors (77). Cortisol precursors and their ratio to 

cortisol have been previously investigated to characterise steroidogenesis in the adrenal 

dysfunction of CIRCI in septic shock, leading to the recognition of substrate deficiency as a 

potential mechanism that contributes to CIRCI (77). Aldosterone is produced as a result of 

conversion of corticosterone and the synthesis of corticosterone is triggered exclusively by 

corticotrophin (23). 

2.6 Therapeutic intervention
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Both endogenous corticosteroids and exogenous corticosteroids play a pivotal role in 

modulating inflammatory and immune responses. Corticosteroids modulate 

immunomodulatory effects by inhibiting the transcription of pro-inflammatory genes, impede

the migration of leukocytes to sites of inflammation and hinder the adherence of neutrophils 

to endothelial cells, thereby diminishing their subsequent release of humoral factors (78,79). 

Corticosteroids increase cardiac output, as well as regional and coronary blood flow through 

inhibition of nitric oxide synthesis (80). In septic shock corticosteroids increase arterial 

pressure through restoration of systemic vascular resistance and the vasopressor response to 

norepinephrine.

A significant reduction in 90-day mortality has been demonstrated with adjunctive 

hydrocortisone administered with fludrocortisone (81,82). Potential underlying mechanisms 

for this mortality benefit have recently been described (83). Prior guidelines of the Society of 

Critical Care implicitly endorsed mineralocorticoid replacement by suggesting the preference 

of an oral daily dose of fludrocortisone 50 µg over dexamethasone given together with 

hydrocortisone as the latter lacks mineralocorticoid activity. Subsequent consensus statements

by the Society of Critical Care Medicine (SCCM) and the European Society of Intensive Care

Medicine (ESICM) 2017 did not address the role of mineralocorticoid replacement in patients

with septic shock (84–86). Although evidence from a well-designed, randomised controlled 

trials is pending, recent insights suggest that a combination of fludrocortisone and 

hydrocortisone is more effective than hydrocortisone alone for septic shock (87,88).

2.7 Conclusions and overall concept of the thesis

This introduction establishes a foundational understanding of the global burden of sepsis and 
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trauma, the complex interplay of the endocrine and immune responses in critical illness, and 

serves as the rationale for the inclusion of the various studies and reviews included in the 

subsequent chapters of the thesis. However, despite extensive work in this field, important 

knowledge gaps remain. There is a paucity of data describing the combined trajectory of pro- 

and anti-inflammatory cytokines and cortisol in critically ill patients with sepsis, in African 

cohorts, and it is unclear whether total cortisol provides independent prognostic information 

alongside inflammatory biomarkers. 

While adrenal function has been studied in traumatic brain injury, prior limited research has 

almost exclusively measured total cortisol, leaving uncertainty about the role of free cortisol 

as a more reliable marker, and tissue glucocorticoid sensitivity has not previously been 

investigated in this population. 

In healthy adults, although the ACTH stimulation test is widely used, reference data on free 

cortisol responses are limited, and the relationship between circulating cortisol responses and 

in vitro glucocorticoid sensitivity has not been characterised.

These knowledge gaps underpin the three original studies in this thesis. By addressing 

knowledge gaps in glucocorticoid sensitivity, cortisol metabolism, and mineralocorticoid 

dysfunction, this thesis seeks to advance the understanding of critical illness endocrinology 

and potentially inform targeted therapeutic strategies.
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ABSTRACT

Background

Sepsis involves a complex interplay of immunoinIammatory interacAons. We invesAgated pro- and

anA-inIammatory cytokine and total corAsol levels (TC) in relaAon to disease severity and 

outcomes.

Methods

Forty-Eve paAents with severe sepsis or sepAc shock were enrolled. Clinical data, including severity

scores (APACHE II, SAPS II, SOFA) were recorded. Cytokines (interleukin (IL)-1β, IL-6, IL-8, IL-10, IL-

17, IL-1 receptor antagonist (Ra)), Tumour necrosis factor receptor 1 (TNFR1) and TC were 

evaluated on admission and on day 7. Regression analyses explored relaAonships between 

biomarkers, disease severity, and 28-day mortality.

Results 

The median age was 49 years (IQR: 38–62). The most common infecAon site was abdominal (53%). 

Admission APACHE II, SAPS II, and SOFA scores were [median (IQR)] 22 (15–28), 40 (31–53), and 9 

(6–12), respecAvely. Admission IL-6 [0.09 (0.03–0.32)] and TNFR1 [2050.4 (1292.1–4315.0)] levels 

(pg/mL) were elevated. IL-1Ra decreased signiEcantly from day 1 [21.09 (12.88-60.19)] to day 7 

[5.19 (3.38-26.84); p = 0.032] (pg/mL). 
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TC levels were at a median of 568 nmol/L (IQR: 335–1650). TNFR1 was a signiEcant predictor of 28-

day mortality [adjusted mortality raAo (aMR) = 1.0265, (95% CI: 1.0157–1.0373), p < 0.001]. IL-6 

[MR = 1.0109, (95% CI 1.0060–1.0159), p < 0.001] and TC levels [MR = 1.0180, 95% CI: 1.005-1.031,

p = 0.007] were signiEcant in univariate analysis but not aUer adjustment.

Conclusions

TNFR1 was associated with mortality. The signiEcant reducAon in IL-1Ra suggests a maladapAve 

anA-inIammatory response, with declining levels associated with increased mortality. Elevated TC 

levels were not independently associated with increased mortality.

INTRODUCTION

Sepsis remains a major global health concern contribuAng to substanAal morbidity and mortality 

1,2. In low- and middle-income countries (LMICs) there is a paucity of data pertaining to the 

incidence and mortality of sepsis, and where available it depicts wide regional variability 1,3–8. Sub-

Saharan Africa remains a region with a high burden of sepsis, accounAng for up to 28% of intensive

care unit (ICU) admissions in South Africa 1,9,10. As the understanding of sepsis pathophysiology 

evolves, accurately idenAfying the inIammatory and immune response and predicAng outcomes 

remains a major challenge. 

The clinical course of sepsis is dynamic and heterogeneous, inIuenced by pathogen virulence, 

paAent comorbidiAes, treatment regimens and geneAc predisposiAons, resulAng in diverse 

inIammatory and immune trajectories, heterogenous treatment e'ects and treatment outcomes  

3,4,6,11. This forms the basis of exploring various sub-phenotypes of sepsis. In developing/LMICs, 
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delayed presentaAon and limited access to healthcare contribute disproporAonately to higher 

mortality rates. Consequently, accurately idenAfying high-risk paAent subgroups is crucial to 

personalising sepsis management and improving prognosis.

Pathogen-mediated acAvaAon of the innate immune system induces an upregulaAon of gene 

transcripAon and cytokine release. Pro-inIammatory cytokines, including tumour necrosis factor 

alpha (TNF-ɑ), and its receptor tumour necrosis factor receptor 1 (TNFR1), interleukin (IL)-1 beta 

(IL-1β), IL-6, IL-8, and IL-17, trigger wide-spread inIammaAon, acAvate leukocytes, the 

complement system, and coagulaAon pathways. This pro-inIammatory state promotes acute-

phase protein producAon, immune cell recruitment to infecAon sites and necroAc cell death 3,7,12. 

TNF-α acAvates TNFR1 amplifying the inIammatory response 13. In contrast, anA-inIammatory 

cytokines, including IL-1 receptor antagonist (IL-1Ra), IL-10, IL- 4, IL-11, and IL-13, suppress 

inIammaAon and promote recovery 14. IL-1Ra antagonises IL-1 acAons, while IL-10 inhibits pro-

inIammatory mediators’ synthesis. Imbalance between pro- and anA-inIammatory cytokines 

disrupts immune homeostasis in sepsis, potenAally causing persistent inIammaAon, organ damage

or immunosuppression.

Cytokines directly acAvate the hypothalamic pituitary axis axis further promoAng cytokine 

producAon in the brain 12,15. Cytokines acAvate nitric oxide synthase leading to nitric oxide release 

which di'uses into corAcotrophin-secreAng neurones, sAmulaAng pituitary release of 

adrenocorAcotropic hormone (ACTH) and corAsol synthesis 12,15–17. CorAsol, a key regulator of 

metabolic, cardiovascular, and inIammatory responses, inhibits macrophage and neutrophil 

accumulaAon and suppresses inIammatory mediator synthesis 16,18. In sepsis, corAsol 

dysregulaAon is associated with disease severity and outcomes 19.
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The absence of reliable and discriminatory clinical parameters, coupled with the limitaAons in 

rapid current pathogen idenAEcaAon methods, has prompted the search for systemic biomarkers 

that can di'erenAate between systemic inIammatory response syndrome and sepsis, and in 

prognosAcaAon 20. Numerous potenAal biomarkers have been invesAgated to address this need; 

however, gaps remains in understanding the dynamic changes in cytokine levels and their role in 

sepsis progression 20. The aim of this study was thus to evaluate the trajectory and temporal 

proEles of pro- and anA-inIammatory cytokines, along with total corAsol levels (TC), in a South 

African populaAon with severe sepsis and sepAc shock. SpeciEcally, the study sought to explore 

the potenAal of these biomarkers to idenAfy sepsis sub-phenotypes and to assess their 

relaAonship with disease severity and clinical outcomes in a sub-Saharan African populaAon.

MATERIALS AND METHODS

This exploratory, prospecAve, observaAonal cohort study included 45 consecuAve paAents (week-

day enrolment) admiDed with severe sepsis and sepAc shock to the surgical ICU at the Steve Biko 

Academic Hospital, Pretoria, South Africa, between June 2020 to September 2021. The sample size

was determined pragmaAcally based on feasibility during the COVID-19 pandemic and resource 

limitaAons, which constrained ICU admissions and follow-up capacity. As an exploratory study, 

formal power calculaAons were not performed, and Endings are intended to generate hypotheses 

for future, larger studies. The surgical intensivist-led unit is a university-aJliated terAary academic 

hospital. The study was approved by the Human Research Ethics CommiDees of the University of 

the Witwatersrand (M190888) and the University of Pretoria (619/2019). WriDen informed con-

sent was obtained from parAcipants or their surrogate decision maker and the study was per-
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formed in accordance with the DeclaraAon of Helsinki. PaAents were enrolled within 48 hours of 

ICU admission and were eligible if they were ≥18 years and met the consensus deEniAons of the 

American College of Chest Physicians/ Society of CriAcal Care Medicine for severe sepsis or sepAc 

shock 6. Exclusion criteria comprised: paAents below 18 years of age, known pregnancy, endocrine 

disease, current use of corAcosteroids or within the past 3 months if previous chronic use (inhaled 

or oral), thyroid hormone replacement, etomidate or ketoconazole administraAon during admis-

sion, known human immunodeEciency virus (HIV) reacAvity, and paAents who fulElled inclusion 

criteria aUer more than 48 hours before admission to ICU.

Data Collec�on and Assays

All paAents in the ICU were monitored and managed as per best pracAce therapy by the treaAng 

intensivist. Study-speciEc samples were retrieved in appropriate blood collecAon tubes (through 

indwelling cannulas) within 48 hours of admission, Amed in the morning before midday. AddiAonal

blood samples (10mL) were collected in tubes containing ethylene-diamine-tetra-aceAc acid (EDTA)

as an anAcoagulant on the day of admission and again seven days following admission, provided 

the paAent was sAll in ICU. These samples were processed, and the plasma fracAon stored at -80 

⁰C unAl analysis. Healthy control plasma samples obtained from laboratory volunteers served as 

assay controls. RouAne pathology tests were performed by the NaAonal Health Laboratory Service 

(NHLS), Pretoria, South Africa. In addiAon, samples were analyzed for total plasma corAsol (nmol/

L) at the NHLS. 

Variables and outcomes
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Clinical data collected included demographic characterisAcs (age, gender, weight and height, med-

ical history, diagnosis or clinical condiAon requiring admission) and severity of illness and organ 

failure scores (Acute Physiology and Chronic Health EvaluaAon II [APACHE II], SimpliEed Acute 

Physiology II [SAPS II], SequenAal Organ Failure Assessment [SOFA]) 21,22. Various clinical data were 

collected to comprehensively characterise the paAent populaAon, including the source and site of 

sepsis, days on mechanical venAlaAon, length of ICU stay, and 28-day in-hospital mortality. Of 

these collected variables, days on mechanical venAlaAon, length of ICU stay, and 28-day in-hos-

pital mortality were speciEcally analysed for this study.

Laboratory tes�ng

Measurement of cytokine levels

Levels of circulaAng pro-inIammatory/anA-inIammatory cytokines (IL-1β, IL-1Ra, IL-6, IL-8, IL-10 

and IL-17) were determined using a Luminex® Human Premixed MulA-Analyte kit (R&D Systems, 

Minneapolis, MN, USA) and the method was followed according to the manufacturers’ instruc-

Aons. BrieIy, 50μL of standards of known concentraAon or sample, diluted two-fold, were added 

to appropriately designated wells of a microplate followed by the addiAon of 50 μL of microparAcle

cocktail. The microplate was sealed and incubated, protected from light, at room temperature for 2

hours with gentle agitaAon (800 rpm) on a horizontal orbital plate shaker (Thomas ScienAEc, 

Swedesboro, NJ, USA). Following the incubaAon step, the microplate was washed three Ames using

an automated magneAc wash staAon (Bio-Rad Laboratories Inc., Hercules, CA, USA). BioAn-anA-

body (50 μL) was added to each well, the microplate was sealed and incubated for an addiAonal 1 

hour at room temperature with gentle agitaAon. Following the incubaAon period, the microplate 

8



was washed three Ames as described above and streptavidin-phycoerythrin (50 μL) was added to 

each well. The microplate was again sealed and incubated for a further 30 minutes at room tem-

perature as described above. The microplate was then washed a Enal three Ames using the auto-

mated magneAc wash staAon and the microparAcles were resuspended in 100 μL of wash bu'er 

followed by two minutes vigorous shaking using a Cooke AM69 microplate shaker (Dynatech AG, 

Bleichestrasse, ZUG, CH). The well contents were assayed using a Bio-Plex Suspension Array plat-

form (BioRad Laboratories, Inc.). Bio-Plex Manager SoUware 6.0 was used for bead acquisiAon and 

analysis of median Iuorescence intensity. Results are presented as picograms (pg)/mL. 

Measurement of tumour necrosis factor receptor 1 levels

ConcentraAons of TNFR1 present in the plasma samples were determined using a Human TN-

FRSF1B (Tumour Necrosis Factor Receptor Superfamily, Member 1B) enzyme-linked immunosorb-

ent assay (ELISA) kit (E-EL-H2436: Elabscience Biotechnology, Inc., Houston, TX, USA). The protocol 

was followed according to the manufacturer’s instrucAons. Manufacturer-speciEed lower limits of 

detecAon (LOD) for each cytokine are provided in the product documentaAon. Levels of TNFR1 

were determined as follows: the standards and appropriately diluted plasma samples (100 μ L) 

were added to the designated wells of a 96-well microplate. The microplate was sealed and incub-

ated at 37 ⁰C for 90 minutes. Following the incubaAon period, the plate contents were aspirated 

and 100 μL bioAnylated detecAon anAbody was immediately added to each well. The microplate 

was incubated at 37 ⁰C for a further 60 minutes. The microplate was then washed three Ames us-

ing an automated plate washer (BioTek Instruments, Inc., Winooski, VT, USA) followed by the addi-

Aon of 100 μL horseradish peroxidase conjugate to each well. The microplate was then sealed and 

incubated at 37 ⁰C for 30 minutes followed by an addiAonal Eve washes using the automated plate 
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washer as described above. Substrate reagent, 3,3 ,5,5 -tetramethylbenzidine (100 μL), was then ′ ′

added to each well and the microplate was incubated, protected from light, at 37 ⁰C for a further 

15 minutes. The reacAon was terminated by the addiAon of 50 μL stop soluAon and the opAcal 

density (OD) of each well was read using a PowerWaveX microplate spectrophotometer (BioTek In-

struments, Inc.) set at a wavelength of 450 nm. The concentraAon of TNFR1 present in each 

sample was determined from the generated standard curve and the results are presented as pg/

mL.

DATA MANAGEMENT AND ANALYSIS

Data were captured into a study-speciEc REDCap database and exported to Stata® (version 18.5, 

Stata CorporaAon, College StaAon, TX, USA) for analysis 23. Categorical variables were summarised 

as frequencies and percentages while conAnuous variables were tested for normality using the 

Shapiro-Wilk test and visual methods. Normally distributed conAnuous variables were summarised

using mean and standard deviaAon (SD), and non-normally distributed variables with medians and 

interquarAle ranges (IQR). Due to signiEcant deviaAons from normality observed for many of the 

cytokine variables, power or log transformaAon was aDempted for TNFR1, IL-1β, IL-6, IL-8, IL-10, IL-

17 and IL-1Ra. However only IL-Ra showed approximate normality (p = 0.0569). Therefore, non-

parametric methods were primarily used for further analyses of these variables. Comparisons 

between survivors and non-survivors were conducted using T-tests or Mann-Whitney tests for 

conAnuous variables and Chi-square (X²)  tests for categorical variables.

Univariable linear regression examined the relaAonships between admission total corAsol levels 

and circulaAng pro-/anA-inIammatory cytokines as well as 28-day mortality. The associaAons 
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between total corAsol on admission and clinical severity scores (APACHE II, SAPS II and SOFA 

scores), as well as the primary (28-day mortality) and secondary outcomes (ICU length of stay), was

examined using linear regression analysis. Regression coeJcients (β) with 95% conEdence intervals

(CIs) were reported, and a p-value of <0.05 was considered staAsAcally signiEcant.

Categorical variables were further analysed using frequency tables, and their associaAon with total

corAsol levels and other key variables were tested using the Chi-squared test. The Chi-squared test 

was also used to determine signiEcant associaAons between total cortisol levels and various out-

come measures, including (i) APACHE II, SOFA, and SAPS II scores; (ii) circulaAng pro-

inIammatory/anA-inIammatory cytokines; (iii) ICU length of stay, venAlatory support duraAon, 

and (iv) 28-day all-cause mortality. AddiAonally, Chi-squared tests were used to examine associ-

aAons between biomarkers of inIammaAon and clinical outcomes, such as ICU length of stay, 

venAlatory support duraAon, and 28-day all-cause mortality.

Univariable and mulAvariable Poisson regression with robust error variance assessed the strength 

of associaAon between 28-day mortality (outcome) and predictors, including pro- and anA-

inIammatory markers and severity scores (APACHE II, SAPS II, SOFA), adjusAng for covariates and 

confounders such as age, sex, and BMI. Collinearity among pro- and anA-inIammatory markers 

was assessed prior to regression modelling using Pearson’s correlaAon coeJcient and linear 

regression to miAgate mulAcollinearity. Mortality raAos (MRs), represenAng the relaAve increase in

28-day mortality risk per scaled increment for each variable, were calculated and presented with 

95% conEdence intervals. Several conAnuous variables were transformed to enhance 

interpretability and avoid overly precise raAos (100 nmol/L for total corAsol, 100 pg/mL for TNFR1 

and 0.1 pg/mL for IL-1Ra). A stepwise backward eliminaAon approach reEned the Enal 

mulAvariable model. Variables with a p-value <0.2 in the univariable analysis were included 

11



iniAally, and the model was reEned iteraAvely to retain one variable per 10 outcomes based on 

staAsAcal signiEcance and model Et. MulAvariable models were constructed using baseline (Day 1) 

values of candidate predictors.

RESULTS

Pa�ents

A total of 45 paAents with severe sepsis or sepAc shock were included in the study. The median 

age of the cohort was 49 years (IQR 38–62), with a slight male preponderance (53%). The most 

common sources of sepsis were abdominal (53%), soU Assue (27%), respiratory (9%) and urological

(4.4 %). The median BMI was 27.4 kg/m² (IQR 23.7–33.6). On admission, the median APACHE II, 

SAPS II, and SOFA scores were 22 (IQR 15–28), 40 (IQR 31–53), and 9 (IQR 6–12), respecAvely. Of 

the 45 paAents included in the study, 26 (58%) had sepAc shock on admission, 17 (38%) were clas-

siEed as having severe sepsis, and 2 (4%) had insuJcient data for classiEcaAon. The median num-

ber of days on mechanical venAlaAon was 6 (IQR 3- 9), the median ICU length of stay was 7 days 

(IQR 4–9), 19 paAents had as ICU stay longer than 7 days (42.2%) and the 28-day in-hospital mor-

tality rate was 42.2%.

Sites of infecAon in the study populaAon are described in Table 1. Microbiology results showed 

growth of micro-organisms in 26 paAents idenAfying Acinetobacter baumannii (n=6), Enterobacter 

cloacae (n=5), Klebsiella pneumoniae (n=4), Escherichia coli (n =4), Pseudomonas aeruginosa (n=2),

Candida species (n=2), Staphylococcus aureus (n=2) and Proteus mirabilis (n=1). Median total corA-

sol levels were 568 nmol/L (IQR: 335–1650) (Table 1).
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Table 1: Clinical and laboratory characteris�cs of pa�ents with sepsis or sep�c shock. 

Demographic characteris�cs

Age in years (median, IQR) 49 (38-62)

Male (n, %) 24 (53.3)

BMI in kg/m2 (median, IQR) 27.4 (23.7- 33.6)

Site of sepsis

  Abdominal

  Respiratory

  SoU Assues

  Urological

  Gynaecological

  Joint

  CNS

n (%)

24 (53.3)

4 (8.9)

12 (26.7)

2 (4.4)

1 (2.2)

1 (2.2)

1 (2.2)

APACHE II score (median, IQR) 22 (15-28)

SAPS II score (median, IQR) 40 (31-53)

SOFA score (median, IQR) 9 (6-12)

Total corAsol nmol/L (median, IQR) 568 (335-1650)

AbbreviaAons: IQR, interquarAle range; BMI, body mass index; CNS, central nervous system; APACHE II, Acute 

Physiology and Chronic Health EvaluaAon II; SAPS II, SimpliEed Acute Physiology Score II; SOFA, SequenAal Organ 

Failure Assessment. Bold values indicate staAsAcally signiEcant di'erences (p < 0.05).

Cytokine Pro	les

Paired data of circulaAng cytokines (day 1 and day 7) was available from 25 parAcipants (Table 2). 

The reference cytokine levels, obtained from healthy controls, were as follows: TNFR1 were a 

median of 402.26 pg/mL (IQR: 331.64–411.37), and IL-1Ra a median of 0.565 pg/mL (IQR: 0.3675–

0.725). Both IL-6 and IL-8 were at the lower detecAon limit, with medians of 0.01 pg/mL (IQR: 

0.01–0.01) for each. IL-1β, IL-10, and IL-17, exhibited low detecAon rates, with fewer than 25% of 

samples having measurable levels above the assay's limit of detecAon (LOD). SpeciEcally, IL-1β was 

detectable in 4.4% (2/45) of samples on day 1 and was undetectable in all samples on day 7. 

Similarly, IL-10 was detected in 22.2% (10/45) of samples on day 1 and 20.0% (5/25) on day 7, 

while IL-17 was detected in 11.1% (5/45) of samples on day 1 but undetectable in all day 7 

samples. Given the limited number of detectable values for these cytokines, staAsAcal analysis was

not conducted. Interleukin-1Ra levels decreased signiEcantly from a median of 21.09 pg/mL (IQR: 

12.88-60.19) on day 1 to 5.19 pg/mL (IQR: 3.38-26.84) on day 7 (p = 0.032) (Figure 1). Other 
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biomarkers, including, IL-6, IL-8 and TNFR1 did not exhibit staAsAcally signiEcant changes between 

day 1 and day 7 (p > 0.05 for all).

Table 2: Pro- and an�-in�ammatory cytokine levels in pa�ents with severe sepsis and sep�c 

shock at day 1 and day 7), N=25.

Cytokines* Day 1 levels (overall)

(Median, IQR)

N=45

Day 1 levels**

(Median, IQR)

N=25

Day 7 levels

(Median, IQR)

N=25

Wilcoxon 

Signed-rank

p-value

TNFR1 pg/mL 2050.4 (1292.1-4315) 2007 (1312.5- 3901.5) 1332.6 (951.8-3563.3) 0.149

IL-1Ra pg/mL 19.02(7.49-52.57) 21.09 (12.88 -60.19) 5.19 (3.38-26.84) 0.032

IL-6 pg/mL 0.09 (0.03-0.32) 0.14 (0.05-0.32) 0.03 (0.02-0.13) 0.112

IL-8 pg/mL 0.03 (0.01-0.09) 0.05 (0.03-0.09) 0.03 (0.01-0.11) 0.127

*all non-normally distributed; **among those with paired Day 7 results. Wilcoxon Signed-Rank Test: p-values reIect 

paired comparisons between Day 1 and Day 7 levels among paAents with both measurements. Cytokine levels are 

reported in picograms per millilitre (pg/mL). AbbreviaAons: TNFR1 (tumour necrosis factor receptor 1), IL-6 

(interleukin-6), IL-8 (interleukin-8), and IQR (interquarAle range). Day 1 levels (overall) represent data from all available

paAents (N=45), while Day 1 levels for the subgroup (N=25) correspond to those with matched Day 7 data. Bold values 

indicate staAsAcally signiEcant di'erences (p < 0.05).

0

50

100

150
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Figure 1. Temporal changes in interleukin-1Ra (IL-1Ra) levels from day 1 (D1, (n = 45)) to day 7 (D7) 

of ICU admission in paAents with severe sepsis and sepAc shock (n=25). 

Associa�on of cor�sol levels with cytokines and clinical outcomes

Correla�on analyses between cytokines and total cor�sol

There was poor correlaAon between corAsol levels and cytokines.

Cor�sol levels and their associa�on with clinical outcomes

Total plasma corAsol levels on admission (day 1) were a median of 568 nmol/L (IQR: 335–1650). 

Total corAsol levels were signiEcantly higher in non-survivors compared to survivors, with medians 

of 1207 nmol/L and 423.4 nmol/L, respecAvely (p=0.001) (Table 3). In univariate analysis, higher 

baseline corAsol levels were signiEcantly associated with an increase in 28-day mortality raAo 

(Table 4).
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Comparison of survivors and non-survivors

Table 3 presents a comparison of survivors and non-survivors in terms of demographics, sepsis 

sites, severity of illness scores, and admission total corAsol levels. A comparaAve analysis was 

conducted to evaluate di'erences between survivors and non-survivors across demographic and 

clinical variables at admission. No signiEcant di'erences were found in age, sex, or BMI. However, 

non-survivors had signiEcantly higher SAPS II scores (p = 0.019) and total corAsol levels (p = 0.011) 

compared to survivors. Non-survivors tended to have higher SOFA and APACHE II scores, although 

these did not reach staAsAcal signiEcance. 

Table 3: Comparison of survivors and non-survivors among 45 paAents with severe sepsis or sepAc 

shock. 
Demographics Survivors (n=26) Non-survivors (n=19) p-value

Age in years (median, IQR) 46 (34-60) 55 (35-63) 0.499

Male (n,%) 13 (50) 11 (57.9) 0.600

BMI in kg/m2  (median, IQR) 24.9 (23.5-31.6) 30.8 (24.4-37.6) 0.090

Site of sepsis (n, %)

  Abdominal

  Respiratory

  SoU Assues

  Urological

  Gynaecological

  Joint

  CNS

13 (50.0)

3 (11.5)

6 (23.1)

1 (3.9)

1 (3.9)

1 (3.9)

1 (3.9)

11 (57.9)

1 (5.3)

6 (31.6)

1 (5.3)

0 (0)

0 (0)

0 (0)

0.958

Severity of illness scores

APACHE II score (Median, IQR) 20.5 (14-23) 27 (19-29) 0.137

SAPS II score (Median, IQR) 34 (28-49) 49  (36-55) 0.019

SOFA score (Median, IQR) 7 (4-11) 11  (7-14) 0.060

Total corAsol (Median, IQR)* 422.5 (328-1417) 1207 (396-3300) 0.011

Days on mechanical venAlaAon*

(median, IQR)

5.5 (3-9) 6 (3-12) 0.851

Length of ICU stay in days*

(median, IQR)

7 (5-9) 6 (3-12) 0.482

*non-normally distributed. AbbreviaAons: BMI, body mass index; CNS, central nervous system; APACHE II, Acute 

Physiology and Chronic Health EvaluaAon II; SAPS II, SimpliEed Acute Physiology Score II; SOFA, SequenAal Organ 

Failure Assessment; IQR, interquarAle range; ICU, intensive care unit. Total corAsol levels are reported in nanomoles 

per litre (nmol/L). Bold values indicate staAsAcally signiEcant di'erences (p < 0.05).
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Mul�variable regression analysis

A mulAvariable Poisson regression with robust error variance was conducted to assess baseline

factors associated with 28-day mortality  (Table 4).  Unadjusted Poisson regression revealed that

higher SAPSII and SOFA scores were signiEcantly associated with increased 28-day mortality raAo.

Elevated levels of  total corAsol, day 1 TNFR1,  IL-6, and  IL-1Ra were also signiEcantly associated

with higher mortality raAos. The unadjusted MRs, scaled to clinically meaningful increments, indi-

cated that higher total  corAsol,  Day 1 TNFR1, and IL-1Ra were signiEcantly associated with in-

creased 28-day mortality (Table 4). These MRs reIect the relaAve increase in 28-day mortality risk

per speciEed increment.

In the adjusted mulAvariable model, higher BMI and day 1 TNFR1, remained signiEcant predictors

of 28-day mortality. Other variables, including SOFA and SAPSII scores, IL-6 and IL-8, did not retain

staAsAcal signiEcance aUer adjustment. The Enal model idenAEed BMI and Day 1 TNFR1 levels as

associated with a relaAve increase in mortality raAo (Table 4). 

Table 4: Baseline factors associated with 28-day mortality ra�o (n = 45).

Variable Mortality ra�o (95% CI) p-value Adjusted mortality 

ra�o (95% CI)

p-value

Age (per year) 1.0080 (0.9843-1.0322) 0.511

Sex (Male vs Female‡)  0.8312 (0.4106-1.68) 0.607

BMI (per kg/m2) 1.0376 (0.9857 -1.0921) 0.158 1.0538 (1.0066- 

1.1032)γ

0.025

APACHE II score (per score unit) 1.0240 (0.9861-1.0633) 0.218

SAPS II score (per score unit) 1.0192 (1.0021-1.0364) 0.027

SOFA score (per score unit) 1.0828 (1.0077-1.1635) 0.030

Total corAsol  (per 100 nmol/L 

increment)

1.0180 (1.005-1.031) 0.007

Day 1- TNFR1 (per 100 pg/mL 

increment)

1.0231 (1.0141-1.0321) <0.001 1.0265 (1.0157-1.0373)γ <0.001

D1 IL-6 (pg/mL) 1.0109 (1.0060 -1.0159) <0.001

D1 IL-1Ra (per 0.1 pg/mL 

increment)

1.0654 (1.0078 -1.1262) 0.025

D1 IL-8 (pg/mL) 1.0187 (1.0113 -1.0261) <0.001
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Adjusted mortality raAos (aMR) were calculated for BMI and Day 1 TNFR1 based on their signiEcant associaAons in 

univariable analysis (p < 0.05). Variables without adjusted values were not included in mulAvariable models due to 

lack of staAsAcal or clinical relevance.γ the last two variables in the Enal model. ‡Females serve as the reference group 

(MR = 1.00); the MR for males represents the relaAve mortality rate compared to females. Mortality raAos (MRs) for 

conAnuous variables represent the change in mortality risk per unit increase unless speciEed otherwise. ConAnuous 

variables are power-transformed to clinically relevant increments: 100 nmol/L for corAsol, 100 pg/mL for TNFR1 and 

0.1 pg/mL for IL-1Ra.

Change in pro- and an�-in�ammatory markers and associa�on with 28-day mortality

Table 5 presents the percent change in pro- and anA-inIammatory markers from day 1 to day 7 

and their associaAon with 28-day mortality raAos (MRs). Median percent changes, crude MRs 

(cMR), 95% conEdence intervals (CIs) and p-values are reported. IL-1Ra demonstrated a signiEcant 

median reducAon of 59.3% from day 7 to day 1 and was signiEcantly associated with an increased 

mortality raAo. In contrast, TNFR1, and IL-8, were not signiEcantly associated with increased 

mortality.

Table 5: Change in pro- and an�-in�ammatory markers and associa�on with 28-day mortality 

(n=25)

Marker % change (D7- D1) Median (IQR) Crude Mortality ra�o (95% CI)  p-value

TNFR1 pg/mL -10.6 (- 38.8- 18.6) 1.01 (0.99- 1.02) 0.244

IL-6 pg/mL -75.5 (-89.3 – 14.3) 1.00 (1.00- 1.00) 0.690

IL-1Ra pg/mL -59.3 (- 90.3- 7.9) 1.005 (1.003- 1.008) <0.001

IL-8 pg/mL -20 (-70.2- 0) 1.000 (0.999- 1.001) 0.915

AbbreviaAons: TNFR1, tumour necrosis factor receptor 1; IL-6, interleukin-6; IL-1Ra, interleukin-1 receptor antagonist; 

IL-8, interleukin-8; IQR, interquarAle range; CI, conEdence interval. Percent change (% change) from day 1 (D1) to day 7

(D7) is presented as the median with interquarAle ranges. Bold p-values indicate staAsAcally signiEcant di'erences (p <

0.05). Cytokine levels are reported in picograms per millilitre (pg/mL).

DISCUSSION

The current study invesAgated the proEles of pro- and anA-inIammatory cytokines, TNFR1 and 

total corAsol levels in paAents with severe sepsis and sepAc shock in a South African ICU seeng 

whose characterisAcs (e.g infecAon sites) aligned with regional sepsis populaAons 24,25. Intra-
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abdominal sepsis was the most common source of infecAon 24,25. The overall mortality rate of 

42.2% whilst high is not surprising considering the admission severity of illness scores and is in 

keeping with the diagnosis of sepAc shock that was observed in the majority of the paAents 26. In 

Africa reported mortality rates vary for sepsis and sepAc shock and are esAmated to be in the 

region of 30-47% taking into consideraAon the Sepsis-3 deEniAon. The overall mortality rate in the 

ICU was 22%. Mortality in sepAc shock is reported to be 30% to 40% in high-income countries 27–29, 

whereas in low- and middle-income countries, rates oUen surpass 40% in sepsis and 50% in sepAc 

shock. In LMICs, mortality rates are oUen much higher, frequently exceeding 40% in sepsis and 50%

in sepAc shock 29–31. Higher mortality rates in LMICs may stem from paAent demographics, 

comorbidiAes, delayed presentaAon, limited advanced care, and resource constraints. In this study,

the COVID-19 pandemic likely impacted mortality by straining healthcare resources, reducing ICU 

capacity, and delaying paAent presentaAon, and subsequently treatment, due to lockdowns and 

travel restricAons. OperaAonal changes, including the redeployment of ICU sta' to a neighbouring 

COVID-19 unit, contributed to bed shortages and fewer admissions during the study period.

Baseline TNFR1 emerged as an independent predictor of mortality. BMI was independently 

associated with mortality in our cohort. Prior studies in sepsis and criAcal illness have variably 

reported an ‘obesity paradox,’ in which moderately obese paAents experience lower mortality. 

Meta-analyses support a U- or J-shaped associaAon between BMI and mortality, although 

mechanisms remain uncertain and may relate to metabolic reserves, immune and inIammatory 

modulaAon, or pharmacokineAcs of therapy. Our Ending of increased mortality with higher BMI 

should therefore be interpreted with cauAon and may reIect populaAon-speciEc factors, sample 

size limitaAons, or residual confounding. Conversely, IL-6 was signiEcantly associated with 

increased mortality in the unadjusted analysis but did not retain staAsAcal signiEcance in the 
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adjusted model. IL-1Ra levels declined signiEcantly between day 1 and day 7. While IL-1Ra was 

associated with increased 28-day mortality raAo in unadjusted analyses, this relaAonship also did 

not persist aUer adjustment. IL-1β, IL-10, and IL-17 were largely below the assay’s detecAon limit, 

limiAng their uAlity as prognosAc markers in this cohort. In the univariate analysis, higher baseline 

corAsol levels were associated with an increase in 28-day mortality raAo but were not 

independently associated with an increased mortality raAo aUer adjustment. No correlaAons were 

observed between corAsol and cytokine levels.

As menAoned above, plasma levels of IL-17 and IL-10 were predominantly below the detecAon 

threshold of the assay at both day 1 and day 7, with only a few samples showing detectable levels. 

Similarly, IL-1β was detectable in only two samples at day 1 and was undetectable in all samples by

day 7. IL-1β, which is produced predominantly by acAvated macrophages and monocytes, is a key 

mediator of the inIammatory response, iniAaAng pro-inIammatory pathways and promoAng the 

release of cytokines such as IL-6 and TNF-α 14,32. Previous invesAgators have associated persistently 

high levels of IL-1β with ongoing inIammaAon and worse prognosis in paAents with sepsis 33. Leng 

and colleagues idenAEed IL-1β as an independent risk factor for both 28-day and 90-day mortality 

in sepAc paAents, with mulAvariable Cox regression analysis showing that elevated IL-1β 

signiEcantly increased the hazard of mortality 33. In contrast, IL-1β levels in the current cohort were

predominantly below the detecAon threshold of the assay at both day 1 and day 7, limiAng our 

ability to directly assess its role in this study. This discrepancy may reIect the cohort’s immune 

response, sepsis severity or sensiAvity limits of the assay. 

IL-1Ra showed a signiEcant median reducAon from day 1 to day 7, with a signiEcant associaAon 

with an increased mortality raAo, suggesAng that declining IL-1Ra may reIect a maladapAve anA-
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inIammatory response. IL-1Ra inhibits the acAons of IL-1α and IL-1β. In sepsis, IL-1Ra levels rise 

and elevated levels are associated with poor outcomes in criAcally ill paAents 34,35. In neutropenic 

paAents, IL-1Ra has been proposed as a biomarker for predicAng severe sepsis and sepAc shock. 

Intke and colleagues, found that IL-1Ra was able to predict severe sepsis earlier than CRP and PCT, 

showing a signiEcant increase on day 1 post-onset of febrile neutropenia 34. Fischer and colleagues 

observed that while IL-1Ra levels were markedly elevated in sepsis, its diagnosAc performance was

lower compared to IL-8 and granulocyte colony-sAmulaAng factor (G-CSF) in disAnguishing sepsis 

from other inIammatory condiAons 35. In the current study cohort, IL-1Ra showed a median 

reducAon of 59.3% from day 1 to day 7 in survivors, suggesAng a resoluAon of inIammaAon. 

Persistently elevated levels in non-survivors may indicate an ongoing inIammatory response 

emphasising the potenAal role of IL-1Ra in idenAfying high-risk paAents 34,35. The role of IL-1Ra as a 

disAnguishing marker between sepsis and sterile inIammaAon has been previously demonstrated 

36. Our Endings add prognosAc relevance to IL-1Ra dynamics, suggesAng that a sustained or 

insuJcient decrease in IL-1Ra may reIect ongoing dysregulaAon in non-survivors.

While IL-6 and IL-8 are known to drive inIammatory cascades and mulA-organ dysfuncAon, and 

despite observable IuctuaAons between day 1 and day 7, neither was signiEcantly associated with 

an increased 28-day mortality raAo aUer adjustment. Elevated IL-6 and IL-8 levels have been 

consistently linked with increased mortality due to their roles in promoAng mulA-organ 

dysfuncAon 33.

A median reducAon of 10.6% in TNFR1 levels was observed from day 1 to day 7. Despite this 

reducAon, TNFR1 levels remained signiEcantly associated with an increased 28-day mortality raAo 

in adjusted models, idenAfying TNFR1 as an independent predictor of increased mortality raAo.
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Admission corAsol levels reIected the physiological stress response to sepsis. CorAsol, a key 

regulator of stress and inIammaAon, has been extensively studied for its role in modulaAng the 

immune response in sepsis 19,37–39. Elevated corAsol levels have been associated with both adapAve 

and maladapAve responses in sepsis. Leng and colleagues idenAEed disAnct corAsol trajectories 

that were associated with signiEcantly di'erent outcomes in paAents with sepsis, suggesAng the 

need for individualised management strategies based on corAsol dynamics 33. The current study 

supports this noAon. In the current study, higher baseline corAsol levels were not signiEcantly 

associated with an increased 28-day mortality raAo or ICU length of stay in the mulAvariable 

analysis. However, trends suggest that elevated corAsol levels may contribute to worse outcomes 

in some paAents, supporAng its role as a potenAal biomarker for risk straAEcaAon 33. 

Despite these Endings, this study has several limitaAons. The relaAvely small sample size may limit 

generalisability. Only paAents who remained in the ICU for seven days had repeat biomarker 

measurements, potenAally introducing selecAon bias. Excluding HIV-reacAve paAents further 

narrows the applicability of these Endings to broader populaAons in sub-Saharan Africa, where HIV

co-infecAon is prevalent. Low levels of IL-1β, IL-10, and IL-17 on both day 1 and day 7 in the 

majority of paAents suggests limited expression or relevance in this cohort’s sepsis response, as 

well as potenAal limitaAons due to assay detecAon sensiAvity. While IL-1β is a well-established 

mediator of sepsis pathophysiology and has been idenAEed as a predictor of poor prognosis in 

prior studies, its role could not be meaningfully characterized in this study due to limited 

detectability.

The short half-life of many cytokines, including IL-1β, may have inIuenced detectability. Cytokine 

levels can Iuctuate rapidly, and the Aming of sample collecAon relaAve to sepsis onset or therapy 
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may have inIuenced detectability. This limitaAon highlights the challenge of capturing the dynamic

inIammatory response in sepsis using single Ame-point measurements. 

An addiAonal limitaAon is that treatment regimens were not standardised and could not be fully 

accounted for in the analysis. This reIects the pragmaAc reality of ICU sepsis care, where therapies

such as anAbioAcs, vasopressors, Iuids, corAcosteroids, and renal replacement therapy are 

individualised and change dynamically in response to paAent physiology. Given the small sample 

size, it was not feasible to adjust for these treatment variables in regression analyses without 

risking overEeng. The high cost of cytokine assays, including mulAplex assays, represents a 

signiEcant constraint in resource-limited seengs and may limit their widespread use, restricAng 

the feasibility of rouAne cytokine proEling in clinical pracAce.

CONCLUSION

In this cohort, elevated baseline IL-6 and IL-1Ra levels were associated with mortality in univariable

analyses, whereas BMI and Day 1 TNFR1 emerged as the only independent predictors in 

mulAvariable modelling. While corAsol may play a role in the stress response, its independent 

associaAon with mortality was less clear. This is the Erst study to evaluate the trajectory of pro- 

and anA-inIammatory cytokines, together with baseline total corAsol levels, in a South African 

populaAon with severe sepsis and sepAc shock. The role of biomarkers IL-6, TNFR1, and total 

corAsol in characterising disease severity, progression and outcomes highlights their potenAal as 

biomarkers for risk straAEcaAon in criAcally ill paAents with severe sepsis and sepAc shock. 
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Abstract:

OBJECTIVES 
To determine plasma free (PFC) and total cortisol (TC) levels in patients 
with traumatic brain injury (TBI) to ACTH stimulation and assess the 
relationship with glucocorticoid sensitivity (GS). 
DESIGN 
Prospective, multi-centre observational. 
SETTING 
Two level 1 trauma centers in Queensland, Australia. 
PATIENTS 
Twenty-nine patients with TBI and 48 healthy controls (24 males and 24 
females). 
INTERVENTIONS 
ACTH stimulation diagnostic test. 
MEASUREMENTS AND MAIN RESULTS 
Basal and ACTH-stimulated TC, PFC (measured using measured using 
liquid chromatography-tandem mass spectrometry), and baseline 
corticosteroid binding globulin (CBG) levels were determined. GS was 
assessed using the dexamethasone suppression of cytokine production 
(DSCP) assay. PFC levels were significantly higher in TBI patients 
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compared to controls, at baseline, 30 and 60 minutes (P<0.001). TC 
levels were elevated at all time points in patients with TBI; however, only 
significantly at 30 and 60 minutes (P<0.001). CBG levels were 
significantly lower in patients with TBI (median CBG 25 [IQR: 21–26] vs. 
27 [IQR: 26–31], p = 0.001). GS, assessed via IL-6 and TNF-α 
suppression ratios, was lower in patients with TBI (IL-6: P=0.038; TNF-α: 
P=0.048). No association was observed between GS and cortisol 
response to ACTH. 
CONCLUSION 
PFC may be a more reliable marker of adrenal response in TBI while TC 
potentially underestimates early responses. Elevated GS in TBI and the 
lack of its association with the cortisol response suggests that these 
mechanisms may function independently in TBI. Despite limitations, 
these findings offer mechanistic insights and highlight the need for 
further research into GS testing in patients with TBI. 
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ABSTRACT

OBJECTIVES

To determine plasma free (PFC) and total cortisol (TC) levels in patients with traumatic brain injury 

(TBI) to ACTH stimulation and assess the relationship with glucocorticoid sensitivity (GS).

DESIGN

Prospective, multi-centre observational.

SETTING

Two level 1 trauma centres in Queensland, Australia.

PATIENTS

Twenty-nine patients with TBI and 48 healthy controls (24 males and 24 females).

INTERVENTIONS

ACTH stimulation diagnostic test.
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MEASUREMENTS AND MAIN RESULTS

Basal and ACTH-stimulated TC, PFC (measured using measured using liquid chromatography-

tandem mass spectrometry), and baseline corticosteroid binding globulin (CBG) levels were 

determined. GS was assessed using the dexamethasone suppression of cytokine production (DSCP) 

assay. PFC levels were significantly higher in TBI patients compared to controls, at baseline, 30 and 

60 minutes (P<0.001). TC levels were elevated at all time points in patients with TBI; however, only 

significantly at 30 and 60 minutes (P<0.001). CBG levels were significantly lower in patients with 

TBI (median CBG 25 [IQR: 21–26] vs. 27 [IQR: 26–31], p = 0.001). GS, assessed via IL-6 and TNF-α 

suppression ratios, was lower in patients with TBI (IL-6: P=0.038; TNF-α: P=0.048). No association 

was observed between GS and cortisol response to ACTH.

CONCLUSION

PFC may be a more reliable marker of adrenal response in TBI while TC potentially underestimates 

early responses. Elevated GS in TBI and the lack of its association with the cortisol response 

suggests that these mechanisms may function independently in TBI. Despite limitations, these 

findings offer mechanistic insights and highlight the need for further research into glucocorticoid 

sensitivity testing in patients with TBI.

Keywords: Cortisol, Adrenal insufficiency, Traumatic brain injury, Glucocorticoid resistance

INTRODUCTION

Traumatic brain injury (TBI) carries a significant global socioeconomic impact and is a leading cause 

of mortality and prolonged disability, among young adults (1). Neuroendocrine dysfunction is a 

well-documented complication following TBI (2–4). The incidence of adrenal insufficiency in the 
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acute phase of TBI ranges widely from 25% to 100% (4). In critically ill trauma patients with an 

abnormal cortisol response to the short synacthen test, treatment with intravenous 

hydrocortisone has been demonstrated to reduce the incidence of ventilator-associated 

pneumonia significantly, with pronounced effects observed in patients with TBI (5). However, 

diagnosing adrenal dysfunction in TBI is challenging due to factors such as testing methodology 

and varying definitions of adrenal insufficiency (4). In particular, the use of total plasma cortisol 

concentrations in the short synacthen test may be unreliable in this population due to factors such 

as acute changes in binding protein levels (6–8). Previous investigators have shown a dissociation 

between total and free plasma cortisol concentrations in septic shock, with a greater relative 

increase in free cortisol levels in response to a short synacthen test. This difference leads to 

significant variability in the diagnosis of adrenal insufficiency depending on whether total or free 

cortisol criteria are used (8, 9).

While measurement of free cortisol maybe more reliable, there is limited data on the free cortisol 

response to corticotrophin in patients with TBI (4, 10). Available evidence suggests that 

corticosteroid binding globulin (CBG) levels are reduced in this population and hence dissociation 

between total and free plasma cortisol values is anticipated (8, 10–12). However, the 

measurement of free cortisol is not readily available outside of specialised centres. The 

alternative, the estimation of the calculated free fraction by means of the Coolens’ equation, has 

been shown to be unreliable in the critically ill (13). To date, however, the only published 

prospective data examining free cortisol in TBI patients comes from two investigations, using the 

Coolens’ equation (10, 11). 
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Glucocorticoid sensitivity varies significantly among critically ill patients and is closely associated 

with disease severity (14). Such variability is driven by factors such as alterations in glucocorticoid 

receptor function and the influence of inflammatory cytokines (14, 15).  

While these dynamics have been studied in septic shock, there is a notable lack of comparative 

data on glucocorticoid sensitivity in patients with TBI. A recent study by Lotsios and colleagues 

provided insight into this area by examining glucocorticoid receptor alpha (GRα) expression and its 

downstream target glucocorticoid-inducible leucine zipper (GILZ) in ICU patients with various brain 

injuries, including TBI, revealing differential temporal expression profiles when compared to 

healthy controls (16). Nevertheless, functional assessments such as the dexamethasone 

suppression of cytokine production (DSCP) test, which evaluate glucocorticoid receptor activity 

more directly, remain under-explored in this population. The dexamethasone suppression of 

cytokine production (DSCP) test, though promising for evaluating glucocorticoid receptor function, 

has limited validation in critically ill populations beyond specific genetic contexts, such as 

mutations in the NR3C1 gene (17). The current study, therefore, aimed to evaluate the dynamics 

of total and free cortisol in patients with TBI during the acute phase of injury (initial 72 hours) 

using the ultra-high performance liquid chromatography-tandem mass spectrometry (UHPLC-

MS/MS) method of free cortisol assessment, the currently accepted gold standard of free cortisol 

measurement, and to explore the relationship between the total and free cortisol response to 

ACTH and glucocorticoid sensitivity as assessed by the DSCP test (17, 18).

MATERIALS AND METHODS

Study design and participants

Page 8 of 29

https://mc.manuscriptcentral.com/aaic

Anaesthesia and Intensive Care



For Peer Review

8

This prospective, multi-centre observational study was conducted from 2017 to 2020 at The Royal 

Brisbane and Women’s (RBWH) and Gold Coast University Hospitals (Queensland Health) and was 

approved by the Metro-North Human Research Ethics Committee (HREC/14/QRBW/7), with 

written informed consent obtained from all participants prior to inclusion. Demographic data (age, 

sex, body mass index (BMI)), and clinical scores (Injury Severity Score (ISS), Acute Physiology and 

Chronic Health Evaluation II (APACHE II), Simplified Acute Physiology II (SAPS II) and Sequential 

Organ Failure Assessment (SOFA) score) and clinical details (date and time of injury, presence or 

absence of a skull base fracture on imaging, documented pre-hospitalisation hypotension (systolic 

blood pressure <90 mmHg), and hypoxia (SpO₂ <90%), the Glasgow Coma Scale (GCS) score at the 

scene of injury) were recorded. On the day of sampling, clinical and laboratory data collected 

included blood biochemistry results, including serum sodium level, presence or absence of an 

intracranial pressure (ICP) monitor, initial ICP reading, mean arterial pressure (MAP), cerebral 

perfusion pressure (CPP), and length of stay (LOS) in the intensive care unit (ICU). Follow-up 

assessments included 28-day mortality, 6-month mortality and Glasgow Outcome Score (GOS) at 6 

months, which was obtained via phone call where necessary.

Study procedures

Participants were eligible for inclusion if they were aged 18 years or older, had sustained a severe 

TBI (defined as a Glasgow Coma Scale [GCS] score of 8 or less), and had evidence of brain injury 

confirmed by a computed tomographic (CT) scan within the previous 72 hours. Exclusion criteria 

included being under 18 years of age, the presence of bilateral fixed dilated pupils, recent 

treatment with long-term glucocorticoids within the past 6 months or short-term glucocorticoids 

within the last 4 weeks, documented hypoadrenalism, or a prognosis of imminent or inevitable 
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death with no commitment to active treatment. Patients expected to die from underlying disease 

within 90 days, or those meeting all inclusion criteria more than 72 hours prior were excluded. All 

participants had an indwelling arterial line as part of routine care, and samples were collected by 

qualified staff. The control group consisted of 48 healthy volunteers aged 18 years or older. 

Control participants were recruited via newsletters from RBWH and the University of Queensland, 

and through social media outreach. Exclusion criteria included age under 18 years, a documented 

diagnosis of hypoadrenalism, or recent glucocorticoid use (defined as oral long-term use within 

the preceding six months or short-term use within the last four weeks). No participants were on 

corticosteroids, individuals with stable chronic conditions (eg asthma, depression, essential 

hypertension), were eligible. Upon study entry, participants underwent a medical assessment, 

which included collection of demographic data (age, sex, body mass index (BMI)), medical history 

and a physical examination.

Total and free cortisol measurements

The standard short synacthen test (250 µg Synacthen, Novartis, NSW, Australia) was conducted in 

the ICU between 7:30 and 10:00 am. Blood samples were drawn at baseline, and at 30- and 60- 

minutes following adrenocorticotrophic hormone (Synacthen, ACTH) administration, processed for 

serum and ultra-filtrate and stored at -20°C until analysis. Assays included measurements of 

plasma total cortisol and plasma free cortisol at all time points (baseline, 30- and 60-minutes,

following ACTH administration), and baseline cortisol-binding globulin levels. Plasma total cortisol 

and plasma free cortisol concentrations were measured using UHPLC-MS/MS. Where ACTH testing 

was declined by the surrogate decision maker, patients were invited to contribute baseline 

samples.

Page 10 of 29

https://mc.manuscriptcentral.com/aaic

Anaesthesia and Intensive Care



For Peer Review

10

Glucocorticoid sensitivity assessment

Glucocorticoid sensitivity was assessed in a subset of patients using the dexamethasone 

suppression of cytokine production (DSCP) test (17). Due to logistical constraints, including site-

specific availability, specialised laboratory staff availability and the test's time-sensitivity (requiring 

processing between 8:00 and 10:00 AM), DSCP testing was feasible for participants recruited at 

the site where the laboratory was situated (RBWH). Glucocorticoid sensitivity analysis was thus 

conducted on all healthy participants and 13 patients with TBI. This assay evaluates the ability of 

exogenous dexamethasone to suppress lipopolysaccharide (LPS)-stimulated monocyte production 

of interleukin (IL)-6 and tumour necrosis factor-α (TNF-α), by measuring the in vitro suppression of 

production of these pro-inflammatory cytokines (IL-6 and TNF-α) by lipopolysaccharide (LPS)-

stimulated leukocytes following dexamethasone administration. 

Lithium heparinised whole blood (1 mL) was separated into three aliquots and incubated in wells 

containing buffer (baseline), LPS with dexamethasone (LPS+Dex) or LPS without dexamethasone 

(LPS) to a final dexamethasone concentrations of 1000 nmol/L. After a 3-hour incubation, at 37°C 

the samples were centrifuged, to separate the plasma and the plasma was stored at –20°C until 

analysis on a Luminex analyser for IL-6 and TNF-α (17). TNF-α and IL-6 production by monocytes 

was measured in the supernatants (ng/L). The buffer portion served as the baseline, LPS 

represented maximum cytokine stimulation, and LPS + Dex indicated glucocorticoid suppression. 

Results are expressed as a ratio.

Glucocorticoid sensitivity was calculated as the ratio of cytokine concentrations (IL-6 and TNF-α) in 

the LPS + Dex condition relative to the LPS-only condition (i.e., LPS+Dex / LPS). A lower ratio 

reflects increased sensitivity (greater cytokine suppression by dexamethasone), while a higher 
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ratio reflects reduced sensitivity (17). Although baseline cytokine production (buffer only) is 

measured, it is not included in the ratio calculation; and serves to confirm minimal spontaneous 

cytokine release and validate the assay conditions. Based on previously established reference 

ranges, the 95% reference intervals for normal glucocorticoid sensitivity are 0.244–0.472 for IL-6 

and 0.372–0.693 for TNF-α. Values below these intervals indicate increased glucocorticoid 

sensitivity, whereas values above indicate reduced sensitivity (14, 17). The DSCP assay is an in vitro 

test, distinct from the standard dexamethasone suppression test used for Cushing's syndrome 

(17). and demonstrates superior sensitivity in detecting tissue glucocorticoid responsiveness 

compared to the thymidine assay (17). The test’s sensitivity and specificity have been validated in 

contexts involving genetic variations in glucocorticoid receptors, and it may be influenced by 

cytokine variability, sample timing, and delayed processing (17). The DSCP test has limited 

validation in critical illness and its applicability in TBI has not been previously explored.

DATA ANALYSIS

Statistical Methods

Based on an anticipated incidence of adrenal insufficiency (AI) of 76% in patients with TBI (5), a 

sample size of 50 patients was estimated to provide 99% power to detect a 30% diagnostic 

discrepancy between total and free cortisol criteria. This estimate was informed by a prior study of 

43 patients with stable severe liver disease, which observed such a discrepancy (9). However, only 

29 patients with TBI were ultimately recruited due to enrolment challenges and logistical 

constraints. Outcome measures of interest were total cortisol, plasma free cortisol and IL-6 and 

TNF-α, ratios. Because ratio measures were only available for 13 patients with TBI, differences in 
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patient characteristics for those with/without ratio measures were tested to ensure they were not 

systematically different. Patient characteristics and measures of interest were compared between 

groups and cohorts. Continuous variables were summarised as median (IQR) and differences 

between groups were tested using Wilcoxon’s rank sum test. Categorical variables were 

summarised as frequency (percentage) and compared between groups using Pearson’s chi-square 

test or Fisher’s exact test where more than 20% of cells had fewer than five observations. 

Generalised linear mixed effects models with a log-link and patient-level random intercepts were 

fitted to assess the total cortisol and plasma free cortisol responses to ACTH stimulation. Age was 

centred, and time (baseline, 30- and 60-minutes) was fitted as a categorical variable. Model-based 

predictions were obtained for each time-point. The effects of cohort (TBI vs normal) and patient 

characteristics (age, sex, BMI) were tested in these models. Peak total and plasma-free cortisol 

values and changes from baseline were derived with missing values replaced by model-based 

predictions. Statistical analyses were conducted using Stata software, version 18 (StataCorp, 

College Station, TX, USA) (19).

RESULTS

Participant characteristics

The TBI cohort comprised 29 patients (76% male) with a median (IQR) age of 45 (28-62) years 

(Table 1). There was a large percentage of missing/incomplete data for some variables. Although 

IL-6 and TNF-α dexamethasone ratio measures were only available for 13 patients with TBI (Figure 

1), baseline patient characteristics and serum total cortisol and plasma free cortisol measures did 

not differ significantly irrespective of whether or not these ratio measures were available. 
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The age and sex distributions differed significantly by cohort (Table 2). The control cohort was on 

average younger (median (IQR) age 33 (27-41) compared to 45 (28-62) years (P=0.042)) with a 

higher percentage of females (50% vs 24%; P=0.025) compared to the TBI cohort. Mechanism of 

injury was available for 20 of the 29 patients with TBI. These included motor vehicle accidents 

(n=7), falls (n=5), recreational incidents (n=4), and pedestrian injuries (n=4). Mechanism of injury 

could not be determined for 9 patients due to insufficient injury documentation. At each of the 

three measured time points, plasma free cortisol (FC) was significantly higher in the TBI group than 

in controls (p < 0.05). For total cortisol, levels were significantly higher in the TBI group at 30- and 

60-minutes compared to the control cohort. For the subset with glucocorticoid sensitivity test

results (n=13 TBI and 45 healthy control), ratio measures were significantly lower in the TBI cohort 

compared to the control cohort. Based on the published reference intervals, 9/13 (69%) TBI 

patients were classified as having low IL-6 ratios and 11/13 (85%) had low TNF-α ratios. However, 

of 45 control patients, 36% (IL-6) (P=0.11) and 67% (TNF-α) (P=0.47) had low ratios. There was 

considerable variation in glucocorticoid sensitivity ratio measures in both groups, with estimated 

coefficients of variation of 55% (control) and 79% (TBI) for IL-6 and 47% (control) and 51% (TBI) for 

TNF-α. Box plots comparing cortisol responses between the control and TBI cohort are shown in 

Figure 2 and glucocorticoid sensitivity ratio measures are shown in Figure 3. 

Results of regression modelling are presented in Table 3 and Figure 4. Age was associated with 

both total and plasma free cortisol levels in the TBI cohort but, not in the control cohort. There 

was a significant difference in plasma free cortisol levels between the TBI and the control group 

and a significant interaction between cohort and time was observed, which persisted after 

adjusting for age. For a patient of average age (40 years), baseline free cortisol levels were an 
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estimated average 5.2 (95%CI: 3.0-9.0; P<0.001) times higher in TBI patients compared to control 

patients. After adjusting for age, no significant association was observed between cohort and total 

cortisol levels. 

DISCUSSION

This study assessed the total and free cortisol response to ACTH administration, and glucocorticoid 

sensitivity in patients with TBI within 72 hours of injury. Plasma free cortisol levels were 

significantly elevated in patients with TBI compared to controls at all time points while total 

cortisol levels were higher at all time points in patients with TBI; however, only significantly 

elevated at 30- and 60-minutes post-stimulation. After age adjustment, no significant difference in 

total cortisol levels remained between patients with TBI and controls (Table 3, and Figure 3). 

Glucocorticoid sensitivity, demonstrated by significantly lower ratio measures of IL-6 and TNF-α, 

was increased in patients with TBI. However, substantial variability in values was observed in both 

groups. Our findings align with prior research in septic shock, where similar median IL-6 and TNF-α 

suppression ratios were reported (14), suggesting common sensitivity profiles, though further 

validation is necessary given the variability in values and the limited sample size. 

No association was observed between glucocorticoid sensitivity and cortisol response to ACTH 

administration. Data on glucocorticoid sensitivity in patients with TBI is lacking and data on free 

cortisol levels in patients with TBI is extremely limited. This study’s is the first to use UHPLC-

MS/MS for free cortisol measurement in this context.
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TBI is a recognised cause of secondary adrenal insufficiency; however, its biochemical diagnosis 

remains challenging (4, 20, 21). This study is one of three prospective investigations assessing and 

comparing free and total cortisol measurements in patients with TBI (10, 11). Consistent with 

previous investigations, free cortisol levels showed marked variation while total plasma cortisol 

increments remained nearly identical across healthy and critically-ill patients, suggesting that free 

cortisol may provide greater accuracy (6, 21).

Kusmenkov and colleagues, reported lower total and free cortisol levels (and increased CBG) in 

patients with TBI without significant increase within the first 24 hours post-injury (10). In contrast. 

our study demonstrated significantly elevated free cortisol levels, and decreased CBG, in patients 

with TBI at all time points following ACTH stimulation, with total cortisol elevated only at 30- and 

60- minutes. This disparity reflects methodological differences, as UHPLC-MS/MS, used in this

study, provides greater sensitivity for free cortisol detection (22). 

Our CBG findings align with other critically ill populations, indicating significantly lower levels in 

patients with TBI compared to controls (p = 0.001) (12). This supports concerns about Coolen’s 

equation in the assessment of free cortisol, which assumes normal albumin levels and does not 

account for altered binding affinities or abnormal binding proteins commonly observed in critical 

illness (23). 

Savaridas and colleagues similarly observed elevated free cortisol and normal total cortisol due to 

reduced CBG in acute brain injury, suggesting higher cortisol bioavailability despite normal total 

cortisol levels, and that total cortisol may underestimate adrenal function in this population (11). 

Altered CBG likely explains the observed dissociation between total and free cortisol in TBI, 

reflecting stress-induced cortisol elevation (12). Our findings support previous work showing 

elevated free cortisol in critical illness and variability in total cortisol responses (8, 20, 21).  
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A novel and key finding was enhanced glucocorticoid sensitivity in patients with TBI, contrasting 

with glucocorticoid resistance typically seen in critical illness (24, 25). This suggests 

pathophysiological differences between TBI and conditions such as sepsis. Enhanced 

glucocorticoid sensitivity in patients with TBI is likely influenced by receptor dynamics, 

inflammatory cytokines, and patient-specific factors and might reflect a compensatory mechanism 

aimed at mitigating inflammation following brain injury. (15, 26). This finding highlights the 

complexity of the neuroendocrine stress response in TBI and that glucocorticoid sensitivity can 

vary depending on disease pathophysiology. While TBI triggers a prolonged focal neuro-

inflammatory response characterised by blood-brain barrier disruption and glial cell activation 

(27–29), sepsis triggers a systemic cytokine storm (27, 30, 31).

Variability in glucocorticoid sensitivity is influenced by complex genetic and environmental factors 

(20). In this study, patients with TBI demonstrated increased glucocorticoid sensitivity with less 

inter-individual variability compared to controls, in contrast to the substantial variability and 

resistance reported in septic shock populations (14, 25). This lower variability supports the notion 

that uniform corticosteroid strategies may be inappropriate in critical illness (15, 32). 

Notably, the CRASH trial demonstrated increased mortality in TBI patients who received high-dose 

methylprednisolone within 8 hours of injury, leading to broad caution regarding corticosteroid use 

in this population  (33, 34),  However, our finding of elevated free cortisol and altered 

glucocorticoid sensitivity may offer mechanistic insights into these adverse outcomes, suggesting 

that endogenous cortisol dynamics play a significant role.

In contrast, a multi-centre randomised controlled trial by Roquilly and colleagues demonstrated 

that physiological doses of intravenous hydrocortisone significantly reduced the incidence of 
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hospital-acquired pneumonia in critically ill trauma patients with an abnormal cortisol response to 

ACTH  (Δ cortisol <250 nmol/L) (5). The reduction in pneumonia was pronounced in the TBI 

subgroup suggesting that modulating the glucocorticoid response in TBI patients may have 

important clinical implications, including reduced infection risk and improved ICU outcomes (35). 

Of interest, the CRASH trial demonstrated increased mortality in TBI patients who received high-

dose methylprednisolone within 8 hours of injury (33). These divergent outcomes highlight that 

both dose and patient selection are critical in determining whether glucocorticoid therapy is 

harmful or beneficial following TBI.

This study’s strengths, include the novel use of UHPLC-MS/MS and the use of a healthy control 

group. The study did not reach its intended sample size of 50 patients, limiting power to detect 

some differences and increasing the potential for variability in observed outcomes. Nevertheless, 

this remains larger than prior prospective studies of free cortisol in patients with TBI (10, 11), 

Variability in IL-6 and TNF-α suppression ratios limits generalisability, though the data remain 

hypothesis-generating.

Sex differences in TBI are an important consideration in this study (36). We acknowledge the 76% 

male representation, reflecting the epidemiology of TBI. Although this limits generalisability, it 

mirrors real-world trauma patterns (36). Sex and gender differences represent an important 

consideration in interpreting these findings (36–38). Oestrogen and testosterone have been 

shown to modulate the hypothalamic–pituitary–adrenal (HPA) axis and cytokine responses, 

potentially influencing both cortisol levels and glucocorticoid sensitivity. Oestrogen has been 

demonstrated to dampen cortisol’s suppressive effect on inflammatory cytokines, and sex-based 

variation in glucocorticoid receptor expression has been observed (39).
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Nonetheless, prior studies in critically ill populations have shown that sex does not significantly 

affect cortisol response to ACTH or baseline free cortisol levels, reducing the likelihood of 

systematic bias from sex imbalance in this study. Roelfsema and colleagues demonstrated that 

although ACTH secretion is higher in males than females, cortisol secretion rates did not 

significantly differ between sexes, indicating equivalent adrenal output despite varying ACTH drive 

(40, 41). Similarly, Waltman and colleagues found no significant differences in basal or stimulated 

ACTH and cortisol secretion, or in glucocorticoid feedback sensitivity, between young and older 

adults (42). These findings suggest a physiological compensation in the HPA axis that maintains 

stable cortisol levels across sex and age groups.

Glucocorticoid sensitivity testing was limited to one site (RBWH) due to its time-sensitive nature 

and laboratory constraints (requiring collection and analysis between 8:00 and 10:00 AM), 

resulting in subset analysis. Although no differences were found between those with 

glucocorticoid sensitivity measures and those without, representativeness may be affected. 

Missing data and logistical constraints further highlight the need for validation in larger studies. 

Patients with TBI had higher cortisol concentrations and altered glucocorticoid sensitivity 

compared with controls. We also noted considerable variance in glucocorticoid sensitivity ratios 

within both the control and TBI groups. Such variability has been described previously and is 

thought to reflect inter-individual differences in receptor expression and signalling as well as the 

influence of the cytokine milieu (14).

This study did not systematically evaluate hypothalamic or pituitary injury. While basal skull 

fractures, identified in four patients (Table 1), may suggest potential damage to the 

hypothalamic–pituitary axis, the low frequency of this finding precludes meaningful subgroup 

analysis.
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CONCLUSION

This study contributes to growing evidence that plasma free cortisol may be a more reliable 

marker of adrenal function in patients with TBI, while total cortisol may fail to capture early 

adrenal responses. Enhanced glucocorticoid sensitivity, contrary to typical critical illness patterns, 

and its independence from ACTH response suggest unique endocrine dynamics in TBI. Despite 

limitations, these findings offer mechanistic insights and highlight the need for further research 

into glucocorticoid sensitivity testing in this population.
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Table 1: Summary statistics for the cohort with traumatic brain injury. Continuous variables are 
presented as median (IQR); categorical variables as n (%).

Variable N*
Summary measure
(median, IQR)

Age 29 45 (28-62)
Sex (n(%)) Female 7 (24%)

Male 22 (76%)
BMI 20 26 (23-29)
ISS on admission 19 25 (20-29)
Base of skull fracture (n(%)) 19 No 15 (79%)

Yes 4 (21%)
APACHE II 22 20 (19-24)
SAPS II 18 38 (31-45)
SOFA Score 20 4 (2-6)
Sodium level at enrolment 26 140 (138-145)
ICP Monitor in situ (n(%)) 23 No 8 (35%)

Yes 15 (65%)
CPP (mmHg) 14 68 (61-83)
ICP (mmHg) 15 9 (6-10)
Pre-hospital hypotension (n(%)) 21 No 17 (81%)

Yes 4 (19%)
Pre-hospital hypoxia (n(%)) 21 No 18 (86%)

Yes 3 (14%)
Glasgow coma scale
GCS Initial Motor score 18 1 (1-5)
GCS Initial Total score 22 5 (3-8)
GCS Admission Motor score 19 1 (1-4)
GCS Admission Total score 19 3 (3-7)
GCS Enrolment Motor score 22 1 (1-5)
GCS Enrolment Total score 22 6 (3-8)
Days on mechanical ventilation 21 8.0 (3.0-12.0)
Glasgow outcome scale 29 4 (3-4)
28 day mortality (n(%)) 29 5 (17%)
6 months mortalityc 29 No 24 (83%)

Yes 5 (17%)
*Number of available (non-missing) observations.
ISS, injury severity score; APACHE, acute physiology age and chronic health evaluation; SAPS, simplified acute
physiology score; SOFA, sequential organ failure assessment; GCS, Glasgow coma scale; ICP, intracranial pressure; CPP,
cerebral perfusion pressure.
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Table 2: Comparison of summary statistics for patient characteristics and cortisol measures
by cohort

Variable Control TBI Total p-value
N* N=48 N=29 N=77

Agea (years) 77 33 (27-41) 45 (28-62) 33 (27-50)  0.042
Sexb 77 Female 24 (50%) 7 (24%) 31 (40%)  0.025

Male 24 (50%) 22 (76%) 46 (60%)
Body mass indexa

kg/m² 68 24 (22-26) 26 (23-29) 25 (22-27)  0.095
Plasma free cortisola 

(nmol/L)
Baseline 75 10 (6-17) 44 (10-74) 12 (7-30) <0.001
30 minutes 66 46 (37-52) 149 (99-180) 53 (40-111) <0.001
60 minutes 69 62 (53-72) 179 (146-218) 71 (55-147) <0.001
Peakc 77 62 (54-70) 175 (116-211) 71 (59-133) <0.001
Change from baselinec 77 49 (42-62) 107 (89-126) 59 (45-102) <0.001
Total cortisola 

(nmol/L)
Baseline 77 306 (226-385) 437 (224-565) 352 (225-455)  0.064
30 minutes 73 541 (493-578) 722 (621-855) 565 (497-727) <0.001
60 minutes 74 622 (550-747) 820 (667-972) 652 (568-842)  0.003
Peakc 77 622 (557-747) 789 (667-935) 659 (568-842) 0.007
Change from baselinec 77 306 (233-398) 372 (286-440) 327 (246-406) 0.20
CBGa  (mg/L) 61 27 (26-31) 25 (21-26) 27 (25-30) 0.001
Ratio_Dex_IL-6ava 58 0.31 (0.18-0.40) 0.18 (0.14-0.26) 0.28 (0.18-0.38)  0.038
Ratio_Dex_TNF-α ava 58 0.33 (0.26-0.43) 0.25 (0.15-0.33) 0.32 (0.23-0.42)  0.048

a Median (IQR) with p-value derived from Wilcoxon’s rank rum test; (N (%)) with p-value from bPearson’s chi-square 
test; cMissing values replaced with model-based predicted values; *Number of non-missing observations.  Peak: 
highest value among baseline, 30 min, and 60 min. Change from baseline: peak value minus baseline value.
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Table 3: Results of regression modelling of cortisol response to Synacthen stimulation testing 

Outcome measure Variable Category RRa (95% CI) p-value
Plasma free cortisol

Time <0.001
(age age=40 & 
cohort=normal) Baseline Reference

30 minutes 4.0 (2.4-6.9) <0.001
60 minutes 5.6 (3.3—9.4) <0.001

Cohort 
(at baseline & 
age=40) Normal Reference

TBI 5.2 (3.0-9.0) <0.001
Age (per 10 years) 1.15 (1.08-1.21 <0.001
Interaction (Cohort*time) 0.002

30 mins*TBI
0.48 (0.27-
0.82) 0.008

60 mins*TBI
0.41 (0.24-
0.70) 0.001

Total cortisol

Time Baseline Reference
30 minutes 1.6 (1.5-1.7) <0.001
60 minutes 1.8 (1.6-1.9) <0.001

Cohort Normal Reference
TBI 1.1 (1.0-1.3) 0.15

Age (per 10 years) 1.08 (1.03-1.14 0.001
a Estimates derived from generalised linear mixed effects models fitted with a log link and patient-level random 
intercept. Time and cohort represent fixed effects. Interaction terms (Cohort*time) assess whether the cortisol 
response over time differs between TBI and control groups. 30 mins*TBI and 60 mins*TBI represent the estimated 
difference in cortisol levels at those time points for patients with TBI, compared to baseline and to controls. *Denotes 
interaction term; RR, relative risk; TBI, traumatic brain injury.
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Figure 2: Box plots of plasma free cortisol and total cortisol levels at baseline, 30 minutes, and 60 minutes post-ACTH stimulation in 
patients with traumatic brain injury (TBI) and healthy controls. Plasma free cortisol levels were significantly higher in TBI patients than 
controls at all timepoints (baseline, 30 minutes, and 60 minutes post-ACTH) (all p < 0.001). Total cortisol levels were significantly elevated 
in TBI patients at 30 and 60 minutes (p < 0.001 and p = 0.003), with no significant difference at baseline (p = 0.064).
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Figure 3: Box plots showing distribution of glucocorticoid sensitivity ratio measures by cohort. IL-6 
and TNF-α suppression ratios were significantly lower in TBI patients compared to controls (IL-6: p = 
0.038; TNF-α: p = 0.048), indicating differences in glucocorticoid sensitivity between groups.

0

.2

.4

.6

.8

Control Traumatic brain injury

IL
-6

 ra
tio

0

.2

.4

.6

.8

1

Control Traumatic brain injury

TN
Fα

 ra
tio

Page 29 of 29

https://mc.manuscriptcentral.com/aaic

Anaesthesia and Intensive Care



For Peer Review

Figure 4: Comparison of total cortisol and free cortisol responses between traumatic brain injury and 
control cohorts. 
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ABSTRACT

Introduc�on

Glucocor=coid sensi=vity varies between individuals, inKuencing stress and inKammatory 

responses, however its rela=onship with the synthe=c ACTH (1–24) s=mula=on test, is not well 

evaluated. 

Objec�ve

To evaluate glucocor=coid sensi=vity and plasma total cor=sol (TC) and plasma free cor=sol (PFC) 

responses to s=mula=on with 250 μg of synthe=c ACTH (1-24) in healthy adults.

Design

Prospec=ve, single-centre observa=onal study.

Methods

Forty-eight healthy adults (24 females, 24 males) underwent basal and s=mulated TC and PFC level 

measurements using liquid chromatography-tandem mass spectrometry. Peak cor=sol values were 

deBned as the highest TC or PFC at either 30- or 60-minutes. Glucocor=coid sensi=vity was 

measured using the dexamethasone suppression of cytokine produc=on (DSCP) assay, based on 

interleukin-6 (IL-6) and tumour necrosis factor-α (TNF-α) produc=on from lipopolysaccharide-

s=mulated (LPS) monocytes. A whole blood sample was incubated with bu,er, LPS, or LPS with 

dexamethasone (Dex). TNF-α and IL-6 concentra=ons were measured in the supernatants (ng/L). 

The ra=o of cytokine levels between LPS + Dex and LPS indicated glucocor=coid sensi=vity.

Results

Data from 45 par=cipants were analysed. Peak TC levels ranged from 391 to 1570 nmol/L (median: 

618 nmol/L, IQR: 555–729), while PFC levels ranged from 27 to 133 nmol/L (median: 62 nmol/L, 
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IQR: 53–73). No signiBcant associa=ons were found between baseline or peak TC and PFC levels 

and glucocor=coid sensi=vity ra=os. Synthe=c ACTH (1-24) test results did not predict 

glucocor=coid sensi=vity. Males exhibited higher BMI (median: 26 vs. 22; p = 0.031), however no 

signiBcant di,erences were observed in age, baseline PFC and TC levels between sexes.

Conclusion

No signiBcant rela=onship was found between glucocor=coid sensi=vity, and cor=sol post-synthe=c

ACTH (1-24). Standard measures of adrenal func=on may not reKect individual variability in 

glucocor=coid sensi=vity.

I  ntroduc�on  

Glucocor=coid sensi=vity (GS), which refers to the extent to which =ssues or cells already capable 

of responding to glucocor=coids, exhibit changes in response to these hormones, plays a crucial 

role in regula=ng stress and inKammatory responses 1. It is increasingly recognised that GS is a 

func=on of factors including circula=ng cor=sol concentra=ons, =ssue-speciBc factors such as 

glucocor=coid receptor (GR) expression, isoforms, polymorphisms, and local cor=sol ac=va=on 

through 11β-HSD1 and 11β-HSD2 2,3. These factors inKuence the genomic and non-genomic 

signalling pathways of GCs, contribu=ng to variability in glucocor=coid e,ects across individuals 

and =ssues, even when circula=ng levels are similar. Polymorphisms associated with increased or 

decreased GS have been linked to di,erences in metabolic risk, adiposity, and insulin resistance 2.

Variability in GS has been observed among individuals, inKuencing clinical outcomes in condi=ons 

where the hypothalamic-pituitary-adrenal (HPA) axis is involved 1. This varia=on appears to be at 
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least par=ally ultradian in nature, aligning with the known pulsa=le secre=on of cor=sol and the 

circadian acetyla=on of GRs, which modulate receptor ac=vity throughout the day 2.

Despite its clinical importance, the rela=onship between GS and glucocor=coid responsiveness, as 

measured by the standard short Synacthen (synthe=c ACTH (1–24), also known as tetracosac=de) 

test, remains under-explored in healthy popula=ons.

The synthe=c ACTH (1-24) s=mula=on test is widely used to assess adrenal func=on by measuring 

cor=sol produc=on following an exogenous s=mulus (synthe=c ACTH (1-24)) 4. While tradi=onally 

focused on total cor=sol (TC) levels, measurements of these levels obtained using immunoassays 

demonstrate signiBcant variability 5. Furthermore, TC responses to synthe=c ACTH (1-24) are 

inKuenced by factors such as tes=ng methodology and pa=ent characteris=cs 6. Immunoassays are 

more prone to cross-reac=vity with other cor=costeroids, which may lead to falsely elevated TC 

levels and liquid chromatography-tandem mass spectrometry (LC-MS/MS) is considered more 

accurate due to its high speciBcity and sensi=vity 7. With regards to pa=ent factors, younger adults 

tend to have a more robust cor=sol response to synthe=c ACTH (1-24) s=mula=on compared to 

older adults 8. Total cor=sol levels further depend on cor=costeroid binding globulin (CBG), the 

primary carrier protein for cor=sol in the blood. Thus factors that alter CBG levels, such as 

oestrogen therapy, pregnancy, or liver disease, can a,ect TC measurements without necessarily 

reKec=ng changes in plasma free cor=sol levels (PFC) 9,10.  However, PFC is also inKuenced by 

several factors, including the binding aInity of cor=costeroid binding globulin. Thus, interpre=ng 

PFC variability in healthy individuals provides an opportunity to examine its rela=onship to =ssue-

level glucocor=coid sensi=vity, which may underlie inter-individual di,erences in HPA axis 

dynamics. Although our study does not directly assess these mechanisms, we acknowledge their 

poten=al to modulate PFC levels. Notably reference data for PFC in the healthy popula=on are not 
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well established and examining inter-individual varia=on in PFC responses may nonetheless 

provide insight into func=onal glucocor=coid exposure and sensi=vity 11. 

Sex is increasingly recognised as a factor inKuencing TC and PFC 12,13. Di,erences in steroid-binding 

proteins, the e,ect of interfering steroids on cor=sol immunoassays and hormonal e,ects of 

oestrogen and progesterone, may dampen the cor=sol response 13. However, Bndings are 

conKic=ng, with some studies demonstra=ng higher s=mulated cor=sol responses in females, 

depending on the methodology 13–15. Previous inves=gators have demonstrated higher peak TC and 

PFC levels in males following synthe=c ACTH (1-24) s=mula=on, sugges=ng inherent sex-speciBc 

di,erences in adrenal func=on 12,16. These Bndings are supported by Sofer and colleagues, who 

reported elevated PFC levels in men, and Roelfsema and colleagues, who observed higher mean 

cor=sol levels in men under 50 years of age 12,16. Emerging =ssue-level biomarkers may o,er 

improved resolu=on in assessing glucocor=coid status by beAer reKec=ng func=onal glucocor=coid

ac=vity at the cellular level. Clarke and colleagues advocate for the use of puta=ve =ssue-level 

biomarkers such as FKBP5 methyla=on, osteocalcin, and GDF-15 as proxies for glucocor=coid 

ac=vity, though these remain inves=ga=onal 2.

Reduced sensi=vity to glucocor=coids along with altered cor=sol metabolism have been described 

as key pathophysiological factors in cri=cal Illness-related cor=costeroid insuIciency 17. Although 

GS varies in chronic inKammatory states, its assessment and variability in cri=cal illness using the in

vitro monocyte dexamethasone suppression of cytokine produc=on (DSCP) assay has only recently 

been reported with one study revealing a signiBcant link between disease severity and GS in 21 

pa=ents with sep=c shock 18,19. Although median =ssue GS did not di,er between pa=ents with 

sep=c shock and control group par=cipants in this study, pa=ents with sep=c shock exhibited 

greater variability in GS with evidence of an associa=on between illness severity and reduced GS 19.
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Furthermore, prior studies have demonstrated a posi=ve correla=on between PFC eleva=on 

following cor=cotrophin and illness severity 20–23, and the PFC frac=on is suggested by previous 

inves=gators to provide insights into individual variability in GS 19. Given known varia=ons in TC and

PFC responses to cor=cotrophin, alongside di,erences in GS among healthy individuals, evalua=ng 

compara=ve norma=ve data for the PFC response to cor=cotrophin and GS in healthy popula=ons 

enhances the interpreta=on of adrenal func=on tests across various clinical contexts, as well as 

facilita=ng future compara=ve analyses with cri=cally ill popula=ons. We thus aimed to evaluate GS

and the plasma total and free cor=sol responses to the administra=on of synthe=c ACTH (1-24)  in 

healthy adults. 

MATERIALS AND METHODS

Study design and par�cipants: 

This prospec=ve, single-centre observa=onal study was conducted from the 2017 to 2020 and was 

approved by the Metro North Hospital Health Service Ethics CommiAee (HREC/15/QRBW/609). 

WriAen informed consent was obtained from all par=cipants prior to inclusion in the study and the

study was performed in accordance with the Declara=on of Helsinki. Recruitment was conducted 

through the Royal Brisbane and Women’s Hospital (RBWH) and University of Queensland 

newsleAers, as well as via social media posts. Exclusion criteria included age under 18 years, 

documented hypoadrenalism, or recent treatment with glucocor=coids (oral long-term use within 

6 months or short-term use within the last four weeks). Although no par=cipants were on 

cor=costeroids, par=cipants using inhaled or topical steroids, as well as those with well-controlled 

chronic condi=ons such as essen=al hypertension, were eligible for inclusion. In this study, one 
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par=cipant had essen=al hypertension, and another had asthma managed with salbutamol pro re 

nata. 

Study procedures: 

Par=cipants underwent a medical assessment at study entry, including the collec=on of 

demographic data (age, sex, body mass index (BMI), medical history, and a physical examina=on. 

Once enrolment criteria were conBrmed, a peripheral venous cannula was inserted for blood 

sampling. The standard short synacthen test (250 µg of synthe=c ACTH (1-24), Novar=s, NSW, 

Australia) was performed in an outpa=ent seUng between 7:30 and 10:00 am. Blood samples 

were collected at baseline, and at 30- and 60- minutes post-synthe=c ACTH (1-24) administra=on. 

Samples were processed for serum and ultra-Bltrate, which were stored at –20°C un=l analysis. 

Plasma TC and PFC concentra=ons were measured using liquid chromatography-tandem mass 

spectrometry (LC-MS/MS) 24. The highest cor=sol value at either 30- or 60- minutes post-synthe=c 

ACTH (1-24) was recorded as the peak cor=sol concentra=on, with the di,erence between the 

peak and the baseline calculated as the cor=sol increment. 

Glucocor�coid sensi�vity assessment: 

Glucocor=coid sensi=vity was assessed using the dexamethasone suppression of cytokine 

produc=on (DSCP) test. This assay evaluates the ability of exogenous dexamethasone to suppress 

lipopolysaccharide (LPS)-s=mulated monocyte produc=on of IL-6 and TNF-α, by measuring the in 

vitro suppression of interleukin (IL)-6 and tumour necrosis factor (TNF-α) produc=on from 

lipopolysaccharide (LPS)-s=mulated leukocytes following dexamethasone administra=on. Lithium 

heparinised whole blood (1 mL) was separated into three por=ons and incubated in wells 

containing bu,er (baseline), LPS with (LPS+Dex) or without dexamethasone (LPS)  to a Bnal 

concentra=on of 1000 nmol/L18,19. AWer a 3-hour incuba=on, at 37°C the samples were centrifuged,
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to separate the plasma and the plasma was stored at –20°C un=l analysis on a Luminex analyser for

IL-6 and TNF-α 18. TNF-α and IL-6 produc=on by monocytes was measured in the supernatants 

(ng/L). The bu,er por=on served as the baseline, LPS represented maximum cytokine s=mula=on, 

and LPS + Dex indicated glucocor=coid suppression. Results are expressed as a ra=o. The ra=o of 

change in cytokine levels from baseline between LPS + Dex and LPS indicated GS, with 95% 

reference intervals of 0.244–0.472 for IL-6 and 0.372–0.693 for TNF-α, with values outside these 

ranges indica=ng altered GS  18. A lower ra=o (values below these ranges) indicated increased GS  

(greater cytokine suppression), while a higher ra=o (values above these ranges) suggested reduced

sensi=vity (less suppression)] 18,19. The DSCP assay is a novel in vitro test, dis=nct from the standard

dexamethasone suppression test used for Cushing's syndrome 18. Compared to previous methods 

like the thymidine assay, the DSCP assay o,ers superior sensi=vity in detec=ng =ssue 

glucocor=coid responsiveness 18.

DATA ANALYSIS

Sta�s�cal Methods: 

Pa=ent characteris=cs, cor=sol and GS ra=o measures of interest were summarised as median 

(IQR) and compared between sexes using Wilcoxon’s rank sum test. The distribu=ons of variables 

of interest were assessed graphically using boxplots, histograms and scaAerplots and outliers were 

iden=Bed and checked. Generalised linear mixed-e,ects models with a log-link and pa=ent-level 

random intercepts were used to assess changes in cor=sol levels over =me. Overall associa=ons 

between GS ra=o measures, pa=ent characteris=cs (age, sex BMI) and PFC and TC levels were 

tested in these models. 
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Peak TC and PFC values were derived as the maximum of the 30-minute or 60-minute values. 

Three missing values for peak PFC and one biologically implausible baseline value for PFC were 

replaced by the model-based predicted values. Correla=ons between IL-6 and TNF-α and cor=sol 

measures were assessed using Pearson’s correla=on coeIcient and linear regression analyses. (

Sta=s=cal analyses were conducted using Stata soWware, version 18 (StataCorp. 2023.  Stata 

Sta=s=cal SoWware: Release 18. College Sta=on, TX: StataCorp LLC.) 25.

RESULTS

Safety and tolerability: Of the 48 healthy volunteers (24 males and 24 females) included in the 

study, eight (16.7%) reported minor self-limi=ng adverse e,ects following synthe=c ACTH (1-24) 

administra=on. Four par=cipants described experiencing a sensa=on of epigastric warmth 

immediately aWer injec=on and one reported a sensa=on of warmth spreading from head to toe. 

Two par=cipants reported transient nausea las=ng a few seconds and one developed a minor 

bruise at the cannula inser=on site.

Par�cipant characteris�cs: Of 48 pa=ents, 45 (aged 20-64 years) had suIcient data for inclusion in

analyses. Summary sta=s=cs are shown in Table 1. The median BMI was signiBcantly higher in 

males compared to females (26 vs. 22; p = 0.028). No signiBcant di,erences in age were observed  

by sex.

Cor�sol response to synthe�c ACTH (1-24): The distribu=on of TC and PFC levels over =me 

following synthe=c ACTH (1-24) s=mula=on is shown in Figure 1. Peak total cor=sol levels ranged 

from 391-1570 nmol/L (Median [IQR] 618 nmol/L, [555-729 nmol/L], while PFC ranged from 27-

133 nmol/L, (Median [IQR] 62 nmol/L, [53-73 nmol/L]. No signiBcant di,erences in baseline PFC, or

TC levels were observed by sex. However, a trend was observed at 30 minutes post-synthe=c ACTH 
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(1-24) s=mula=on, where males had higher plasma free cor=sol levels compared to females 

(Median [IQR]: 49 [41-54] vs. 41 [34-49] nmol/L; p = 0.074), although this di,erence did not reach 

sta=s=cal signiBcance. In response to synthe=c ACTH (1-24), par=cipants exhibited an average 4-

fold increase in PFC levels from baseline to 30 minutes and an average 5.5 =mes increase from 

baseline to 60-minutes (Table 2). Corresponding increases for total cor=sol were 1.7 and 1.9 =mes 

for total cor=sol. There was no evidence for associa=ons between cor=sol measures and GS.

Glucocor�coid sensi�vity: 

A strong posi=ve correla=on was observed between the IL-6 and TNF-α ra=o measures derived 

from the dexamethasone suppression tests (Pearson correla=on coeIcient = 0.82, p < 0.001). 

There was considerable varia=on in ra=o measures. Dex-IL-6 ra=o values ranged from 0.02 to 0.78 

with a mean (SD) and coeIcient of varia=on (CoV) values of 0.32 (0.17) and 0.55 respec=vely. TNF-

alpha ra=o values ranged from 0.08-0.98 (mean: 0.34, SD:0.16; CoV: 0.47). Based on the cut-points 

for the IL-6 assay, 16/45 (36%) displayed increased GS, while for the TNF-α assay 30 (66%) were 

classiBed as having increased sensi=vity. Decreased GS was observed for 10 (22%) for the IL-6 assay

and one (2%) for the TNF-α assay. Only 6 (13%) pa=ents had “normal” values on both assays. 

Rela=onship Between Cor=sol Levels and Glucocor=coid Sensi=vity

ScaAerplots revealed wide dispersion of IL-6 and TNF-α ra=o values around the best BUng linear 

regression lines (Figure 2).  On linear regression analyses, no signiBcant associa=ons were found 

between glucocor=coid ra=o measures and cor=sol measures (Table 3).

DISCUSSION

The core Bnding of this study is the lack of a signiBcant rela=onship between free and total cor=sol 

responses to synthe=c ACTH (1-24) and GS in healthy adults. Following synthe=c ACTH (1-24) 

11



s=mula=on, there were no signiBcant associa=ons between peak TC or PFC levels and GS, as 

measured by IL-6 and TNF-α ra=os.

The lack of a signiBcant rela=onship between cor=sol responses to synthe=c ACTH (1-24) to GS 

observed in this study highlights Bndings by previous inves=gators that GS is associated with 

factors beyond circula=ng cor=sol levels 26. Although adrenal responsiveness to ACTH and 

peripheral GS are mechanis=cally dis=nct, =ssue-level resistance may indirectly inKuence HPA axis 

dynamics. Reduced glucocor=coid signalling at =ssue level may aAenuate nega=ve feedback, 

leading to increased ACTH drive and, over =me, altered adrenal responsiveness 27,28. This has been 

observed in obesity, where impaired glucocor=coid feedback correlates with elevated ACTH or 

enhanced adrenal output despite normal cor=sol level 28,29. This perspec=ve aligns with the 

proposed concept of an “extended hypothalamic-pituitary-adrenal-=ssue axis,” whereby =ssue-

level glucocor=coid sensi=vity can modulate central HPA axis regula=on. In this model, reduced 

peripheral glucocor=coid sensi=vity results in impaired nega=ve feedback and increased ACTH 

drive, poten=ally inKuencing adrenal responsiveness over =me. This =ssue-led feedback 

mechanism, demonstra=ng altered ACTH dynamics despite normal circula=ng cor=sol has been 

demonstrated by various authors 28–30.  While specula=ve in healthy individuals, such mechanisms 

could contribute to inter-individual varia=on in ACTH-s=mulated cor=sol responses

The considerable variability in GS indices observed among par=cipants in this study likely reKects 

underlying biological heterogeneity in the general popula=on. Glucocor=coid sensi=vity is 

modulated by a variety of mechanisms, including the density and aInity of glucocor=coid 

receptors, co-chaperone proteins, and downstream signalling pathways that are not directly 

inKuenced by cor=sol levels alone 26,31,32. 
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Gene=c polymorphisms in the glucocor=coid receptor gene are also known to signiBcantly alter 

sensi=vity to glucocor=coids, independent of cor=sol concentra=ons 33. Pa=ents with 

glucocor=coid resistance or insensi=vity can present with normal or elevated cor=sol levels, 

sugges=ng that circula=ng cor=sol is not always a reliable predictor (or cause) of glucocor=coid 

e,ects34. This is par=cularly evident in condi=ons such as glucocor=coid resistance syndrome, 

where therapeu=c outcomes are not aligned with cor=sol concentra=ons 35. Furthermore, cor=sol 

responses to stress, including ACTH s=mula=on, have been demonstrated to be highly variable 

across individuals, inKuenced by factors such as chronic stress, psychological condi=ons, and 

overall health status, without consistently correla=ng with GS 19. Findings of the current study 

support the understanding that GS is a mul=faceted phenomenon requiring a broader assessment 

framework that goes beyond simple cor=sol measurements.

Male par=cipants exhibited signiBcantly higher body mass index (BMI) compared to females (26 vs.

22; p = 0.031), likely due to physiological di,erences in muscle mass, fat distribu=on, and hormonal

factors such as higher testosterone levels 36–38. No signiBcant di,erences were observed in age 

between sexes. While baseline total cor=sol levels tended to be higher in males, this di,erence did 

not reach sta=s=cal signiBcance (p = 0.093).

Independence of glucocor�coid sensi�vity from cor�sol measures and BMI:

IL-6 and TNF-α ra=o measures were independent of PFC and BMI in this popula=on, sugges=ng 

that varia=ons in these parameters do not signiBcantly a,ect GS. Par=cipants in this study had a 

normal BMI, indica=ng that baseline cor=sol levels and BMI may not need to be heavily factored 

into GS assessments in adults within a normal BMI range, although this rela=onship might di,er in 

overweight or obese popula=ons 3.
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Interrela�onship between IL-6 and TNF-α suppression ra�os:

Another key Bnding of this study is the strong posi=ve correla=on between IL-6 and TNF-α 

suppression ra=os (Pearson correla=on coeIcient = 0.82, p < 0.001), indica=ng that these ra=o 

measures reKect a similar biological response in the DSCP assay. Both cytokines respond similarly 

when exposed to an inKammatory s=mulus with their produc=on being e,ec=vely suppressed by 

dexamethasone, highligh=ng a coordinated glucocor=coid e,ect on cytokine regula=on. This high 

correla=on reinforces the robustness of using these cytokine ra=os in clinical and research seUngs 

to evaluate GS. 

It is important to note the wide range of values for both ra=os, with many falling outside the 

proposed reference range. This variability suggests that while the ra=os capture a general 

suppression response, their ability to reliably di,eren=ate between individuals with normal or 

impaired sensi=vity may be limited. Despite this, the high correla=on between IL-6 and TNF-α 

suppression suggests that these ra=os s=ll provide meaningful insights into GS , though further 

reBnement of reference ranges may be necessary to enhance their discriminatory power in clinical 

and research seUngs.

Study limita�ons and future direc�ons: 

The rela=vely small sample size of the current study may have limited the power to detect more 

subtle associa=ons between cor=sol dynamics and GS. While we acknowledge the absence of a 

prospective power calculation, our sample size (n=45) is comparable to previous similar exploratory

studies 19,39. Future studies should explore mechanisms underlying observed sex di,erences and 

their poten=al clinical implica=ons. explore these rela=onships in larger, more diverse popula=ons 

and inves=gate addi=onal factors such as gene=c polymorphisms, receptor expression levels, and 

other markers of immune func=on. Addi=onally, while the DSCP assay has shown promise as a 
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biologically grounded method for evalua=ng =ssue-level glucocor=coid sensi=vity, we acknowledge

its limited standardisa=on in broader clinical seUngs. The reference ranges for GS (IL-6 and TNF-α 

suppression ra=os) were derived from a cohort of 12 healthy volunteers, as described by Cardinal 

and colleagues 18. While these ranges provide valuable insight, their deriva=on from a rela=vely 

small sample may impact the generalisability of these Bndings 18. 

Nonetheless,  subsequent studies, such as Cohen and colleague’s inves=ga=on in sep=c shock, 

have replicated its use in larger and more diverse popula=ons 19. Our study applied the same 

methodology and laboratory procedures. We recognise that the lack of universally accepted 

thresholds for deBning ‘normal’ versus ‘abnormal’ glucocor=coid sensi=vity is a constraint. 

Standardisa=on across laboratories and larger reference datasets would strengthen the assay’s 

u=lity for compara=ve and clinical studies. Despite these limita=ons, the DSCP assay currently 

represents one of the few available methods to assess func=onal =ssue-level glucocor=coid e,ects 

in vitro, par=cularly in healthy popula=ons where few alterna=ves exist.

Future studies with larger sample sizes are needed to further validate these reference ranges and 

conBrm their applicability across broader popula=ons and clinical seUngs.

CONCLUSION

The standard short synthe=c ACTH (1–24) s=mula=on test, while useful for evalua=ng adrenal 

func=on, did not demonstrate any signiBcant correla=on with GS as measured by the DSCP assay 

test in the current study, Di,erences in cor=sol responses did not result in signiBcant varia=ons in 

GS as measured by IL-6 and TNF-α ra=os.
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FIGURES AND TABLES

TABLES

Table 1. Summary sta=s=cs by group and sex

Table descrip=on: Variables are presented as median (interquar=le range [IQR]). The number of 

par=cipants for whom data was available is indicated where applicable (e.g., n=41). Abbrevia=ons: 

TNF-α = Tumour Necrosis Factor-alpha, IL-6 = Interleukin-6, Dex = Dexamethasone, Ra=o_Dex_IL-6 

= Ra=o of IL-6 aWer dexamethasone suppression, Ra=o_Dex_TNF-α = Ra=o of TNF-α aWer 

dexamethasone suppression. 

Variable Total group (n=45) Female  (n=23) Male  (n=22) p-value

Age 33 (27-42) 32 (26-49) 33 (30-35)  0.94

Body mass index 24 (22-27) 22 (21-25) 26 (23-27)  0.028

Baseline plasma free cor�sol 

(n=44) 10 (6-17) 10 (8-17) 9 (5-17)  0.35

Plasma free cor�sol at 30 min

(n=41) 46 (38-52) 41 (34-49) 49 (41-54)  0.074

Plasma free cor�sol at 60 min

(n=42) 62 (53-71) 58 (52-70) 64 (54-71)  0.69

Baseline total cor�sol 305 (225-391) 312 (269-458) 246 (206-391)  0.093

Total cor�sol at 30 min (n=44) 535 (493-574) 543 (493-820) 529 (493-553)  0.16

Total cor�sol at 60 min 622 (555-729) 623 (568-874) 586 (546-690)  0.17

Ra�o_Dex_IL6 0.31 (0.18-0.40) 0.30 (0.22-0.37) 0.35 (0.18-0.52)  0.31

Ra�o_Dex_TNF-α 0.33 (0.26-0.43) 0.33 (0.25-0.39) 0.33 (0.27-0.48)  0.44
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Table 2: Results of regression modelling of cor=sol response to ACTH s=mula=on tes=ng. 

Marginal Change from baseline

Variable Category RRa (95% CI) p-value mean (95% CI) mean (95% CI)

Plasma free cor�sol

Time Baseline 11.7 (8.9-14.4)

30 minutes 4.0 (3.2-5.1) <0.001 46.8 (42.7-51) 35.1 (30.6-39.6)

60 minutes 5.5 (4.4-6.9) <0.001 64.3 (59.3-69.3) 52.6 (47.4-57.8)

 

Ra�o_Dex_IL-6 1.2 (0.8-1.8) 0.76

Ra�o_Dex_TNF-α 1.0 (0.6-1.6) 0.65

 

Total cor�sol

Time Baseline 356 (312-399)

30 minutes 1.7 (1.5-1.9) <0.001 600 (540-659) 244 (194-294)

60 minutes 1.9 (1.7-2.1) <0.001 662 (598-725) 306 (254-358)

 

Ra�o_Dex_IL-6 0.2 (-0.4-0.7) 0.57

Ra�o_Dex_TNF-α 1.2 (0.7-2.1) 0.57
a Es=mates derived from generalised linear mixed e,ects models BAed with a log link and pa=ent-level random 

intercept.

Table 3: Results of linear regression analyses assessing associa=ons between glucocor=coid 

sensi=vity ra=o measures and plasma free cor=sol and total cor=sol following ACTH s=mula=on 

(n=45). 

Outcome Variable R2
CoeEcient (95% CI) p-value

IL-6 Ra�o Baseline PFC 0.059 0.006 (-0.001-0.013) 0.11

Peak PFC 0.003 0.001 (-0.003-0.004) 0.73

Propor�on change PFC 0.024 0.00 (0.00-0.00) 0.31

Baseline TC 0.005 0.00 (0.00-0.00) 0.63

Peak TC 0.000 0.00 (0.00-0.00) 0.99

Propor�on change TC 0.016 -0.02 (-0.07-0.03) 0.41

TNF-α ra�o Baseline PFC 0.016 0.003 (-0.004-0.01) 0.41

Peak PFC 0.000 0.00 (-0.003-0.003) 0.88

Propor�on change PFC 0.006 0.00 (-0.01-0.01) 0.62

Baseline TC 0.000 0.00 (0.00-0.00) 0.93

Peak TC 0.015 0.00 (0.00-0.00)) 0.43

Propor�on change TC 0.009 0.01 (-0.03-0.06) 0.54

PFC: Plasma free cor=sol (per nmol/L); TC Total cor=sol (per nmol/L)
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FIGURES

Figure 1: Boxplots showing the distribu=on of total cor=sol and plasma free cor=sol levels over 

=me following administra=on of cor=cotrophin. Cor=sol measurements are shown at baseline, 30 

minutes, and 60 minutes post-baseline.
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Figure 2: Rela=onship between Peak Plasma Free Cor=sol (ln_peak_PFC) and Glucocor=coid 

Sensi=vity (Ra=os of TNF-α and IL-6). ScaAer plots illustrate the rela=onships between the natural 

logarithm of peak plasma free cor=sol (ln_peak_PFC) and glucocor=coid sensi=vity, measured by 

the ra=os of cytokine levels in dexamethasone-suppressed (LPS + Dex) versus LPS-s=mulated 

condi=ons for TNF-α (Ra=o_Dex_TNF-α) and IL-6 (Ra=o_Dex_IL6). In both plots, each blue dot 

represents an individual data point. The red lines indicate the BAed linear regression lines, and the 

shaded grey areas show the 95% conBdence intervals (CIs) for the BAed values.  There is a wide 

varia=on in ra=o values and no evidence of an associa=on.
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CHAPTER 6: Mineralocorticoid dysfunction during critical illness
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Two recent large-scale clinical trials have demonstrated 
a beneficial effect of adjunctive glucocorticoid treat-

ment in septic shock on shock reversal, weaning from 
mechanical ventilation, and duration of intensive care stay, 
with, however, divergent effects on mortality.1,2 A possible 
explanation for the discrepancy is that adjunctive fludrocor-
tisone was added to the treatment regimen in the trial that 
reported a mortality benefit.3

Additionally, a phase II clinical trial of angiotensin has 
demonstrated that angiotensin II is effective in treating 
vasodilatory shock.4 These recent demonstrations of signif-
icant reductions in mortality in patients with septic shock 
treated with adjunctive glucocorticoid combined with 
fludrocortisone, as well as the effectiveness of angiotensin 
II in treating vasodilatory shock, have renewed interest in 
the role of the mineralocorticoid axis in critical illness.1,5–7

This narrative review aims to summarize current insights 
into the pathophysiologic mechanisms and clinical impli-
cations of the renin–angiotensin–aldosterone system in 
critical illness. We focus on the issue of fludrocortisone sup-
plementation in critical illness, as well as current under-
standing of the role of mineralocorticoid replacement in 
this group of patients. Other aspects of mineralocorticoid 
dysfunction, such as the presentation of a different approach 

to the understanding of mineralocorticoid dysfunction 
with a focus on hyperreninemic hypoaldosteronism, are 
additional sections that are included in this review.

Physiology of Mineralocorticoid Secretion and 
Metabolism
Adrenal Steroid Biosynthesis
The acute effect of corticotropin (adrenocorticotropic hor-
mone) released from the pituitary gland is to stimulate early 
steps in the process of adrenal steroidogenesis by promoting 
the transport of cholesterol into mitochondria. By binding 
to a cell-surface receptor on the adrenal cortex, the mela-
nocortin receptor-2, adrenocorticotropic hormone leads to 
activation of adenylyl cyclase, which, in turn, leads to an 
increase in cyclic adenosine monophosphate production, 
stimulation of protein kinase A, and protein phosphory-
lation.8–11 More chronically, adrenocorticotropic hormone 
causes an overall increase in all adrenal steroid production 
and secretion, primarily through increasing the synthesis of 
most of the enzymes of the steroidogenic pathway.12–14

The mammalian adrenal gland consists of the adrenal 
cortex and medulla. The adrenal cortex consists of three 
zones; the zona fasciculata, the zona reticularis, and the 
zona glomerulosa, which secrete glucocorticoids, andro-
genic precursors, and mineralocorticoids, respectively.15 
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All steroid hormones are produced from modifications of 
cholesterol (fig.  1).16 Steroidogenesis entails regulation of 
cellular uptake and conversion of cholesterol to biologi-
cally active steroid hormones and occurs in the adrenal 
glands, placenta, brain, and gonads. Subsequent chemical 
modifications of cholesterol include a series of hydroxyl-
ations that require cytochrome P-450 enzymes.14,17 There 
are zonal differences in enzymatic concentrations. Notably, 
17-hydroxylase is present in low concentrations in the zona 
glomerulosa. The zona glomerulosa is the only zone that 
has the enzyme required to convert deoxycorticosterone 
to aldosterone.18 This zonal difference in enzyme concen-
trations results in compartmentalization of enzymatic reac-
tions. Adrenal cortical cells take up cholesterol from the 
circulation (as lipoproteins) or synthesize cholesterol de 
novo.19 In the mitochondria, cholesterol is converted to ∆5-
pregnenolone and then subsequently to progesterone.17,20

The main glucocorticoid secreted in response to adre-
nocorticotropic hormone is cortisol. Cortisol plays a role in 
carbohydrate metabolism and promotes protein catabolism 
to provide gluconeogenesis substrates. It also plays a role 
in immune and cardiovascular function.21 In addition, cor-
ticotropin secretion stimulates aldosterone release through 
responses mediated by melanocortin receptor-2.22

Androgens play a role in secondary reproductive devel-
opment and are secreted as precursors by the zona reticularis. 
They include dehydroepiandrosterone, dehydroepiandros-
terone sulfate, and androstenedione. Androstenedione is 
subsequently converted peripherally to testosterone.23,24

Aldosterone is the primary mineralocorticoid secreted by 
the adrenal cortex and is essential in the maintenance of 
sodium, potassium, and extracellular fluid balance. Other sites 
of aldosterone synthesis include the brain, blood vessels, and 
the heart.25,26 The primary regulator of aldosterone synthesis 

is the renin–angiotensin–aldosterone system. This is medi-
ated through adrenal angiotensin II receptors and results in 
sodium retention and renal potassium loss. Corticotropin 
release stimulates production of aldosterone, but compared 
with cortisol, aldosterone is relatively independent of adre-
nocorticotropic hormone secretion. Aldosterone synthase 
catalyzes synthesis by converting deoxycorticosterone to 
corticosterone and then to aldosterone.22 Aldosterone syn-
thase expression is restricted to the zona glomerulosa. Unlike 
cortisol, aldosterone is not specifically bound to plasma pro-
teins, making it less affected by plasma protein concentra-
tions and binding alterations that occur in critical illness.26

Regulation of Aldosterone Secretion
In healthy subjects, angiotensin II, together with a rise in 
serum potassium concentration, are the primary secret-
agogues that stimulate aldosterone release.22,26 Levels of 
aldosterone also fluctuate with changes in adrenocortico-
tropic hormone and renin levels.26

Renin is a proteolytic enzyme that is cleaved from its 
precursor, prorenin, and stored in the granules of renal mac-
ula densa and juxtaglomerular cells.27 Prorenin production 
also occurs in a number of extrarenal sites such as the adre-
nal glands, gonads, and placenta.27 The release of renin is 
triggered by a number of mechanisms, most importantly 
changes in blood pressure, sympathetic nervous system 
activity, and in response to hyponatremia.28 A fall in plasma 
volume or blood pressure causes renin release, which in turn 
activates angiotensinogen synthesis from the liver to form 
angiotensin I. Angiotensin I is converted to angiotensin 
II by angiotensin-converting enzyme, an enzyme located 
in many tissues.26 Angiotensin II, a potent vasoconstrictor, 
stimulates aldosterone release from the adrenal cortex.29 

Fig. 1. Adrenal steroid biosynthetic pathway. Figure modified from Payne and Hales,16 with permission from Oxford University Press and the 
Endocrine Society.
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The resultant increase in blood pressure causes a decline 
in renin release, inhibiting further aldosterone production 
(fig. 2).30 Angiotensin is currently understood to be one of 
a number of drivers of aldosterone secretion.

Recently, in a murine model, the hormone leptin has 
been found to be a new direct regulator of aldosterone 
secretion.31 Obesity is associated with higher levels of aldo-
sterone, and in both humans and murine models, obesity 
has been demonstrated to increase plasma renin activity 
and angiotensin II levels.32–35 Although the clinical rele-
vance of these findings requires further testing, the added 

effect of increased aldosterone secretion mediated by leptin 
may contribute to the increased cardiovascular risk asso-
ciated with obesity.29 More importantly, this suggests that 
leptin-mediated cardiovascular and endothelial dysfunction 
may be ameliorated pharmacologically by mineralocorti-
coid receptor antagonists. In the acute critical care setting, 
we postulate that increased levels of aldosterone in obesity 
may confer potential benefit through hemodynamic and 
vascular tone effects as much as increased levels of aldoste-
rone in pregnancy are postulated to be adaptive and to medi-
ate vascular tone.36–38 Given the rising incidence of obesity 

Fig. 2. Mechanisms of renin release and aldosterone secretion. Figure modified from Raffa et al.,30 with permission from Elsevier. Na, 
sodium; H2O, water.
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worldwide and the association of obesity with outcomes in 
critical illness, further investigations are warranted.39

Plasma/serum levels of aldosterone also vary according to 
population, age, sex, posture, and acute salt loading, as well 
as among different laboratories because of variations in assay 
procedures.40,41 As a result, there is currently no standard ref-
erence range that applies to all populations. Serum levels (sit-
ting position) have been found to range between 35 and 827 
pmol/l and 15 and 408 pmol/l (before and after sodium-load-
ing test, respectively) in some populations.40 Reference val-
ues between 12 and 140 ng/l (males) and 5.0 and 134.0 ng/l 
(females) in the adult population have also been described.42

Extraadrenal Synthesis of Aldosterone
With the exception of the brain, evidence suggesting local 
aldosterone synthesis in the cardiovascular and renal systems, 
as well as in adipose tissue, has been proposed but is conflict-
ing and unconvincing.32,34 Adipocytes contain angiotensin 
I and angiotensin II receptors, mineralocorticoid receptors, 
11β-hydroxysteroid dehydrogenase type 2, as well as evi-
dence of selected steroidogenic enzyme messenger RNA.32 
11β-Hydroxysteroid dehydrogenase, type 2, is an intracellular 
isoenzyme that converts cortisol to cortisone, thus preventing 
its binding to mineralocorticoid receptors. The significance 
of the presence of these enzymes has yet to be elucidated.

The summation of evidence from murine and human 
models suggests that aldosterone production in the brain, how-
ever, may be possible. Mineralocorticoid receptors are present 
in high density in certain regions of the brain, even though 
the blood–brain barrier significantly reduces exposure of the 
brain to circulating aldosterone. Furthermore, the presence 
of messenger RNA encoding corticosteroidogenic enzymes 
in certain regions of the human brain suggests that specific 
areas of the brain are able to produce low levels of aldosterone. 
The ligand for the mineralocorticoid receptor in the brain has 
not been proven to be necessarily aldosterone (glucocorticoid 
presence in the brain is at higher concentration).43

Evidence supporting the extraadrenal synthesis of aldo-
sterone challenges the conventional understanding of aldo-
sterone action, because aldosterone synthesis is thought to 
be secreted exclusively by the adrenal gland. Locally synthe-
sized aldosterone has been shown to regulate blood pres-
sure in murine models and to confer high spatial specificity 
of aldosterone action. Exploration of these pathways in 
the critical care setting may reveal previously unexplained 
physiologic and therapeutic avenues.44–47

Aldosterone Mode of Action and Cellular Effects
The essential role of mineralocorticoids in regulating 
sodium and water homeostasis has been demonstrated in 
adrenalectomized rats. Adrenalectomy results in weight loss, 
severe dehydration as a result of sodium loss, hyperkalemia, 
and hyponatremia, which resolve on treatment with miner-
alocorticoids.48,49 The action of aldosterone is primarily on 

the kidney, where it causes sodium and water retention and 
active excretion of potassium and hydrogen ions. Its action 
on luminal cortical tubular cells results in an increased num-
ber of open sodium channels promoting sodium reabsorp-
tion.50 Removal of sodium from the tubular fluid creates an 
electrical gradient that favors the secretion of potassium and 
hydrogen ions into the lumen. Aldosterone effects are pur-
portedly mediated by genomic interaction with the Na,K-
ATPase pump, as well as by nongenomic increases in the 
permeability of cells to sodium and protons.49

Glucocorticoids and mineralocorticoids have similar affin-
ity for mineralocorticoid receptors. In conditions such as con-
gestive heart failure, cortisol has been shown to activate the 
mineralocorticoid receptor.51 Differences in the interaction of 
various ligands with the mineralocorticoid receptor have been 
previously demonstrated, and a number of factors confer min-
eralocorticoid action of glucocorticoids.52 Mineralocorticoid 
receptors bound to aldosterone have been shown to be more 
resistant to proteolysis than mineralocorticoid receptors 
bound to either spironolactone or cortisol.53 Notably, min-
eralocorticoid receptor activation by glucocorticoids is not 
applicable to all glucocorticoids. On a molecular level, gluco-
corticoid conformational mobility conveys specificity to the 
mineralocorticoid receptor. Steroids are compounds with a 
molecular skeleton consisting of four rings of carbon atoms 
designated A, B, C, and D.54 Steroid ring A is required for glu-
cocorticoid action and is rigid in the “pure” glucocorticoids 
(e.g., dexamethasone) and flexible in aldosterone. Ring C 
conformation is required for mineralocorticoid action and is 
rigid in aldosterone (but is relatively flexible in the pure glu-
cocorticoids). The exception is 11-deoxycorticosterone and 
its synthetic derivative, δ11,12-deoxycorticosterone, which 
are specific mineralocorticoids with marked glucocorticoid 
activity and a flexible C ring.55,56 A putative mechanism for 
this difference is the lack of C-11 oxygenation of 11-deoxy-
corticosterone, which may confer versatility.55,57 Additionally, 
the action of 11β-hydroxysteroid dehydrogenase, type 2, an 
intracellular isoenzyme that converts cortisol to cortisone thus 
preventing its binding to mineralocorticoid receptors, further 
renders mineralocorticoid responsive tissues, such as the kid-
ney, sensitive to mineralocorticoids only.49,58,59

Multiple new members of the renin–angiotensin–aldo-
sterone system have been shown to exist. The current and 
continuously evolving understanding is that the renin–an-
giotensin–aldosterone system consists of at least three addi-
tional local or tissue axes that regulate renal function, blood 
pressure, and the cardiovascular and nervous systems. These 
axes include a number of multifunctional enzymes, media-
tors, and their receptors; angiotensin-converting enzyme 2 
(an angiotensin-converting enzyme homolog), angioten-
sin-(1–7) heptapeptide, and its G protein–coupled receptor, 
Mas. Other tissue or local axes include the precursor prorenin, 
the enzyme renin, and the (pro)renin receptor, which acti-
vates mitogen-activated protein kinases and the extracellular 
signal–related protein kinase 1/2, and last the angiotensin 
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IV hexapeptide, angiotensin 4 receptor, and insulin-regu-
lated aminopeptidase axes.60,61 This is in contrast to the clas-
sical endocrine system and its circulating mediators. Thus the 
understanding that blood pressure is under the sole control of 
the classical renin–angiotensin–aldosterone system is debat-
able.60 Importantly, cross-talk between the renin–angioten-
sin–aldosterone system and aldosterone production is well 
established, and thus these two systems should not be seen in 
isolation.62 Experimentally, aldosterone has been demonstrated 
to potentiate the constrictor effect of angiotensin II on vascu-
lar smooth muscle and to have a combined role with angio-
tensin II on vascular remodeling, endothelial dysfunction, and 
oxidative stress. The apparent involvement of angiotensin II 
with the additional axes of the renin–angiotensin–aldosterone 
system clearly merits further intensive investigations.

Causes of Hypoaldosteronism and Clinical 
Implications in Critical Illness
Causes of reduced levels of aldosterone include inherited 
and acquired disorders that may lead to a reduction in aldo-
sterone synthesis, reduced renin secretion, or an impairment 
of the renal response to aldosterone.63 Hyporeninemia, 
pharmacologic inhibition of aldosterone, renin, or angio-
tensin II, and primary adrenal insufficiency are important 
examples of such factors. Hypoaldosteronism can be classi-
fied as hyporeninemic or hyperreninemic.64

Hyporeninemic Hypoaldosteronism
Hyporeninemic hypoaldosteronism represents the most 
common cause of secondary mineralocorticoid insuffi-
ciency and is characterized by reduced aldosterone pro-
duction secondary to reduced renin release or action and 
reduced angiotensin II production.65 It is most commonly 
seen secondary to renal dysfunction or as an effect of phar-
macologic agents.65

Primary Adrenal Insufficiency. Primary adrenal insufficiency 
is associated with a lack of both aldosterone and cortisol 
and is characterized by hyponatremia, hyperkalemia, 
worsening fatigue, muscle weakness, volume depletion, and 
hypotension.66 In secondary adrenal insufficiency, because of 
a lack of adrenocorticotropic hormone, hypoaldosteronism 
is not a feature because adrenocorticotropic hormone does 
not play a significant role in the regulation of aldosterone 
release in this condition. A lack of aldosterone or reduced 
aldosterone results in an increase in plasma renin activity 
except in cases of hyporeninemic hypoaldosteronism.

Hyporeninemic Hypoaldosteronism in Renal Dysfunction: Is 
Prorenin–Renin Conversion Impaired? More than 50% of 
patients in the intensive care unit (ICU) develop acute 
kidney injury during the course of their ICU stay, with 
an associated mortality over 50%.67 Patients with mild-
to-moderate renal insufficiency (glomerular filtration rate 

of 45 to 89 ml/min)68 have been previously shown to 
exhibit reduced angiotensin II production, which in turn 
contributes to reduced aldosterone secretion.65,69–71

Prorenin–renin conversion classically occurs in the 
kidney and has more recently been shown to have extra-
renal sites of conversion.72 It is currently accepted that 
the number of renin-producing cells varies according to 
demand.72,73 Previously thought to be an inactive precursor 
of renin, prorenin is currently understood to be functional; 
to be elevated in certain conditions, such as pregnancy and 
diabetes mellitus; and to have extrarenal sites of production 
(notably adrenal).72 Increasing evidence also suggests that 
prorenin plays a role in the regulation of sodium and water 
balance.74 In critically ill ICU patients, evidence describ-
ing the association of raised renin levels with acute kid-
ney injury has been conflicting, with some suggesting the 
use of renin as a marker of tissue perfusion and as a risk 
stratification tool in septic shock.75 The concept of hyper-
reninemic hypoaldosteronism as an etiological factor in 
acute kidney injury associated with septic shock has also 
been proposed.75,76 What is also apparent is that mechanisms 
responsible for renin release in the acute setting (cyclic ade-
nosine monophosphate, calcium signaling pathways) differ 
from mechanisms responsible for chronic renin stimulation 
(metaplastic transformation of renin cell precursors).73,75 
The significance of this, and the degree to which renin and 
prorenin exert identical effects, are currently unknown and 
present knowledge gaps that warrant further investigation.72 
Available studies to date have included heterogeneous pop-
ulations with acute and chronic pathophysiologic states, 
probably associated with variable mechanisms of renin 
release.

Hyporeninemic Hypoaldosteronism in Traumatic Head Injury 
and Subarachnoid Hemorrhage: Is Fludrocortisone Beneficial in 
Cerebral Salt Wasting? Hyponatremia and perturbations of 
water balance are common in traumatic head pathology or 
subarachnoid hemorrhage.77 Cerebral salt wasting and the 
syndrome of inappropriate antidiuretic hormone secretion 
are potential causes of hyponatremia in this population. The 
pathophysiologic mechanisms involved have been studied 
in both conditions, more so in subarachnoid hemorrhage.77 
Although not a consistent finding in all studies, likely 
because of the heterogeneous populations included in 
various studies, high levels of atrial natriuretic peptide 
and brain natriuretic peptide in patients with cerebral salt 
wasting are purported to be contributory.77–79

Hyporeninemic hypoaldosteronism in cerebral salt wast-
ing and normal or high aldosterone levels in the syndrome 
of inappropriate antidiuretic hormone secretion have been 
demonstrated previously.80 Treatment for cerebral salt wast-
ing in traumatic brain injury and in subarachnoid hemor-
rhage is not, however, well defined. Although the evidence 
for the role of fludrocortisone in cerebral salt wasting states 
is poor, hyponatremia in cerebral salt wasting associated 
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with trauma or traumatic brain injury has previously been 
successfully treated with fludrocortisone.77,80

In subarachnoid hemorrhage, management of cere-
bral salt wasting by hypovolemia and fluid restriction may 
increase the risk of cerebral vasospasm, and fludrocorti-
sone has been advocated as a therapeutic intervention in 
the management of plasma volume and hyponatremia.81,82 
The two clinical trials conducted to date that have inves-
tigated the role of mineralocorticoid supplementation in 
the management of subarachnoid hemorrhage have found 
a significant reduction of sodium excretion after treatment 
with fludrocortisone.83,84 In a controlled randomized trial 
involving three centers and consisting of 91 patients, treat-
ment with fludrocortisone at a dose of 400 μg/day (orally 
or intravenously) administered for a maximum of 12 days 
was found to reduce excessive natriuresis in the first 6 days 
of admission compared with controls. Fludrocortisone was 
administered to 46 of the 91 patients in the study. Mean 
daily fluid intake was 3,261 ml during the first 6 days and 
3,352 ml during the 12-day study period in the treatment 
group and 3,341 and 3,264 ml, respectively in the control 
group. Mean daily sodium intake was 219 mmol during the 
first 6 days and 222 mmol during the 12-day study period 
in the treatment group and 208 and 202 mmol, respectively, 
in the control group. The frequency of a negative sodium 
balance was reduced from 63 to 38% in the first 6 days (P 
= 0.041) and 70 to 29% (P = 0.0023) during the 12-day 
study period.83 This study confirms the presence of natri-
uresis in patients with subarachnoid hemorrhage that was 
significantly reduced with fludrocortisone treatment.

Similar findings were noted by Mori et al.84 in a ran-
domized controlled trial consisting of 30 patients with 
subarachnoid hemorrhage who were within 1 to 2 days of 
surgery for aneurysmal clipping. Of these 30 patients, 15 
received intravenous hypervolemic therapy (group 1), and 
15 received oral or nasogastric fludrocortisone acetate at a 
total divided dose of 300 µg/day for 8 days in addition to 
hypervolemic therapy (group 2). Oral salt and hypertonic 
saline were also administered to manage hyponatremia, 
whereas water replacement was administered at 8-h inter-
vals to match losses, and 6% hydroxyethyl starch was admin-
istered additionally from days 2 to 14 for volume expansion. 
The mean daily sodium intake was found to be significantly 
lower for group 2 (487 ± 34.52 mEq/day compared with 
634.2 ± 42.86 mEq/day; P < 0.05). In addition, group 1 
patients demonstrated a significant decline in serum sodium 
levels from days 4 to 7, which was not evident in group 2 
(P < 0.01).84

The management of subarachnoid hemorrhage, however, 
has since evolved, with less focus on hypervolemia and a 
substantial focus on endovascular techniques. Furthermore, 
fludrocortisone dosing and timing, as well as sodium intake, 
differed between these two studies. The bioavailability of 
oral fludrocortisone has been shown to be variable in crit-
ical illness, and oral sodium intake may influence sodium 

balance.85 In the study by Hasan et al.,83 fludrocortisone 
given within 72 h of the hemorrhage was administered 
intravenously or orally at a dose of 0.4 mg in two doses for 
12 days, whereas in the study by Mori et al.,84 fludrocorti-
sone was given orally only at a dose of 0.3 mg/day in three 
divided doses from days 1 to 8. Patients who were able to 
tolerate an oral diet were placed on a controlled low-so-
dium diet to reduce variability in sodium intake. This was 
not controlled for in the study by Mori et al.84

Although also limited by factors such as sample size, 
these studies nonetheless highlight the potentially beneficial 
effects of early treatment with fludrocortisone on sodium 
and water balance in patients with subarachnoid hemor-
rhage.86 In addition, they also raise the question of poten-
tial hypoaldosteronism in this group of patients. There was, 
however, no neurologic outcome benefit in either study. 
The contribution of serum sodium to complications such 
as cerebral edema and seizures in individual patients with 
subarachnoid hemorrhage remains difficult to determine.86 
The role of therapies aimed at reversing hyponatremia 
remains debatable because the evidence that hyponatremia 
influences prognosis in patients with subarachnoid hemor-
rhage is inconclusive.86 It is, however, considered reasonable 
practice (as per consensus guidelines) to use fludrocortisone 
and hypertonic saline to prevent and correct hyponatremia 
in the management of subarachnoid hemorrhage.81

Pharmacologic Causes of Hyporeninemic Aldosteronism. 
Angiotensin-converting enzyme inhibitors inhibit 
aldosterone release by reducing the conversion of angiotensin 
I to angiotensin II. Angiotensin II receptor blockers interfere 
with angiotensin II action at the receptor level, whereas 
direct renin inhibitors act by binding competitively to the 
active site of the enzyme.87 Renin secretion is, however, 
increased with angiotensin-converting enzyme inhibitors.88 
Potassium load and potassium-sparing diuretics are another 
type of medications that are also known to interfere with 
aldosterone metabolism.89

Nonsteroidal antiinflammatory drugs have been shown 
to impair both renal renin secretion and angiotensin II–
induced release of aldosterone. Interestingly, agents such as 
diclofenac, mefenamic acid, and naproxen have also been 
shown to inhibit the glucuronidation of aldosterone by 
human kidney cells and liver microsomes and to increase 
plasma and renal aldosterone concentrations by as much as 
320%, potentially counteracting the effects of mineralocorti-
coid antagonists90,91 and posing a considerable cardiovascular 
risk in patients with conditions such as moderate or severe 
heart failure.91 This mechanism of action of nonsteroidal 
antiinflammatory drugs (NSAIDs) appears to vary between 
different NSAIDs and may be a potential mechanism for 
cardiovascular adverse events related to NSAID use.90,92,93

Increased sympathetic flow to the kidneys, through 
β1-adrenergic stimulation, directly activates a blood-pres-
sure mechanism of renin secretion by the juxtaglomerular 
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cells.73 Evidently, direct β1-adrenergic receptor stimula-
tion of aldosterone secretion in bovine zona glomerulosa 
cells has been observed.94,95 Additionally, cyclosporine has 
also been shown to cause reduced plasma renin activity 
and reduced tubular sensitivity to aldosterone, leading to 
reduced secretion and responsiveness to aldosterone, an 
effect possibly mediated by reduced mineralocorticoid 
receptor expression.96,97

Cyclosporine has been associated with a hyporenine-
mic hypoaldosteronism state that leads to hyperkalemia and 
metabolic acidosis in transplant patients caused by tubular 
insensitivity to aldosterone mediated by downregulation of 
mineralocorticoid receptor expression.97,98 Normal or near 
normal aldosterone levels have been described in this con-
dition, and treatment with fludrocortisone has been shown 
to be beneficial.97,98

Other pharmacologic effects, which require further 
exploration, include that of heparin therapy. Heparin has a 
direct toxic effect on the adrenal zona glomerulosa cells and 
has been shown to lead to a substantial reduction in plasma 
aldosterone concentrations, even at low doses.89 Heparin-
induced hyperkalemia is a potentially life-threatening com-
plication that may occur in patients who have concurrent 
renal dysfunction, type 4 renal tubular acidosis, metabolic 
acidosis, and diabetes.89 Serum potassium and sodium 
should be regularly monitored in these patients on initi-
ation of heparin therapy. Heparin-induced hyperkalemia 
has been successfully treated using oral fludrocortisone.89 
The underlying mechanism is unclear and may be medi-
ated by reduced numbers and affinity of adrenal angiotensin 
II receptors.89,99,100 Collectively, such routinely prescribed 
agents may significantly alter renal and plasma aldosterone 
concentrations, potentially counteracting effects of miner-
alocorticoids and their antagonists in some instances (mod-
erate or severe heart failure) or modifying compensatory 
mechanisms in conditions such as septic shock.

Aldosterone Resistance and Hyperaldosteronism
The administration of potassium-sparing diuretics is the 
most common cause of aldosterone resistance. These diuret-
ics act by antagonizing the action of aldosterone on the col-
lecting tubules, by competing for the aldosterone receptor 
(spironolactone and eplerenone), or by closing the sodium 
channels in the luminal membrane (amiloride and proba-
bly triamterene). Other pharmacologic agents implicated in 
aldosterone resistance include antibiotics such as trimetho-
prim, which inhibit the collecting tubule sodium channel, 
the site of action of aldosterone.89 More rarely, genetic dis-
orders are the cause.101

Hyperaldosteronism is a hallmark of chronic heart 
failure.102–105 The value of mineralocorticoid recep-
tor antagonism in moderate-to-severe heart failure has 
been demonstrated to reduce morbidity and mortality 
and is supported by well conducted trials, including the 
Randomized ALdactone Evaluation Study (RALES) and 

the EPlerenone neuroHormonal Efficacy and the SUrvival 
Study (EPHESUS) trials.106 The persistent and evidently 
detrimental effects of chronic renin-angiotensin-aldoste-
rone system activation seen in chronic heart failure should 
be distinguished from the acute renin-angiotensin-aldoste-
rone system activation seen in critical illness from trauma 
and/or sepsis.107 The initial beneficial effects of renin-an-
giotensin-aldosterone system activation on sodium and 
water balance, as seen in acute states such as trauma and 
sepsis, become deleterious and maladaptive when sus-
tained, as seen in heart failure, because the counterregula-
tory mediators (natriuretic peptides types A and B) become 
overwhelmed.102,108 In addition, long-term renin-angioten-
sin-aldosterone system activation as seen in congestive heart 
failure results in cytokine- and growth factor–mediated 
remodeling of the heart and vasculature.109,110

Mineralocorticoid Dysfunction during Critical 
Illness
Physiologic responses to shock include increased secre-
tion of catecholamines, vasopressin, and activation of the 
renin–angiotensin–aldosterone system. Decreased adrenal 
production of aldosterone and stress-induced hypersecre-
tion of adrenocorticotropic hormone are additional features 
that have been demonstrated in some patients in earlier 
reports.111

More recently, plasma adrenocorticotropic hormone in 
critical illness has been shown to be mostly low during the 
early phase of ICU stay, correlating with higher than nor-
mal plasma free-cortisol levels.112 The rise in adrenocorti-
cotropic hormone and cortisol to supranormal levels was 
a feature seen 1 week after ICU discharge in one study.112 
A concurrent adrenocorticotropic hormone/aldosterone 
response was not demonstrated in this study. Feedback 
inhibition mediated by high free-cortisol levels explains the 
low adrenocorticotropic hormone in association with high 
free-cortisol levels. Evidently hypothalamus–pituitary–ad-
renal axis alterations vary, depending on the etiology as well 
as the phase of critical illness.113,114 Concurrent changes in 
aldosterone levels during acute and prolonged critical ill-
ness warrant further investigation because they may help 
clarify the role of mineralocorticoid supplementation in 
these patients.

Plasma renin activity has been shown to be frequently 
elevated in critical illness. The associated inappropriately 
low aldosterone levels have resulted in the changes being 
described as hyperreninemic hypoaldosteronism.115,116 Such 
a state of dissociation between plasma renin and aldoste-
rone levels has been previously associated with hypoten-
sion and is interpreted to represent a state of aldosterone 
deficiency.115,117

The first description of selective hypoaldosteronism 
(hyperreninism with hypoaldosteronism) in hemody-
namically unstable critically ill patients was in a subset 
of 18 critically ill patients.117 In this single-center study, 
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which enrolled 28 patients, a spectrum of aldosterone 
responsiveness was demonstrated in 18 patients with per-
sistent hypotension. Although plasma renin activity was 
increased in all participants (21.6 ± 7.2 ng · ml−1 · h−1), 
plasma aldosterone levels were inappropriately low in 18 
patients (1 to 9 ng/dl). This subgroup had a high mortal-
ity rate (78% vs. 30% for the high-aldosterone group, P 
< 0.001). A defect at the level of the zona glomerulosa 
was suggested by the lack of an aldosterone response to 
an infusion of angiotensin II or adrenocorticotropic hor-
mone in this group.117 Although the study was small and 
the methods used to measure both aldosterone and renin 
have since been improved, it nevertheless highlighted that 
there exists a population of hemodynamically unstable 
critically ill patients with hypoaldosteronism despite high 
plasma renin activity.117 These findings suggest that as 
much as there is a subset of critically ill hemodynamically 
unstable patients with inappropriately low cortisol levels, 
similar (or corresponding) changes affecting aldosterone 
may coexist in this population.

In a similar study, which included 83 critically ill patients, 
plasma renin activity, angiotensin II, potassium, and adreno-
corticotropic hormone levels were measured. Plasma renin 
activity was found to be greater than 2.0 ng · ml−1 · h−1 in 59 
patients, and plasma renin and aldosterone were found to be 
dissociated in 24 patients.118 Those with an impaired aldo-
sterone response to renin (plasma aldosterone–to–plasma 
renin activity ratio less than 2) had mean aldosterone levels 
of 19 ± 5 ng/dl compared with significantly higher mean 
aldosterone levels of 48 ± 6 ng/dl (P < 0.5) in those with an 
appropriate renin response to aldosterone.118 Patients with a 
plasma aldosterone–to–plasma renin activity ratio less than 
2 (defined as inappropriately low) had a significantly higher 
mortality rate (75%) than those with an plasma aldoste-
rone–to–plasma renin activity ratio of 2 or more (46%; P 
< 0.001).118

Similar findings have been described in pediatric sep-
tic shock.119,120 Inappropriately low aldosterone levels were 
demonstrated in a pediatric critically ill population encom-
passing 60 children. Of these patients, 31 were admitted 
with acute meningococcal disease, and 29 had other diag-
noses (major surgery, severe respiratory infection). Plasma 
renin activity was measured in 15 participants with menin-
gococcal disease, 80% of whom (12 of 15) had demonstra-
ble aldosterone/plasma renin activity ratios of less than 2 on 
admission.119

Patients with meningococcal sepsis had mean plasma 
aldosterone levels of 427.5 ± 88.1 pg/ml (96.7% of val-
ues within the normal range for age for healthy children), 
whereas the levels were 1,489.2 ± 244.2 pg/ml (P < 
0.0001) for the group with other diagnoses (59.3% of val-
ues above the normal range for age for healthy children).119 
The meningococcal sepsis group had a higher predicted risk 
of mortality compared with the nonmeningococcal sep-
sis group (32.3% vs. 9.4%) and had higher levels of serum 

cortisol.119 Interestingly, those with the highest plasma 
aldosterone levels had the lowest cortisol measurements on 
admission. All participants survived.

Taken together, these studies suggest that inappropri-
ately low aldosterone levels despite high plasma renin 
activity occur, much like evidence of inappropriately low 
cortisol and adrenal androgen secretion118 may occur in 
the critically ill, potentially as an adaptive response aimed 
at increasing cortisol production. Recent studies suggest-
ing the presence of this entity in the critically ill and its 
association with organ dysfunction have since been pub-
lished.76,121 Renin has been suggested as a marker of tissue 
perfusion and prognosis in the critically ill.75

The Role of Mineralocorticoid Supplementation during 
Critical Illness
Several clinical trials have examined the role of mineralo-
corticoid supplementation in critical illness. However, an 
adequately powered study comparing fludrocortisone to a 
matched control group has not yet been performed. Notably, 
the role of mineralocorticoid replacement in patients with 
septic shock is not discussed in recent consensus statements 
(Society of Critical Care Medicine, European Society of 
Intensive Care Medicine 2017).58,122,123

Annane et al.124 investigated 300 patients with septic shock 
who had undergone a short corticotropin test, allocated to a 
7-day period of treatment with a 50-mg intravenous bolus 
of hydrocortisone administered every 6 h and a 50-μg daily 
dose of nasogastrically delivered fludrocortisone or placebo. 
The patients were characterized as either responders or 
nonresponders to the corticotropin test. Of these, 229 were 
classified as nonresponders and 70 as responders (1 patient 
withdrew consent). Of the responders, 115 were randomized 
to the placebo group, and 114 were randomized to the corti-
costeroid group. Of the nonresponders, 34 were randomized 
to the placebo group, and 36 were randomized to the corti-
costeroid group. Treatment with low doses of hydrocortisone 
and fludrocortisone was found to significantly reduce the risk 
of death in patients with septic shock and relative adrenal 
insufficiency (so-called nonresponders; 73 deaths (63%) in 
the placebo group and 60 deaths (53%) in the corticosteroid 
group; hazard ratio, 0.67; 95% CI, 0.47 to 0.95; P = 0.02), 
suggesting that mineralocorticoid therapy combined with 
glucocorticoid therapy confers a mortality benefit in patients 
with septic shock. Apart from the methodologic concerns 
that have been raised regarding the utility and accuracy of 
the short synacthen test in critical illness, the bioavailability 
of a single dose of fludrocortisone administered in this study 
(50-μg tablet daily) is debatable. A single dose (50 µg) was 
shown to lead to undetectable plasma levels in one third of 
patients with septic shock in one study.85 Mineralocorticoid 
insufficiency was not specifically reported.

Corticosteroid Treatment and Intensive Insulin Therapy 
for Septic Shock in Adults (COIITSS) was a randomized, 2 
× 2 factorial trial with a primary objective of assessing the 
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efficacy of intensive insulin therapy in patients with septic 
shock treated with hydrocortisone and, as a secondary objec-
tive, assessing the benefit of fludrocortisone as an oral dose 
of 50 µg administered for 7 days. The study consisted of 509 
patients with septic shock presenting with multiple organ 
dysfunction (Sequential Organ Failure Assessment score of 8 
or more) who received hydrocortisone (50-mg bolus at 6-h 
intervals for 7 days). Of these, 245 received fludrocortisone 
in combination with hydrocortisone administered as a daily 
single oral dose (50 µg).

With regards to the secondary objective, 105 (42.9%) of 
245 patients treated with fludrocortisone died, and 121 of 
264 (45.8%) in the control group died (relative risk, 0.94; 
95% CI, 0.77 to 1.14; P = 0.50). Neither aldosterone levels 
nor plasma renin levels were assessed in this study. However, 
the study was not adequately powered to detect a clini-
cally relevant treatment effect, and no significant effect was 
observed.125

More recently, 1,241 patients from 34 centers were 
enrolled over a 7-yr period in the Activated Protein C and 
Corticosteroids for Human Septic Shock (APROCCHSS) 
trial. Overall, 614 patients were randomized to receive a 
combination of a 60-mg hydrocortisone IV bolus every 6 h 
and 50 µg of fludrocortisone via nasogastric tube for 7 days, 
whereas 627 patients received placebo.1 Ninety day all-cause 
mortality at ICU discharge was lower among those who 
received hydrocortisone plus fludrocortisone than among 
those who received placebo (35.4% vs. 41.0%; P = 0.04). 
The hydrocortisone-fludrocortisone group also had more 
vasopressor-free and organ failure–free days. However, in this 
study, the role of fludrocortisone in improving outcomes was 
not well delineated for a number of reasons. Fludrocortisone 
was administered concurrently with high doses of hydro-
cortisone (240 mg daily). Such a dose of hydrocortisone 
would have sufficient mineralocorticoid activity. The relative 
mineralocorticoid potencies of hydrocortisone and fludro-
cortisone are 1 and 12, respectively, and a dose of 20 mg of 
hydrocortisone provides a mineralocorticoid effect equiv-
alent to 0.1 mg of fludrocortisone. The mineralocorticoid 
effect of the dose of hydrocortisone given in the study 
would therefore have amounted to an equivalent of a total 
of 1.2 mg (1,200 µg) per day of fludrocortisone.126 Clinical 
evidence for activation of the mineralocorticoid receptor at 
high doses of hydrocortisone also exists.51,126 Additionally, 
few data exist on the bioavailability of multiple oral fludro-
cortisone dosing in patients with septic shock.85

The combined evidence from the above-mentioned 
studies indicates that the additive beneficial role of flud-
rocortisone to hydrocortisone is clearly challenging to 
delineate.127 Notably, the mineralocorticoid receptor is 
permissive of the binding of various ligands. The action of 
cortisol on the mineralocorticoid receptor can be both as 
an agonist and an antagonist, depending on the underly-
ing pathophysiology.128 Under normal conditions, cortisol 
binds to the mineralocorticoid receptor but does not lead 

to its activation (mineralocorticoid antagonistic effect). In 
conditions of tissue damage and in the presence of reactive 
oxygen species, cortisol activates the receptor and acts as a 
mineralocorticoid agonist.128

Such variable effects of cortisol at receptor level may 
support the argument for concurrent fludrocortisone 
administration in critical illness; however, this contention 
requires support through investigations that will take into 
account the assessment of mineralocorticoid (dys)function 
(defined pathology), the bioavailability of orally adminis-
tered fludrocortisone (effectively administered treatment), 
and more proximal endpoints such as shock resolution (well 
defined response to treatment).

Hyperreninemic Hypoaldosteronism in Trauma: Are 
Trauma Patients Mineralocorticoid-deficient?

The first demonstration of mineralocorticoid deficiency in 
a cohort of trauma patients was in a study consisting of 32 
trauma patients admitted in hemorrhagic shock.120 In this 
study, mineralocorticoid deficiency (plasma aldosterone–to–
plasma renin activity ratio less than 2) was found in 48% of 
trauma patients at ICU admission.120 Normal aldosterone 
levels were demonstrated in patients with and without min-
eralocorticoid deficiency; however, markedly elevated renin 
levels were demonstrable only in the mineralocorticoid-de-
ficiency cohort (P < 0.0033).120 Patients with mineralocor-
ticoid deficiency were more likely to be hypotensive during 
the study period, required more blood products and crystal-
loids, and were at higher risk of acute kidney injury.120 This 
was a single-center study limited by methodologic concerns 
in addition to the small sample size. All patients were admin-
istered etomidate, an adrenal mitochondrial 11β-hydroxylase 
inhibitor, for intubation. The enzyme 11β-hydroxylase is 
required for the conversion of both 11-deoxycortisol to 
cortisol and 11-deoxycorticosterone to corticosterone and 
subsequently to aldosterone and has been shown to contrib-
ute significantly to adrenal insufficiency in critical illness.129

Apart from sepsis and trauma, hyperreninemic hypoal-
dosteronism has since been described in murine models of 
hypoxia, chronic physiologic stress, and acute hemorrhage. 
These conditions have also been associated with a reduc-
tion in plasma aldosterone levels despite rising adrenocor-
ticotropic hormone and renin levels.130,131 The failure of 
aldosterone levels to increase after angiotensin II or adre-
nocorticotropic hormone infusions suggests that damage 
to the zona glomerulus is a cause of the hyperreninemic 
hypoaldosteronism syndrome, with recovery of normal 
plasma renin and aldosterone ratios in survivors, suggesting 
a reversible cause.116,117 The clinical significance of pharma-
cologic reversal of these changes is not yet validated; how-
ever, early identification of these patients may help identify 
potential therapeutic avenues and improve prognostication.
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Additional Theoretical Considerations in  
Critical Illness

The Role of Adrenocorticotropic Hormone
The role of adrenocorticotropic hormone in the regula-
tion of aldosterone production is normally minimal but 
may become important under specific conditions.22,132,133 
Hypersecretion of adrenocorticotropic hormone has been 
demonstrated in vitro (cultured bovine cells) and may theo-
retically lead to reduced aldosterone synthesis by diverting 
precursors in this pathway to the production of cortisol in 
conditions of physiologic stress.111 Using bovine zona glo-
merulosa cells exposed to various concentrations of adre-
nocorticotropic hormone, Braley et al.111 demonstrated 
increased 17α-hydroxylase activity in zona glomerulosa 
cells, suggesting a shift from aldosterone to cortisol produc-
tion. Histological and immunohistochemical studies suggest 
that a difference exists between bovine and human adre-
nal morphology and function, making the extrapolation of 
such data to humans debatable.134 High levels of adrenocor-
ticotropic hormone have been described in patients under-
going surgery and are seen in the acute phase of critical 
illness.132,133 More recently, in critical illness, adrenocorti-
cotropic hormone–cortisol dissociation has been described. 
Adrenocorticotropic hormone levels have been shown to 
be variable in various phases of disease, with the initial rise 
in acute disease being subsequently followed by low–adre-
nocorticotropic hormone levels in chronic critical illness.114 
Mechanisms responsible for this may include negative feed-
back inhibition mediated by increased free cortisol availabil-
ity and suppression of adrenocorticotropic hormone release 
mediated by circulating bile acids in the acute phase of crit-
ical illness.114

Effects of Electrolytes and Fluid Shifts
Volume expansion may theoretically contribute to decreased 
adrenal production of aldosterone in some patients with 
critical illness. The stimulation of aldosterone release by 
potassium should also be considered.22,26 A concurrent lack 
or relative lack of cortisol in some patients with adrenal 
insufficiency may stimulate ADH secretion, as a result of 
loss of negative feedback control, leading to further water 
retention and hyponatremia.135–138

Challenges Relating to the Diagnosis of 
Mineralocorticoid Insufficiency in Critical Illness
Previous investigators have shown that 40 to 65% of crit-
ically ill patients have high plasma renin activity and low 
plasma aldosterone concentrations.117,118 The currently well 
accepted definition of critical illness–associated hyper-
reninemic hypoaldosteronism is defined by a plasma aldo-
sterone–to–plasma renin activity ratio of less than 2, which 
corresponds to the 98th percentile of the control popu-
lation.115 This current definition is based on values used 

in non–critically ill patients with mineralocorticoid defi-
ciency. There are currently no internationally accepted 
standardized methodologies of assessment, and reference 
material and reporting units for both aldosterone and renin 
also differ.66,139,140 The diagnosis of hypoaldosteronism based 
on renin and aldosterone measurements using reference 
ranges obtained from non–critically ill populations poses a 
number of challenges.

Measurement of Plasma Renin Activity
The measurement of plasma renin activity is based on: (a) 
indirect measurement of the combined effect of angio-
tensinogen and renin; (b) indirect renin concentration 
measurement, which involves the ex vivo addition of angio-
tensinogen to the assay; and (c) more recently, direct immu-
noradiometric measurements (fig.  3).141–143 Plasma renin 
activity has previously relied on the quantification of the 
cumulative generation of angiotensin I and not the direct 
quantification of renin per se.142,143 Plasma renin activity is, in 
turn, reliant on the available levels of renin substrate (angio-
tensinogen) and measures the combined effect of angioten-
sinogen levels and renin.

Not much is known about levels of angiotensino-
gen in critical illness. Angiotensinogen, an α2-globulin, 
released primarily by the liver, has been shown to be reduced 
in liver dysfunction and congestive heart failure and to be 
elevated by factors such as adrenal insufficiency, cortico-
steroid therapy, and estrogen levels.144,145 Higher circulat-
ing levels of angiotensinogen are found in women and 
in those on estrogen-replacement therapy and contra-
ceptives.142 This indicates that measurements of plasma 
renin activity overestimate circulating renin levels in the 
face of high levels of angiotensinogen in the assay.145

Low renin levels found in conditions of low angio-
tensinogen levels may underestimate the active renin 
concentration when plasma renin activity is mea-
sured.146 When measured using direct assays, renin levels 
are shown to be suppressed in women compared with 
men, in premenopausal women more than postmeno-
pausal women, and in postmenopausal women using 
estrogen therapy than in postmenopausal women with-
out estrogen replacement.145 Direct immunometric 
measurements of renin are currently used, although not 
widely.141,142

The implications of varying methods of plasma renin 
activity measurement in the critically ill setting are cur-
rently unclear; however, this variability in measurement 
methods highlights potential concerns with the compara-
tive use of data from older studies where plasma renin activ-
ity was measured indirectly, as well as the effect that changes 
in the plasma concentration of angiotensinogen may have 
on angiotensin II synthesis and as a result, indirect renin 
concentration measurements.117,147

Plasma renin activity has been validated for use in 
non–critically ill patients for the investigation of primary 
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and secondary hypoaldosteronism. In the non–critical care 
setting, plasma renin activity and serum aldosterone mea-
surements should be performed after 3 h in the upright 
or seated position, which increases renin and aldosterone 
release in normal individuals.143 The normal concentration 
of plasma renin activity has been shown to be 1 pmol/l.143 
Currently, no reference ranges exist for the critically ill 
population.

Aldosterone Levels Are Difficult to Interpret in Isolation
In the setting of renal impairment, the use of homogenous 
immunoassays (which do not require a separation step to dis-
tinguish bound from unbound labeled antibody or antigen) 
has been shown to result in marked overestimation of aldo-
sterone levels, possibly because of antibody cross-reactivity 
with uncleared aldosterone metabolites.140 Aldosterone lev-
els determined by high-performance liquid chromatography 
and tandem mass spectrometry are more accurate and should 
be used.140,148 However, because of the cost implications and 
technical demands associated with high-performance liq-
uid chromatography and tandem mass spectrometry systems, 

radioimmunoassays and automated immunoassays are still used 
in many laboratories, and radioimmunoassays are the method 
of choice.139,149 Most importantly, there is currently no pub-
lished standardized high-performance liquid chromatography 
and tandem mass spectrometry reference method or standard 
reference material available.140 Such variability in analytic 
methods presents challenges to diagnosis and screening, as well 
as leading to uncertainty such as in the interpretation of out-
comes from clinical investigations of aldosterone disorders.

Effect of Concurrent Pharmacotherapy

The use of drugs that impair aldosterone release, such as 
nonsteroidal antiinflammatory drugs, angiotensin inhibi-
tors, calcineurin inhibitors, heparin, or β-adrenergic block-
ers has been discussed and should be considered as possible 
causes of hypoaldosteronism in the critically ill. The pres-
ence of preexisting disease such as chronic kidney disease, 
diabetes-associated hyporeninemic hypoaldosteronism, and 
HIV infection are other potential confounders of measure-
ments occurring in critical illness.150

Fig. 3. Methods for renin measurement. Figure modified from Fischer et al.,142 with permission from Oxford University Press and the 
European Society of Cardiology. HSD, hydroxysteroid dehydrogenase.
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Other factors that may interfere with the assessment 
include differentiating preexisting hyporeninemic hypoal-
dosteronism from hyperreninemic hypoaldosteronism asso-
ciated with critical illness and the prognostic and clinical 
implications of low renin levels in this population, as well as 
the effects of volume depletion or hypotension on plasma 
renin activity measurements. Patients with primary adrenal 
insufficiency are characterized by both low serum aldoste-
rone and low cortisol concentrations but may have a high 
plasma renin activity because of concurrent volume deple-
tion and/or hypotension.

Pathophysiology and Clinical Manifestations of 
Hypoaldosteronism
In patients without critical illness, a loss of mineralocorti-
coid activity results in dehydration associated with increased 
renal sodium excretion, metabolic acidosis, and hyperkale-
mia. Despite the role of aldosterone in sodium retention, 
hypoaldosteronism is not typically associated with prom-
inent sodium wasting because there are compensatory 
mechanisms that help retain sodium, such as the effect of 
angiotensin II and norepinephrine.69

Unlike isolated aldosterone deficiency, there are a num-
ber of unique factors that affect aldosterone release, as well 
as sodium and water balance, in the critically ill population. 
These include the effects of drug therapy, such as phar-
macologic inhibition of angiotensin II and impairment of 
aldosterone release by heparin therapy, calcineurin inhibi-
tors, and nonsteroidal antiinflammatory drugs.

Therapeutic Implications

Fludrocortisone Replacement
Therapy with both glucocorticoids and mineralocorticoids 
is routinely instituted for primary adrenal insufficiency 
because these patients have low serum aldosterone and cor-
tisol concentrations.66 Either hydrocortisone, cortisone ace-
tate, or dexamethasone can be used and should be titrated 
to clinical response (blood pressure, body weight, signs of 
glucocorticoid excess). Mineralocorticoid replacement 
should be instituted in those with a confirmed deficiency 
state with fludrocortisone (50 to 100 µg in adults).66

The benefits of fludrocortisone replacement in patients 
with septic shock are debatable and not yet well described. 
The pharmacokinetics of a single oral dose (50 µg) of flud-
rocortisone in adult patients with septic shock were inves-
tigated in a single-center study consisting of 21 adults.85 
Fludrocortisone plasma concentrations were measured by 
liquid chromatography–mass spectrometry tandem analysis, 
before and repeatedly until 18 h after the oral dose. Plasma 
levels were found to be highly variable and undetectable 
in one third of patients in this study. The pharmacokinet-
ics of daily dosing and of higher doses of fludrocortisone, 
as well as other factors that may influence fludrocortisone 

bioavailability in the critically ill, still requires further 
investigation.

Novel Therapeutic Options
A number of therapeutic agents for the management of cate-
cholamine-resistant shock are currently under investigation.

Angiotensin II Infusion Therapy. Currently, no pharmacologic 
agents in routine clinical use support the renin–
angiotensin–aldosterone system in the treatment of septic 
shock. The addition of angiotensin II may be beneficial, 
however.151 Angiotensin II for the Treatment of High-
Output Shock 3 (ATHOS-3) was a phase III, multicenter, 
double-blind, randomized controlled trial, which aimed 
to compare the efficacy and safety of angiotensin II 
versus placebo in catecholamine-resistant shock.151 The 
trial consisted of 321 patients.4 The primary endpoint 
was a mean arterial pressure (MAP) of 75 mmHg or an 
increase in MAP by 10 mmHg within 3 h of infusion 
initiation. The average MAP was 66 mmHg. Patients with 
a low cardiac output were excluded from the study. Of 
the patients in the angiotensin group, 70% reached the 
primary endpoint compared with 23% of the placebo 
group. The angiotensin group had a reduced mortality 
(46%) compared with the placebo group (54%; P = 0.12) 
but was not powered for this endpoint. There was no 
difference in the frequency of adverse events between the 
groups.4

Because of the exclusion of patients with a low cardiac 
output, as well as the fact that the study was not powered to 
detect a mortality benefit, the mortality benefit and safety 
profile of angiotensin II infusion therapy in low cardiac 
output states is thus currently unknown. Angiotensin II as 
a potent vasoconstrictor will likely be appropriate because 
cotherapy in conditions in which cardiac contractility is 
reduced.152,153 Additionally, as discussed, cross-talk exists 
between angiotensin II and aldosterone beyond the role of 
the latter in mineralocorticoid effects, the implications and 
clinical relevance of which remain uncertain. Angiotensin 
acts on the zona glomerulosa, stimulating the release of 
aldosterone, which leads to increased sodium reabsorp-
tion and a subsequent increase in extracellular and blood 
fluid volume.154 Further cross-talk mechanisms between 
aldosterone and angiotensin II also appear to be import-
ant in the development of endothelial dysfunction, cellu-
lar proliferation, and hypertrophy and in diseases such as 
hypertension.155

Currently, the results of a randomized, placebo-con-
trolled trial that aims to evaluate the effect of LJPC-501 
(angiotensin II) infusion on mean arterial pressure, as well as 
the safety and tolerability of LJPC-501 in pediatric patients, 
are awaited.156 Additionally, a number of experimental and 
clinical studies assessing novel agents that modulate the 
renin–angiotensin–aldosterone system in the management 
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of diseases such as congestive heart failure, myocardial isch-
emia, and hypertension are currently underway.157

A substantial change in our understanding of the 
renin–angiotensin–aldosterone system has occurred over 
the last decade. The classical components of the system have 
now been expanded to include new enzymes and receptors, 
bringing into perspective the possibility of new avenues for 
investigation.61

Conclusions
Hyperreninemic hypoaldosteronism associated with a high 
mortality rate has been previously described in critically 
ill patients with shock. Variable plasma levels of aldosterone 
are seen in critical illness, as well as an impaired adrenal 
aldosterone response to increased levels of renin. However, 
the assessment of hypoaldosteronism, as well as the role of 
mineralocorticoid replacement in the critically ill, remains 
a challenge, while the effect of angiotensin II in shock states 
remains untested.

Summary of Key Points
There is renewed interest in the role of renin–angioten-
sin–aldosterone in critical illness. The available evidence is 
limited compared with what is known about the glucocor-
ticoid axis. Whether mineralocorticoid deficiency exists as 
a relevant pathophysiologic entity in critical illness and the 
role of fludrocortisone treatment remain unknown. Further 
studies investigating these issues are warranted.
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Background and Objective: Critical illness-related corticosteroid insufficiency (CIRCI) describes 
hypothalamic-pituitary-axis impairment during critical illness associated with three major pathophysiological 
events; dysregulation of the hypothalamic-pituitary-axis, altered cortisol metabolism, and tissue 
corticosteroid resistance. Similar changes are evident with regard to mineralocorticoid dysfunction in 
critical illness. Hyperreninemic hypoaldosteronism describes a sub-population of critically ill patients 
with an impaired adrenal aldosterone response to increased levels of renin. In the light of the recent 
EFNPOTUSBUJPO�PG�TJHOJòDBOU�NPSUBMJUZ� JNQSPWFNFOUT�BTTPDJBUFE�XJUI�BEKVODUJWF�HMVDPDPSUJDPJE�USFBUNFOU�
JO�DPNCJOBUJPO�XJUI�óVESPDPSUJTPOF�JO�TFQUJD�TIPDL
�BOE�UIF�TVHHFTUJPO�UIBU�BOHJPUFOTJO�**� JT�FGGFDUJWF�JO�
treating vasodilatory shock, the clinical relevance of mineralocorticoid dysfunction in critical illness requires 
further exploration. This interpretative review considers hyperreninemic hypoaldosteronism, a concept 
XPSUI�SF�FYBNJOJOH�JO�UIF�MJHIU�PG�UIF�QPUFOUJBM�NPSUBMJUZ�CFOFòU�PG�NJOFSBMPDPSUJDPJE�TVQQMFNFOUBUJPO�JO�
critical illness. We compare the pathophysiological and clinical characteristics of CIRCI and hyperreninemic 
hypoaldosteronism, two syndromes that represent corticosteroid and mineralocorticoid dysfunction in 
critical illness. We highlight gaps in the literature and give novel insights into the limitations of assessment, 
diagnosis and treatment.
Methods: &OHMJTI� MBOHVBHF�BCTUSBDUT�BOE�BSUJDMFT�QVCMJTIFE�CFGPSF�+VOF������XFSF� JEFOUJGJFE�UISPVHI�
1VC.FE�BOE�(PPHMF�4DIPMBS��3BOEPNJ[FE�USJBMT
�PCTFSWBUJPOBM�TUVEJFT
�CBTJD�TDJFODFT�TUVEJFT
�TZTUFNBUJD�BOE�
narrative reviews were considered. Reference lists of articles were searched for further relevant material. 
Key Content and Findings: %JGòDVMUJFT�BSF�FODPVOUFSFE�JO�JOUFSQSFUJOH�NFBTVSFT�PG�HMVDP��BOE�NJOFSBMP�
corticoid activity in critical illness. Aldosterone levels, like cortisol, have been shown to be increased in sepsis 
BOE�IFNPSSIBHJD�TIPDL��5IF�òOEJOH�PG�IZQFSSFOJOFNJB�BOE�IZQFSBMEPTUFSPOJTN�XJUI�BO�BMEPTUFSPOF�QMBTNB�
renin activity ratio below 2 should prompt consideration of hyperreninemic hypoaldosteronism, a finding, 
XIJDI�MJLFMZ�TJHOJòFT�UIF�MPTT�PG�OFHBUJWF�GFFECBDL�DPOUSPM�PG�UIF�SFOJO�BOHJPUFOTJO�BMEPTUFSPOF�TZTUFN��
Conclusions: As there is evidence to suggest that in acute critical illness, hyperreninemic 
hypoaldosteronism, is associated with poor outcomes, co-administration of hydrocortisone with 
óVESPDPSUJTPOF�JO�QBUJFOUT�XJUI�TFQUJD�TIPDL�TIPVME�CF�DPOTJEFSFE��*O�LFFQJOH�XJUI�UIF�DPODFQU�PG�$*3$*
�
XF�TVHHFTU�UIF�UFSN�DSJUJDBM�JMMOFTT�SFMBUFE�NJOFSBMPDPSUJDPJE�JOTVGòDJFODZ�BT�B�NPSF�BQQSPQSJBUF�EFTDSJQUJPO�
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Background

Critical illness-related corticosteroid insufficiency 
(CIRCI) describes hypothalamic-pituitary-axis impairment 
during critical illness, arising from a concern that global 
tissue availability of cortisol is altered, which influences 
outcomes in the critically ill (1-4). A recent task team 
has described three major pathophysiological events in 
CIRCI; dysregulation of the hypothalamic-pituitary-
axis, altered cortisol metabolism, and tissue corticosteroid 
resistance (1). Although there is no single test that can 
reliably diagnose CIRCI, a delta cortisol (change in 
baseline cortisol at 60 NJO�PG�����H�E-
�BGUFS� JOUSBWFOPVT�
DPTZOUSPQJO� 	�����H
� BOE� B� SBOEPN�QMBTNB� DPSUJTPM� PG�
�����H�E-�NBZ�CF�VTFE� 	�
��4JNJMBS�DIBOHFT�BSF�FWJEFOU�
regarding mineralocorticoid dysfunction in critical illness 
(6,7). One such aldosterone dysfunction syndrome is 
selective hypoaldosteronism, which describes a sub-
population of critically ill patients with an impaired 
adrenal aldosterone response to increased levels of 
renin, and is defined by the finding of hyperreninemia 
and hyperaldosteronism with an aldosterone/plasma 
renin activity (ALDO/PRA) ratio below 2. Alternatively 
termed hyperreninemic hypoaldosteronism, selective 
hypoa ldos te ron i sm ha s  been  de sc r ibed  in  bo th 
hemodynamically unstable critically ill adult and pediatric 
patients with severe trauma and septic shock (8-11). 
Aldosterone deficiency/dysfunction syndromes have, 
IPXFWFS
�OPU�CFFO�XFMM�DIBSBDUFSJ[FE�JO�DSJUJDBM�JMMOFTT
�BOE�
like corticosteroid replacement in CIRCI, the indication 
for mineralocorticoid replacement or modulation of 
the renin-angiotensin-aldosterone system in this group 
remains controversial.

In this interpretative review, we consider hyperreninemic 
hypoaldosteronism, a concept worth re-examining given the 
SFDFOU�EFNPOTUSBUJPO�PG�TJHOJòDBOU�NPSUBMJUZ�JNQSPWFNFOUT�
associated with adjunctive glucocorticoid treatment in 
combination with fludrocortisone in septic shock (12). 
The suggestion that angiotensin II is effective in treating 
vasodilatory shock further highlights the potential role of 
therapeutic approaches targeting the renin-angiotensin-

aldosterone system in septic shock (13).

Objective

We summarise and compare the pathophysiological and 
clinical characteristics of CIRCI and hyperreninemic 
hypoaldosteronism, two syndromes that represent 
glucocorticoid and mineralocorticoid dysfunction 
in critical illness. We explore diagnostic challenges 
encountered in interpreting measures of glucocorticoid 
and mineralocorticoid activity in the critically ill. Current 
gaps in the literature are highlighted and novel insights into 
the limitations of assessment, diagnosis and treatment are 
presented (11).

Furthermore, the term CIRCI is well established despite 
the associated diagnostic challenges. In keeping with the 
concept of CIRCI, we thus suggest the term critical illness-
related mineralocorticoid insufficiency (CIRMI) as a 
more appropriate description of the impaired aldosterone 
response to increased levels of renin seen in this group of 
patients. We present the following article in accordance 
with the Narrative Review reporting checklist (available at 
https://atm.amegroups.com/article/view/10.21037/atm-21-
5572/rc).

Methods

We identified source references through searches of 
1VC.FE�BOE�(PPHMF�4DIPMBS�GPS�&OHMJTI�MBOHVBHF�BCTUSBDUT�
BOE� BSUJDMFT� QVCMJTIFE�CFGPSF� +VOF�������3BOEPNJ[FE�
trials, observational studies, basic sciences studies and 
systematic and narrative reviews were considered. We 
focused on mineralocorticoid dysfunction and critical 
illness. The keywords used include: the terms “adrenal”, 
“adrenal insufficiency”, “mineralocorticoid insufficiency”, 
“cr i t ica l  i l lness” ,  “a ldosterone”,  “cr i t ica l  i l lness 
corticosteroid insufficiency”, “stress response”, “renin-
angiotensin-aldosterone-system”, “hyperreninaemia”, 
“hypoaldosteronism”, “hyperreninaemic hypoaldosteronism”, 
“glucocorticoid receptors” and “mineralocorticoid 

of the impaired aldosterone response to increased levels of renin seen in this group of patients.
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4VCNJUUFE�0DU���
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Table 1 The search strategy summary

Items Specification

Date of Search The initial search was conducted on 12/10/2017

Databases and other sources searched Google Scholar, PubMed

Search terms used Terms used included “adrenal”, “adrenal insufficiency”, “mineralocorticoid insufficiency”, “critical 
illness”, “aldosterone”, “critical illness corticosteroid insufficiency”, “stress response”, “renin-
angiotensin-aldosterone-system”, “hyperreninaemia”, “hypoaldosteronism”, “hyperreninaemic 
hypoaldosteronism”, “glucocorticoid receptors” and “mineralocorticoid receptors”

Timeframe English language abstracts and articles published before June, 2021

Inclusion and exclusion criteria English language abstracts and articles 

Selection process GDN identified source references. Randomized trials, observational studies, basic sciences 
studies and systematic and narrative reviews were considered. Reference lists of original articles, 
narrative reviews, clinical guidelines, and previous systematic reviews and meta-analyses were 
searched for further relevant material. Citations from articles identified in these searches were 
also reviewed and included, where appropriate

receptors”. These keywords were used as single search terms 
and in combinations. Reference lists of original articles, 
narrative reviews, clinical guidelines, and previous systematic 
reviews and meta-analyses were searched for further relevant 
NBUFSJBM��$JUBUJPOT�GSPN�BSUJDMFT�JEFOUJòFE�JO�UIFTF�TFBSDIFT�
were also reviewed and included, where appropriate. The 
search strategy summary is presented in Table 1.

Selected basic physiology

Challenges to the concept of adrenal functional zonation

The standard description of the mammalian adrenal is 
that of a gland that consists of a cortex and medulla (14). 
5IF�BESFOBM�DPSUFY�DPOTJTUT�PG� UIF�[POB� GBTDJDVMBUB
�[POB�
SFUJDVMBSJT�BOE�[POB�HMPNFSVMPTB��&BDI�[POF�JT�VOEFSTUPPE�UP�
have a distinct role in secreting glucocorticoids, androgens 
and aldosterone respectively, an observation referred to as 
mGVODUJPOBM�[POBUJPOn�PG� UIF�BESFOBM�DPSUFY� 	��
��
��4VDI�
[POBM�EJGGFSFODFT� JO�FO[ZNF�DPODFOUSBUJPOT�BSF�HFOFSBMMZ�
understood to result in DPNQBSUNFOUBMJ[BUJPO�PG�FO[ZNBUJD�
SFBDUJPOT�	��
��*OEJWJEVBM�[POFT�BSF
�IPXFWFS
�OPU�EJTUJODUMZ�
BVUPOPNPVT� JO� UIFJS�QSPEVDUJPO�PG� TUFSPJET� 	��
��
��5IF�
[POB�HMPNFSVMPTB�� GPS� JOTUBODF
�EPFT�OPU�BQQFBS� UP�IBWF�
BMM�UIF�FO[ZNFT�SFRVJSFE�GPS�BMEPTUFSPOF�CJPTZOUIFTJT�	��
�� 
Aldosterone synthase expression is understood to be 
SFTUSJDUFE�UP�UIF�[POB�HMPNFSVMPTB��IPXFWFS
�FYQSFTTJPO�PG�
UIF�FO[ZNF�CZ�B�DFMM�QPQVMBUJPO�PG�[POB�HMPNFSVMPTB�DFMMT
�
as well as by the brain, blood vessels, and the heart, has 
been described (14,20-23). Such integrated functions imply 
UIBU�QBUIPMPHZ�BGGFDUJOH�BO�BESFOBM�[POF�TVDI�BT�UIBU�NBZ�

PDDVS�JO�DSJUJDBM� JMMOFTT�EVF�UP�XJEFTQSFBE�JOóBNNBUJPO
� JT�
more likely to have widespread effects affecting the entire 
adrenal cortex and its mediators, rather than be localised to 
POF�TQFDJòD�[POF�	��
�

5IF�[POB� SFUJDVMBSJT
� UIF� JOOFSNPTU� BESFOBM� DPSUJDBM�
layer, secretes androgens (dehydroepiandrosterone, 
dehydroepiandrosterone sulphate and androstenedione), 
which are not the focus of this review (24,25). 

The stress response and steroid biosynthesis

Mechanisms involved in regulating the normal hypothalamic 
axis and the stress response in critical illness have been 
extensively reviewed (26-32). Figure 1 illustrates the 
hypothalamic-pituitary-adrenal axis during acute critical 
illness.

Corticotrophin leads to increased synthesis of most 
TUFSPJEPHFOJD� QBUIXBZ� FO[ZNFT
� BOE� BO� JODSFBTF� JO�
production and secretion of all adrenal steroids, a process 
termed steroidogenesis (3,36-38). With specific reference 
to aldosterone, aldosterone synthase (CYP11B2), 
QSJNBSJMZ� FYQSFTTFE� JO� UIF� [POB�HMPNFSVMPTB
� DPOWFSUT�
deoxycort icosterone to  a ldosterone through the 
intermediates, corticosterone and 18-hydroxycorticosterone 
	��
��
��
��
��'VSUIFS�DPSUJDPUSPQIJO�SFMFBTF� JT� JOIJCJUFE�
by a negative feedback mechanism (41-43). Adrenal 
stimulation through non-pituitary mechanisms occurs as a 
result of direct adrenal stimulation by cytokines, adipokines, 
neuropeptides and other mediators (42,43). Corticotrophin 
levels are typically low in acute critical illness due to factors 
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such as negative feedback inhibition because of high free 
cortisol levels seen in critical illness (44). This has been 
demonstrated up to day 28 of illness. Importantly in one 
study, even when cortisol levels begin to decrease if illness 
persists beyond 4 weeks, corticotrophin levels did not rise 
until later during recovery (44). The low corticotrophin 
seen in acute critical illness is of interest as experimental 
evidence suggests that corticotrophin is required for normal 
aldosterone production (45). Reduced levels of aldosterone 
have been shown in a pro-opiomelanocortin-knockout 
mouse model, suggesting a mechanism through which 
derangements in cortisol physiology are associated with 
derangements in aldosterone physiology during critical 
illness (45).

Chronically, the effects of corticotrophin on aldosterone 
secretion appear to oppose those of acute corticotrophin 
secretion (46). Plasma levels of aldosterone decline and, 
histologically, chronic corticotrophin (�2 days) results 
JO� BESFOBM� IZQFSQMBTJB
� JODSFBTFE� DPOWFSTJPO� PG� [POB�
HMPNFSVMPTB�DFMMT� UP�[POB�GBTDJDVMBUB�DFMMT
�BUSPQIZ�PG� UIF�
BESFOBM� [POB�HMPNFSVMPTB
� BOE� UIF� SFTVMUBOU�EJWFSTJPO�
of precursors from the mineralocorticoid pathway to 
the glucocorticoid pathway (28,46). The duration of the 
pathophysiological derangement should thus be taken into 
consideration if mineralocorticoid supplementation or 
antagonism is to be employed.

Regulation of aldosterone secretion, the mineralocorticoid 
receptor and mineralocorticoid activity

Classically, aldosterone, angiotensin II and renin regulate 
extracellular fluid balance, sodium and potassium (46,47). 
Other peptides and receptors have also been demonstrated 
UP�CF� JOWPMWFE� JO�SFHVMBUJOH�BMEPTUFSPOF�SFMFBTF� 	��
��
��
The regulation of the renin-angiotensin-aldosterone system 
is demonstrated in Figure 2. Variations in plasma/serum 
levels of aldosterone additionally occur within different 
populations, as well as across age and gender (7,22,47). 
Interestingly, corticotrophin does not appear to play as 
significant a role in regulating aldosterone secretion as 
it does in cortisol secretion (28,46,47,50). Additionally. 
pharmacological agents such as heparin, adrenaline and 
dopamine, as well as atrial natriuretic peptide, have been 
shown to modulate aldosterone secretion (21,46). 

The mineralocorticoid receptor is co-expressed with 
UIF� FO[ZNF���ȕ-hydroxysteroid dehydrogenase type 2 
(11ȕ-HSD2) in epithelial tissue, and in certain types of 
non-epithelial tissue such as the human heart (51,52). 

• Surgical and/or 
medical stress

• Inflammation

Brain

Pituitary

Adrenal

gland

gland

ĹCRH ĻCRH

ĻGR
ĻCBG

ĹACTH

ĹĹCortisol 
production

ĻCortisol 
production

Feedback 
inhibition

ĻACTH

Liver

ĹĹFree cortisol

• Surgical and/
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Figure 1 The hypothalamic-pituitary-adrenal axis during acute 
critical illness. CRH mediates the release of ACTH from the 
pituitary in response to stress and/or inflammation. ACTH, in 
turn, results in increased cortisol production from the adrenal 
HMBOE��5IF�JODSFBTF� JO�QSP�JOóBNNBUPSZ�NFEJBUPST�EVSJOH�BDVUF�
JOóBNNBUJPO�SFTVMUT� JO�B�SFEVDUJPO�JO�$#(�BOE�QMBTNB�BMCVNJO�
and/or downregulation of hepatic GR, with a subsequent increase 
in free cortisol levels (33-35). CRH, Corticotropin-releasing 
hormone; ACTH, adrenocorticotropic hormone; CBG, cortisol 
binding globulin; GR, glucocorticoid receptors.
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Figure 2 Renin Angiotensin Aldosterone System. Angiotensin I, a result of the conversion of angiotensinogen by the action of renin, is 
DPOWFSUFE�UP�BOHJPUFOTJO�**�UISPVHI�UIF�BDUJPO�PG�BOHJPUFOTJO�DPOWFSUJOH�FO[ZNF�	"$&
��'VSUIFS�QFQUJEFT�BOE�SFDFQUPST�IBWF�TJODF�CFFO�
EFNPOTUSBUFE�UP�CF�JOWPMWFE�JO�UIF�DBTDBEF�UIBU�SFHVMBUFT�BMEPTUFSPOF�SFMFBTF��"$&
�BOHJPUFOTJO�DPOWFSUJOH�FO[ZNF��"%)
�BOUJEJVSFUJD�
hormone; APA, aminopeptidase A; PCP, prolyl carboxypeptidase; Mas, mitochondrial assembly receptor; AT1 receptor, angiotensin II type 1 
receptor; AT2 receptor, angiotensin II type 2 receptor; K+, potassium; Mg2+, magnesium.

The inhibition of 11ȕ�)4%�
�BO� JOUSBDFMMVMBS� JTPFO[ZNF
�
which converts cortisol to cortisone, allows cortisol to 
function as a mineralocorticoid receptor agonist (52,53). 
In aldosterone-selective tissues, 11ȕ-HSD2, prevents 
cortisol binding to mineralocorticoid receptors, rendering 
mineralocorticoid-responsive tissues such as the kidney, 
sensitive to mineralocorticoids only (54-57). Defective 
11ȕ�)4%��BDUJWJUZ�IBT�CFFO�EFNPOTUSBUFE�JO�JOóBNNBUPSZ�
states, and in the syndrome of apparent mineralocorticoid 

excess, signifying enhanced glucocorticoid activation 
PG� SFOBM�NJOFSBMPDPSUJDPJE� SFDFQUPST� 	��
��
��
��5P�
the contrary, pro-inflammatory cytokines upregulate 
11ȕ-HSD1. This balance of reduced 11ȕ-HSD2 activity 
with upregulated 11ȕ-HSD1 activity is predicted to increase 
local glucocorticoid concentrations.

In contrast to cortisol, aldosterone is not bound to plasma 
proteins, rendering it less affected by alterations in protein 
binding and plasma protein concentrations that are observed 
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JO�DSJUJDBM� JMMOFTT�	��
��&GGFDUT�PG�BMEPTUFSPOF�BSF�NFEJBUFE�
through mineralocorticoid and non-mineralocorticoid 
receptors and are understood to be regulated by both 
genomic and non-genomic mechanisms (53,56,60). Genomic 
mechanisms were previously understood to be mediated 
exclusively through the nuclear pathways, translation and 
transcription, which take several hours to be effective and are 
mediated via the mineralocorticoid receptor (46,61). Rapid 
genomic mechanisms, that are activated within minutes, 
also exist (61,62). Aldosterone additionally operates via 
non-genomic mechanisms, activated by second messenger 
pathways (61,63).

Interestingly, aldosterone and estrogens, but not 
cortisol or corticosterone, have been shown to activate the 
transmembrane G-protein-coupled receptor 30 (GPR30 
receptor), a receptor demonstrated to be involved in non-
mineralocorticoid receptor-mediated rapid aldosterone 
actions (63-66). GPR30 has been postulated to result in 
the activation of phosphatidylinositol 3-kinase-dependent 
contraction and extracellular signal-regulated kinase 
activation in vascular smooth muscle cells (63) More 
SFDFOUMZ
�(�QSPUFJO�DPVQMFE�FTUSPHFO�SFDFQUPS���	(1&3��

� 
as well as angiotensin receptor type 1 (AT1), have been 
demonstrated to play a role in aldosterone-mediated rapid 
effects (61). Thus aldosterone mediates its rapid actions 
through both mineralocorticoid and mineralocorticoid-
independent pathways (61,63,66). Furthermore, there 
is evidence to suggest that rapid aldosterone actions are 
involved in the regulation of classical genomic actions (65). 
Genomic and non-genomic effects of aldosterone and 
cortisol are demonstrated in Figure 3.

Notably, aldosterone has been demonstrated to 
achieve greater transactivation than other ligands at the 
mineralocorticoid receptor (46). On the contrary, the effects 
of cortisol on the mineralocorticoid receptor depend on 
the underlying disease process. Cortisol can act as both 
an agonist and an antagonist at the mineralocorticoid  
receptor (67). Mineralocorticoid antagonistic effects, 
which are when cortisol binds to the mineralocorticoid 
receptor, but does not result in its activation, occur under 
physiological conditions. In conditions of high oxidant 
stress, cortisol acts as a mineralocorticoid receptor 
agonist (67). Therefore, although cortisol has similar 
affinity for mineralocorticoid receptors as aldosterone, 
the understanding that the resultant functions thus 
overlap may be inaccurate due to the molecular structural 
versatility of cortisol, the variable effects of cortisol at 
the mineralocorticoid receptor, and the differences in 

downward signalling, between the two ligands, aldosterone 
and cortisol, at the mineralocorticoid receptor (64). These 
variations in receptor utilisation support the need for 
further investigations on the additive beneficial role of 
fludrocortisone in combination with hydrocortisone in 
critical illness (68).

Changes in adrenal physiology with critical 
illness

Cortisol metabolism, tissue glucocorticoid activity and 
sensitivity in critical illness

The reduction in plasma albumin and corticosteroid 
binding globulin, altered protein binding, downregulation 
of hepatic glucocorticoid receptors, increased volume of 
distribution and altered 11ȕ-HSD2 activity that occurs in 
critical illness, results in an increase in the free fraction and 
CJP�BWBJMBCJMJUZ�PG�DPSUJTPM� 	��
��
��
��
��'VSUIFSNPSF
�B�
dissociation between total and free cortisol concentrations 
occurs over time in acute illness (70). Glucocorticoid tissue 
action is determined by a combination of tissue cortisol 
bioavailability, tissue glucocorticoid receptor density and 
HMVDPDPSUJDPJE�JOUSBDFMMVMBS�NFUBCPMJTN�	��
��
��

The glucocorticoid receptor is cytosolic in its unbound 
form, is expressed in almost every human cell and regulates 
genes that affect metabolism and the immune system (71). 
The receptor is involved in the adaptation to physiological 
stress, with the receptor-glucocorticoid complex regulating 
UIF�FYQSFTTJPO�PG�BOUJ�JOóBNNBUPSZ�QSPUFJOT�JO�UIF�OVDMFVT�
PS�TVQQSFTTJOH�UIF�FYQSFTTJPO�PG�QSP�JOóBNNBUPSZ�QSPUFJOT�
in the cytosol. Inflammation and cytokines significantly 
affect glucocorticoid receptor number and function  
(72-74) .  A decrease in both binding act ivity and 
glucocorticoid receptor-mediated transcription, have been 
shown in acute respiratory distress syndrome (75). On 
the contrary, however, increased glucocorticoid receptor 
expression and binding capacity have been demonstrated 
in burn injury (73). The demonstration of reduced cortisol 
metabolism in sepsis implies increased exposure to cortisol 
at tissue level, suggesting that lower doses of hydrocortisone 
than previously advocated, may be sufficient if steroid 
TVQQMFNFOUBUJPO�JT�UP�CF�VTFE�	�
��
��
��"�NPSUBMJUZ�CFOFòU�
of corticosteroid supplementation was not demonstrated, 
however, in the Adjunctive Corticosteroid Treatment in 
Critically Ill Patients with Septic Shock (ADRENAL) trial (77).  
In this context, in vitro glucocorticoid sensitivity has been 
shown to be associated with disease severity and to be highly 
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Figure 3 Aldosterone action; genomic and non-genomic effects of aldosterone and cortisol. Classical slow genomic actions mediated 
through the MR result in gene transcription and the production of effector proteins. Fast actions mediated through a surface receptor, 
which interact with the classic genomic actions, have been recently described to be mediated through the G-protein coupled receptor 
(13��	(1&3
�BOE�PS�QPTTJCMZ�UISPVHI�B�NFNCSBOF�CPVOE�NJOFSBMPDPSUJDPJE�SFDFQUPS��"MEPTUFSPOF�BDUJPO�UISPVHI�(13��	(1&3
�JT�
DVSSFOUMZ�VOEFSTUPPE�UP�CF�TQFDJòD�GPS�BMEPTUFSPOF� (13��
�(�QSPUFJO�DPVQMFE�SFDFQUPS�����1*��,
�1IPTQIBUJEZMJOPTJUPM���LJOBTF��&3,���
�
extracellular-signal regulated kinase 1/2; JNK, c-Jun NH2-terminal kinase; c-SRC, non-receptor tyrosine kinase c-SRC protein; BP, blood 
pressure; MR, mineralocorticoid receptor.
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variable in both healthy and critically ill individuals, being 
influenced by genetic and disease-related factors (78-83).  
The association of in vitro glucocorticoid sensitivity 
with clinical outcome has not yet been shown, however, 
regardless of whether glucocorticoid therapy has been 
employed. 

Acute and chronic renin-angiotensin-aldosterone system 
activation and the role of aldosterone antagonism 

A direct correlation between hyperaldosteronism and 
mortality has been demonstrated and is characteristic of 
congestive heart failure (84,85). The Randomized Aldactone 
Evaluation Study
�XBT�B�EPVCMF�CMJOE�SBOEPNJ[FE�DPOUSPMMFE�
trial, which enrolled 1,663 heart failure patients with 
ejection fraction <35%, New York Heart Association class 
III or IV, who were already on an angiotensin converting 
FO[ZNF�JOIJCJUPS
�B�MPPQ�EJVSFUJD
�BOE
�JO�NPTU�DBTFT
�EJHPYJO� 
therapy (86). In these patients, spironolactone, reduced 
the risk of death from any cause by 30% (relative risk 0.7, 
����$*������ UP�����
�1������
�BOE�IPTQJUBMJ[BUJPO� GSPN�
XPSTFOJOH�IFBSU�GBJMVSF�CZ�����	33�����
�����$*�����UP���
� 
P<0.001) (86). Similarly, Pitt and colleagues conducted The 
EPHESUS trial
�B�MBSHF�NVMUJDFOUFS�SBOEPNJ[FE�DPOUSPMMFE�
trial that included patients with an ejection fraction <40% 
with clinical features of heart failure or diabetes, who were 
SBOEPNJ[FE��r���EBZT�QPTU�NZPDBSEJBM�JOGBSDUJPO�UP�SFDFJWF�
eplerenone or placebo (87). All-cause mortality (RR =0.85, 
����$*������� UP�����
�1������
�BOE� UIF�DPNCJOFE�FOE�
QPJOU�PG�EFBUI� GSPN�BOZ�DBVTF�PS�DBSEJBD�IPTQJUBMJ[BUJPO�
were significantly reduced in the treatment group (relative 
SJTL������
�����$*�������UP�����
�1������
�	��
��4JNJMBS�BOE�
further evidence, linking aldosterone antagonism to mortality 
improvement in heart failure has led to the generalised 
assumption that aldosterone antagonism is associated 
with improved mortality outcomes in critical illness 
(84,86,88). Chronic mineralocorticoid excess has indeed 
been demonstrated to lead to hypertension, to promote 
pro-inflammatory, pro-atherogenic and pro-thrombotic 
mechanisms leading to cardiac and other visceral fibrosis, 
óVJE�SFUFOUJPO�BOE�DPOHFTUJPO�	��
��
��
��
��*O�DPOUSBTU
�UIF�
acute activation of the renin-angiotensin-aldosterone system 
as well as the aldosterone neurohormonal mechanisms, 
which are seen in the acute phase of septic or hemorrhagic 
shock, are compensatory components of the acute stress  
SFTQPOTF�	�����
�

&MFWBUFE�QMBTNB�SFOJO�BDUJWJUZ�BTTPDJBUFE�XJUI�SFMBUJWFMZ�
low aldosterone levels has been investigated as a marker of 

QFSGVTJPO�BOE�QSPHOPTJT�	�
�����
��4VDI�B�TUBUF�PG�TFMFDUJWF�
hypoaldosteronism, featuring a reduction in plasma 
aldosterone levels, despite rising corticotrophin and renin 
levels, suggests a dissociation between plasma renin and 
BMEPTUFSPOF�	��
��
��$ommonly associated with hypotension, 
hyperreninemic hypoaldosteronism is interpreted to 
SFQSFTFOU�B�TUBUF�PG�BMEPTUFSPOF�EFòDJFODZ�	��
��
��
�

The etiology of hyperreninemic hypoaldosteronism is 
hypothesised to be adrenal dysfunction in a subset of patients 
XJUI�$*3$*�	��
��
��
��"T�UIF�[POB�HMPNFSVMPTB�EPFT�OPU�
BQQFBS� UP�IBWF�BMM� UIF�FO[ZNFT�SFRVJSFE� GPS�BMEPTUFSPOF�
biosynthesis (18) substrates are likely diverted away from 
aldosterone production in the promotion of cortisol 
production during critical illness, with the hyperreninemia 
likely a subsequent result of relative hypoadrenalism. 
Proposed etiological mechanisms are discussed in relation 
to CIRCI. Currently available data from adult and pediatric 
populations are contrasted and critically synthesised and an 
JOUFSQSFUBUJPO�PG�UIF�òOEJOHT�PGGFSFE�JO�Table 2. Parallels with 
CIRCI are, however, apparent.

A comparison of critical illness-related 
corticosteroid insufficiency and hyperreninemic 
hypoaldosteronism

Altered regulation of cortisol and aldosterone 

Dysregulation of the hypothalamic-pituitary-adrenal axis 
associated with variable cortisol levels, altered cortisol 
metabolism, and tissue resistance to glucocorticoids are 
considered the three major constituents of CIRCI (1,5,27). 
"MUFSFE�DFMMVMBS�HMVDPDPSUJDPJE�NFUBCPMJTN�BOE�TQFDJòDBMMZ�
reduced cortisol metabolism in sepsis have been well 
EFTDSJCFE�FMTFXIFSF�	�
�
��
��
��

Hypoaldosteronism is classified as (I) defective 
stimulation of aldosterone secretion, (II) primary defects 
in adrenal synthesis or secretion of aldosterone, and 
(III) aldosterone resistance (100). Clinically, defective 
aldosterone action manifests as decreased effective blood 
volume, orthostatic hypotension and shock. Laboratory 
characteristics such as hyponatremia, hyperkalemia and 
metabolic acidosis are likely to be present. Patients with 
QSJNBSZ�BESFOBM�JOTVGòDJFODZ�FYIJCJU�MPX�TFSVN�DPSUJTPM�BOE�
aldosterone concentrations, but may have high plasma renin 
activity in the setting of concurrent volume depletion and/
or hypotension. 

With regards to hyperreninemic hypoaldosteronism, an 
impaired adrenal aldosterone response to elevated renin 
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Table 2 Summary of published data from adult and pediatric populations on hyperreninemic hypoaldosteronism in critical illness

Author, year Subjects Summary findings

Zipser et al., 
1981 (11).

Twenty-eight critically ill patients 
with persistent hypotension, 
hospitalised in a medical intensive 
care unit (11)

The first description of hyperreninemic hypoaldosteronism in hemodynamically-
unstable, critically ill patients

Plasma renin activity found to be elevated in all participants (21.6±7.2 ng/mL·h), with 
low plasma aldosterone (1–9 ng/dL) in a subset of 18 patients with septic shock

A spectrum of aldosterone responsiveness in 18 patients with persistent hypotension 
and a higher mortality rate (78%) was described

A defect at the level of the zona glomerulosa was suggested by the lack of an 
aldosterone response to angiotensin II or corticotrophin in this subset (11). The study 
is limited, by its small sample size. and the subsequent advancements that have 
occurred with regard to aldosterone and renin level measurement

Findling and 
colleagues, 
1987

Eighty three critically ill patients A dissociation between plasma renin and aldosterone levels was found in  
24 patients (8). Mean aldosterone levels of 19±5 ng/dL were found in those with 
an impaired aldosterone response to renin. This, was in comparison to mean 
aldosterone levels of 48±6 ng/dL in those with an appropriate renin response to 
aldosterone (8)

A dissociation between plasma renin and aldosterone levels associated with a higher 
mortality was found in 24 patients. This may represent adrenal adaptation aimed at 
promoting cortisol production

Similar findings have been observed in pediatric patients with septic shock (9,10)

Lichtarowicz-
Krynska and 
colleagues, 
2004

Sixty critically ill patients (31 with 
acute meningococcal disease, 29 
twenty-nine with other diagnoses, 
including major surgery and severe 
respiratory infection)

Plasma renin activity measured in 15 participants with meningococcal disease. 
Of these 80% (12 of the 15) had aldosterone/plasma renin activity ratios <2 on 
admission (9)

Patients with meningococcal sepsis had mean plasma aldosterone levels of 
427.5±88.1 pg/mL (96.7% of values within the normal healthy age range), with levels 
of 1,489.2±244.2 pg/mL (P<0.0001) for the group with other diagnoses (59.3% of 
values above the normal healthy age range) (9)

Compared to the non-meningococcal sepsis group, the meningococcal sepsis group 
had higher levels of serum cortisol and a higher predicted risk of mortality (32.3% vs. 
9.4%) (9)

Low aldosterone levels observed in this pediatric setting

Of interest, those with the highest plasma aldosterone levels had the lowest cortisol 
measurements on admission

Tolstoy and 
colleagues, 
2013.

Thirty-two trauma patients with 
hemorrhagic shock. Prospective 
observational study aimed at 
investigating the prevalence 
and impact of mineralocorticoid 
deficiency following hemorrhagic 
shock

Study conducted in an urban level I trauma centre over a 6-month period

Blood samples for measurement of plasma aldosterone (PA) and renin (PR) 
(radioimmunoassay) were obtained on admission and at 8, 16, 24, and 48 hours

Mineralocorticoid deficiency was defined as a plasma aldosterone/PR of ≤2

Mineralocorticoid deficiency, was observed on admission, in 48% of patients (10)

Markedly elevated renin levels were observed in the mineralocorticoid deficient 
cohort (10). In this study, patients with mineralocorticoid deficiency were more likely 
to be hypotensive, required more blood products and crystalloids and were at higher 
risk of acute kidney injury (10)

Table 2 (continued)
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Table 2 (continued)

Author, year Subjects Summary findings

Chung and 
colleagues, 
2017 

Hundred and five patients with 
septic shock evaluated and 
observed PRA as a useful prognostic 
biomarker of 28-day mortality (98)

Blood samples were analysed on days 1, 3, and 7 for plasma aldosterone 
concentration, PRA and plasma aldosterone concentration/PRA ratio, cortisol and 
C-reactive protein

Participants were divided into survivors (n=59) and non-survivors (n=46), according 
to 28-day mortality

Lower PRA, plasma aldosterone concentration, Acute Physiologic and Chronic 
Health Evaluation (APACHE) II scores, and Sequential Organ Failure Assessment 
(SOFA) scores were observed in the survivor group (all P<0.05)

The group with PRA ≥3.5 ng·mL−1·h−1 on day 1 showed significantly higher mortality 
than the group with PRA <3.5 ng·mL−1·h−1 (log-rank test, P<0.001) (98)

Hyperreninemic hypoaldosteronism found in 55.2% of patients with septic shock, 
was not observed to be correlated with clinical outcome (renal failure, ventilator-free 
days, ICU-free days, and 28-day mortality)

Findings support evidence for prolonged plasma renin activation, as a potential 
prognostic indicator in septic shock (98)

Failure of aldosterone levels to increase after angiotensin II or corticotrophin infusions 
suggests damage to the zona glomerulosa

Changes have been observed to be reversible in survivors (11,97)

levels has been demonstrated in critically ill patients, but not 
low plasma levels of aldosterone per se
�XJUI�OP�EFòOJUJWF�MJOL�
PG�DMJOJDBM�USBOTMBUJPO�UP�QPPS�PVUDPNFT�BT�ZFU�	�
�
��

Normal aldosterone levels have been demonstrated in 
patients with and without mineralocorticoid deficiency, 
whereas, markedly raised renin levels have been demonstrated 
only in those that are mineralocorticoid deficient (defined 
by a PA/PRA ratio of less than 2) (10). In critical illness, 
hypoaldosteronism is not typically associated with prominent 
sodium wasting due to compensatory mechanisms that 
promote sodium retention such as the effect of angiotensin 
II and norepinephrine (101). The findings of both reduced 
and elevated plasma aldosterone levels, despite rising 
corticotrophin and renin levels as seen in hyperreninemic 
hypoaldosteronism, suggest that hyperreninemia may be a 
sign of inadequate aldosterone activity for the severity of 
JMMOFTT�	��
��
��%BNBHF�UP�UIF�[POB�HMPNFSVMPTB
�BT�TVHHFTUFE�
by the lack of an aldosterone response to angiotensin II 
or corticotrophin infusions, the apparent loss of negative 
feedback regulation and tissue mineralocorticoid resistance 
NBZ�BMTP�CF�DPOUSJCVUPSZ�	��
��
��
�

$MJOJDBM�GFBUVSFT�PG�BESFOBM� JOTVGòDJFODZ�BSF�PGUFO�OPO�
specific, and those of mineralocorticoid insufficiency 
may overlap with those of cortisol insufficiency (18,102). 
Currently accepted clinical features of CIRCI include 

fever and asthenia, as well as refractory hypotension, 
neuromuscular dysfunction, electrolyte and metabolic 
abnormalities and gastrointestinal dysfunction, which 
manifests as anorexia and intolerance to enteral feeding (5). 
Similarly hyperreninemic hypoaldosteronism may manifest 
as part of hypoadrenalism with similar findings of fever, 
asthenia and fatigue, as well as orthostatic hypotension and 
TIPDL
�BOE�FMFDUSPMZUF�BOE�NFUBCPMJD�BCOPSNBMJUJFT�	��
��
�

Clinical characteristics of CIRCI (5) and hyperreninemic 
hypoaldosteronism (CIRMI) likely reflect the current 
lack of definitive data and understanding of both of these 
conditions. The significant overlap that exists between 
these two conditions is apparent (5). Clinical features of 
hyperreninemic hypoaldosteronism (CIRMI) are presented 
in Tables 2-4. 

Evidence of peripheral resistance 

Both glucocorticoid and mineralocorticoid receptors 
are homologous, compete for the same ligands, form 
homodimers and heterodimers together, bind a number 
of the same hormone response elements on DNA, and 
share co-regulatory proteins required for efficient gene 
transcription (64). Splicing of the human glucocorticoid 
receptor gene results in the generation of two glucocorticoid 
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Table 3 Clinical features of hyperreninemic hypoaldosteronism 

System Recognised clinical features of hyperreninemic hypoaldosteronism

General features Hypoaldosteronism may manifest as part of hypoadrenalism with findings such as fever and asthenia. 
Hyperpigmentation is a feature of chronic hypoaldosteronism

Cardiac Decreased effective blood volume, Orthostatic hypotension and shock (10,93)

Arrhythmia from hyperkalemia (103)

Electrolyte and Metabolic Hyponatremia

Hyperkalemia (102)

Metabolic acidosis

Neuromuscular Hypothalamic or pituitary gland necrosis or hemorrhage 

Weakness, muscle cramps and fatigue

Abdominal Adrenal gland hemorrhage or necrosis

May manifest as part of hypoadrenalism

Abdominal discomfort and salt craving (102)

receptor isoforms, namely glucocorticoid receptor-Į and 
glucocorticoid receptor-ȕ. Glucocorticoid receptor-Į, the 
classic glucocorticoid receptor, resides primarily in the 
cytoplasm where it is expressed ubiquitously. Glucocorticoid 
receptor-ȕ  is expressed ubiquitously, but does not 
bind glucocorticoid agonists (104). In sepsis, reduced 
glucocorticoid receptor-Į and increased glucocorticoid 
receptor-ȕ density and transcription in various tissues 
occurs. The upregulation of glucocorticoid receptor-Į 
has been shown to augment glucocorticoid activity, while 
glucocorticoid receptor-ȕ has been shown to inhibit 
glucocorticoid-Į�BDUJWJUZ�	���
��&WFO�XJUI�FMFWBUFE�QMBTNB�
cortisol concentrations, inadequate tissue glucocorticoid 
receptor-Į-mediated anti-inflammatory activity is 
postulated to lead to glucocorticoid resistance (5). However, 
separate mineralocorticoid and glucocorticoid effects exist 
and their primary ligands, aldosterone and cortisol (or 
corticosterone), are regulated differently and serve distinct 
purposes (64).

Little concordance exists between currently available 
methods of assessing glucocorticoid sensitivity, while inter-
individual differences in glucocorticoid receptor sensitivity 
NBZ�CF�UJTTVF�TQFDJòD�	���
��.PSFPWFS
�BMUIPVHI�DIBOHFT�JO�
cellular glucocorticoid metabolism, in particular decreased 
cortisol metabolism, have been observed in sepsis, (4) tissue 
corticosteroid bioavailability has not been consistently 
shown to predict clinical outcome in critical illness. 

Similarly, concerning aldosterone, reduced adrenal 
aldosterone production and stress-induced hypersecretion 

of corticotrophin with activation of the renin-angiotensin 
aldosterone system has been demonstrated in shock (107). 
Additionally, up to 40% to 65% of critically ill patients 
have high-plasma renin activity and relatively low-plasma 
aldosterone concentrations. This dissociation between 
plasma renin and aldosterone levels is interpreted to 
SFQSFTFOU� SFMBUJWF�BMEPTUFSPOF�EFGJDJFODZ� 	�
��
��
��
��"�
proposed schematic representation of the hypothalamic-
pituitary axis and key mechanisms in hyperreninemic 
hypoaldosteronism are demonstrated in Figure 4.

Challenges with the confirmation of deficiency 
states

Challenges with the diagnosis of CIRCI, based on the 
administration of synthetic corticotrophin, have been 
detailed elsewhere (2,5). Briefly, as baseline total plasma 
cortisol levels are often variable in critical illness, currently 
accepted basal and stimulated cortisol levels, which 
were developed in healthy, non-stressed subjects pose  
difficulties (108). Thus, a single adrenocorticotropic 
hormone stimulation test does not reveal adrenal 
JOTVGGJDJFODZ� JO� TFQUJD� TIPDL� 	���
�� "EEJUJPOBMMZ
� UIF�
decline in plasma binding protein that occurs may result 
JO� B� EFDSFBTF� JO� UPUBM� DPSUJTPM� MFWFMT� 	��
��
��&MFWBUFE�
serum cortisol levels in critical illness raise the concern 
that lack of a total cortisol response to corticotrophin 
may be an appropriate negative feedback response of a 
hypercortisolemic state (4,41). Furthermore, considerably 
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Table 4 Comparison between CIRCI and hyperreninemic hypoaldosteronism

Defining 
Characteristics

CIRCI Hyperreninemic hypoaldosteronism-proposed CIRMI

Dysregulation of 
the hypothalamic-
pituitary-adrenal (HPA) 
axis

Loss of negative feedback demonstrated. Reduced 
corticotropin levels demonstrated likely a result of 
central adrenocortical suppression 

Stress-induced hypersecretion of corticotrophin 
demonstrated with activation of the renin-angiotensin 
aldosterone system in shock

Dissociation of aldosterone and renin shown, implying 
loss of negative feedback or aldosterone resistance

Inadequate comparative data

Challenges of the definition of a deficiency state 
identified

Challenges of the definition of a deficiency state 
identified

Altered hormone 
metabolism

Variable levels of cortisol have been described in 
critical illness, in different populations and different 
critical illness diseases

Variable levels of aldosterone and renin action have 
been described in critical illness, in different populations 
and different critical illness diseases

Altered cortisol metabolism has been demonstrated Dissociation of aldosterone and renin shown, implying 
loss of negative feedback or aldosterone resistance

Plasma clearance of cortisol has been shown to be 
markedly reduced during critical illness

Inadequate comparative data on altered aldosterone 
metabolism demonstrated

Confirmatory/diagnostic testing is debatable and is not 
agreed upon

Confirmatory/diagnostic testing is debatable and is not 
agreed upon

Tissue resistance to 
glucocorticoids

Proof of cortisol resistance in critical illness exists- 
(Changes in glucocorticoid receptor-Į and -ȕ 
expression, decreased clearance of cortisol, 11-ȕ 
hydroxysteroid dehydrogenase changes)

Minimal evidence of proof of aldosterone resistance in 
critical illness exists

Dissociation of aldosterone and renin shown, implying 
loss of negative feedback or aldosterone resistance

CIRCI, critical illness-related corticosteroid insufficiency; CIRMI, critical illnessrelated mineralocorticoid insufficiency.

raised plasma cortisol levels are generally noted in non-
TVSWJWPST�PG�DSJUJDBM�JMMOFTT�BOE�MFTT�TP�JO�TVSWJWPST
�B�òOEJOH�
UIPVHIU�UP�CF�JODPOTJTUFOU�XJUI�UIF�DPODFQU�PG�JOTVGòDJFODZ�
(110-114). However, glucocorticoid resistance may be 
present despite high plasma cortisol levels, much like 
insulin resistance is tethered to hyperinsulinemia (5,115). 
Additionally, concerning cortisol measurement, ultra-high 
frequency tandem mass spectrometry may be more reliable, 
as variability exists in standard assays (116,117). 

As with CIRCI, challenges exist regarding the diagnosis 
of mineralocorticoid dysfunction in critical illness. Critical 
illness-associated hyperreninemic hypoaldosteronism is 
EFòOFE�CZ�B�1"�13"�SBUJP���
�B�EFòOJUJPO�CBTFE�PO�WBMVFT�
used in non-critically ill patients with mineralocorticoid 
EFGJDJFODZ��5IJT�DPSSFTQPOET�UP�UIF���UI�QFSDFOUJMF�PG�UIF�
DPOUSPM�QPQVMBUJPO�	��
��-PX�BMEPTUFSPOF�MFWFMT
�SFMBUJWF�UP�
plasma renin levels, have been demonstrated in pediatric 
NFOJOHPDPDDBM� TFQUJD� TIPDL� 	�
��)PXFWFS
� SFGFSFODF�
material and reporting units for both aldosterone and renin 
EJGGFS�XJEFMZ�XJUI� JOUFSOBUJPOBMMZ�BDDFQUFE� TUBOEBSEJ[FE�

NFUIPEPMPHJFT�OPU�ZFU�JO�QMBDF�	��
��
���
��"EEJUJPOBMMZ
�UIF�
use of renin and aldosterone measurements using reference 
ranges obtained from non-critically ill populations, in 
the diagnosis of hypoaldosteronism poses a number of on 
BOHJPUFOTJO�**�TZOUIFTJT� 	��
���
��'VSUIFS�NFUIPEPMPHJDBM�
concerns include the lack of validation of these tests for 
use in the critically ill, as well as implications of technical 
limitations in their performance (plasma renin activity and 
serum aldosterone measurements should be performed 
after three hours in the upright or seated position as this 
increases renin and aldosterone release) (120). Currently, 
no reference ranges exist for plasma renin activity in critical 
illness.

Difficulties with the consistent demonstration of 
hypoaldosteronism in critical illness are compounded by 
the methods used to measure aldosterone (11). Marked 
overestimation of aldosterone levels occurs in renal 
impairment with the use of homogenous immunoassays, 
likely because of antibody cross-reactivity with uncleared 
aldosterone metabolites (121). The lack of standard 
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Dysregulation of HPA axis 
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Figure 4 Proposed schematic representation of the hypothalamic-pituitary axis and key mechanisms in hyperreninemic hypoaldosteronism. 
Renin-angiotensin-aldosterone system activation occurs through the classical pathway of aldosterone secretion. Additional corticotrophin 
independent pathways include effects of cytokines and vasopressin, which trigger corticotrophin release, independent of hypothalamic 
control. Critical illness triggers release of corticotrophin-releasing hormone from the hypothalamus. Corticotrophin-releasing hormone 
stimulates the anterior pituitary to release adrenocorticotropic hormone, which stimulates the release of cortisol and to a lesser extent, 
aldosterone from the adrenal cortex. In a subset of critically ill patients, the loss of regulatory negative feedback mechanisms results in 
UIF�EJTTPDJBUJPO�PG�SFOJO�BOE�BMEPTUFSPOF�	IZQFSSFOJOFNJD�IZQPBMEPTUFSPOJTN
�XIJDI�JT�DIBSBDUFSJ[FE�CZ�IZQFSSFOJOFNJB� JO�UIF�GBDF�PG�
inappropriately low aldosterone and is associated with a higher mortality. HPA, hypothalamic-pituitary-adrenal; ACTH, adrenocorticotropic 
hormone; CRH, corticotropin-releasing hormone; RAAS, renin-angiotensin-aldosterone system; CIRCI, critical illness-related 
DPSUJDPTUFSPJE�JOTVGòDJFODZ��$*3.*
�DSJUJDBM�JMMOFTTSFMBUFE�NJOFSBMPDPSUJDPJE�JOTVGòDJFODZ��



Nethathe et al. Critical illness-related mineralocorticoid insufficiencyPage 14 of 22

© Annals of Translational Medicine. All rights reserved.   Ann Transl Med 2022;10(11):646 | https://dx.doi.org/10.21037/atm-21-5572

reference ranges for aldosterone across populations, as well 
as variations in assay procedures among laboratories further 
compounds aldosterone level assessments (122-124). High 
performance liquid chromatography and tandem mass 
spectrometry (LC-MS/MS) is a more accurate method 
of determining aldosterone levels, however, due to cost 
implications and technical demands associated with LC-
MS/MS systems, radio-immunoassays remain the method of 
DIPJDF�	���
���
��$VSSFOUMZ
�OP�QVCMJTIFE�TUBOEBSEJ[FE�-$�
MS/MS reference method or standard reference materials 
are available (121).

A comparison of therapeutic interventions

&WJEFODF� PG� BO� BMUFSFE� BESFOBM� BYJT� JO� TFQUJD� TIPDL
�
BTTPDJBUFE�XJUI�B�IJHI�NPSUBMJUZ�BOE�DIBSBDUFSJ[FE�CZ�PSHBO�
dysfunction, and potentially improved by glucocorticoid 
supplementation, justifies therapy (37,110,111,127). 
Although the rationale for corticosteroid use in the 
management of patients with septic shock is  well  
defined (128), there is uncertainty regarding the survival 
effect of adjunctive corticosteroid supplementation in severe 
sepsis and septic shock (128-130). Corticosteroids may not 
CF�CFOFòDJBM�PS�NBZ�MFBE�UP�B�TNBMM�SFEVDUJPO�JO�NPSUBMJUZ�
with a possible increase in the risk of hyperglycemia and 
neuromuscular weakness (12,77,128,130,131).

Four large studies on the use of corticosteroids for the 
reversal of septic shock reported conflicting results. In 
the Ger-Inf-05 trial, hydrocortisone therapy in patients 
with septic shock and adrenal insufficiency was associated 
with improved survival (110). However, intravenous 
hydrocortisone did not reverse shock in patients with septic 
shock and was not associated with improved survival even 
JO�QBUJFOUT�XJUI�BESFOBM�JOTVGòDJFODZ�JO�BOPUIFS�USJBM�	���
��
4VCTFRVFOUMZ
�UXP�SBOEPNJ[FE�DPOUSPMMFE�USJBMT�IBWF�TIPXO�
trends in outcomes in favour of the cortisol group (12,77). 
In the ADRENAL trial, which included 3,800 mechanically 
ventilated patients with septic shock, a continuous infusion 
of 200 mg of hydrocortisone did not result in a lower  
���EBZ�NPSUBMJUZ� UIBO�QMBDFCP� 	������vs. 28.8%; OR, 
������$*�������UP������1����
�	��
���
��&WJEFODF�PG�CFOFòU�
was demonstrated with regard to time to shock resolution, 
duration of mechanical ventilation, length of ICU stay and 
reduced frequency of blood transfusions (77).

The APROCCHSS  tr ia l  evaluated the effect  of 
hydrocortisone, in combination with fludrocortisone, 
drotrecogin-alfa and respective placebos in 1,241 patients 
with septic shock. Mortality at intensive care and hospital 

discharge was significantly lower in the hydrocortisone in 
combination with fludrocortisone group (43.0% vs.��������
P=0.03) (12,128). The RR of death in the hydrocortisone 
JO�DPNCJOBUJPO�XJUI�óVESPDPSUJTPOF�HSPVQ�XBT������	����
$*������� UP�����
��5IF�OVNCFS�PG�WBTPQSFTTPS�GSFF�EBZT�
and organ-failure-free days was significantly higher in 
the hydrocortisone in combination with fludrocortisone 
group (14 vs. 12 days, P=0.003 and 17 vs. 15 days, P<0.001 
respectively). 

A recently suggested treatment strategy for septic 
shock is intravenous hydrocortisone at a maximum dose of  
400 mg/day for at least 3 days in patients with septic shock 
that is not responsive to fluid and moderate- to high-dose 
vasopressor therapy (5). A lower dose, of 200 mg/day, for 
a more defined period of 7 days, commenced within 4 to  
6 h of the initiation of vasopressor therapy in patients with 
persisting shock, has been recommended (128). A comparison 
PG� MBSHF� SBOEPNJ[FE�DPOUSPMMFE� USJBMT�PG�IZESPDPSUJTPOF�
therapy in septic shock is presented in Table 5.

The role of fludrocortisone, remains unclear. The 
only two trials demonstrating a decrease in mortality 
with steroid replacement therapy in septic shock included 
IZESPDPSUJTPOF�JO�DPNCJOBUJPO�XJUI�óVESPDPSUJTPOF�JO�UIF�
therapeutic group (12,110).

 In COIITSS
� B� �²�� GBDUPSJBM
� SBOEPNJ[FE� USJBM
� B�
secondary objective assessed the benefit of fludrocortisone 
in septic shock patients who received hydrocortisone (132).  
Patients were randomly assigned to 1 of 4 groups: 
hydrocortisone with continuous intravenous insulin infusion, 
hydrocortisone in combination with fludrocortisone with 
continuous intravenous insulin infusion, hydrocortisone 
with conventional insulin therapy, or hydrocortisone in 
combination with fludrocortisone plus conventional insulin 
therapy (132). Hydrocortisone in combination with oral 
fludrocortisone did not result in a statistically significant 
improvement in in-hospital mortality, however there 
XBT�B�r���BCTPMVUF�EJGGFSFODF� JO�IPTQJUBM�NPSUBMJUZ�SBUFT�
in patients treated with hydrocortisone in combination 
with fludrocortisone (132). Although this result was not 
TUBUJTUJDBMMZ�TJHOJòDBOU
�UIF�TUVEZ�XBT�OPU�BEFRVBUFMZ�QPXFSFE�
to detect a relevant treatment effect (132).

The administration of fludrocortisone in septic shock 
in the Activated Protein C and Corticosteroids for Human 
Septic Shock trial was demonstrated to have a mortality 
CFOFòU�BU����EBZT�	��
���
. However, on the contrary, the 
use of renin-angiotensin-aldosterone system antagonism, 
namely aOHJPUFOTJO� DPOWFSUJOH� FO[ZNF� JOIJCJUPST� PS�
angiotensin II receptor blockers, in the setting of sepsis has 
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ZJFMEFE�DPOóJDUJOH�SFTVMUT�	��
���
. 
Fludrocortisone has been administered concurrently with 

high doses of hydrocortisone, doses purportedly high enough 
UP�IBWF�TVGòDJFOU�NJOFSBMPDPSUJDPJE�BDUJWJUZ�	��
���
��

However, effects of fludrocortisone that are not 
mediated through the mineralocorticoid receptor should be 
considered (65,135,136). The implications of the differences 
in cellular downward signalling between the ligands, cortisol 
and fludrocortisone, acting on the mineralocorticoid 
receptor, require further clarification (133). Importantly, 
UIF�CJPBWBJMBCJMJUZ�PG�PSBM�óVESPDPSUJTPOF�JO�DSJUJDBM� JMMOFTT�
requires elucidation (128,137,138). 

The currently recruiting Fludrocortisone Dose Response 
Relationship and Vascular Responsiveness in Septic Shock 
	'MV%3FT
� USJBM� JT� B� QIBTF� **
� PQFO� MBCFM� SBOEPNJ[FE�
controlled trial investigating the biological basis of vascular 
responsiveness in sepsis, as well as the pharmacokinetics and 
QIBSNBDPEZOBNJDT�PG�óVESPDPSUJTPOF�JO�TFQUJD�TIPDL�	���
�� 
Results of this trial will, hopefully, help address the 
role of combination therapy with hydrocortisone and 
óVESPDPSUJTPOF�JO�UIF�DSJUJDBMMZ�JMM�

Angiotensin II  has recently emerged as a non-

catecholamine vasopressor agent in the management 
of septic shock (13). In the ATHOS-3 (Angiotensin II for 
the Treatment of High-Output Shock) trial, patients with 
refractory high output shock were randomised to receive 
infusions of angiotensin II or placebo within a 48-hour 
study period. The administration of angiotensin II was 
associated with a positive vasopressor response to mean 
arterial pressure at 3 hours when compared to placebo. 
<���� 	�����
� vs. � ��� 	�����
� 	03� ����
� 1������
>��
The measurement of renin levels was not part of the 
JOWFTUJHBUJPO� JO� UIJT� USJBM��8F�IZQPUIFTJ[F� UIBU� JO� TVDI�
populations hyperreninemic hypoaldosteronism may be 
concurrently present and we advocate for the assessment of 
hyperreninemic hypoaldosteronism in this population.

Indeed, Bellomo and colleagues recently used renin 
concentrations to identify patients that may benefit from 
angiotension II therapy (140). Serum samples from patients 
enrolled in the ATHOS-3 trial were assessed for renin, 
angiotensin I, and angiotensin II concentrations before the 
start of administration of angiotensin II or placebo and after 
3 hours. In those with renin concentrations above the study 
QPQVMBUJPO�NFEJBO
�BOHJPUFOTJO�**�TJHOJòDBOUMZ�SFEVDFE����

Table 5�$PNQBSJTPO�PG�SBOEPNJ[FE�DPOUSPMMFE�USJBMT�JOWFTUJHBUJOH�IZESPDPSUJTPOF�UIFSBQZ�JO�TFQUJD�TIPDL

Study Population Intervention Primary outcomes

Annane et al., 2002, 
JAMA (110).
Ger-Inf-05 trial

300 adults enrolled after 
undergoing a corticotropin test 
(250 µg)

Patients randomized to hydrocortisone 
50 mg intravenous (IV) bolus 6 hourly and 
fludrocortisone 50 µg tablet once daily or 
placebo for 7 days

Improved survival [53% vs. 63% (OR 
0.54; 95% CI: 0.31–0.97; P=0.04)]

Sprung et al., 
2008, NEJM (111). 
CORTICUS

499 adults within 72 hours 
of diagnosis of septic shock 
with hypoperfusion or organ 
dysfunction after. Enrolled 
undergoing a corticotrophin test 
(250 µg)

Patients randomized to hydrocortisone  
50 mg IV 6 hourly for 5 days, 12 hourly for 
3 days, 24 hourly for 3 days, then stopped 
or placebo

Intravenous hydrocortisone did not 
reverse shock in patients with septic 
shock [76% vs. 70.4% (P=0.41)] and 
was not associated with improved 
survival [34% vs. 32% (P=0.51)] even 
in patients with adrenal insufficiency

Venkatesh et al., 
2018, NEJM (77). 
ADRENAL

3,800 mechanically ventilated 
adults with septic shock

A continuous infusion of 200 mg of 
hydrocortisone or placebo daily for 7 days 
or ICU discharge or death

A continuous infusion of 
hydrocortisone did not result in a 
lower 90-day mortality than placebo 
(27.9% vs. 28.8%; OR, 0.95; CI: 
0.82–1.1; P=0.5)

Annane, 2018, 
NEJM (12). 
APROCCHSS

1,241 adults with septic shock 2×2 factorial design: hydrocortisone  
50 mg IV 6 hourly and fludrocortisone  
50 µg through a nasogastric tube daily (or 
matching placebo) for 7 days

Improved survival. All-cause mortality 
at 90 days [49% vs. 43% (RR 0.88; 
95% CI: 0.78–0.99; P=0.03)]

Activated protein C 24 µg/kg/h for  
96 hours or matching placebo) (Activated 
protein C arm discontinued as a result of 
activated protein C market withdrawal)
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EBZ�NPSUBMJUZ�UP����PG����	�����
�QBUJFOUT�DPNQBSFE�XJUI�
���PG����QBUJFOUT�	�����
�PG�UIF�QMBDFCP�HSPVQ�	VOTUSBUJòFE�
IB[BSE�SBUJP
�����������DPOGJEFODF� JOUFSWBM
������UP�������
P=0.012) (P=0.048 for the interaction). A larger study 
assessing the response of aldosterone to angiotensin II 
along with renin measurements and with a patient centred 
outcome, such as duration of ICU stay or survival, would 
be of interest. Nonetheless, the finding, in this trial, that 
patients who had hyperreninemia were more likely to 
CFOFòU�GSPN�BOHJPUFOTJO�**�UIFSBQZ�IJHIMJHIUT�B�QPQVMBUJPO�
of catecholamine-resistant vasodilatory shock patients who 
IBWF�UIF�QPUFOUJBM�UP�CFOFòU�GSPN�UIFSBQZ�NPEVMBUJOH�UIF�
renin-angiotensin-aldosterone system. As the maintenance 
of cardiovascular homeostasis is through multiple 
mechanisms, exploring the concept of synergy with regards 
to vasoactive medications in refractory vasodilatory shock, 
through the use of therapeutic approaches targeting both 
sympathetic tone and endocrine mechanisms, is a rational 
therapeutic approach.

Conclusion and future directions

Critical illness has been observed to be accompanied by 
variable degrees of cortisol secretion (33), increased free 
cortisol, glucocorticoid insensitivity, as well as disruption 
of glucocorticoid negative feedback. Both cortisol and 
aldosterone are of an adrenal source, and cortisol is 
capable of down-regulating both mineralocorticoid 
and glucocorticoid receptors (141). It is expected that 
such mechanisms affecting cortisol function in critical 
illness would be accompanied by a similar disruption in 
aldosterone function. Aldosterone levels, like cortisol, have 
been shown to be increased in sepsis and hemorrhagic 
shock. Furthermore, there is evidence to suggest that in 
acute critical illness, hyperreninemic hypoaldosteronism, a 
òOEJOH
�XIJDI�MJLFMZ�TJHOJòFT�UIF�MPTT�PG�OFHBUJWF�GFFECBDL�
control of the renin-angiotensin-aldosterone system, is 
associated with poor outcomes. Indeed, there is evidence 
to suggest that there exists a population of catecholamine 
resistant vasodilatory shock patients with high renin levels 
XIP�IBWF�UIF�QPUFOUJBM�UP�CFOFòU�GSPN�UIFSBQZ�NPEVMBUJOH�
the renin-angiotensin-aldosterone system, namely 
angiotensin II.

&WJEFODF� PG � JNQSPWFE� PVUDPNFT � XJUI � DPSU J TP M�
supplementation have been described. Although cortisol 
has mineralocorticoid activity, aldosterone has clinically 
relevant non-mineralocorticoid effects.

As  w i th  CIRCI ,  conf ident  cons idera t ion  and 

implementation of therapeutic interventions would require 
TPNF�DMBSJòDBUJPOT��

An ALDO/PRA ratio below 2 has been defined as 
inappropriately low in previous studies and remains a 
criteria for definition until data from more recent studies 
becomes available (8). We suggest the assessment of 
hyperreninemic hypoaldosteronism through the assessment 
of ALDO/PRA ratio with the consideration of co-
administration of hydrocortisone with fludrocortisone in 
patients with septic shock. Unlike the non-acute setting, 
cortisol levels are likely to be elevated in critical illness 
and they are of less diagnostic utility in the diagnosis of 
hyperreninemic hypoaldosteronism.

A number of questions remain: 
(I) Is cortisol the only adrenal hormone with an 

PVUDPNF�CFOFòU�UIBU�JT�BGGFDUFE�JO�DSJUJDBM�JMMOFTT 
(II) Is there peripheral resistance to aldosterone in 

critical illness, much like that described with 
DPSUJTPM
�BOE�IPX�DBO�JU�CF�EFNPOTUSBUFE �1FSJQIFSBM�
resistance to cortisol has already been described;

(III) Do changes exist that affect the expression and 
BDUJWJUZ� PG� FO[ZNFT� BOE� SFDFQUPST� JOWPMWFE� JO�
aldosterone metabolism and the mineralocorticoid 
QBUIXBZ�BT�BQQFBST�UP�CF�UIF�DBTF�GPS�DPSUJTPM �

(IV) Considering the methodological challenges and the 
lack of standardisation of diagnostic procedures, 
how can techniques that assess plasma renin activity, 
as well as the measurement of plasma aldosterone in 
UIF�DSJUJDBMMZ�JMM�QPQVMBUJPO
�CF�JNQSPWFE �

(V) Lastly, if critical illness-related mineralocorticoid 
insufficiency is demonstrated, how should it be 
treated, as the bioavailability of the current form of 
óVESPDPSUJTPOF�JO�DSJUJDBM�JMMOFTT�JT�EFCBUBCMF 

In view of the conceptual similarities between the 
conditions hyperreninemic hypoaldosteronism and CIRCI, 
we suggest the term critical illness-related mineralocorticoid 
insufficiency (CIRMI) as a more appropriate description 
of the impaired aldosterone response to increased levels of 
renin seen in this group of patients. 
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Q D U H DV @ Q S H B K D

Fktbnbnpshbnhcr vhsg np vhsgnts fitcpnbnpshrnmd hm rdoshb rgnbj9 W
mWppWshud pduhdv epnl W ahnbgdlhbWk Wmc lnkdbtkWp odprodbshud

Fk‘cmdrr C- Mdsg‘sgd0*1*2*) * Ideeqdx Khol‘m2*3*4* Qnm‘kc @mcdqrnm5* Odsdq I- Etkkdq6 ‘mc

Bg‘qkdr Edkcl‘m0

0Rbgnnk ne Bkhmhb‘k Ldchbhmd* E‘btksx ne Gd‘ksg Rbhdmbdr* Tmhudqrhsx ne sgd Vhsv‘sdqrq‘mc* Ing‘mmdratqf* Rntsg

@eqhb‘* 1Cdo‘qsldms ne @m‘drsgdrh‘ ‘mc Odqhnodq‘shud Ldchbhmd* Qnx‘k Aqhra‘md ‘mc Vnldm%r Gnrohs‘k* Aqhra‘md* PKC*

@trsq‘kh‘* 2@b‘cdlx ne Bqhshb‘k B‘qd* E‘btksx ne Ldchbhmd* Tmhudqrhsx ne Ptddmrk‘mc* Aqhra‘md* PKC* @trsq‘kh‘* 3I‘lhdrnm

Sq‘tl‘ Hmrshstsd ‘mc Hmsdmrhud B‘qd Rdquhbdr* Qnx‘k Aqhra‘md ‘mc Vnldm%r Gnrohs‘k* Atssdqzdkc Rsqdds* Gdqrsnm*

Aqhra‘md* 3/18* PKC* @trsq‘kh‘* 4Mhldr Tmhudqrhsx Gnrohs‘k* Tmhudqrhsx ne Lnmsodkkhdq* Mhldr* Eq‘mbd* 5Cdo‘qsldms ne

Hlltmnknfx* E‘btksx ne Gd‘ksg Rbhdmbdr* Tmhudqrhsx ne Oqdsnqh‘* Oqdsnqh‘* Rntsg @eqhb‘ ‘mc 6Dmcnbqhmnknfx Tmhs* Lnm‘rg

Gd‘ksg* Bdmsqd enq Dmcnbqhmnknfx ‘mc Lds‘ankhrl* Gtcrnm Hmrshstsd ne Ldchb‘k Qdrd‘qbg* Ldkantqmd* UHB* @trsq‘kh‘

)Bnqqdronmchmf ‘tsgnq- D,l‘hk9 fk‘cmdrr-mdsg‘sgd?vhsr-‘b-y‘

RtllSpw

Svn q‘mcnlhrdc bnmsqnkkdc sqh‘kr g‘ud qdonqsdc ‘ qdctbshnm hm lnqs‘khsx vgdm ‘citmbshud gxcqnbnqshrnmd hr ‘clhmhrsdqdc
hm bnlahm‘shnm vhsg fitcqnbnqshrnmd bnlo‘qdc vhsg ok‘bdan hm rdoshb rgnbj- @ sghqc sqh‘k chc mns rtoonqs sghr zmchmf
vgdm gxcqnbnqshrnmd ‘clhmhrsdqdc hm bnlahm‘shnm vhsg fitcqnbnqshrnmd v‘r bnlo‘qdc vhsg gxcqnbnqshrnmd ‘knmd- Sgd
tmcdqkxhmf ldbg‘mhrlr enq sghr lnqs‘khsx admdzs qdl‘hm onnqkx tmcdqrsnnc- Vd qduhdv sgd bkhmhb‘k hlokhb‘shnmr ‘mc
onsdmsh‘k ldbg‘mhrlr cdqhudc eqnl k‘anq‘snqx ‘mc bkhmhb‘k c‘s‘ tmcdqkxhmf sgd admdzbh‘k qnkd ne ‘citmbshud fit,
cqnbnqshrnmd vhsg gxcqnbnqshrnmd rtookdldms‘shnm hm rdoshb rgnbj- E‘bsnqr hmbktchmf chrshmbs ahnknfhb‘k deedbsr ne fkt,
bnbnqshbnhcr ‘mc lhmdq‘knbnqshbnhcr* shrrtd,rodbhzb ‘mc lhmdq‘knbnqshbnhc qdbdosnq,hmcdodmcdms deedbsr ne
lhmdq‘knbnqshbnhcr* ‘mc cheedqdmbdr hm cnvmrsqd‘l rhfm‘kkhmf o‘sgv‘xr adsvddm lhmdq‘knbnqshbnhc ‘mc fktbnbnqshbnhc
ahmchmf ‘s sgd lhmdq‘knbnqshbnhc qdbdosnq bntkc bnmsqhatsd sn sghr hmsdq‘bshnm- Etqsgdqlnqd* og‘ql‘bnjhmdshb ‘mc
og‘ql‘bncxm‘lhb chro‘qhshdr dwhrs adsvddm ‘kcnrsdqnmd ‘mc hsr rxmsgdshb bntmsdqo‘qs fitcqnbnqshrnmd* onsdmsh‘kkx
hmfitdmbhmf sgdhq deedbsr- Odmchmf otakhb‘shnm ne vdkk,cdrhfmdc* q‘mcnlhrdc bnmsqnkkdc sqh‘kr* ‘ lnkdbtk‘q odqrodbshud
needqr u‘kt‘akd hmrhfgsr ‘mc fthc‘mbd sn gdko hmenql bkhmhb‘k rsq‘sdfhdr-

Gdwvnpcr9 ‘cqdm‘k hmrtezbhdmbx: bnqshbnrsdqnhc hmrtezbhdmbx: bqhshb‘k hkkmdrr: fktbnbnqshbnhcr: lhmdq‘knbnqshbnhcr: rsqdrr
qdronmrd

Dchsnp�r jdw onhmsr

þ @ qdctbshnm hm lnqs‘khsx g‘r addm qdonqsdc hm rdoshb
rgnbj vgdm ‘citmbshud gxcqnbnqshrnmd hr ‘clhmhr,
sdqdc hm bnlahm‘shnm vhsg fitcqnbnqshrnmd- Sgd
ldbg‘mhrlr tmcdqohmmhmf sghr lnqs‘khsx admdzs
qdl‘hm tmbkd‘q-

þ Sgd ‘tsgnqr dwoknqdc onsdmsh‘k ldbg‘mhrlr cdqhudc
eqnl k‘anq‘snqx ‘mc bkhmhb‘k c‘s‘* dktbhc‘shmf sgd

chrshmbs ahnknfhb‘k deedbsr ne fktbnbnqshbnhcr ‘mc
lhmdq‘knbnqshbnhcr* ‘mc sgd shrrtd,rodbhzb ‘mc
qdbdosnq,hmcdodmcdms deedbsr-

þ @m tmcdqrs‘mchmf ne sgd hmsdqok‘x adsvddm
fktbnbnqshbnhc ‘mc lhmdq‘knbnqshbnhc ‘bshnm
hm bqhshb‘k hkkmdrr bntkc gdko fthcd etstqd bkhmhb‘k
rsq‘sdfhdr-

Mdbdhudc9 6 @tftrs 1/12: ?bbdosdc9 13 Nbsnadq 1/12

> 1/12 Sgd @tsgnq’r(- Otakhrgdc ax Dkrduhdq Ksc nm adg‘ke ne Aqhshrg Intqm‘k ne @m‘drsgdrh‘- Sghr hr ‘m nodm ‘bbdrr ‘qshbkd tmcdq sgd BB AX,MB,MC khbdmrd
’gsso9..bqd‘shudbnllnmr-nqf.khbdmrdr.ax,mb,mc.3-/.(-

Enq Odqlhrrhnmr* okd‘rd dl‘hk9 odqlhrrhnmr?dkrduhdq-bnl

0

Aphshrg IntpmYk ne :mYdrsgdrhY* www ’www(9 www ’wwww(

cnh9 0/-0/05.i-aiW-1/12-0/-/23

@cu‘mbd @bbdrr Otakhb‘shnm C‘sd9 www

Qduhdv @qshbkd



@cqdm‘k hmrtezbhdmbx hm bqhshb‘kkx hkk o‘shdmsr hr bg‘q‘bsdqhrdc
ax gxonsg‘k‘lhbdohsths‘qxd‘cqdm‘k ‘whr cdq‘mfdldmsr ‘mc
hmunkudr cxretmbshnm hm bnqshrnk g‘mckhmf ‘mc sgd
qdmhmd‘mfhnsdmrhmd‘kcnrsdqnmd rxrsdl ’Q@@R(- Btqqdms fthcd
khmdr rtffdrs ‘cchmf bnqshbnrsdqnhc sgdq‘ox enq o‘shdmsr vhsg
rdoshb rgnbj qdpthqhmf nmfnhmf u‘rnoqdrrnq rtoonqs-0*1

@ksgntfg ‘citmbshud gxcqnbnqshrnmd ’h-d- bnqshrnk( ‘knmd g‘r
mns rgnvm hloqnudldms hm lnqs‘khsx hm rdoshb rgnbj* svn
q‘mcnlhrdc bnmsqnkkdc sqh‘kr g‘ud cdlnmrsq‘sdc ‘ lnqs‘khsx
hloqnudldms vgdm fitcqnbnqshrnmd hr bnlahmdc vhsg gxcqn,
bnqshrnmd-2d4 Gnvdudq* ldbg‘mhrlr tmcdqkxhmf sgd nardqudc
bnlo‘q‘shud deedbshudmdrr ne ‘citmbshud fitcqnbnqshrnmd vhsg
gxcqnbnqshrnmd nudq gxcqnbnqshrnmd ‘knmd qdl‘hm onnqkx
tmcdqrsnnc-5

Sgd Fdq,Hme,/4 sqh‘k dw‘lhmdc sgd bnlahm‘shnm ne fit,
cqnbnqshrnmd ‘mc gxcqnbnqshrnmd hm rdoshb rgnbj-2*3 @ sns‘k ne
2// o‘shdmsr vdqd ‘rrhfmdc sn qdbdhud dhsgdq sgd bnlahm‘shnm
ne ‘ 4/,lf h-u- anktr ne gxcqnbnqshrnmd 5 gntqkx vhsg /-/4 lf
fitcqnbnqshrnmd c‘hkx ‘clhmhrsdqdc sgqntfg ‘ m‘rnf‘rsqhb stad
nq ok‘bdan enq 6 c‘xr-2 O‘shdmsr vdqd bk‘rrhzdc ‘r qdronmcdqr nq
mnm,qdronmcdqr a‘rdc nm ‘ bnqshbnsqnohm sdrs-2 Bnlahmdc knv,
cnrd gxcqnbnqshrnmd vhsg fitcqnbnqshrnmd v‘r nardqudc sn
rhfmhzb‘mskx qdctbd sgd qhrj ne cd‘sg hm mnm,qdronmcdqr vhsg
rdoshb rgnbj ’62 cd‘sgr Z52�[ hm sgd ok‘bdan fqnto* 5/ cd‘sgr
Z42�[ hm sgd bnqshbnrsdqnhc fqnto Zg‘y‘qc q‘shn* /-56: 84� bnm,
zcdmbd hmsdqu‘k nq BH* /-36d/-84: O�/-/1[(- Mn rhfmhzb‘ms lnq,
s‘khsx admdzs v‘r nardqudc hm qdronmcdqr ’07 cd‘sgr Z42�[ hm
sgd ok‘bdan fqnto ‘mc 11 cd‘sgr Z50�[ hm sgd bnqshbnrsdqnhc
fqnto* O�/-85(- Sgdrd qdrtksr rtffdrsdc sg‘s bnlahmhmf
lhmdq‘knbnqshbnhc vhsg fktbnbnqshbnhc sgdq‘ox hloqnudc
lnqs‘khsx ntsbnldr hm rdoshb rgnbj-
Qdbdms k‘qfd* q‘mcnlhrdc* bnmsqnkkdc sqh‘kr dw‘lhmhmf sgd

qnkd ne gxcqnbnqshrnmd hm rdoshb rgnbj g‘ud rgnvm chudqfdms
deedbsr nm lnqs‘khsx vhsg fitcqnbnqshrnmd hm bnlahm‘shnm vhsg
gxcqnbnqshrnmd sqd‘sldms- Bnpshbnrsdpnhc SpdYsldms Ymc Hmsdmrhud
Hmrtkhm SgdpYox enp Rdoshb Rgnbi hm :ctksr ’BNHHSRR( v‘r ‘ q‘mc,
nlhrdc* 1!1 e‘bsnqh‘k sqh‘k ne 4/8 o‘shdmsr vhsg rdoshb rgnbj
‘mc ltkshokd nqf‘m cxretmbshnm ‘rrhfmdc q‘mcnlkx sn nmd ne
entq fqntor9 bnmshmtntr h-u- hmrtkhm hmetrhnm vhsg gxcqnbnqsh,
rnmd ‘knmd* bnmshmtntr h-u- hmrtkhm hmetrhnm vhsg gxcqnbnqsh,
rnmd ‘mc fitcqnbnqshrnmd* bnmudmshnm‘k hmrtkhm sgdq‘ox vhsg
gxcqnbnqshrnmd ‘knmd* nq bnmudmshnm‘k hmrtkhm sgdq‘oxvhsg h-u-
gxcqnbnqshrnmd ‘mc fitcqnbnqshrnmd-6 Sgd oqhl‘qx naidbshud
v‘r sn ‘rrdrr sgd dezb‘bx ne hmsdmrhud hmrtkhm sgdq‘ox hm o‘,
shdmsr vhsg rdoshb rgnbj sqd‘sdc vhsg gxcqnbnqshrnmd- Sgd
rdbnmc‘qx naidbshud v‘r sn du‘kt‘sd sgd ‘cchshud admdzs ne
fitcqnbnqshrnmd ‘clhmhrsdqdc enq 6 c‘xr- Gxcqnbnqshrnmd v‘r
‘clhmhrsdqdc ‘r ‘ 4/,lf h-u- anktr* enkknvdc ax 4/ lf h-u- 5
gntqkx enq 6 c‘xr- @ sns‘k ne 134 o‘shdmsr qdbdhudc ‘cchshnm‘k
nq‘k fitcqnbnqshrnmd ‘s ‘ cnrd ne /-/4 lf c‘hkx- Nudq‘kk* 0/4 ne
134 o‘shdmsr sqd‘sdc vhsg fitcqnbnqshrnmd chdc ’31-8�( ‘mc 010
ne 153 ’34-7�( o‘shdmsr hm sgd bnmsqnk fqnto chdc ’qhrj qdctbshnm*
/-83: 84� BH* /-66d0-03: O�/-4/(- Sgdrd zmchmfr oqnuhcdc duh,
cdmbd ‘f‘hmrs hmsdmrhud hmrtkhm sgdq‘ox hm o‘shdmsr qdbdhuhmf
gxcqnbnqshrnmd enq rdoshb rgnbj ‘mc hmchb‘sdc ‘ k‘bj ne rhf,
mhzb‘ms lnqs‘khsx admdzs eqnl sgd ‘cchshnm‘k fitcqnbnqshrnmd-
Mns‘akx* sgd BNHHSRR sqh‘k v‘r tmcdqonvdqdc ‘r sgd lnqs‘khsx
hm sgd bnmsqnk fqnto v‘r tmcdqdrshl‘sdc ‘mc sgd r‘lokd rhyd
bgnrdm sn cdsdbs ‘ k‘qfd deedbs rhyd ’01-4� qhrj cheedqdmbd(-4

Etqsgdqlnqd* r‘lokd rhyd b‘kbtk‘shnm v‘r a‘rdc nm sgd drsh,
l‘sdc deedbsr ne sgd hmrtkhm hmsdqudmshnm* ats mns nm sgd deedbsr
ne sgd ‘ccdc fitcqnbnqshrnmd-6 Sgtr* sgd sqh‘k v‘r mns onvdqdc
sn zmc ‘lnqs‘khsx cheedqdmbd vhsg qdrodbs sn sgd bnlo‘qhrnm ne
gxcqnbnqshrnmd vhsg gxcqnbnqshrnmd oktr fitcqnbnqshrnmd-

Hm sgd PdbnlahmYms GtlYm :bshuYsdc Opnsdhm B Ymc Knv Cnrd
ne Gxcpnbnpshrnmd Ymc Ektcpnbnpshrnmd hm :ctks Rdoshb Rgnbi
’@OQNBBGRR( sqh‘k* 503 o‘shdmsr vdqd q‘mcnlhrdc sn qdbdhud ‘
bnlahm‘shnm ne ‘ gxcqnbnqshrnmd 4/ lf h-u- anktr 5 gntqkx ‘mc
fitcqnbnqshrnmd /-/4lf c‘hkx sgqntfg sgd m‘rnf‘rsqhb stad enq 6
c‘xr* vgdqd‘r 516 o‘shdmsr qdbdhudc gxcqnbnqshrnmd ‘mc fit,
cqnbnqshrnmd ok‘bdanr-3 Sgd 8/,c‘x ‘kk,b‘trd lnqs‘khsx ‘s HBT
chrbg‘qfd v‘r nardqudc sn ad knvdq hm sgd gxcqnbnqshrnmd,oktr,
fitcqnbnqshrnmd fqnto sg‘m ‘lnmf sgnrd vgn qdbdhudc ok‘bdan
q‘sgdq sg‘m gxcqnbnqshrnmd ‘mc fitcqnbnqshrnmd ’24-3� ur 30-/�*
O�/-/3(- Sgd gxcqnbnqshrnmd,oktr,fitcqnbnqshrnmd fqnto* ‘cch,
shnm‘kkx* g‘clnqd u‘rnoqdrrnq,eqdd ‘mc nqf‘m e‘hktqd,eqdd c‘xr-
Mnmdsgdkdrr* svn q‘mcnlhrdc* ok‘bdan,bnmsqnkkdc bkhmhb‘k

sqh‘kr qdud‘kdc ‘ rtquhu‘k ‘cu‘ms‘fd hm rdoshb rgnbj sgqntfg ‘
bnlahm‘shnm ne gxcqnbnqshrnmd ‘mc sgd lhmdq‘knbnqshbnhc
fitcqnbnqshrnmd* bnlo‘qdc vhsg ok‘bdan- @mnsgdq rl‘kkdq sqh‘k
’m�4/8 o‘shdmsr( bnmsq‘rsdc gxcqnbnqshrnmd ‘knmd vhsg gx,
cqnbnqshrnmd hm bnmitmbshnm vhsg fitcqnbnqshrnmd- Sgd zmchmfr
chc mns dwghahs ‘ rhfmhzb‘ms cdbqd‘rd hm lnqs‘khsx vhsg sgd
‘cchshnm ne fitcqnbnqshrnmd ats chc rgnv ‘ 2� mtldqhb‘kkx
knvdq lnqs‘khsx vhsg bnlahm‘shnm sgdq‘ox ’qdk‘shud qhrj* /-83:
84� BH* /-66d0-03: O�/-4/(- Sgtr* sgd tmqdrnkudc onsdmsh‘k
u‘ktd ne bnlahmhmf fitcqnbnqshrnmd vhsg gxcqnbnqshrnmd enq
rdoshb rgnbj sqd‘sldms odqrhrsr-
@oo‘qdmskx chrbqdo‘ms zmchmfr eqnl sgdrd sgqdd k‘qfd sqh‘kr

g‘ud kdc sn chudqfdms odqrodbshudr nm sgd admdzsr ne ‘citmb,
shud gxcqnbnqshrnmd hm bnlahm‘shnm vhsg fitcqnbnqshrnmd hm
rdoshb rgnbj- Gnvdudq* chrshmbshnmr ‘mc sgd khlhsdc onvdq ne
sgdrd rstchdrl‘jd chqdbs bnlo‘qhrnmr chezbtks vhsg qdrodbs sn
gxcqnbnqshrnmd ‘mc fitcqnbnqshrnmd-0*5*7 Bnqshrnk ahmcr sn ansg
sgd fktbnbnqshbnhc ’FQ( ‘mc sgd lhmdq‘knbnqshbnhc qdbdosnq
’LQ(- Nmd odqrodbshud rtffdrsr sg‘s ‘r bnqshrnk ahmcr sn sgdLQ*
sgd ‘clhmhrsq‘shnm ne ghfg cnrdr ne gxcqnbnqshrnmd ’"1// lf
c‘hkx( needqr ‘m ‘cdpt‘sd kdudk ne lhmdq‘knbnqshbnhc ‘bshuhsx-0*5

@ cnrd ne 13/ lf ne gxcqnbnqshrnmd bnmedqr ‘ lhmdq‘knbnqsh,
bnhc deedbs dpthu‘kdms sn 0-1 lf ’01// bf( c‘hkx ne fit,
cqnbnqshrnmd ‘mc sgtr ‘cchshnm‘k fitcqnbnqshrnmd sgdq‘ox hr
mns qdpthqdc-8 @m ‘ksdqm‘shud odqrodbshud hr sg‘s ‘citmbshud
gxcqnbnqshrnmd vhsg fitcqnbnqshrnmd sqd‘sldms hr qdpthqdc hm
rdoshb rgnbj ‘r ‘ksgntfg bnqshrnk ahmcr sn sgd LQ* sgd rtard,
ptdms rhfm‘kkhmf o‘sgv‘xr cheedq eqnl sgnrd ldch‘sdc ax
‘kcnrsdqnmd ’‘mc ax hlokhb‘shnm fitcqnbnqshrnmd(-
Odmchmf ‘ vdkk,cdrhfmdc* q‘mcnlhrdc* bnmsqnkkdc sqh‘k nm

sgd qnkd ne fitcqnbnqshrnmd hm bnlahm‘shnmvhsg gxcqnbnqshrnmd
hm rdoshb rgnbj* ‘ lnkdbtk‘q odqrodbshud needqr u‘kt‘akd fthc,
‘mbd enq bkhmhb‘k rsq‘sdfhdr-

AhnknfhbSk pSshnmSkd enp sgd bnlahmSshnm ne
gwcpnbnpshrnmd vhsg fitcpnbnpshrnmd hm sgd
lSmSfdldms ne rdoshb rgnbj

Rdorhr* vghbg hr ‘ khed,sgqd‘sdmhmf shld,cdodmcdms nqf‘m
cxretmbshnm* ‘qhrdr eqnl ‘ cxrqdftk‘sdc gnrs qdronmrd sn o‘sg,
nfdmr-0/*00 Sghr qdronmrd l‘mhedrsr ‘r ‘m nudqvgdklhmf rxr,
sdlhb hmfi‘ll‘snqx qdronmrd nq hlltmd cxretmbshnm* ‘mc
hmunkudr o‘ssdqm qdbnfmhshnm qdbdosnqr rdmrhmf o‘sgnfdm,
‘rrnbh‘sdc lnkdbtk‘q o‘ssdqmr ’O@LOr( ‘mc c‘l‘fd,‘rrnbh‘sdc
lnkdbtk‘q o‘ssdqmr ’C@LOr(-0/*00 Sgd qdrtks‘ms hmitqx nbbtqr ‘s
sgd lnkdbtk‘q* bdkktk‘q* ‘mc nqf‘m kdudkr ‘mc hmunkudr sgd
aqd‘jcnvm ne ansg sgd dmcnsgdkh‘k ‘mc dohsgdkh‘k a‘qqhdqr* ‘mc
sgd lhbqnu‘rbtk‘stqd* bnloqnlhrhmf ltkshokd bhqbtk‘snqx
adcr-01 U‘qhntr nqf‘m rxrsdlr* hmbktchmf sgd b‘qchnu‘rbtk‘q ‘mc
otklnm‘qx rxrsdlr* qdm‘k rxrsdl* sgd bn‘ftk‘shnm b‘rb‘cd* ‘mc
sgd hlltmd rxrsdl adbnld bnloqnlhrdc ‘mc ltkshnqf‘m

1 � Mdsg‘sgd ds Yk-



e‘hktqd dmrtdr-0/*01 Hm sgd aknncdaq‘hm a‘qqhdq* hs b‘trdr odqh,
u‘rbtk‘q ndcdl‘* nwhc‘shud rsqdrr* kdtjndmbdog‘kno‘sgx* ‘mc
mdtqnsq‘mrlhssdq‘ksdq‘shnmr-01Sgdmdquntrrxrsdl‘cchshnm‘kkx
ok‘xr ‘m ‘msh,hmfi‘ll‘snqx qnkd* o‘qshbtk‘qkx hm sgd d‘qkx
rs‘fdr-01 Vhsg qdf‘qc sn sgd hlltmd rxrsdl* sghr hmsdq‘bshnm
kd‘cr sn ‘m dwbdrrhud hmm‘sd hlltmd qdronmrd-0/*01 Sgd odqrhr,
sdmbd ne ‘ rdudqd ‘mc oqnknmfdc bnlodmr‘snqx ‘msh,
hmfi‘ll‘snqx hmm‘sd hlltmd qdronmrd qdrtksr hm ‘ rs‘sd ne ‘b,
pthqdc hlltmncdzbhdmbx sdqldc hlltmno‘q‘kxrhr-02 Bnqshbn,
rsdqnhcr* qdbnfmhrdc enq sgdhq hlltmnlnctk‘snqx oqnodqshdr*
bnmrshstsd ‘m hmsdfq‘k bnlonmdms ne sgd gnrs qdronmrd sn
rdorhr-0/*03

Rdoshb rgnbj hmhsh‘sdr ‘ mdtqn,gtlnq‘k qdronmrd* vghbg
hmbktcdr sgd ‘bshu‘shnm ne sgd Q@@R-04*05 Sgd Q@@R hr ‘ ltksh,
nqf‘m rxrsdl* vghbg qdftk‘sdr gnldnrs‘rhr* hmfi‘ll‘shnm*
‘onosnrhr* ‘mc zaqnrhr-06 Sgd bk‘rrhb‘k Q@@R o‘sgv‘x hr
bnmrhcdqdc ‘ b‘qchnu‘rbtk‘q bhqbtk‘shmf gnqlnm‘k rxrsdl
ldch‘sdc ax ‘mfhnsdmrhm HH ’@HH(* ‘mc sgd mnm,bk‘rrhb‘k Q@@R
o‘sgv‘x* ‘ knb‘k shrrtd,a‘rdc rxrsdl ldch‘sdc ax ‘mfhn,
sdmrhm,’0d6(- Sgdrd svn rxrsdlr b‘m nodq‘sd rxmdqfhrshb‘kkx nq
hmcdodmcdmskx-07d1/ Hm bnmsq‘rs sn sgd bk‘rrhb‘k Q@@R ‘mc hsr
bhqbtk‘shmf ldch‘snqr* sgd mnm,bk‘rrhb‘k Q@@R bnloqhrdr shr,
rtd ‘wdr* vghbg qdftk‘sd qdm‘k* b‘qchnu‘rbtk‘q* ‘mc mdquntr
rxrsdlr-10*11

@mfhnsdmrhm,’0d6( hr entmc hm sgd gd‘qs* qdm‘k* ‘mc aq‘hm
shrrtdr* ‘mc hm ok‘rl‘-08 Qdk‘shud bnmsqhatshnmr ne sgd bk‘rrhb‘k
’rxrsdlhb( ur sgd mnm,bk‘rrhb‘k ’hmsq‘,qdm‘k( Q@@R sn aknnc
oqdrrtqd qdftk‘shnm qdl‘hm cda‘s‘akd: gnvdudq* sgd bqnrrs‘kj
adsvddm sgd Q@@R ‘mc ‘kcnrsdqnmd oqnctbshnm hr vdkk drs‘a,
khrgdc-10 @r rtbg* sgdrd svn rxrsdlr rgntkc mns ad rddm hm
hrnk‘shnm-12

Ansg fktbnbnqshbnhcr ‘mc lhmdq‘knbnqshbnhcr ‘qd hmsdfq‘k
bnlonmdmsr ne sgd rsqdrr qdronmrd-0/*03*13 Mns‘akx* rsdqnhcn,
fdmdrhr o‘sgv‘xr ‘krn cdlnmrsq‘sd nudqk‘o adsvddm lhmdq,
‘knbnqshbnhc ‘mc bnqshbnrsdqnhc oqnctbshnm ‘mc sgd rxmsgdrhr
ne bnqshbnrsdqnmd* ‘m ‘kcnrsdqnmd oqdbtqrnq* hr dwbktrhudkx
sqhffdqdc ax bnqshbnsqnohm-14 @r rtbg* ‘cqdm‘k bnqshbnrsdqnhc
hmrtezbhdmbx hr khjdkx sn nbbtq bnmbtqqdmskx vhsg lhmdq‘kn,
bnqshbnhc cxretmbshnm- Ogxrhnknfhb‘kkx* c‘hkx ‘cqdm‘k oqnctb,
shnm ne bnqshrnk nrbhkk‘sdr adsvddm 4 ‘mc 00 lf l!1 c‘x!0 vhsg
‘ ld‘m ne 6 lfl!1 c‘x!0* vghbg dpt‘sdr sn 1/d2/ lf c‘hkx ne
gxcqnbnqshrnmd hm ‘ctksr-15*16 Oqnctbshnm q‘sdr ‘qd ghfgkx u‘q,
h‘akd adsvddm ‘mc vhsghm hmchuhct‘kr-15*16 Od‘j ld‘m bnqshrnk
kdudkr g‘ud addm cnbtldmsdc ‘s 3// mlnk K!0 vhsg m‘chq kdudkr
ne �4/ mlnk K!0- Hm ‘cqdm‘k hmrtezbhdmbx* sgd sq‘chshnm‘k
qdok‘bdldms cnrd eqnl bnmrdmrtr fthcdkhmdr hr 04d14 lf ne
gxcqnbnqshrnmd c‘hkx-17*18 Hm rdoshb rgnbj* sgd btqqdmskx
‘bbdosdc cnrd enq qdk‘shud ‘cqdm‘k hmrtezbhdmbx hr 0//d1// lf
c‘hkx-0

Hm bnmsq‘rs* ‘kcnrsdqnmd rdbqdshnm hr 1//, sn 4//,enkc knvdq
‘s ‘ q‘sd ne 4/d1// bf c‘hkx* vhsg ok‘rl‘ kdudkr q‘mfhmf 3/d10/
bf K!0-2/*20 Hrnk‘sdc rdqtl ‘kcnrsdqnmd ld‘rtqdldms hr ne
khlhsdc bkhmhb‘k u‘ktd ‘mc hr nesdm hmsdqoqdsdc ‘knmfrhcd
ok‘rl‘ qdmhm ‘bshuhsx-21

@kcnrsdqnmd ‘clhmhrsq‘shnm g‘r addm cdlnmrsq‘sdc sn
qdrsnqd u‘rbtk‘q dmcnsgdkh‘k ‘kog‘,0 qdbdosnq dwoqdrrhnm*
hloqnuhmf rdmrhshuhsx sn b‘sdbgnk‘lhmdr hm rdoshb rgnbj
lncdkr-03*22 Ektcqnbnqshrnmd* ‘ rxmsgdshb lhmdq‘knbnqshbnhc*
l‘x ad trdc ‘r qdok‘bdldms sgdq‘ox enq sghr otqonrd- Sgd
trt‘k rs‘qshmf cnrd ne fitcqnbnqshrnmd enq ‘ctksr vhsg oqhl‘qx
‘cqdm‘k bnqshb‘k hmrtezbhdmbx hr 0// bf c‘hkx vhsg ‘ cnrd q‘mfd
ne 0//d4// bf-23*24 Ghfgdq cnrdr l‘x ad qdpthqdc hm ghfg r‘ks,
knrhmf rs‘sdr* hm o‘dch‘sqhb o‘shdmsr adb‘trd ne qdk‘shud qdm‘k
qdrhrs‘mbd sn lhmdq‘knbnqshbnhcr* ‘mc ctqhmf sgd k‘rs sqhldrsdq

ne oqdfm‘mbx adb‘trd ne sgd bntmsdq,qdftk‘snqx deedbsr ne ghfg
oqnfdrsdqnmd kdudkr-18*25d27

IdbgSmhrlr enp sgd admdybhSk pnkd ne
Scitmbshud trd ne fitcpnbnpshrnmd vhsg
gwcpnbnpshrnmd hm rdoshb rgnbj

Qd‘rnmr enq sgd lnqs‘khsx hloqnudldms nardqudc hm sgd
@OQNBBGRR ‘mc Fdq,Hme,/4 sqh‘kr qdl‘hm onnqkx tmcdqrsnnc-5

Dwok‘m‘snqx ldbg‘mhrlr hmbktcd sgd lhmdq‘knbnqshbnhc ‘bshu,
hsx ne fitcqnbnqshrnmd* ‘ksgntfg ghfg cnrdr ne bnqshrnk otqonqs,
dckx onrrdrr rtbg ‘bshuhsx-8*28 Etqsgdqlnqd* ‘kcnrsdqnmd g‘r
mnm,lhmdq‘knbnqshbnhc deedbsr* vghbg onsdmsh‘kkx ok‘x ‘ qnkd-3/

@ksgntfg og‘ql‘bnknfhb‘kkx cheedqdms* ‘ rhlhk‘q hlokhb‘shnm
b‘m ad dwsdmcdc sn hsr rxmsgdshb bntmsdqo‘qs* fitcqnbnqshrnmd-
Sgd ‘cchshnm‘k fktbnbnqshbnhc deedbsr ne fitcqnbnqshrnmd

rgntkc ‘krn ad bnmrhcdqdc-30*31 Gnvdudq* ‘ksgntfg fitcqnbnq,
shrnmd hr ‘ onsdms fktbnbnqshbnhc*30 hsr deedbsr ‘qd k‘qfdkx
lhmdq‘knbnqshbnhc ‘s sgd knv cnr‘fd trdc adb‘trd ne hsr
rhfmhzb‘mskx fqd‘sdq onsdmbx ‘s sgd LQ- @cchshnm‘kkx* u‘qhntr
fdmnlhb ‘mc mnm,fdmnlhb deedbsr ne fitcqnbnqshrnmd* ‘mc ‘ xds
tmhcdmshzdc ldbg‘mhrl qdrtkshmf eqnl sgd bnlahm‘shnm ne
gxcqnbnqshrnmd ‘mc fitcqnbnqshrnmd rgntkc ‘krn ad bnmrhcdqdc-

?kcnrsdpnmd gWr mnm’lhmdpWknbnpshbnhc deedbsr9
bkWrrhbWk lhmdpWknbnpshbnhc pdbdosnpdldchWsdc
rhfmWkkhmf ur WksdpmWsd lncdr ne rhfmWkkhmf

@kcnrsdqnmd g‘r fdmnlhb ‘mc mnm,fdmnlhb ‘bshnmr ’Ehf- 0(-34

Fdmnlhb ‘bshnmr ‘qd sgd bk‘rrhb mtbkd‘q ‘bshnmr nbbtqqhmf
nudq gntqr hm dohsgdkh‘k ‘mc mnm,dohsgdkh‘k bdkkr ‘ssqhats‘akd sn
‘bshu‘shnm ne sgd LQ* ‘ khf‘mc,cdodmcdms sq‘mrbqhoshnm e‘b,
snq-34 @kcnrsdqnmd ‘krn chrok‘xr q‘ohc ‘bshnmr nbbtqqhmf nudq
lhmtsdr- Sdqldc mnm,fdmnlhb nq q‘ohc mnm,mtbkd‘q ‘bshnmr*
sgdrd ‘qd hmcdodmcdms ne fdmd sq‘mrbqhoshnm ‘mc nbbtq hm
bk‘rrhb‘k LQ s‘qfdsr ‘mc mnm,dohsgdkh‘k shrrtd ‘mc hmbktcd ‘b,
shnmr rtbg ‘r sgd ‘bshu‘shnm ne rnchtl sq‘mronqs hm s‘qfds
bdkkr-35*36 Q‘ohc ‘bshnmr ‘qd bkhmhb‘kkx qdkdu‘ms hm sgd ‘btsd
rdsshmf ‘r ‘ qdrtks ne sgdhq qnkd hm hmbqd‘rhmf odqhogdq‘k
u‘rbtk‘q qdrhrs‘mbd ‘mc aknnc oqdrrtqd-37

Mns‘akx* ok‘rl‘ ‘kcnrsdqnmd kdudkr* mns bnqshrnk* q‘ohckx
bg‘mfd vhsg onrstqd ‘r o‘qs ne mnql‘k aknnc oqdrrtqd onrstq‘k
bnmsqnk-38*4/ Sghr rtffdrsr q‘ohc bdkktk‘q qdronmrdr ldch‘sdc
ax sgd ‘btsd hmbqd‘rd hm ‘kcnrsdqnmd ‘mc ‘ qnkd hm aknnc oqdr,
rtqd bnmsqnk hm sgd ‘btsd rdsshmf-37 Mnm,fdmnlhb ‘bshnmr vdqd
sgntfgs sn ad ldch‘sdc sgqntfg ldlaq‘md,antmc LQ ‘bshmf
sgqntfg rdbnmcldrrdmfdq o‘sgv‘xr-35 Sgd F oqnsdhm,bntokdc
qdbdosnq* FOQ2/* nq sgd F oqnsdhm,bntokdc ndrsqnfdm qdbdosnq,0
’FODQ,0(* g‘r addm hlokhb‘sdc ‘r sgd qdbdosnq sg‘s ldch‘sdr
rnld ne sgd q‘ohc ‘bshnmr ne ‘kcnrsdqnmd nm u‘rbtk‘q rlnnsg
ltrbkd-34*40d43 Dwodqhldms‘kkx* ‘kcnrsdqnmd g‘r ‘krn addm
cdlnmrsq‘sdc sn onsdmsh‘sd sgd bnmrsqhbsnq deedbs ne @HH nm
u‘rbtk‘q rlnnsg ltrbkd* vghbg hr ldch‘sdc sgqntfg sgd
‘mfhnsdmrhm qdbdosnq sxod 0 ’@S0(- Dwodqhldms‘k duhcdmbd
etqsgdq rtffdrsr sg‘s FOQ2/ ’FODQ,0( g‘r ‘ ghfg ‘ezmhsx enq
‘kcnrsdqnmd ats cndr mns ahmc bnqshrnk-32

Bkhmhb‘kkx* ‘kcnrsdqnmd ’‘mc ax hlokhb‘shnm fitcqnbnqshrnmd(
sgtr g‘r LQ,hmcdodmcdms ‘bshnmr sg‘s ‘qd qdkdu‘ms hm sgd
‘btsd rdsshmf vhsg ‘m deedbs nm u‘rbtk‘q rlnnsg ltrbkd ‘mc
aknnc oqdrrtqd bnmsqnk- Sgd bkhmhb‘k q‘shnm‘kd enq fit,
cqnbnqshrnmd hm bnlahm‘shnm vhsg gxcqnbnqshrnmd sgdq‘ox hm
bqhshb‘k hkkmdrr rgntkc sgdqdax mns rnkdkx qdk‘sd sn ‘kcnrsdqnmd
nq fitcqnbnqshrnmd ‘bshu‘shnm ne sgd qdm‘k dohsgdkh‘k LQ-5*7

Fktbnbnqshbnhcr vhsg nq vhsgnts lhmdq‘knbnqshbnhcr hm rdoshb rgnbj � 2



Rgd ltksheWphntr lhmdpWknbnpshbnhc pdbdosnp

Sgd LQ ‘mc FQ ‘qd ldladqr ne sgd mtbkd‘q qdbdosnq rtodq,
e‘lhkx* vghbg dmbnlo‘rrdr rdudm rtae‘lhkhdr ’rta,fqnto / sn
rta,fqnto 5( ‘mc 37 ldladqr-44 Sgdx ‘bs ‘r khf‘mc,‘bshu‘sdc
sq‘mrbqhoshnm e‘bsnqr ‘mc bnmrhrs ne entq rsqtbstq‘kkx chrshmbs
cnl‘hmr m‘ldkx9 sgd ‘lhmn sdqlhm‘k* ‘ bdmsq‘k CM@,ahmchmf

cnl‘hm* sgd ghmfd qdfhnm* ‘mc sgd B,sdqlhm‘k khf‘mc,ahmchmf
cnl‘hmr-45 Khonoghkhb khf‘mcr hmbktchmf rsdqnhcr* qdshmnhcr*
ognrognkhohcr* ‘mc ‘r xds tmhcdmshzdc khf‘mcr ’nqog‘m ldl,
adqr( qdftk‘sd sgdhq ‘bshuhsx-44*46 Rsdqnhc qdbdosnqr adknmf sn
rta,fqnto 2* vghbg hmbktcdr sgd FQ* LQ* ‘mcqnfdm qdbdosnq*
oqnfdrsdqnmd qdbdosnq* ‘mc sgd ndrsqnfdm qdbdosnqr ’DQr(9 DQ�
‘mc DQa-44 Sgd LQ ‘mc FQ ‘lhmn ‘bhc rdptdmbdr dwghahs
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Ehf 0- Fdmnlhb ‘mc mnm,fdmnlhb ‘bshnmr ne ‘kcnrsdqnmd- Jdx ed‘stqdr chrshmfthrghmf fdmnlhb ‘mc mnm,fdmnlhb ‘bshnmr ne ‘kcnrsdqnmd-
@kcnrsdqnmd ‘bshnm: fdmnlhb ‘mc mnm,fdmnlhb deedbsr ne ‘kcnrsdqnmd ‘mc bnqshrnk- Bk‘rrhb‘k rknv fdmnlhb ‘bshnmr ldch‘sdc sgqntfg sgd
lhmdq‘knbnqshbnhc qdbdosnq ’LQ( qdrtks hm fdmd sq‘mrbqhoshnm ‘mc sgd oqnctbshnm ne deedbsnq oqnsdhmr- E‘rs ‘bshnmr ldch‘sdc sgqntfg ‘
rtqe‘bd qdbdosnq* vghbg hmsdq‘bs vhsg sgd bk‘rrhb‘k fdmnlhb ‘bshnmr* g‘ud qdbdmskx addm cdrbqhadc sn ad ldch‘sdc sgqntfg sgd F oqnsdhm,
bntokdc qdbdosnq FOQ2/ ’FODQ(* onrrhakx sgqntfg ‘ ldlaq‘md,antmc LQ* nq ansg- @kcnrsdqnmd ‘bshnm sgqntfg FOQ2/ ’FODQ( hr btqqdmskx
tmcdqrsnnc sn ad rodbhzb enq ‘kcnrsdqnmd- AO* aknnc oqdrrtqd: b,RQB* mnm,qdbdosnq sxqnrhmd jhm‘rd b,RQB oqnsdhm: DQJ0.1* dwsq‘bdkktk‘q,
rhfm‘k qdftk‘sdc jhm‘rd 0.1: IMJ* b,Itm MG1,sdqlhm‘k jhm‘rd: OH2,J* Ognrog‘shcxkhmnrhsnk 2,jhm‘rd- Qdtrdc vhsg odqlhrrhnm eqnl @LD
Otakhrghmf Bnlo‘mx-32*33
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rhfmhzb‘ms gnlnknfx adhmf 45� hcdmshb‘k hm sgd rsdqnhc,
ahmchmf cnl‘hm-45 Chrshmbshudkx* sgd LQ g‘r sgd knmfdrs
‘lhmn sdqlhm‘k cnl‘hm ‘lnmf rsdqnhc qdbdosnqr* rg‘qhmf kdrr
sg‘m 04� gnlnknfx vhsg sgd FQ hm sghr qdfhnm-45 @cchshnm‘kkx*
sgd LQ g‘r ‘ezmhsx enq lhmdq‘knbnqshbnhcr* dmcnfdmntr fkt,
bnbnqshbnhcr* ‘mc oqnfdrsdqnmd-45*47d5/

Hm uhdv ne ghfgdq bhqbtk‘shmf kdudkr ne bnqshrnk ‘mc dpt‘k
‘ezmhsx ne sgd LQ enq bnqshrnk ‘mc ‘kcnrsdqnmd* ‘ rxrsdl enq
qdbdosnq rdkdbshuhsx dwhrsr hm rnld shrrtdr- Sghr hr ldch‘sdc ‘s
‘ oqd,qdbdosnq kdudk hm lhmdq‘knbnqshbnhc s‘qfds shrrtdr ax sgd
00a,gxcqnwxrsdqnhc cdgxcqnfdm‘rd ’00a,GRC( dmyxld rxr,
sdl-47 Svn 00a,GRC hrndmyxldr dwhrs-50*51 Ehqrs* 00a,GRC
sxod,0 ’00a,GRC0( hr ‘ ah,chqdbshnm‘k dmyxld hm uhspn ‘mc ‘m
‘bshu‘shmf dmyxld hm uhun ax bnmudqshmf qdbdosnq,hm‘bshud
bnqshrnmd sn bnqshrnk-51 Hm bnmsq‘rs* 00a,GRC sxod,1 ’00a,
GRC1( hr dwoqdrrdc hm lhmdq‘knbnqshbnhc s‘qfds shrrtdr ‘mc hr ‘
cd‘bshu‘shmf dmyxld sgqntfg hsr bnmudqrhnm ne bnqshrnk sn
bnqshrnmd-4/d41*52 Sgd qnkd ne 00a,GRC1 hr sn oqnsdbs sgd LQ
eqnl bnqshrnk hm lhmdq‘knbnqshbnhc s‘qfds shrrtdr* bnmedqqhmf
rodbhzbhsx enq ‘kcnrsdqnmd-52*53 Sgd nardqu‘shnm sg‘s ansg
bnqshrnk ‘mc ‘kcnrsdqnmd g‘ud ‘ ghfg ‘ezmhsx enq sgd LQ hm,
chb‘sdr ‘ k‘bj ne rdkdbshuhsx ne sgd B,sdqlhm‘k khf‘mc,ahmchmf
cnl‘hm enq ‘kcnrsdqnmd ’nq bnqshrnk(* ats mns mdbdrr‘qhkx
bnlo‘q‘shud ‘bshu‘shnm ne sgd qdbdosnq-45*47d5/ Mns‘akx*
‘ksgntfg sgd FQ hr ‘bshu‘sdc ax bnqshrnk ‘knmd* mns ‘kk fktbn,
bnqshbnhcr ‘bshu‘sd sgd LQ- Rxmsgdshb fktbnbnqshbnhcr rgnv
lhmhl‘k nq mn ‘bshuhsx ‘s sgd LQ-54d6/

Sgd nardqu‘shnm sg‘s cheedqdms khf‘mcr g‘ud u‘qh‘akd ‘bshu,
hsx ‘s sgd LQ* ‘mc sg‘s mns ‘kk fktbnbnqshbnhcr ‘bshu‘sd sgd LQ*
hr rtoonqshud ne sgd q‘shnm‘kd sg‘s sgd bgnhbd ne bnqshbnrsdqnhc
rtookdldms‘shnm onsdmsh‘kkx hmfitdmbdr bkhmhb‘k ntsbnldr ‘mc
sg‘s bnqshrnk ‘mc ‘kcnrsdqnmd ’‘mc ax hmedqdmbd sgdhq rxmsgdshb
bntmsdqo‘qsr( cn mns mdbdrr‘qhkx g‘ud sgd r‘ld deedbs ‘r kh,
f‘mcr ‘s sgd LQ-

KhmdpWknbnpshbnhc pdbdosnpr Wpd bWoWakd ne chudpfdms
pdronmrdr sn cheedpdms khfWmcr

Fktbnbnqshbnhc bnmenql‘shnm‘k lnahkhsx hr ‘mnsgdq e‘bsnq sg‘s
bnmedqr lhmdq‘knbnqshbnhc ‘bshnm ne fktbnbnqshbnhcr nm sgd
LQ-60d63 Sgd lnkdbtk‘q rjdkdsnm ne rsdqnhcr bnmrhrsr ne entq
b‘qanm ‘snl qhmfr cdzmdc ‘r qhmfr @* A* B* ‘mc C-64 Rsdqnhc qhmf
@ bnmudxr fktbnbnqshbnhc ‘bshnm ‘mc hr qhfhc hm otpd fktbnbnq,
shbnhcr ‘mc fidwhakd hm ‘kcnrsdqnmd- Sgd rsqtbstqd ne rsdqnhc qhmf
B hr qdpthqdc enq lhmdq‘knbnqshbnhc ‘bshnm ‘mc hr qhfhc hm
‘kcnrsdqnmd ’‘mc qdk‘shudkx fidwhakd hm otpd fktbnbnqshbnhcr(-
Sgd dwbdoshnm hr 00,cdnwxbnqshbnrsdqnmd ‘mc hsr rxmsgdshb
cdqhu‘shud* cdks‘,00*01,cdnwxbnqshbnrsdqnmd* vghbg g‘r ‘ fidw,
hakd B qhmf ’‘mc sgtr rgntkc ad ‘ otqd fktbnbnqshbnhc(* ats hr
‘bst‘kkx ‘ rodbhzb lhmdq‘knbnqshbnhc vhsg l‘qjdc fktbnbnqsh,
bnhc ‘bshuhsx-58*65 Sgd k‘bj ne B,00 nwxfdm‘shnm ne 00,
cdnwxbnqshbnrsdqnmd bnmedqr udqr‘shkhsx-65*66

Sgd LQ dwghahsr khf‘mc, ‘mc shrrtd,rodbhzb chbgnsnlx-
Bnqshrnk%r ‘bshnmr nm sgd LQ* ‘ksgntfg oqhl‘qhkx ‘fnmhrs* b‘m
ad ‘ms‘fnmhrshb cdodmchmf nm sgd tmcdqkxhmf o‘sgn,
ogxrhnknfx-67d70 Sgd k‘ssdq g‘r addm qdonqsdc tmcdq bdqs‘hm
dwodqhldms‘k bnmchshnmr hm shrrtdr hm vghbg 00a,GRC1 hr mns
dwoqdrrdc ’gd‘qs ‘mc rodbhzb qdfhnmr hm sgd bdmsq‘k mdquntr
rxrsdl(-67d70 Hm bnmchshnmr ne shrrtd c‘l‘fd ‘mc hm sgd oqdr,
dmbd ne qd‘bshud nwxfdm rodbhdr* bnqshrnk ‘bsr ‘r LQ ‘fn,
mhrs-7/d71 Sgtr* etmbshnmr ne sgd LQ ‘qd chudqrd* shfgskx
qdftk‘sdc ax khf‘mc,rodbhexhmf ldbg‘mhrlr* ‘mc ‘qd shrrtd,
cdodmcdms-50*72*73 Etqsgdqlnqd* LQr antmc sn ‘kcnrsdqnmd ‘qd
cdlnmrsq‘akxlnqd qdrhrs‘ms sn oqnsdnkxrhr sg‘m LQr antmc sn

bnqshrnk* ‘ qdrtks ne khf‘mc,hmctbdc bnmenql‘shnm‘k bg‘mfdr
vhsghm sgd qdbdosnq oqnsdhm-74 Mns‘akx* sgd LQ antmc sn fit,
cqnbnqshrnmd* ‘kcnrsdqnmd%r rxmsgdshb bntmsdqo‘qs* hr ghfgkx
qdrhrs‘ms sn cdfq‘c‘shnm-75d77 Sgtr* sgd LQ hr b‘o‘akd ne
chudqfdms qdronmrdr sn cheedqdms khf‘mcr-28*78 Etqsgdqlnqd*
qdbdosnqdkhf‘mc hmsdq‘bshnmr cheedq ‘bbnqchmf sn khf‘mc* ‘mc
lhmdq‘knbnqshbnhc rtookdldms‘shnm l‘x gdko noshlhrd LQ
‘bshu‘shnm-

AnvmrspdWl rhfmWkkhmf oWsgvWwr adsvddm
Wkcnrsdpnmd Wmc bnpshrnk ahmchmf Ws sgd
lhmdpWknbnpshbnhc pdbdosnp cheedp

@ksgntfg sgd LQ ahmcr ltkshokd khf‘mcr* tmhptd lhmdq‘kn,
bnqshbnhc ‘mc fktbnbnqshbnhc deedbsr ‘qd duhcdms- Sgdhq l‘hm
khf‘mcr* ‘kcnrsdqnmd ‘mc bnqshrnk* odqenql chudqrd qnkdr ‘mc
‘qd fnudqmdc ax cheedqdms qdftk‘snqx ldbg‘mhrlr-8/d81 Sgd
deedbsr ne bnqshrnk ‘qd hmfitdmbdc ax u‘qhntr e‘bsnqr* hmbktchmf
vgdsgdq sgd rhfm‘kkhmf nbbtqr sgqntfg sgd FQ* LQ* nq odqg‘or
ansg-82 Etqsgdqlnqd* sgdq‘odtshb ‘fdmsr rtbg ‘r roh,
qnmnk‘bsnmd* ‘ bnlodshshud ‘ms‘fnmhrs vhsg vd‘j ‘fnmhrs ‘b,
shuhsx ‘s sgd LQ* ‘qd ‘akd sn dwdqs sgdhq oqnsdbshud deedbsr mns
nmkx sgqntfg sgd dwbktrhnm ne bnqshrnk nq ‘kcnrsdqnmd eqnl sgd
LQ ats onsdmsh‘kkx sgqntfg sgd hmctbshnm ne oqnsdbshud e‘b,
snqr-83 Cheedqdmbdr hm cheedqdmsh‘k cnvmrsqd‘l rhfm‘kkhmf
o‘sgv‘xr sg‘s g‘ud addm nardqudc vgdm sgd LQ hr antmc sn
‘kcnrsdqnmd bnlo‘qdc vhsg bnqshrnk ‘qd ‘krn khjdkx sn ad bdkk,
‘mc shrrtd,rodbhzb-

LhmdpYknbnpshbnhc Ybshuhsx hm sgd pdftkYshnm ne rYks Ymc
vYsdp aYkYmbd

@kcnrsdqnmd qdkd‘rd hr sgd zm‘k rsdo hm sgd bk‘rrhb‘k Q@@R rhf,
m‘kkhmf rxrsdl- Hm qdm‘k 00a,GRC1,dwoqdrrhmf bdkkr* bnqshrnk hr
lds‘ankhrdc sn ahn,hm‘bshud bnqshrnmd- Sghr oqd,qdbdosnq dwbkt,
rhnm ne bnqshrnk hm 00a,GRC1,dwoqdrrhmf shrrtdr qdmcdqr sgd LQ
‘kcnrsdqnmd,rdkdbshud* rtffdrshmf sg‘s bnqshrnk ‘mc ‘kcnrsdqnmd
l‘x g‘ud rhlhk‘q nq nudqk‘oohmf deedbsr nm sgd LQ 00a,GRC1,
dwoqdrrhmf shrrtdr-84 Sghr hlokhb‘sdr sgd tshkhr‘shnm ne rhlhk‘q
rhfm‘kkhmf o‘sgv‘xr adsvddm bnqshrnk ‘mc ‘kcnrsdqnmd* rodbhe,
hb‘kkx vhsg qdrodbs sn rnchtl ‘mc ons‘rrhtl qdftk‘shnm- Sgd
oqnbdrr ne zksdqdc rnchtl ’M‘¼( qd‘arnqoshnm hm bnkkdbshmf ctbs
bdkkr adfhmr vhsg ktlhm‘k M‘¼ bqnrrhmf sgd ‘ohb‘k ok‘rl‘
ldlaq‘md sgqntfg dohsgdkh‘k rnchtl bg‘mmdkr ’DM‘B( cqhudm
ax hsr dkdbsqnbgdlhb‘k fq‘chdms-85 Rtardptdmskx* hmsq‘bdkktk‘q
M‘¼ hr ‘bshudkx sq‘mronqsdc hmsn sgd hmsdqrshsh‘k ro‘bd ax sgd
a‘rnk‘sdq‘k M‘¼.J¼,@SO‘rd- @kcnrsdqnmd,hmctbdc fdmdr
lnctk‘sd DM‘B rtatmhs stqmnudq* dmg‘mbd DM‘B rxmsgdrhr*
DM‘B ‘bshuhsx* ‘mc rshltk‘sd M‘¼.J¼,@SO‘rd ‘bshuhsx-60*85d87

Sgd hmsdq‘bshnm ne ‘kcnrsdqnmd vhsg sgd LQ kd‘cr sn hmctbshnm
nq qdoqdrrhnm ne ‘cchshnm‘k ‘kcnrsdqnmd,qdftk‘sdc fdmdr*
hmbktchmf rdqtl ‘mc fktbnbnqshbnhc,hmctbdc jhm‘rd ’RFJ0(*
vghbg ‘krn ok‘x ‘ jdx qnkd hm sgd qdftk‘shnm ne M‘¼ sq‘mronqs hm
chrs‘k jhcmdx mdogqnm dohsgdkh‘-88 RFJ0 hr sgd l‘hm qdftk‘snq ne
DM‘B-0// @cchshnm‘kkx* ‘kcnrsdqnmd g‘r addm entmc sn g‘ud
‘btsd* mnm,lhmdq‘knbnqshbnhc deedbsr nm FOQ2/* vghbg ‘qd mns
nardqudc vhsg bnqshrnk-40*42

LhmdpYknbnpshbnhc Ybshuhsx hm sgd apYhm

Mdtqnhmfi‘ll‘shnm* ‘knmf vhsg hrbg‘dlhb hmitqx* mdtqnm‘k
bdkk cd‘sg* ‘mc mdtqn‘m‘snlx bg‘mfdr* ‘qd l‘inq e‘bsnqr
‘rrnbh‘sdc vhsg bdqdaq‘k cxretmbshnm rdbnmc‘qx sn rdorhr ‘mc
rdoshb rgnbj-0/0 Hmfi‘ll‘shnm ‘rrnbh‘sdc vhsg rdorhr ‘mc
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rdoshb rgnbj g‘r ‘ chqdbs hlo‘bs nm sgd rsqtbstq‘k hmsdfqhsx ne
sgd ghoonb‘lotr ‘mc oqdeqnms‘k bnqsdw-0/1*0/2 Mn deedbshud
sgdq‘odtshb hmsdqudmshnmr dwhrs: gnvdudq* sgdqd hr duhcdmbd sn
rtffdrs sg‘s dkdu‘sdc kdudkr ne fktbnbnqshbnhcr l‘x dw‘bdqa‘sd
mdtq‘k hmfi‘ll‘shnm* ‘mc duhcdmbd sn sgd bnmsq‘qx-0/1d0/4 Sgd
qnkd ne fktbnbnqshbnhcr* ‘bshmf sgqntfg ansg LQ ‘mc FQ* hm
lnctk‘shmf sgd hlltmd qdronmrd g‘r addm vdkk rstchdc-0/

@ksgntfg* hmsdqdrs hm sgd onsdmsh‘k hlltmd deedbsr ne lhmdq,
‘knbnqshbnhcr g‘r nmkx qdbdmskx dldqfdc* sgd fdmdq‘k
bnmrdmrtr hr sg‘s sgdqd hr ‘ qnkd enq ansg FQ ‘mc LQ hm
lnctk‘shmf sgd mdtqnhmfi‘ll‘shnm ‘rrnbh‘sdc vhsg rdorhr
‘mc rdoshb rgnbj-0/*0/1

Bnlo‘qdc vhsg sgd FQ* vghbg hr dwoqdrrdc tahpthsntrkx hm
mdtqnmdr ‘mc fkh‘k bdkkr* sgd LQ g‘r ‘ lnqd qdrsqhbsdc chrsqh,
atshnm* vhsg sgd ghfgdrs dwoqdrrhnm hm khlahb rsqtbstqdr-0/1*0/5

@kcnrsdqnmd,rdkdbshud mdtqnmdr ‘qd khlhsdc sn ‘qd‘r ’odqhudm,
sqhbtk‘q* aq‘hm rsdl mtbkdtr sq‘bstr rnkhs‘qhh( sg‘s qdftk‘sd
g‘dlncxm‘lhb* fithc* ‘mc dkdbsqnkxsd gnldnrs‘rhr-8/

Aq‘hm ‘kcnrsdqnmd kdudkr ‘qd mnql‘kkx knv adb‘trd ne sgd
‘ardmbd ne ‘kcnrsdqnmd rxmsg‘rd ‘mc onnq odmdsq‘shnm ‘bqnrr
sgd aknncdaq‘hm a‘qqhdq b‘trdc ax sgd oqdrdmbd ne O,fkxbn,
oqnsdhm* ‘m @SO,cqhudm* cqtf defitw otlo* vghbg sq‘mronqsr
bdqs‘hm rtarsq‘sdr ‘bqnrr sgd bdqdaq‘k u‘rbtk‘q dmcnsgdkhtl
‘mc hmsn sgd bhqbtk‘shnm-0/5d0/7 Hm bnmsq‘rs* bnqshrnk ’nq bnqsh,
bnrsdqnmd hm qncdmsr( bhqbtk‘sdr ‘s rhfmhzb‘mskx ghfgdq kdudkr
’0//d0/// enkc(* ‘bshmf ‘r sgd l‘hm khf‘mc enq aq‘hm LQ ‘mc
FQ-0/8 @ksgntfg LQ rhfm‘kkhmf hm sgd aq‘hm g‘r addm cdlnm,
rsq‘sdc sn hmctbd ‘ oqn,hmfi‘ll‘snqx qdronmrd* sgd qdrtksr ne
LQ ‘bshu‘shnm hm sgd aq‘hm b‘m u‘qx cdodmchmf nm sgd
khf‘mc-0/*00/

Mtldqntr rstchdr rgnv sgd chudqrd hlo‘bsr ne bnqshrnk ‘mc
‘kcnrsdqnmd nm aq‘hm LQ-000*001 Cdrohsd sghr u‘qh‘ahkhsx* dwodq,
hldms‘k c‘s‘ hmchb‘sd sg‘s ansg gnqlnmdr* vgdm hmsdq‘bshmf
vhsg sgd aq‘hm bnqshrnk,qdronmrhud LQ* b‘m hmfitdmbd bdkktk‘q
‘bshuhsx hm rhlhk‘q v‘xr sgqntfg ansg fdmnlhb ‘mc mnm,
fdmnlhb o‘sgv‘xr-002 Mns‘akx* sgdrd mdtqnmdr ‘krn bnms‘hm
00a,GRC0* vghbg qdfdmdq‘sdr bnqshrnk- Gnvdudq* hs hr drrdmsh‘k
sn bnmrhcdq sg‘s onnq odmdsq‘shnm ne sgd aknncdaq‘hm a‘qqhdq ax
‘kcnrsdqnmd l‘x ad ‘ khlhshmf e‘bsnq hm hsr deedbsr nm aq‘hm LQ
‘bshu‘shnm-
Hmchqdbs duhcdmbd ne cnvmrsqd‘l rhfm‘kkhmf cheedqdmbdr hr

rddm hm ltqhmd lncdkr* vgdqd bnqshbnrsdqnmd ‘ms‘fnmhrdr
‘kcnrsdqnmd,ldch‘sdc gxodqsdmrhnm ‘s sgd aq‘hm LQ-003 Sgd
aq‘hm rgnvr vhcdroqd‘c 00a,GRC,0 dwoqdrrhnm* vgdqd‘r 00a,
GRC,1 hr khlhsdc sn mdtqnmdr hm sgd e‘rbhbtktr rnkhs‘q,
htr-50*6/*0/5 @kcnrsdqnmd hmsdq‘bshnmr vhsg sgdrd mdtqnmdr
qdftk‘sd r‘ks ‘oodshsd-001 Sgd rtardptdms aknnc oqdrrtqd
qdronmrd sn chds‘qx rnchtl hr hmghahsdc ax rohqnmnk‘bsnmd-004

Sgd oqdrdmbd ne 00a,GRC,0 ‘mc k‘bj ne 00a,GRC,1 hlokx rhf,
mhzb‘ms qnkdr enq ansg bnqshrnk ‘mc ‘kcnrsdqnmd hm sgd aq‘hm*
adxnmc r‘ks qdftk‘shnm- Hm sgdrd bdkkr* r‘ks qdftk‘shnm hr mns sgd
oqhl‘qx etmbshnm* oqnuhchmf hmchqdbs duhcdmbd ne sgd qdpthqd,
ldms enq ansg bnqshrnk ‘mc ‘kcnrsdqnmd hm sgnrd shrrtdr*
‘ksgntfg sgd rodbhzb qnkd ne ‘kcnrsdqnmd hr sgdrd shrrtdr hr mns
vdkk cdzmdc-
Ntq gxonsgdrhr hr sg‘s hm ‘kcnrsdqnmd,rdkdbshud shrrtdr*

cnvmrsqd‘l rhfm‘kkhmf ldbg‘mhrlr ‘qd rhlhk‘q adsvddm sgd
svn khf‘mcr* gdmbd sgd oqd,qdbdosnq dwbktrhnm ne bnqshrnk sn
oqdudms LQ ‘bshu‘shnm ax bnqshrnk* vghbg hr tahpthsntr- Hm mnm,
‘kcnrsdqnmd rdkdbshud shrrtdr* cnvmrsqd‘l rhfm‘kkhmf ldbg‘,
mhrlr ‘bshu‘sdc ax sgd LQ cheedq adsvddm khf‘mcr* ‘mc oqd,
qdbdosnq lnctk‘shnm ne ‘bbdrr hr sgdqdenqd mns qdpthqdc-
Sgdrd u‘qh‘akd cnvmrsqd‘l‘bshnmr qdrtkshmf eqnl‘kcnrsdqnmd

‘mc bnqshrnk ahmchmf ‘s sgd LQ l‘x dwsdmc sn sgdhq rxmsgdshb
bntmsdqo‘qsr-

LhmdpYknbnpshbnhc Ybshuhsx hm sgd gdYps

Cheedqdmbdr hm ‘kcnrsdqnmd ‘mc bnqshbnrsdqnmd rhfm‘kkhmf g‘ud
addm cdrbqhadc hm ltqhmd b‘qchnlxnbxsdr-005*006 Ansg FQ ‘mc
LQ ‘qd oqdrdms hm sgd gd‘qs- Hm ‘ ltqhmd lncdk* sgd ‘bshu‘shnm
ne LQ ‘mc FQ qdrtksdc hm ansg bnllnm ‘mc chrshmbs qdronmrdr*
rtffdrshmf rhlhk‘qhshdr ‘mc cheedqdmbdr hm rhfm‘kkhmf- Hm ‘ rstcx
trhmf hrnk‘sdc mdnm‘sd b‘qchnlxnbxsd bdkkr hm uhspn* ansg
‘kcnrsdqnmd ‘mc bnqshbnrsdqnmd hmctbdc ‘bbdkdq‘shnm ne ronm,
s‘mdntr b‘qchnlxnbxsd bnmsq‘bshnmr vhsg ‘ bgqnmnsqnohb
qdronmrd sn bnqshbnrsdqnhcr ldch‘sdc ax ansg LQ ‘mc FQ-005*006

Hmbqd‘rdc bgqnmnsqnox v‘r cdodmcdms nm knv sgqdrgnkc S,
sxod b‘kbhtl bg‘mmdk dwoqdrrhnm* vghbg v‘r chrqtosdc ax FQ
‘ms‘fnmhrl* ats mns ax LQ ‘ms‘fnmhrl- @kcnrsdqnmd%r bgqn,
mnsqnohb ‘bshnm v‘r etqsgdq entmc sn ad ‘cchshud sn enqrjnkhm%r
deedbs nm hmsq‘bdkktk‘q bxbkhb ‘cdmnrhmd lnmnognrog‘sd
’b@LO( kdudkr* ‘m ‘cchshud qdronmrd rdkdbshudkx ‘ankhrgdc ax FQ
hmghahshnm-007 Lnqdnudq* FQ ‘ms‘fnmhrl oqdudmsdc b‘q,
chnlxnbxsd gxodqsqnogx hmctbdc ax ‘kcnrsdqnmd* vgdqd‘r LQ
‘ms‘fnmhrl ’rohqnmnk‘bsnmd( g‘c khlhsdc deedbs- Sghr rtffdrsr
sg‘s* hm ltqhmd b‘qchnlxnbxsdr* bnlokdsd dkdbsqhb‘k qdlncdk,
khmf ‘mc sgdl‘whl‘k bgqnmnsqnohb qdronmrd sn bnqshbnrsdqnhcr
qdpthqd ansg FQ ‘mc LQ ‘bshu‘shnm* vhsg sgd FQ ‘knmd
hmunkudc hm rdmrhshrhmf bdkkr sn ‘kcnrsdqnmd%r bgqnmnsqnohb
qdftk‘shnm sgqntfg sgd b@LO o‘sgv‘x ‘mc hm sgd gxodqsqnoghb
qdronmrd-006

Etqsgdq duhcdmbd rtffdrshud ne rhfm‘kkhmf cheedqdmbdr ad,
svddm bnqshrnk ‘mc ‘kcnrsdqnmd hm b‘qchnlxnbxsdr hmbktcd
vdkk,drs‘akhrgdc qdbnfmhshnm ne q‘ohc mnm,fdmnlhb deedbsr
tmhptd sn ‘kcnrsdqnmd* mnslhlhbjdc ax bnqshrnk-008 @btsd mnm,
fdmnlhb deedbsr ne ‘kcnrsdqnmd hm b‘qch‘b ‘mc nsgdq shrrtdr
lhlhbjdc ax bk‘rrhb‘k lhmdq‘knbnqshbnhc ‘fnmhrsr* fit,
cqnbnqshrnmd* ‘mc cdnwxbnqshbnrsdqnmd* ats mns ax bnqshrnk*
g‘ud addm cdlnmrsq‘sdc-008 Sgdrd deedbsr ‘qd mns aknbjdc ax
rohqnmnk‘bsnmd-008 Hm ‘ ltqhmd b‘qchnlxnbxsd lncdk* ‘kcn,
rsdqnmd rodbhzb‘kkx hmbqd‘rdc Z2G[kdtbhmd hmbnqonq‘shnm hmsn
oqnsdhm* vghbg v‘r mns nardqudc vhsg LQ nbbto‘mbx ax
bnqshbnrsdqnmd-01/

Sgd nardqu‘shnm sg‘s qdctbdc FQ rhfm‘kkhmf ‘mc hmbqd‘rdc
LQ rhfm‘kkhmf ‘qd ‘rrnbh‘sdc vhsg ‘m hmbqd‘rdc qhrj ne gd‘qs
chrd‘rd* vgdqd‘r ‘ksdq‘shnmr sg‘s e‘untq hmbqd‘rdc FQ rhfm‘k,
khmf ‘mc chlhmhrgdc LQ rhfm‘kkhmf dwghahs b‘qchnoqnsdbshud
deedbsr* oqnuhcdr etqsgdq hmchqdbs duhcdmbd ne cheedqdmbdr hm
rhfm‘kkhmf adsvddm fktbnbnqshbnhcr ‘mc lhmdq‘knbnqshbnhcr-010

FQ ‘mc LQ g‘ud bnlokdldms‘qx qnkdr hm qdftk‘shmf sgd
gxonsg‘k‘lhbdohsths‘qx ‘whr- Sgd a‘k‘mbd ne fktbnbnqshbnhc
rhfm‘kkhmf sgqntfg FQ ‘mcLQ g‘r addm cdlnmrsq‘sdc sn ok‘x ‘
qnkd hm chrd‘rd-8/*81*010 Hmbqd‘rdc FQ rhfm‘kkhmf ‘mc cdbqd‘rdc
LQ rhfm‘kkhmf hr bnmrhcdqdc b‘qchnoqnsdbshud* vhsg tmnoonrdc
LQ rhfm‘kkhmf* hqqdrodbshud ne khf‘mc ’bnqshrnk nq ‘kcnrsdqnmd(*
‘rrnbh‘sdc vhsg ‘bbdkdq‘sdc b‘qchnu‘rbtk‘q chrd‘rd hm dwodqh,
ldms‘k lncdkr- Sgdrd qdronmrdr b‘m ‘krn ad uhdvdc ‘r adhmf
‘msh,hmfi‘ll‘snqx nq oqn,hmfi‘ll‘snqx* qdrodbshudkx-83*011

Lnkdbtk‘q hmsdq‘bshnmr ne sgd LQ sg‘s cheedq ax khf‘mc
g‘ud addm cdrbqhadc* oqnuhchmf bnlodkkhmf duhcdmbd ne
chrshmbs LQ bnmenql‘shnm vgdm antmc sn ‘kcnrsdqnmd ur
bnqshrnk-80*0/8*012d014

Bnkkdbshudkx* sgdrd zmchmfr rtoonqs sgd uhdv sg‘s cnvm,
rsqd‘l rhfm‘kkhmf o‘sgv‘xr u‘qx cdodmchmf nm vgdsgdq sgd
LQ hr antmc sn ‘kcnrsdqnmd nq bnqshrnk ‘mc dlog‘rhrd sgd
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bkhmhb‘k hlokhb‘shnmr ne tmhptd rhfm‘kkhmf o‘sgv‘xr enq
bnqshrnk* ‘kcnrsdqnmd* ‘mc sgdhq rxmsgdshb ‘m‘knftdr- @ksgntfg
sgdrd qdoqdrdms onsdmsh‘k ldbg‘mhrlr ‘mc* hm ‘ rdmrd* oqnne,
ne,bnmbdos* ‘ khmj sn rodbhzb qdronmrdr nq ntsotsr qdl‘hmr sn
ad etkkx dktbhc‘sdc hm gtl‘mr-

?kcnrsdpnmd u�ersr fitcpnbnpshrnmd ldbgWmhrl ne
Wbshnm9 hr sgdpd W cheedpdmbd:

Rxmsgdshb gnqlnmdr rsqtbstq‘kkx u‘qx eqnl ogxrhnknfhb‘k rsd,
qnhc gnqlnmdr* kd‘chmf sn cheedqhmf deedbsr-015d017 @ksgntfg
sgdx l‘x lhlhb rdkdbsdc ahnknfhb‘k ‘bshnmr ne dmcnfdmntr
gnqlnmdr* sgdx l‘x mns dwdqs hcdmshb‘k deedbsr ‘s ‘ lnkdbtk‘q
kdudk-8/*015*016*018d022

Og‘ql‘bnjhmdshb cheedqdmbdr adsvddm rxmsgdshb ‘mc ogxr,
hnknfhb‘k rsdqnhc gnqlnmdr ‘qd duhcdms hm sgdhq ahmchmf sn
bnqshbnrsdqnhc,ahmchmf fknatkhm ’BAF(- Sgd l‘inqhsx ne bnqshrnk
’<8/�( hr antmc sn BAF* vgdqd‘r rxmsgdshb fktbnbnqshbnhcr
’oqdcmhrnmd* oqdcmhrnknmd* cdw‘ldsg‘rnmd* fitcqnbnqshrnmd(
g‘ud knvdq BAF ‘ezmhsx* kd‘chmf sn hmbqd‘rdc eqdd eq‘b,
shnmr-56*023 Sghr cheedqdmbd hm ahn‘u‘hk‘ahkhsx rtoonqsr ‘cchshud
fktbnbnpshbnhc ‘bshuhsx ‘r ‘mnsgdq ldbg‘mhrl dwok‘hmhmf sgd
lnqs‘khsx hloqnudldms hm o‘shdmsr ‘clhmhrsdqdc gxcqnbnqsh,
rnmd hm bnlahm‘shnm vhsg fitcqnbnqshrnmd hm rdoshb rgnbj- Hm
bnmsq‘rs sn fitcqnbnqshrnmd* ‘kcnrsdqnmd ok‘xr ‘ lhmhl‘k qnkd
hm fkxbnfdm cdonrhshnm* fkxbnfdm ognrognqxk‘shnm* fkxbnfdm,
nkxrhr* hmrtkhm qdrhrs‘mbd* nq rdmrhshuhsx-65 Sgtr* ‘cchshud fit,
cqnbnqshrnmd l‘x dw‘bdqa‘sd gxodqfkxb‘dlh‘ bnlo‘qdc vhsg
gxcqnbnqshrnmd ‘knmd-
Lnqdnudq* fitcqnbnqshrnmd hr ‘ rxmsgdshb rsdqnhc vhsg onsdms

lhmdq‘knbnqshbnhc ‘mc rtars‘msh‘k fktbnbnqshbnhc ‘bshuhsx
’Ehf- 1‘( vghbg v‘r cdudknodc eqnl sgd ‘cchshnm ne ‘ fitnqhmd
lnkdbtkd ‘s sgd 8,‘kog‘,onrhshnm sn gxcqnbnqshrnmd ’Ehf- 1a ‘mc
b(-65*76*025d028 Hs hr ‘ rsqtbstq‘k ‘m‘knftd ne gxcqnbnqshrnmd vhsg
sgd r‘ld @ qhmf* ats hr etmbshnm‘kkx rhlhk‘q sn ‘kcnrsdqnmd-03/

Ektnqhm‘shnm qdrtksr hm hmdqs anmcr* ‘ oqnknmfdc g‘ke,khed*
hloqnudc ahn‘u‘hk‘ahkhsx* ‘mc hmbqd‘rdc ‘ezmhsx enq FQ-75d77

Ektcqnbnqshrnmd g‘r rhlhk‘q deedbsr sn gxcqnbnqshrnmd* ats
g‘r l‘qjdc deedbsr nm dkdbsqnkxsd a‘k‘mbd ‘mc b‘qangxcq‘sd
lds‘ankhrl vhsg 0/,enkc ghfgdq fktbnbnqshbnhc ‘bshuhsx sg‘m
gxcqnbnqshrnmd-75

@ksgntfg gtl‘m bnlo‘q‘shud og‘ql‘bnjhmdshb ‘mc
og‘ql‘bncxm‘lhb c‘s‘ enq ‘kcnrsdqnmd ‘mc fitcqnbnqshrnmd
cnrhmf ‘qd khlhsdc* ctqhmf sgd bg‘q‘bsdqhr‘shnm ne sgd mnudk
LQ lnctk‘snq* @YC8866* hm ‘ ltqhmd lncdk* chrshmbs lhmdq,
‘knbnqshbnhc deedbsr ne fitcqnbnqshrnmd bnlo‘qdc vhsg ‘kcn,
rsdqnmd vdqd nardqudc-65*022 Sgdrd deedbsr vdqd rtardptdmskx
dwsq‘onk‘sdc sn gtl‘mr trhmf oqdbkhmhb‘k ‘mc bkhmhb‘k c‘s‘
lncdkkhmf- Sgd ldbg‘mhrl ne sghr deedbs qdl‘hmr tmdwo
k‘hmdc-
Bnlo‘qhrnm ne ‘kcnrsdqnmd ‘mc fitcqnbnqshrnmd qdud‘kdc

chrshmbs deedbsr-017 @ 0,lf cnrd ne hmsq‘ltrbtk‘q ‘kcnrsdqnmd
dwghahsdc ‘m dkdbsqnkxsd qdftk‘shmf deedbs dpthu‘kdms sn ‘ c‘hkx
nq‘k cnrd ne 14/ bf ne fitcqnbnqshrnmd-017 Gnvdudq* fit,
cqnbnqshrnmd dwdqsdc ‘ lnqd oqnknmfdc deedbs- @ 0,lf cnrd ne
hmsq‘ltrbtk‘q ‘kcnrsdqnmd rgnvdc ‘ fqd‘sdq deedbs nm dnrh,
mnodmh‘ sg‘m 0,lf cnrd ne nq‘k fitcqnbnqshrnmd* hmchb‘shmf
sg‘s fitcqnbnqshrnmd%r deedbs nm hlltmd bdkk etmbshnm qdpthqdr
ltbg ghfgdq cnrdr sg‘m ‘kcnrsdqnmd-017*030 Mns‘akx* cheedq,
dmbdr hm sgd ‘clhmhrsq‘shnm qntsdr ne ‘kcnrsdqnmd ‘mc fit,
cqnbnqshrnmd l‘x g‘ud bnmsqhatsdc sn sgd nardqudc deedbsr-
Ektcqnbnqshrnmd ‘krn dwghahsdc ohsths‘qx ‘cqdmnbnqshbnsqnohb
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Ehf 1- Lnkdbtk‘q rsqtbstqd ne ’‘( ‘kcnrsdqnmd ’CA/352/(* ’a( fit,
cqnbnqshrnmd ’CA//576(* ‘mc ’b( gxcqnbnqshrnmd ’CA//630(-024

Lnkdbtk‘q rsqtbstqdr ‘qd cdohbsdc hm ‘ rs‘mc‘qc enql‘s- Chr,
shmfthrghmf ed‘stqdr adsvddm cdohbsdc rsdqnhcr9 fitcqnbnqshrnmd
g‘r ‘ fitnqhmd ‘snl nm B8 qdok‘bhmf gxcqnfdm ‘mc ‘kcnrsdqnmd
g‘r ‘m ‘kcdgxcd fqnto nm B07- Anmc khmd mns‘shnm9 cntakd khmdr
hmchb‘sd ‘ cntakd anmc* rhmfkd ‘qqnvr hmchb‘sd ‘ rhmfkd anmc*
c‘rgdc khmdr hmchb‘sd sg‘s sgd anmc dwsdmcr adghmc sgd rtqe‘bd
ok‘md* ankc vdcfdc khmdr hmchb‘sd anmcr oqnsqtchmf nts enql sgd
rtqe‘bd ok‘md- CA* CqtfA‘mj @bbdrrhnm mtladq-
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gnqlnmd ’@BSG( hmghahshnm* bnmrhrsdms vhsg fktbnbnqshbnhc
‘bshuhsx* ‘m deedbs mns nardqudc vhsg ‘kcnrsdqnmd* oqnuhchmf
etqsgdq ldbg‘mhrlr vgdqdax fitcqnbnqshrnmd l‘x bnlontmc
sgd gxodqfkxb‘dlh‘ ‘mc hlltmd bg‘mfdr nardqudc vhsg gx,
cqnbnqshrnmd ‘clhmhrsq‘shnm-2*3*017*031

Sgtr* ‘ksgntfg ansg ‘kcnrsdqnmd ‘mc fitcqnbnqshrnmd ‘qd
bk‘rrhzdc ‘rlhmdq‘knbnqshbnhcr* sgdhq og‘ql‘bnknfhb‘k ‘bshnmr
cheedq ‘mcl‘x sq‘mrk‘sd hmsn chrshmbs bkhmhb‘k deedbsr- Gnvdudq*
‘ksgntfg ansg fitcqnbnqshrnmd ‘mc ‘kcnrsdqnmd g‘ud cdlnm,
rsq‘akd mnm,fdmnlhb deedbsr hm ltqhmd lncdkr* duhcdmbd enq
sghrldbg‘mhrl hm gtl‘mr ‘r ‘m dwok‘m‘shnm enq sgdlnqs‘khsx
hloqnudldms nardqudc vhsg ‘citmbshud fitcqnbnqshrnmd vhsg
gxcqnbnqshrnmd hm rdoshb rgnbj hr lhmhl‘k-032

Mnkd ne ScpdmSk Sfd�pdkSsdc bgSmfdr Smc
lhmdpSknbnpshbnhc rtookdldmsSshnm

Sgd sq‘chshnm‘k bnmbdos ne bnlo‘qsldms‘khrdc dmyxl‘shb qd,
‘bshnmr vhsghm chrshmbs ynmdr ne sgd ‘cqdm‘k bnqsdw* jmnvm ‘r
etmbshnm‘k ynm‘shnm* g‘r addm bg‘kkdmfdc-033 @cqdm‘k bnqsdw
ynmdr* m‘ldkx sgd ynm‘ fknldqtknr‘* ynm‘ e‘rbhbtk‘s‘* ‘mc
ynm‘ qdshbtk‘qhr* vdqd sgntfgs sn g‘ud chrshmbs qnkdr hm rxm,
sgdrhrhmf ‘kcnrsdqnmd* fktbnbnqshbnhcr* ‘mc ‘mcqnfdmr*
qdrodbshudkx-034*035 Sgd chrsqhatshnm ne dmyxldr ‘mc qdbdosnqr
cndr mns* gnvdudq* rtffdrs ‘tsnmnlntr rsdqnhc oqnctbshnm ax
d‘bg ‘cqdm‘k ynmd- Sghr hr o‘qshbtk‘qkx qdkdu‘ms enq sgd fkn,
ldqtknr‘* vghbg rddlhmfkx k‘bjr sgd bnlokdsd rthsd ne sgd
mdbdrr‘qx dmyxldr enq ‘kcnrsdqnmd ahnrxmsgdrhr-036*037 Gdmbd*
sgd ‘cqdm‘k fk‘mc* rddm ‘r ‘m hmsdfq‘sdc rsqtbstqd* chlhmhrgdr
sgd khjdkhgnnc ne chrd‘rdr rtbg ‘r rdoshb rgnbj adhmf qdrsqhbsdc
sn ‘ o‘qshbtk‘q ynmd-036

Etqsgdqlnqd* vhsg oqnfqdrrhmf ‘fd ’eqnl ‘ants 2/ xq(* ‘c,
qdm‘k snonfq‘oghb‘k bg‘mfdr nbbtq* qdrtkshmf hm ynm‘ e‘r,
bhbtk‘s‘ dmk‘qfdldms* qdctbshnm hm ynm‘ qdshbtk‘qhr ‘mc
fknldqtknr‘ bdkk l‘rrdr* ‘mc sgd cdudknoldms ne ‘kcnrsdqnmd,
rxmsg‘rd dwoqdrrhmf bdkk bktrsdqr ‘s sgd anqcdq ne sgd ynm‘
fknldqtknr‘ vhsg sgd ynm‘ e‘rbhbtk‘s‘-036*038*04/ Rtbg ghrsn,
knfhb‘k bg‘mfdr rtffdrs qdctbdc etmbshnm‘k cheedqdmsh‘shnm
adsvddm ynmdr- Ne bkhmhb‘k qdkdu‘mbd hr sg‘s sgd qdctbshnm hm
sgd ‘kcnrsdqnmd,oqnctbhmf bdkk l‘rr ‘mc nardqudc cdbqd‘rd hm
‘kcnrsdqnmd qdkd‘rd vhsg ‘cu‘mbhmf ‘fd rtffdrsr sg‘s
‘citmbshud lhmdq‘knbnqshbnhc rtookdldms‘shnm hm rdoshb rgnbj
l‘x ad lnqd deedbshud hm sgd nkcdq onotk‘shnm-038d040 Sghr
‘khfmr vhsg sgd cdlnfq‘oghb oqnzkd ne o‘qshbho‘msr hm sgd
@OQNBBGRR sqh‘k* vgdqd sgd ‘udq‘fd ‘fd v‘r 55 xq-3 Sgtr*
‘citmbshud gxcqnbnqshrnmd ‘mc fitcqnbnqshrnmd sgdq‘ox l‘x
gnkc fqd‘sdq oqnlhrd enq hloqnuhmf ntsbnldr hm rdoshb rgnbj
hm nkcdq o‘shdmsr-

FloSbs ne ahnSuShkSahkhsw ne npSkkw
Sclhmhrsdpdc fitcpnbnpshrnmd

Ektcqnbnqshrnmd cheedqr eqnl nsgdq bnqshbnrsdqnhcr hm hsr 0//�
ahn‘u‘hk‘ahkhsx ‘mc knmf g‘ke,khed ’07d25 g( ‘mc ctq‘shnm ne
‘bshnm ’0d1 c‘xr(- Hs hr cnrdc nq‘kkx ‘mc hr rs‘akd ‘r ‘ rnkhc-03/

Gnvdudq* og‘ql‘bnjhmdshb c‘s‘ nm sgd ahn‘u‘hk‘ahkhsx ne nq‘k
fitcqnbnqshrnmd hm bqhshb‘k hkkmdrr hr khlhsdc- Hm nmd,sghqc ne
o‘shdmsr vhsg rdoshb rgnbj* ‘ rhmfkd nq‘k cnrd ne 4/ bf kdc sn
tmcdsdbs‘akd ok‘rl‘ kdudkr hm nmd rstcx-041 Sgd trt‘k
qdok‘bdldms cnrd ne fitcqnbnqshrnmd hm oqhl‘qx ‘cqdm‘k
hmrtezbhdmbx hr 0//d1// bf* ‘ cnrd rhfmhzb‘mskx ghfgdq sg‘m
sgd 4/ bf ‘clhmhrsdqdc hm rstchdr bnmctbsdc hm rdoshb rgnbj-
Lnqd qdbdmskx* ‘m ‘udq‘fd ne 0// bf fitcqnbnqshrnmd g‘r addm
trdc hm rdoshb rgnbj-4 @cchshnm‘kkx* sgd cheedqdms lhmdq‘

knbnqshbnhc deedbsr ne rxmsgdshb fitcqnbnqshrnmd bnlo‘qdc vhsg
dmcnfdmntr ‘kcnrsdqnmd rtffdrsdc ax oqdbkhmhb‘k c‘s‘ ghfg,
khfgsr sg‘s sq‘mrk‘shnm ne sgd lhmdq‘knbnqshbnhc deedbsr ne fit,
cqnbnqshrnmd sn sgnrd ne ‘kcnrsdqnmd qdpthqdr etqsgdq
dwoknq‘shnm-022*042

BkhmhbSk SookhbSshnmr Smc rtffdrshnmr enp
bkhmhbSk opSbshbd

Tghbg onotkWshnm hr khjdkw sn admdys:

Sgd cdbkhmd ne sgd ‘kcnrsdqnmd,oqnctbhmf bdkk l‘rr vhsg ‘fd
‘mc sgd bnmrdptdms qdctbshnm hm ‘kcnrsdqnmd qdkd‘rd rtffdrsr
sg‘s ‘citmbshud lhmdq‘knbnqshbnhc rtookdldms‘shnm hm rdoshb
rgnbj l‘x ad lnqd dezb‘bhntr hm sgd nkcdq onotk‘shnm- A‘rdc
nm sgd cdlnfq‘oghb oqnzkd ne o‘qshbho‘msr hm sgd @OQNBBGRR
sqh‘k* bnmrhcdq‘shnm ne ‘citmbshud lhmdq‘knbnqshbnhc sgdq‘ox hm
rdoshb rgnbj l‘x ad lnqd admdzbh‘k hm sgd onotk‘shnm fqnto
‘anud 5/ xq ne ‘fd-

AnrWfd Wmc lncd ne fitcpnbnpshrnmd WclhmhrspWshnm

Btqqdms qdbnlldmc‘shnmr rtffdrs ‘citmbshud gxcqnbnqshrnmd
‘s ‘ mnm,s‘odqdc cnrd ne 1// lf c‘hkx enq 6 c‘xr he trdc hm
rdoshb rgnbj- He ‘citmbshud fitcqnbnqshrnmd sgdq‘ox hr sn ad
bnlldmbdc hm bnlahm‘shnm vhsg gxcqnbnqshrnmd* vd rtffdrs
‘ cnrd ne 4/ bf c‘hkx enq 6 c‘xr vhsgnts s‘odqhmf- Mns‘akx* ‘
qdbdms hmsdqm‘shnm‘k rtqudx ne bkhmhbh‘m oqdedqdmbdr enq bnqsh,
bnrsdqnhc oqdrbqhoshnm hm rdoshb rgnbj rtffdrsr ‘ knv oqdedq,
dmbd enq fitcqnbnqshrnmd-043 Vdkk,onvdqdc QBSr sn hmudrshf‘sd
o‘shdms rdkdbshnm* noshl‘k cnr‘fd* ‘mc sqd‘sldms qdfhldm ‘qd
qdpthqdc adenqd ‘mx zql qdbnlldmc‘shnmr b‘m ad l‘cd
qdf‘qchmf fitcqnbnqshrnmd cnrhmf-

?cudprd deedbsr ne gwcpnbnpshrnmd Wmc fitcpnbnpshrnmd
trd

Qhrjr ‘rrnbh‘sdc vhsg ‘citmbshud bnqshbnrsdqnhc sgdq‘ox hm rd,
udqd rdorhr ‘mc rdoshb rgnbj hmbktcd f‘rsqnctncdm‘k akddchmf*
rtodqhmedbshnm* mdtqnltrbtk‘q vd‘jmdrr* gxodqfkxb‘dlh‘*
‘mc gxodqm‘sq‘dlh‘-031 Ehmchmfr ne ‘ rxrsdl‘shb qduhdv nm
bnqshbnrsdqnhcr hm sgd sqd‘sldms ne rdudqd rdorhr ‘mc rdoshb
rgnbj hm ‘ctksr rtffdrsdc mn rhfmhzb‘ms cheedqdmbdr hm q‘sdr ne
f‘rsqnctncdm‘k akddchmf* rtodqhmedbshnmr* nq mdtqnltrbtk‘q
vd‘jmdrr adsvddm sqd‘sdc ‘mc bnmsqnk o‘shdmsr- Gnvdudq*
sgdqd vdqd ghfgdq qhrjr ne gxodqfkxb‘dlh‘ ’mhmd sqh‘kr: 40-5� hm
sgd sqd‘sldms fqnto Z252 nts ne 6/2[ ur 35� hm sgd bnmsqnk fqnto
Z2/7 nts ne 56/[: O�/-//0: H1�/�( ‘mc gxodqm‘sq‘dlh‘ ’sgqdd
sqh‘kr: 20-3� hm sgd sqd‘sldms fqnto Z016 nts ne 3/3[ ur 08-1� hm
sgd bnmsqnk fqnto Z66 nts ne 3/0[: O�/-//0: H1�/�( nardqudc hm
sgd sqd‘sdc fqnto-031 Hm sgd @OQNBBGRR sqh‘k* sgd trd ne gx,
cqnbnqshrnmd hm bnlahm‘shnm vhsg fitcqnbnqshrnmd rhfmhzb‘mskx
hmbqd‘rdc sgd qhrj ne gxodqfkxb‘dlh‘ ’qdk‘shud qhrj* 0-/6: 84�
BH* 0-/2d0-01: O�/-//1(- Sgdqd vdqd mn rhfmhzb‘ms cheedqdmbdr
hm sgd qhrjr ne f‘rsqnctncdm‘k akddchmf ’qdk‘shud qhrj* /-77: 84�
BH* /-47d0-23: O�/-45( nq rtodqhmedbshnm ’qdk‘shud qhrj* 0-/8: 84�
BH* /-81d0-2/: O�/-2/( vgdm bnlo‘qhmf gxcqnbnqshrnmd oktr
fitcqnbnqshrnmd vhsg ok‘bdan- Sgd qdk‘shudkx lhmhl‘k ‘cudqrd
hlokhb‘shnmr* ‘knmf vhsg sgd rtars‘msh‘k onsdmsh‘k admdzs*
vntkc rddl sn e‘untq ‘citmbshud gxcqnbnqshrnmd ‘mc fit,
cqnbnqshrnmd ‘clhmhrsq‘shnm hm rdoshb rgnbj-

Bnmbktrhnmr

Gtl‘m ‘mc k‘anq‘snqx c‘s‘ oqnuhcd hmrhfgsr hmsn onsdmsh‘k
ldbg‘mhrlr dwok‘hmhmf sgd admdzbh‘k qnkd ne ‘citmbshud
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gxcqnbnqshrnmd vhsg fitcqnbnqshrnmd hm rdoshb rgnbj- Bnqshrnk
‘mc ‘kcnrsdqnmd ‘bshnmr ‘s sgd LQ cheedq ‘mc ax hlokhb‘shnm
sgdhq rxmsgdshb bntmsdqo‘qsr* gnvdudq* sghr g‘r mns xds sq‘mr,
k‘sdc hmsn bnlodkkhmf bkhmhb‘k duhcdmbd ne deedbs- @kcnrsdqnmd
dwghahsr lhmdq‘knbnqshbnhc ‘mc bkhmhb‘kkx qdkdu‘ms mnm,
lhmdq‘knbnqshbnhc deedbsr: sgtr* vgdm bnmrhcdqhmf onsdmsh‘k
admdzbh‘k ldbg‘mhrlr* sgd enbtr rgntkc mns rnkdkx ad nm sgd
‘bshuhsx ne ‘kcnrsdqnmd nq fitcqnbnqshrnmd ‘s sgd LQ- Rhfm‘kkhmf
o‘sgv‘xr ‘bshu‘sdc ax ‘kcnrsdqnmd nm sgd LQ ‘qd khjdkx
chrshmbs eqnl sgnrd ne fitcqnbnqshrnmd- Bnmrdptdmskx* rodbhzb
deedbsr ne ‘citmbshud fitcqnbnqshrnmd hm bnlahm‘shnm vhsg gx,
cqnbnqshrnmd hm rdoshb rgnbj ‘qd rshkk mns vdkk cdzmdc-
Sgd oqdbhrd s‘qfdsr ne lhmdq‘knbnqshbnhc sgdq‘ox vhsghm sgd

bnmsdws ne rdorhr qdpthqd etqsgdq dktbhc‘shnm- @cchshnm‘kkx* sgd
deedbs ne ]oqn,hmfi‘ll‘snqx% lhmdq‘knbnqshbnhc ‘bshnmr hm
qdk‘shnm sn hlltmno‘q‘kxrhr hm rdoshb rgnbj ‘mc nm u‘rbtk‘q
qd‘bshuhsx qdpthqdr etqsgdq dktbhc‘shnm-@cchshnm‘kkx* sgdqd hr
bkd‘qkx ‘ mddc enq etqsgdq hmudrshf‘shnm hmsn sgd og‘ql‘bnjh,
mdshbr ne nq‘kkx ‘clhmhrsdqdc fitcqnbnqshrnmd hm bqhshb‘k hkkmdrr-

9tsgnpr bnmsphatshnmr

Qdrd‘qbgdc sgd rbhdmshzb khsdq‘stqd9 FCM
Qd‘c ‘mc ‘ooqnudc sgd zm‘k l‘mtrbqhos9 ‘kk ‘tsgnqr

CdbkSpSshnm ne hmsdpdrs

Sgd ‘tsgnqr cdbk‘qd sg‘s sgdx g‘ud mn bnlodshmf hmsdqdrsr-

Dtmchmf

Sgd M‘shnm‘k Qdrd‘qbg Entmc‘shnm ne Rntsg @eqhb‘* Oqdsnqh‘*
Rntsg @eqhb‘ ‘mc Sgd Chrbnudqx Entmc‘shnm* Aq‘‘lenmsdhm*
Ing‘mmdratqf* Rntsg @eqhb‘ ’sn FCM(-

Mdedpdmbdr

0- Bngdm I* Udmj‘sdrg A- @citmbshud bnqshbnrsdqnhc sqd‘s,
ldms hm rdoshb rgnbj- :mdrsgdrhnk I :l Rnb :mdrsgdrhnk
1/08: 0209 30/d8

1- Du‘mr K* Qgncdr @* @kg‘yy‘mh V* ds ‘k- Rtquhuhmf rdorhr
b‘lo‘hfm9 hmsdqm‘shnm‘k fthcdkhmdr enq l‘m‘fdldms ne
rdorhr ‘mc rdoshb rgnbj 1/10- Bphs BYpd Ldc 1/10: 389
d0/52d032

2- @mm‘md C* Rd̂ahkkd U* Bg‘qodmshdq B* ds ‘k- Deedbs ne
sqd‘sldms vhsg knv cnrdr ne gxcqnbnqshrnmd ‘mc fit,
cqnbnqshrnmd nm lnqs‘khsx hm o‘shdmsr vhsg rdoshb rgnbj-
I:L: 1//1: 1779 751d60

3- @mm‘md C* Qdm‘tks @* Aqtm,Athrrnm B* ds ‘k- Gxcqnbnqsh,
rnmd oktr fitcqnbnqshrnmd enq ‘ctksr vhsg rdoshb rgnbj-
M Dmfk I Ldc 1/07: 2679 7/8d07

4- Anrbg M@* Sdi‘ A* K‘v @B* O‘mf A* I‘e‘qy‘cdg RQ*
V‘kjdx @I- Bnlo‘q‘shud deedbshudmdrr ne fitcqnbnqshrnmd
‘mc gxcqnbnqshrnmd ur gxcqnbnqshrnmd ‘knmd ‘lnmf o‘,
shdmsr vhsg rdoshb rgnbj- I:L: Hmsdpm Ldc 1/12: 0729 340

5- Udmj‘sdrg A* Ehmedq R* Lxatqfg I* @CQDM@K hmudrshf‘snqr-
Fktbnbnqshbnhcr vhsg nq vhsgnts fitcqnbnqshrnmd hm rdoshb
rgnbj- M Dmfk I Ldc 1/07: 2689 782d5

6- @mm‘md C* B‘qhnt @* L‘whld U* ds ‘k- BNHHSRR Rstcx
Hmudrshf‘snqr* Bnqshbnrsdqnhc sqd‘sldms ‘mc hmsdmrhud
hmrtkhm sgdq‘ox enq rdoshb rgnbj hm ‘ctksr9 ‘ q‘mcnlhydc
bnmsqnkkdc sqh‘k- I:L: 1/0/: 2/29 230d7

7- X‘l‘lnsn Q* M‘g‘q‘ H* Snxnr‘jh L* Etjtc‘ S* L‘rtc‘ X*
Etihrghl‘ R- Gxcqnbnqshrnmd vhsg fitcqnbnqshrnmd enq
rdoshb rgnbj9 ‘ rxrsdl‘shb qduhdv ‘mc lds‘,‘m‘kxrhr-
:btsd Ldc Rtpf 1/1/: 69 d452

8- Q‘lr‘gnxd AG* C‘uhdr RU* Dk,F‘xk‘mh M* R‘mcdl‘m C*
Rb‘mknm LE- Sgd lhmdq‘knbnqshbnhc deedbsr ne ghfg cnrd
gxcqnbnqshrnmd- ALI 0884: 20/9 545d6

0/- Gdlhmf M* Rhu‘m‘mc‘lnnqsgx R* Ldmf O* Antm‘a Q*
@mm‘md C- Hlltmd deedbsr ne bnqshbnrsdqnhcr hm rdorhr-
Epnms Hlltmnk 1/07: 89 0625

00- Adqfgd FU cdm* Sd̂akhbj @* K‘mfntbgd K* Ftmrs I- Sgd
gxonsg‘k‘ltr,ohsths‘qx,‘cqdm‘k ‘whr hm rdorhr, ‘mc
gxodqhmfi‘ll‘shnm,hmctbdc bqhshb‘k hkkmdrr9 f‘or hm btq,
qdms jmnvkdcfd ‘mc etstqd sq‘mrk‘shnm‘k qdrd‘qbg ch,
qdbshnmr- dAhnLdchbhmd 1/11: 73* 0/3173

01- Fnssr ID* L‘ssg‘x L@- Rdorhr9 o‘sgnogxrhnknfx ‘mc bkhm,
hb‘k l‘m‘fdldms- ALI 1/05: 2429 h0474

02- Eq‘yhdq VI* G‘kk LV- Hlltmno‘q‘kxrhr ‘mc ‘cudqrd
ntsbnldr eqnl bqhshb‘k hkkmdrr- OdchYsp Bkhm Mnpsg :l 1//7:
449 536d57

03- Q‘l‘m‘m L* Bngdm I* Udmj‘sdrg A- Rsdqnhcr ‘mc rdorhr9
sgd cda‘sd bnmshmtdr- Hms :mdrsgdrhnk Bkhm 1/08: 469 06d2/

04- Bnqq�d‘ SC* S‘j‘k‘ I* I‘jna RL- @mfhnsdmrhm HH hm rdoshb
rgnbj- Bphs BYpd 1/04: 089 87

05- @msnmtbbh D* Fkddrnm OI* @mmnmh E* ds ‘k- @mfhnsdmrhm HH hm
qdeq‘bsnqx rdoshb rgnbj- Rgnbi 1/06: 369 45/d5

06- Entms‘hm IG* K‘oohm RK- Ogxrhnknfx) pdmhm Ymfhnsdmrhm rxr,
sdl) RsYsOdYpkr- SpdYrtpd HrkYmc- EK9 Rs‘sOd‘qkr Otakhrghmf:
1/1/- @u‘hk‘akd eqnl9 gsso9..vvv-mbah-mkl-mhg-fnu.
annjr.MAJ36/30/.- Z@bbdrrdc 15 Nbsnadq 1/11[

07- J‘o‘qh‘mnr @* @qfxqnontknt D- Knb‘k qdmhm,‘mfhnsdmrhm HH
rxrsdlr* ‘mfhnsdmrhm,bnmudqshmf dmyxld ‘mc hsr gnln,
knftd @BD19 sgdhq onsdmsh‘k qnkd hm sgd o‘sgnfdmdrhr ne
bgqnmhb narsqtbshud otklnm‘qx chrd‘rdr* otklnm‘qx gx,
odqsdmrhnm ‘mc ‘btsd qdrohq‘snqx chrsqdrr rxmcqnld- Btpp
Ldc Bgdl 1/00: 079 24/5d04

08- Ahsjdq K* Atqqdkk KL- Bk‘rrhb ‘mc mnmbk‘rrhb qdmhm,
‘mfhnsdmrhm rxrsdlr hm sgd bqhshb‘kkx hkk- Bphs BYpd Bkhm
1/08: 249 102d16

1/- L‘rbnkn @* Rb‘unmd B* Q‘e‘mhdkkn B* ds ‘k- Sgd qnkd ne
qdmhm,‘mfhnsdmrhm,‘kcnrsdqnmd rxrsdl hm sgd gd‘qs ‘mc
ktmf9 enbtr nm BNUHC,08- Epnms OgYplYbnk 1/10: 01*
556143

10- Ygtn IK* Edqq‘n EL* Ygdmf X* Kh WB- Mdv eqnmshdqr hm sgd
hmsq‘qdm‘k qdmhm,‘mfhnsdmrhm rxrsdl9 ‘ bqhshb‘k qduhdv ne
bk‘rrhb‘k ‘mc mdv o‘q‘chflr- Epnms Dmcnbphmnk 1/02: 39 055

11- R‘msnr Q@- @mfhnsdmrhm,’0d6(- Gxodpsdmrhnm 1/03: 529
0027d36

12- Aqhds L* Rbgheeqhm DK- U‘rbtk‘q ‘bshnmr ne ‘kcnrsdqnmd-
I TYrb Pdr 1/02: 4/9 78d88

13- Snkrsnx MR* @hydc L* LbLnm‘fkd LO* ds ‘k- Lhmdq‘knbnq,
shbnhc cdzbhdmbx hm gdlnqqg‘fhb rgnbj- I Rtpf Pdr 1/02:
07/9 121d6

14- Aqhdfdk I* L!ngmkd O* Jdg C* ds ‘k- Bnqshbnsqnohm,rshltk‘sdc
rsdqnhc oqnzkdr sn oqdchbs rgnbj cdudknoldms ‘mc lnq,
s‘khsx hm rdorhr9 eqnl sgd GXOQDRR rstcx- Bphs BYpd 1/11:
159 232

15- Rdn JG- Odqhnodq‘shud fktbnbnqshbnhc l‘m‘fdldms a‘rdc
nm btqqdms duhcdmbd- :mdrsg OYhm Ldc 1/10: 059 7d04

16- Noqd‘ @* Anmmds MBF* Onkkd̂ N* Kxrx O@- Mnudk hmrhfgsr
hmsn fktbnbnqshbnhc qdok‘bdldms sgdq‘ox enq odch‘sqhb
‘mc ‘ctks ‘cqdm‘k hmrtezbhdmbx- Sgdp :cu Dmcnbphmnk LdsYa
1/08: 0/* 1/31/0770771018
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17- B‘ds‘mn BL* Rkhvhmrj‘ @* L‘cg‘u‘m O* Fq‘cx I*
L‘kbgnee BC- Dlohqhb cdsdqlhm‘shnm ne sgd c‘hkx fktbn,
bnqshbnhc qdok‘bdldms cnrd hm ‘cqdm‘k hmrtezbhdmbx-
I Dmcnbp Rnb 1/1/: 39 au‘‘034

18- Anqmrsdhm RQ* A‘qsgdk @* Gtrdaxd DR* ds ‘k- Ch‘fmnrhr ‘mc
sqd‘sldms ne oqhl‘qx ‘cqdm‘k hmrtezbhdmbx9 ‘m Dmcnbqhmd
Rnbhdsx bkhmhb‘k oq‘bshbd fthcdkhmd- I Bkhm Dmcnbphmnk LdsYa
1/05: 0/09 253d78

2/- Od‘qbd C* Ag‘kk‘ U* Etmcdq IV- :kcnrsdpnmd Ymc lhmdpYkn,
bnpshbnhc pdbdosnpr3 pdmYk Ymc dwspYpdmYk pnkdr) apdmmdp Ymc
pdbsnp�r sgd ihcmdx- 00sg dc- Dkrduhdq: 1/1/- o- 224d45

20- @tbgtr QI* O‘qjdq JK- Sgd YcpdmYk fkYmcr) Sdwsanni ne
dmcnbphmd ogxrhnknfx- 5sg Dcm- Mdv Xnqj9 Nwenqc Tmhudq,
rhsx Oqdrr: 1/00

21- @l‘q K* Oknthm O,E* Rsdhbgdm N- @kcnrsdqnmd,oqnctbhmf
‘cdmnl‘ ‘mc nsgdq rtqfhb‘kkx bnqqdbs‘akd enqlr ne oqh,
l‘qx ‘kcnrsdqnmhrl- NpogYmds I PYpd Chr 1/0/: 49 8

22- Ak‘bj QD* K‘wlhm‘q‘x‘m Q* Sdlldql‘m L* V‘kjdq M-
Pdopnctbshud) lYsdpmYk) mdvanpm) Ymc bghkc gdYksg3 chrdYrd
bnmspnk ophnphshdr) sghpc dchshnm �unktld 1(- V‘rghmfsnm ’CB(9
Sgd Hmsdqm‘shnm‘k A‘mj enq Qdbnmrsqtbshnm ‘mc Cdudk,
noldms.Sgd Vnqkc A‘mj: 1/05 @oq 4- gssor9..cnh-nqf.0/-
0485.867,0,3537,/237,1- OLHC9 161161/4

23- Dronrhsn C* O‘rpt‘kh C* Ing‘mmrrnm F- Oqhl‘qx ‘cqdm‘k
hmrtezbhdmbx9 l‘m‘fhmf lhmdq‘knbnqshbnhc qdok‘bdldms
sgdq‘ox- I Bkhm Dmcnbphmnk LdsYa 1/07: 0/29 265d76

24- Q‘gl‘m L* @mitl E- Ektcpnbnpshrnmd) RsYsOdYpkr- SpdYrtpd
HrkYmc- EK9 Rs‘sOd‘qkr Otakhrghmf: 1/11- @u‘hk‘akd eqnl9
gsso9..vvv-mbah-mkl-mhg-fnu.annjr.MAJ453220.-
Z@bbdrrdc 13 L‘qbg 1/11[

25- Anvcdm R@* Gdmqx Q- Odch‘sqhb ‘cqdm‘k hmrtezbhdmbx9
ch‘fmnrhr* l‘m‘fdldms* ‘mc mdv sgdq‘ohdr- Hms I OdchYsp
1/07: 1/07* 0628720

26- @ka‘mdrd @* Ghmcl‘qrg O* Rs‘mgnod Q- L‘m‘fdldms ne
gxonm‘sq‘dlh‘ hm o‘shdmsr vhsg ‘btsd bdqdaq‘k hmrtksr-
:pbg Chr Bghkc 1//0: 749 135d40

27- Fqnrrl‘m @* Ing‘mmrrnm F* Pthmjkdq L* Ydkhrrdm O-
Sgdq‘ox ne dmcnbqhmd chrd‘rd9 odqrodbshudr nm sgd
l‘m‘fdldms ne ‘cqdm‘k hmrtezbhdmbx9 bkhmhb‘k hmrhfgsr
eqnl ‘bqnrr Dtqnod- Dtp I Dmcnbphmnk 1/02: 0589 Q054d64

28- Mdsg‘sgd FC* Bngdm I* Khol‘m I* @mcdqrnm Q* Edkcl‘m B-
Lhmdq‘knbnqshbnhc cxretmbshnm ctqhmf bqhshb‘k hkkmdrr9 ‘
qduhdv ne sgd duhcdmbd- :mdrsgdrhnknfx 1/1/: 0229 328d46

3/- Vhkkh‘lr IR* Vhkkh‘lr FG- 4/sg ‘mmhudqr‘qx ne ‘kcnrsd,
qnmd- I Bkhm Dmcnbphmnk LdsYa 1//2: 779 1253d61

30- Fqnrrl‘mm B* Rbgnky S* Qnbgdk L* ds ‘k- Sq‘mr‘bshu‘shnm
uh‘ sgd gtl‘m fktbnbnqshbnhc ‘mc lhmdq‘knbnqshbnhc qd,
bdosnq ax sgdq‘odtshb‘kkx trdc rsdqnhcr hm BU,0 bdkkr9 ‘
bnlo‘qhrnm ne sgdhq fktbnbnqshbnhc ‘mc lhmdq‘knbnqsh,
bnhc oqnodqshdr- Dtp I Dmcnbphmnk 1//3: 0409 286d3/5

31- Rts‘msn V* Cd Jknds DQ- Lhmdq‘knbnqshbnhc qdbdosnq kh,
f‘mcr9 ahnbgdlhb‘k* og‘ql‘bnknfhb‘k* ‘mc bkhmhb‘k ‘r,
odbsr- Ldc Pdr Pdu 0880: 009 506d28

32- Fnldy,R‘mbgdy D* Fnldy,R‘mbgdy BD- Sgd ltkshe‘bdsdc
lhmdq‘knbnqshbnhc qdbdosnq- Bnlop Ogxrhnk 1/03: 39 854d83

33- Mdsg‘sgd FC* Khol‘m I* @mcdqrnm Q* Edkcl‘m B- BHQLH�‘
mdv sdql enq ‘ bnmbdos vnqsgx ne etqsgdq dwoknq‘shnm9 ‘
m‘qq‘shud qduhdv- :mm SpYmrk Ldc 1/11: 0/9 535

34- Gdqlhcnqee LL* @rrhr KUL cd* Hrnkch LB- Fdmnlhb ‘mc
q‘ohc deedbsr ne ‘kcnrsdqnmd9 vg‘s vd jmnv ‘mc cn mns
jmnv sgtr e‘q- GdYps EYhk Pdu 1/06: 119 54d78

35- Bnmmdkk ILB* C‘uhdr D- Sgd mdv ahnknfx ne ‘kcnrsdqnmd-
I Dmcnbphmnk 1//4: 0759 0d1/

36- Vdgkhmf L- Rodbhzb* mnmfdmnlhb ‘bshnmr ne rsdqnhc
gnqlnmdr- :mmt Pdu Ogxrhnk 0886: 489 254d82

37- Ankcxqdee A* Vdgkhmf L- @kcnrsdqnmd9 qdeqdrghmf ‘ rknv
gnqlnmd ax rvhes ‘bshnm- Ogxrhnknfx 1//3: 089 86d0//-
Z@bbdrrdc 2/ L‘x 1/1/[

38- Gtbjkdaqhcfd E* Ldkkhmr I* Du‘mr O* Bknv @- Sgd ‘v‘j,
dmhmf bnqshrnk qdronmrd9 mn duhcdmbd enq ‘m hmfitdmbd ne
ancx onrstqd- Khed Rbh 1//1: 609 528d35

4/- Udqmhjnr,C‘mdkkhr I* Vhmfds BL- Sgd hlonqs‘mbd ne khfgs*
onrstq‘k ‘mc rnbh‘k btdr hm sgd qdftk‘shnm ne sgd ok‘rl‘
bnqshrnk qgxsgl hm l‘m 0868- @u‘hk‘akd eqnl9 gsso9..msqr-
m‘r‘-fnu.rd‘qbg-iro;Q�0868//52274-

40- Vdmckdq @* Vdgkhmf L- Hr FOQ2/ sgd ldlaq‘md ‘kcn,
rsdqnmd qdbdosnq onrstk‘sdc 1/ xd‘qr ‘fn; Gxodpsdmrhnm
1/00: 469 d05- : ‘tsgnq qdokx d06

41- Lhg‘hkhcnt @R* Sy‘jnr @F* @rgsnm @V- Mnm,fdmnlhb
deedbsr ne ‘kcnrsdqnmd* uhs‘lhmr ‘mc gnqlnmdr- ThsYl
Gnpl 1/08: 0/89 022d38

42- Etmcdq IV- FOQ2/* lhmdq‘knbnqshbnhc qdbdosnqr* ‘mc sgd
q‘ohc u‘rbtk‘q deedbsr ne ‘kcnrsdqnmd- Gxodpsdmrhnm 1/00:
469 26/d1

43- Edkcl‘m QC* Khlahqc KD- FODQ ’FOQ2/(9 ‘ mnmfdmnlhb
qdbdosnq ’FOBQ( enq rsdqnhc gnqlnmdr vhsg hlokhb‘shnmr
enq b‘qchnu‘rbtk‘q chrd‘rd ‘mc b‘mbdq- :mmt Pdu OgYp,
lYbnk Snwhbnk 1/06: 469 456d73

44- Vdhjtl DQ* Kht W* Nqsktmc D@- Sgd mtbkd‘q qdbdosnq
rtodqe‘lhkx9 ‘ rsqtbstq‘k odqrodbshud- Opnsdhm Rbh Otak
Opnsdhm Rnb 1/07: 169 0765

45- Ohoo‘k IA* Etkkdq OI- Rsqtbstqddetmbshnm qdk‘shnmrghor hm
sgd lhmdq‘knbnqshbnhc qdbdosnq- I Lnk Dmcnbphmnk 1//7: 309
3/4d02

46- Dadqvhmd I- Fktbnbnqshbnhc ‘mc lhmdq‘knbnqshbnhc qd,
bdosnqr ‘r sq‘mrbqhoshnm e‘bsnqr- Hm9 Rhdfdk FI*
@fq‘mnee AV* @kadqr QV* ds ‘k-* dchsnqr- AYrhb Mdtpn,
bgdlhrspx3 LnkdbtkYp) BdkktkYp Ymc LdchbYk :rodbsr- 5sg Dcm-
Oghk‘cdkogh‘9 Khoohmbnss,Q‘udm: 0888 @u‘hk‘akd eqnl9
gsso9..vvv-mbah-mkl-mhg-fnu.annjr.MAJ17/4/.

47- Etmcdq IV* Od‘qbd OS* Rlhsg Q* Rlhsg @H- Lhmdq‘knbnqsh,
bnhc ‘bshnm9 s‘qfds shrrtd rodbhzbhsx hr dmyxld* mns qd,
bdosnq* ldch‘sdc- Rbhdmbd 0877: 1319 472d4

48- Etmcdq IV- S‘qfds shrrtd rodbhzbhsx ne lhmdq‘knbnqsh,
bnhcr- Spdmcr Dmcnbphmnk LdsYa 088/: 09 034d7

5/- @qqhy‘ I* Vdhmadqfdq B* Bdqdkkh F* ds ‘k- Bknmhmf ne gtl‘m
lhmdq‘knbnqshbnhc qdbdosnq bnlokdldms‘qx CM@9 rsqtb,
stq‘k ‘mc etmbshnm‘k jhmrgho vhsg sgd fktbnbnqshbnhc qd,
bdosnq- Rbhdmbd 0876: 1269 157d64

50- Fnldy,R‘mbgdy DO- Sgd l‘ll‘kh‘m lhmdq‘knbnqshbnhc
qdbdosnq9 sxhmf cnvm ‘ oqnlhrbtntr qdbdosnq9 lhmdq‘kn,
bnqshbnhc qdbdosnq rdkdbshuhsx- Dwo Ogxrhnk 1/0/: 849 02d7

51- Chdcdqhbg R* Dhfdmcnqee D* Atqjg‘qcs O* ds ‘k- 00a,
Gxcqnwxrsdqnhc cdgxcqnfdm‘rd sxodr 0 ‘mc 19 ‘m
hlonqs‘ms og‘ql‘bnjhmdshb cdsdqlhm‘ms enq sgd ‘bshuhsx
ne rxmsgdshb lhmdq‘kn, ‘mc fktbnbnqshbnhcr- I Bkhm Dmcn,
bphmnk LdsYa 1//1: 769 4584d6/0

52- Udmj‘sdrg A* Bngdm I* Ghbjl‘m H* ds ‘k- Duhcdmbd ne
‘ksdqdc bnqshrnk lds‘ankhrl hm bqhshb‘kkx hkk o‘shdmsr9 ‘
oqnrodbshud rstcx- Hmsdmrhud BYpd Ldc 1//6: 229 0635d42

53- Annmdm D* U‘m cdm Adqfgd F- Bnqshrnk lds‘ankhrl hm
bqhshb‘k hkkmdrr9 hlokhb‘shnmr enq bkhmhb‘k b‘qd- Btpp Nohm
Dmcnbphmnk ChYadsdr Nadr 1/03: 109 074d81

54- Mhbnk‘hcdr MB* Bgqntrnr F* Jhmn S- Fktbnbnqshbnhc Qd,
bdosnq* Dmcnsdws- Hm9 Edhmfnkc JQ* @m‘v‘ks A* Anxbd @*
dchsnqr- Rntsg CYpslntsg �L:(- LCSdws-bnl* Hmb-: 1///-

0- � Mdsg‘sgd ds Yk-



@u‘hk‘akd eqnl9 gsso9..vvv-mbah-mkl-mhg-fnu.annjr.
MAJ168060.- Z@bbdrrdc 10 Nbsnadq 1/11[

55- Shlldql‘mr R* Rnteeqh‘t I* Khadqs B- @ fdmdq‘k hmsqnctb,
shnm sn fktbnbnqshbnhc ahnknfx- Epnms Hlltmnk 1/08: 0/9 0434

56- Etmcdq I- Dwodqhldms‘k ‘mc bkhmhb‘k og‘ql‘bnknfx9 bnq,
shbnrsdqnhcr , ldbg‘mhrlr ne ‘bshnm- :trs Opdrbp 0885: 059
30d3

57- Etkkdq OI* Khl,Shn RR* Aqdmm‘m ED- Rodbhzbhsx hm lhmdq,
‘knbnqshbnhc udqrtr fktbnbnqshbnhc ‘bshnm- Jhcmdx Hms 1///:
469 0145d53

58- Aqnnjdr IB* F‘khfmh‘m‘ LC* G‘qjdq @G* Rsnmdg‘l @L*
Uhmrnm FO- Rxrsdl ‘lnmf sgd bnqshbnrsdqnhcr9 rodbhzbhsx
‘mc lnkdbtk‘q cxm‘lhbr- I P Rnb HmsdpeYbd 1/01: 89 32d42

6/- Rdbjk IQ- 00a,Gxcqnwxrsdqnhc cdgxcqnfdm‘rd hm sgd aq‘hm9
‘ mnudk qdftk‘snq ne fktbnbnqshbnhc ‘bshnm; Epnms Mdtpn,
dmcnbphmnk 0886: 079 38d88

60- Mf‘qltjnr B* Fqdjhm QI- Mnmsq‘chshnm‘k ‘rodbsr ne
‘kcnrsdqnmd ogxrhnknfx- :l I Ogxrhnk Dmcnbphmnk LdsYa
1//0: 1709 D0011d6

61- @mm‘md C- Hr sgdqd ‘ lhmdq‘knbnqshbnhc cdzbhdmbx hm
bqhshb‘kkx hkk o‘shdmsr; Gnv b‘m hs ad ch‘fmnrdc; Rgntkc hs
ad sqd‘sdc;- Hm9 Duhcdmbd,AYrdc OpYbshbd ne BphshbYk BYpd-
Oghk‘cdkogh‘9 Dkrduhdq: 1/0/- o- 410d3

62- Etmcdq IV- @kcnrsdqnmd ‘bshnm- :mmt Pdu Ogxrhnk 0882: 449
004d2/

63- Sq‘oo S* Gnkrandq E- Khf‘mc,hmctbdc bnmenql‘shnm‘k
bg‘mfdr hm sgd lhmdq‘knbnqshbnhc qdbdosnq ‘m‘kxydc ax
oqnsd‘rd l‘oohmf- Ahnbgdl Ahnogxr Pdr Bnlltm 0884:
1049 175d80

64- Jhqj CM* L‘qokdr A@- Sgd rsqtbstqd ‘mc mnldmbk‘stqd ne
rsdqnhcr- Hm9 L‘jhm GKI* Fnvdq CA* Jhqj CM* dchsnqr- Rsdpnhc
:mYkxrhr- Cnqcqdbgs9 Roqhmfdq Mdsgdqk‘mcr: 0884- o- 0d13

65- Uhmrnm FO- Sgd lhrk‘adkkhmf ne cdnwxbnqshbnrsdqnmd9
l‘jhmf rdmrd ne bnqshbnrsdqnhc rsqtbstqd ‘mc etmbshnm-
I Dmcnbphmnk 1/00: 1009 2d05

66- F‘khfmh‘m‘ LC* Ohvhdm Ohkhotj F* J‘mdk‘jhr JB* Atqsnm F*
K‘msnr BO- Lnkdbtk‘q ldbg‘mhrl ne ‘bshu‘shnm ‘mc mt,
bkd‘q sq‘mrknb‘shnm ne sgd lhmdq‘knbnqshbnhc qdbdosnq
tonm ahmchmf ne oqdfm‘mdrsdqnhcr- Lnk Bdkk Dmcnbphmnk
1//3: 1069 056d68

67- Fnnc CV* Fdnqfd S* V‘ssr A@- @kcnrsdqnmd hmghahsr GBN2
,

‘arnqoshnm uh‘ ‘ mnmfdmnlhb o‘sgv‘x hm ldctkk‘qx
sghbj ‘rbdmchmf khla- :l I Ogxrhnk PdmYk Ogxrhnk 1//1: 1729
E588d6/5

68- Phm V* Qtcnkog @D* Anmc AQ* ds ‘k- Sq‘mrfdmhb lncdk ne
‘kcnrsdqnmd,cqhudm b‘qch‘b gxodqsqnogx ‘mc gd‘qs e‘hk,
tqd- Bhpb Pdr 1//2: 829 58d65

7/- X‘l‘ih L* Srts‘lnsn S* J‘v‘g‘q‘ B* ds ‘k- Rdqtl
bnqshrnk ‘r ‘ trdetk oqdchbsnq ne b‘qch‘b dudmsr hm o‘shdmsr
vhsg bgqnmhb gd‘qs e‘hktqd9 sgd hlo‘bs ne nwhc‘shud rsqdrr-
Bhpb GdYps EYhk 1//8: 19 5/7d04

70- Etmcdq IV- @kcnrsdqnmd ‘mc lhmdq‘knbnqshbnhc qdbdo,
snqr�ogxrhnknfx ‘mc o‘sgnogxrhnknfx- Hms I Lnk Rbh 1/06:
079 0/21

71- M‘f‘s‘ J* Na‘s‘ J* Wt I* ds ‘k- Lhmdq‘knbnqshbnhc qdbdosnq
‘ms‘fnmhrl ‘ssdmt‘sdr b‘qch‘b gxodqsqnogx ‘mc e‘hktqd
hm knv,‘kcnrsdqnmd gxodqsdmrhud q‘sr- Gxodpsdmrhnm 1//5:
369 545d53

72- Etmcdq IV- Lhmdq‘knbnqshbnhc qdbdosnq ‘bshu‘shnm ‘mc
nwhc‘shud rsqdrr- Gxodpsdmrhnm 1//6: 4/9 73/d0

73- Lhg‘hkhcnt @R* L‘qchmh L* Eq‘rdq S* Jmhfgsr C* Etmcdq IV-
@fnmhrs.‘ms‘fnmhrs ‘bshuhsx ne bnqshrnk hm b‘qchnlxnbxsd
lhmdq‘knbnqshbnhc qdbdosnqr hr cdsdqlhmdc ax qdcnw rs‘sd-

Hm9 2.sg :mmtYk Lddshmf ne sgd HmsdpmYshnmYk :kcnrsdpnmd Bnm,
edpdmbd: 1//3- Mdv Nqkd‘mr

74- Etkkdq OI* X‘n X* X‘mf I* Xntmf LI- Ldbg‘mhrlr ne khf‘mc
rodbhzbhsx ne sgd lhmdq‘knbnqshbnhc qdbdosnq- I Dmcnbphmnk
1/01: 1029 04d13

75- C‘g‘m‘x‘jd IM* J‘rhqdccx B* J‘qmdr IO* ds ‘k- Bg‘osdq
zud d oqnfqdrr hm ntq tmcdqrs‘mchmf ne 08E bgdlhb‘k
rghesr- Hm9 Vdaa F@* dchsnq- :mmtYk Pdonpsr nm MLP Rodb,
spnrbnox* 82- @b‘cdlhb Oqdrr: 1/07- o- 170d254- HRRM //55,
30/2* HRAM 867/017038022* gssor9..cnh-nqf.0/-0/05.ar-
‘qmlq-1/06-/7-//1

76- Ltqogx BC* O‘kldq,Aqnvm V* Pthmm K* R‘bbnl‘mmn L-
Lhbqnah‘k lds‘ankhrl ne fitnqhm‘sdc cqtfr- Hm9 G‘ted F*
Kdqntw EQ* dchsnqr- Ektnphmd hm Khed Rbhdmbdr3 OgYplYbdtsh,
bYkr) LdchbhmYk ChYfmnrshbr) Ymc :fpnbgdlhbYkr- B‘laqhcfd*
L@9 @b‘cdlhb Oqdrr: 1/08- o- 170d88

77- Jg‘m LN* Kdd GI- Rxmsgdrhr ‘mc og‘ql‘bnknfx ne ‘msh,
hmfi‘ll‘snqx rsdqnhc‘k ‘msdcqtfr- Bgdl Pdu 1//7: 0/79
4020d34

78- Etkkdq OI* X‘n X,Y* Ihm Q* ds ‘k- Lnkdbtk‘q dunktshnm ne sgd
rvhsbg enq oqnfdrsdqnmd ‘mc rohqnmnk‘bsnmd eqnl
lhmdq‘knbnqshbnhc qdbdosnq ‘fnmhrs sn ‘ms‘fnmhrs- Opnb
MYsk :bYc Rbh 1/08: 0059 07467d72

8/- Cd Jknds DQ- Eqnl qdbdosnq a‘k‘mbd sn q‘shnm‘k fktbn,
bnqshbnhc sgdq‘ox- Dmcnbphmnknfx 1/03: 0449 1643d58

80- Etkkdq OI* X‘mf I* Xntmf LI- Ldbg‘mhrlr ne lhmdq‘kn,
bnqshbnhc qdbdosnq rhfm‘khmf- ThsYl Gnpl 1/08: 0/89
26d57

81- Gddfcd E sdq* Cd Qhij QG* Uhmjdqr BG- Sgd aq‘hm lhmdq,
‘knbnqshbnhc qdbdosnq ‘mc rsqdrr qdrhkhdmbd- Orxbgnmdtp,
ndmcnbphmnknfx 1/04: 419 81d00/

82- Bqty,Snodsd C* N‘jkdx QG* Bhcknvrjh I@- Fktbnbnqshbnhc
rhfm‘khmf ‘mc sgd ‘fhmf gd‘qs- Epnms Dmcnbphmnk 1/1/: 009
236

83- Lhg‘hkhcnt @R* Kn‘m Kd SX* L‘qchmh L* Etmcdq IV- Fkt,
bnbnqshbnhcr ‘bshu‘sd b‘qch‘b lhmdq‘knbnqshbnhc qdbdosnqr
ctqhmf dwodqhldms‘k lxnb‘qch‘k hme‘qbshnm- Gxodpsdmrhnm
1//8: 439 02/5d01

84- Dcv‘qcr BQV- Qdm‘k 00,ads‘,gxcqnwxrsdqnhc cdgxcqn,
fdm‘rd9 ‘ ldbg‘mhrl dmrtqhmf lhmdq‘knbnqshbnhc rodbh,
zbhsx- Gnpl Pdr 088/: 239 003d6

85- Edq‘hkkd D* Chyhm D- Bnnqchm‘sdc bnmsqnk ne DM‘B ‘mc M‘¼
*J ¼ ,@SO‘rd hm qdm‘k bnkkdbshmf ctbs- I :l Rnb Mdogpnk
1/05: 169 1443d52

86- Qnr‘ C@ cd k‘* Kh G* B‘mdrr‘ BL- Deedbsr ne ‘kcnrsdqnmd
nm ahnrxmsgdrhr* sq‘ezb* ‘mc etmbshnm‘k dwoqdrrhnm ne
dohsgdkh‘k rnchtl bg‘mmdkr hm @5 bdkkr- I Fdm Ogxrhnk 1//1:
0089 316d31

87- Bgdm R* Ag‘qf‘u‘ @* L‘rsqnadq‘qchmn K* ds ‘k- Dohsgdkh‘k
rnchtl bg‘mmdk qdftk‘sdc ax ‘kcnrsdqnmd,hmctbdc oqn,
sdhm rfj- Opnb MYsk :bYc Rbh 0888: 859 1403d8

88- Nya‘jh,X‘f‘m M* Kht W* Ancm‘q @I* Gn I* Atssdqvnqsg LA-
@kcnrsdqnmd,hmctbdc lhbqnQM@r ‘bs ‘r eddca‘bj qdft,
k‘snqr ne lhmdq‘knbnqshbnhc qdbdosnq rhfm‘khmf hm jhcmdx
dohsgdkh‘- E:RDA I 1/1/: 239 00603d17

0//- Od‘qbd C- RFJ0 qdftk‘shnm ne dohsgdkh‘k rnchtl sq‘mronqs-
Bdkk Ogxrhnk Ahnbgdl 1//2: 029 02d1/

0/0- Kht X* Xt X* Kht I* ds ‘k- Mdtqnhlltmd qdftk‘shnm hm
rdorhr,‘rrnbh‘sdc dmbdog‘kno‘sgx9 sgd hmsdq‘bshnm ad,
svddm sgd aq‘hm ‘mc odqhogdq‘k hlltmhsx- Epnms Mdtpnk
1/11: 02* 78137/

0/1- Ghkk @Q* Rodmbdq,Rdf‘k IK- Fktbnbnqshbnhcr ‘mc sgd aq‘hm
‘esdq bqhshb‘k hkkmdrr- Dmcnbphmnknfx 1/10: 0519 ap‘‘131

Fktbnbnqshbnhcr vhsg nq vhsgnts lhmdq‘knbnqshbnhcr hm rdoshb rgnbj � 00



0/2- Bydlohj OE* Okts‘ LO* Jqyxbg �I- Rdorhr,‘rrnbh‘sdc aq‘hm
cxretmbshnm9 ‘ qduhdv ne btqqdms khsdq‘stqd- Hms I Dmuhpnm
Pdr Otakhb GdYksg 1/1/: 069 4741

0/3- Ldxdq L* Ldhidq N* Gtms G* ds ‘k- Rsqdrr,hmctbdc mdtqn,
hmfi‘ll‘shnm ne sgd rohm‘k bnqc hr qdrsq‘hmdc ax
Bnqs002065 ’C‘ytbnqhk‘ms(* ‘ rodbhzb fktbnbnqshbnhc qd,
bdosnq lnctk‘snq- Lnk Mdtpnahnk 1/12- gssor9..cnh-nqf.
0/-0//6.r01/24,/12,/2443,w- @cu‘mbd @bbdrr otakhrgdc
nm @tftrs 00

0/4- Cd Mhbnk‘ @E* Ldxdq L* Ftdmmntm Q* ds ‘k- Hmrhfgsr hmsn
sgd sgdq‘odtshb onsdmsh‘k ne fktbnbnqshbnhc qdbdosnq
lnctk‘snqr enq mdtqncdfdmdq‘shud chrd‘rdr- Hms I Lnk Rbh
1/1/: 109 1026

0/5- Fddqkhmf IB* Kndvx @C- @kcnrsdqnmd hm sgd aq‘hm- :l I
Ogxrhnk PdmYk Ogxrhnk 1//8: 1869 E448d65

0/6- Edqq‘qh O- Sgd qnkd ne 00a,gxcqnwxrsdqnhc cdgxcqnfdm‘rd
sxod 1 hm gtl‘m gxodqsdmrhnm- Ahnbghl Ahnogxr :bsY 1/0/:
07/19 0067d76

0/7- Tdc‘ J* Nj‘ltq‘ M* Ghq‘h L* ds ‘k- Gtl‘m O,fkxbnoqnsdhm
sq‘mronqsr bnqshrnk* ‘kcnrsdqnmd* ‘mc cdw‘ldsg‘rnmd*
ats mns oqnfdrsdqnmd- I Ahnk Bgdl 0881: 1569 13137d41
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CHAPTER 9: Conclusions

Trauma and sepsis constitute significant global health challenges, with substantial morbidity 

and mortality (1,2). Traumatic injury consistently ranks as a leading cause of death, hospital 

admissions, morbidity, and disability (1). Sepsis continues to have a considerable annual 

incidence, even in high-income countries (2). While accurate estimates of sepsis incidence in 

developing nations are currently limited due to paucity of reliable data, it is anticipated to be 

higher, given that infectious diseases remain a prevalent cause of mortality in these regions 

(2). Advancing insights into the pathophysiology and treatment strategies of both sepsis and 

trauma has contributed to the decline in mortality rates (3). 

The current research framework aimed to improve current understanding of inflammatory 

and endocrine dynamics in critical illnesses, with a specific focus on sepsis, and traumatic 

brain injury. Through a combination of clinical, biochemical, and molecular approaches, 

endocrine dysfunction associated with critical illness is evaluated with the aim of identifying 

patients with sepsis or trauma likely to have a poor outcome. Across chapters, findings 

provide novel insights into the pathophysiology of the dysregulated immune and endocrine 

responses, how these influence disease progression and outcomes, as well as exploring the 

molecular rationale of therapeutic interventions.

A summary of key findings, insights and core themes that were identified is as follows:

The background and literature review in Chapters 1 and 2 provided a foundational 

understanding of the global burden of sepsis and trauma, the physiological basis of the 

neuroendocrine stress response in these conditions, gaps in the literature and the study 

rationale. 
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9.1 The evolving understanding of sepsis and trauma pathophysiology

Over recent decades, the focus in understanding sepsis and trauma pathophysiology has 

progressively shifted from pathogen-centric to host-centric perspectives with an emphasis on 

the role of the host's response in disease progression (3,4). Advances in clinical research have

increasingly framed sepsis and trauma within an immune-endocrine context, highlighting the 

intricate interplay of pro- and anti-inflammatory responses (3,4).

The clinical trajectory of sepsis is dynamic and heterogeneous, influenced by pathogen 

virulence, co-morbid conditions, therapeutic interventions, and genetic predispositions (5). 

These factors interact to produce distinct inflammatory and immune profiles, resulting in 

variable patient responses to standard therapeutic strategies (5). Precise identification of high-

risk subgroups is critical for optimising sepsis management and improving clinical outcomes 

(6,7).

Chapter 3 (Profiles of pro- and anti-inflammatory cytokines and total cortisol levels in 

severe sepsis and septic shock) provided an assessment and investigation of profiles of pro- 

and anti-inflammatory cytokines and total cortisol levels in a population with severe sepsis 

and septic shock. In patients with severe sepsis and septic shock, elevated pro-inflammatory 

cytokines were found to strongly correlate with increased 28-day mortality ratios. Key 

biomarkers, TNFR1, and IL-1Ra, were associated with increased 28-day mortality ratios (and

disease severity). These findings highlight the impact of persistent markers of inflammation 

on sepsis outcomes. Elevated cortisol levels, reflecting the stress response to illness, were not

independently associated with an increased mortality ratio, reflecting the multifaceted nature 

of hormonal regulation in sepsis and highlighting the limitations of total cortisol levels, as an 

independent predictor of increased mortality.

185



In the context of trauma, patients with traumatic brain injury demonstrated significantly 

higher plasma free cortisol levels than healthy controls both at baseline and post-ACTH 

stimulation (Chapter 4: A comparison of the total and free cortisol response to a standard 

Synacthen test in patients with traumatic brain injury), suggesting that plasma free cortisol 

may be a more accurate marker of adrenal function in traumatic brain injury than total 

cortisol. The assessment of total cortisol levels appeared to underestimate early adrenal 

responses in this population. Interestingly, patients with traumatic brain injury also exhibited 

decreased glucocorticoid sensitivity, evidenced by lower IL-6 and TNF-α suppression ratios 

as measured by the in vitro dexamethasone suppression of LPS-stimulated cytokine 

production test, although this finding is tempered by the limited sample size of the study.

In healthy controls (Chapter 5: Glucocorticoid sensitivity and plasma total and free cortisol 

responses to ACTH in healthy male and female volunteers), the cortisol response to 

corticotrophin (ACTH) showed substantial variability with no significant association between

glucocorticoid sensitivity and cortisol levels demonstrated. The variability in glucocorticoid 

sensitivity observed, supports the need for more personalised approaches to assessment and 

therapeutic interventions as well as further adding a comparative baseline for future studies.

9.2 Endocrine dysfunction in critical illness – novel insights

Whether mineralocorticoid deficiency or dysfunction exists as a relevant pathophysiologic 

entity in critical illness remains an area requiring further investigation. Chapter 6 

(Mineralocorticoid dysfunction during critical illness) highlights the renewed interest in the 

role of the renin–angiotensin–aldosterone system (RAAS) during critical illness, emphasizing

the potential under-recognition of mineralocorticoid dysfunction as a pathophysiological 

186



entity. In this context, hyperreninemic hypoaldosteronism associated with a high mortality 

rate, is explored as a significant entity affecting critically ill patients with shock. Notably, 

variable plasma levels of aldosterone are seen in critical illness, along with what appears to 

be an impaired adrenal aldosterone response to elevated levels of renin. It is important to 

acknowledge that these findings may be influenced by the variability in the methods of 

measurement. The assessment of hypoaldosteronism in this context, as well as the role of 

mineralocorticoid replacement in the critically ill, remains a challenge, while the effect of 

angiotensin II in shock states remains minimally tested. 

Hyperreninemic hypoaldosteronism, which is characterised by previous authors as an 

aldosterone/plasma renin activity (ALDO/PRA) ratio below 2 (8,9) is further explored in 

Chapter 7 (Critical illness related mineralocorticoid insufficiency (CIRMI) - a new term for 

a concept worthy of further exploration: a narrative review). Hyperreninemic 

hypoaldosteronism in critical illness, results in the disruption of electrolyte balance and 

vascular responsiveness, and is associated with worse outcomes, including higher mortality 

and increased incidence of hypotension and acute kidney injury in shock states (8–11). This 

study introduces the novel concept of critical illness related mineralocorticoid insufficiency 

(CIRMI), which draws significant parallels to hyperreninemic hypoaldosteronism—a 

condition reflecting mineralocorticoid dysfunction—and the more extensively characterised 

pathophysiology of critical illness-related corticosteroid insufficiency (CIRCI). The 

abbreviation, CIRMI, reflects conceptual similarities with CIRCI (12) and encompasses a 

dissociation between renin and aldosterone levels (characterised by disproportionately high 

renin levels relative to the aldosterone response), reflective of impaired aldosterone synthesis 

or action. A comprehensive understanding of adrenal dysfunction as a condition affecting 

both glucocorticoid and mineralocorticoid dynamics is emphasized by this approach. 
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The diagnostic framework for CIRMI has limitations. The ALDO/PRA ratio is proposed as a 

diagnostic marker but is hindered by methodological factors. inclusive of variability in 

aldosterone and renin measurements by various laboratories, lack of standardised diagnostic 

criteria, and differences in assay methodology. Investigation into aldosterone resistance, 

alterations in enzyme and receptor expression involved in mineralocorticoid metabolism, and 

the development of reliable diagnostic tools, requires further elucidation.

However, existing evidence supporting the combined use of hydrocortisone and 

fludrocortisone in septic shock highlights the potential therapeutic benefit of addressing both 

glucocorticoid and mineralocorticoid insufficiency in patients with septic shock. By 

expanding the critical care focus of adjunctive therapy to encompass mineralocorticoid 

dysfunction, CIRMI provides a rationale for targeted adjunctive therapy inclusive of 

fludrocortisone in septic shock (13,14). 

9.3 Role of treatment modalities – adjunctive fludrocortisone with hydrocortisone

With regards to therapeutic interventions, Chapter 8 (Glucocorticoids with or without 

fludrocortisone- a molecular and biochemical perspective) offers a biochemical and 

molecular perspective on the rationale for the use of hydrocortisone in combination with 

fludrocortisone in septic shock. Mechanistically, fludrocortisone supports vascular stability, 

electrolyte homeostasis, and inflammatory regulation, key factors at play in the 

haemodynamic morbidity associated with septic shock. While high-dose hydrocortisone 

alone has not consistently reduced mortality in septic shock, the addition of fludrocortisone 

has been shown to provide a survival advantage (13–15). This combined approach may offer 

188



a more robust strategy for adjunctive therapy in the management of patients with septic 

shock. Questions do remain, however, regarding the pharmacokinetics of fludrocortisone and 

its bioavailability in critical illness. 

9.4 Future directions

Despite significant progress in elucidating the complexity and heterogeneity of sepsis and 

trauma, the translation of this knowledge into evidence-based interventions for effective 

treatment remains an ongoing challenge. This thesis provides the framework and baseline 

data enabling research aimed at validating the role of free versus total plasma cortisol as a 

reliable marker of adrenal function in patients with traumatic head injury. Data on inter-

individual variability in glucocorticoid sensitivity, particularly in the contexts of traumatic 

brain injury and sepsis, could enhance risk stratification and provide insights into the negative

outcomes previously reported with glucocorticoid supplementation in traumatic brain injury.

The concept of CIRMI introduced in this thesis provides a new framework for understanding 

mineralocorticoid dysfunction in critically ill patients. Defining CIRMI more precisely, 

particularly the demonstration of aldosterone resistance, if any, standardising diagnostic 

criteria and improving assay methodologies for hyperreninemic hypoaldosteronism is 

essential to identify those with CIRMI. 

Lastly, therapeutically, the clinical efficacy of fludrocortisone in combination with 

hydrocortisone in septic shock warrants expanded trials to optimise dosing, timing, and 

bioavailability in critically ill populations. 
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