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The original Rivers trial [1] of early goal-directed therapy
(EGDT) discovered that a process of EGDT that guided
fluids, vasopressors, inotropic agents and transfusions in
the first 6 h of sepsis dramatically reduced mortality
(relative risk reduction, RRR of 42 %) compared to usual
care in an emergency department (ED) setting. That dis-
covery ushered in an exciting era of early identification,
resuscitation and monitoring of patients with sepsis. Since
2003, EGDT has been recommended in international
sepsis guidelines [2–4], and implementation in routine
care has been associated with benefits [5]. Likewise,
many observers suggested that prompt recognition and
treatment of sepsis may partly explain declining mortality
from sepsis [6, 7].

Some have suggested that EGDT as described in Riv-
ers’ trial may not apply to the intensive care setting,
because it was a single-centre trial conducted in the
emergency department, the control mortality rate was
higher than expected, and baseline central venous oxygen
saturation (ScvO2) was remarkably low (about 50 %)—an
observation thought to be rare in septic ICU patients.
Accordingly, many argued that there was clinical equi-
poise about the role of EGDT in ICU patients with sepsis,
and several subsequent multicentre RCTs [8–10] did not
find survival benefits from EGDT (mortality was actually
slightly higher in EGDT than the usual care group in
ProMISe).

In this issue of Intensive Care Medicine, Peake and
colleagues [11] report a systematic review with meta-
analysis of five RCTs [1, 8–12] showing no difference in
mortality between ED-initiated EGDT versus usual care
groups. However, the ED-initiated EGDT group had
significantly more use of vasopressors and duration of
stay in the ICU. Peake and colleagues [11] also reviewed
six RCTs of non-ED-initiated EGDT, again finding no
difference in mortality between EGDT versus usual care.
The systematic review adheres to current standards for the
conduct and reporting of a systematic review [13, 14],
including a pre-experimentally published protocol, a
comprehensive search strategy, adequate conventional
cumulative meta-analyses, relevant sensitivity and sub-
group analyses, and adequate assessment of risk of bias.
Conventional cumulative meta-analyses are at risk of
producing random errors because of sparse data and
repetitive testing of accumulating data [15–17]. The risk
of random errors can be assessed by trial sequential
analysis (TSA), where trial sequential monitoring
boundaries are applied to the conventional meta-analysis.
The underlying assumption of TSA is that significance
testing and calculation of the 95 % confidence interval are
performed each time a new trial result is published or
available. TSA depends on the accrued information
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available and the required information size needed to
detect or reject a reasonable clinically relevant interven-
tion effect. Applying TSA to the present meta-analysis
yields that the area for futility has been reached (Fig. 1),
suggesting that a 20 % or greater relative risk difference
in mortality (as used in the original sample size estima-
tions in [8–10]) between EGDT and usual care is unlikely
(risk of type II error 10 %). Consequently, TSA is con-
sistent with the results of the conventional cumulative
meta-analysis.

Several striking differences are obvious when com-
paring the estimated vs. the actual mortality. First, usual
care group mortality rates were overestimated by 5.1 %
[8], 19.4 % [9] and 10.8 % [10], similar to previous
overestimates in septic shock trials [18]. Finally, care
prior to inclusion and randomization in both groups was at
the discretion of the treating physician, and could include
elements of aggressive fluid resuscitation which could
have dampened the efficacy of EGDT. The mean times
from ED admission to randomization were very short,
about 3 h in ProCESS [8], 1.5 h in ARISE [9] and about
2.5 h in ProMISe [10]. The 90-day mortality rate of the
usual care groups, using very similar inclusion criteria
and over the same time frame, was 10.6 % higher in
ARISE [9] than in ProMISe [10].

Why were the results of the three recent RCTs of
EGDT so different from Rivers’ trial? It is quite likely
that there is systematic ‘‘contamination’’ of the principles
of EGDT in usual care in most EDs and ICUs now, so it

was likely impossible to have a usual care group that did
not have early recognition and early resuscitation, which
may account for the remarkably low usual care mortality
rates. Second, the main difference between EGDT and
usual care groups was the use of ScvO2 measurement and
targeting therapies to achieve ScvO2 greater than 70 %
[1]. Use of continuous ScvO2 monitoring was done in
87 % of EGDT patients in ProMISe and about 93.2 % in
ProCESS. Finally, the requirements and methodological
quality of clinical trials have increased over the years,
resulting in an a priori lower risk of bias and subsequently
less pronounced intervention effects [19]. Another im-
portant difference between Rivers’ RCT [1] and the
ProCESS [8], ARISE [9] and ProMISe [10] trials was the
delay in adequate and full resuscitation in Rivers’ control
arm. ProCESS, ARISE and ProMISe were run in settings
of high levels of care in ED and ICU. The results of
ProCESS, ARISE and ProMISe may not be generalizable
in emerging countries with evolving health care systems.

What should clinicians do now? The confluence of low
usual care mortality rates confirms that early recognition
and intervention are effective. Use of sepsis bundles to
enhance early recognition in the ED and guide therapies
are effective and easily applied processes of care. How-
ever, resuscitation based solely on ScvO2 monitoring
cannot be recommended. Thus, Rivers’ improved process
of care (early recognition and intervention) that is now an
integrated part of sepsis bundles and guidelines around
the globe has ironically led to lower mortality rates

Fig. 1 Trial sequential analysis
of all-cause mortality (five trials
[1, 8–11]). The upper and lower
red boundaries are trial
sequential monitoring
boundaries for benefit and
harm. The TSA adjusted
required information size of
9028 patients was calculated
using a = 0.05 (two sided),
b = 0.10 (power 90 %), an
anticipated relative risk
reduction of 20 % (as in the
original sample size
calculations of the three recent
trials [8–10]), and an event
proportion of 22 % in the
control arm (mean value of the
included trials). The blue
cumulative z curve, constructed
using a random effects model,
crosses the boundary for futility
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without the need for the original algorithm. Does that
mean clinicians should never measure ScvO2? Of course
not; patients with inadequate response to standard resus-
citation might merit advanced hemodynamic monitoring,
including use of ScvO2 or cardiac output monitors.

To summarize, the present high-quality systematic re-
view with meta-analysis, and the TSA suggest that routine
use of EGDT including ScvO2 in adult patients with
severe sepsis in the developed world is not warranted.
New RCTs of EGDT may be warranted in children,
emerging countries, or with different targeted endpoints
and algorithms. Continued improvements in processes of
care that enhance early recognition and resuscitation with
appropriate doses of fluids, vasopressors and inotropic
agents are critical to further improvements in outcomes of
sepsis.

Conflicts of interest Dr. Russell reports patents owned by the
University of British Columbia (UBC) that are related to PCSK9
inhibitor(s) and sepsis and related to the use of vasopressin in septic
shock. Dr. Russell is an inventor on these patents. Dr. Russell is a
founder, director and shareholder in Cyon Therapeutics Inc. (de-
veloping a sepsis therapy). Dr. Russell has share options in Leading
Biosciences Inc. Dr. Russell reports receiving consulting fees from
Cubist Pharmaceuticals (formerly Trius Pharmaceuticals) (devel-
oping antibiotics), Ferring Pharmaceuticals (manufactures
vasopressin and is developing selepressin), Grifols (sells albumin),
MedImmune (regarding sepsis), Leading Biosciences (developing a
sepsis therapeutic), La Jolla Pharmaceuticals (developing a sepsis
therapeutic), CytoVale Inc. (developing a sepsis diagnostic) and
Sirius Genomics Inc. (now closed; had done pharmacogenomics
research in sepsis). Dr. Russell reports having received grant sup-
port from Sirius Genomics, Ferring Pharmaceuticals that is
provided to and administered by UBC.

References

1. Rivers E, Nguyen B, Havstad S, Ressler
J, Muzzin A, Knoblich B et al (2001)
Early goal-directed therapy in the
treatment of severe sepsis and septic
shock. N Engl J Med
345(19):1368–1377

2. Dellinger RP, Levy MM, Carlet JM,
Bion J, Parker MM, Jaeschke R et al
(2008) Surviving Sepsis Campaign:
international guidelines for
management of severe sepsis and septic
shock: 2008. Crit Care Med
36(1):296–327

3. Dellinger RP, Levy MM, Rhodes A,
Annane D, Gerlach H, Opal SM et al
(2013) Surviving Sepsis Campaign:
international guidelines for
management of severe sepsis and septic
shock, 2012. Intensive Care Med
39(2):165–228

4. Russell JA (2006) Management of
sepsis. N Engl J Med
355(16):1699–1713

5. Nguyen HB, Corbett SW, Steele R,
Banta J, Clark RT, Hayes SR et al
(2007) Implementation of a bundle of
quality indicators for the early
management of severe sepsis and septic
shock is associated with decreased
mortality. Crit Care Med
35(4):1105–1112

6. Kaukonen KM, Bailey M, Suzuki S,
Pilcher D, Bellomo R (2014) Mortality
related to severe sepsis and septic shock
among critically ill patients in Australia
and New Zealand, 2000–2012. JAMA
311(13):1308–1316

7. Stevenson EK, Rubenstein AR, Radin
GT, Wiener RS, Walkey AJ (2014) Two
decades of mortality trends among
patients with severe sepsis: a
comparative meta-analysis. Crit Care
Med 42(3):625–631

8. Yealy DM, Kellum JA, Huang DT,
Barnato AE, Weissfeld LA, Pike F et al
(2014) A randomized trial of protocol-
based care for early septic shock.
N Engl J Med 370(18):1683–1693

9. Peake SL, Delaney A, Bailey M,
Bellomo R, Cameron PA, Cooper DJ
et al (2014) Goal-directed resuscitation
for patients with early septic shock.
N Engl J Med 371(16):1496–1506

10. Mouncey PR, Osborn TM, Power GS,
Harrison DA, Sadique MZ, Grieve RD
et al (2015) Trial of early, goal-directed
resuscitation for septic shock. N Engl J
Med 72(14):1301–1311

11. Peake S (2015) A systematic review
and meta-analysis of early goal-directed
therapy for septic shock: The ARISE,
ProCESS and ProMISe Investigators.
Intensive Care Medicine. doi:
10.1007/s00134-015-3822-1

12. Jones AE, Shapiro NI, Trzeciak S,
Arnold RC, Claremont HA, Kline JA
(2010) Lactate clearance vs central
venous oxygen saturation as goals of
early sepsis therapy: a randomized
clinical trial. JAMA 303(8):739–746

13. Moher D, Liberati A, Tetzlaff J, Altman
DG (2009) Preferred reporting items for
systematic reviews and meta-analyses:
the PRISMA statement. BMJ
339:b2535

14. Higgins JPT, Green S (eds) (2011) The
Cochrane handbook for systematic
reviews of interventions, version 5.1.0.
http://handbook.cochrane.org/. Ac-
cessed 1 Jan 2015

15. Wetterslev J, Thorlund K, Brok J,
Gluud C (2008) Trial sequential
analysis may establish when firm
evidence is reached in cumulative meta-
analysis. J Clin Epidemiol 61(1):64–75

16. Wetterslev J, Thorlund K, Brok J,
Gluud C (2009) Estimating required
information size by quantifying
diversity in random-effects model meta-
analyses. BMC Med Res Methodol 9:86

17. Higgins JP, Whitehead A, Simmonds M
(2011) Sequential methods for random-
effects meta-analysis. Stat Med
30(9):903–921

18. Russell JA, Walley KR, Singer J,
Gordon AC, Hebert PC, Cooper DJ et al
(2008) Vasopressin versus
norepinephrine infusion in patients with
septic shock. N Engl J Med
358(9):877–887

19. Savovic J, Jones HE, Altman DG,
Harris RJ, Juni P, Pildal J et al (2012)
Influence of reported study design
characteristics on intervention effect
estimates from randomized, controlled
trials. Ann Intern Med 157(6):429–438

1678

http://dx.doi.org/10.1007/s00134-015-3822-1
http://handbook.cochrane.org/

	Early goal-directed therapy: from discovery through enthusiasm to equipoise?
	Conflicts of interest
	References




