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Duration of hypotension before initiation of effective antimicrobial
therapy is the critical determinant of survival in human septic shock*

Anand Kumar, MD; Daniel Roberts, MD; Kenneth E. Wood, DO; Bruce Light, MD; Joseph E. Parrillo, MD;
Satendra Sharma, MD; Robert Suppes, BSc; Daniel Feinstein, MD; Sergio Zanotti, MD; Leo Taiberg, MD;
David Gurka, MD; Aseem Kumar, PhD; Mary Cheang, MSc

Despite the fact that current
international guidelines sug-
gest initiation of antimicro-
bial therapy within an hour

of presentation with severe sepsis and
septic shock, no clinical studies exist to
support this recommendation (1). In re-
ality, initiation of antimicrobial therapy

for infections causing critical illness of-
ten awaits thorough clinical evaluation,
resuscitative measures, initial stabiliza-
tion, and investigative efforts (2–6).

Relatively few studies have rigorously
examined the effect of delays of antimi-
crobial therapy in critically ill, infected
patients (7–17). To the extent that these

studies have been done, the delay has
most often been timed to admission to
the intensive care unit (ICU) or the emer-
gency room. No studies have examined
treatment delays in relation to defined
physiologic variables such as hypoten-
sion. We have recently demonstrated that
the onset of hypotension is a critical

Objective: To determine the prevalence and impact on mortal-
ity of delays in initiation of effective antimicrobial therapy from
initial onset of recurrent/persistent hypotension of septic shock.

Design: A retrospective cohort study performed between July
1989 and June 2004.

Setting: Fourteen intensive care units (four medical, four sur-
gical, six mixed medical/surgical) and ten hospitals (four aca-
demic, six community) in Canada and the United States.

Patients: Medical records of 2,731 adult patients with septic
shock.

Interventions: None.
Measurements and Main Results: The main outcome measure

was survival to hospital discharge. Among the 2,154 septic shock
patients (78.9% total) who received effective antimicrobial ther-
apy only after the onset of recurrent or persistent hypotension, a
strong relationship between the delay in effective antimicrobial
initiation and in-hospital mortality was noted (adjusted odds ratio
1.119 [per hour delay], 95% confidence interval 1.103–1.136, p <
.0001). Administration of an antimicrobial effective for isolated or
suspected pathogens within the first hour of documented hypo-

tension was associated with a survival rate of 79.9%. Each hour
of delay in antimicrobial administration over the ensuing 6 hrs
was associated with an average decrease in survival of 7.6%. By
the second hour after onset of persistent/recurrent hypotension,
in-hospital mortality rate was significantly increased relative to
receiving therapy within the first hour (odds ratio 1.67; 95%
confidence interval, 1.12–2.48). In multivariate analysis (including
Acute Physiology and Chronic Health Evaluation II score and
therapeutic variables), time to initiation of effective antimicrobial
therapy was the single strongest predictor of outcome. Median
time to effective antimicrobial therapy was 6 hrs (25–75th per-
centile, 2.0–15.0 hrs).

Conclusions: Effective antimicrobial administration within the
first hour of documented hypotension was associated with in-
creased survival to hospital discharge in adult patients with
septic shock. Despite a progressive increase in mortality rate with
increasing delays, only 50% of septic shock patients received
effective antimicrobial therapy within 6 hrs of documented hypo-
tension. (Crit Care Med 2006; 34:1589–1596)
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*See also p. 1819.
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EARLY GOAL-DIRECTED THERAPY IN THE TREATMENT OF SEVERE SEPSIS 
AND SEPTIC SHOCK

EMANUEL RIVERS, M.D., M.P.H., BRYANT NGUYEN, M.D., SUZANNE HAVSTAD, M.A., JULIE RESSLER, B.S., 
ALEXANDRIA MUZZIN, B.S., BERNHARD KNOBLICH, M.D., EDWARD PETERSON, PH.D., AND MICHAEL TOMLANOVICH, M.D., 

FOR THE EARLY GOAL-DIRECTED THERAPY COLLABORATIVE GROUP*

ABSTRACT
Background Goal-directed therapy has been used

for severe sepsis and septic shock in the intensive care
unit. This approach involves adjustments of cardiac
preload, afterload, and contractility to balance oxygen
delivery with oxygen demand. The purpose of this
study was to evaluate the efficacy of early goal-direct-
ed therapy before admission to the intensive care unit.
Methods We randomly assigned patients who ar-

rived at an urban emergency department with severe
sepsis or septic shock to receive either six hours of
early goal-directed therapy or standard therapy (as a
control) before admission to the intensive care unit.
Clinicians who subsequently assumed the care of the
patients were blinded to the treatment assignment.
In-hospital mortality (the primary efficacy outcome),
end points with respect to resuscitation, and Acute
Physiology and Chronic Health Evaluation (APACHE II)
scores were obtained serially for 72 hours and com-
pared between the study groups.
Results Of the 263 enrolled patients, 130 were ran-

domly assigned to early goal-directed therapy and 133
to standard therapy; there were no significant differ-
ences between the groups with respect to base-line
characteristics. In-hospital mortality was 30.5 percent
in the group assigned to early goal-directed therapy, as
compared with 46.5 percent in the group assigned to
standard therapy (P=0.009). During the interval from
7 to 72 hours, the patients assigned to early goal-
directed therapy had a significantly higher mean (±SD)
central venous oxygen saturation (70.4±10.7 percent
vs. 65.3±11.4 percent), a lower lactate concentration
(3.0±4.4 vs. 3.9±4.4 mmol per liter), a lower base def-
icit (2.0±6.6 vs. 5.1±6.7 mmol per liter), and a higher
pH (7.40±0.12 vs. 7.36±0.12) than the patients assigned
to standard therapy (P«0.02 for all comparisons). Dur-
ing the same period, mean APACHE II scores were sig-
nificantly lower, indicating less severe organ dysfunc-
tion, in the patients assigned to early goal-directed
therapy than in those assigned to standard therapy
(13.0±6.3 vs. 15.9±6.4, P<0.001).
Conclusions Early goal-directed therapy provides

significant benefits with respect to outcome in patients
with severe sepsis and septic shock. (N Engl J Med
2001;345:1368-77.)
Copyright © 2001 Massachusetts Medical Society.

From the Departments of Emergency Medicine (E.R., B.N., J.R., A.M.,
B.K., M.T.), Surgery (E.R.), Internal Medicine (B.N.), and Biostatistics and
Epidemiology (S.H., E.P.), Henry Ford Health Systems, Case Western Re-
serve University, Detroit. Address reprint requests to Dr. Rivers at the De-
partment of Emergency Medicine, Henry Ford Hospital, 2799 West Grand
Blvd., Detroit, MI 48202, or at erivers1@hfhs.org.

*The members of the Early Goal-Directed Therapy Collaborative Group
are listed in the Appendix.

HE systemic inflammatory response syn-
drome can be self-limited or can progress to
severe sepsis and septic shock.1 Along this
continuum, circulatory abnormalities (intra-

vascular volume depletion, peripheral vasodilatation,
myocardial depression, and increased metabolism) lead
to an imbalance between systemic oxygen delivery and
oxygen demand, resulting in global tissue hypoxia or
shock.2 An indicator of serious illness, global tissue
hypoxia is a key development preceding multiorgan
failure and death.2 The transition to serious illness oc-
curs during the critical “golden hours,” when defin-
itive recognition and treatment provide maximal ben-
efit in terms of outcome. These golden hours may
elapse in the emergency department,3 hospital ward,4

or the intensive care unit.5

Early hemodynamic assessment on the basis of phys-
ical findings, vital signs, central venous pressure,6 and
urinary output7 fails to detect persistent global tissue
hypoxia. A more definitive resuscitation strategy in-
volves goal-oriented manipulation of cardiac preload,
afterload, and contractility to achieve a balance be-
tween systemic oxygen delivery and oxygen demand.2

End points used to confirm the achievement of such
a balance (hereafter called resuscitation end points) in-
clude normalized values for mixed venous oxygen sat-
uration, arterial lactate concentration, base deficit, and
pH.8 Mixed venous oxygen saturation has been shown
to be a surrogate for the cardiac index as a target for
hemodynamic therapy.9 In cases in which the insertion
of a pulmonary-artery catheter is impractical, venous
oxygen saturation can be measured in the central cir-
culation.10

Whereas the incidence of septic shock has steadily
increased during the past several decades, the associ-
ated mortality rates have remained constant or have
decreased only slightly.11 Studies of interventions such
as immunotherapy,12 hemodynamic optimization,9,13

or pulmonary-artery catheterization14 enrolled patients
up to 72 hours after admission to the intensive care
unit. The negative results of studies of the use of he-
modynamic variables as end points (“hemodynamic
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BACKGROUND
After a single-center trial and observational studies suggesting that early, goal-
directed therapy (EGDT) reduced mortality from septic shock, three multicenter 
trials (ProCESS, ARISE, and ProMISe) showed no benefit. This meta-analysis of 
individual patient data from the three recent trials was designed prospectively to 
improve statistical power and explore heterogeneity of treatment effect of EGDT.

METHODS
We harmonized entry criteria, intervention protocols, outcomes, resource-use 
measures, and data collection across the trials and specified all analyses before 
unblinding. After completion of the trials, we pooled data, excluding the protocol-
based standard-therapy group from the ProCESS trial, and resolved residual differ-
ences. The primary outcome was 90-day mortality. Secondary outcomes included 
1-year survival, organ support, and hospitalization costs. We tested for treatment-
by-subgroup interactions for 16 patient characteristics and 6 care-delivery charac-
teristics.

RESULTS
We studied 3723 patients at 138 hospitals in seven countries. Mortality at 90 days 
was similar for EGDT (462 of 1852 patients [24.9%]) and usual care (475 of 1871 
patients [25.4%]); the adjusted odds ratio was 0.97 (95% confidence interval, 0.82 
to 1.14; P = 0.68). EGDT was associated with greater mean (±SD) use of intensive 
care (5.3±7.1 vs. 4.9±7.0 days, P = 0.04) and cardiovascular support (1.9±3.7 vs. 
1.6±2.9 days, P = 0.01) than was usual care; other outcomes did not differ signifi-
cantly, although average costs were higher with EGDT. Subgroup analyses showed 
no benefit from EGDT for patients with worse shock (higher serum lactate level, 
combined hypotension and hyperlactatemia, or higher predicted risk of death) or 
for hospitals with a lower propensity to use vasopressors or fluids during usual 
resuscitation.

CONCLUSIONS
In this meta-analysis of individual patient data, EGDT did not result in better 
outcomes than usual care and was associated with higher hospitalization costs 
across a broad range of patient and hospital characteristics. (Funded by the Na-
tional Institute of General Medical Sciences and others; PRISM ClinicalTrials.gov 
number, NCT02030158.)
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Early, Goal-Directed Therapy for Septic Shock 
— A Patient-Level Meta-Analysis
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BACKGROUND
Both balanced crystalloids and saline are used for intravenous fluid administration 
in critically ill adults, but it is not known which results in better clinical outcomes.

METHODS
In a pragmatic, cluster-randomized, multiple-crossover trial conducted in five inten-
sive care units at an academic center, we assigned 15,802 adults to receive saline 
(0.9% sodium chloride) or balanced crystalloids (lactated Ringer’s solution or 
Plasma-Lyte A) according to the randomization of the unit to which they were 
admitted. The primary outcome was a major adverse kidney event within 30 days 
— a composite of death from any cause, new renal-replacement therapy, or persis-
tent renal dysfunction (defined as an elevation of the creatinine level to ≥200% of 
baseline) — all censored at hospital discharge or 30 days, whichever occurred first.

RESULTS
Among the 7942 patients in the balanced-crystalloids group, 1139 (14.3%) had a 
major adverse kidney event, as compared with 1211 of 7860 patients (15.4%) in the 
saline group (marginal odds ratio, 0.91; 95% confidence interval [CI], 0.84 to 0.99; 
conditional odds ratio, 0.90; 95% CI, 0.82 to 0.99; P = 0.04). In-hospital mortality 
at 30 days was 10.3% in the balanced-crystalloids group and 11.1% in the saline 
group (P = 0.06). The incidence of new renal-replacement therapy was 2.5% and 
2.9%, respectively (P = 0.08), and the incidence of persistent renal dysfunction was 
6.4% and 6.6%, respectively (P = 0.60).

CONCLUSIONS
Among critically ill adults, the use of balanced crystalloids for intravenous fluid 
administration resulted in a lower rate of the composite outcome of death from 
any cause, new renal-replacement therapy, or persistent renal dysfunction than the 
use of saline. (Funded by the Vanderbilt Institute for Clinical and Translational 
Research and others; SMART-MED and SMART-SURG ClinicalTrials.gov numbers, 
NCT02444988 and NCT02547779.)
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BACKGROUND

Although previous studies have suggested the potential advantages of albumin ad-
ministration in patients with severe sepsis, its efficacy has not been fully established.

METHODS

In this multicenter, open-label trial, we randomly assigned 1818 patients with se-
vere sepsis, in 100 intensive care units (ICUs), to receive either 20% albumin and 
crystalloid solution or crystalloid solution alone. In the albumin group, the target 
serum albumin concentration was 30 g per liter or more until discharge from the 
ICU or 28 days after randomization. The primary outcome was death from any cause 
at 28 days. Secondary outcomes were death from any cause at 90 days, the number 
of patients with organ dysfunction and the degree of dysfunction, and length of 
stay in the ICU and the hospital.

RESULTS

During the first 7 days, patients in the albumin group, as compared with those in 
the crystalloid group, had a higher mean arterial pressure (P = 0.03) and lower net 
fluid balance (P<0.001). The total daily amount of administered fluid did not differ 
significantly between the two groups (P = 0.10). At 28 days, 285 of 895 patients 
(31.8%) in the albumin group and 288 of 900 (32.0%) in the crystalloid group had 
died (relative risk in the albumin group, 1.00; 95% confidence interval [CI], 0.87 to 
1.14; P = 0.94). At 90 days, 365 of 888 patients (41.1%) in the albumin group and 389 
of 893 (43.6%) in the crystalloid group had died (relative risk, 0.94; 95% CI, 0.85 to 
1.05; P = 0.29). No significant differences in other secondary outcomes were ob-
served between the two groups.

CONCLUSIONS

In patients with severe sepsis, albumin replacement in addition to crystalloids, as 
compared with crystalloids alone, did not improve the rate of survival at 28 and 90 
days. (Funded by the Italian Medicines Agency; ALBIOS ClinicalTrials.gov number, 
NCT00707122.)
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BACKGROUND
Blood transfusions are frequently given to patients with septic shock. However, the 
benefits and harms of different hemoglobin thresholds for transfusion have not 
been established.
METHODS
In this multicenter, parallel-group trial, we randomly assigned patients in the inten-
sive care unit (ICU) who had septic shock and a hemoglobin concentration of 9 g 
per deciliter or less to receive 1 unit of leukoreduced red cells when the hemoglobin 
level was 7 g per deciliter or less (lower threshold) or when the level was 9 g per 
deciliter or less (higher threshold) during the ICU stay. The primary outcome mea-
sure was death by 90 days after randomization.
RESULTS
We analyzed data from 998 of 1005 patients (99.3%) who underwent randomiza-
tion. The two intervention groups had similar baseline characteristics. In the ICU, 
the lower-threshold group received a median of 1 unit of blood (interquartile range, 
0 to 3) and the higher-threshold group received a median of 4 units (interquartile 
range, 2 to 7). At 90 days after randomization, 216 of 502 patients (43.0%) assigned 
to the lower-threshold group, as compared with 223 of 496 (45.0%) assigned to the 
higher-threshold group, had died (relative risk, 0.94; 95% confidence interval, 0.78 
to 1.09; P = 0.44). The results were similar in analyses adjusted for risk factors at 
baseline and in analyses of the per-protocol populations. The numbers of patients 
who had ischemic events, who had severe adverse reactions, and who required life 
support were similar in the two intervention groups.
CONCLUSIONS
Among patients with septic shock, mortality at 90 days and rates of ischemic events 
and use of life support were similar among those assigned to blood transfusion at a 
higher hemoglobin threshold and those assigned to blood transfusion at a lower 
threshold; the latter group received fewer transfusions. (Funded by the Danish Stra-
tegic Research Council and others; TRISS ClinicalTrials.gov number, NCT01485315.)
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BACKGROUND

Both dopamine and norepinephrine are recommended as first-line vasopressor agents 
in the treatment of shock. There is a continuing controversy about whether one agent 
is superior to the other.

METHODS

In this multicenter, randomized trial, we assigned patients with shock to receive 
either dopamine or norepinephrine as first-line vasopressor therapy to restore and 
maintain blood pressure. When blood pressure could not be maintained with a dose 
of 20 μg per kilogram of body weight per minute for dopamine or a dose of 0.19 μg 
per kilogram per minute for norepinephrine, open-label norepinephrine, epineph-
rine, or vasopressin could be added. The primary outcome was the rate of death at 
28 days after randomization; secondary end points included the number of days 
without need for organ support and the occurrence of adverse events.

RESULTS

The trial included 1679 patients, of whom 858 were assigned to dopamine and 821 
to norepinephrine. The baseline characteristics of the groups were similar. There 
was no significant between-group difference in the rate of death at 28 days (52.5% 
in the dopamine group and 48.5% in the norepinephrine group; odds ratio with 
dopamine, 1.17; 95% confidence interval, 0.97 to 1.42; P = 0.10). However, there were 
more arrhythmic events among the patients treated with dopamine than among 
those treated with norepinephrine (207 events [24.1%] vs. 102 events [12.4%], P<0.001). 
A subgroup analysis showed that dopamine, as compared with norepinephrine, 
was associated with an increased rate of death at 28 days among the 280 patients 
with cardiogenic shock but not among the 1044 patients with septic shock or the 263 
with hypovolemic shock (P = 0.03 for cardiogenic shock, P = 0.19 for septic shock, 
and P = 0.84 for hypovolemic shock, in Kaplan–Meier analyses).

CONCLUSIONS

Although there was no significant difference in the rate of death between patients 
with shock who were treated with dopamine as the first-line vasopressor agent and 
those who were treated with norepinephrine, the use of dopamine was associated 
with a greater number of adverse events. (ClinicalTrials.gov number, NCT00314704.)
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Background

Vasopressin is commonly used as an adjunct to catecholamines to support blood pres-
sure in refractory septic shock, but its effect on mortality is unknown. We hypothe-
sized that low-dose vasopressin as compared with norepinephrine would decrease 
mortality among patients with septic shock who were being treated with conventional 
(catecholamine) vasopressors.

Methods

In this multicenter, randomized, double-blind trial, we assigned patients who had 
septic shock and were receiving a minimum of 5 μg of norepinephrine per minute to 
receive either low-dose vasopressin (0.01 to 0.03 U per minute) or norepinephrine (5 to 
15 μg per minute) in addition to open-label vasopressors. All vasopressor infusions 
were titrated and tapered according to protocols to maintain a target blood pressure. 
The primary end point was the mortality rate 28 days after the start of infusions.

Results

A total of 778 patients underwent randomization, were infused with the study drug 
(396 patients received vasopressin, and 382 norepinephrine), and were included in the 
analysis. There was no significant difference between the vasopressin and norepineph-
rine groups in the 28-day mortality rate (35.4% and 39.3%, respectively; P = 0.26) or 
in 90-day mortality (43.9% and 49.6%, respectively; P = 0.11). There were no signifi-
cant differences in the overall rates of serious adverse events (10.3% and 10.5%, re-
spectively; P = 1.00). In the prospectively defined stratum of less severe septic shock, 
the mortality rate was lower in the vasopressin group than in the norepinephrine 
group at 28 days (26.5% vs. 35.7%, P = 0.05); in the stratum of more severe septic shock, 
there was no significant difference in 28-day mortality (44.0% and 42.5%, respec-
tively; P = 0.76). A test for heterogeneity between these two study strata was not sig-
nificant (P = 0.10).

Conclusions

Low-dose vasopressin did not reduce mortality rates as compared with norepineph-
rine among patients with septic shock who were treated with catecholamine vaso-
pressors. (Current Controlled Trials number, ISRCTN94845869.)
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Background

The Surviving Sepsis Campaign recommends targeting a mean arterial pressure of 
at least 65 mm Hg during initial resuscitation of patients with septic shock. 
However, whether this blood-pressure target is more or less effective than a higher 
target is unknown.

Methods

In a multicenter, open-label trial, we randomly assigned 776 patients with septic 
shock to undergo resuscitation with a mean arterial pressure target of either 80 to 
85 mm Hg (high-target group) or 65 to 70 mm Hg (low-target group). The primary 
end point was mortality at day 28.

Results

At 28 days, there was no significant between-group difference in mortality, with 
deaths reported in 142 of 388 patients in the high-target group (36.6%) and 132 of 
388 patients in the low-target group (34.0%) (hazard ratio in the high-target group, 
1.07; 95% confidence interval [CI], 0.84 to 1.38; P = 0.57). There was also no sig-
nificant difference in mortality at 90 days, with 170 deaths (43.8%) and 164 deaths 
(42.3%), respectively (hazard ratio, 1.04; 95% CI, 0.83 to 1.30; P = 0.74). The occur-
rence of serious adverse events did not differ significantly between the two groups 
(74 events [19.1%] and 69 events [17.8%], respectively; P = 0.64). However, the inci-
dence of newly diagnosed atrial fibrillation was higher in the high-target group 
than in the low-target group. Among patients with chronic hypertension, those in 
the high-target group required less renal-replacement therapy than did those in the 
low-target group, but such therapy was not associated with a difference in mortality.

Conclusions

Targeting a mean arterial pressure of 80 to 85 mm Hg, as compared with 65 to 
70 mm Hg, in patients with septic shock undergoing resuscitation did not result in 
significant differences in mortality at either 28 or 90 days. (Funded by the French 
Ministry of Health; SEPSISPAM ClinicalTrials.gov number, NCT01149278.)
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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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BACKGROUND
Septic shock is characterized by dysregulation of the host response to infection, with 
circulatory, cellular, and metabolic abnormalities. We hypothesized that therapy with hy-
drocortisone plus fludrocortisone or with drotrecogin alfa (activated), which can modulate 
the host response, would improve the clinical outcomes of patients with septic shock.

METHODS
In this multicenter, double-blind, randomized trial with a 2-by-2 factorial design, we 
evaluated the effect of hydrocortisone-plus-fludrocortisone therapy, drotrecogin alfa (ac-
tivated), the combination of the three drugs, or their respective placebos. The primary 
outcome was 90-day all-cause mortality. Secondary outcomes included mortality at inten-
sive care unit (ICU) discharge and hospital discharge and at day 28 and day 180 and the 
number of days alive and free of vasopressors, mechanical ventilation, or organ failure. 
After drotrecogin alfa (activated) was withdrawn from the market, the trial continued 
with a two-group parallel design. The analysis compared patients who received hydrocor-
tisone plus fludrocortisone with those who did not (placebo group).

RESULTS
Among the 1241 patients included in the trial, the 90-day mortality was 43.0% (264 of 
614 patients) in the hydrocortisone-plus-fludrocortisone group and 49.1% (308 of 627 
patients) in the placebo group (P = 0.03). The relative risk of death in the hydrocortisone-
plus-fludrocortisone group was 0.88 (95% confidence interval, 0.78 to 0.99). Mortality 
was significantly lower in the hydrocortisone-plus-fludrocortisone group than in the 
placebo group at ICU discharge (35.4% vs. 41.0%, P = 0.04), hospital discharge (39.0% vs. 
45.3%, P = 0.02), and day 180 (46.6% vs. 52.5%, P = 0.04) but not at day 28 (33.7% and 
38.9%, respectively; P = 0.06). The number of vasopressor-free days to day 28 was signifi-
cantly higher in the hydrocortisone-plus-fludrocortisone group than in the placebo group 
(17 vs. 15 days, P<0.001), as was the number of organ-failure–free days (14 vs. 12 days, 
P = 0.003). The number of ventilator-free days was similar in the two groups (11 days in 
the hydrocortisone-plus-fludrocortisone group and 10 in the placebo group, P = 0.07). The 
rate of serious adverse events did not differ significantly between the two groups, but 
hyperglycemia was more common in hydrocortisone-plus-fludrocortisone group.

CONCLUSIONS
In this trial involving patients with septic shock, 90-day all-cause mortality was lower among 
those who received hydrocortisone plus fludrocortisone than among those who received 
placebo. (Funded by Programme Hospitalier de Recherche Clinique 2007 of the French Min-
istry of Social Affairs and Health; APROCCHSS ClinicalTrials.gov number, NCT00625209.)
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Background

The optimal target range for blood glucose in critically ill patients remains unclear.

Methods

Within 24 hours after admission to an intensive care unit (ICU), adults who were 
expected to require treatment in the ICU on 3 or more consecutive days were ran-
domly assigned to undergo either intensive glucose control, with a target blood 
glucose range of 81 to 108 mg per deciliter (4.5 to 6.0 mmol per liter), or conven-
tional glucose control, with a target of 180 mg or less per deciliter (10.0 mmol or 
less per liter). We defined the primary end point as death from any cause within 90 
days after randomization.

Results

Of the 6104 patients who underwent randomization, 3054 were assigned to un-
dergo intensive control and 3050 to undergo conventional control; data with regard 
to the primary outcome at day 90 were available for 3010 and 3012 patients, respec-
tively. The two groups had similar characteristics at baseline. A total of 829 patients 
(27.5%) in the intensive-control group and 751 (24.9%) in the conventional-control 
group died (odds ratio for intensive control, 1.14; 95% confidence interval, 1.02 to 
1.28; P = 0.02). The treatment effect did not differ significantly between operative 
(surgical) patients and nonoperative (medical) patients (odds ratio for death in the 
intensive-control group, 1.31 and 1.07, respectively; P = 0.10). Severe hypoglycemia 
(blood glucose level, ≤40 mg per deciliter [2.2 mmol per liter]) was reported in 206 
of 3016 patients (6.8%) in the intensive-control group and 15 of 3014 (0.5%) in the 
conventional-control group (P<0.001). There was no significant difference between 
the two treatment groups in the median number of days in the ICU (P = 0.84) or hos-
pital (P = 0.86) or the median number of days of mechanical ventilation (P = 0.56) or 
renal-replacement therapy (P = 0.39).

Conclusions

In this large, international, randomized trial, we found that intensive glucose con-
trol increased mortality among adults in the ICU: a blood glucose target of 180 mg 
or less per deciliter resulted in lower mortality than did a target of 81 to 108 mg per 
deciliter. (ClinicalTrials.gov number, NCT00220987.)
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