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Abstract Sepsis is a common and high-burden healthcare

problem with a mortality exceeding 20 % in severe sepsis

and nearly 50 % when septic shock is present. Early goal-

directed therapy (EGDT) is recommended by sepsis

guidelines as the standard of care following a landmark

study by Rivers et al. alongside other observational studies.

Three recent randomized controlled trials have questioned

the Rivers’ results. The objective of our systematic review

was to assess the effectiveness of EGDT in reducing the

mortality of severe sepsis or septic shock. Relevant primary

studies were identified by searching the MEDLINE and

EMBASE databases and the Cochrane Central Register of

Controlled Clinical Trials to identify randomized con-

trolled trials assessing the effectiveness of EGDT for sep-

sis. Data from all trials were combined and analyzed using

a random effects model. Five studies, enrolling a total of

4033 patients, were included in the meta-analysis. In-hos-

pital mortality did not differ between the two treatment

groups (RR 0.93, 95 % CI 0.77–1.11, P = 0.42), although

moderate heterogeneity between studies was noted

(I2 = 48 %). A non-significant trend toward reduction in

60-day mortality in the EGDT group was noted (RR 0.93,

95 % CI 0.82–1.05, P = 0.22, I2 = 24 %). Heterogeneity

between trials precludes a definitive conclusion on the

utility of EGDT in severe sepsis. Until further evidence is

available, it is reasonable to consider EGDT in the care of

patients with severe sepsis and septic shock.
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Introduction

Sepsis is a systemic, deleterious host response to infection

[1]. Severe sepsis and septic shock are major healthcare

problems, with reported annual incidence nearing 300

cases per 100,000 adults [2–4]. Despite decreasing mor-

tality in recent years [5], short-term mortality remains

20 % or more [6], reaching up to 50 % when shock is

present [7, 8].

Most patients who present with sepsis receive initial

care in the emergency department. Similar to polytrauma,

acute myocardial infarction, or stroke, the speed and ap-

propriateness of therapy administered in the initial hours

after severe sepsis develops are likely to influence outcome

[1].

In 2001, a single-center randomized controlled trial

by Rivers et al. demonstrated a reduction in mortality

(30.5 vs 46.5 %) among patients with severe sepsis and

septic shock who were treated according to a 6-hour

protocol of early goal-directed therapy (EGDT) when

compared to standard therapy [9]. Starting from the

hypothesis that usual care lacked aggressive, timely

assessment and treatment, the EGDT protocol provided

for central venous catheterization to monitor central

venous pressure (CVP) and central venous oxygen

saturation (Scvo2), which were used to guide the infu-

sion of intravenous fluids, vasopressors, packed red cell

transfusions, and inotropic agents, to achieve pre-speci-

fied physiological targets.

Due to this study, and a number of nonrandomized

studies showing a survival benefit with bundle-based care
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that included EGDT [10–13], EGDT was ultimately in-

corporated into the 6-hour resuscitation bundle of the

Surviving Sepsis Campaign guidelines as ‘‘strong recom-

mendation, low quality of evidence’’ [1, 14, 15].

Despite such successes, considerable controversy has

surrounded the role of EGDT in the treatment of patients

with severe sepsis. Concerns have included threats to ex-

ternal validity of the original trial as well as the infras-

tructure and resource required for implementing EGDT

[16, 17]. Other authors also underline issues concerning the

bundling of therapies in the EGDT protocol; some com-

ponents may cause harm (e.g., central line insertion, blood

transfusion), other components may fail to incorporate up-

to-date views of cardiovascular physiology (e.g., targeting

a CVP of 8–12 mm Hg) [18].

Furthermore, in the time since the Rivers publication,

the standard of care of sepsis has changed, with emphasis

on early identification and treatment spawned by the Sur-

viving Sepsis Campaign. This has led some authors to

question whether all the elements of the original protocol

are still necessary [19–21].

Recently, three large multicenter randomized controlled

trials, one conducted in 31 academic centers in the United

States [22], the second in 51 centers, mostly in Australia or

New Zealand [23], and the last in 56 hospitals in England

[24], have compared the EGDT protocol to usual care and

failed to identify a survival benefit.

Due to conflicting data on EGDT effectiveness and the

statistical power limitations of individual studies, we de-

cided to perform a systematic review of randomized con-

trolled trials comparing the efficacy of EGDT to usual care

in the treatment of septic shock.

Methods

Types of studies

Randomized controlled trials (RCTs) assessing the effec-

tiveness of EGDT vs usual care in the treatment of septic

shock.

Types of participants

18 years of age or older, sepsis suspected by treating

physician, and presence of septic shock, as defined by each

study.

Types of interventions

Trials comparing the original Rivers EGDT protocol with

usual care.

In particular, the original Rivers EGDT protocol [9]

provided for: early placement of a central venous catheter

capable of measuring central venous oxygen saturation and

central venous pressure; crystalloid fluid infusion (500 mL

bolus given every 30 min to achieve a central venous

pressure of 8–12 mmHg); vasopressor infusion to maintain

a mean arterial pressure of C65 mmHg; packed red cell

transfusion if central venous oxygen saturation \70 % to

achieve a hematocrit of C30 %; dobutamine administration

if central venous oxygen saturation \70 %; continuous

monitoring of patients’ temperature, heart rate, urine out-

put, blood pressure, and central venous pressure for the first

6 h; monitoring of arterial and venous blood gas values,

lactate concentrations, and coagulation-related variables

(see Fig. 6 in ‘‘Appendix’’).

Outcomes measured

Our primary outcome was all-cause in-hospital mortality,

calculated at the longest follow-up available for each study.

Our secondary outcome was all-cause mortality at the

longest study follow-up.

Search methods for identification of studies

Relevant primary studies were identified by searching the

MEDLINE and EMBASE databases, the Cochrane Central

Register of Controlled Clinical Trials (CENTRAL), and

http://Clinicaltrials.gov database to identify ongoing trials

yet to be reported in the literature up to April 1, 2015.

Reference lists included in clinical guidelines and the

proceedings of relevant meetings were also considered.

We performed the research following the P.I.C.O.s.

acronym:

1. Population: adult patients (over 18 years of age) with

sepsis, severe sepsis, or septic shock.

2. Intervention: early goal-directed therapy, defined on

the basis of the ‘‘Rivers protocol’’ (see Fig. 6 in

‘‘Appendix’’).

3. Comparison: usual care or standard therapy (not

included as a keyword in the search so as to increase

search sensitivity).

4. Outcome: mortality (not included as a keyword in the

search so as to increase search sensitivity).

5. Type of study: randomized controlled trials.

The search strategy was:

(((((((((sepsis) OR septicemia) OR septic shock) OR

severe sepsis) OR blood stream infection) OR endotoxic

shock) OR toxic shock)) AND ((((((((egdt) OR early goal-

directed therapy) OR early goal therapy) OR early directed

therapy) OR protocol directed therapy) OR goal-directed

therapy) OR rivers protocol) OR protocol)) AND
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((((((randomized controlled trial) OR controlled clinical

trial) OR randomized) OR randomly) OR trial) OR groups).

No language restrictions were applied.

Two reviewers (AMR and IB) independently screened

titles and abstracts to identify relevant publications. Full

texts were retrieved and evaluated by the same two re-

viewers (AMR and IB) and a final decision regarding the

inclusion or exclusion of the papers was made. Discrep-

ancies were resolved by consensus between the two re-

viewers (AMR and IB).

Data extraction

Two reviewers (AMR and IB) extracted the data, which

were then recorded in an electronic spreadsheet. Extracted

data consisted of the study characteristics (first author,

journal and year of publication, number of patients en-

rolled, primary end point, study duration), patient charac-

teristics (mean age, gender, vital signs at enrollment,

APACHE II score, therapy given within the first 6 h) and

the outcome of interest. Mortality was determined by

number of fatalities reported in the studies. If unavailable,

data were extracted from the Kaplan–Meier curve.

Assessment of risk of bias in included studies

We assessed risk of bias using the criteria described in the

Cochrane Handbook for Systematic Reviews of Interven-

tions, version 5.1.0 [25].

Measures of treatment effect

We used risk ratio (RR) with 95 % confidence intervals

(CI) for reporting dichotomous data.

Assessment of heterogeneity

Statistical heterogeneity across studies was tested using the

I2 statistic. Heterogeneity was suggested if P B 0.10. For

the interpretation of I2 we used the criteria described in the

Cochrane Handbook for Systematic Reviews of Interven-

tions, version 5.1.0 [26]:

• 0 to 40 %: might not be important.

• 30 to 60 %: may represent moderate heterogeneity.

• 50 to 90 %: may represent substantial heterogeneity.

• 75 to 100 %: considerable heterogeneity.

Data synthesis

Data from all trials were combined using Review Manager

5.3 software program [27]. We used DerSimonian and

Laird random effects method to pool data [28].

Results

Results of the search

The electronic search yielded 3551 citations: 1115 refer-

ences were found in MEDLINE and 2436 in EMBASE. 649

references were duplicated between the two databases. No

additional references were obtained from the Cochrane trial

register or from bibliographic searching of relevant articles.

Of a total of 2902 references, 2885 were excluded by title

and abstract screening. Of the 17 studies identified as rele-

vant for the meta-analysis, three were excluded because they

were reviews [29–31], one was excluded because it was not a

randomized controlled trial [32], two were excluded for

using a simplified treatment protocol other than the ‘‘Rivers

protocol’’ [33, 34], and one was excluded because it was a

duplicate report of an included study [35]. Three additional

references were excluded because they were statistical

analysis plans of enrolled trials [36–38]. Of the remaining

seven studies, three were in Chinese [39–41]. We wrote to

the authors for more information and data about their stud-

ies, but only one replied [39]. Therefore, two studies were

excluded due to language restrictions. Ultimately, five

studies [9, 22–24, 39] were included in the meta-analysis

(Fig. 1). The characteristics of the populations and inter-

ventions in the included trials are reported under charac-

teristics of included studies and in Tables 1, 2, and 3.

There was 100 % agreement between the two reviewers

on exclusion and inclusion of studies.

Characteristics of included studies

Population

The Rivers et al. trial [9] was performed from March 1997

through March 2000 in a single academic tertiary-level

care emergency department in Detroit (United States of

America). The second included study, by Wang et al. [39],

was performed in a single center in China (Department of

Critical Care Medicine of Binzhou, Medical University

Hospital, Shandong). The third included study, by Yealy

et al. [22], was a multicenter randomized controlled trial

conducted from March 2008 through May 2013 in 31

academic emergency departments in the United States of

America. Peake et al. [23] conducted a multicenter ran-

domized controlled trial in 51 tertiary and non-tertiary-

level metropolitan and rural hospitals, mostly in Australia

or New Zealand (6 centers were in Finland, Hong Kong

and the Republic of Ireland), from October 2008 through

April 2014. Finally, the study by Mouncey et al. [24] was a

multicenter randomized controlled trial conducted in 56

hospitals in England, from February 2011 through July

2014.
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The four larger trials [9, 22–24] included adult patients

in the emergency department who met two or more criteria

for systemic inflammatory response syndrome [42], and

who had refractory hypotension (systolic blood pressure

\90 mmHg after an intravenous fluid challenge) or hy-

poperfusion (blood lactate level C4.0 mmol/L). In the

Rivers trial [9], patients who presented to the ED meeting

inclusion criteria were enrolled. In the study by Yealy et al.

[22] patients did not have to be in shock on arrival in the

ED, but could be enrolled within 2 h of detection of shock

and within 12 h after arrival. Peake et al. and Mouncey

et al. [23, 24] enrolled patients who met the eligibility

criteria within 6 h of ED presentation. The criteria for

enrollment of patients in septic shock by Wang et al. [39]

were not clearly delineated in the information given by the

author (contacted by email), and further clarification was

hindered due to non-English text.

The number of patients recruited in each of the trials

ranged from 33 [39] to 1591 [23]. The total number of

patients in the review was 4033, 2003 in the EGDT group

and 2030 in the usual care group. There were similar

number of patients recruited in both study groups in all

trials. Descriptive characteristics of the populations en-

rolled in the five studies are shown in Table 1.

Interventions

All included trials compared EGDT with usual care. All

studies claim to follow Rivers’ original protocol (see Fig. 6

in ‘‘Appendix’’). In one study [22], there was also a third

treatment arm, randomized to a non-EGDT protocol-based

treatment. This arm was not included in our review.

Therapies administered in the first 6 hours from enroll-

ment are shown in Table 2.

Outcomes

In the study by Rivers et al. [9], the primary outcome was

in-hospital mortality up to 60 days, and is significantly

lower in the EGDT group (30.5 vs 46.5 %). Wang et al.

[39] also reported a reduction in their primary outcome of

14-day mortality in the EGDT group (25.0 vs 41.2 %).

In the other three enrolled studies, mortality was not

significantly affected by EGDT treatment. In particular,

Yealy et al. [22] considered hospital mortality up to

60 days as a primary outcome (21.0 vs 18.9 % in the

EGDT vs usual care group, respectively), while Peake et al.

and Mouncey et al. [23, 24] considered 90-day mortality as

their primary outcome (18.6 vs 18.8 % and 29.5 vs 29.2 %

in the EGDT vs usual care group, respectively).

The main secondary outcomes of the studies were du-

ration of organ support or length of hospital stay. For more

details about outcomes, see Table 3.

Risk of bias in included studies

All included studies stated that the allocation of treatment

to patients was randomized. Due to the nature of the in-

tervention, blinding was not possible. However, the out-

come (mortality) was not likely to be influenced by lack of

blinding [25].

Papers retrieved for more 
detailed evalua�on:  

17 

Search results:  

Medline 1115  

Embase 2436

Papers excluded by �tle and 
abstract screening: 

2885 

Excluded a�er reading full 
text: 

reviews   3 

sta�s�cal analysis plan 3 

simplified protocol (not the 
original Rivers’ one) 2 

no RCT   1 

duplicate report 1 

Trials included in the meta-
analysis: 

5

Papers duplicated between 
database:  

649 

Trials with poten�al for 
inclusion: 

7

Excluded trials: 

Chinese language, no 
response from the authors  

2 

Papers screened :  

2902 

Fig. 1 Selection of the articles
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Of the four included studies for which full text analysis

was possible, all were deemed by the authors to be at low

risk of bias [9, 22–24]. One trial was considered at unclear

risk of bias [39], due to inability to analyze the full text

because of a language barrier (trial in Chinese).

The summary of risk of bias assessment can be found in

Figs. 2 and 3. For more details about support for authors’

judgment see Table 4 in ‘‘Appendix’’.

We did not investigate potential publication bias by

funnel plot [43], due to the small number of included studies.

Table 1 Descriptive

characteristics of studies and

patients

Rivers 2001 Wang 2006 Yealy 2014 Peake 2014 Mouncey 2015

No. of hospitals involved 1 1 31 51 56

No. of patients

EGDT 130 16 439 793 625

UC 133 17 456 798 626

Mean age, years

EGDT 67.1 ± 17.4 33 ± 13 60 ± 16.4 62.7 ± 16.4 66.4 ± 14.6

UC 64.4 ± 17.1 36 ± 14 62 ± 16.0 63.1 ± 16.5 64.3 ± 15.5

Male %

EGDT 50.8 54.3 52.8 60.2 57.0

UC 50.4 55.6 57.9 59.3 58.6

Patient’s characteristics at enrollment

APACHE II score

EGDT 21.4 28 ± 7 20.8 15.4 18.7 ± 7.1

UC 20.4 27 ± 6 20.7 15.8 18.0 ± 7.1

Temperature, �C
EGDT 35.9 ± 3.2 38.3 ± 1.6 37.6 ± 1.4 37.6 ± 1.5 –

UC 36.6 ± 2.3 38.9 ± 2.0 37.7 ± 1.4 37.6 ± 1.6 –

Systolic blood pressure, mmHg

EGDT 106 ± 36 – 100.2 ± 28.1 – 99.6 ± 26.0

UC 109 ± 34 – 99.9 ± 29.5 – 97.0 ± 25.5

Mean blood pressure, mmHg

EGDT 74 ± 27 59.8 ± 10.3 64.9 ± 16 69.4 ± 14.9 69.9 ± 20.3

UC 76 ± 24 56.7 ± 9.5 64.7 ± 15.6 70.5 ± 16 64.7 ± 17.2

Heart rate, beats/min

EGDT 117 ± 31 110 ± 16 113.7 ± 22 104.9 ± 23.3 –

UC 114 ± 27 112 ± 16 114.5 ± 23.1 104.7 ± 21.3 –

Respiratory rate, breaths/min

EGDT 31.8 ± 10.8 25.7 ± 10.3 25.4 ± 7 24.5 ± 7.5 –

UC 30.2 ± 10.6 28.4 ± 12.1 25.3 ± 7.4 25.1 ± 8.0 –

Lactates, mmol/L

EGDT 7.7 ± 4.7 8.4 ± 2.5 4.8 ± 3.1 4.4 ± 3.3 5.2 ± 3.5

UC 6.9 ± 4.5 10.0 ± 3.9 4.9 ± 3.1 4.2 ± 2.8 5.1 ± 3.5

Arterial pH

EGDT 7.31 ± 0.17 7.32 ± 0.15 7.33 ± 0.12 7.35 ± 0.12 –

UC 7.32 ± 0.19 7.23 ± 0.29 7.34 ± 0.13 7.35 ± 0.13 –

Creatinine, mg/dL

EGDT 2.6 ± 2.0 1.4 ± 0.3 2.5 ± 2.4 1.4 2.09 ± 1.61

UC 2.6 ± 2.0 1.8 ± 0.37 2.3 ± 1.9 1.5 2.19 ± 2.18

Values are means. Plus–minus values are means ± standard deviations
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Effects of interventions

Primary outcome

In-hospital mortality data were available for all studies.

60-day mortality data were available for four trials [9, 22–

24]. Wang et al. [39] only reported 14-day mortality.

Overall, EGDT did not reduce in-hospital mortality (RR

0.93, 95 % CI 0.77–1.11, P = 0.42). The analysis showed

moderate heterogeneity between studies (I2 = 48 %)

(Fig. 4).

Secondary outcome

Of the four larger studies [9, 22–24], the longest available

time point for which mortality could be derived from the

respective survival curves was 60 days. This comprised the

secondary outcome of our study.

For three studies [22–24], we obtained the data from the

respective Kaplan–Meier curves.

Overall, EGDT shows a non-significant trend toward

reducing 60-day mortality (RR 0.93, 95 % CI 0.82–1.05,

P = 0.22). Heterogeneity between studies for this outcome

is not important (I2 = 24 %) (Fig. 5).

Discussion

The objective of our meta-analysis was to verify the ef-

fectiveness of the ‘Rivers protocol’ in septic shock. Con-

sidering in-hospital mortality, no significant difference is

noted between the two treatment groups, but a moderate

heterogeneity between studies is noted (I2 = 48 %). When

comparing mortality at 60 days, a trend toward reduction in

mortality for the EGDT protocol emerges, with low study

heterogeneity.

These results do not allow us to draw any definitive

conclusions regarding EGDT effectiveness in septic shock,

given the low number of studies and the heterogeneity

among them.

It is strange that there is heterogeneity between trials

given the relative similarity of enrollment criteria and

treatment protocols. Meanwhile, however, mortality rates

differ greatly among the usual care groups, with a higher

mortality in the Rivers and Wang studies compared to the

Yealy, Peake and Mouncey studies (in-hospital mortality

46 and 41 %, respectively, vs 18.9, 15.7 and 24.6 %),

could be considered an indicator of a clinical heterogeneity

of patients included in the studies. Moreover looking at the

descriptive characteristics of the patients, it could be

Table 2 Given therapy to 6 h
Rivers 2001 Wang 2006 Yealy 2014 Peake 2014 Mouncey 2015

Intravenous fluids, mL

EGDT 4981 ± 2984 4896 ± 214 5059a 4479a 4116a

UC 3499 ± 2438 2386 ± 90 4362a 4304a 3987a

Red cell transfusion %

EGDT 64.1 31.3 14.4 13.6 8.8

UC 18.5 35.3 7.5 7.0 3.8

Vasopressors %

EGDT 27.4 50.0 54.9 66.6 53.3

UC 30.3 88.2 44.1 57.8 46.6

Inotropic agent (dobutamine) %

EGDT 13.7 – 8.0 15.4 18.1

UC 0.8 – 0.9 2.6 3.8

Mechanical ventilation %

EGDT 53.0 68.8 26.4 34.8 20.2

UC 53.8 76.5 21.7 32.9 19.0

CVC %

EGDT 100b 100 93.6 90.0 92.1

UC 100b 100 57.9 61.9 50.9

Antibiotics %

EGDT 86.3 100 97.5 – 100

UC 92.4 100 96.9 – 100

Values are means. Plus–minus values are means ± standard deviations
a These data are represented by the sum of the fluids administered pre-randomization and between ran-

domization and 6 h
b Data not specified by the authors but the protocol included the CVC placement in all patients
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argued that patients enrolled in the Rivers trial differed, in

that they were older compared to Yealy and Peake patients,

had more co-morbidities, and had higher lactate levels

compared to Yealy, Peake, and Mouncey patients

(Table 1). Even patients enrolled in the Wang study,

although much younger (mean age 33–36 years), had

characteristics of more severe disease (higher APACHE II

score, lactate even higher than Rivers’ study). Given that

EGDT performed relatively favorably in these two studies,

it might suggest that EGDT provides a more substantial

benefit in patients who are sicker upon presentation.

Additionally, therapies administered in the first 6 hours

from enrollment vary widely between the five trials, both in

the EGDT and the usual care groups (Table 2). We wonder

Table 3 Outcomes of the

studies
Rivers 2001 Wang 2006 Yealy 2014 Peake 2014 Mouncey 2015

Mortality

In-hospital at 7 days %

EGDT – 18.8 – – –

UC – 29.4 – – –

In-hospital at 14 days %

EGDT – 25.0a – – –

UC – 41.2a – – –

In-hospital by 60 days %

EGDT 30.5a – 21.0a 14.5 25.6

UC 46.5a – 18.9a 15.7 24.6

By 28 days %

EGDT 33.3 – 24.4b 14.8 24.8

UC 49.2 – 24.4b 15.9 24.5

By 60 days %

EGDT 44.3 – 28.5c 16.7c 28.0c

UC 56.9 – 30.0c 17.5c 27.8c

By 90 days %

EGDT – – 31.9 18.6a 29.5a

UC – – 33.7 18.8a 29.2a

Duration of organ support

Cardiovascular, hours

EGDT – – 58.2d 29.4d –

UC – – 60d 34.2d –

Respiratory, hours

EGDT – 486.6d 153.6d 62.2d –

UC – 337.8d 165.6d 65.5d –

Renal, hours

EGDT – 271.2d 170.4d 57.8d –

UC – 337.8d 211.2d 85.9d –

Use of hospital resources

Stay in hospital, days

EGDT – – 11.1d 8.2d 9e

UC – – 11.3d 8.5d 9e

Stay in intensive care unit, days

EGDT – 9.1d 5.1d 2.8d 2.6e

UC – 11.7d 4.7d 2.8d 2.2e

a Primary outcome of the study
b Data derived from Kaplan Maier at 30 days
c Data derived from Kaplan Maier
d Values are means
e Values are median
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if these differences can be due to a different application of

the treatment protocol or to different kinds of enrolled

patients. Indeed, in the 14 years that separate these studies,

many practices have changed in the treatment of sepsis.

The Surviving Sepsis Campaign guidelines [1] encompass

many elements of the Rivers protocol, and they have likely

influenced the usual care of sepsis and septic shock since

that initial study. Accordingly, examination of treatment

differences in the usual care groups of the included studies

reveals significant changes over time. For example, pa-

tients in the recently published studies [22–24], receive

significantly greater volumes of fluid than the Rivers and

Wang studies. Heightened search for sepsis and increas-

ingly prompt initiation of therapy have certainly occurred

since the initial 2001 study [44].

Other elements not provided by the original Rivers

protocol, such as the early administration of antibiotics,

have become part of common clinical practice, and have

been shown to significantly improve mortality in patients

with septic shock [12, 45–50].

Furthermore, a notable problem is that the classic EGDT

protocol includes complex interventions and monitoring.

This complexity makes it difficult to distinguish which ele-

ments of the protocol have the greatest effect on patient

prognosis. It may be possible that early and rapid fluid

challenge targeted to key, readily available clinical and he-

modynamic parameters (such as systolic blood pressure, the

clearance of lactate or inferior vena cava diameter), is one of

most beneficial components of the bundle. Data from these

trials suggest that aggressive fluid resuscitation has im-

proved in the subsequent years since the initial study.

It is also possible that a benefit of EGDT is not due to

any single component, but rather the collective benefit of a

sequence of well-defined clinical targets and therapies that

emphasize close attention to hemodynamic variables and

the rapid correction of physiologic disorder.

Indeed, a recent meta-analysis of 13 randomized con-

trolled trials shows that goal-directed therapy (GDT) of any

type (not only the Rivers protocol as assessed in our re-

view) is associated with a significant reduction in overall

mortality in patients with sepsis [51]. This mortality benefit

is present only in studies starting GDT early but not when

initiated late or with unclear timing of GDT. The included

studies spanned 22 years (1992–2014), with high hetero-

geneity of included populations and protocols. The meta-

analysis suffers from high clinical heterogeneity, likely due

Fig. 2 Risk of bias graph:

review authors’ judgments

about each risk of bias item

presented as percentages across

all included studies

Fig. 3 Risk of bias summary: review authors’ judgments about each

risk of bias item for each included study
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to constantly evolving concepts of sepsis management over

the 22-year inclusion period. We believe that improve-

ments in therapeutic approaches and standard of care over a

period of 22 years may dwarf potential benefits of any

single study intervention.

Limitations of the review

Our review has obvious limitations. First, there are only

five including studies, as there are very few published

studies investigating the initial Rivers protocol. Language

barriers prevented us from including two Chinese trials [40,

41] assessing our outcomes of interest. Furthermore, mor-

tality data at 60 days for three studies [22–24] were derived

from Kaplan–Meier estimates instead of raw data.

Conclusion

The high heterogeneity between the trials does not permit a

definitive conclusion of the utility of EGDT in severe

sepsis and septic shock. This is partially attributable to the

inclusion of aspects of EGDT into the usual care of sepsis

over the past decade. This has likely created a significant

effect in reducing mortality and reducing the potential

treatment difference between patients receiving protocol-

ized EGDT and those treated with usual care.

Until further evidence exists, it is still reasonable to

consider EGDT, although strict adherence to the original

EGDT protocol does not appear necessary. It appears likely

that rapid identification of sepsis, early intervention of

hemodynamic support with fluids, prompt administration

of appropriate antimicrobial therapy and monitoring of

clinical and hemodynamic parameters (blood pressure,

urine output, lactate), are the key elements to be considered

in the treatment of patients with severe sepsis or septic

shock, especially in patients with a high baseline risk of

mortality.
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Fig. 5 Forest plot in 60-day mortality
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ScvO2
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Supplemental oxygen ± endotracheal 
intuba�on and mechanical ven�la�on 

Insert central line with 
oximetric port  

Seda�on, analgesia, +/or 
paralysis (if intubated)  

500 cc fluid bolus if CVP < 8 
mmHg 

Goals achieved? 

Reassess q 15-30 min 
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8-12 mmHg 

< 65 mmHg

> 90 mmHg

< 8 mmHg
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≤ 90 mmHg 

< 70%

≥ 70% 
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No 

Inotropic agents< 70%

≥ 70%

If HCT < 30%, 
transfuse PRBCs 

Fig. 6 Rivers’ protocol. CVP

central venous pressure, MAP

mean arterial pressure, ScvO2

central venous oxygen

saturation, HCT hematocrit,

PRBCs packed red blood cells

Table 4 Risk of bias tables

Bias Authors’ judgment Support for judgment

Rivers 2001: risk of bias

Random sequence generation

(selection bias)

Low risk The patients were randomly assigned to the treatment group in

computer-generated blocks of two to eight

Allocation concealment

(selection bias)

Low risk The study group assignment were placed in sealed, opaque, randomly assorted

envelopes, which were opened by a hospital staff member who was not one of the

study investigators

Blinding of participants and

personnel (performance bias)

Low risk No blinding, but the primary outcome (mortality) is not likely to be influenced by

lack of blinding

Blinding of outcome assessment

(detection bias)

Low risk No blinding of outcome assessment, but the outcome measurement is not likely to be

influenced by lack of blinding

Incomplete outcome data

(attrition bias)

Unclear risk No missing outcome data for the primary outcome of the study (in-hospital mortality

by 60 days). Unclear if there are missing data in mortality by day 60

Selective reporting (reporting

bias)

Low risk The study protocol is not available, but the published reports include all expected

outcome
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Table 4 continued

Bias Authors’ judgment Support for judgment

Other bias Low risk The study appears to be free of other sources of bias

Wang 2006: risk of bias

Random sequence generation

(selection bias)

Unclear risk Not possible to analyze the full text because of the language barrier

Allocation concealment

(selection bias)

Unclear risk Not possible to analyze the full text because of the language barrier

Blinding of participants and

personnel (performance bias)

Low risk No blinding, but the primary outcome (mortality) is not likely to be influenced by

lack of blinding

Blinding of outcome assessment

(detection bias)

Low risk No blinding of outcome assessment, but the outcome measurement is not likely to be

influenced by lack of blinding

Incomplete outcome data

(attrition bias)

Unclear risk Not possible to analyze the full text because of the language barrier

Selective reporting (reporting

bias)

Unclear risk Not possible to analyze the full text because of the language barrier

Other bias Unclear risk Not possible to analyze the full text because of the language barrier

Yealy 2014: risk of bias

Random sequence generation

(selection bias)

Low risk Randomization was performed with the use of a centralized web-based program in

variable block sizes of 3, 6 or 9

Allocation concealment

(selection bias)

Low risk Central allocation (web-based randomization)

Blinding of participants and

personnel (performance bias)

Low risk No blinding, but the primary outcome (mortality) is not likely to be influenced by

lack of blinding

Blinding of outcome assessment

(detection bias)

Low risk No blinding of outcome assessment, but the outcome measurement is not likely to be

influenced by lack of blinding

Incomplete outcome data

(attrition bias)

Low risk No missing outcome data for the primary outcome of the study (in-hospital mortality

by 60 days). Missing data for mortality by day 60\10 % (25/439 and 35/456

patients for EGDT and usual care group, respectively) (data derived from Kaplan–

Meier)

Selective reporting (reporting

bias)

Low risk The study protocol is available and all of the study’s pre-specified (primary and

secondary) outcomes that are of interest in the review have been reported in the

pre-specified way

Other bias Low risk The study appears to be free of other sources of bias

Peake 2014: risk of bias

Random sequence generation

(selection bias)

Low risk Randomization was performed by means of a centralized telephone interactive voice

response system

Allocation concealment

(selection bias)

Low risk Central allocation (centralized telephone randomization)

Blinding of participants and

personnel (performance bias)

Low risk No blinding, but the primary outcome (mortality) is not likely to be influenced by

lack of blinding

Blinding of outcome assessment

(detection bias)

Low risk No blinding of outcome assessment, but the outcome measurement is not likely to be

influenced by lack of blinding

Incomplete outcome data

(attrition bias)

Low risk Missing data from only 8 patients for the primary outcome of the study (mortality by

day 90)

Selective reporting (reporting

bias)

Low risk The study protocol is available and all of the study’s pre-specified (primary and

secondary) outcomes that are of interest in the review have been reported in the

pre-specified way

Other bias Low risk The study appears to be free of other sources of bias

Mouncey 2015: risk of bias

Random sequence generation

(selection bias)

Low risk Randomization was performed a 1:1 ratio by means of 24-hour telephone

randomization

Allocation concealment

(selection bias)

Low risk Central allocation (centralized telephone randomization)

Blinding of participants and

personnel (performance bias)

Low risk No blinding, but the primary outcome (mortality) is not likely to be influenced by

lack of blinding
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