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ABSTRACT

BACKGROUND
Hydrocortisone is widely used in patients with septic shock even though a survival
benefit has been reported only in patients who remained hypotensive after fluid
and vasopressor resuscitation and whose plasma cortisol levels did not rise appro-
priately after the administration of corticotropin.

METHODS
In this multicenter, randomized, double-blind, placebo-controlled trial, we assigned
251 patients to receive 50 mg of intravenous hydrocortisone and 248 patients to
receive placebo every 6 hours for 5 days; the dose was then tapered during a 6-day
period. At 28 days, the primary outcome was death among patients who did not
have a response to a corticotropin test.

RESULTS
Of the 499 patients in the study, 233 (46.7%) did not have a response to corticotropin
(125 in the hydrocortisone group and 108 in the placebo group). At 28 days, there
was no significant difference in mortality between patients in the two study groups
who did not have a response to corticotropin (39.2% in the hydrocortisone group
and 36.1% in the placebo group, P=0.69) or between those who had a response to
corticotropin (28.8% in the hydrocortisone group and 28.7% in the placebo group,
P=1.00). At 28 days, 86 of 251 patients in the hydrocortisone group (34.3%) and 78
of 248 patients in the placebo group (31.5%) had died (P=0.51). In the hydrocorti-
sone group, shock was reversed more quickly than in the placebo group. However,
there were more episodes of superinfection, including new sepsis and septic shock.

CONCLUSIONS
Hydrocortisone did not improve survival or reversal of shock in patients with septic
shock, either overall or in patients who did not have a response to corticotropin,
although hydrocortisone hastened reversal of shock in patients in whom shock
was reversed. (ClinicalTrials.gov number, NCT00147004.)
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EVERE SEPSIS IS A MAJOR CAUSE OF MOR-

tality and morbidity worldwide.»? Septic

shock, the most severe manifestation, oc-
curs in 2 to 20% of inpatients.? The incidence of
the condition has been rising,* and a death rate
of 33 to 61% has been reported in the placebo
groups of multicenter trials.>#

The use of corticosteroids as an adjunctive
therapy has been controversial for decades.® After
the study by Schumer,° a short course of high-
dose corticosteroids became accepted therapy.
Subsequent studies, however, did not confirm a
survival benefit with this regimen and suggested
an increase in superinfection-related mortality.**3
Studies that have used lower doses of hydrocor-
tisone (200 to 300 mg per day) for longer dura-
tions have reported earlier reversal of shock+18
and improved survival.*»1¢ The prognostic impor-
tance of the response to corticotropin had been
recognized in critical illness previously,*2° and
the results in the hydrocortisone studies were par-
ticularly apparent in patients who did not have
a response to a corticotropin test. Meta-analy-
ses,2122 reviews,2° and guidelines?? have advocat-
ed the use of low-dose hydrocortisone in patients
with septic shock. These recommendations were
based primarily on a study of patients with sep-
tic shock who remained hypotensive after at least
1 hour of resuscitation with fluids and vasopres-
sors.'® In this study, a survival benefit was seen
in patients with no response to corticotropin who
received hydrocortisone and fludrocortisone. Our
trial, called the Corticosteroid Therapy of Septic
Shock (CORTICUS) study, evaluated the efficacy
and safety of low-dose hydrocortisone therapy in
a broad population of patients with septic shock
— in particular, patients who had had a response
to a corticotropin test, in whom a benefit was
unproven.®

METHODS

STUDY DESIGN

In this multicenter, randomized, double-blind,
placebo-controlled study, the protocol was ap-
proved by the ethics committee at each of the 52
participating intensive care units (ICUs). Patients
were enrolled from March 2002 to November
2005, after providing written informed consent.
In cases in which a patient lacked mental compe-
tency, consent was obtained either from a surro-
gate, the next of kin, or a legal representative

(with retrospective consent obtained from patients
who regained competency), according to national
regulations. An independent data and safety mon-
itoring board met after each of three interim
analyses. At the end of the study, a clinical evalu-
ation committee whose members were unaware
of study-group assignments assessed the appro-
priateness of antiinfective treatments.

The authors designed the study, gathered and
analyzed the data, and vouch for the complete-
ness and accuracy of the data and the analysis.
The sponsors had no role in the design and con-
duct of the study, in the collection, management,
analysis, or interpretation of the data, or in the
preparation, review, or approval of the manu-
script.

PATIENTS
Patients who were 18 years of age or older and
had been hospitalized in participating ICUs were
prospectively enrolled in the study if they met all
eligibility criteria. (For details, see Table 1 of the
Supplementary Appendix, available with the full
text of this article at www.nejm.org.) Inclusion
criteria were clinical evidence of infection, evi-
dence of a systemic response to infection, and
the onset of shock within the previous 72 hours
(as defined by a systolic blood pressure of <90
mm Hg despite adequate fluid replacement or a
need for vasopressors for at least 1 hour) and
hypoperfusion or organ dysfunction attributable
to sepsis. Notable exclusion criteria included
underlying disease with a poor prognosis, a life
expectancy of less than 24 hours, immunosup-
pression, and treatment with long-term cortico-
steroids within the past 6 months or short-term
corticosteroids within the past 4 weeks.

RANDOMIZATION
Randomization (in a 1:1 ratio) was stratified ac-
cording to study center in blocks of four with the
use of a computerized random-number generator
list provided by a statistician who was not in-
volved in the determination of eligibility, admin-
istration of a study drug, or an assessment of
outcomes. In each center, the study drug (hydro-
cortisone or placebo) was sealed in sequentially
numbered, identical boxes that contained the en-
tire treatment for each patient to be administered
sequentially. The sequence was concealed from
the investigators. All patients, medical and nurs-
ing staff members, pharmacists, investigators,
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and members of the monitoring board remained
unaware of study-group assignments throughout
the study period.

STUDY DRUGS
Hydrocortisone (Rotexmedica) was prepared in
vials containing 100 mg of hydrocortisone hemi-
succinate powder with ampules containing 2 ml
of sterile water diluent; the vials were then coded
and masked centrally (Klocke Verpackungs Ser-
vice). Vials containing placebo were identical to
those containing hydrocortisone. The study drugs
were administered as a 50-mg intravenous bolus
every 6 hours for 5 days, then tapered to 50 mg
intravenously every 12 hours for days 6 to 8, 50 mg
every 24 hours for days 9 to 11, and then stopped.
A total of 29 doses were given. Evidence-based
guidelines for the treatment of patients were en-
couraged.?*

DEFINITIONS
Organ-system failure was defined for each of the
six major organ systems as a Sequential Organ
Failure Assessment (SOFA) score of 3 or 4 points
(on a scale ranging from 0 to 4 for each organ
system, for an aggregate score of 0 to 24, with
higher scores indicating more severe organ dys-
function).?s Reversal of shock was defined as the
maintenance of a systolic blood pressure of at
least 90 mm Hg without vasopressor support for
at least 24 hours. Superinfection was defined as
a new infection occurring 48 hours or more after
the initiation of a study drug.2° New sepsis was
defined as a new septic episode with or without
microbiologic confirmation. New septic shock was
defined as a new episode of septic shock after
reversal of the initial episode. The absence of a
response to a corticotropin test was defined as
an increase in the cortisol level of no more than
9 ug per deciliter (248 nmol per liter).t°

DATA COLLECTION
Clinical Evaluation

The following data were recorded: general char-
acteristics of the patients, including demograph-
ic data, diagnoses, and recent surgery; the se-
verity of illness, as assessed by vital signs, the
Simplified Acute Physiology Score (SAPS) II (on a
scale from 0 to 163, with higher scores indicating
more severe organ dysfunction),?” and the SOFA
score?%; and interventions, including the type and
doses of vasopressors, antibiotics, and adjunc-

tive treatments such as corticosteroids and etom-
idate.

Laboratory Measures

Hematologic and chemical data, blood gas analy-
ses, and cultures of blood and other specimens
that were obtained from potential sites of infec-
tion were recorded. A short corticotropin test was
performed with the use of blood samples taken
immediately before and 60 minutes after an intra-
venous bolus of 0.25 mg of cosyntropin (Novartis
or Alliance). After centrifugation, serum samples
were stored at a temperature no higher than
—20°C until assayed. To reduce heterogeneity in
the determination of cortisol levels, all samples
were measured blindly and serially before inter-
im and final analyses in a central laboratory with
the use of the Elecsys cortisol assay (Roche Diag-
nostics).

FOLLOW-UP
During the 28-day period after randomization,
data were collected regarding vital signs, results
from laboratory tests and cultures of specimens
drawn from any new site of infection, and any
major interventions that were performed. Rates
of death at 28 days, in the ICU; in the hospital,
and at 1 year after randomization were recorded.

END POINTS
The primary end point was the rate of death at 28
days in patients who did not have a response to
corticotropin. Secondary end points were the rates
of death at 28 days in patients who had a response
to corticotropin and in all patients, the rates of
death in the ICU and in the hospital, the rates
of death at 1 year after randomization, a reversal of
organ system failure (including shock), and the
duration of the stay in the ICU and the hospital.

Safety was assessed by recording adverse events,
particularly superinfection, gastrointestinal bleed-
ing, hyperglycemia, hypernatremia, clinical mus-
cular weakness, stroke, acute myocardial infarc-
tion, and peripheral ischemia. Methods to enhance
the quality of measurements included holding
biannual meetings of investigators, sending news-
letters, and conducting random quality-assurance
evaluations.

STATISTICAL ANALYSIS
A sample size of 800 patients (400 per group)
was needed to achieve a statistical power of 80%
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to detect an absolute decrease in mortality of 10%
from an existing death rate of 50% in patients
who did not have a response to corticotropin (40%
of the total group). All analyses were performed
according to a prespecified plan. The population
was analyzed according to an intention-to-treat
principle. The rate of death from all causes at 28
days was analyzed with the use of Fisher’s exact
test for differences between study groups. A max-
imum overall two-sided probability of a type I
error of 5% was accepted. The test result was cor-
rected for two interim analyses for efficacy. Split-
ting the alpha error function was performed
according to the O’Brien-Fleming method (P=
0.0006, P=0.005, and P=0.047 for the first, sec-
ond, and final analysis, respectively).

The difference in the rate of death at 28 days
between the two study groups was considered to
have statistical significance if the stopping crite-
ria of the interim analysis were met or the two-
sided P value of the final analysis was less than
0.047. The differences between all other second-
ary efficacy variables were assumed to have statis-
tical significance for P values of less than 0.05.
Kaplan—Meier curves for cumulative survival dur-
ing the 28-day observation period were construct-
ed and compared with the use of the log-rank
test. The median time until the reversal of septic
shock was calculated with the use of Kaplan—
Meier analysis. Adverse events were reported for
the per-protocol population.

RESULTS

PATIENTS

Five hundred patients were enrolled in the study
(Fig. 1). One patient in the hydrocortisone group
was excluded because consent was withdrawn.
Of the remaining 499 patients, all met the entry
criteria, although 15 also fulfilled the exclusion
criteria (8 patients in the hydrocortisone group
and 7 in the placebo group) since 14 had received
previous corticosteroid therapy and 1 had under-
gone previous cardiopulmonary resuscitation.
Eighty-seven percent of patients in both the hydro-
cortisone group and the placebo group received
at least 90% of the doses of a study drug.

Of 499 patients in the study, 233 (46.7%) did
not have a response to corticotropin (125 in the
hydrocortisone group and 108 in the placebo
group); 254 patients (50.9%) did have a response
to corticotropin (118 in the hydrocortisone group
and 136 in the placebo group). Results were un-
known for eight patients in the hydrocortisone
group and four in the placebo group (2.4%).
Etomidate was used in 51 of 251 patients in the
hydrocortisone group (20.3%) and in 45 of 248
patients in the placebo group (18.1%) before
study entry and in 22 patients (8.8%) and 20 pa-
tients (8.1%), respectively, after study enrollment.
Among the 96 patients who had received etomi-
date, 58 did not have a response to corticotropin
(60.4%), as compared with 175 of 403 who did

500 Patients underwent randomization

252 Were assigned to receive
hydrocortisone

1 Withdrew consent

251 Underwent analysis in
intention-to-treat population

248 Were assigned to receive
placebo

248 Underwent analysis in
intention-to-treat population

Figure 1. Enrollment and Outcomes.
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not receive etomidate (43.4%, P=0.004). The me-
dian time between the last dose of etomidate
and enrollment was 14 hours (range, 1 to 67).

At baseline, the two study groups were well
balanced with regard to demographic character-
istics (Table 1), clinical characteristics (Table 2),
and the type and site of infection and infecting
organisms (Table 2 of the Supplementary Ap-
pendix).

PRIMARY END POINTS
Mortality

There was no significant difference between the
two study groups in the primary outcome, the
rate of death at 28 days among patients who did
not have a response to corticotropin. There were
49 deaths in 125 patients in the hydrocortisone
group (39.2%; 95% confidence interval [CI], 30.5
to 47.9) and 39 deaths in 108 patients in the pla-
cebo group (36.1%; 95% CI, 26.9 to 45.3; P=0.69).

Likewise, there was no significant difference in
the rate of death at 28 days in patients who had a
response to corticotropin. There were 34 deaths
in 118 patients in the hydrocortisone group (28.8%;
95% CI, 20.6 to 37.0) and 39 deaths among 136
patients in the placebo group (28.7%; 95% CI,
21.1t0 36.3; P=1.00). Overall, there were 86 deaths
in the hydrocortisone group (34.3%; 95% CI,
28.3 to 40.2) and 78 deaths in the placebo group
(31.5%; 95% CI, 25.6 to 37.3; P=0.51).

No differences in mortality were seen between
the study groups or between the corticotropin
subgroups at any other time point (Fig. 2 and
Table 3). Twenty-one post hoc analyses were per-
formed to elucidate the reasons for the rates of
death at 28 days in subgroups of patients. These
analyses showed that among patients with a sys-
tolic blood pressure persisting at less than 90
mm Hg within 30 hours after study entry, 31 of
69 patients in the hydrocortisone group (44.9%)

Table 1. Demographic Characteristics of the Patients, According to Subgroup.*
Characteristic No Response to Corticotropin Response to Corticotropin All Patients
Hydrocortisone Placebo Hydrocortisone Placebo Hydrocortisone Placebo
(N=125) (N=108) (N=118) (N=136) (N=251) (N=248)
Age —yr 63+13 63+15 62+14 64+16 63+14 63+15
Sex — no. (%)
Male 85 (68) 69 (64) 76 (64) 95 (70) 166 (66) 166 (67)
Female 40 (32) 39 (36) 42 (36) 41 (30) 85 (34) 82 (33)
White race — %7 119 (95) 101 (94) 110 (93) 125 (92) 236 (94) 228 (92)
Previous disease — no./total no. (%)
Hypertension 48 (38) 37 (34) 39 (33) 60/133 (45) 89 (35) 98/245 (40)
Coronary artery disease 20 (16) 26 (24) 17 (14) 21/133 (16) 37 (15) 47/245 (19)
Congestive heart failure 5 (4) 8(7) 4 (3) 12/133 (9) 10 (4) 20/245 (8)
Neurologic 19 (15) 10 (9) 14 (12) 14/133 (11) 33 (13) 25/245 (10)
Chronic obstructive pulmonary disease 14 (11) 12 (11) 11 (9) 17/133 (13) 27 (11) 29/245 (12)
Other pulmonary disorder 6 (5) 12 (11) 17 (14) 12/133 (9) 23 (9) 24/245 (10)
Cancer 27 (22) 21 (19) 18 (15) 16/133 (12) 47 (19) 37/245 (15)
Diabetes 22 (18) 19 (18) 28 (24) 37/133 (28) 51 (20) 56/245 (23)
Liver 14 (11) 10 (9) 9 (8) 7/133 (5) 23 (9) 17/245 (7)
Chronic renal failure 12 (10) 11 (10) 10 (9) 10/133 (8) 22 (9) 21/245 (9)
Admission category — no./total no. (%)
Medical 39 (31) 35/107 (33)  37/116 (32)  57/135(42)  80/249 (32)  93/246 (38)
Emergency surgery 69 (55) 63/107 (59) 66/116 (57) 67/135 (50) 138/249 (55)  132/246 (54)
Elective surgery 17 (14) 9/107 (8)  13/116 (11)  11/135 (8) 31/249 (12)  21/246 (9)
* Plus—minus values are means +SD.
7 Race was reported by the investigators.
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_ and 32 of 57 patients in the placebo group (56.1%)
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n 25° 3|3 8284 (84.7%; 95% CI, 78.3 to 91.2) and 104 of 136 in
- @ g gt‘i s the placebo group (76.5%; 95% CI, 69.3 to 83.6;
t .2 -8 P=0.13); and among all patients: 200 of 251 in
< = .
Q2 @ Il =3 2 ES § S g = % the hydrocortisone group (79.7%; 95% CI, 74.7 to
s CYsy 84.7) and 184 of 248 in the placebo group (74.2%;
o = ﬁg 95% CI, 68.7 to 79.6; P=0.18).
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Figure 2. Kaplan—Meier Curves for Survival at 28 Days.

For the comparison between patients with septic shock who received hydro-
cortisone and those who received placebo, there was no significant difference
among those who did not have a response to a corticotropin test (Panel A),
those who had a response to corticotropin (Panel B), and all patients who
underwent evaluation (Panel C).

for those who had a response to corticotropin,
2.8 days (95% CI, 2.1 to 3.3) versus 5.8 days
(95% CI, 5.2 to 6.9); and for those who did not
have a response, 3.9 days (95% CI, 3.0 to 5.2) ver-
sus 6.0 days (95% CI, 4.9 to 9.0).

The number of extubated patients on day 28
was similar in the two study groups: 119 of 228

118 N ENGLJ MED 358;2
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patients who underwent ventilation at baseline
in the hydrocortisone group (52%) and 113 of
212 patients in the placebo group (53%). For the
357 patients with cultured pathogens for their
primary infection, the clinical evaluation commit-
tee determined that appropriate antimicrobial
therapy was given to 126 of 173 in the hydrocor-
tisone group (72.8%) and 145 of 184 in the pla-
cebo group (78.8%). There was no significant dif-
ference in outcome between study groups among
patients receiving appropriate antibiotic therapy
and those receiving inappropriate therapy.

USE OF CORTICOSTEROIDS AND OTHER DRUGS
Eleven patients in the hydrocortisone group (4.4%)
and 10 patients in the placebo group (4.0%)
received corticosteroids after study enrollment
for allergic reactions, laryngeal edema, broncho-
spasm, brain edema, replacement of long-term
corticosteroid therapy whose history was unknown
at enrollment, acute respiratory distress syn-
drome, and septic shock. Five patients received
corticosteroids for septic shock after completion
of the course of a study drug. The numbers of
patients in both groups who received activated
protein C, antithrombin, or both were similar
(Table 2).

ADVERSE EVENTS
In the hydrocortisone group, there was an in-
creased incidence of superinfections, including
new episodes of sepsis or septic shock, with a
combined odds ratio of 1.37 (95% CI, 1.05 to
1.79); there was also an increased incidence of
hyperglycemia and hypernatremia (Table 4). Neu-
romuscular weakness was rarely reported.

DISCUSSION

In our study, the use of low-dose hydrocortisone
had no significant effect on the rate of death in
patients with septic shock at 28 days, regardless
of the patients’ adrenal responsiveness to corti-
cotropin. The proportion of patients in whom
reversal of shock was achieved was similar in the
two groups, though this goal was achieved ear-
lier in patients who received hydrocortisone.
These results are in marked contrast to those
of the study by Annane et al.,*® in which both
improved survival and reversal of shock were re-
ported in patients with no response to cortico-
tropin who received hydrocortisone plus fludro-
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Figure 3. Kaplan—-Meier Curves for the Time to Reversal of Shock.

For the comparison between patients with septic shock who received hydro-
cortisone and those who received placebo, P=0.06 for patients who did not
have a response to a corticotropin test (Panel A) and P<0.001 both for pa-
tients who had a response to corticotropin (Panel B) and for all patients
(Panel C).

cortisone. Differences between the two studies
may stem from several factors. First, the studies
involved dissimilar populations of patients. In the
Annane study, the patients had higher SAPS II
scores at baseline, and the entry requirement for
systolic blood pressure was less than 90 mm Hg
for more than 1 hour despite fluid and vasopres-

120 N ENGLJ MED 358;2
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sor therapy; there also was a much higher rate of
death at 28 days in the placebo group (61%, as
compared with 32% in our study). Second, en-
rollment in the Annane study was allowed only
within 8 hours after fulfilling entry criteria, as
compared with a 72-hour window in our study.
Third, fludrocortisone was not given to patients
in our study, since 200 mg of hydrocortisone
should provide adequate mineralocorticoid activ-
ity.2® Furthermore, absorption of oral fludrocor-
tisone is variable in the shock state. Although
an analysis of patients in our study who had
a systolic blood pressure that persisted below
90 mm Hg at 1 day after fluid and vasopressor
resuscitation showed a rate of death of 56.1% in
the placebo group and an absolute reduction in
mortality of 11.2% in the hydrocortisone group
(results that are similar to those reported by
Annane et al.), the subgroups of patients who
received a study drug within 12 hours after base-
line did not show any significant differences in
outcome.

As reported previously,***>18 our study showed
a decrease in the time to reversal of shock in the
hydrocortisone group. However, the total num-
ber of patients who underwent reversal of shock
was unaffected. It remains unclear why vascular
tone improves in some patients but not in oth-
ers. In an unexpected finding, the earlier rate of
reversal of shock was greater in patients who
had had a response to corticotropin but was not
associated either with survival benefit or a reduc-
tion in duration of stay in either the ICU or the
hospital. These findings may be unrelated to
adrenal insufficiency but could instead result from
a direct interaction with mechanisms producing
vascular hyporeactivity.2%3° Alternatively, the ef-
fect may be due to a more widespread antiin-
flammatory action of corticosteroids, which inhib-
it the expression of proinflammatory cytokines,
mediators, and receptors.3!

The duration of the administration of cortico-
steroids may be pertinent, with the possibility
that any gain that was achieved by an earlier
reversal of shock was counterbalanced by later
complications.® In the Annane study, corticoste-
roid treatment was stopped abruptly after 7 days,
whereas in our study, therapy was tapered from
day 5 to day 11. Tapering was used because of
the increase in proinflammatory mediators and
hemodynamic deterioration after abrupt cessation
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Table 4. Adverse Events (Per-Protocol Population).*

Event

Superinfection
Catheter-related
Lung
Gastrointestinal
Urinary tract
Wound
Other
New sepsis
New septic shock

Other adverse event
Anastomotic leak
Wound dehiscence
Repeat shock
Bleeding

Any

Gastrointestinal
Polyneuropathy
Multiple organ system failure
Refractory shock
Pulmonary
Renal
Neurologic

Hyperglycemia (glucose =150 mg/dl on any day
from day 1 to day 7)7

Hypernatremia (sodium =150 mmol/liter on any
day from day 1 to day 7)%

Possibly related to shock
Stroke
Acute myocardial infarction

Peripheral limb ischemia

Hydrocortisone Placebo Relative Risk
(N=234) (N=232) (95% CI)

78 (33) 61 (26) 1.27 (0.96-1.68)
3(1) 3(1) 0.99 (0.20-4.86)
34 (15) 30 (13) 1.12 (0.71-1.77)
22 (9) 19 (8) 1.15 (0.64-2.06)
11 (5) 10 (4) 1.09 (0.47-2.52)
9 (4) 7(3) 1.27 (0.48-3.37)
16 (7) 8 (3) 1.98 (0.87-4.54)
6 (3) 2(1) 2.97 (0.61-14.59)
14 (6) 5(2) 2.78 (1.02-7.58)
4(2) 4(2) 0.99 (0.25-3.92)
2(1) 2(1) 0.99 (0.14-6.98)
72 (31) 57 (25) 1.25 (0.93-1.68)
21 (9) 16 (7) 1.30 (0.70-2.43)
15 (6) 13 (6) 1.14 (0.56-2.35)
2(1) 4(2) 0.50 (0.09-2.68)
34 (15) 33 (14) 1.02 (0.66-1.59)
20 (9) 25 (11) 0.79 (0.45-1.39)
8 (3) 13 (6) 0.61 (0.26-1.44)
7(3) 6 (3) 1.16 (0.39-3.39)
1(<1) 1(<1) 0.99 (0.06-15.76)
186 (85) 161 (72) 1.18 (1.07-1.31)
67 (29) 42 (18) 1.58 (1.13-2.22)
3 (1) 1(<1) 2.97 (0.31-28.39)
14 (6) 13 (6) 1.24 (0.34-4.56)
0 1(<1)

no. of patients (%)

* Some patients had more than one adverse event. Relative risks are for the comparison between the hydrocortisone
group and the placebo group. To convert values for glucose to millimoles per liter, multiply by 0.05551.
7 For the diagnosis of hyperglycemia, 220 patients were evaluated in the hydrocortisone group and 225 patients in the

placebo group.

i For the diagnosis of hypernatremia, 231 patients were evaluated in the hydrocortisone group and 229 patients in the

placebo group.

of corticosteroids.” Our study showed an in-
creased incidence of superinfection, including
new episodes of sepsis or septic shock, in the
hydrocortisone group. Previous studies with high-
dose corticosteroids have shown similar find-

ings,** whereas the study conducted by the Acute
Respiratory Distress Syndrome (ARDS) Network32
using higher doses of corticosteroids and meta-
analyses of studies that used low doses?122 did not
report higher rates of infectious complications.
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Studies involving critically ill patients have re-
ported an association between corticosteroid
therapy and the incidence of neuromuscular
weakness.?23> We did not see this in our study,
although electrophysiological testing was not per-
formed. However, the duration of mechanical
ventilation was similar in the two study groups.
Finally, the increased glucose levels in the hydro-
cortisone group may have contributed to increased
mortality.3*

The use of etomidate for induction of anesthe-
sia in our study (in 26% of patients) was similar
to that in the Annane study (24%). Etomidate
has a low profile of cardiovascular complica-
tions,?* but a single dose can inhibit the metabo-
lism of corticosteroids for at least 24 hours in
patients who are critically ill.3® An association
between etomidate and the likelihood of adrenal
hyporesponsiveness was also found in our study.

The prognostic importance of adrenal insuf-
ficiency in septic shock is well described.'® Rou-
tine testing of adrenal function has been advo-
cated to guide corticosteroid therapy.*®1#-2 In
our study, a modest increase in the rate of death
at 28 days was seen in patients who did not have
a response to corticotropin (38%), as compared
with those who had a response (29%). However,
there was no difference in outcome in either sub-
group of the hydrocortisone group. The short
corticotropin test does not appear to be useful
for determining the advisability of corticosteroid
treatment in patients with septic shock, and our
results call into question the definition of rela-
tive adrenal insufficiency. Indeed, significant vari-
ability in cortisol levels has been described, de-
pending on the measurement methods used.3”
Studies have described the poor relationship be-
tween total and free cortisol levels®® and other
issues concerning the dose, timing, and type of
corticotropin.3®

The strengths of our study include the fact that
it was initiated by the investigators and involved
52 ICUs in nine countries. Limitations include the
lack of adequate power, since only 500 patients
were enrolled rather than the projected 800. This
was due to a combination of slow recruitment
(which was probably related to a loss of equi-
poise in view of the various guidelines recom-
mending corticosteroid use?3), termination of
funding, and time expiry of the trial drug. On

the basis of the current data, however, the likeli-
hood of seeing any difference in outcomes be-
tween the two study groups was unlikely. Final-
ly, 21 patients received open-label corticosteroids
(4.2%), although this finding was unlikely to
have had a material effect on the outcome.

In summary, the use of hydrocortisone did
not decrease mortality in a general population of
patients with septic shock, even though the drug
hastened reversal of shock. This lack of improve-
ment may be related to an increased incidence of
superinfection and new septic episodes. No ben-
efit was seen in a subgroup of patients who had
had no response to corticotropin, as was shown
previously for patients with severe septic shock.
This finding may be related to methodologic is-
sues surrounding the accurate diagnosis of adre-
nal insufficiency in critically ill patients or to a
decreased prognostic importance of this phenom-
enon in less severe shock. On the basis of these
findings, hydrocortisone cannot be recommend-
ed as general adjuvant therapy for septic shock
(vasopressor responsive), nor can corticotropin
testing be recommended to determine which pa-
tients should receive hydrocortisone therapy. Hy-
drocortisone may have a role among patients who
are treated early after the onset of septic shock
who remain hypotensive despite the administra-
tion of high-dose vasopressors (vasopressor un-
responsive).1®

Supported by a contract (QLK2-CT-2000-00589) from the Eu-
ropean Commission, the European Society of Intensive Care
Medicine, the European Critical Care Research Network, the
International Sepsis Forum, and the Gorham Foundation. Roche
Diagnostics provided the Elecsys cortisol immunoassay.

Presented in part at the 19th European Society of Intensive
Care Medicine meeting, Barcelona, September 27, 2006; at the
Society of Critical Care Medicine 36th Critical Care Congress,
Orlando, FL, February 19, 2007; and at the American Thoracic
Society International Conference, San Francisco, May 21, 2007.

Dr. Sprung reports receiving consulting fees from AstraZeneca,
Eisai, Eli Lilly, and GlaxoSmithKline, grant support from the
European Commission, Takeda, and Eisai, and lecture fees from
Eli Lilly and serving as a member of a data and safety monitor-
ing committee for Artisan Pharma, Novartis, and Hutchinson
Technology; Dr. Singer, receiving consulting fees from Eli Lilly
and Ferring; Dr. Kalenka, receiving lecture fees from Eli Lilly and
GlaxoSmithKline; Dr. Laterre, receiving consulting fees from Eli
Lilly; Dr. Cuthbertson, receiving consulting fees, grant support,
and lecture fees from Eli Lilly; Dr. Payen, receiving consulting
fees from Edwards Life Sciences, Eli Lilly, and Hutchinson Tech-
nology and grant support from Eli Lilly and Hutchinson Tech-
nology; and Dr. Briegel, receiving lecture fees from Biosyn and
serving on an adjudication committee for LEO Pharma. No

other potential conflict of interest relevant to this article was
reported.

N ENGLJ MED 358;2 WWW.NEJM.ORG JANUARY 10, 2008

Downloaded from www.nejm.org on November 23, 2009 . For personal use only. No other uses without permission.

Copyright © 2008 Massachusetts Medical Society. All rights reserved.



HYDROCORTISONE THERAPY FOR PATIENTS WITH SEPTIC SHOCK

APPENDIX

In addition to the authors, the following investigators and institutions participated in this study: Austria: Landeskrankenhaus Feldkirch,
Feldkirch: P. Fae; Krankenhaus Barmherzige Schwestern, Linz: J. Reisinger; Universitaetsklinik fuer Innere Medizin II, Vienna: G. Heinz; Belgium:
Hopital St. Joseph, Arlon: M. Simon; St. Luc University Hospital, Brussels: X. Wittebole, M.N. France; University Hospital Erasme, Université de Brux-
elles, Brussels: J.-L. Vincent, D. DeBacker; Centre Hospitalier Universitaire Charleroi, Chatleroi: P. Biston; France: Hopital de Caen, Caen: C. Daubin;
Hépital Raymond Poincaré, Garches: D. Lipiner, V. Maxime; Hopital Huriez, Lille: P.A. Rodie Talbere, B. Vallet; Hopital Caremeau, Nimes: J.Y.
Lefrant; Hopital Saint-Antoine, Paris: G. Offenstadt; Hopital Lariboisiere, Paris: A.C. Lukaszewicz; Germany: Zentralklinikum Augsburg, Augsburg:
G. Neeser, Y. Barth; Charité Universititsmedizin Berlin, Campus Virchow-Klinikum, Berlin: J. Langrehr, M. Oppert; Campus Charité Mitte, Berlin: C.
Spies, S. Rosseau; Campus Benjamin Franklin, Berlin: J. Weimann; Evangelisches Waldkrankenhaus Spandau, Berlin: M. Reyle-Hahn; St. Joseph
Krankenhaus, Berlin: M. Schmutzler; Vivantes Klinikum Spandau, Berlin: K.J. Slama; Vivantes Klinikum Neukoelln, Berlin: H. Gerlach; Vivantes
Klinikum im Friedrichshain, Berlin: S. Veit; Institute for Anesthesia and Operative Intensive Care Medicine, Darmstadt: M. Welte, L. Von Beck; Univer-
sity Hospital Carl Gustav Carus, Dresden: C. Marx; Krankenhaus Hennigsdorf, Hennigsdorf: A. Lange; Friedrich Schiller Universitdt, Jena: F. Bloos, F.
Brunkhorst; Klinikum Kempten-Oberallgaeu, Kempten: M. Haller; Klinikum Landshut, Landshut: U. Helms; Klinikum Mannheim, Mannheim: F.
Fiedler; Universitdtsklinikum Marburg, Marburg: M. Max; Klinikum der Universitdt, Ludwig Maximilians Universitdt, Munich: W. Hartl; Staedtisches
Krankenhaus Muenchen Harlaching, Munich: M. Klimmer, T. Helmer; Universitdt Erlangen-Namberg, Nuerenberg: M. Baumgaertel; Klinikum Ernst
von Bergman, Potsdam: D. Pappert; Israel: Haemek Hospital, Afula: A. Lev; Hadassah Medical Organization, Jerusalem: O. Shatz; Belinson Medical
Centre, Petach Tikva: P. Singer; Ichilov Hospital, Tel Aviv: A. Nimrod, P. Sorkine; Italy: Policlinico di Tor Vergata, Rome: S. Natoli; Centro di Rian-
imazione, Ospedale S. Eugenio, Rome: F. Turani; the Netherlands: Erasmus University Medical Center, Rotterdam: B. Van der Hoven; Portugal:
Hospital de St. Antonio do Capuchos, Lisbon: R. Matos; United Kingdom: Aberdeen Royal Infirmary, Aberdeen: S. Roughton; Ipswich Hospital Na-
tional Health Service (NHS), Ipswich: M. Garfield; General Infirmary at Leeds, Leeds: A. Mallick; University College London Hospitals NHS Foundation
Trust, London: M. McKendry; Southampton General Hospital, Southampton: T. Woodcock.

Committee members for the study were as follows: Steering Committee: C. Sprung (chair), D. Annane, J. Briegel, D. Keh, R. Moreno,
D. Pittet, M. Singer, Y. Weiss; Safety and Efficacy Monitoring Commiittee: J. Cohen (chair), C. Dore, T. Evans, N. Soni, F. Sorenson
(Analytica International); Study Coordinating Center: C. Sprung (physician coordinator), J. Benbenishty (nurse coordinator), A. Avidan,
E. Ludmir, J. Kabiri, K. Furmanov, B. Hain, O. Kalugin, I. Zack; Clinical Evaluation Committee: Y. Weiss (chair), D. Annane, J. Briegel,
S. Goodman, D. Keh, R. Moreno, M. Singer, C. Sprung; Berlin Coordinating Center: D. Keh (chair), A. Goessinger; French Coordinat-
ing Center: D. Annane (chair), N. Zinsou, D. Friedman; Munich Central Laboratory Harmonization: J. Briegel (chair), M. Vogeser; Sta-

tistical Analysis: Analytica International, F. Sorenson, K. Freivogel.

REFERENCES

1. Angus DC, Linde-Zwirble WT, Lidick-
er J, Clermont G, Carcillo J, Pinsky M.
Epidemiology of severe sepsis in the Unit-
ed States: analysis of incidence, outcome,
and associated costs of care. Crit Care
Med 2001;29:1303-10.

2. Moreno R, Afonso S, Fevereiro T. Inci-
dence of sepsis in hospitalized patients.
Curr Infect Dis Rep 2006;8:346-50.

3. MatotI, Sprung CL. Definition of sep-
sis. Intensive Care Med 2001;27:Suppl 1:
§3-89.

4. Annane D, Aegertner P, Jars-Guinces-
tre MC, Guidet B. Current epidemiology
of septic shock: the CUB-Réa Network. Am
J Respir Crit Care Med 2003;168:165-72.
5. Dellinger RP. Cardiovascular manage-
ment of septic shock. Crit Care Med 2003;
31:946-55.

6. Warren BL, Eid A, Singer P, et al.
High-dose antithrombin III in severe sep-
sis: a randomized controlled trial. JAMA
2001;286:1869-78. [Erratum, JAMA 2002;
287:192.]

7. Abraham E, Reinhart K, Opal S, et al.
Efficiacy and safety of tifacogin (recombi-
nant tissue factor pathway inhibitor) in
severe sepsis: a randomized controlled
trial. JAMA 2003;290:238-47.

8. Laterre PF, Levy H, Clermont G, et al.
Hospital mortality and resource use in
subgroups of the Recombinant Human
Activated Protein C Worldwide Evaluation
in Severe Sepsis (PROWESS) trial. Crit Care
Med 2004;32:2207-18.

9. Russell JA. Management of sepsis.
N Engl J Med 2006;355:1699-713. [Erra-
tum, N Engl J Med 2006;355:2267.]

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

11. Sprung CL, Caralis PV, Marcial EH, et
al. The effects of high-dose corticoste-
roids in patients with septic shock: a pro-
spective, controlled study. N Engl J] Med
1984;311:1137-43.

12. Lefering R, Neugebauer EAM. Steroid
controversy in sepsis and septic shock:
a meta-analysis. Crit Care Med 1995;23:
1294-303.

13. Cronin L, Cook DJ, Carlet]J, et al. Cor-
ticosteroid treatment for sepsis: a critical
appraisal and meta-analysis of the litera-
ture. Crit Care Med 1995;23:1430-9.

14. Bollaert PE, Charpentier C, Levy B,
Debouverie M, Audibert G, Larcan A. Re-
versal of late septic shock with supraphys-
iologic doses of hydrocortisone. Crit Care
Med 1998;26:645-50.

15. Briegel J, Forst H, Haller M, et al.
Stress doses of hydrocortisone reverse hy-
perdynamic septic shock: a prospective,
randomized, double-blind, single-center
study. Crit Care Med 1999;27:723-32.

16. Annane D, Sébille 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.

17. Keh D, Boehnke T, Weber-Carstens S,
et al. Immunologic and hemodynamic ef-
fects of “low-dose” hydrocortisone in
septic shock: a double-blind, randomized,
placebo-controlled, crossover study. Am J
Respir Crit Care Med 2003;167:512-20.

18. Oppert M, Schindler R, Husung C, et

al. Low dose hydrocortisone improves
shock reversal and reduces cytokine levels
in early hyperdynamic septic shock. Crit
Care Med 2005;33:2457-64.

19. Annane D, Sébille V, Troché G,
Raphaél JC, Gajdos P, Bellisant E. A 3-level
prognostic classification in septic shock
based on cortisol levels and cortisol re-
sponse to corticotrophin. JAMA 2000;283:
1038-45.

20. Cooper MS, Stewart PM. Corticoste-
roid insufficiency in acutely ill patients.
N Engl J Med 2003;348:727-34.

21. Annane D, Bellissant E, Bollaert PE,
Briegel J, Keh D, Kupfer Y. Corticosteroids
for severe sepsis and septic shock: a sys-
tematic review and meta-analysis. BMJ
2004;329:480-8.

22. Minneci PC, Deans KJ, Banks SM,
Eichacker PQ, Natanson C. Meta-analysis:
the effect of steroids on survival and
shock during sepsis depends on the dose.
Ann Intern Med 2004;141:47-56.

23. Dellinger RP, CarletJM, Masur H, et al.
Surviving Sepsis Campaign guidelines for
the management of severe sepsis and septic
shock. Crit Care Med 2004;32:858-73. [Er-
rata, Crit Care Med 2004;32:1448, 2169-70.]
24. Sprung CL, Bernard G, Dellinger RP.
Guidelines for the management of severe
sepsis and septic shock. Intensive Care Med
2001;27:Suppl 1:5128-5134.

25. Vincent JL, de Mendonca A, Cantraine
F, et al. Use of the SOFA score to assess
the incidence of organ dysfunction/failure
in intensive care units: results of a multi-
center, prospective study. Crit Care Med
1998;26:1793-800.

N ENGL) MED 358;2 WWW.NEJM.ORG JANUARY 10, 2008

Downloaded from www.nejm.org on November 23, 2009 . For personal use only. No other uses without permission.

Copyright © 2008 Massachusetts Medical Society. All rights reserved.

123



124

HYDROCORTISONE THERAPY FOR PATIENTS WITH SEPTIC SHOCK

26. Garner JS, Jarvis WR, Emori TG,
Horan TC, Hughes JM. CDC definitions
for nosocomial infections, 1988. Am J In-
fect Control 1988;16:128-40. [Erratum,
Am ] Infect Control 1988;16:177.]

27. Le Gall JR, Lemeshow S, Saulnier F.
A new Simplified Acute Physiology Score
(SAPS II) based on a European/North
American multicenter study. JAMA 1993;
270:2957-63. [Erratum, JAMA 1994;271:
1321.]

28. Axelrod L. Corticosteroid therapy. In:
Becker KL, ed. Principles and practice of
endocrinology and metabolism. 3rd ed.
Philadelphia: Lippincott, Williams & Wil-
kins, 2001:762-8.

29. Silverman HJ, Penaranda R, Orens JB,
Lee NH. Impaired beta-adrenergic recep-
tor stimulation of cyclic adenosine mono-
phosphate in human septic shock: associa-
tion with myocardial hyporesponsiveness
to catecholamines. Crit Care Med 1993;
21:31-9.

30. Saito T, Takanashi M, Gallagher E,
et al. Corticosteroid effect on early beta-

adrenergic down-regulation during circu-
latory shock: hemodynamic study and
beta-adrenergic receptor assay. Intensive
Care Med 1995;21:204-10.

31. Meduri GU, Muthiah MP, Carratu P,
Eltorky M, Chrousos GP. Nuclear factor-
kappaB- and glucocorticoid receptor alpha-
mediated mechanisms in the regulation
of systemic and pulmonary inflammation
during sepsis and acute respiratory dis-
tress syndrome: evidence for inflamma-
tion-induced target tissue resistance to
glucocorticoids. Neuroimmunomodulation
2005;12:321-38.

32. Steinberg KP, Hudson LD, Goodman
RB, et al. Efficacy and safety of cortico-
steroids for persistent acute respiratory
distress syndrome. N EnglJ Med 2006;354:
1671-84.

33. De Jonghe B, Sharshar T, Lefaucheur
JP, et al. Paresis acquired in the intensive
care unit: a prospective multicenter study.
JAMA 2002;288:2859-67.

34. Van den Berghe G, Wouters P, Weekers
F, et al. Intensive insulin therapy in criti-

cally ill patients. N Engl J Med 2001;345:
1359-67.

35. Reves JG, Glass PSA, Lubarsky DA,
McEvoy MD. Intravenous nonopioid anes-
thetics In: Miller RD, ed. Miller’s anesthe-
sia. 6th ed. Philadelphia: Churchill Living-
stone, 2005:317-78.

36. Absalom A, Pledger D, Kong A. Adre-
nocortical function in critically ill patients
24 h after a single dose of etomidate. An-
aesthesia 1999;54:861-7.

37. Cohen J, Ward G, Prins J, Jones M,
Venkatesh B. Variability of cortisol assays
can confound the diagnosis of adrenal
insufficiency in the critically ill popula-
tion. Intensive Care Med 2006;32:1901-5.
38. Hamrahian AH, Oseni TS, Arafah BM.
Measurements of serum free cortisol in
critically ill patients. N Engl J] Med 2004;
350:1629-38.

39. Arafah BM. Hypothalamic pituitary
adrenal function during critical illness:
limitations of current assessment methods.
J Clin Endocrinol Metab 2006;91:3725-45.
Copyright © 2008 Massachusetts Medical Society.

brief registration.

FULL TEXT OF ALL JOURNAL ARTICLES ON THE WORLD WIDE WEB
Access to the complete text of the Journal on the Internet is free to all subscribers. To use this Web site, subscribers should go
to the Journal’s home page (www.nejm.org) and register by entering their names and subscriber numbers as they appear on
their mailing labels. After this one-time registration, subscribers can use their passwords to log on for electronic access to the
entire Journal from any computer that is connected to the Internet. Features include a library of all issues since January 1993
and abstracts since January 1975, a full-text search capacity, and a personal archive for saving articles and search results of
interest. All articles can be printed in a format that is virtually identical to that of the typeset pages. Beginning 6 months after
publication, the full text of all Original Articles and Special Articles is available free to nonsubscribers who have completed a

N ENGLJ MED 358;2 WWW.NEJM.ORG JANUARY 10, 2008

Downloaded from www.nejm.org on November 23, 2009 . For personal use only. No other uses without permission.

Copyright © 2008 Massachusetts Medical Society. All rights reserved.



