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Introduction

Critical illness-related corticosteroid insufficiency (CIRCI) is well known in human medicine™ and has been described in
dogs as well>%,

CIRCI is defined in humans as inadequate cellular corticosteroid activity for the severity of the patient's critical illness,
manifested by insufficient glucocorticoid-glucocorticoid receptor-mediated down regulation of pro-inflammatory
transcription factors®. CIRCl is known to occur in several acute conditions including sepsis, septic shock, pneumonia, acute
respiratory distress syndrome (ARDS), cardiac arrest, head injury, trauma, burns, and following major tissue injury or
surgery*’. The syndrome is currently recognised by the presence of persistent hypotension in euvolaemic patients,
despite appropriate vasopressor therapy. Improvement in blood pressure following therapy with hydrocortisone is

considered further proof of the existence of CIRCI. Positive response to treatment is associated with improved outcome®-
8

The aim of this review is to summarise the pathology of the hypothalamic-pituitary-adrenal (HPA) axis in critical illness,
and to outline current knowledge on diagnostics and treatment of CIRCI in dogs and cats.

The systemic response to injury

Systemic inflammation is an organized response to infection, or severe tissue injury that involves three (3) main
components*:

1. The stress-response system, which is mediated by the hypothalamic-pituitary axis (HPA) and the locus ceruleus-
noradrenaline/sympathetic nervous system

2. Acute phase reaction to tissue injury, which results in release of inflammatory mediators, including cytokines,
chemokines, prostaglandins, compliment, among others

3. The vital organ response (cardiac, CNS etc.)

An exaggerated systemic response to tissue injury, inflammation, or infection, is the hallmark of the systemic
inflammatory response syndrome and is partly driven by an imbalance of hyperactive (acute phase) inflammatory
pathways, and an under-active, or dysregulated HPA®.

A review of cortisol secretion

Under normal circumstances, cortisol secretion from the adrenal cortex is stimulated by release of adrenocorticotrophic
hormone from the anterior pituitary gland in the brain — itself under regulatory control of corticotropin releasing
hormone (CRH) in the hypothalamus — part of the HPA®.

In conditions of stress and critical iliness, production of cortisol is much more complex. Acute stress induces rapid release
of CRH and ACTH, under the influence of noradrenaline; and also release of arginine vasopressin from the hypothalamus,
which stimulates release of ACTH as well. Additionally, in inflamed or infected tissues, inflammatory mediators directly
stimulate both peripheral nerves of the autonomic nervous system (which also directly stimulate CRH), and also the
adrenal cortex to produce cortisol, independent of CRH/ACTH. Furthermore, the serum half-life of cortisol increases as
well, due to decreased cortisol metabolism in severe disease states. These latter two points lead to a disconnect between
ACTH levels, and cortisol levels in serum in critical illness®*. This disconnect is illustrated by two studies in humans, that
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showed cortisol production rates in critically ill patients were either unaltered or only marginally increased when
compared to controls, despite cortisol concentrations being more markedly elevated®.

Diagrammatic representation of cortisol secretion

What does cortisol do?

Cortisol is a lipophilic hormone that enters the cell passively and binds to specific glucocorticoid (or mineralocorticoid)
receptors within cell cytoplasm. Once bound to the receptors, the cortisol-receptor complex enters the nucleus, where
it binds to specific regions on DNA to stimulate (or inhibit) gene expression — for example, inhibition or stimulation of
genes associated with inflammation etc®'°. In addition, glucocorticoids can exert non-genomic effects. Specifically, in the
context of the inflammatory response, they can bind to glucocorticoid receptors on vascular endothelial cell walls,
inhibiting nitric oxide production®!!, and can also bind to intracellular kinase pathways to inhibit production of
phospholipase enzymes within the cytoplasm. Additionally, cortisol may impair T-cell receptor signaling®.

HPA dysfunction in SIRS and Sepsis?

Despite the direct and indirect simulation of the HPA in severe illness and sepsis, adrenal cortisol synthesis either remains
unchanged, or only marginally increased*. This is thought due to the following:

e Damage to neuroendocrine cells within the adrenal glands resulting from adrenal haemorrhage caused by
disseminated intravascular coagulation (DIC), elevated adrenal blood pressure, or ischaemia*®.

e Altered CRH/ACTH secretion: Initial stimulation of CRH and ACTH by inflammatory cytokines, including
interleukin-1 is frequently associated with a progressive decline in secretion within 72 hours of the onset of
sepsis, caused by over-expression of nitric oxide synthase in the hypothalamus, partly triggered by interleukin-
1, and tumour necrosis factor. Subsequent production of nitric oxide leads to apoptosis of neurons in the
hypothalamus and pituitary'?1°.
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e Direct inhibition of CRH and ACTH secretion, by increasing cortisol concentrations in circulation (negative-
feedback loop)3.

e Reduced cortisol secretion: The adrenal gland has very limited stores of cortisol —meaning any increase in serum
cortisol needs to be met by increasing adrenal gland production. The adrenal glands of patients with sepsis are
known to have reduced cholesterol, which is a precursor to cortisol synthesis, and this may blunt the response
of the adrenal gland to simulation?®.

e Medications: such as etomidate, opioids, and benzodiazepines may either diminish the cortisol response,
production of cortisol by the adrenal gland, or the HPA at various points'’-°,

e The tissue activity of cortisol is reduced, and the half-life of cortisol appears to be increased in critical illness —
suggesting reduced cortisol metabolism and breakdown?.

e Tissue resistance to cortisol: Despite seemingly adequate peripheral tissue cortisol, cortisol receptor activity in
the intracellular environment appears reduced in critical illness, suggesting corticosteroid resistance. Cortisol
resistance is well-recognised as a complication of critical illness, including patients with sepsis, septic shock,
acute respiratory distress syndrome, and other severe illnesses?.

How do | diagnose CIRCI in the dog?

The incidence of CIRCI in high-risk patients (those with hypotension, shock, or sepsis) ranges from 30-45%; and the
presence of CIRCl in both humans and dogs appears to result in increased risk of morbidity and mortality in critical illness
— making a diagnosis of critical importance in patient management?L,

Baseline cortisol concentrations, ACTH concentrations, and ACTH stimulation tests have all been used to differentiate

patients likely to have CIRCI (and who may benefit from provision of exogenous corticosteroids) and those who do not.

Whilst some studies show a higher serum cortisol concentration in non-surviving critically ill dogs??, other studies show

poor predictive value of cortisol as a single measure of predicting CIRCI?3. Responsiveness to ACTH administration appears

to offer the greatest degree of accuracy in terms of predicting patients who require both vasopressor therapy, and those

who may benefit from exogenous corticosteroid therapy?” 2.

e A study carried out on 48 acute critically ill dogs revealed that dogs with a change in cortisol concentration
following ACTH administration of less than 83 nmol/L were more likely to need vasopressor therapy as part of
their treatment plan®. It was postulated that these patients may have CIRCI and therefore may benefit from
glucocorticoid replacement.

e A further study of 33 septic dogs admitted to a small animal intensive care unit had serum cortisol
concentrations, ACTH concentrations and ACTH stimulation tests performed. Dogs with a change in cortisol
concentration of less than 80 nmol/L were more likely to have hypotension, and were less likely to survive to
discharge, being 4.1 times more likely to die’. Again, it is possible these patients may have CIRCI, and therefore
may benefit from glucocorticoid replacement.

However, a study of 21 dogs with systemic inflammatory response syndrome (SIRS) and critical illness that looked at
cortisol change and mortality, found that only hypotension and elevated basal cortisol concentrations were predictive of
mortality, and that delta cortisol, following ACTH stimulation, was not predictive of survival?*.

Because of uncertainty regarding how to appropriately diagnose CIRCI in humans, the human critical care community
does not advocate any method of diagnosis for CIRCI at present. Essentially, the “diagnosis” of CIRCl in people is currently
made by evaluating response to treatment with low-dose hydrocortisone, in patients in whom vasopressors have failed
to improve blood pressure, without assessment of the hypothalamic-pituitary-adrenal (HPA) axis. This is currently the
approach in canine (and feline) critical care medicine also?®.
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Treatment of CIRCI

Because of the increase in morbidity and mortality associated with suspected CIRCI in people, therapy is pursued in most
patient with persistent hypotension, despite being volume replete, and who have poor response to vasopressor
therapy®.

Most references suggest that CIRCI in people can be treated using physiological doses of corticosteroids, equivalent to
prednisolone dose of 1 mg/kg®®. As stated above, treatment is recommended in patients who are volume replete (non-
hypovolaemic, non-dehydrated) patients who remain hypotensive, despite appropriate therapy with vasopressors, such
as noradrenaline and dopamine32°,

In animals, the treatment recommendations are less clear — owing primarily to lack of published evidence on effective
dosing. The criteria for the diagnosis of CIRCl are currently extrapolated from human medicine, and as such, patients with
severe illness, who are hypotensive despite normal blood volume and the use of vasopressor therapy, are considered for
therapy. Currently published case reports and case series of dose rates and duration of therapy for CIRCI in dogs are
outlined below:

e A ssingle case report in a dog with pressor-refractory septic shock describes the use of hydrocortisone at 0.5
mg/kg IV q 6 hrs. to treat suspected CIRCI. Pressors were discontinued within hours of starting the
hydrocortisone, and the steroid dose was tapered over many days beginning 4 days after pressor
independence?.

e One small study in 8 dogs with septic shock administered the treatment group hydrocortisone 1 mg/kg IV q 6
hrs. for 5 days, with a 6-day tapering regimen?.

e Asingle case report in a critically ill cat describes the use of dexamethasone 0.08 mg/kg IV q24h to treat fluid-
loaded, pressor-dependent hypotension. It should be noted that dexamethasone is currently not recommended,
owing to greater potential for gastrointestinal adverse effects, and immunosuppression, when compared to
hydrocortisone?’.

e A 27-month-old female cat was presented with septic peritonitis secondary to a ruptured pyometra and
subsequent pyothorax. Vasopressor-refractory septic shock led to a suspicion of critical illness-related
corticosteroid insufficiency, successfully treated with intravenous hydrocortisone 1 mg/kg IV bolus, followed by
continuous infusion of 0.16 mg/kg/hr%.

Summaries of these studies have extrapolated therapeutic doses of hydrocortisone for dogs and cats as follow:

1. Hydrocortisone 1-4 mg/kg/day — divided into 4 equal IV doses, given every 6 hrs, or delivered as a continuous
infusion OR

2. Hydrocortisone 0.5 mg/kg IV q 4 hrs OR

3. Hydrocortisone 0.08-1.2 mg/kg/hr continuous infusion for 24 hrs

No clear protocols exist for the suggested length of treatment, or for weaning patients from hydrocortisone following the
initial 24 hr period. Extrapolation from human critical care suggests treatment may be required for up to 3-4 days (or
longer, depending on disease) at the above-recommended doses, followed by gradual reduction in dose over subsequent
3-4 days®, or dose reduction of 50% every 48 hrs of treatment?,
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Prognosis

The prognosis HPA axis function recovery for patients that recover from their critical illness following an episode of CIRCI

is very good?>.

Looking to the future

Given the loose diagnostic criteria currently applied to the diagnosis of CIRCI, it is clear that further research into the

aetiopathogenesis and diagnostic accuracy of the condition will benefit the patient population at risk. Furthermore,

research on appropriate therapy is also warranted, to improve potential benefit, whilst reducing risk to affected patients.
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