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EPTIC SHOCK REMAINS THE MOST

common cause of death in non-

coronary intensive care units

(ICUs).! To tackle this prob-
lem, numerous anti-inflammatory thera-
pies have been tested during the past de-
cade, but all of them have been unable
to improve survival in patients with se-
vere sepsis.? Thus, there is an urgent
need to better characterize septic pa-
tients with the worst outcome. Several
clinical prognostic factors have already
been identified (ie, preexisting under-
lying disease, presence of organ dys-
function, and severity of illness scores).?
Moreover, the hormonal profile has been
suggested to be a valid predictor of out-
come in critically ill patients.* How-
ever, a pathophysiologic derangement
that could help identify a group of pa-
tients who might benefit from a particu-
lar treatment has not been character-
ized yet.

The integrity of the hypothalamic-
pituitary-adrenal (HPA) axis is a major
determinant of the host’s response to
stress.”® During sepsis, the activation of
the HPA axis is highlighted by in-
creased corticotropin release from the pi-
tuitary gland,” enhanced adrenal secre-
tory activity,*® and high plasma cortisol
levels.'"* However, whether endoge-
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Context The hypothalamic-pituitary-adrenal axis is a major determinant of the host re-
sponse to stress. The relationship between its activation and patient outcome is not known.

Objective To evaluate the prognostic value of cortisol levels and a short corticotro-
pin stimulation test in patients with septic shock.

Design and Setting Prospective inception cohort study conducted between October
1991 and September 1995 in 2 teaching hospital adult intensive care units in France.

Participants A total of 189 consecutive patients who met clinical criteria for septic
shock.

Intervention A short corticotropin stimulation test was performed in all patients by
intravenously injecting 0.25 mg of tetracosactrin; blood samples were taken immedi-
ately before the test (TO) and 30 (T30) and 60 (T60) minutes afterward.

Main Outcome Measures Twenty-eight—day mortality as a function of variables
collected at the onset of septic shock, including cortisol levels before the corticotropin
test and the cortisol response to corticotropin (Amax, defined as the difference be-
tween TO and the highest value between T30 and T60).

Results The 28-day mortality was 58% (95 % confidence interval [CI], 51 %-65%) and
median time to death was 17 days (95% Cl, 14-27 days). In multivariate analysis, inde-
pendent predictors of death (P=.001 for all) were McCabe score greater than 0, organ
system failure score greater than 2, arterial lactate level greater than 2.8 mmol/L, ratio of
Pao, to fraction of inspired oxygen no more than 160 mm Hg, cortisol level at TO greater
than 34 pg/dL and Amax no more than 9 pg/dL. Three groups of patient prognoses were
identified: good (cortisol level at TO =34 pg/dL and Amax >9 pg/dL; 28-day mortality
rate, 26%), intermediate (cortisol level at TO 34 pg/dL and Amax =9 pg/dL or cortisol
level at TO >34 pg/dL and Amax >9 pg/dL; 28-day mortality rate, 67 %), and poor (cor-
tisol level at TO >34 pg/dL and Amax =9 pg/dL; 28-day mortality rate, 82%).

Conclusion Our data suggest that a short corticotropin test has a good prognostic
value and could be helpful in identifying patients with septic shock at high risk for death.
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nous glucocorticoid levels are ad-
equate or constitute an independent
predictor of death remains contro-
versial.!>!®> For instance, several stud-

ies showed that the higher the plasma
cortisol concentrations, the worse the pa-
tient’s outcome.*"1%%18 In contrast, other
studies reported lower cortisol levels in
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nonsurvivors compared with survi-
vors.'2! For this reason, in severe sep-
sis, the evaluation of the appropriate-
ness of the activation of the HPA axis
requires dynamic testing. In this re-
spect, the most commonly used test is
the short corticotropin stimulation test,
normal adrenal function being defined
by a plasma cortisol level (before or at
30 or 60 minutes after the injec-
tion of corticotropin) above 20 pg/dL.*
However, basal plasma cortisol levels are
commonly greater than 20 pg/dL in se-
vere sepsis and the use of the absolute
increase in plasma cortisol levels after
the intravenous injection of corticotro-
pin may be more useful to evaluate ad-
renal function.'>"* Indeed, occult adre-
nal insufficiency (ie, an absolute
increment of cortisol concentrations <9
pg/dL) after corticotropin may be asso-
ciated with impaired pressor respon-
siveness to norepinephrine” and a high
mortality rate.*** Such results must be
confirmed since other investigators have
not found any relationship between cor-
tisol response to corticotropin and sur-
vival from sepsis.*

In the context of renewed interest in
corticosteroids as therapy for septic
shock, 132123252730 we undertook a pro-
spective study to determine the inci-
dence of occult adrenal insufficiency in
septic shock patients and to assess the
factors associated with mortality, tak-
ing special interest in cortisol levels and
cortisol response to corticotropin.

METHODS
Study Population

All consecutive patients hospitalized in
the ICU of 2 teaching hospitals (Ray-
mond Poincaré hospital, Garches,
France, and Antoine Béclere hospital,
Clamart, France) between October 1991
and September 1995 were prospec-
tively enrolled in the study if they met
the following criteria for septic shock?:
(1) for less than 7 days, a systemic in-
flammatory response as defined by 2 or
more of the following: temperature
higher than 38.5°C or lower than 35.0°C,
heart rate of more than 90/min, respira-
tory rate of more than 20/min or Paco,
of less than 32 mm Hg or need for me-
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chanical ventilation, white blood cell
count of more than 12.0 X 10%L or less
than 4.0 X 10%L or containing more than
10% immature forms; (2) evidence for
anidus of infection; and (3) for less than
24 hours, systolic blood pressure of less
than 90 mm Hg (for at least 1 hour) de-
spite adequate fluid replacement and per-
fusion of 5 ng/kg/min or more of dopa-
mine or dobutamine, and the presence
of at least 2 signs of perfusion abnor-
malities (ie, lactic acidosis, oliguria, or
an abrupt alteration in the mental status).
Patients were not eligible if they had
known previous conditions that may
have disrupted the HPA axis.”®!3#* The
protocol was approved by our institu-
tional review board and informed con-
sent was obtained from the patient’s next
of kin.

Data Collection

Clinical Evaluation. At the onset of sep-
tic shock, the following variables were
recorded: (1) general characteristics in-
cluding age and sex, date of ICU admis-
sion, medical or surgical admission, es-
timated prognosis of any preexisting
underlying disease according to the clas-
sification of McCabe and Jackson® (non-
fatal, ultimately fatal, or rapidly fatal); (2)
severity of illness as assessed by the num-
ber of organ system failures (OSF
score),” Simplified Acute Physiology
Score 11,** and vital signs (temperature,
mean arterial pressure, heart rate, uri-
nary output); and (3) interventions (at
physician discretion) including volume
of fluid infusion per 24 hours, antibiot-
ics, type and titration of vasopressors,
corticosteroid therapy, need for mechani-
cal ventilation, insertion of a Swan-
Ganz catheter, and surgical procedure.

Laboratory Variables. At the onset
of septic shock, blood cultures and cul-
tures of specimen drawn from the site
of infection, hematologic and chemis-
try data, and arterial lactate and blood
gas determinations were done system-
atically. A short corticotropin stimula-
tion test was performed with 0.25 mg
of tetracosactrin (Synacthene, Ciba,
Rueil-Malmaison, France) given intra-
venously. Blood samples were taken
immediately before the test (T0) and 30

©2000 American Medical Association. All rights reserved.

(T30) and 60 (T60) minutes after-
ward. After centrifugation, plasma
samples were stored at 4°C and corti-
sol (normal range, 6-28 ng/dL) was mea-
sured by enzyme-linked fluorescent
assay (VIDAS Cortisol, Bio Mérieux SA,
Lyon, France). The cortisol response
(Amax) was defined as the difference
between TO and the highest of the T30
and T60 concentrations.

Follow-up. All patients were evalu-
ated for 28 days from inclusion in the
study. The evaluation of the following
variables was performed daily in each
patient during the shock: vital signs, he-
matocrit, total and differential leuko-
cyte counts, platelet count, plasma elec-
trolytes, glucose levels, serum creatinine
and liver function test, arterial lactate
and blood gases, and interventions, as
previously defined.

Statistical Analysis

Statistical analyses were conducted us-
ing SAS software package (Version 6.12,
SAS Institute, Cary, NC). We investi-
gated the prognostic value for the prob-
ability of dying based on patient char-
acteristics collected at the onset of septic
shock and on values obtained with the
short corticotropin test. We performed
univariate analyses in which the data
were compared between survivors and
nonsurvivors using the t test for con-
tinuous variables and x test for categori-
cal variables (or Fisher exact test as
appropriate). To perform survival analy-
ses, continuous variables were dis-
cretized according to their median value
but categorical variables remained un-
changed. Survival was estimated by the
Kaplan-Meier method and compared be-
tween groups with the log-rank test for
all the variables. Multivariate analyses
were performed using a logistic regres-
sion model to estimate the odds ratio of
dying (along with the 95% confidence in-
terval [CI]). Calibration of the logistic
model was assessed using the Hosmer-
Lemeshow goodness-of-fit test® to evalu-
ate the importance of the discrepancy
between observed and expected mortal-
ity. Discrimination was assessed using the
area under the receiver operating char-
acteristic (ROC) curve® to evaluate how
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well the model distinguished patients
who lived from those who died. A Cox
proportional hazards regression model
was used to assess variables related to
death. This model assumes that the ef-
fect of a variable on the instantaneous
death rate is constant over time. This as-
sumption was checked for all predictor
variables entered in the model.’” Step-
wise and backward selection proce-
dures were used for both regression mod-
els (logistic and Cox) to iteratively select
the variables that were significantly re-
lated to death, as assessed by the likeli-
hood ratio test. For all tests, P<<.05 was
considered statistically significant.

RESULTS
Patient Characteristics

Among the 189 patients admitted dur-
ing the study period, 96 (51%) were re-

cruited in the Garches center and 93
(49%) in the Clamart center. Of the 189
patients, 109 (58%; 95% CI, 51%-
65%) died within the 28-day period fol-
lowing the onset of septic shock, 3 pa-
tients died after 28 days (they died after
31, 62, and 66 days, respectively).
TABLE 1 shows patient characteristics
at the onset of septic shock and results
of the univariate analysis between the
survivor and nonsurvivor groups. The
McCabe and OSF scores and the Sim-
plified Acute Physiology Score II were
significantly associated with mortal-
ity. Among clinical and biological fac-
tors, mean arterial pressure, platelet
count, arterial lactate and pH, the ra-
tio of the Pao, to the fraction of in-
spired oxygen (F10,) were signifi-
cantly different between survivors and
nonsurvivors. Compared with survi-

]
Table 1. Clinical and Biological Data Collected at the Onset of Septic Shock*

Total Survivors Nonsurvivors P
Variable (N=189) (n=77) (n=112) Value

Age, y 63 (18) 62 (18) 64 (18) .45
Sext

Male 117 (62) 46 (60) 71 (63) ] 61

Female 72 (38) 31 (40) 41 (37)
McCabet

0 101 (54) 50 (65) 51 (46) 7]

1 65 (34) 22 (29) 43 (38) .02

2 23 ( 5 (6) 18 (16) _
Organ system failuret

0 6 ( 6 (8) 00

1 50 ( 33 (43) 17 (15)

2 64 ( 27 (35) 37 (33) < 001

3 54 ( 9(12) 45 (40)

4 13 ( 2(2) 11 (10)

5 2( 0() 22
Simplified Acute Physiology Score |I 58 (21) 49 (19) 64 (20) <.001
Temperature, °C 38.0 (1.9) 38.1(1.9) 37.9 (1.9 .51
Mean arterial pressure, mm Hg 59 ( 65 (21) 55 (18) <.001
Heart rate, beats/min 120 (28) 118 (27) 122 (29) .33
Leukocytes, X10%L 15.9(9.8) 15.98.8) 15.9 (10.5) .98
Platelets, xX10%/L 174 (129) 204 (140) 153 (117) .007
Lactate, mmol/L 3(4.1) 2.6 (2.0) 5(4.7) <.001
Arterial pH 7.32 (0.13) 7.36 (0.10) 7.29 (0.13) <.001
Pao,:FIo,, mm Hgt 184 (112) 222 (114) 157 (102) <.001
Cortisol, pg/dL§

Level before test 34 (28) 28 (18) 39 (33) .002

Maximum variation after test|| 11(17) 14 (12) 8(19) .01

*Values are expressed as mean (SD) unless otherwise indicated. P values are for comparison of survivors vs nonsur-

vivors.
TValues are expressed as number (percentage).
FFi0, indicates fraction of inspired oxygen.

§The short corticotropin test was used. To convert values for cortisol to nanomoles per liter, multiply by 27.6.
|Indicates variation between pretest plasma highest level and the level 30 and 60 minutes after test.
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vors, nonsurvivors had significantly
higher basal plasma cortisol levels (T0)
and lower cortisol response to cortico-
tropin (Amax). The mean maximum
[SD] doses of dobutamine during the
first 6 hours following the onset of sep-
tic shock were significantly lower in
survivors compared with nonsurvi-
vors (8.6 [4.5] vs 11.6 [6.4] ng/kg per
minute; P = .005). Treatment with hy-
drocortisone during the follow-up was
also less frequent in survivors com-
pared with nonsurvivors (12% vs 29%;
P =.006). The number of patients who
had documented infection, sites of
infection, and strains diagnosed at the
onset of septic shock are shown in
TABLE 2. Sites of infection were simi-
lar among survivors and nonsurvivors
whereas gram-positive microorgan-
isms were more common among non-
survivors and gram-negative microor-
ganisms were more common among
survivors (P = .008).

All variables found to be signifi-
cantly different between the survivor and
nonsurvivor groups, according to the
univariate analysis performed on pa-
tient characteristics at the onset of sep-
tic shock (apart from physician’s inter-
ventions, namely the administration of
catecholamines or hydrocortisone), were
entered into the logistic regression
model. Among those variables, the fol-
lowing 5 remained independently asso-
ciated with death: McCabe and OSF
scores, arterial lactate, Pa0o,:F10,, and
Amax (TABLE 3). Increases in the Mc-
Cabe and OSF scores were associated
with the highest odds of dying with 2.95
(95% CI, 1.56-5.59) and 2.41 (95% CI,
1.51-3.84), respectively. The Hosmer-
Lemeshow goodness-of-fit test showed
that the model was well calibrated with
P = 44 (a large P value indicating that
there is not a large discrepancy be-
tween observed and expected mortality).
The area under the ROC curve was
0.863, showing that the model discrimi-
nated well between patients who lived
and those who died.

Survival

The median time to death was 17 days
(95% CI, 14-27 days) for all patients.
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Univariate analysis was performed to
compare survival time distributions of all
variables collected at the onset of septic
shock using the log-rank test. Variables
associated with death were McCabe score
of more than 0 (P =.005), OSF score
greater than 2 (P<<.001), Simplified
Acute Physiology Score II greater than
55 (P<.001), mean arterial pressure of
60 mm Hg or less (P<<.001), arterial lac-
tate level greater than 2.8 mmol/L
(P<<.001), arterial pH of 7.33 or less
(P<.001), Pa0,:F10, of 160 mm Hg or
less (P =.002), TO greater than 26 pg/dL
(P =.003), and Amax of 8 pg/dL or less
(P<<.001). Among variables related to
physician interventions, higher doses for
dopamine (P = .04) and treatment with
hydrocortisone (P = .04) were signifi-
cantly associated with death.

Variables identified by the univariate
analysis with the log-rank test (apart
from physician interventions) were en-
tered in the Cox proportional hazards
regression model to identify the vari-
ables that have an important effect on
mortality. As shown in Table 3, 6 vari-
ables were selected as being indepen-
dently associated with mortality: Mc-
Cabe score of more than 0, OSF score
greater than 2, arterial lactate level
greater than 2.8 mmol/L, Pa0,:F10, of
160 mm Hg or less, TO greater than 26
pg/dL, and Amax of 8 ng/dL or less.

Cortisol Levels and Cortisol
Response to Corticotropin

We further investigated the prognostic
value of the short corticotropin test us-
ing univariate analyses (with x?, log-
rank tests, and ROC curves) and mul-
tivariate analyses (with logistic and Cox
models). The 2 variables, TO and Amax,
were first studied separately. The val-
ues of TO and Amax were discretized ac-
cording to their 25th, 50th, and 75th per-
centiles as well as to their mean value.
The reference value of 9 pg/dL** was
added for Amax.

As shown in TABLE 4, values of TO
larger than 34 pg/dL (mean) or even 45
pg/dL (75th percentile) were signifi-
cantly associated with death rates and
distribution of survival times, with the
smallest P value (x* and log-rank tests)

CORTISOL RESPONSE TO CORTICOTROPIN IN SEPTIC SHOCK

for 34 png/dL. With TO greater than 26
ng/dL (50th percentile), the difference
in the proportion of deaths was almost
significant (x* test) whereas the differ-
ence in the distributions of survival times
was significant (log-rank test). All the
threshold values of TO are displayed on

the ROC curve (FIGURE 1). The area un-
der the ROC curve was 0.620 and the
highest value reached for sensitivity and
specificity, which is usually close to the
intersection point between the ROC
curve and the second bisecting line, was
the threshold value of 26 pg/dL, which

]
Table 2. Patients Who Had Documented Infection, Sites of Infection, and Strains

Diagnosed at the Onset of Septic Shock™

Variable Total Survivors Nonsurvivors Vall::Je
Patients (N=189) (n=77) (n=112)
Who had positive microbial 153 (81) 58 (75) 95 (85) .10
documentation of infection
Who had positive 36 (19) 12 (16) 24 (21) .32
blood culture results
Sites of infection (N =223) (n=92) (n=131)
Lung 75 (34) 28 (30) 47 (36)
Abdominal 84 (38) 32 (35) 52 (40)
Cellulitis 219 9 (10 12 (9) .33
Genitourinary 23 (10) 14 (15) 9(7)
Others 20 (9) 9 (10 1© -
Microorganisms (N=210) (n=105) (n=105)
Gram-positive 85 (41) 33 (31) 52 (49) 7
Gram-negative 105 (50) 62 (59) 43 (41) 008
Fungi 17 (8) 10 (10) 7(7)
Others 3(1) 0(0) 3@ -

*Values are expressed as number (percentage). A patient could have more than 1 site of infection and microorganism.

]
Table 3. Multivariate Logistic and Cox Regression Analyses

Regression Odds Ratio P
Variable Coefficient (B) SE (95% Confidence Interval) Value
Logistic Regression™
Intercept -1.69 0.66 NA .01
McCabe 1.08 0.33 2.95 (1.56-5.59) <.001
Organ system failure 0.88 0.24 2.41 (1.51-3.84) <.001
Lactate, mmol/L 0.35 0.10 1.42 (1.16-1.73) <.001
Pao0,:FI0,, mm Hgt -0.006 0.002 0.99 (0.98-0.99) .001
Cortisol, ug/dLt§
Maximum variation after test -0.03 0.01 0.97 (0.95-0.99) .01
Cox Regression||
McCabe >0 0.61 0.20 1.84 (1.24-2.72) .003
Organ system failure >2 1.00 0.20 2.73 (1.84-4.06) <.001
Lactate >2.8 mmol/L 0.60 0.20 1.83(1.23-2.73) .003
Pao,:Flo, >160 mm Hgt -0.60 0.20 0.55 (0.37-0.81) .003
Cortisol, pg/dLt
Level before test >26 0.66 0.20 1.93 (1.30-2.85) .001
Maximum variation -0.89 0.21 0.41 (0.27-0.61) <.001

after test >8§

*Results of stepwise and backward selection procedures. Other variables entered in the model were Simplified Acute
Physiology Score Il, mean arterial pressure, platelets, arterial pH, and cortisol level before test. NA indicates not ap-

plicable.
1Fi0, indicates fraction of inspired oxygen.

FTo convert values for cortisol to nanomoles per liter, multiply by 27.6.

§Indicates variation between pretest plasma level and the level 30 and 60 minutes after test.

|Results of stepwise and backward selection procedures. All continuous variables are discretized according to their
median value. Other variables entered in the model were Simplified Acute Physiology Score Il of more than 55, mean
arterial pressure of more than 60 mm Hg, and arterial pH of more than 7.33.
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]
Table 4. x? and Log-Rank Tests for Death Rates and Distribution of Survival Times for Different Values of Cortisol Levels Before Test

and of Maximum Variation After Test*

Death Rates Survival Times

Threshold Values Plasma Total Survivors Nonsurvivors [ ] [ ]
(Percentile or Other) Level, pg/dL (N =189) n=77) (n=112) X2 P Value Log-Rank P Value
Cortisol Level Before Test

25 >17 141 (75) 53 (69) 88 (79) 2.3 13 2.3 13

50 >26 94 (50) 32 (42) 62 (55) 3.5 .06 9.0 .003
Mean >34 63 (33) 16 (21) 47 (42) 9.2 .002 20.0 <.001
75 >45 48 (25) 12 (16) 36 (32) 6.6 .01 15.9 <.001

Maximum Variation After Test

25 >2 140 (74) 65 (84) 75 (67) 7.2 .007 12.0 <.001
50 >8 94 (50) 51 (66) 43 (38) 141 .001 16.3 <.001
Reference value >9 86 (46) 50 (65) 36 (32) 19.8 .001 21.8 <.001
Mean >11 78 (41) 42 (55) 36 (32) 9.4 .002 11.1 <.001
75 >16 47 (25) 31 (40) 16 (14) 16.5 .001 14.5 <.001

*To convert values for cortisol to nanomoles per liter, multiply by 27.6.

|
Figure 1. Receiver Operating Characteristic
(ROC) Curves for Basal Plasma Cortisol
Levels (TO) and Maximum Variation of
Plasma Cortisol Between TO and 30 and 60
Minutes After Corticotropin Test (Amax)

Cutoff Points
O Basal Plasma Cortisol Level, pg/dL
0 Amax, pg/dL

Specificity

1 O.‘9 0}8 O.‘7 0?6 0?5 O.‘4 O.‘3 O.‘2 O.‘1 0

itivit

en

0 0102 03 04 05 06 07 08 09 1
1- Specificity

The ROC curves are generated by plotting the sensi-
tivity against 1 minus the specificity for each value of
TO and Amax. The threshold values that are indi-
cated for TO and Amax are the 25th, 50th, and 75th
percentiles and the mean values. The reference value
of 9 pg/dL also appears for Amax. The diagonal line
represents the second bisecting line. The areas under
the ROC curves were 0.620 and 0.686 for TO and
Amax, respectively. To convert values for cortisol to
nanomoles per liter, multiply by 27.6.

was associated with a sensitivity of 0.554
and a specificity of 0.584.

As shown in Table 4, all threshold
values chosen for Amax were signifi-
cantly associated with death rates and
distribution of survival times, with the

1042 JAMA, February 23, 2000—Vol 283, No. 8

smallest P value (x* and log-rank tests)
for 9 ng/dL (reference value). Using this
threshold, the estimate of the inci-
dence of occult adrenal insufficiency is
54% (95% CI, 47%-61%) in our septic
shock patients. All the threshold val-
ues of Amax are displayed on the ROC
curve (Figure 1). The area under the
ROC curve was 0.686 and the highest
value reached for sensitivity and speci-
ficity was the reference value 9 pg/dL,
which was associated with a sensitiv-
ity of 0.679 and a specificity of 0.649.

The highest values of the x* and log-
rank statistics were reached for 34 pg/dL
for TO whereas the highest values for
sensitivity and specificity were reached
for 26 pg/dL. For Amax, all results (x?
and log-rank tests, and ROC curve) were
in close agreement, leading to the same
choice for the threshold value, namely
9 pg/dL. Therefore, the following com-
binations of TO and Amax were stud-
ied: (1) TO of 26 or 34 pg/dL or less and
Amax greater than 9 pg/dL; (2) TO of 26
or 34 pg/dL or less and Amax of 9 pg/dL
or less or a TO greater than 26 or 34
pg/dL and Amax greater than 9 pg/dL;
(3) TO greater than 26 or 34 pg/dL and
Amax of 9 ng/dL or less. The informa-
tion provided by TO and Amax to-
gether, for both threshold values of TO
(26 and 34 pg/dL), was significantly as-
sociated with death rates and distribu-
tion of survival times (TABLE 5). How-
ever, the value of 34 ng/dL seems to be
amore informative cut-off value than 26

pg/dL. By using this threshold value,
compared with 26 pg/dL, the propor-
tion of survivors was a bit higher (70%
vs 68%) for combination 1 and the pro-
portion of survivors was a bit lower (18%
vs 20%) for combination 3. Moreover,
the highest values of the x? and log-
rank statistics were both reached with
34 pg/dL. Using this threshold, the like-
lihood ratios for survival were 3.42 for
TO of 34 pg/dL or less and Amax greater
than 9 ng/dLand 0.31 for TO greater than
34 pg/dL and Amax of 9 png/dL or less.
We included, in a multivariate logis-
tic regression model, TO and Amax
which were respectively discretized ac-
cording to their mean and reference val-
ues (34 pg/dL for TO and 9 pg/dL for
Amax), the combination of TO and
Amax, as well as the variables previ-
ously identified by the univariate analy-
sis (Table 1). As shown in TABLE 6, high
McCabe and OSF scores, high arterial
lactate, low Pa0,:F10,, TO greater than 34
pg/dL, and Amax of 9 pg/dL or less re-
mained independently and signifi-
cantly associated with death. The Hos-
mer-Lemeshow goodness-of-fit test
showed that the model was well cali-
brated with P = .75. The area under the
ROC curve was 0.884, showing that the
model discriminated well between pa-
tients who lived and those who died.
We also used Cox proportional haz-
ards regression model by adding TO,
Amax, and their combination in the
same manner as previously described to
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]
Table 5. x? and Log-Rank Tests for Death Rates and Distribution of Survival Times for Different Values of Cortisol Levels Before Test and

of Maximum Variation After Test*

Plasma Level, pg/dL

I 1
Cortisol Level

Death Rates Survival Times

Maximum Variation Total Survivors Nonsurvivors I 1 I |
BeforeTest After Test (N =189) (n=77) (n=112) X2 P Value Log-Rank P Value
=26 and >9 41 (22) 28 (36) 13(12) 7
=26 and =9
>26 and >9
>26 and =9 49 (26) 10 (13) 39 (35) _
=34 and >9 57 (30) 40 (52) 17 (15) 7]
=34 and =9
or :| 98 (52) 31 (40) 67 (60) 31.3 .001 41.6 <.001
>34 and >9
>34 and =9 34 (18) 68 28 (25) _|

*To convert values for cortisol to nanomoles per liter, multiply by 27.6.

the variables found to be significant in
the univariate analysis to identify the
variables that could have an important
relationship with mortality. This time,
the stepwise and backward selection pro-
cedures gave slightly different results. As
shown in TABLE 7, the stepwise selec-
tion procedure identified the following
variables as being independently asso-
ciated with mortality: McCabe score of
more than 0, OSF score greater than 2,
arterial lactate level of more than 2.8
mmol/L, Pa0,:F10, of 160 mm Hg or less,
TO greater than 34 pg/dL, and Amax of
9 pg/dL or less. The backward selec-
tion procedure gave slightly different re-
sults and identified the following vari-
ables as being independently associated
with mortality: McCabe score of more
than 0, OSF score greater than 2, mean
arterial pressure of 60 mm Hg or less,
arterial pH of 7.33 or less, Pa0,:F10, of
160 mm Hg or less, TO greater than 34
pg/dL, and Amax of 9 pug/dL or less.
FIGURE 2 shows the survival curves
for TO (= or >34 pg/dL), Amax (= or
>9 ng/dL), and the combination of TO
and Amax (TO =34 pg/dL and Amax
>9 pg/dL; TO =34 pg/dL and Amax
=9 pg/dL or TO >34 pg/dL and
Amax >9 pg/dL; and TO >34 pg/dL
and Amax =9 pg/dL). A total of 109
deceased patients instead of 112 are
taken into account in this figure be-
cause, as previously mentioned, 3 pa-
tients died after 28 days. Death oc-
curred more rapidly for patients with TO
greater than 34 pg/dL (median time to
death, 6 days [95% CI, 4-12 days]),
Amax of 9 pg/dL or less (median time

©2000 American Medical Association. All rights reserved.

]
Table 6. Multivariate Logistic Regression Analysis: Results of Stepwise and Backward
Selection Procedures

Odds Ratio

Regression (95% Confidence P
Variable* Coefficient (B) SE Interval) Value
McCabe 1.07 0.34 2.93(1.51-5.68) .002
Organ system failure 0.83 0.25 2.30 (1.41-3.75) <.001
Lactate, mmol/L 0.30 0.10 1.34 (1.12-1.62) .002
Pao,:Fio,, mm Hgt -0.008 0.002 0.99 (0.99-0.99) <.001

Cortisol, pg/dLt

Level before test >34§ 0.89 0.45 2.43(1.01-5.87) .05

Maximum variation -1.55 0.41 0.21 (0.09-0.47) <.001

after test >9||

*Qther variables entered in the model were Simplified Acute Physiology Score Il, mean arterial pressure, platelets, ar-
terial pH, and the combination of cortisol level before test and of maximum variation after test defined in 3 categories:
cortisol level before test of 34 pg/dL or less and maximum variation after test of more than 9 pg/dL; cortisol level
before test of 34 ug/dL or less and maximum variation after test of 9 pg/dL or less or cortisol level before test of more
than 34 pg/dL and maximum variation after test of more than 9 pg/dL; cortisol level before test of more than 34
pg/dL and maximum variation after test of 9 pg/dL or less.

1FI0, indicates fraction of inspired oxygen.

$To convert values for cortisol to nanomoles per liter, multiply by 27.6.

§Discretized according to its mean value.

[Indicates variation between pretest plasma level and the highest level 30 and 60 minutes after test. Discretized ac-
cording to the reference value.

]
Table 7. Multivariate Cox Regression Analysis: Results of Stepwise Selection Procedure

Odds Ratio

Regression (95% Confidence P
Variable* Coefficient (B) SE Interval) Value
McCabe >0 0.54 0.20 1.72 (1.16-2.56) .007
Organ system failure >2 1.12 0.21 3.05 (2.04-4.57) <.001

Lactate >2.8 mmol/L 0.52 0.21 1.69 (1.13-2.52) .01
Pao,:Fio, >160 mm Hgt -0.71 0.21 0.49 (0.33-0.74) <.001

Cortisol, pg/dLt

Level before test >34§ 0.97 0.20 2.63 (1.77-3.91) <.001
Maximum variation -0.88 0.21 0.41 (0.27-0.63) <.001

after test >9||

*All continuous variables were discretized according to their median value. Other variables entered in the model were
Simplified Acute Physiology Score Il of more than 55, mean arterial pressure of more than 60 mm Hg, arterial pH of
more than 7.33, and the combination of cortisol level before test and of maximum variation after test defined in 3
categories: cortisol level before test of 34 ug/dL or less and maximum variation after test of more than 9 pg/dL; cor-
tisol level before test of 34 pg/dL or less and maximum variation after test of 9 ug/dL or less or cortisol level before
test of more than 34 pg/dL and maximum variation after test of more than 9 pg/dL; cortisol level before test of more
than 34 pg/dL and maximum variation after test of 9 ug/dL or less.

1FI0, indicates fraction of inspired oxygen.

$To convert values for cortisol to nanomoles per liter, multiply by 27.6.

§Discretized according to its mean value.

[Indicates variation between pretest plasma level and the highest level 30 and 60 minutes after test. Discretized ac-
cording to the reference value.
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to death, 11 days [95% CI, 8-15 days]),
and for the following combination of TO
and Amax, a TO greater than 34 pg/dL
and Amax of 9 png/dL or less (median
time to death, 5 days [95% CI, 2-12

days]). Three different survival pat-
terns appear in Figure 2: (1) high (TO
=34 pg/dL and Amax >9 pg/dL; 28-
day mortality rate of 26%); (2) interme-
diate (TO =34 pg/dL and Amax =9

]
Figure 2. Survival Curves of Patients According to Basal Plasma Cortisol Levels (TO < or >34
pg/dL), Maximum Variation of Plasma Cortisol Between TO and 30 and 60 Minutes After
Corticotropin Test (Amax = or >9 pg/dL), and the Combination of TO and Amax

1.00

0.801

Basal Plasma Cortisol Level <34 pg/dL

0.601

0.40+

Probability of Survival

0.201

Basal Plasma Cortisol Level >34 pg/dL

1.00
0.80 -
Amax >9 pg/dL

0.60+

0.401

Probability of Survival

0.20+ Amax <9 pg/dL

Basal Plasma Cortisol Level <34 pg/dL, Amax >9 pg/dL

0.801

Basal Plasma Cortisol Level <34 pg/dL, Amax <9 pg/dL or

0.607 Basal Plasma Cortisol Level >34 pg/dL, Amax >9 pug/dL

0.40+

Probability of Survival

0.201 I

Basal Plasma Cortisol Level >34 pg/dL, Amax <9 pg/dL

0 T T T )
0 7 14 21 28

Time, d

Top, 62 of the 126 patients with TO of 34 pg/dL or less died compared with 47 of the 63 with TO of more than
34 pg/dL; P<.001 (log-rank test). Middle, 75 of the 103 patients with Amax of 9 pg/dL or less died compared
with 34 of the 86 patients with Amax of more than 9 pg/dL; P<.001 (log-rank test). Bottom, 15 of the 57 pa-
tients with TO of 34 pg/dL or less and Amax of more than 9 pg/dL died compared with 66 of the 98 patients with
TO of 34 pg/dL or less and Amax of 9 pg/dL or less or TO of more than 34 pg/dL and Amax of more than 9 pg/dL
and with 28 of the 34 patients with TO of more than 34 pg/dL and Amax of 9 pg/dL or less; P<.001 (log-rank
test). To convert values for cortisol to nanomoles per liter, multiply by 27.6.
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pg/dL or TO >34 pg/dL and Amax >9
pg/dL); 28-day mortality rate of 67%);
and (3) low (TO >34 pg/dL and Amax
=9 ng/dL; 28-day mortality rate of 82%).

COMMENT

In this study, we included ICU patients
with well-defined diagnosis of septic
shock, complete clinical and physiologi-
cal data, and a complete follow-up. The
study was mainly designed to assess, at
the early course of septic shock, the in-
cidence and the prognostic value of oc-
cult adrenal insufficiency.

The 28-day mortality from septic
shock was 58% (95% CI, 519%-65%). This
result is consistent with the 56% rate of
ICU mortality at 28 days recently re-
ported.® In our patients with septic shock,
the incidence of occult adrenal insuffi-
ciency was 54% (95% CI, 47%-61%).

Several factors have been suspected
to be associated with mortality in se-
vere sepsis and septic shock.>*** The
main prognostic factors reported to date
are age, severity of patient’s underlying
disease, number of organ system dys-
functions, severity of illness scores, hy-
pothermia, neutropenia, thrombocyto-
penia, lactic acidosis, multisource of
infection, positive blood culture, type of
infecting organism, blood concentra-
tions of endotoxin, and cytokines. Since
the initial reports of Waterhouse* and
Friderichsen,” the implication and prog-
nostic value of a secretory failure of the
adrenal glands in patients with severe
sepsis is still under debate.”

In the 189 patients with septic shock
included in our study, most of the fore-
going factors were significantly associ-
ated with mortality in the univariate
analyses. High basal plasma cortisol lev-
els and weak cortisol response to corti-
cotropin were also associated with mor-
tality. After multivariate analyses, only
6 factors remained independently asso-
ciated with death: ultimately or rapidly
fatal underlying disease, more than 2
OSFs, arterial lactate level greater than
2.8 mmol/L, Pa0,:F10, below 160
mm Hg, basal plasma cortisol levels above
34 pg/dL, and cortisol response to cor-

*References 4, 7-14, 16-21, 24-30, 46, 47
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ticotropin below 9 pg/dL. Thus, our study
suggests that basal plasma cortisol lev-
els are higher in the patients who have
the highest risk of mortality,*"'*!18 with
34 pg/dL as the best cut-off point to dis-
criminate between survivors and non-
survivors from septic shock. One third
of patients with septic shock had a basal
cortisol level above 34 pg/dL. This study
also shows that the weaker the cortisol
response the higher the risk of death.***»
A difference of 9 pg/dL between basal cor-
tisol levels and the highest of the 30-and
60-minute concentrations after cortico-
tropin was the best cut-off point to dis-
criminate between survivors and non-
survivors from septic shock. More than
50% of patients with septic shock had a
blunted cortisol response (Amax =<9
pg/dL). The combination of the value of
basal cortisol levels (= or >34 pg/dL)
and the highest value of the cortisol
response to corticotropin (= or >9
pg/dL) allowed us to define 3 different
patterns of activation of the HPA axis in
septic shock. These patterns were clearly
associated with 3 different outcomes.
First, 30% of our patients with septic
shock had what we consider to be
adequate HPA axis activation with abasal
cortisol level below 34 png/dL and a cor-
tisol response to corticotropin above 9
pg/dL. These patients had the lowest risk
of death and a median survival time of
more than 28 days. Second, almost 20%
of our patients with septic shock had a
basal cortisol level above 34 pg/dL with
an occultadrenal insufficiency (Amax =9
pg/dL). These patients had the highest
risk of death and a median survival time
of 5 days. Finally, more than 50% of our
patients with septic shock had a basal cor-
tisol level below 34 ng/dL and a cortisol
response to corticotropin below 9 ng/dL
or a basal cortisol level above 34 ng/dL
and a cortisol response to corticotropin
above 9 pg/dL. These patients had an
intermediate risk of death and a median
survival time of 12 days.

Thus, at onset of septic shock, basal
plasma cortisol values and cortisol re-
sponse to corticotropin appear as inde-
pendent predictors of 28-day mortality,
which allows us to propose a new prog-
nostic classification of 3 groups. This

CORTISOL RESPONSE TO CORTICOTROPIN IN SEPTIC SHOCK

3-level classification only requires a short
corticotropin test and has a good prog-
nostic value. It should therefore be help-
ful in identifying a group of patients at
high risk of death and in planning new
randomized trials, particularly to evalu-
ate the effectiveness of corticosteroids.
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