OCCASIONAL ESSAYS

Relative adrenal insufficiency in sepsis:

match point or deuce?

The annual incidence of severe sepsis in the adult Austral-
ian population is 0.77 per 1000 population, correspond-
ing to 15700 new cases each year.! Despite advances in
therapy, the mortality rate is about 37.5% in sepsis and
50%-60% in septic shock. The basis for corticosteroid
supplementation in septic shock is thought to be the
presence of a syndrome termed “relative adrenal insuffi-
ciency” (RAI). The Surviving Sepsis Campaign Guidelines
of 2004 endorsed the use of steroids in the management
of septic shock with the following recommendations:?
e intravenous hydrocortisone, 200-300 mg/day for 7
days (Grade C recommendation);
e 250ug corticotropin stimulation test (CST) (Grade E
recommendation);
e addition of 50 ug of fludrocortisone to hydrocortisone

(Grade E recommendation); and
e avoidance of high-dose steroids (>300 mg hydrocorti-

sone/day) (Grade A recommendation).

However, both the use of steroids and the diagnosis of
RAI in septic shock have been sources of intense contro-
versy. Publication of the results of a recent study of
steroids in acute respiratory distress syndrome (ARDS),
which demonstrated either no benefit or even excess
harm in the steroid group,® adds fuel to this debate. It is
therefore timely to review the history of the evolution of
steroid therapy in sepsis and to explore the diagnostic
criteria for RAL

Background

Hydrocortisone was introduced into clinical practice by
Hench in 1950, and steroids were first used for the
management of sepsis in patients with poststreptococcal
infections in 1951.4 Since then, therapy with this drug has
undergone several transformations from “steroid suc-
cess” in sepsis and malaria in the 1970s and early 1980s>¢
to “steroid excess” (30 mg/kg methylprednisolone) in
severe sepsis in the mid to late 1980s.” The high-dose
steroid approach resulted in excess morbidity and mortal-
ity in the steroid group, leading to total abandonment of
steroid use in the early 1990s. However, this phase was
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short-lived. The driving forces behind the renaissance in
steroid use were data from randomised controlled trials
comparing hydrocortisone to placebo, which showed
improved haemodynamic status and vasopressor weaning
with the use of steroids,® along with results from the
European meningitis study, which demonstrated
improved outcome with the use of steroids.?

In 2002, Annane et al published the results of a
prospective randomised trial of steroids in septic shock,
which showed decreased mortality in the steroid group.™
More recently, a trial of steroids in hospitalised patients
with community-acquired pneumonia also showed
reduced mortality."

The Annane study, the largest randomised controlled
trial of steroids in septic shock, has been criticised on a
number of counts: errors in trial design, change of
protocol during the study, and the inclusion of patients
who had received etomidate (a known adrenal suppres-
sant). Consequently, the incidence of RAI has likely been
overstated.

The uncertainty and controversy generated from the
Annane study prompted the initiation of the Corticus
study.’ This European multicentre, randomised trial of
steroids versus placebo in septic shock’ was stopped
prematurely because of a poor recruitment rate, problems
with the cortisol assay (described later), and marked
differences in population profile compared with the
original study. The prime reason for the poor recruitment
rate was that there was not sufficient clinical equipoise
among the investigators not to use steroids — they felt
there was a prima facie case for routine steroid use, once
septic shock was diagnosed. Data presented at the
European Society of Intensive Care meeting in Barcelona
in September 2006 suggest that there were no significant
differences between the steroid and the placebo groups
in terms of mortality from septic shock.

A French multicentre study is currently underway com-
paring hydrocortisone to hydrocortisone plus fludrocorti-
sone in septic shock. However, this does not address the
main question — are steroids better than placebo in septic
shock? Adding to the current uncertainty are concerns
about the safety of steroids in septic shock, which have
resurfaced with publication of data from the ARDS Clinical
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Figure 1. Mean plasma cortisol levels in critically ill
patients (eight studies'>??) and control volunteers
(four studies?3-%6)

- 16007
° B .
S
£ 1200
)
3 1 $
S 800 -
2 *
= E .
o
.

% 400 '
g 1 H

0 T

0 Patients Volunteers

Trials Network, which found increased myopathy and
reintubation rates after steroids,® and from Louillet et al,
which found increased neuropathy and myopathy.'

In Australia and New Zealand, clinical opinion is divided
on both the role of steroids and the tests to identify RAL.
An electronic survey of 70 intensivists in the two countries
by Venkatesh and Cooper in February 2006 revealed that
60% routinely use steroids in patients with septic shock
(unpublished data). The trigger for initiation of steroids
varied widely, from any requirement for vasopressor to
requirement for 50 ug noradrenaline. Only 50% of inten-
sivists who routinely use steroids perform a CST before-
hand, and only 25% of the 40% who do not routinely
use steroids perform a CST. There is clearly a lack of
consensus among intensivists on the role of steroids in
sepsis and the indications for their use.

Thus, despite extensive observational data and a large
clinical trial, debate continues in Australia about the role
of steroids in patients with septic shock. At the heart of
this debate is the question of the incidence (and indeed
the existence) of RAl in patients with septic shock.

What is relative adrenal insufficiency, and why the
controversy?

Absolute adrenocortical insufficiency (diagnosed by very
low total plasma cortisol concentrations) is uncommon in
intensive care patients. However, the term RAI was coined
to describe a syndrome where the adrenal glands partially
respond to stress, but the magnitude of response is not
commensurate with the degree of stress. A number of
diagnostic criteria have been developed,™ including an
inappropriately decreased baseline total plasma cortisol
level or a reduced cortisol response to corticotropin, as this
has been associated with vasopressor requirement and
higher mortality in severe sepsis. However, the optimal
diagnostic criteria are controversial. The reasons include:

e uncertainty about the optimal diagnostic test for RAI; and
e lack of a consistent relationship between random serum
cortisol levels or cortisol response to corticotropin and
outcome.
We explore these issues in more detail in the following
section.

Areas of uncertainty in diagnostic testing for RAI

Appropriate baseline cortisol?

As noted above, a criterion used to define RAl is inadequate
increase in baseline cortisol during stress. However, it is
unclear what constitutes an appropriate baseline cortisol
level in the critically ill patient. Studies have demonstrated a
wide range of elevated total plasma cortisol concentrations
in stressed intensive care unit patients'??2 compared with
healthy volunteers®-?¢ (Figure 1). Thus, it is difficult to
define a reference range for critically ill patients. Investiga-
tors have proposed a range of baseline plasma cortisol
values during severe stress to diagnose RAI — 415 nmol/L,
500 nmol/L and 550 nmol/L.

Venkatesh et al recently published a study involving
hourly measurements of total plasma cortisol in 21 critically
ill patients with sepsis, finding significant variability in
plasma concentrations both between and within patients.?’
The individual mean plasma cortisol ranged from 286 (SD,
59) nmol/L to 786 (SD, 93) nmol/L. Large variability in
plasma cortisol meant that reliable classification of patients
as “presence of RAI” or “no RAI” was not possible with this
parameter. A “gold standard” value for the diagnosis of RAI
in ICU patients based solely on baseline plasma cortisol level
does not exist.

Plasma free cortisol

Most circulating cortisol (90%) is bound to cortisol-binding
globulin, and a small proportion to albumin. About 5%-
8% is free, and only this free fraction possesses biological
activity. During critical illness, levels of cortisol-binding
globulin and albumin decrease,?® and free cortisol levels
increase.?® Data from Ho et al have also demonstrated
elevations in plasma free cortisol in septic shock.?® They
found that basal total and free cortisol concentrations were
significantly higher in the septic shock group than in the
sepsis and control groups. Free cortisol increments corre-
sponded to the presence of sepsis and its severity, whereas
total cortisol increments did not.?° Supportive evidence for
elevations in plasma free cortisol also comes from the work
of Venkatesh et al, who demonstrated elevated mean
urinary free cortisol (865 [SD, 937] nmol/L; reference range,
100-300 nmol/L),?” and Cohen et al who demonstrated
elevated salivary cortisol levels®' (which are predominantly
the free fraction) in critically ill patients. Plasma free cortisol

Critical Care and Resuscitation e Volume 8 Number 4 ¢ December 2006 377



OCCASIONAL ESSAYS

Table 1. Summary of data on prevalence of relative
adrenal insufficiency (RAI)*

Cortisolcutoff RAI prevalence

Study (nmol/L) (%)
Baseline total plasma cortisol

Rydvall*® <400 36%-47%
Hamrahian?® <415 38%
Moran3 <500 32%
Offner®® <500 60%
Schein? <550 5%
Marik*’ <690 61%
Plasma cortisol response to corticotropin

Sibbald'® <125 19%
Bollaert® <165 29%
Rydvall*® <200 56%
Moran3* <200 67%
Rothwell2 <250 41%
Bouachour' <250 75%
Annane'® <250 77%

* Adapted from de Jonghe et al, International Symposium on Intensive
Care and Emergency Medicine (ISICEM) Year Book 2006: 539-51. *

provides a better assessment of adrenal function than total

cortisol because:

e |t is the biologically active hormone;

e Cortisol-binding globulin and albumin levels decrease in
critical illness leading to increases in plasma free cortisol;

e The relationship between total and plasma free cortisol is
non-linear, and thus plasma free cortisol concentrations
cannot be predicted from total cortisol values; and

e Plasma free cortisol increments corresponded to sickness
severity, whereas total cortisol increments did not.°
However, minimal data exist on changes in plasma free

cortisol after corticotropin stimulation or on the relationship

between plasma free cortisol and outcome. It is clear that

free cortisol dynamics need further clarification in critical

illness.

Tests of dynamic adrenal reserve: the corticotropin
stimulation test
The CST measures the 60-minute total plasma cortisol
response to parenteral administration of 250 ug of synthetic
corticotropin. Both the dose of corticotropin and the corti-
sol response that predicts outcome are subject to debate.
The normal CST response in unstressed volunteers is a rise
in serum cortisol levels to above 500-550 nmol/L, or an
increase of more than 250 nmol/L from baseline. While an
increment <250 nmol/L is the threshold for diagnosing RAI,
pooled data from other studies suggest that the threshold

increment which may better predict outcome is closer to
400 nmol/L.">181932:3% The [imitation of using total (rather
than free) cortisol response was demonstrated by Hamra-
hian et al in critically ill patients.?® Although patients were
classified as CST non-responders and responders based on
total cortisol response (205 nmol/L versus 318 nmol/L), the
changes in plasma free cortisol were similar in the two
groups (113 nmol/L versus 132 nmol/L).

The wusual 250ug dose results in supraphysiological
plasma concentrations of corticotropin (65000 pg/mL; ref-
erence range, < 100 pg/mL) and may override adrenal resist-
ance to corticotropin and produce false-negative results in
patients with mild secondary adrenal insufficiency. Conse-
quently, a “low dose” CST (1ug) has been suggested,
which would result in more physiological concentrations,
similar to those seen in the insulin hypoglycaemia test.*°

The cortisol response elicited with the insulin test is also
comparable to that seen with the low-dose test.*! Data
from Abdu et al clearly suggest that the low-dose test is
superior for the identification of secondary adrenal insuffi-
ciency in non-critically ill patients.*> More recently, a study
from Europe suggested that the cortisol response to a low-
dose CST may be better than the response to the 250 pug
dose CST for predicting mortality and diagnosing RAI in
critical illness.*?

In summary, there is no consensus on the criteria for RAI,
based on either total plasma cortisol or the corticotropin
response (Table 1). The divergent criteria and the wide
ranging prevalence of RAl seen in past studies are a
testament to the lack of consensus and need for definitive
evidence. A contributory factor to the high prevalence of
RAI from European data may be the widespread use of
etomidate.*

Variations in cortisol assay

The coefficient of variation of cortisol estimations is usually
10%-12%, and the same specimen submitted to different
assays can yield significantly different results. We examined
four different assays (HPLC, TDx, Immulite and Centaur),
finding marked differences in plasma cortisol values for the
same sample, depending on the assays used. Variable
plasma cortisol results arising from the use of different
assays or laboratories will greatly influence the interpreta-
tion of plasma cortisol and the corticotropin test. This was a
serious limitation in the recently terminated Corticus study.

Plasma aldosterone

Low plasma aldosterone concentrations (expressed as
aldosterone/renin ratio) — considered by some to be an
indicator of adrenal insufficiency — have also been reported
in sepsis.*® Low plasma aldosterone concentrations and an
inadequate response to corticotropin in septic shock have
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been associated with renal failure and excess length of stay.
The value of aldosterone as a marker for adrenal dysfunc-
tion needs validation in larger trials.

Other possible tests

Plasma corticotropin and corticotropin-releasing hormone
stimulation tests investigate the integrity of the hypotha-
lamic—pituitary—adrenal axis. However, few data are availa-
ble on the usefulness of these tests in critically ill patients.
Data from Venkatesh et al?’ suggest that plasma corticotro-
pin level has no relationship with sickness severity, total
plasma cortisol level and urinary free cortisol level, and thus
may not be a useful index of adrenal function. The
metyrapone and insulin hypoglycaemia tests have signifi-
cant adverse effects and thus have no place in adrenal
assessment in the ICU patient.

Lack of longitudinal assessment

Most studies have examined adrenal function at a single
time point during patient hospitalisation. Sepsis and critical
illness are dynamic processes with both up-regulation and
down-regulation of inflammation over the course of hospi-
talisation. A longitudinal profile of adrenal function is
needed to judge the extent of alterations.

In summary, there are significant limitations with the
current methods used for diagnosing RAI in critically ill
patients. This in turn affects the ability to define the relation-
ship between plasma cortisol and outcome, as seen below.

Relationship between total serum cortisol or
corticotropin response and outcome

Given the limitations of total cortisol as a measure of adrenal
function in critically ill patients, it is not surprising that a
reproducible relationship between total cortisol or the corti-
sol response to CST and outcome has been difficult to define.

A number of studies of mixed populations of ICU patients
have suggested that higher cortisol levels are associated
with a poor outcome.'®344%51 QOther studies have not
confirmed these findings. In a study of 37 patients with
sepsis, the median cortisol value was 1399 nmol/L (range,
430-1140 nmol/L), with no significant difference between
survivors and non-survivors.?" Similarly, in a study of 32
patients with sepsis, Rothwell et al documented a mean
basal cortisol level of 728 nmol/L, which had no impact on
mortality.3? The findings of Bouachour et al'® and Drucker>?
also do not suggest a relationship between plasma cortisol
level and outcome. On balance, a clear relationship
between total serum cortisol and outcome in critical illness
(defined by mortality, organ dysfunction or vasopressor
requirement) has not been demonstrable to date.

Similar considerations apply to the cortisol response to
CST. As noted, while an increment <250nmol/L is the

threshold for diagnosing RAIl, and therefore an adverse
outcome, 18323436 pooled data from other studies suggest
that the threshold increment which may better predict
outcome is closer to 400 nmol/L.1%-333538

Conclusions

It is evident that current methods for diagnosing RAIl in
patients with septic shock have significant limitations and
are fraught with imprecision. We suggest that measure-
ment of plasma free cortisol, utilisation of the 1 ug dose of
corticotropin and longitudinal data on adrenal function
may better represent adrenal function than total cortisol
level measured on a single occasion. In Australia, a
multicentre phase Il observational trial to improve defini-
tion and identification of RAI has been designed and
submitted in the current funding round of the National
Health and Medical Research Council. To assist rational
therapy with steroids for etomidate-free patients with
septic shock, it is fundamental that optimal diagnostic
criteria for RAI are developed. While we await the results
of current trials, we note there is clear clinical equipoise
(and marked differences of opinion among experienced
ICU clinicians) for the use of steroids in patients with
septic shock.

Author details

Bala Venkatesh, Associate Professor in Intensive Care Medicine'2
John Prins, Professor of Endocrinology'+?

David Torpy, Associate Professor in Endocrinology®
Marianne Chapman, Specialist in Intensive Care?

Chris Joyce, Associate Professor in Intensive Care Medicine'-?
D Jamie Cooper, Professor in Intensive Care Medicine*
Jeremy Cohen, Specialist in Intensive Care Medicine?>

Ingrid Hickman, Epidemiologist’

Daryl Jones, Research Fellow*

Alicia Higgins, Epidemiologist*

1 Princess Alexandra Hospital, Brisbane, QLD.

2 University of Queensland, Brisbane, QLD.

3 Royal Adelaide Hospital, Adelaide, SA.

4 ANZIC Research Centre, Monash University, Melbourne, VIC.
5 Royal Brisbane Hospital, Brisbane, QLD.

Correspondence: bala_venkatesh@health.gld.gov.au

References

1 Finfer S, Bellomo R, Lipman J, et al. Adult population incidence of severe
sepsis in Australian and New Zealand intensive care units. Intensive Care
Med 2004; 30: 589-96.

2 Dellinger P, Carlet JM, Masur H, et al. Surviving Sepsis Campaign
guidelines for management of severe sepsis and septic shock. Crit Care
Med 2004; 32: 858-73.

3 Steinberg KP, Hudson LD, Goodman RB, et al. Efficacy and safety of
corticosteroids for persistent acute respiratory distress syndrome. N Engl
J Med 2006; 354: 1671-84.

Critical Care and Resuscitation e Volume 8 Number 4 ¢ December 2006 379



OCCASIONAL ESSAYS

4 Hahn EO, Houser HB, Rammelkamp CH Jr, et al. Effect of cortisone on
acute streptococcal infections and poststreptococcal complications. J
Clin Invest 1951; 30: 274-81.

5 Schumer W. Steroids in the treatment of clinical septic shock. Ann Surg
1976; 184: 333-41.

6 Hoffman SL, Punjabi NH, Kumala S, et al. Reduction of mortality in
chloramphenicol-treated severe typhoid fever by high-dose dexametha-
sone. N Engl J Med 1984; 310: 82-8.

7 Sprung CL, Caralis PV, Marcial EH, et al. The effects of high-dose
corticosteroids in patients with septic shock. A prospective, controlled
study. N Engl J Med 1984; 311: 1137-43.

8 Bollaert PE, Charpentier C, Levy B, et al. Reversal of late septic shock with
supraphysiologic doses of hydrocortisone. Crit Care Med 1998; 26: 645-
50.

9 de Gans J, van de Beek D; European Dexamethasone in Adulthood
Bacterial Meningitis Study Investigators. Dexamethasone in adults with
bacterial meningitis. N Engl J Med 2002; 347: 1549-56.

10 Annane D, Sebille V, Charpentier C, et al. Effect of treatment with low
doses of hydrocortisone and fludrocortisone on mortality in patients
with septic shock. JAMA 2002; 288: 862-71.

11 Confalonieri M, Urbino R, Potena A, et al. Hydrocortisone infusion for
severe community-acquired pneumonia: a preliminary randomized
study. Am J Respir Crit Care Med 2005; 171: 242-8.

12 European Society of Intensive Care Medicine. The ESICM Collaborative
Network: Corticus. Available at: http:/Avww.esicm.org/PAGE_corticus
(accessed Jul 2006).

13 Louillet FE Colas F, Outin HD, et al. Neuromuscular abnormalities in critical
illness. Rev Neurol (Paris) 2005; 161 (12 Pt 1): 1267-71.

14 Ligtenberg JJ. Relative adrenal insuffiency syndrome. In: Vincent JL,
editor. 2002 yearbook of intensive care and emergency medicine. Berlin:
Springer-Verlag, 492-8.

15 Bouachour G, Tirot P, Gouello JP, et al. Adrenocortical function during
septic shock. Intensive Care Med 1995; 21: 57-62.

16 Melarvie S, Jeevanandam M, Holaday NJ, Petersen SR. Pulsatile nature
of growth hormone levels in critically ill trauma victims. Surgery 1995;
117: 402-8.

17 Bornstein SR, Licinio J, Tauchnitz R, et al. Plasma leptin levels are
increased in survivors of acute sepsis: associated loss of diurnal rhythm,
in cortisol and leptin secretion. J Clin Endocrinol Metab 1998; 83: 280-3.

18 Annane D, Sebille V, Troche G, et al. A 3-level prognostic classification in
septic shock based on cortisol levels and cortisol response to cortico-
trophin. JAMA 2000; 283: 1038-45.

19 Sibbald WJ, Short A, Cohen MP. Wilson RF. Variations in adrenocortical
responsiveness during severe bacterial infections. Unrecognized adrenocor-
tical insufficiency in severe bacterial infections. Ann Surg 1977; 186: 29-33.

20 Barquist E, Kirton O. Adrenal insufficiency in the surgical intensive care
unit patient. J Trauma 1997, 42: 27-31.

21 Schein RM, Sprung CL, Marcial E, et al. Plasma cortisol levels in patients
with septic shock. Crit Care Med 1990; 18: 259-63.

22 Sainsbury JR, Stoddart JC, Watson MJ. Plasma cortisol levels. A compari-
son between sick patients and volunteers given intravenous cortisol.
Anaesthesia 1981; 36: 16-21.

23 Weitzman ED, Fukushima D, Nogeire C, et al. 24-hour pattern of the
episodic secretion of cortisol in normal subjects. J Clin Endocrinol Metab
1971; 33: 14-22.

24 Lejeune-Lenain C, Van Cauter E, Desir D. Control of circadian and
episodic variations of adrenal androgens secretion in man. J Endocrinol
Invest 1987; 10: 267-76.

25 Nicolau GY, Haus E, Lakatua DJ, et al. Endocrine circadian time structure
in the aged. Endocrinologie 1982; 20: 165-76.

26 Dickstein G, Shechner C, Nicholson WE, et al. Adrenocorticotropin
stimulation test: effects of basal cortisol level, time of day, and suggested
new sensitive low dose test. J Clin Endocrinol Metab 1991; 72: 773-8.

27 Venkatesh B, Mortimer R, Couchman B, Hall J. Evaluation of random
plasma cortisol and the low dose corticotropin test as indicators of
adrenal secretory capacity in critically ill patients: a prospective study.
Anaesth Intensive Care 2005; 33: 201-9.

28 Beishuizen A, Thijs LG, Vermes |. Patterns of corticosteroid-binding
globulin and the free cortisol index during septic shock and multitrauma.
Intensive Care Med 2001; 27: 1584-91.

29 Hamrahian AH, Oseni TS, Arafah BM. Measurements of serum free
cortisol in critically ill patients. N Engl J Med 2004; 350: 1629-38.

30 Ho JT, Al-Musalhi H, Chapman MJ, et al. Septic shock and sepsis: a
comparison of total and free plasma cortisol levels. J Clin Endocrinol
Metab 2006; 91: 105-14.

31 Cohen J, Venkatesh B, Galligan J, Thomas P. Salivary cortisol concentra-
tion in the intensive care population: correlation with plasma cortisol
values. Anaesth Intensive Care 2004; 32: 843-5.

32 Rothwell PM, Udwadia ZF, Lawler PG. Cortisol response to corticotropin
and survival in septic shock. Lancet 1991; 337: 582-3.

33 Tayek JA, Atienza VJ. Pituitary-adrenal axis function in systemic inflam-
matory response syndrome. Endocrine 1995; 3: 1055-9.

34 Moran JL, Chapman MJ, O’Fathartaigh MS, et al. Hypocortisolaemia and
adrenocortical responsiveness at onset of septic shock. Intensive Care
Med 1994; 20: 489-95.

35 Pepper GM, Maimon J, Schneider BS. Quantification and characteriza-
tion of ACTH-related peptides produced by human peripheral blood
mononuclear cells. Lymphokine Cytokine Res 1991; 10: 133-40.

36 Yildiz O, Doganay M, Aygen B,et al. Physiological-dose steroid therapy in
sepsis. Crit Care 2002; 6: 251-8.

37 Soni A, Pepper GM, Wyrwinski PM, et al. Adrenal insufficiency occurring
during septic shock: incidence, outcome, and relationship to peripheral
cytokine levels. Am J Med 1995; 98: 266-71.

38 Isidori AM, Kaltsas GA, Korbonitz M, et al. Response of serum macro-
phage migration inhibitory factor levels to stimulation or suppression of
the hypothalamic—pituitary—adrenal axis in normal subjects and patients
with Cushing’s disease. J Clin Endocrinol Metab 2002; 87: 1834-40.

39 Manglik S, Flores E, Lubarsky L, et al. Glucocorticoid insufficiency in
patients who present to the hospital with severe sepsis: a prospective
clinical trial. Crit Care Med 2003; 31: 1668-75.

40 Nye E, Grice JE, Hockings Gl, et al. ACTH stimulation tests in patients
with hypothalamic—pituitary disease: low dose, standard high dose and
8-h infusion tests. Clin Endocrinol (Oxf) 2001; 55: 625-33.

41 Rasmusson S, Olsson T, Hagg E. A low dose ACTH stimulation test to
asses the function of hypothalamo—pituitary—adrenal axis. Clin Endocri-
nol (Oxf) 1996; 44: 151-6.

42 Abdu TA, Elhadd TA, Neary R, Clayton RN. Comparison of the low dose,
the conventional ACTH test and the insulin test for assessment of HPA
axis in pituitary disease. J Clin Endocrinol Metab 1999; 84: 838-43.

43 Siraux V, De Backer D, Yalavatti G, et al. RAl in patients with septic shock:
comparison of low dose and conventional corticotropin tests. Crit Care
Med 2005; 33: 2479-86.

44 Malerba G, Romano-Girard F, Cravoisy A, et al. Risk factors for RAl in
intensive care unit patients requiring mechanical ventilation. Intensive
Care Med 2005; 31: 388-92.

45 Rydvall A, Brandstrom AK, Banga R. Plasma cortisol is often decreased in
patients treated in an intensive care unit. Intensive Care Med 2000; 26:
545-51.

46 Offner PJ, Moore EE, Ciesla DI. The adrenal response after trauma. Am J
Surg 2002; 184: 649-54.

47 Marik P, Zaloga GPI. Adrenal insufficiency during septic shock. Crit Care
Med 2003; 31: 141-5.

48 du Cheyron D, Lesage A, Daubin C. Hyperreninemic hypoaldosteronism:
a possible etiological factor of septic shock-induced acute renal failure.
Intensive Care Med 2003; 29: 1703-9.

49 Sam S, Corbridge TC, Mokhlesi B, et al. Cortisol levels and mortality in
severe sepsis. Clin Endocrinol (Oxf) 2004; 60: 29-35.

50 Span LF, Hermus AR, Bartelink AK, et al. Adrenocortical function: an
indicator of severity of disease and survival in chronic critically ill patients.
Intensive Care Med 1992; 18: 93-6.

51 Jarek MJ, Legare EJ, McDermott MT, et al. Endocrine profiles for
outcome prediction from the intensive care unit. Crit Care Med 1993;
21:543-50.

52 Drucker D. Variable adrenocortical function in acute medical illness. Crit
Care Med 1985; 13: 477-9. n]

380 Critical Care and Resuscitation e Volume 8 Number 4 ¢ December 2006



