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Abstract Introduction: Cortico-
steroids have been proposed to
decrease morbidity and mortality in
patients with septic shock. An impact
on morbidity should be anticipated to
be earlier and more easily detected
than the impact on mortality. Meth-
ods: Prospective, randomized,
double-blind, placebo-controlled
study of 28-day mortality in patients
with septic shock for <72 h who
underwent a short high-dose ACTH
test in 52 centers in 9 European
countries. Patients received 11-day
treatment with hydrocortisone or
placebo. Organ dysfunction/failure

was quantified by the use of the
sequential organ failure assessment
(SOFA) score. Results: From
March 2002 to November 2005, 499
patients were enrolled (hydrocorti-
sone 251, placebo 248). Both groups
presented a similar SOFA score at
baseline (hydrocortisone 10.8 + 3.2
vs. placebo 10.7 £ 3.1 points). There
was no difference in 28-day mortality
between the two treatment groups
(hydrocortisone 34.3% vs. placebo
31.5%). There was a decrease in the
SOFA score of hydrocortisone-treated
patients from day 0 to day 7 com-
pared to the placebo-treated patients
(p = 0.0027), driven by an improve-
ment in cardiovascular organ
dysfunction/failure (p = 0.0005) and
in liver failure (p < 0.0001) in the
hydrocortisone-treated patients. Con-
clusion: Patients randomized to
treatment with hydrocortisone dem-
onstrated a faster decrease in total
organ dysfunction/failure determined
by the SOFA score, primarily driven
by a faster improvement in cardio-
vascular organ dysfunction/failure.
This organ dysfunction/failure
improvement was not accompanied
by a decreased mortality.
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Introduction

The use of 28-day mortality has constituted the most
commonly chosen endpoint in sepsis studies. Mortality
is easy to define and measure, and represents a clinically
very relevant endpoint. Some authors, such as Petros,
have questioned the adequacy of all-cause mortality as
an endpoint [1]. In the case of sepsis and multiple organ
failure, studies require large numbers of patients with
their associated costs. Patients in intensive care, even
with strict inclusion criteria for sepsis or septic shock,
do not constitute a homogeneous population. Patients are
heterogeneous with different diagnoses, time courses,
ages, co-morbidities, sites of infection and invading
microorganisms. In addition, patients have different
degrees of physiological dysfunction resulting in diverse
mortality risks that are difficult to adjust for post-hoc by
general severity scores such as the APACHE II [2] or
the SAPS II [3]. Only one multicenter randomized
clinical trial in patients with severe sepsis and septic
shock demonstrated a decreased 28-day all-cause mor-
tality [4]. The study also showed an improved morbidity
evidenced by decreases in Sequential Organ Failure
(SOFA) scores [5]. Despite this fact the controversy over
the appropriate endpoint for clinical trials continues [6].
Morbidity and organ failure-free days in addition to
mortality have recently been proposed as endpoints [7].
The resolution of organ failure may represent a reason-
able outcome because it results in a reduction in
morbidity with less need for life support [8] and perhaps
even costs [9].

The Corticosteroid Therapy of Septic Shock (COR-
TICUS) study’s primary endpoint was 28-day all-cause
mortality in corticotropin non-responders. The analysis of
the presence, amount and evolution of organ failure was a
pre-planned secondary outcome. The hypothesis was that
patients treated with hydrocortisone when compared to
placebo would have a faster resolution of organ dys-
function/failure. The objective of this paper is to present
the results of this analysis and to discuss their
implications.

Materials and methods
Study design

The CORTICUS study was a multicenter, randomized,
double-blind, placebo-controlled study of hydrocortisone
therapy in patients with septic shock in 52 intensive care
units (ICUs) [10]. This article reports a preplanned anal-
ysis of the presence, amount and evolution of organ
dysfunction.

Study population

Patients were enrolled from March 2002 until 30
November 2005. All patients 18 years of age or above
were prospectively enrolled in the study if they met all
eligibility criteria including: (1) clinical evidence of
infection, (2) evidence of a systemic response to infection,
(3) evidence of shock within the previous 72 h defined by
a systolic blood pressure (SBP) <90 mmHg despite ade-
quate fluid replacement OR need for vasopressors for at
least 1 h, (4) hypoperfusion or organ dysfunction attrib-
utable to sepsis and (5) informed consent according to
local regulations. Main exclusion criteria included
underlying disease with a poor prognosis, immunosup-
pression and prior administration of corticosteroids [7].

Study treatment

The study drug was administered as a 50-mg intravenous
bolus every 6 h for 5 days, then tapered to 50 mg intra-
venously every 12 h for days 6-8, 50 mg every 24 h for
days 9-11 and then stopped. In the control group, a
matching placebo was used at similar times.

Data collection

Patient data included: (1) general characteristics including
demographics, diagnoses and recent surgery, (2) severity
of illness assessed by vital signs, Simplified Acute
Physiology Score (SAPS) II [11], and (3) interventions
including type and doses of vasopressors. Laboratory
variables included hematological, chemistry and blood
gas determinations. Cultures of blood and other potential
sites of infection were recorded. A short corticotrophin
(ACTH) test was performed using blood samples taken
immediately before and 60 min after an intravenous
bolus of 0.25 mg tetracosactrin (Novartis, Nuremberg,
Germany or Alliance, Chippenham, UK).

During the 28-day period post-randomization, data were
collected for vital signs, laboratory results, cultures and any
major intervention. Mortality at 28 days was recorded.

Definitions

Organ system dysfunction/failure was assessed by the
Sequential Organ Failure Assessment (SOFA) score [12],
and computed at study baseline (day 0) and at days 1-7,
14 and 28. A score of 1 or 2 points in each of the six
organ/systems was considered as evidence of organ dys-
function, and a score of 3 or 4 points was considered as
evidence of organ failure. Organ failure reversal was
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defined as a score or sub-score below 3 in patients with an
initial score of >3. Maximum and delta SOFA scores
were calculated as described previously [13]. Reversal
of shock was defined as the maintenance of a SBP
>90 mmHg without vasopressor support for >24 h. A
new septic shock episode was defined as a new episode of
septic shock after reversal of the initial septic shock. Non-
responders to the corticotropin test were defined by a
cortisol increase <9 pg/dl.

Study outcomes

The main outcome of this trial was all-cause mortality at
day 28. This specific study targeted the secondary end-
point of organ system failure reversal for each organ,
especially shock.

Statistical analysis

All analyses were performed according to a pre-estab-
lished plan. The population was analyzed by an “intention
to treat” principle. All results of organ dysfunction/failure
are presented as mean =+ standard deviation with mini-
mum and maximum values indicated by brackets.

Since data were gathered over time on the same
patient, mixed effects models that are appropriate for
clustered and dependent data were used to study the
relationship between the treatment arms and the course
of SOFA scores [14]. SOFA analyses were restricted to
day 0-7 measurements since no consecutive daily data
were available thereafter. Normal distributions and a
linear relationship with time were assumed. To test for
time by treatment interaction on the SOFA components
(measured on categorical scales ranging from 0 to 4),
multinomial regression models were used [15]. To assess
the underlying assumption of randomly missing data,
differences in available data were checked over time
across randomized groups by generalized linear models
with binomial link. Finally, to account for the potential
competing risks of death in the ICU, the effect of treat-
ment was assessed on the cumulative incidence of organ
failure reversal, taking into account death prior to reso-
lution as a competing event; cumulative incidence curves
were then compared by the Gray test. All tests and
p-values presented were two-sided. All statistical analy-
ses and model fits were based on standard statistical
packages (R and SAS).

Results

During the study period, 499 patients were analyzed (251
in the hydrocortisone group and 248 in the placebo

group). At baseline, the two groups were well balanced
for demographics, clinical characteristics, the type and
site of infection, and infecting microorganisms as previ-
ously reported [10]. There were 233 (46.7%) corticotropin
nonresponders (hydrocortisone 125; placebo 108) and 254
(50.9%) responders (hydrocortisone 118; placebo 136).
As reported previously, there was no difference in 28-day
mortality between patients assigned to hydrocortisone or
placebo, respectively, in the overall population (34.3 vs.
31.5%) or in patients responding (28.8 vs. 28.7%) or not
responding to corticotropin (39.2 vs. 36.1%) [7].

The course of the total SOFA score over the first week
in the two treatment groups is displayed in Fig. 1. No
evidence of any difference between available data across
randomized groups was observed (data not shown). The
total SOFA score was similar at baseline in both groups
[hydrocortisone: 10.8 £ 3.2 (4-21); placebo: 10.7 £ 3.1
(3-21); p = 0.55; Table 1]. Thereafter, a significant time
effect was observed (p < 0.0001) together with a time by
treatment interaction (p = 0.0025). The rate of decrease
in SOFA score from day 0O to day 7 in the placebo group
was approximately 75% of that observed in the hydro-
cortisone group. The hydrocortisone patients had a greater
and faster decrease in the cardiovascular component
(p < 0.0001) as well as the liver component (p < 0.0001)
(Fig. 2). Hydrocortisone-treated patients were more likely
to become vasopressor-free (having a SOFA sub-score
of 0 or 1) (p = 0.0024) with a higher mean number of
vasopressor-free days in the first 7 days (2.5 & 2.4)
compared to the placebo group (1.4 £+ 2.4) (p < 0.0001).
In addition, hydrocortisone-treated patients more rapidly
reached bilirubin levels below 6 mg/dl as compared to
those in the placebo group (p = 0.0006). There were no
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Table 1 Comparison of baseline SOFA scores according to ran-
domization group

Hydrocortisone Placebo p-value
251 248

SOFA: mean (SD) 10.85 (3.2) 10.68 (3.1)  0.55
Cardiovascular component

0 1 0.97
1 0 1

2 2 2

3 47 45

4 200 198
Liver component

0 107 110 0.93
1 47 40

2 47 45

3 5 7

4 3 3
Coagulation component

0 141 131 0.096
1 39 51

2 38 39

3 22 12

4 3 9
Renal Component

0 77 70 0.44
1 48 56

2 46 54

3 35 37

4 40 28
CNS component

0 103 116 0.69
1 26 25

2 16 16

3 25 17

4 48 50
Pulmonary component

0 0 0 0.37
1 66 70

2 9 15

3 84 89

4 88 73

differences over time between the two treatment groups
for the coagulation (p = 0.95), renal (p = 0.76), or cen-
tral nervous system components (p = 0.34). There were
no differences in the pulmonary component between the
treatment groups in the evolution over time of PaO,/FiO,
(p = 0.74) or the numbers of ventilator-free days during
the first 7 days (0.5 & 2.1 days in the hydrocortisone
group vs. 0.5 & 2.5 days in the placebo group, p = 0.27).

The subsets of patients with initial organ failures were
evaluated taking into account those deaths priors to organ
failure resolution within the 28 days as competing events.
As shown in Table 2, the cumulative incidence of reso-
Iution of cardiovascular failure was shortened in the
hydrocortisone-treated patients, with 67.1% with organ
failure reversal at day 28 versus 58.2% in the placebo-
treated patients (p = 0.041 by the Gray test; Fig. 3a),
with no evidence of an increased mortality prior to
the resolution (p = 0.48). This was similarly observed

for renal failure, with 60.5% of organ failure reversal by
day 28 in the hydrocortisone-treated patients as compared
to 44.3% in the placebo-treated patients (p = 0.039;
Fig. 3b).

Although the proportion of shock reversals was similar
in non-responders [96/125 (76.8%) hydrocortisone,
76/108 (70.4%) placebo, p = 0.34]; responders [100/118
(84.7%) hydrocortisone, 105/136 (77.2%) placebo,
p = 0.17] or all patients [202/251 (80.5%) hydrocorti-
sone, 185/248 (74.6%) placebo, p = 0.14], the time for
the cardiovascular component of the SOFA score was
significantly shorter in patients receiving hydrocortisone,
for the overall group (p = 0.003), responders (p = 0.003)
and nonresponders (p < 0.05). No consistent pattern was
seen regarding other components of the SOFA score
(ESM, Tables E1-E6). There were no differences in the
234 hydrocortisone-treated patients compared to the 232
patients receiving placebo for adverse events including
stroke (3 vs. 1), acute myocardial infarction (14 vs. 13)
and peripheral limb ischemia (0 vs. 1), nor in the 28-day
mortality from multiple system organ failure [4]1 of 86
(48%) vs. 38 of 78 (49%)], respectively. No patient had a
severe adverse event with bowel infarction.

Discussion

Hydrocortisone treatment failed to improve 28-day
mortality in the CORTICUS study for all patients or for
non-responders and responders to ACTH, but did improve
organ function as reflected by a faster decrease in SOFA
scores. The cardiovascular and liver effects made the
greatest contributions to decreasing the total SOFA score.
This is in line with earlier reports [16].

Although there was no difference in overall shock
reversal, patients receiving hydrocortisone reversed their
shock faster than patients receiving placebo because of
faster weaning of vasopressor support. This more rapid
shock reversal with steroid therapy is consistent with
previous reports [16—19]. This may be related to the fact
that hydrocortisone can improve the hemodynamic
response to noradrenaline, an effect independent of
adrenal insufficiency [20], which seems dependent on the
severity of illness as recently demonstrated by Minneci
et al. [21]. The improvement in liver function with a
decrease in bilirubin in the hydrocortisone-treated patients
was probably related to the improved hemodynamics, but
is also consistent with previous reports of improvement in
bilirubin clearance with hydrocortisone after liver resec-
tion [22]. Of note, in patients with acute renal failure at
baseline, hydrocortisone accelerated the recovery of renal
function.

Although resolution of organ failure might be a more
appropriate outcome for ICU studies, it should occur only
when there is a consistent reversal of several organ
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systems with a concomitant trend (even if nonsignificant)
towards an improved mortality. Unfortunately, this was
not the case in this study. There was no consistent reversal
of several organ systems, and if anything the mortality did
not decrease but increased, albeit nonsignificantly.
Strengths of this study include the use of data from a
prospective, randomized, controlled, multicenter study
with analysis of a pre-specified secondary outcome.
Limitations include the fact that the study was under-
powered and had slow recruitment; organ system data
collection did not occur during all 28 study days, and this
is a substudy of the original study [10]. Thus, time was
modeled by treatment interaction in SOFA scores and
sub-scores by using mixed effects models that allow the
analysis of such incomplete longitudinal data. This
required the assumption of data missing at random, which
was checked by testing for time by treatment interaction
in the available data. There was no evidence of any dif-
ference in the frequency with which data were missing

over time between randomized groups. However, deaths
during study days 0-7 were first considered as non-
informative dropouts in the analysis of SOFA course over
time. This could be an issue when dealing with the whole
longitudinal process, and thus, the analysis of a competing
risks model of resolution of organ failure and prior death
within the first 28 days is also reported. This analysis
showed a delayed resolution of cardiovascular failure in
the placebo arm as compared to the hydrocortisone arm
(p = 0.04), with no evidence of increased mortality prior
to the resolution (p = 0.48). There are also limitations in
the use of the SOFA score in evaluating clinical trials. For
each organ the parameters used may not be indicative of
all of that organ’s function. For respiratory function
positive end-expiratory pressure is not included, and for
the cardiovascular system treatment-related adrenergic
support is included. Despite these limitations, the SOFA
score is the most commonly used organ dysfunction/
failure score in practice [5].
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Table 2 Comparison of organ failure reversal over 28 days fol-
lowing organ failures observed at baseline according to
randomization group

Hydrocortisone Placebo p-value

251 248 Gray test

Cardiovascular initial failure 73 67

No resolution 5 7
Resolution 49 39 0.043
Death prior to resolution 19 21 0.49
Liver initial failure 8 10

No resolution 0 2
Resolution 5 4 0.42
Death prior to resolution 3 4 0.80
Coagulation initial failure 25 21

No resolution 2 1 0.77
Resolution 18 15 0.67
Death prior to resolution 5 5

Renal initial failure 75 65

No resolution 10 12
Resolution 45 28 0.039
Death prior to resolution 20 25 0.13
CNS initial failure 73 67

No resolution 3 5

Resolution 48 44 0.65
Death prior to resolution 22 18 0.75
Pulmonary initial failure 172 162

No resolution 12 15

Resolution 129 113 0.29
Death prior to resolution 31 34 0.54

The question arises as to whether hydrocortisone
should be used to reverse septic shock earlier to replace
vasopressor therapy despite the fact that the steroids do
not improve overall survival. Although physicians will
evaluate the risks and benefits of vasopressor versus ste-
roid therapy for each individual patient, the present
guidelines [23] recommend giving hydrocortisone only to
the patients “in septic shock after blood pressure is
identified to be poorly responsive to fluid and vasopressor
therapy” as steroids reversed shock and improved sur-
vival only in refractory septic shock patients [17], but not
in the Corticus study. Although there are doctors who will
continue to use steroids for patients with vasopressor
responsive (not refractory) septic shock to hasten shock
reversal, this practice is not consistent with the current
guidelines [23]. The faster reversal of shock in patients
receiving hydrocortisone did not improve survival and
was associated with more superinfections and the occur-
rence of new sepsis and septic shock episodes [10].
Although continued therapy with vasopressors can lead to
complications, the present study did not demonstrate any
evidence of increased bowel infarction or a greater mor-
tality from multiple organ failure in the placebo group
who received vasopressor therapy for longer periods of
time. Therefore, the danger of superinfections and new
sepsis appears to outweigh that of continued vasopressor
therapy. On the basis of these findings, hydrocortisone
cannot be recommended as a general adjuvant therapy for
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value <3) according to treatment arm: cardiovascular failure (a),
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vasopressor responsive septic shock, even though they
hasten shock reversal.
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