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The role of steroids in septic shock

Clinical problem

A male in his late sixties presented to the emergency department with pyrexia, confusion, hypotension and hypoxia. He was oliguric with a positive urinary dipstick test and his white cell count was 3x109cells/l. He was treated with oxygen, fluid resuscitation and antibiotics to cover a presumed gram-negative sepsis. His condition continued to deteriorate despite these measures and he required invasive ventilation and transfer to the intensive care unit.

Relevant management

Despite aggressive fluid resuscitation he remained hypotensive and required inotropic support. A pulmonary artery flow catheter was used to assess his cardiovascular status and despite treatment with noradrenaline he was found to be in a high cardiac output state with a low systemic vascular resistance. His noradrenaline requirements dramatically increased over the next twelve hours and it was suggested that we perform a random cortisol test and then trial a dose of hydrocortisone. This resulted in a dramatic improvement in his cardiovascular status and the noradrenaline was weaned over the next 36 hours. 

Further information

The adrenal glands are vital endocrine organs within the abdomen. There are two distinct histological parts that produce different hormones. In response to stress and sympathetic stimulation the adrenal medulla produces the catecholamines adrenaline and noradrenaline. The cortex produces mineralocorticoids and glucorticoids. The major glucorticoid secreted by the adrenal gland is cortisol and its secretion is controlled by the hypothalamic-pituitary-adrenal axis. Cortisol has complex metabolic and anti-inflammatory actions and has a significant role in the maintenance of vascular tone, endothelial integrity, vascular permeability and the distribution of total body water. It also potentiates the vasoconstrictive action of catecholamines. All are vital for the body to cope with various degrees of stress. During severe stress the adrenal gland in an adult can produce upto 828(mol/24hr of cortisol compared to a baseline of 15(mol/m2 BSA accompanied by the loss of the normal diurnal variation in serum levels. These serum levels correlate positively with severity of illness with very high values shortly before death  QUOTE "1" 
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Acute adrenal insufficiency can be primary or secondary. Primary acute adrenal insufficiency in a patient without a previously diagnosed adrenal disorder is rare. More commonly, adrenal dysfunction or impairment of the hypothalamic-pituitary-adrenal axis only becomes an issue when patients already on exogenous corticosteroid therapy develop a severe illness or are exposed to severe physiological stress, such as trauma or major surgery. The pathophysiology of the systemic inflammatory response syndrome can include physiological rather than anatomical interference with adrenal function leading to transient hypoadrenalism. A state in which corticosteroid therapy diminishes or eliminates the requirements despite normal serum cortisol levels may occur on some critically ill patient and is referred to as occult or relative adrenal insufficiency QUOTE "1" 
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One explanation for this relative dysfunction is pre-existing sub-clinical hypoadrenalism. Another explanation includes involvement of the adrenal glands in the disease process itself, either anatomically or functionally as part of the inflammatory process. In addition cytokine mediated inhibition of corticotrophin release and the use of drugs that interfere with steroid synthesis, such as etomidate, may interfere QUOTE "1" 
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There are no strict biochemical criteria for the diagnosis of relative adrenal insufficiency. Baseline serum cortisol levels and its response to a corticotrophin stimulation test may be within normal limits but maybe inappropriately low for the severity of the illness. Reference intervals for blood cortisol levels in critical illness are not well documented and different studies have used ranges between 100 and 500nmol/L as cut off points. The higher the cut off level used the more likely it is that hypoadrenalism is diagnosed. The reported incidence in septic shock is between 3% and 52% depending on the definition used. In critically ill patients there is limited value in a random serum cortisol measurement because of the loss of diurnal variation and the expected surge in ACTH and hence cortisol. Because of the variability of random cortisol a dynamic adrenocortical stimulation test is indicated. This usually takes the form of a short Synacthen test although the dose to be used is currently under discussion QUOTE "1" 
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Corticosteroids are well established as an adjunctive treatment for some critical conditions although the role in critically ill patients with “normal” hypothalamic-pituitary-adrenal axis. If the hypothalamic-pituitary-adrenal axis is not “normal” steroid replacement is vital. If hypoadrenalism is strongly suspected in a critically ill patient a blood sample should be taken (for baseline cortisol) and corticosteroids started without delay QUOTE "1" 
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There is now some preliminary evidence to support the use of supplemental corticosteroids in intensive care patients with established septic shock, especially in those with biochemical evidence of functional hypoadrenalism. Three randomised, controlled trials of hydrocortisone replacement in patients with septic shock have shown improvements in haemodynamics and a reduction in the need for pressor therapy QUOTE "2" 
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In the largest randomised, controlled trial, 300 general ICU patients were treated with 200mg of hydrocortisone and 50(g of fludrocortisone daily or placebo for seven days. These patients were receiving mechanical ventilation, had hypotension that was unresponsive to fluids, and had other organ dysfunctions. There was no overall improvement in mortality but sub-group analysis revealed a possible mortality reduction in the small group of patients who had the smallest increase in the cortisol level in response to the corticotrophin test. The authors concluded that such patients should be treated with 50 mg of hydrocortisone intravenously every six hours or with similar amounts by continuous infusion. These treatments lead to moderately supra-physiologic cortisol levels, which may be important in overcoming an element of tissue specific corticosteroid resistance QUOTE "3" 
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How you would change future management?

I am now more aware of some of the pathophysiology of septic shock and some of the research associated with the use of corticosteroids in its treatment. The research is currently inconclusive but since adrenal insufficiency appears to be common in patients with septic shock, treatment should be initiated at the time of diagnostic testing and can be stopped if results do not indicate the presence of adrenal insufficiency QUOTE "2" 
2
. This strategy would appear to be relatively safe although there is a currently a Europe wide study in progress to evaluate the therapy further.
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