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A bs tr ac t

Background
Early goal-directed therapy (EGDT) has been endorsed in the guidelines of the Sur-
viving Sepsis Campaign as a key strategy to decrease mortality among patients pre-
senting to the emergency department with septic shock. However, its effectiveness 
is uncertain.

Methods
In this trial conducted at 51 centers (mostly in Australia or New Zealand), we randomly 
assigned patients presenting to the emergency department with early septic shock 
to receive either EGDT or usual care. The primary outcome was all-cause mortality 
within 90 days after randomization.

Results
Of the 1600 enrolled patients, 796 were assigned to the EGDT group and 804 to the 
usual-care group. Primary outcome data were available for more than 99% of the 
patients. Patients in the EGDT group received a larger mean (±SD) volume of intra-
venous fluids in the first 6 hours after randomization than did those in the usual-
care group (1964±1415 ml vs. 1713±1401 ml) and were more likely to receive vaso-
pressor infusions (66.6% vs. 57.8%), red-cell transfusions (13.6% vs. 7.0%), and 
dobutamine (15.4% vs. 2.6%) (P<0.001 for all comparisons). At 90 days after ran-
domization, 147 deaths had occurred in the EGDT group and 150 had occurred in 
the usual-care group, for rates of death of 18.6% and 18.8%, respectively (absolute 
risk difference with EGDT vs. usual care, −0.3 percentage points; 95% confidence 
interval, −4.1 to 3.6; P = 0.90). There was no significant difference in survival time, 
in-hospital mortality, duration of organ support, or length of hospital stay.

Conclusions
In critically ill patients presenting to the emergency department with early septic 
shock, EGDT did not reduce all-cause mortality at 90 days. (Funded by the National 
Health and Medical Research Council of Australia and the Alfred Foundation; ARISE 
ClinicalTrials.gov number, NCT00975793.)
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Severe sepsis has a reported annual 
incidence in adults of up to 300 cases per 
100,000 population.1-3 Despite decreasing 

mortality from sepsis in recent years,4 the risk of 
death remains high.5,6 The fundamental princi-
ples for the management of sepsis include early 
recognition, control of the source of infection, 
appropriate and timely administration of antimi-
crobial drugs, and resuscitation with intravenous 
fluids and vasoactive drugs.

Patients presenting to the emergency depart-
ment account for a large proportion of patients 
with severe sepsis.7 Reported in-hospital mortality 
ranges in this subgroup from 20 to 50%.3,8-10 In 
2001, a proof-of-concept, randomized trial showed 
that early hemodynamic resuscitation according 
to a specific protocol termed early goal-directed 
therapy (EGDT) improved outcomes in patients 
presenting to the emergency department with 
severe sepsis, as compared with usual therapy.11

EGDT was subsequently incorporated into the 
6-hour resuscitation bundle of the Surviving Sepsis 
Campaign guidelines,12-14 and a number of non-
randomized studies showed a survival benefit with 
bundle-based care that included EGDT.15-18 De-
spite such successes, considerable controversy has 
surrounded the role of EGDT in the treatment of 
patients with severe sepsis. Concerns have included 
the potential risks associated with individual ele-
ments of the protocol,19,20 uncertainty about the 
external validity of the original trial, and the in-
frastructure and resource requirements for imple-
menting EGDT.21,22

In a randomized trial conducted in 31 academic 
centers in the United States (Protocolized Care 
for Early Septic Shock [ProCESS]),10 protocol-
based resuscitation (a combination of EGDT and 
protocol-based standard therapy) was not associ-
ated with a survival benefit, as compared with 
usual care that was not protocol-based. Whether 
these results would hold up outside the United 
States and across a variety of academic and non-
academic health care settings is unknown; more 
evidence is needed to provide clinical direction.23

We designed the multicenter Australasian Re-
suscitation in Sepsis Evaluation (ARISE) study to 
test the hypothesis that EGDT, as compared with 
usual care, would decrease 90-day all-cause mor-
tality among patients presenting to the emergency 
department with early septic shock in diverse 
health care settings.

Me thods

Study Design and Oversight
From October 5, 2008, to April 23, 2014, we con-
ducted this prospective, randomized, parallel-
group trial in 51 tertiary care and nontertiary 
care metropolitan and rural hospitals. Most cen-
ters were in Australia or New Zealand, with 6 cen-
ters in Finland, Hong Kong, and the Republic of 
Ireland (Table S1 in the Supplementary Appen-
dix, available with the full text of this article at 
NEJM.org).24 Participating institutions did not 
have sepsis-resuscitation protocols at the time 
of site selection, and usual care did not include 
resuscitation guided by measurement of the 
central venous oxygen saturation (Scvo2).25 The 
ARISE study was one of three collaborative, har-
monized studies, along with the ProCESS trial10 
and the Protocolized Management in Sepsis 
(ProMISe) trial (Current Controlled Trials num-
ber, ISRCTN36307479), designed to address the 
effectiveness of EGDT.24

The study protocol was approved by the ethics 
committee at Monash University, which was the 
coordinating center, and at each participating in-
stitution. The protocol and statistical analysis 
plan are available at NEJM.org. Prior informed 
written consent or delayed consent was obtained 
from all patients or their legal surrogates. The 
trial was overseen by an independent data and 
safety monitoring committee. Scvo2 monitors 
were loaned to participating sites by Edwards 
Lifesciences, which had no other role in the con-
duct of the study.

Study Population
Patients 18 years of age or older who met the eli-
gibility criteria within 6 hours after presentation 
to the emergency department were assessed for 
enrollment. Eligibility criteria were a suspected 
or confirmed infection, two or more criteria for 
a systemic inflammatory response26 (see the 
Methods section in the Supplementary Appen-
dix), and evidence of refractory hypotension or 
hypoperfusion. Refractory hypotension was de-
fined as a systolic blood pressure of less than 
90 mm Hg or a mean arterial pressure of less than 
65 mm Hg after an intravenous fluid challenge of 
1000 ml or more administered within a 60-min-
ute period. Hypoperfusion was defined as a blood 
lactate level of 4.0 mmol per liter or more. Ran-
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domization was required within 2 hours after ful-
fillment of the final inclusion criterion. The ini-
tiation of the first dose of intravenous 
antimicrobial therapy was mandated before ran-
domization. The study exclusion criteria are pro-
vided in the Methods section in the Supplemen-
tary Appendix.

Randomization
Eligible patients were randomly assigned in a 
1:1 ratio to receive either EGDT or usual care for 
6 hours. Randomization was stratified accord-
ing to study center with the use of a permuted-
block method and was performed by means of a 
centralized telephone interactive voice-response 
system that was accessible 24 hours a day. Be-
cause of the nature of the intervention, all pa-
tients and clinicians involved in their care were 
aware of study-group assignments.

Study Treatments
For patients in the usual-care group, decisions 
about the location of care delivery, investiga-
tions, monitoring, and all treatments were made 
by the treating clinical team. Scvo2 measurement 
was not permitted during the 6-hour intervention 
period. Data were collected regarding insertion 
of invasive monitoring devices, intravenous-fluid 
resuscitation, vasoactive support, red-cell trans-
fusion, mechanical ventilation, and other support-
ive therapy.

For patients in the EGDT group, the inter-
vention was provided by a study team trained in 
EGDT delivery. Both the care providers and lo-
cation of delivery were dependent on local re-
sources. Thus, investigators used EGDT imple-
mentation models based in the emergency 
department, the intensive care unit (ICU), or 
both. A multifaceted intervention was used to 
standardize EGDT delivery across sites.24 De-
tails of EGDT implementation, personnel, and 
location are provided in Table S1 and Figure S1 
in the Supplementary Appendix.

In the EGDT group, an arterial catheter and 
a central venous catheter capable of continuous 
Scvo2 measurement (Edwards Lifesciences) were 
inserted within 1 hour after randomization. The 
resuscitation algorithm was based on the original 
EGDT algorithm11 and was followed until 6 hours 
after randomization (Fig. S1 in the Supplemen-
tary Appendix).

Study Outcomes

The primary study outcome was death from any 
cause within 90 days after randomization. Sec-
ondary and tertiary outcomes included survival 
time from randomization to 90 days; mortality in 
the ICU; mortality at 28 days; in-hospital mortal-
ity at 60 days; cause-specific mortality at 90 days27; 
length of stay in the emergency department, ICU, 
or elsewhere in the hospital; receipt and duration 
of mechanical ventilation, vasopressor support, 
or renal-replacement therapy; destination at the 
time of discharge (for surviving inpatients); limi-
tation of therapy (e.g., do-not-resuscitate order) 
at the time of death (for nonsurvivors); and ad-
verse events.

Statistical Analysis
All analyses were conducted according to a sta-
tistical analysis plan that was reported previous-
ly.28 The sample-size calculation was based on an 
assumed in-hospital rate of death in the usual-care 
group of 28%,25,29 with an increment of 10 per-
centage points (38%) for the rate of death at 90 
days.8,30 Thus, an enrollment of 1600 patients 
would have a power of 85 to 90% (at a two-sided 
alpha level of 0.05) to detect an absolute risk re-
duction of 7.6 percentage points (or a relative risk 
reduction of 20%) in the EGDT group, with al-
lowance for a plausible range of loss to follow-up. 
One interim analysis was planned and performed 
after the enrollment of 50% of the patients, with 
the use of a two-sided, symmetric O’Brien–Flem-
ing design and a two-sided P value of 0.005; this 
analysis was reviewed by the independent data 
and safety monitoring committee.

All analyses were conducted according to the 
intention-to-treat principle. No assumptions were 
made for missing or unavailable data. We report 
continuous variables as means (±SD) or medians 
and interquartile ranges, and categorical variables 
as proportions. We used Student’s t-test or the 
Wilcoxon rank-sum test to analyze between-group 
differences, as appropriate. Fisher’s exact test was 
used for categorical variables, including the pri-
mary outcome. Absolute and relative risk differ-
ences with 95% confidence intervals for all-cause 
mortality at 90 days are reported. Additional sensi-
tivity analyses were performed with the use of 
multivariable logistic regression adjusted for pre-
defined baseline covariates: country, age, score 
on the Acute Physiology and Chronic Health 
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Evaluation II (APACHE II), systolic blood pressure 
(<90 mm Hg or ≥90 mm Hg), and presence or 
absence of invasive mechanical ventilation. We 
used the Kaplan–Meier method to calculate sur-
vival time from randomization to 90 days and 
the log-rank test to perform between-group com-
parisons. We used Cox proportional-hazards mod-
els adjusted for the previously specified baseline 
covariates to calculate hazard ratios with 95% 
confidence intervals. Values for length of hospi-
tal stay and duration of organ support were log-
transformed and analyzed with the use of linear 
regression and are reported as ratios with 95% 
confidence intervals.

We conducted subgroup analyses for the pri-
mary outcome for predefined variables: country, 
age (<65 years or ≥65 years), APACHE II score 
(<25 or ≥25), presence or absence of invasive me-
chanical ventilation, presence or absence or re-
fractory hypotension, lactate level (<4.0 mmol 
per liter or ≥4.0 mmol per liter), and intravenous 
fluid administration (<20 ml per kilogram of body 
weight or ≥20 ml per kilogram). Subgroup analy-
ses were performed with the use of logistic re-
gression, with heterogeneity determined on the 
basis of interaction between treatment and sub-
group. Odds ratios with 95% confidence intervals 
for death at 90 days are presented in a forest plot.

All analyses were performed with the use of 
SAS software, version 9.3 (SAS Institute). A two-
sided P value of 0.05 or less was considered to 
indicate statistical significance, except for the pri-
mary outcome, for which a P value of 0.0491 or 
less was used.

R esult s

Study Patients
We enrolled 1600 patients, with 796 assigned to 
the EGDT group and 804 to the usual-care group 
(Fig. 1). Delayed consent was refused for 9 patients 
(3 in the EGDT group and 6 in the usual-care 
group), leaving an intention-to-treat population 
of 793 patients and 798 patients, respectively. By 
day 90, 1 patient in the usual-care group had re-
voked consent, and 2 patients (1 in each group) 
were lost to follow-up, leaving a final cohort of 
1588 patients for whom the primary outcome was 
available: 792 (99.5%) in the EGDT group and 
796 (99.0%) in the usual-care group.

Demographic and clinical characteristics at 
baseline were similar in the two groups (Table 1, 

and Tables S2 and S3 in the Supplementary Ap-
pendix).31,32 The criterion for refractory hypoten-
sion was met by 555 patients (70.0%) in the EGDT 
group and 557 (69.8%) in the usual-case group. 
The criterion for an elevated lactate level was 
met by 365 patients (46.0%) in the EGDT group 
and 371 (46.5%) in the usual-care group (Table 1). 
There was no significant difference in the mean 
intravenous fluid volume that had been infused 
at baseline, with 2515±1244 ml (34.6±19.4 ml 
per kilogram) in the EGDT group and 2591±1331 
ml (34.7±20.1 ml per kilogram) in the usual-care 
group. The median time from presentation to the 
emergency department until randomization was 
2.8 hours (interquartile range, 2.1 to 3.9) in the 
EDGT group and 2.7 hours (interquartile range, 
2.0 to 3.9) in the usual-care group.

Microbiologic Data
The median time between presentation to the 
emergency department and administration of the 
first dose of intravenous antimicrobial therapy 
was similar in the two groups: 70 minutes (inter-
quartile range, 38 to 114) in the EGDT group and 
67 minutes (interquartile range, 39 to 110) in the 
usual-care group. The lungs and urinary tract 
were the most common locations of infection, 
and blood cultures were positive in 38% of pa-
tients in each study group. The numbers of patients 
receiving treatment to control the source of in-
fection up to 72 hours after randomization were 
78 (9.8%) in the EGDT group and 97 (12.2%) in 
the usual-care group (P = 0.14). Detailed micro-
biologic data are presented in Table S4 in the Sup-
plementary Appendix.

Interventions and Therapies
Patients who were admitted directly from the emer-
gency department to the ICU numbered 690 (87.0%) 
in the EGDT group and 614 (76.9%) in the usual-
case group (P<0.001). A central venous catheter for 
continuous monitoring of the Scvo2 was inserted 
during the first 6 hours after randomization in 714 
patients (90.0%) in the EGDT group. The median 
time to insertion was 1.1 hours (interquartile range, 
0.7 to 1.6), and the mean Scvo2 was 72.7±10.5%. A 
central venous catheter was inserted during the 
first 6 hours in 494 patients (61.9%) in the usual-
care group. The median time to insertion was 1.2 
hours (interquartile range, 0.4 to 2.6). No patients 
in the usual-care group received continuous Scvo2 
monitoring during the first 6 hours.

The New England Journal of Medicine 
Downloaded from nejm.org by JOHN VOGEL on October 1, 2014. For personal use only. No other uses without permission. 

 Copyright © 2014 Massachusetts Medical Society. All rights reserved. 

John Vogel

John Vogel

John Vogel

John Vogel

John Vogel

John Vogel

John Vogel

John Vogel

John Vogel

John Vogel

John Vogel

John Vogel

John Vogel

John Vogel

John Vogel

John Vogel

John Vogel

John Vogel

John Vogel



Goal-Directed Resuscitation in Early Septic Shock

n engl j med nejm.org 5

The volume of intravenous fluids adminis-
tered during the first 6 hours was greater in the 
EGDT group than in the usual-care group 
(1964±1415 ml vs. 1713±1401 ml, P<0.001) (Ta-
ble S5 in the Supplementary Appendix). More 
patients in the EGDT group than in the usual-care 
group received a vasopressor infusion (66.6% vs. 
57.8%), red-cell transfusion (13.6% vs. 7.0%), or 
dobutamine (15.4% vs. 2.6%) (P<0.001 for all com-
parisons) (Table S5 in the Supplementary Appen-
dix). Between 6 and 72 hours, the proportion of 

patients receiving vasopressor infusions was high-
er in the EGDT group than in the usual-care group 
(58.8% vs. 51.5%, P = 0.004), as was the proportion 
of patients receiving dobutamine (9.5% vs. 5.0%, 
P<0.001) (Table S5 in the Supplementary Ap-
pendix).

EGDT was stopped prematurely in 18 pa-
tients (2.3%). The median time to cessation was 
3.5 hours (interquartile range, 1.2 to 5.6). The 
most common reasons were withdrawal of 
therapy (5 patients), transfer to the operating 

1600 Underwent randomization

3559 Patients met all study inclusion criteria

1959 Were excluded
769 Met ≥1 exclusion criteria

23 Were <18 yr of age
72 Had contraindication to superior vena cava

CVC insertion
6 Had contraindication to blood products
5 Had hemodynamic instability due to active 

bleeding
71 Had life expectancy <90 days
43 Were expected to die imminently

329 Had documented limitation of therapy order
or had treating physician who deemed aggres-
sive care unsuitable

116 Had in-patient transfer from another acute 
care facility

8 Were confirmed or suspected to be pregnant
96 Were not able to start EGDT within 1 hr after

randomization or to complete 6 hr of EGDT
1190 Were eligible but did not undergo randomization

515 Were outside randomization window
282 Did not have access to a study-team member
18 Were previously recruited into study
39 Were unable to give consent

274 Declined to give consent
62 Had other reasons

796 Were assigned to receive EGDT 804 Were assigned to receive usual care

4 Were excluded
1 Was lost to follow-up
3 Declined to provide 

delayed consent

8 Were excluded
1 Was lost to follow-up
6 Declined to provide 

delayed consent
1 Withdrew prior consent

792 Were included in intention-to-treat
analysis for primary outcome

796 Were included in intention-to-treat
analysis for primary outcome

Figure 1. Enrollment and Outcomes.

CVC denotes central venous catheter, and EGDT early goal-directed therapy.
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room (2 patients), and interhospital transfer 
(3 patients).

Physiological and Laboratory Values
At the end of the 6-hour intervention period, the 
mean arterial pressure was higher in the EGDT 
group than in the usual-care group (76.5±10.8 
mm Hg vs. 75.3±11.4 mm Hg, P = 0.04). Other 
physiological and laboratory values were similar 
in the two groups (Fig. S3 and Table S6 in the 
Supplementary Appendix). The proportions of 
patients in the EGDT group for whom the indi-
vidual resuscitation goals were achieved at 6 hours 
or for whom the relevant therapy was delivered 
when a goal was not achieved were 99.6% for 
saturation of peripheral oxygen, 88.9% for central 
venous pressure, 94.1% for mean arterial pressure, 
and 95.3% for Scvo2 (Fig. S4 in the Supplementary 
Appendix). At 72 hours after randomization, phys-
iological and laboratory values were similar in 
the two groups (Table S6 in the Supplementary 
Appendix).

Primary Outcome
By 90 days after randomization, the primary out-
come (death from any cause) had occurred in 147 
of 792 patients (18.6%) in the EGDT group and 
150 of 796 patients (18.8%) in the usual-care group 
(P = 0.90) (Table 2, and Table S7 in the Supple-
mentary Appendix). The absolute difference in the 
risk of death for the EGDT group as compared with 
the usual care group was −0.3 percentage points 
(95% confidence interval [CI], −4.1 to 3.6). The sur-
vival time did not differ significantly between 
the groups (Fig. 2A). Between-group mortality 
was similar in all the predefined subgroups (Fig. 
2B). There were no significant between-group dif-
ferences in 90-day mortality with the use of mul-
tivariable logistic regression and Cox proportion-
al-hazards analysis after adjustment for the 
prespecified baseline covariates (Table S8 in the 
Supplementary Appendix).

Secondary and Tertiary Outcomes
The median length of stay in the emergency de-
partment after randomization was shorter in 
the EGDT group than in the usual-care group 
(1.4 hours [interquartile range, 0.5 to 2.7] vs. 
2.0 hours [interquartile range, 1.0 to 3.8], P<0.001) 
(Table 2). Overall, more patients in the EGDT 
group than in the usual-care group received a 
vasopressor infusion (76.3% vs. 65.8%, P<0.001), 

Table 1. Characteristics of the Patients at Baseline.*

Characteristic
EGDT

(N = 793)
Usual Care
(N = 798)

Age — yr 62.7±16.4 63.1±16.5

Male sex — no. (%) 477 (60.2) 473 (59.3)

Usual residence — no. (%)

Home 749 (94.5) 759 (95.1)

Long-term care facility 44 (5.5) 39 (4.9)

Median score on Charlson comorbidity 
index (IQR)†

1 (0–2) 1 (0–2)

APACHE II score‡ 15.4±6.5 15.8±6.5

Mechanical ventilation — no. (%)

Invasive 71 (9.0) 64 (8.0)

Noninvasive 60 (7.6) 48 (6.0)

Vasopressor infusion — no. (%)§ 173 (21.8) 173 (21.7)

Total intravenous fluids¶

Volume — ml 2515±1244 2591±1331

Volume per weight — ml/kg 34.6±19.4 34.7±20.1

Inclusion criteria∥

Refractory hypotension — no. (%) 555 (70.0) 557 (69.8)

Systolic blood pressure — mm Hg 78.8±9.3 79.6±8.4

Lactate

≥4.0 mmol/liter — no. (%) 365 (46.0) 371 (46.5)

Value at time that criterion was 
met — mmol/liter

6.7±3.3 6.6±2.8

Median interval after presentation to 
emergency department  
(IQR) — hr

Until final inclusion criterion was 
met

1.4 (0.6–2.5) 1.3 (0.5–2.4)

Until randomization 2.8 (2.1–3.9) 2.7 (2.0–3.9)

* Plus–minus values are means ±SD. There were no significant differences in 
baseline characteristics between the two study groups. EGDT denotes early 
goal-directed therapy, and IQR interquartile range.

† Scores on the Charlson comorbidity index range from 0 to 33, with higher 
scores indicating a greater burden of disease.

‡ A severity-of-illness score that was based on the Acute Physiology and Chronic 
Health Evaluation II (APACHE II) variables with the use of data that were re-
corded closest to, but prior to, randomization was calculated to assess base-
line equivalence. Scores on the APACHE II range from 0 to 71, with higher 
scores indicating more severe disease and a higher risk of death.

§ Vasopressor infusions included one or more of the following agents at any 
dose for at least 30 minutes within 1 hour before randomization: norepineph-
rine, epinephrine, dopamine, metaraminol, and phenylephrine.

¶ Total intravenous fluids include fluids administered before arrival at the hos-
pital and during the interval between presentation to the emergency depart-
ment and randomization.

∥ Data on systolic blood pressure and lactate are provided only for patients who 
met the inclusion criterion for refractory hypotension (a systolic blood pres-
sure of <90 mm Hg or a mean arterial pressure of <65 mm Hg after an intra-
venous fluid challenge of 1000 ml or more administered within a 60-minute 
period) or the inclusion criterion for hyperlactatemia (a lactate level of ≥4.0 
mmol per liter). These values were recorded at the time that the inclusion cri-
terion was met.
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B Subgroup Analyses
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Figure 2. Probability of Survival and Subgroup Analyses of the Risk of Death at 90 Days.

Panel A shows Kaplan–Meier estimates of the probability of death at 90 days for patients with septic shock receiving either early goal-
directed therapy (EGDT) or usual care for 6 hours (PԜ=Ԝ0.82 by the log-rank test for the between-group difference). Panel B shows the 
odds ratio for death at 90 days in the EGDT group, as compared with the usual-care group, among all patients and in predefined sub-
groups. The size of the squares representing odds ratios corresponds to the relative size of the subgroup. The horizontal bars represent 
95% confidence intervals. Scores on the Acute Physiology and Chronic Health Evaluation II (APACHE II) range from 0 to 71, with higher 
scores indicating more severe disease and a higher risk of death. IV denotes intravenous.
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but the median duration of the infusion did not 
differ significantly between the two groups (29.4 
hours [interquartile range, 12.9 to 61.0] and 34.2 
hours [interquartile range, 14.0 to 67.0], respec-
tively; P = 0.24). There were no other significant 
between-group differences in secondary or ter-
tiary outcomes. Subsidiary analyses of secondary 
and tertiary variables after adjustment for pre-
defined covariates did not alter any of the re-
ported findings (Table S8 in the Supplementary 
Appendix).

Adverse Events
There was no significant between-group differ-
ence in the number of patients with one or more 
adverse events: 56 patients (7.1%) in the EGDT 
group and 42 patients (5.3%) in the usual-care 
group (P = 0.15). A breakdown of specific adverse 
events is presented in Table S9 in the Supplemen-
tary Appendix.

Discussion

In this randomized trial conducted in a variety of 
health care settings, we found that EGDT, as 
compared with usual care, did not reduce the pri-
mary outcome of 90-day all-cause mortality, ei-
ther overall or in any of the prespecified sub-
groups, among patients with early septic shock 
who presented to the emergency department. 
There were also no significant differences in 28-
day or in-hospital mortality, duration of organ 
support, or length of hospital stay.

Adherence to the algorithm-directed therapies 
was very high, and the potentially confounding 
effect of the time to the administration of anti-
microbial drugs was addressed by the requirement 
that such drugs be administered before random-
ization. In addition, the loss to follow-up was 
minimal. The statistical analysis plan was pub-
lished before recruitment was completed, which 
eliminated the potential for analytical bias.28 
Although the trial could not be blinded because 
of the practical requirements of EGDT, the risk 
of bias was minimized through central random-
ization, concealment of study-group assignments 
before randomization to avoid selection bias, and 
the use of a robust primary outcome that would 
not be subject to observer bias. The results also 
have a high degree of external validity, since 

participating sites were representative of all re-
gions across Australia and New Zealand, includ-
ing metropolitan and rural centers, with a mix 
of EGDT implementation models based in the 
emergency department, ICU, or both.

The rate of death in our study was lower than 
that reported in the original EGDT trial.11 This 
finding is consistent with data showing that in-
hospital mortality for patients who are admitted 
to ICUs with severe sepsis and septic shock has 
been reduced by 1 percentage point per year dur-
ing the past two decades, with the decline be-
ginning before the introduction of the Surviving 
Sepsis Campaign.4,8,33 Although our study had 
entry criteria similar to those in the ProCESS study 
and the original EGDT trial, it is possible that the 
patients in our study had a reduced risk of death 
because of low rates of chronic disease and better 
functional status, as evidenced by the low propor-
tion of nursing home residents before random-
ization. Nonetheless, the number of patients 
with septic shock at the time of enrollment was 
high, indicating that the target population was 
enrolled. The high number of patients who were 
discharged home may also support the small in-
crement in mortality between hospital discharge 
and 90 days. There was no trend suggesting an 
effect of EGDT in any unadjusted or adjusted 
estimates of mortality, and subgroup analyses 
did not indicate that the benefit from EGDT in-
creased with the severity of illness. Although 
contamination of the usual-care group by the 
incorporation of some elements of the EGDT 
protocol into usual care may have biased the 
study results, significant differences in EGDT-
specific treatments that were administered in the 
two groups and the similarity between therapies 
administered in the usual-care group in this 
study and those in our pretrial observational 
study25 indicate that such an effect in the usual-
care group is unlikely.

Our findings agree with those of the ProCESS 
trial,10 in which investigators also used a resus-
citation algorithm that was similar to that used 
in the original EGDT trial.11 Although our re-
sults differ from those in the original trial, they 
are consistent with previous studies showing 
that bias in small, single-center trials may lead 
to inflated effect sizes34 that cannot be replicated 
in larger, multicenter studies.35-37 Although the 
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ProCESS study did not directly compare proto-
col-based EGDT for resuscitation with care that 
was not protocol-based, the concordance of re-
sults between our study and the ProCESS study 
suggests that EGDT does not offer a survival ad-
vantage in patients presenting to the emergency 
department with early septic shock. Whether re-
suscitation protocols with different goals or dif-
ferent individual therapies in the EGDT bundle 
offer a survival benefit remains to be determined.

In conclusion, the results of our trial show 

that EGDT, as compared with usual resuscita-
tion practice, did not decrease mortality among 
patients presenting to the emergency department 
with early septic shock. Our findings suggest that 
the value of incorporating EGDT into interna-
tional guidelines as a standard of care is ques-
tionable.
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This is Andy Shorr from Washington, DC, with the pulmonary and critical care literature update.

Today I want to highlight the ARISE trial.[1] This is the second of three recently completed randomized controlled
trials looking at early goal-directed therapy (EGDT) in the treatment of patients who present to the emergency
department (ED) with septic shock.

In this trial, conducted in Australia among 1600 patients, participants were randomly assigned to receive
standard care or EGDT. The EGDT protocol required the placement of a catheter to measure the central venous
oxygen saturation (SCV02), to clarify how the use of this catheter and this specific protocol alter outcomes in
early septic shock.

As with the ProCESS study,[2] the ARISE trial found no difference in 90-day mortality with the use of EGDT vs
standard of care in this group of patients who presented to the ED. However, with EGDT, they spent more on
the catheter, required more dobutamine, and gave more transfusions. There are some nuances that I believe
are important before we conclude that a protocol-based approach to septic shock has no value.

A Few Caveats to the ARISE Findings

Before patients were enrolled in the study—and they were enrolled quickly after presenting to the ED—patients
in both arms received, on average, a 30 cc/kg bolus of crystalloid. This is very different from what we have seen
historically, at least in the United States, where the use of fluids in the ED has been much more conservative. In
the ARISE trial, everyone received 1 or 2 L of fluids up front, before they were enrolled. That has to affect
outcomes.

Second, after randomization, patients in the EGDT arm did receive more crystalloid than patients in the
standard-of-care arm, but on average that difference was less than 300 cc. Thus, it appears overall that patients
received essentially the same amount of crystalloid, regardless of which arm they were assigned to. That
suggests that our practice of giving fluids has changed. When you look at how crystalloid was used in Manny
Rivers' early study[3] of EGDT and in other observational studies over a decade ago, you see that patients were
getting much smaller boluses of fluid in the ED or the critical care unit (CCU), even when they were critically ill.
What this study really tells me is that practice has changed and perhaps that explains why mortality rates from
severe sepsis and septic shock have been falling globally for over a decade.

Moreover, this study enrolled patients with a very low risk for death. The mean APACHE-2 score of patients in
this study was approximately 15; in this group of patients with septic shock, the 90-day mortality rate was only
20%. By contrast, mortality rates in most septic shock studies we have seen historically[3]—other than the most
recent ones such as ProCESS—have been in the 30% to 40% range. If you look at the recently completed
TRISS trial,[4] which focused on transfusion thresholds, the 90-day mortality was in the 40% range for septic
shock in the CCU.

Thus, we are studying different groups of people here and we must understand that severe sepsis at an early
time point is very different from established septic shock in the CCU. Similarly, we must understand that not all
populations are the same phenotypically.

More Caveats and the Take-Home

In this population, only about half of the patients had a lactate level above 4 mmol/L, so even though these
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patients presented with hypotension and signs of vasodilation and end-organ dysfunction, they had not
developed a lactic acidosis. Given these nuances, it is unclear how having a catheter in these patients would
have been valuable in the first place. In one sense, it is as if these investigators created a straw man and
knocked it down, because these are patients who, in my hospital, probably would have received 2 L of fluid and
never would have been considered for admission to the CCU, but could have gone to our intermediate-care unit
or the general medical unit. If you are studying patients with such a low risk for death because they meet the
entry criteria, then you have diluted your ability to ascertain where an aggressive fluid resuscitation and
protocol-based approach might be valuable.

The study clearly is internally valid. The authors have done an excellent job, and the ANZICS (Australian & New
Zealand Intensive Care Society) group has done superlative work in advancing our understanding of critical
care through a series of large, randomized controlled trials, whether it is looking at crystalloid and transfusion
requirements or things such as this. But I believe that in this case we have to be cautious because, as with
ProCESS, it seems that they are studying a group of patients in the ED who will do well with 2 or 3 L of
crystalloid and antibiotics, no matter what.

Now, that is good because we can identify those patients, but it also suggests that we should not necessarily
generalize this to what we are doing at hour 6, 8, 12, or 24 in the CCU when those patients come to us from the
ED.

Again, I believe that the ARISE study by the ANZICS investigators, recently published in the New England
Journal of Medicine, is very thought-provoking and something we should all be looking at.

This is Andy Shorr, from Washington, DC.
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