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· CIRCI = inadequate production of cortisol in relation to increased demand during periods of severe stress, especially critical illnesses
· Despite normal or high levels, it may still be inadequate for the stressor
· Inadequate response to ACTH stimulation test
· Normal HPA axis regulation
· Stress signals from the body (cytokines, pain, hypoxemia, ect) are sensed by CNS
· Hypothalamus increases release of cortocotropin releaseing hormone (CRH)
· CRH goes to anterior pituitary where it stimulates release of ACTH
· Cortisol is released from the adrenal cortex and feeds back negatively to the HPA axis
· Cortisol circulates 90% bound to corticosteroid-binding globulin, 10 % free
· Unbound portion is what is active and homeostatically regulated
· During illness the amount of free cortisol increases
· Abnormal HPA axis
· IL6, TNF-alpha, IL1-beta stimulate the production of CRH and ACTH
· Vagal afferent fibers sense cytokines at the site of inflammation and also stimulate HPA axis
· At inflammatory sites, elastase produced from neutrophils liberates cortisol from binding globulin allowing delivery to local cells
· Cortisol can freely cross the cell membrane if it is not bound or interact with membrane receptors
· Cortisol can be inactivated by conversion to cortisone by 11β-hydroxysteroid dehydrogenase type 2
· Decreased cortisol synthesis
· Rate of cortisol synthesis is directly related to rate of biosynthesis of cortisol from cholesterol
· Damage to hypothalamus, pituitary gland, and/or adrenal glands can result in decreased cortisol
· Pathology of adrenal glands noted in humans and animals with septic shock
· Neuronal apoptosis in hypothalamus may suppress CRH synthesis
· Proinflammatory mediators (TNF-α) may block CRH induced ACTH release
· Local proinflammatory mediators may block CRH and ACTH synthesis
· Corticostatins (α-defensins) compete w/ ACTH binding sites and inhibit adrenal cells
· Drugs such as benzodiazepine and opioids decrease cortisol concentrations
· Etomidate, azole antifungals, and dexmedetomidine interfere with enzymes needed to synthesize cortisol
· P-glycoprotein restricts the entry of cortisol into the brain limiting its feedback inhibition to the pituitary in dogs
· Dogs with ABCB1 mutation have greater cortisol levels in CNS and they have lower basal and ACTH stimulated cortisol levels
· May be important if ill
· Reduced access of cortisol to the target tissue
· Reduced levels of binding globulin decrease access of cortisol to sites of inflammation and immune cells
· Cytokines IL2,4,13 stimulate conversion of cortisol to cortisone thereby inhibiting its activity
· Cytokines may decrease the number or efficacy of cortisol receptors
· Incidence of CIRCI
· 30-45% of humans in high-risk critically ill patients (hypotenson, shock, sepsis)
· Incidence increases with severity of illness
· No consensus on how to interpret ACTH results
· Only one paper in vet med (Bukitt) showed evidence of CIRCI
· Dogs with sepsis, 48% had CIRCI but criteria never defined
· Basal endogenous ACTH levels were low in some, ACTH stim cortisol concentrations below reference range in some, delta cortisol of 3 or less in some
· Delta cortisol less than 3 associated with reduced survival 
· Multicenter study of dogs with severe acute illness – 55% had at least some evidence of HPA axis dysfunction
· Clinical signs
· Vague and nonspecific
· Hypotension refractory to fluid resuscitation requiring vasopressor therapy
· Diagnosis
· No consensus on how to diagnose or reference ranges to use
· Humans often have normal or elevated basal cortisol with blunted response to ACTH
· Delta cortisol less than 9 mcg/dL is frequently used in humans to diagnose CIRCI
· Three possible ways to diagnose in vet med based on current literature
· Normal or elevated basal cortisol with stimulated cortisol less than normal ref range
· Normal or elevated basal cortisol with stimulated cortisol less than 5% greater than basal
· Delta cortisol less than or equal to 3 mcg/dL (83 nmol/L)
· Treatment
· In humans with CIRCI treated with corticosteroids they are more likely to be weaned from vasopressor therapy, ventilatory support, and in some populations more likely to survive
· Optimal dosing regime has not been determined
· Humans – 2.9-4.3 mg/kg IV of hydrocortisone over 24 hours – given as CRI or divided into q6hr doses
· Hydrocortisone is ¼ as potent as prednisone and 1/30 as potent as dexamethasone
· The currently used human dose is supraphysiologic
· That dose = 0.1-0.4 mg/kg of dexamethasone q24
· Taper dose as condition improves by 25% per day
· Recommend performing ACTH test following resolution of critical illness


Questions: 
1. Under normal conditions, how is cortisol transported in the body
a. Bound primarily to albumin
b. Primarily in a free, unbound form
c. Bound primarily to cortisol binding globulin
d. Bound primarily to cortisol receptors on cells
2. List at least 4 methods by which cortisol production can be decreased in critical illness: 





3. What is the approximate incidence of CIRCI in critically ill human patients?
a. 15-30%
b. 30-45%
c. 45-60%
d. 60-75%
4. According to the Vet Clin of North America review, what are three possible definitions of CIRCI that could be used in dogs: 
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