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Abstract Objective: To investigate
adrenal responses to the low-dose
corticotropin (ACTH) stimulation test
in acute traumatic or non-traumatic
brain injury (BI) and to assess its
value in predicting outcome. Design:
Prospective study. Setting: Intensive
care unit (ICU) in a university hos-
pital. Patients and participants: Sev-
enty-five patients with acute BI,
with a median age of 45 years were
investigated. BI was due to trauma
(n=51), ischemic stroke (n=17), sub-
arachnoid hemorrhage (n=4) or in-
tracerebral hemorrhage (n=3).
Interventions: Blood was taken on
day 16 (median) after admission to
the ICU to determine baseline corti-
sol and ACTH. Thereafter, a low-
dose stimulation test (LDST) was
performed: 1 �g of tetracosactrin was
injected and 30 min later a second
blood specimen was obtained to
measure stimulated cortisol. Patients
having a stimulated cortisol below
500 nmol/l were defined as non-re-
sponders to the LDST. Measurements
and results: Median baseline and

stimulated cortisol were 491 nmol/l
and 690 nmol/l, respectively. The
median increment in cortisol was
154 nmol/l (range 5–579 nmol/l).
Mean ACTH was 46€21 pg/ml. Ten
(13%) patients were non-responders
to the LDST; these had a higher
mortality rate compared to patients
with adequate cortisol production (70
vs 32%, p=0.034). Logistic regres-
sion analysis revealed that APACHE
II (p<0.001), Glasgow Coma Scale
(GCS) (p=0.04) and age (p=0.02)
were independent outcome predic-
tors. In contrast, the increment in
cortisol (p=0.26) did not add to out-
come prediction. Conclusions: Adre-
nal hypo-responsiveness in the setting
of acute traumatic or non-traumatic
BI is not an independent outcome
predictor in the presence of high
APACHE II, low GCS and older age.
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Introduction

Severe illness is accompanied by activation of the hypo-
thalamic-pituitary-adrenal (HPA) axis, as demonstrated
by increased corticotropin (ACTH) and cortisol concen-
trations. High cortisol levels have a vital role in main-
taining vascular tone and endothelial integrity, and in
potentiating the vasoconstrictive action of the cate-
cholamines [1].

Impairment in the normal corticosteroid response is
now increasingly recognized in critical illness [2]. Some
investigations point to a relation between adrenocortical
dysfunction and mortality in severe illness [3], whereas
others do not [4]. Mechanisms regulating adrenocortical
secretion are in the cranial cavity and acute brain injury
(BI) as a result of trauma, hemorrhage or ischemia might
be expected to disturb these mechanisms. Thus, recently
we showed that a proportion of patients with head trauma
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may have diminished cortisol production due to primary
adrenal dysfunction or to hypothalamic-pituitary failure
[5].

The standard stimulation test using 250 �g of ACTH is
the most widely used diagnostic test for the detection of
adrenocortical insufficiency [6]. During the last decade it
has been shown that 1 �g is the lowest ACTH dose that
causes maximal adrenal stimulation [7]. The use of a
supra-physiological dose may lead to false-positive cor-
tisol responses and may cause the diagnosis of partial
hypoadrenalism to be missed, because it provides ex-
tremely high plasma ACTH concentrations [7]. The re-
sults of the low-dose stimulation test (LDST) correlate
with those of the insulin-induced hypoglycemia test [8],
the generally agreed reference standard for the evaluation
of the HPA axis [6], and are superior to those of the high-
dose ACTH test in detecting subtle defects of adrenal
reserves [9]. This test has been previously used in critical
illness [10].

To further expand our knowledge on adrenocortical
function in traumatic and non-traumatic BI, we measured
cortisol levels before and after stimulation with the LDST
during ICU stay. Our objective was: (a) to assess the
incidence of adrenocortical dysfunction and (b) to in-
vestigate whether cortisol responses predict outcome.

Materials and methods

Study population

This study included 75 consecutive patients with BI necessitating
admission to the ICU. Patients receiving medications known to
interfere with the HPA axis were excluded [1, 2]. Outcome was
defined as survival or death in the ICU. The institutional review
board approved the study and informed consent was obtained from
patients’ relatives.

Endocrine evaluation

Morning blood was taken for determination of baseline cortisol and
ACTH. Thereafter, a LDST was performed: 1 �g of freshly pre-
pared tetracosactrin (Synacthene, Novartis, Basel, Switzerland) was
injected as a bolus, and 30 min later a second blood specimen was
obtained for measurement of stimulated cortisol. Patients having
stimulated cortisol concentrations below 500 nmol/l were defined
as non-responders to the LDST [1].

Assays

Plasma cortisol was determined by a sensitive immunofluorometric
assay (Chiron, East Walpole, MA) (normal morning values for
unstressed individuals: 138–690 nmol/l). The assay has a detection
limit of 5.5 nmol/l and intra-assay coefficients of variation of 8.0%,
6.4% and 9.2% at cortisol concentrations of 150 nmol/l, 410 nmol/l
and 877.1 nmol/l, respectively. ACTH was measured by a highly
specific immunoradiometric assay (Nichols Institute Diagnostics,
San Juan Capistrano, CA) (normal values: 9–52 pg/ml). Inter- and
intra-assay coefficients of variation were 8% and 4%, respectively.

Statistical analysis

An initial assumption was made that 25% of the patients will be
non-responders to the LDST with a corresponding mortality rate of
70%. A sample size of 74 is needed to detect, with a power of 80%,
a two-fold decrease in mortality rate in responders as compared to
non-responders, with a two-sided test at the significance level of
5%. The data are presented as means € SD or medians and ranges.
Comparisons between the groups were performed by Mann-Whit-
ney U test or Fisher exact test. Spearman’s correlation coefficient
assessed the relationships between variables. Differences were
considered significant at p less than 0.05. Logistic regression
analysis with death as an outcome was performed with the fol-
lowing possible prognostic factors: age, sex, GCS on admission in
the ICU, APACHE II score on the day of endocrine evaluation,
multiple trauma, duration of critical illness as expressed by the
study day and increment in cortisol (stimulated minus baseline
cortisol). Non-significant variables were deleted by backward
elimination (deletion criterion p>0.05).

Results

Seventy-five (58 men) brain-injured patients with a me-
dian age of 45 years (range 15–80 years) were enrolled.
Brain injury was due to trauma (n=51), ischemic stroke
(n=17), subarachnoid hemorrhage (n=4) or intracerebral
hemorrhage (n=3). GCS on admission to the ICU ranged
from 4 to 13 (median: 7). APACHE II score on the day of
endocrine evaluation ranged from 4 to 23 (median: 9). In
view of the paucity of data regarding the responsiveness
to the LDST in BI patients, endocrine assessment was
performed at several time points following ICU admis-
sion: days 1–7, n=18; days 8–14, n=10; days 15–22,
n=22; days 23–30, n=13, days 31–60, n=9. Median
baseline and stimulated cortisol concentrations were
491 nmol/l (range 124–2,191 nmol/l) and 690 nmol/l
(range 171–2,208 nmol/l), respectively. The median in-
crement in cortisol was 154 nmol/l (range 5–579 nmol/l).
Baseline and stimulated cortisol were significantly related
(r=0.76, p<0.005). Mean ACTH was 46€21 pg/ml (n=45).
Albumin was 2.9€0.5 g/dl (range 1.8–4.2 g/dl). In ten
(13%) patients stimulated cortisol concentrations were
below 500 nmol/l. The clinical characteristics and hor-
monal studies of responders and non-responders to the
LDST are shown in Table 1. Responders had higher
baseline and stimulated plasma cortisol levels. Similarly,
the increment in cortisol was higher in responders. A
higher mortality rate was observed in non-responders
compared to responders (Table 1).

Logistic regression analysis revealed that significant
predictors of death were APACHE II (odds ratio =1.46,
95% C.I. 1.22–1.75, p<0.001), GCS (odds ratio =1.04,
95% C.I. 1.03–1.09, p=0.04), and age (odds ratio =1.05,
95% C. I. 1.01–1.10, p=0.02). The odds ratio of 1.46 in
APACHE II indicates a 46% increase in the probability of
dying per one unit increase in the scoring system. In
contrast, sex (p=0.70), multiple trauma (p=0.10), duration
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of critical illness (p=0.69) and the increment in cortisol
(p=0.26) did not add to outcome prediction.

Discussion

Acute traumatic BI may elicit abnormalities in the func-
tional integrity of the HPA axis in about 25% of patients
[11]. Similarly, abnormalities in the cortisol axis have
been described in a substantial number of patients early
after stroke [12]. In these studies the adequacy of cortisol
secretion was examined by the high-dose (250 �g) ACTH
stimulation test. In the present series the LDST was used
to evaluate HPA axis activity in BI patients during the
period of critical illness. Although based on data from
normal non-stressed volunteers, a “normal” cortisol re-
sponse to this test has been set at 18 �g/dl (500 nmol/l)
[1]; there is increasing evidence that this cut-off correlates
well with symptoms of relative adrenal insufficiency in
severe illness and predicts a beneficial response to stress
doses of glucocorticoids [10]. By using this cut-off level
we found that 13% of BI patients presented with inade-
quate cortisol responses.

The mechanism of the impaired cortisol response in
BI patients is currently unclear. A central defect is one
possibility. However, in this study diminished cortisol
responses were equally observed in the early and late
phases following BI. Because ACTH deprivation of short
duration may not be sufficient to induce adrenal atrophy,
another possibility is that adrenal dysfunction may have
developed in the context of critical illness, as recently
described [2].

There has been much debate about the prognostic
value of cortisol levels in severe illness. An inability to
mount an adequate cortisol response has been found to

increase the risk of death in septic shock [3], as seen in
patients with adrenal suppression by corticosteroids [13]
or etomidate [14]. In contrast, other studies failed to
confirm the association between cortisol responses and
mortality [4]. In line with this last report, we found that
adrenal hypo-responsiveness in BI is not an outcome
predictor in the presence of high APACHE II, low GCS
and advancing age. The reasons for such conflicting re-
sults are currently unclear; they might be explained by
the different criteria used to interpret the high- or low-
dose ACTH stimulation tests and the patient populations
studied.

The limitations of our study should be acknowledged.
First, the ACTH stimulation tests were performed at dif-
ferent times with respect to ICU admission. Although we
did not observe significant differences in cortisol re-
sponses depending on the time of testing, more research is
needed to determine if our results are applicable in BI
patients investigated in a predetermined time interval.
Second, we did not measure cortisol-binding globulin
(CBG). Patients in the ICU typically show an acute phase
response associated with a substantial fall in CBG and a
concomitant, high free cortisol index [15]. In such a sit-
uation the serum total cortisol might not reflect maximal
HPA axis activity. However, CBG levels normalize
within 7 days of the onset of critical illness [15]. The
great majority (75%) of our patients were evaluated be-
yond this time period and, thus, it is likely that total
cortisol is a satisfactory surrogate for adrenal function in
the present study.

In conclusion, adrenocortical impairment in acute BI
is not uncommon. This dysregulation does not represent
an independent outcome predictor for mortality in the
ICU.

Table 1 Clinical characteristics
and hormonal studies in re-
sponders and non-responders to
the low-dose stimulation test.
Values are medians with ranges
in parentheses, unless otherwise
designated

Responders Non-responders p value

(n=65) (n=10)

Age (years) 45 (15–75) 51 (25–80) NS
Sex (M/F) 49/16 9/1 NS
Type of brain injury

Traumatic (n) 43 8 NS
Non-traumatic (n) 22 2

Day of endocrine assessment after
admission to the ICU

15 (1–54) 22 (3–60) NS

GCS score 7 (4–13) 8 (4–13) NS
APACHE II score 8 (4–23) 14 (4–22) NS
Baseline cortisol (nmol/l) 505 (229–2,191) 306 (124–422) <0.001
Stimulated cortisol (nmol/l) 720 (496–2.208) 381 (171–472) <0.001
Increment in cortisol (nmol/l) 163 (5–580) 63 (8–166) 0.002
Percent increment in cortisol 26€14 20€13 0.24
ACTH, pg/ml 40 (7–119) 55 (4–115) NS
Mortality [n (%)] 21 (32%) 7 (70%) 0.034

GCS Glasgow Coma Scale, ACTH corticotropin, NS non-significant
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