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Rationale: Diagnosis of adrenal insufficiency in critically ill patients
has relied on random or cosyntropin-stimulated cortisol levels, and
has not been corroborated by a more accurate diagnostic standard.
Objective: We used the overnight metyrapone stimulation test to
investigate the diagnostic value of the standard cosyntropin stimu-
lation test, and the prevalence of sepsis-associated adrenal
insufficiency.
Methods: This was an inception cohort study.
Measurements and Results: In two consecutive septic cohorts (n !
61 and n ! 40), in 44 patients without sepsis and in 32 healthy
volunteers, we measured (1) serum cortisol before and after cosyn-
tropin stimulation, albumin,and corticosteroid-binding globulin levels,
and (2) serum corticotropin, cortisol, and 11!-deoxycortisol levels
before and after an overnight metyrapone stimulation. Adrenal insuffi-
ciency was defined by postmetyrapone serum 11!-deoxycortisol
levels below 7 "g/dl. More patients with sepsis (31/61 [59% of
original cohort with sepsis] and 24/40 [60% of validation cohort
with sepsis]) met criteria for adrenal insufficiency than patients
without sepsis (3/44; 7%) (p " 0.001 for both comparisons). Base-
line cortisol (" 10 "g/dl), # cortisol (" 9 "g/dl), and free cortisol
(" 2 "g/dl) had a positive likelihood ratio equal to infinity, 8.46
(95% confidence interval, 1.19–60.25), and 9.50 (95% confidence
interval, 1.05–9.54), respectively. The best predictor of adrenal in-
sufficiency (as defined by metyrapone testing) was baseline cortisol
of 10 "g/dl or less or # cortisol of less than 9 "g/dl. The best
predictors of normal adrenal response were cosyntropin-stimulated
cortisol of 44 "g/dl or greater and # cortisol of 16.8 "g/dl or
greater.
Conclusions: In sepsis, adrenal insufficiency is likely when baseline
cortisol levels are less than 10 "g/dl or delta cortisol is less than
9 "g/dl, and unlikely when cosyntropin-stimulated cortisol level is
44 "g/dl or greater or # cortisol is 16.8 "g/dl or greater.
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Almost one century after the original description of apoplexy
of the adrenal glands in septic shock (1), consensus is lacking
on diagnostic criteria to define adrenal insufficiency in critical
illness (2). In unstressed subjects, adrenal insufficiency is defined
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AT A GLANCE COMMENTARY

Scientific Knowledge on the Subject

Adrenal insufficiency may be a frequent complication of
critical illnesses such as severe sepsis, andmay be associated
with a worse outcome. Its diagnosis remains controversial.

What This Study Adds to the Field

Changes in serum total or free cortisol after corticotropin
bolus can be used to detect adrenal insufficiency in septic
patients.

by a cosyntropin-stimulated cortisol level less than 18–20 #g/dl
(3, 4). In critical illness, the diagnostic criteria for adrenal insuffi-
ciency have included a random cortisol level lower than 15 (2)
or 25 #g/dl (5), or a cortisol increment after cosyntropin stimula-
tion of 9#g/dl or less (2, 6). In patients with severe hypoproteine-
mia, adrenal insufficiency may be defined by serum free cortisol
level of less than 2.0 #g/dl at baseline or less than 3.1 #g/dl after
cosyntropin stimulation (7). We have recently provided data
underscoring the clinical significance of adrenal insufficiency
in patients with septic shock (8–11). After 250 #g cosyntropin
stimulation, patients with a cortisol increment of 9 #g/dl or less
(nonresponders to cosyntropin) had vasopressor hyporespon-
siveness (8), higher risk of death (9), and improved response to
prolonged corticosteroid supplementation (10, 11). However,
that nonresponders to cosyntropin had adrenal insufficiency re-
mains controversial.
In fact, the use of the cosyntropin stimulation test to assess

adrenal function may present some variability (12), and may
lead tomisdiagnosing secondary adrenal insufficiency (13).More
sensitive and cumbersome reference tests, such as insulin toler-
ance and metyrapone stimulation, have not been evaluated in
intensive care unit (ICU) patients (2). Today, the use of insulin
tolerance is impractical, because intensive insulin therapy has
become a standard of care for ICU patients (14, 15), and septic
shock is commonly associated with peripheral insulin resistance.
For this reason, we used the overnight single-dose metyrapone
stimulation test to investigate the diagnostic value of the stan-
dard 250-#g cosyntropin stimulation, and the prevalence of
sepsis-associated adrenal insufficiency.

METHODS

Study Population
The CCPPRB de St. Germain en Laye approved the study, and healthy
volunteers and patients or their relatives provided written informed
consent before enrolment.

Patients with Sepsis
All consecutive ICU patients were prospectively included if they had
severe sepsis or septic shock (16). Patients who were enrolled from
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February 2002 to May 2004 constituted the original cohort with sepsis,
and those recruited from December 2005 to April 2006 constituted the
validation cohort with sepsis.

ICU Patients with No Sepsis
From December 2005 to April 2006, ICU patients without sepsis who
were expected to have intact adrenal function and a short ICU stay
served as control subjects.
Exclusion criteria for patients with sepsis and those without sepsis

were as follows: age of less than 18 yr; pregnancy or breast-feeding;
history of infection with human immunodeficiency virus; any known
preexisting endocrine or liver disease (including any stage of cirrhosis,
acute or chronic viral hepatitis, alcoholic liver disease, or hepatic
tumors); any treatment with etomidate, glucocorticoids, estrogen, or
any drug interfering with the hypothalamic–pituitary adrenal axis in
the preceding 6 mo (4, 17).
At study entry, the following parameters were recorded: time from

ICU admission; age and sex; past medical history and estimated prognosis
of any underlying disease, stratified according to the criteria of McCabe
and Jackson (0, nonfatal; 1, ultimately fatal [i.e., " 5 yr]; or 3, rapidly
fatal [i.e., " 1 yr]) (18); severity of illness, as assessed by the Simplified
Acute Physiology Score (SAPS) II (scores can range from 0 to 163,
with higher scores indicating higher risk of death) (19); the Sepsis-
RelatedOrgan FailureAssessment (SOFA) score (score can range from
0 to 24, with scores for each organ system [respiratory, hematological,
hepatic, cardiovascular, neurological, and renal] ranging from 0 [nor-
mal] to 4 [most abnormal]) (20); and vital signs. Laboratory measure-
ments included arterial blood gas, with the ratio of the partial pressure
of arterial oxygen to the fraction of inspired oxygen, lactate levels,
blood and urinary electrolytes concentration, total white blood cells,
eosinophil and platelet counts, and serum levels of albumin and glucose.
On ICU admission, patients had blood samples drawn before and

60 min after a 250-#g cosyntropin administration. Later that day ($ 8 h),
patients received an overnight single-dose metyrapone stimulation test

Figure 1. Flow chart of patients assessed
for eligibility in the study.

(30mg/kg of the adrenal 11%-hydroxylase inhibitor,metyrapone, admin-
istered through the gastric tube at midnight during enteral nutrition);
(3) blood samples were drawn before the test and at 8 a.m. the following
morning. Then, 50 mg hydrocortisone was given intravenously every
6 h and 50 #g of fludrocortisone through the gastric tube once daily,
or for 7 d in nonresponders to cosyntropin (10). A total of 32 healthy,
sex-matched subjects (age, 16–72 yr) underwent similar tests.

Reference Standard for the Diagnosis of Adrenal Insufficiency
and Nonresponders to Cosyntropin
The metyrapone stimulation test is based upon the fact that low serum
cortisol levels normally stimulate secretion of the adrenocorticotropic
hormone (ACTH), corticotropin. Metyrapone blocks the conversion
of 11%-deoxycortisol to cortisol, the last step in the biosynthetic pathway
from cholesterol to cortisol. As a result, cortisol synthesis and secretion
fall while 11%-deoxycortisol accumulates in serum. Adrenal insuffi-
ciency was defined by an increment from baseline in 11%-deoxycortisol
concentration of less than 7 #g/dl at 8:00 a.m. while cortisol level had
fallen below 8 #g/dl (3). Those who also had a corticotropin level
of less than 150 pg/ml were considered as having secondary adrenal
insufficiency. We assumed that metyrapone was well absorbed, and that
results could be reliably interpreted when cortisol level at 8:00 a.m. was
less than 8 #g/dl and peak metyrapone level was 100 ng/ml or less.
Finally, patients with a cortisol increment after cosyntropin of 9 #g/dl
or less were considered to be nonresponders to cosyntropin; the re-
mainders were considered to be responders (9)

Hormonal Assays
Cortisol and corticosteroid-binding globulin were assayed at baseline
and 60 min after cosyntropin stimulation. Corticotropin, cortisol, 11%-
deoxycortisol, and metyrapone were assayed at baseline and at 8:00 a.m.
after metyrapone administration. Plasma corticotropin and cortisol levels
were measured using chemiluminescence immunoassays (Nichols
Institute Diagnostics, San Clemente, CA). The intra-assay and interassay
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coefficients of variation for corticotropin ranged from 1.2 to 4.2% and
from 6.4 to 8.4%, respectively, and those for cortisol ranged from 3.0 to
3.8% and from 3.5 to 6.7%, respectively. The serum corticosteroid-
binding globulin (CBG) levels were measured using a radioimmunoas-
say (CBG-RIA-100 kit; BioSource Europe S.A., Nivelles, Belgium),
with intra-assay and interassay coefficients of variation ranging from
2.9 to 3.9%and from 2.4 to 5.5%, respectively. Serum 11%-deoxycortisol
levels were measured using a specific time-resolved fluoroimmunoassay
after an extraction plus celite chromatography partition step (21). The
intraassay and interassay coefficients of variation ranged from 2.8 to
6.6% and from 4.6 to 7.9%, respectively. Serum levels of metyrapone
were measured using liquid chromatography with tandem mass spec-
trometry detection. The intraassay and interassay coefficients of varia-
tion ranged from 5.3 to 8.4% and from 9.3 to 14.7%, respectively. Free
cortisol levels were calculated using the Coolens method (22).

Statistical Analysis
Numeric variables were reported as medians (first and third quartiles)
and categorical variables as number of patients (percentages). Variables
were evaluated for an association with the diagnosis of adrenal insuffi-

TABLE 1. PATIENTS’ MAIN CHARACTERISTICS

Original Cohort Validation Cohort ICU Patients
with Sepsis with Sepsis without Sepsis

Variables (n ! 61) (n ! 40) (n ! 44)

Age, yr 67 (52:78) 61 (47:74) 50 (37:68)*
Sex, male 41 (67) 22 (55) 26 (59)
McCabe $ 0 14 (23) 15 (38) 7 (16)*†

Time from admission, d 1 (0:5) 1 (1:2) 1 (1:2)
SAPSII 48 (34:62) 41 (35:53) 33 (24:51)*†

Mean arterial pressure, mm Hg 65 (57:82) 67 (55:81) 74 (65:84)
SIRS criteria
Heart rate, beats/min 100 (91:130) 97 (83:110) 99 (78:111)
Core temperature, &C 38.6 (37.7:39.3) 37.0 (36.0:38.0) 37.0 (37.0:37.0)*†

Leucocytes, ' 103/mm3 11.3 (7.9:16.1) 10.5 (5.5:18.5) 9.2 (7.3:12.0)
Signs of organ hypoperfusion
Urine output, ml/h 60 (40:86) 56 (40:77) 65 (42:95)
PaO2/FIO2, mm Hg 189 (120:294) 179 (115:203) 204 (150:271)
Lactate, mmol/L 1.9 (1.3:2.5) 2.0 (1.0:2.8) 1.6 (1.0:2.0)
Platelets, ' 103/mm3 230 (148:368) 214 (141–280) 227 (183:284)
SOFA score 9 (5:12) 8 (5:11) 6 (3:7)*†

SOFA lung 3 (2:3) 3 (2:3) 2 (2:3)
SOFA cardiovascular 3 (1:4) 3 (0:4) 0 (0:1)*†

SOFA neurological 0 (0:3) 1 (0:2) 1 (0:3)
SOFA hepatic 0 (0:0) 0 (0:1) 0 (0:0)
SOFA renal 1 (0:3) 1 (0:2) 0 (0:1)*
SOFA coagulation 0 (0:1) 0 (0:1) 0 (0:0)
Mechanical ventilation 53 (87) 30 (75) 34 (59)*†

Vasopressors 44 (72) 29 (73) 6 (14)*†

Characteristics of infection
Positive blood cultures 22 (36) 8 (20) 0 (0)*†

Gram-negative bacteria 43 (71) 26 (65) —
Gram-positive bacteria 24 (39) 19 (48) —
Polymicrobial 22 (36) 15 (38) —
Negative cultures 8 (13) 4 (10) 44 (100)*†

Site of infection
Lung 42 (69) 26 (65) —
Abdominal 15 (25) 9 (23) —
Urinary tract 9 (15) 5 (13) —
Primary septicemia 6 (10) 3 (8) —
Other 7 (12) 2 (5) —
More than 1 site 21 (34) 14 (35) —
No site 2 (3) 0 (0) —

Outcome
Length of hospital stay, d 33 (16:48) 28 (15:48) 10 (4:25)*†

Hospital mortality 27 (44) 16 (40) 4 (9)*†

Definition of abbreviations: ICU ! intensive care unit; SAPS ! Simplified Acute Physiology Score; SIRS ! systemic inflammatory
response syndrome; SOFA ! Sepsis-Related Organ Failure Assessment.
Values are median (first quartile : third quartile) or n (%).
* p " 0.05 for comparison between nonseptic critically ill patients and original septic shock cohort.
† p " 0.05 for comparison between nonseptic critically ill patients and original septic shock cohort.

ciency with the use of Pearson’s(2 (or Fisher’s exact tests) for categorical
data, and the Mann-Whitney U test for numerical data. The groups
were compared with the use of analysis of variance (with subsequent
Bonferroni tests where appropriate) for numerical data, and the Pearson
(2 (or Fisher’s exact tests) for categorical data. The diagnostic accuracy
of total and free cortisol levels, and of ) total and free cortisol levels
after cosyntropin, was tested against the results of the overnight metyra-
pone test. We plotted ) and cosyntropin-stimulated values against base-
line values for total and free cortisol levels. We then determined, by
graphic analysis, cutoffs that best identified true negative tests (values
with highest specificity) for baseline, cosyntropin-stimulated, and ) of
total and free cortisol levels. We computed the positive likelihood ratio
for different cut-offs for each variable. The best test identified from
the original cohort with sepsis was retested in the validation cohort
with sepsis. Receiver operating characteristic curves were constructed
to illustrate various cutoffs of baseline, cosyntropin-stimulated, and
) total and free cortisol levels. We also computed a multiple stepwise
logistic-regression model using the original cohort with sepsis, in which
a p value of 0.15 or less was used as a criterion for entry into the model.
The predictors included any clinical or laboratory findings identified by
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a p value of less than 0.10 in univariate analysis, along with information
on total and free cortisol levels. Analysis was completed with Systat
10.0 (Systat Software, Inc., San Jose, CA), and a two-tailed p value of
0.05 or less indicated statistical significance.

RESULTS

Patients Characteristics

A total of 69 patients with sepsis were eligible for inclusion in
the study from February 2002 to May 2004, and 43 from Decem-
ber 2005 to April 2006. A total of 11 patients (8 and 3 in the
first and second study periods, respectively) were excluded: 2
with refractory shock died before a cosyntropin-stimulation test
could be performed, 8 did not tolerate enteral nutrition and
could not receive metyrapone, and 1 did not consent (Figure 1).
A total of 44 ICUpatients without sepsis were enrolled, including
11 patients with drug overdoses, 9 with acute cardiogenic pulmo-
nary edema, 5 with smoke inhalation–induced acute lung injury,
5 with status epilepticus, 4 with acute myocardial infarction,
4 with acute exacerbations of chronic obstructive pulmonary
disease, 3 with keto-acidosis, and 3 with acute pulmonary embo-
lism. As compared with patients without sepsis, patients with
sepsis were older, were more likely to have fatal underlying
comorbidities, mechanical ventilation, or vasopressor therapy,
had higher SAPSII and SOFA scores, temperature, and hospital
mortality rates, and greater lengths of stay (Table 1).

Hormonal Investigations

Metyrapone was well absorbed in all subjects, and plasmametyr-
apone levels (see Figure E1 in the online supplement) and 8:00
a.m. cortisol levels (Table 2) were comparable between patients
and healthy control subjects. The two groups with sepsis had
similar albumin, corticotropin, and hormonal levels (Table 2).
In comparison with healthy controls, both septic and patients
without sepsis had lower albumin (p " 0.001), CBG (p " 0.01),
and corticotropin (p ! 0.02) levels, higher baseline total (p !
0.03) and free (p ! 0.04) cortisol levels, and higher stimulated
free cortisol (p ! 0.02). In comparison with patients without
sepsis, more patients with sepsis had low albumin levels (p !
0.01).

TABLE 2. HORMONAL DATA IN PATIENTS AND HEALTHY VOLUNTEERS

Original Cohort Validation Cohort Critically Ill Healthy
with Sepsis with Sepsis without Sepsis Volunteers

Variables (n ! 61) (n ! 40) (n ! 44) (n ! 32)

Albumin, g/L 27 (21:34)* 39.0 (23.5:35.5)* 31 (27:37) 39 (38:41)
Albumin levels " 25 g/L 21 (34.4)*† 15 (38.5)*† 9 (21.9)* 0
Basal
Cortisol binding globulin 29 (24:37)* 30 (23:35)* 34 (25:46) 43 (36:46)
Cortisol, #g/dl 16.4 (13.0:38.8)* 17.8 (12.2:29.5)* 27.8 (19.8:34.6)* 12.6 (11.5:14.0)
Free cortisol, #g/dl 1.9 (0.6:4.6)* 1.5 (1.0:4.0)* 2.0 (1.0:5.0)* 0.7 (0.6:0.9)
11%-deoxycortisol, #g/dl 0.030 (0.010:0.124) 0.098 (0.040:0.175) 0.095 (0.051:0.250) 0.085 (0.040:0.120)
ACTH, pg/ml 12 (6:16)* 8 (4:18)* 6 (3:13)* 33 (28:37)
60 min after 250 #g ACTH
Cortisol binding globulin 30 (23:37)*† 28 (22:44)* 35 (26:47) 43 (38:48)
Cortisol, #g/dl 30.0 (22.5:43.7) 33.5 (13.0:47.0) 36.0 (24.0:58.5) 27.4 (25.9:28.6)
Free cortisol 5.2 (3.1:9.7)* 3.9 (2.6:7.0)* 4.0 (1.3: 8.8)* 2.6 (2.3:3.2)
) cortisol, #g/dl 12.5 (9.1:17.1) 11.6 (3.3:30.3) 12.5 (6.1:22.7) 14.5 (13.5:15.5)
) free cortisol 2.6 (1.1:4.7) 1.9 (0.4:4.0) 1.0 (0.0:3.0) 1.8 (1.7:2.2)
8 h after metyrapone (8 A.M.)
ACTH, pg/ml 83 (25:178) 83 (34:244) 143 (52:304) 165 (147:253)
11%-deoxycortisol, #g/dl 4.6 (1.1:12.2) 5.0 (2.0:13.1) 15.5 (12.0:21.0) 13.9 (10.8:18.8)
Cortisol, #g/dl 1.9 (1.0:6.1) 2.0 (1.0:5.5) 2.2 (1.3:5.7) 2.1 (1.2:6.1)

Definition of abbreviation: ACTH ! adrenocorticotropic hormone.
Values are median (first quartile : third quartile) or n (%).
* p " 0.05 for comparison with healthy volunteers.
† p " 0.05 for comparison with critically ill patients without sepsis.

More patients with sepsis (31/61 [59% from the original co-
hort with sepsis] and 24/40 [60% of the validation cohort with
sepsis]) met the criteria for adrenal insufficiency with themetyra-
pone test than patients without sepsis (3/44; 7%; p " 0.001 for
both comparisons) (Table 3). In addition, 29/36 (80%) and 16/
24 (67%) patients with sepsis had secondary adrenal insuffi-
ciency, as did 1/3 (33%) patients without sepsis (p ! 0.02 for
both comparisons). Similarly, more patients with sepsis had total
cortisol levels of less than 15 #g/dl than did patients without
sepsis.
Among the original cohort with sepsis, in comparison with

patients without adrenal insufficiency, those with adrenal insuf-
ficiency were more often vasopressor dependent (p" 0.01), had
higher SOFA cardiovascular scores (p ! 0.02), positive blood
cultures (p! 0.001), gram-negative sepsis (p" 0.01), and greater
risk of in-hospital death (relative risk, 2.66; 95% confidence
interval [CI], 1.17–6.06; see Table E1). At baseline, patients with
sepsis with adrenal insufficiency had lower free cortisol levels
than patients with sepsis without adrenal insufficiency (p! 0.04)
and patients without sepsis (p ! 0.04; Table E2). After cosyn-
tropin stimulation, patients with sepsis with adrenal insufficiency
had lower free cortisol levels (p ! 0.03) and lower ) total (p !
0.03) and ) free (p ! 0.04) cortisol than those without adrenal
insufficiency.

Diagnostic Value of Baseline, Cosyntropin-stimulated, and
Absolute Increment of Total and Free Cortisol Levels

As cutoffs associated with the highest specificity for adrenal
insufficiency, graphic analysis identified baseline total and free
cortisol levels of 10 #g/dl (specificity, 1; 95% CI, 1–1) and 0.8 #g/dl
(specificity, 0.95; 95% CI, 0.85–1), respectively; cosyntropin-
stimulated total and free cortisol levels of 20 #g/dl (specificity,
0.96; 95% CI, 0.87–1) and 2 #g/dl (specificity, 0.90; 95% CI,
0.76–1), respectively; and cosyntropin-stimulated increments in
total and free cortisol levels of 9 #g/dl (specificity, 0.96; 95%
CI, 0.87–1) and 2 #g/dl (specificity ! 0.84; 95% CI, 0.68–1),
respectively (Figure 2). The area under the receiver operating
characteristic curves were lower for baseline total and free corti-
sol levels (0.54 [95% CI, 0.34–0.65] and 0.59 [95%CI, 0.38–0.69],
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TABLE 3. ADRENAL FUNCTION IN PATIENTS AND HEALTHY VOLUNTEERS

Original Cohort Validation Cohort Critically Ill Healthy
with Sepsis with Sepsis without Sepsis Volunteers

Variables (n ! 61) (n ! 40) (n ! 44) (n ! 32)

Metyrapone test
8:00 A.M. 11%-deoxycortisol " 7 #g/dl 36 (59)*† 24 (60)* † 3 (7) 0 (0)
8:00 A.M. 11%-deoxycortisol " 7 #g/dl and ACTH " 150 pg/ml 29 (48)*† 16 (40)*† 1 (2) 0 (0)
Cosyntropin test
Cortisol " 15 #g/dl 22 (36)*† 14 (35)*† 8 (18)* 27 (84)
Free cortisol " 2 #g/dl 32 (54)* 19 (50)* 16 (41)* 32 (100)
) Cortisol * 9 #g/dl nonresponders 17 (28)* 15 (38)* 15 (34)* 0 (0)

For definition of abbreviation, see Table 2.
Values are n (%).
* p " 0.05 for comparison with healthy volunteers.
† p " 0.05 for comparison with critically ill without sepsis.

respectively) than for cosyntropin-stimulated total and free corti-
sol levels (0.69 [95% CI, 0.59–0.75; p ! 0.02] and 0.68 [95%
CI, 0.54–0.68; p ! 0.02]), and than for cosyntropin-stimulated
increments in total and free cortisol levels (0.73 [95% CI, 0.60–
0.84; p ! 0.01] and 0.71 [95% CI, 0.59–0.88; p ! 0.01]; Figure
E2).
A baseline total cortisol level less than 10 #g/dl, or cosyn-

tropin-stimulated increments in total cortisol less than 9 #g/dl
and free cortisol less than 2 #g/dl, were strong predictors of
adrenal insufficiency, having positive likelihood ratios equal to
infinity, 8.46 (95% CI, 1.19–60.25), and 9.50 (95%CI, 1.05–9.54),
respectively (Table E3). Furthermore, the combination “base-
line total cortisol level less than 10 #g/dl or ) total cortisol less
than 9 #g/dl” was the stronger predictor of the presence of
adrenal insufficiency. A cosyntropin-stimulated total cortisol

Figure 2. Plots of basal and absolute increment
(delta) in total cortisol concentration (A ), baseline
and cosyntropin-stimulated total cortisol concentra-
tion (B ), basal and absolute increment (delta) in
free cortisol concentration (C ), and baseline and
cosyntropin-stimulated free cortisol concentration
(D ). Vertical and horizontal straight lines indicate cut-
offs with higher specificity (i.e., 10 #g/dl for total
cortisol concentration [A and B, vertical line], 9 #g/
dl for delta of total concentration [A, horizontal line],
20 #g/dl for postcosyntropin total cortisol concen-
tration [B, horizontal line], 0.8 #g/dl for basal free
cortisol concentration (C and D, vertical line], and
2 #g/dl for delta of [C, horizontal line], and postco-
syntropin free cortisol level [D, horizontal line]).Open
circles, adrenal insufficiency; “'” symbols, normal
adrenal function; “+” symbols, control subjects.

level of 44 #g/dl or greater, and a cosyntropin-stimulated incre-
ment in total cortisol of 16.8 #g/dl or greater were predictive of
the absence of adrenal insufficiency (Table 4). In the “validation
cohort with sepsis,” this combination correctly classified the ad-
renal function in 34/40 patients, with a sensitivity of 0.83 (95%
CI, 0.74–0.95), a specificity of 0.88 (95% CI, 0.74–1.00), and a
positive likelihood ratio of 6.67 (95% CI, 1.80–24.68) (Table 5
and Figure 3).
Finally, in a multiple logistic regression analysis, the strongest

independent predictor of adrenal insufficiency was positive
blood cultures, with an odds ratio of 10.2 (95% CI, 1.8–57.2).

DISCUSSION

In the present study, adrenal insufficiency was identified in 60%
of patients with sepsis, and was associated with a greater likelihood



1324 AMERICAN JOURNAL OF RESPIRATORY AND CRITICAL CARE MEDICINE VOL 174 2006

TABLE 4. ACCURACY OF VARIOUS COMBINATIONS OF CORTISOL AT BASELINE AND CORTISOL RESPONSE TO COSYNTROPIN

Positive Negative Positive
Sensitivity Specificity Predictive Value Predictive Value Likelihood Ratio

Diagnostic Tests (95% CI) (95% CI) (95% CI) (95% CI) (95% CI)

Basal total cortisol concentration " 10 #g/dl or ) * 9 #g/dl 0.45 (0.26–0.63) 0.96 (0.87–1) 0.94 (0.86–1) 0.96 (0.89–1) 10.29 (1.47–72.27)
Basal total cortisol concentration" 10#g/dl or cosyntropin-stimulated
cortisol " 20 #g/dl 0.24 (0.08–0.39) 0.96 (0.87–1) 0.90 (0.78–0.99) 0.96 (0.88–1) 5.45 (0.74–40.25)
Basal free cortisol concentration " 0.8 #g/dl or ) " 2 #g/dl 0.57 (0.39–0.76) 0.84 (0.68–1) 0.87 (0.80–0.96) 0.90 (0.82–0.97) 3.62 (1.22–10.73)
Basal free cortisol concentration" 0.8 #g/dl or cosyntropin-stimulated
cortisol " 3.1 #g/dl 0.46 (0.28–0.65) 0.90 (0.76–1) 0.84 (0.76–0.95) 0.84 (0.77–0.96) 4.41 (1.12–17.36)

Definition of abbreviation: CI ! confidence interval.

of vasopressor dependency, severe cardiovascular dysfunction, and
higher risk for in-hospital death. Using the overnight single-dose
metyrapone stimulation test as a reference, the combination
of “baseline cortisol level less than 10 #g/dl or a cosyntropin-
stimulated total cortisol increment less than 9#g/dl” was the best
predictor of adrenal insufficiency. By contrast, the combination
“cosyntropin-stimulated cortisol level of 44 #g/dl or greater, and
an increment in total cortisol of 16.8 #g/dl or greater” excluded
the diagnosis of adrenal insufficiency.
The observed prevalence of adrenal insufficiency in sepsis

was higher than previously thought for critically ill patients (23).
However, this was the first time that adrenal function in ICU
patients was investigated using a test that assesses the whole
hypothalamic–pituitary–adrenal axis. All previous studies were
based on random cortisol levels or rapid corticotropin tests (2)
that may underdiagnose adrenal failure in comparison with me-
tyrapone testing (13). It is known that sepsis-induced cytokines
may blunt the hypothalamic pituitary axis (17). In addition, re-
cent data suggests that septic shock is associated with inducible
nitric oxide synthase–induced neuronal apoptosis in the hypo-
thalamus, which, in turn, may result in secondary adrenal failure
(24). All healthy control subjects, and most of the ICU patients
without sepsis, had normal metyrapone tests. In addition, pa-
tients with septic shock without adrenal insufficiency had re-
sponses to metyrapone that mimicked those of both healthy and
critically ill control subjects. The time window of more than
8 h left between the ACTH and metyrapone tests allowed the
avoidance of interference between the two tests, as previous
studies have shown that cortisol levels returned to baseline val-
ues around 6 h after a 250-#g dose of ACTH (25). The overnight
metyrapone test was feasible in almost all of the 112 screened
patients with sepsis, with full absorption of the drug and sufficient
inhibition of cortisol synthesis, excluding false-negative tests. All
patients subsequently received corticosteroid replacement for at
least 24 h, and tolerated the metyrapone test well.
In agreement with others (2), we found that fever, tachycar-

dia, hypotension, multiple organ dysfunction, hyponatremia, hy-
poglycemia, or increased eosinophil count were inadequate to

TABLE 5. VALIDATION OF THE DEFINITION OF ADRENAL INSUFFICIENCY IN 40 PATIENTS WITH SEPTIC SHOCK

Adrenal
Insufficiency

Positive Negative Positive
Predictive Predictive Likelihood

Sensitivity Specificity Value Value Ratio
(95% CI) (95% CI) (95% CI) (95% CI) (95% CI) Yes No

Basal total cortisol concentration " 10 #g/dl or ) * 9 #g/dl—YES 20 2
Basal total cortisol concentration " 10 #g/dl or ) * 9 #g/dl—NO 4 14
Diagnostic tests
Basal total cortisol concentration " 10 #g/dl or ) * 9 #g/dl—YES 0.83 0.88 0.9 0.88 6.67

(0.74–0.95) (0.74–1) (0.80–1) (0.81–0.99) (1.80–24.68)

Definition of abbreviation: CI ! confidence interval.

diagnose adrenal insufficiency. To the best of our knowledge,
the strong association between bacteremia and the presence of
adrenal insufficiency has not been previously reported. Until
additional studies are available, clinicians should consider adre-
nal function testing in patients with bacteremia.
Previous studies proposing a baseline cortisol level less than

15 #g/dl as a diagnostic criterion for adrenal insufficiency in
critically ill patients included a limited number of patients with
sepsis (2, 26). In the present study, on a larger andmore homoge-
nous group of patients with sepsis, a total cortisol level less
than 10 #g/dl more accurately predicted adrenal insufficiency,
in keeping with findings obtained from a cohort of ICU patients
with confirmed adrenal insufficiency (27). The present study
confirms the diagnostic value of a ) cortisol of less than 9 #g/dl
after 250 #g cosyntropin stimulation (2, 6, 9). Baseline free
cortisol level less than 0.8 #g/dl was more accurate in diagnosing
adrenal insufficiency than the previously suggested 2-#g/dl value
(7). This discrepancy between our study and that of Hamrahian
(7) might be explained by the use of different populations (i.e.,
sepsis upon ICU admission versus a heterogeneous population
with prolonged critical illness), or by difference in the determina-
tion of free cortisol level (calculated vs. measured). Nevertheless,
free cortisol levels obtained in healthy control subjects and pa-
tients from both studies were closely comparable. Because free
cortisol and CBG cannot be routinely measured in a timely
fashion, we recommend using total cortisol levels in patients
with sepsis.
Although most of our patients had septic shock, our findings

suggest that adrenal insufficiency might be underappreciated in
patients with severe sepsis. At present, little data are available
in the literature on the incidence of impaired adrenal function
in patients without septic shock. Similar to patients with septic
shock and adrenal insufficiency (10), a recent randomized study
reported a positive response to prolonged glucocorticoid supple-
mentation in patients with severe community-acquired pneumo-
nia; however, adrenal function was not tested (28). Another
recent, randomized, placebo-controlled, double-blind trial showed
a high prevalence of adrenal failure, as defined by a ) cortisol



Annane, Maxime, Ibrahim, et al.: Adrenal Failure in Sepsis 1325

Figure 3. Distribution of the 40 patients from the validation cohort with sepsis along a decision tree for adrenal insufficiency.

of less than 9 #g/dl in patients who failed to be weaned from
mechanical ventilation (29). Furthermore, when these patients
were treated with replacement doses of hydrocortisone, they
recovered to a probability of mechanical ventilation withdrawal
similar to that of patients with presumed normal adrenal
function.
In summary, physicians should systematically search for adre-

nal insufficiency in severe sepsis or septic shock, especially when
blood cultures are positive. Patients with a baseline total cortisol
level less than 10 #g/dl, or a cortisol increment after cosyntropin
less than 9 #g/dl, are very likely to have adrenal insufficiency.
Conversely, in patients with a cosyntropin-stimulated total corti-
sol level of 44 #g/dl or greater, or a cortisol increment after
cosyntropin stimulation of 16.8 #g/dl or greater, adrenal insuffi-
ciency can be ruled out. When the baseline cortisol level is
between 10 and 44 #g/dl, and the cortisol increment after cosyn-
tropin stimulation is between 9 and 16.8 #g/dl, assessment of
adrenal function requires metyrapone testing.
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