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Abstract

Background: The ProCESS, ARISE, and ProMISe trials have failed to show that early goal-directed therapy (EGDT)
reduces mortality in patients with severe sepsis and septic shock. Although lactate-guided therapy (LGT) has been
shown to result in significantly lower mortality, its use remains controversial. Therefore, we performed a meta-analysis
to evaluate EGDT vs. LGT or usual care (UC) in adult patients with severe sepsis and septic shock.

Methods: Relevant randomized controlled trials published from January 1, 2001 to March 30, 2017 were identi-
fied in PubMed, EMBASE, Web of Science, and the Cochrane Library. The primary outcome was mortality; secondary
outcomes included red cell transfusions, dobutamine use, vasopressor infusion, and mechanical ventilation support
within the first 6 h and Acute Physiology and Chronic Health Evaluation Il (APACHE II) score.

Results: Sixteen studies enrolling 5968 patients with 2956 in EGDT, 2547 in UC, and 465 in LGT were included in this
meta-analysis. Compared with UC, EGDT was associated with a lower mortality (10 trials; RR 0.85, 95% CI 0.74-0.97,
P=0.01), and this difference was more pronounced in the subgroup of UC patients with mortality > 30%. In addi-
tion, EGDT patients received more red cell transfusions, dobutamine, and vasopressor infusions within the first 6 h.
Compared with LGT, EGDT was associated with higher mortality (6 trials; RR 1.42,95% CI 1.19-1.70, P=0.0001) with no
heterogeneity (P=0.727, > =0%).

Conclusion: EGDT seems to reduce mortality in adult patients with severe sepsis and septic shock, and the benefit
may primarily be attributed to red cell transfusions, dobutamine administration, and vasopressor infusions within the
first 6 h. However, LGT may result in a greater mortality benefit than EGDT.
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Background

Sepsis is a physiological, pathological, and biochemi-
cal syndrome induced by infection and is a major pub-
lic health concern, accounting for more than $20 billion
(5.2%) of total US hospital costs in 2011 [1]. Although its
true incidence is unknown, conservative estimates indi-
cate that sepsis is a leading cause of mortality and critical
illness worldwide [2, 3].

In 2001, Rivers et al. [4] conducted a 263-patient, sin-
gle-centre RCT comparing early goal-directed therapy
(EGDT) with usual care (UC) in patients with septic
shock visiting an urban emergency department (ED) in
the US. EGDT was provided through a 6-h resuscitation
protocol that involved the administration of intravenous
fluids, vasopressors, inotropes, and red cell transfusions
to achieve pre-specified targets for arterial blood pres-
sure, central venous pressure, systemic central venous
oxygen saturation (Scvo,), and haemoglobin level. EGDT
was found to reduce hospital mortality from 46.5 to
30.5% [4], prompting its adoption by many institutions
worldwide [5]. Subsequently, three large multicentre
RCTs, namely, the ProCESS [6], ARISE [7], and ProMISe
[8] trials, failed to show that EGDT reduced mortality
to a greater extent than UC in patients with severe sep-
sis and septic shock; however, no harm was associated
with the intervention strategies. Of note, the patients in
these trials [6—8] were less severely ill (lower baseline lac-
tate levels, Scvo, at or above the target value on admis-
sion, and lower mortality in the control group). Although
EGDT cannot currently be recommended with the avail-
able evidence base, bedside clinicians still need guidance
regarding how to approach this group of patients, who
have significant mortality and morbidity [9], and the use
of EGDT is still safe and may be considered.

Lactate is a standard laboratory parameter measured
with prescribed techniques and may serve as a more
objective surrogate for tissue perfusion than physical
examination or urine output. Additionally, we know that
increased lactate levels are associated with worse out-
comes [10]. Lactate clearance, defined by the change in
lactate levels between 2 points in time, is a much more
rapid, less invasive and less costly measurement than
physical examination [11, 12]. Lactate clearance and
Scvo, can be used as markers of early recovery of fluid
targets, as the lactate clearance rate has been found to
be an accurate and reliable indicator of fluid status [13].
In 2004, lactate clearance was shown to be comparable
to Scvo, as a perfusion marker and may therefore func-
tion as an instructional target in early resuscitation for
septic shock [11]. Accordingly, 6 RCTs have shown sig-
nificantly lower mortality with LGT resuscitation versus
other protocols [13—-18]. In addition, several studies have
suggested that a significant degree of technical difficulty
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is associated with the use of computerized spectropho-
tometric catheters to simultaneously monitor Scvo,.
Using Scvo, requires preplanned training and real-time
calibration, and it may be limited by time, expertise, and
the need for specialized equipment [19]. Therefore, the
prospect of monitoring lactate clearance has gradually
attracted interest, and the Surviving Sepsis Campaign
(SSC) 2016 also suggested guiding resuscitation by nor-
malizing lactate in patients with elevated lactate levels as
a marker of tissue hypoperfusion [9]. However, the use of
LGT to guide resuscitation remains controversial.

Previous meta-analyses [20-23] of EGDT vs. UC did
not assess studies with interventions that included red
cell transfusion, dobutamine use, vasopressor infusion,
and mechanical ventilation support within the first 6 h
and Acute Physiology and Chronic Health Evaluation II
(APACHE II) scores. Therefore, we conducted this meta-
analysis to evaluate the effect of EGDT compared with
LGT or UC on mortality among adults with severe sepsis
and septic shock.

Methods

We conducted a meta-analysis using the guidelines
recommended by the Cochrane Collaboration in the
Cochrane Handbook for Systematic Reviews of Inter-
ventions  (http://www.cochranehandbook.org).  Our
meta-analysis was conducted and reported based on the
Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) guidelines [24]. The PRISMA
2009 checKklist is shown in Additional file 1.

Search strategy

The PubMed, EMBASE, ISI Web of Science, and
Cochrane Library databases were searched systemati-
cally to identify all RCTs published from January 1, 2001,
to March 30, 2017, assessing EGDT in adult patients
with severe sepsis and septic shock. The search process
is shown in Fig. 1. The following terms were used: “Early
goal-directed therapy” or “EGDT’, “lactate”, and “sepsis”
or “septic shock” or “severe sepsis” There were no lan-
guage restrictions.

Study selection

Two authors independently checked the title and abstract
of the studies to determine whether they potentially met
the inclusion criteria. We also recorded the reasons for
excluding trials. We resolved disagreements through
discussion.
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Fig. 1 Flow chart for the study selection
Inclusion criteria urine output of 0.5 ml/kg/h or more, and Scvo, of 70%
Patients or above within the first 6 h of intervention [25].

Relevant RCT studies compared EGDT with LGT or UC
in adults with severe sepsis and septic shock.

Comparison
Interventions Control care, including UC (UC was defined as con-
Standard EGDT was defined as outlined in the SSC, ventional treatment, which was at the discretion of the
namely, achieving central venous pressure of 8 to
12 mmHg, mean arterial pressure of 65 to 90 mmHg,



Ding et al. J Trans| Med (2018) 16:331

clinicians) and LGT (lactate or lactate clearance moni-
toring with the aim to decrease levels), was used for
comparison.

Outcomes

The primary endpoint was all-cause mortality. When
several mortality rates were reported in one study,
we used the primary outcome. Secondary outcomes
included red cell transfusion, dobutamine use, vaso-
pressor infusion, mechanical ventilation support within
the first 6 h, and APACHE II scores.

Study design
We included all RCTs comparing EGDT with UC or
LGT in patients with severe sepsis or septic shock.

Exclusion criteria

The exclusion criteria were as follows: (1) studies with
duplicated data; (2) non-randomized studies; (3) meta-
analyses, animal studies, studies of non-adult popu-
lations, or reviews; and (4) studies published before
January 2001.

Data extraction

Two authors independently extracted the data from
each trial, including the name of the first author, year of
publication, demographic characteristics (population,
country, clinical setting), centre, number of patients,
mortality, study design, and APACHE II score.

Risk of bias

Reviewers independently assessed the risk of bias using
the Cochrane collaboration tool [24]. Two authors
respectively rated the risks (as “low”, “unclear” or “high”
risk of bias) regarding 7 domains: random sequence
generation, allocation concealment, blinding of partici-
pants and personnel, blinding of outcome assessment,
incomplete outcome data, selective reporting, and
other bias. High risk of bias in any one or more of the
key domains of research indicated that the study had a
high risk of bias. Studies with a low risk of bias in all
key domains were considered to have a low risk of bias
overall. All other studies were considered to have an
unclear risk of bias.

Statistical analysis

For dichotomous data, we estimated the relative risk
(RR) and 95% confidence interval (CI) to describe the
size of the treatment effect. We performed all analyses
using the intention-to-treat principle and generated
funnel plots to evaluate publication bias. We quantified
statistical heterogeneity using the I* statistic, calculated
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as ’=100% x (Q—df)/Q, where Q is Cochran’s het-
erogeneity statistic [26]. I* values of 0~24.9% indicated
no heterogeneity, 25-49.9% indicated mild heterogene-
ity, 50-74.9% indicated moderate heterogeneity, and
75-100% indicated considerable heterogeneity. The
pooled RR of each study was calculated using the fixed-
effects model (Mantel-Haenszel) or random-effects
model (DerSimonian and Laird). All reported P values
were two-sided, and P values <0.05 were considered to
indicate statistically significant differences. All analyses
were performed using Review Manager Software (Rev-
Man, version 5.3).

Results

Literature search

The PRISMA statement flowchart shows the litera-
ture screening process, study selection, and reasons for
exclusion, as presented in Fig. 1. The literature search
yielded 1239 potentially relevant articles. We removed
834 duplicate studies based on title screening, and after
the abstract evaluation, 387 studies were excluded for
not meeting the inclusion criteria. After the full texts
were reviewed, a total of 16 RCTs [4, 6-8, 13—18, 27-32]
(n=5968) were finally included in this meta-analysis.
There was 100% agreement between the 2 reviewers
regarding study inclusion and exclusion.

Study characteristics

The main characteristics extracted from the 16 RCTs
[4, 6-8, 13—18, 27-32] are shown in Table 1. This meta-
analysis enrolled 5968 patients:2956 in the EGDT, 2547
in the UC, and 465 in the LGT groups. These trials were
published from January 1, 2001, to March 30, 2017, with
sample sizes ranging from 33 to 1588. Of the 16 trials, 6
[6, 7, 14—16, 27] were multi-centre studies, and the others
[4, 8,13, 17, 18, 24—26, 28—32] were single-centre studies.
Ten trials [4, 6-8, 27-32] reported EGDT vs. UC, and 6
trials [13—-18] reported EGDT vs. LGT. There were 3 tri-
als [4, 6, 15] from the USA, 1 trial [32] from Taiwan, 1
trial [28] from Zambia, 1 trial [7] from Australasia/New
Zealand, 1 trial [8] from England, 1 trial [14] from the
Netherlands, and 8 trials [13, 16-18, 27, 29, 30, 32] from
China. Ten trials [13, 14, 1618, 27, 29-32] were con-
ducted in the intensive care unit (ICU), 4 trials [4, 7, 15,
16] were conducted in the ED, and the remaining trials
were conducted in the ICU or ED.

Risk of bias and quality of evidence

The assessment of risk of bias is shown in Fig. 2. Nine tri-
als [4, 6-8, 14—16, 28, 31] were considered to have a low
risk of bias, and the remaining 7 trials [17, 18, 25, 27, 29,



Page 5 of 14

(2018) 16:331

Ding et al. J Trans| Med

213UID-NNW ‘I 213UDI-3|BUIS ‘S “un B4 dAISUSIUL ‘N “Juswpedap Adousbiaws ‘g7 ‘Adelayy papinb-aieide| ‘| o ‘aied [ensn ‘DN ‘Adelay) paidalip-jeob Ajies | D7 ‘jel) pa||0Ju0d paziwopuel ‘] )Y

104 Aep-gz (0)0;4 09S 0S 0S S N2l euly> Hnpy  1951/1093 [oLlstozM
1oy Aep-g¢ 6'9C 8vs 9 le S nol BulYyd Inpy 197/1a93 (811 ¥ 10T Buem
104 Aep-gz 00¢ 08¢ 14 14 S nol euly> Inpy  1951/10953 [€11€10Z PA
104 Aep-gz 9¢e €9 (9% 6l S nol eulyd Inpy  191/1093 [£l]Cl0C el
104 [endsoy-u 0Ll 0€c 0s1 0s1 N a3 vsn Inpy  1951/1093 [sL]0Log seuor
104 [eadsoy-u 6°¢E 54 L1 LLL W nol SpuelisyIoN Wnpy  1951/1093 [711010T ussuer
104 Aep-06 ce6c S'6¢C 0¢9 €9 N a3 pue|bug Hnpy oN/1ds3 [8] 510 =SIWoid
104 Aep-09 68l 0le 9sy 6eY N Nnol/ad3 VSN Hnpy oN/1ds3 [9] ¥10T S53D04d
104 Kep-06 88l 98l 96/ [4YA W a3 pueesz maN/eiseelisny Hnpy oN/1ds3 [£]1 10T 3SIdY
104 [endsoy-uj £09 y9 9S €5 S nol/a3 elquiez Hnpy ON/1d93  [87] ¥1OT smaipuy
104 Aep-gz £0S 06¢e orl /51 W N2l eulyd Hnpy oN/1ds3 [£71010T ueA
104 [endsoy-u 879 0¢s SOl 86 S Nl eulyd InpY oN/1as3 [0€] £00T °H
104 [endsoy-u (0114 S6¢ 0l 88 S N2l euIly> Hnpy oN/1ds3 [62] £00T UsYyD
104 Aep-| Cly 06¢ Al ol S nol euly>D Hnpy oN/1as3 [z€] 900z buem
104 [endsoy-u 9L L'€S oLl 801 S nol uemie] inpy oN/1as3 [L€]900C url
104 lexdsoy-u| Shy 4 eel o€l S a3 vsn Hnpy oN/1as3 [¥] 100T SJonly
(%) 191/On  (%)1d93 191/DON 1a93 aausd  bumses |edud Anunoy  uone|ndod
(Anjeyiow) -
awodino sjuaned jo
ubisap Apnis Krewnd Ayjeyiop RquinN sons1v)deIRYd diydeibowsq suy Apnis

Salpnls papn|dul 3y} Jo swod3no AHjerow Atewad pue soisa)deIRYd JUBNRY | d]qeL



Ding et al. J Trans| Med

(2018) 16:331

Page 6 of 14

-
T 3 < z

a ¢S O -] I o
ég—ii'gm o > QO 3 =

< o o = JF = > @ > = @
< & =S S @ 2 » ®w -~ C @ o I @ ® =
S S e e S »w © ®W = 5 »w S o S om 6
[ N L N T N N S S O )
o o o o o o o o o o o o o o o o
2 3 3 g a2 56 424 a3 3 g a2 a2 & 6 = 94
[ = T T L L - Y = R = e A SN
00/0~> 00006 6o -~ ~00
VO~ 0000 e e e ~~>0e
00~ 00 0 006666 6066
00~ 000 006 6ee -~ 0006
0000000666666 e -~00e

Random sequence generation (selection bias)

Allocation concealment {selection hias)

Blinding of participants and personnel {performance hias)

Blinding of outcome assessment (detection hias)

Incomplete outcome data (attrition bias)

Selective reporting {reporting bias)

Other hias
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30, 32] had an unclear risk of bias. All trials were RCTs.
However, blinding of patients and clinicians to evalu-
ate a complex intervention such as EGDT is extremely
difficult, and the authors concluded that the primary
outcome was unlikely to be influenced by the lack of
blinding.

Primary outcome
Due to the moderate heterogeneity (I*=69%, P<0.0001)
of the pooled RR from 16 trials, a random-effects
model was used for the meta-analysis of EGDT ver-
sus (UCH+LGT). Ten trials [4, 6-8, 27-32] containing
5051 patients compared EGDT with UC in terms of all-
cause mortality. Compared with UC, EGDT was associ-
ated with lower mortality (RR 0.85, 95% CI 0.74-0.97,
P=0.01; »=58.5%, P=0.010; Fig. 3). Six trials [13-18]
including 917 patients compared the mortality of EGDT
with that of LGT. Compared with LGT, EGDT was asso-
ciated with higher mortality, with no heterogeneity (RR
142, 95% CI 1.19-1.70, P=0.0001; *=0%, P=0.73;
Fig. 3).

Subgroup analyses according to publication vyear
showed that the mortality benefit of EGDT was
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observed only in the subgroup of RCTs published prior
to the SSC2012 (6 trials; RR=0.71, 95% CI 0.63-0.80,
P<0.0001; 2=0%, P=0.79) [4, 27, 29-32] and not in the
subgroup of RCTs published after the SSC 2012 by the
fixed-effects model (4 trials; RR=1.02, 95% CI 0.92-1.15,
P=0.67; P =0%, P=0.90) [6-8, 28] (Fig. 4).

Further subgroup analyses revealed that EGDT
had a lower mortality than UC when the mortality of
UC was>30% (7 trials; RR=0.74, 95% CI 0.66-0.83,
P<0.0001; >=27%, P=0.22) [4, 27-32] but not when
the mortality of UC was<30% (3 trials; RR=1.02, 95%
CI 0.91-1.15, P=0.72; P=0%, P=0.77) [6-8]. In addi-
tion, EGDT resulted in higher mortality than LGT when
the mortality of the LGT group was both>and <30% (3
trials, RR=1.37, 95% CI 1.11-1.69, P=0.003; I*=0%,
P=0.41 [14, 16, 17] and 3 trials, RR=1.50, 95% CI 1.05—
2.16, P=0.003; I*=0%, P=0.64 [13, 15, 18], respectively)
(Fig. 5). Due to the low heterogeneity in the subgroup
analyses of the mortality, the fixed-effects model was
used for the meta-analysis.

Secondary outcomes
The details of the interventions used in the included stud-
ies [4, 6-8, 13—18, 27-32] are shown in Table 2. These
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publication year in relation to the SSC 2012 for UC. RR < 1.0 favours EGDT
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Test for overall effect: Z= 2.97 (P = 0.003)

d  Mortality in the LGT < 30%

Jones 2010 34 150 25 150 66.5% 1.36 [0.86, 2.16) -
Wang 2014 17 N 7 26 20.2% 2.04[1.00,4.14] [— =
Yu 2013 7 25 5 25 13.3% 1.40[0.51,3.82] — I
Subtotal (95% CI) 206 201 100.0%  1.50[1.05, 2.16] g
Total events 58 37

Heterogeneity: Chi*=0.90, df= 2 (P = 0.64); F= 0%

Test for overall effect Z=2.21 (P=0.03)

0.01 0.1 1 10 100

LGT, mortality > or <30%. RR< 1.0 favours EGDT

Fig.5 Forest plot showing EGDT vs. UC/LGT regarding mortality in patients with severe sepsis and septic shock. The analysis was stratified by UC or

Favours EGDT Favours UC/LGT

trials provided data comparing the secondary outcomes
of EGDT and UC. As shown in Fig. 6, the pooled results
showed that within the first 6 h, patients in the EGDT
groups received greater total volumes of red cell transfu-
sions (6 trials; RR=1.83, 95% CI 1.29-2.60, P=0.0007;
P=78%, P=0.0003) [4, 6-8, 28, 31], more dobutamine
(6 trials; RR =3.49, 95% CI 1.58-7.70, P=0.002; I> = 84%,
P<0.0001) [4, 6-8, 28, 31], and more vasopressor infu-
sions (5 trials; RR=1.15, 95% CI 1.09-1.21, P<0.0001;
P=0%, P=0.45) [4, 6-8, 31] than UC patients, but no
difference in the mechanical ventilation rate was found

between the two groups (5 trials; RR=1.06, 95% CI
0.97-1.16, P=0.18; P=0%, P=0.73) [4, 6-8, 32]. The
groups did not differ significantly regarding APACHE
II scores>20 and <20 (RR=0.84, 95% CI 0.56-1.26,
P=0.39; P=71%, P=0.03; and RR=0.89, 95% CI 0.70—
1.13, P=0.35; >=68%, P=0.05, respectively).

As shown in Fig. 7, a total of 3 trials [13—15] provided
information on the comparisons of EGDT and LGT
regarding secondary outcomes. Red cell transfusions,
vasopressor infusions, dobutamine use, and the mechani-
cal ventilation rate did not significantly differ between
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(See figure on next page.)

Fig. 6 Forest plot showing EGDTvs. UC regarding red cell transfusions, dobutamine use, vasopressor infusion, and mechanical ventilation within
the first 6 h and APACHE Il score in patients with severe sepsis and septic shock. The severity of iliness was reported in each study by the APACHE
Il score, and the data were presented as the mean = SD. The distinction between higher and lower severity of illness was determined according to
the mean APACHE Il score in each study. APACHE Il scores > or < 20 were reported in 3 trials. RR< 1.0 favours EGDT

the EGDT and LGT groups in the fixed-effects model
(RR=0.67, 95% CI 0.31-1.43, P=0.30; ?=37%, P=0.21;
RR=0.99, 95% CI 0.90-1.09, P=0.80; I*=8%, P=0.34;
RR=0.86, 95% CI 0.65-1.12, P=0.25; *=0%, P=0.45;
and RR=0.97, 95% CI 0.74-1.27, P=0.81; P=0%,
P=0.90, respectively).

Discussion

Main findings

EGDTvs. UC

This meta-analysis showed that EGDT resulted in a 15%
reduction in all-cause mortality compared with UC in
adult patients with severe sepsis and septic shock, and
this difference was particularly evident in the subgroup of
UC patients with a mortality rate>30%. The results also
showed that EGDT had a significant mortality benefit
prior to publication of the SSC2012.

Given these results, the efficacy of EGDT remains
unclear, as the ProCESS, ARISE, and ProMISe trials [6—
8] compared EGDT with UC and failed to show a mortal-
ity reduction. However, the results of these 3 trials [6—8]
are highly controversial.

In this study, patients assigned to the EGDT group
received more red cell transfusions, dobutamine and
vasopressor infusions within the first 6 h than those
assigned to UC. However, EGDT did not significantly dif-
fer from UC in the use of mechanical ventilation.

EGDT vs. LGT

We found that EGDT resulted in higher all-cause mor-
tality compared with LGT regardless of whether the
subgroup receiving LGT had a mortality rate>or <30%.
In otherwords, another strength of our findings was that
LGT was found to decrease mortality compared with
EGDT. Furthermore, use of red cell transfusions, dobu-
tamine, vasopressor infusions, and mechanical ventila-
tion did not differ between EGDT and LGT. Jansen et al.
[14] reported that the hospital mortality of EGDT in ICU
was 43.5%, and which of LGT was 33.9%. This study sug-
gests that increased blood lactate levels have been asso-
ciated with significant morbidity and mortality in ICU
patients, and initial treatment aimed at reducing lactate
levels has clinical benefit. It also indicated in patients
with hyperlactatemia on ICU admission, lactate monitor-
ing followed by targeted treatment significantly reduced
ICU length of stay. However, monitoring itself cannot

improve outcome; therefore, the therapeutic plan associ-
ated with the monitoring is equally important. The main
differences in therapy between the two groups in the
treatment period were the administration of more fluids
and the increased use of vasodilators in patients assigned
to the lactate group. In addition, Wang et al. [18] and
Tian et al. [17] reported that LGT had a more lower
mortality than EGDT in sepsis. However, we need multi-
centre, large sample clinical trials and animal studies to
explore the mechanism of LGT in the treatment of sepsis.

Comparison with other studies

After the ProCESS, ARISE, and ProMISe trials [6—8]
failed to show that EGDT decreased mortality in severe
sepsis and septic shock, some studies [33-35] updated
their meta-analyses to provide the latest and most con-
vincing evidence regarding EGDT in sepsis. Similar
to the findings of previous meta-analyses [33-35], our
study found that EGDT was associated with lower mor-
tality than UC, especially in more severe patients. We
aimed to explain this difference in results by consider-
ing several factors. First, the mortality of the three well-
known trials [6—8] was reported for UC patients with a
mortality <30% (Fig. 5). Consistent with the findings of
our meta-analysis, EGDT has shown significant mortal-
ity benefits when the mortality of UC is>30%. Second,
we found that patients assigned to EGDT received more
red cell transfusions, dobutamine and vasopressor infu-
sions than patients in the UC groups. The SSC 2016 [9]
recommended that red cell transfusion occur only when
the haemoglobin concentration decreases to<7.0 g/dl
in adults in the absence of extenuating circumstances,
such as myocardial ischemia, severe hypoxemia, or acute
haemorrhage (strong recommendation, high quality of
evidence). In addition, EGDT patients received longer
mechanical ventilation, but this difference was not sig-
nificant. In conclusion, EGDT may lead to more positive
outcomes than UC. The SSC 2016 also stated that early
effective fluid resuscitation is critical to stabilization of
sepsis-induced tissue hypoperfusion or septic shock [9].
Third, Levy [36] raised the question of how ‘usual’ care
and ‘real-world’ care are defined. The treatment provided
with UC has increasingly trended towards that proposed
by Rivers [4]. In Fig. 3, the RRs gradually neared 1 when
arranging the trials in chronological order. This finding
indicates that UC treatment gradually changed over time.
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EGDT uc Risk Ratio Risk Ratio

Study or Subgroup  Events Total Events Total Weight M-H. Random. 95% Cl M-H. Random, 95% CI
a Red-cell transfusion

Andrews 2014 16 53 11 56 121% 1.54[0.79,3.00] T
ARISE 2014 108 792 56 796 18.8% 1.94 [1.43, 2.64] -
Lin 2006 39 108 43 116 181% 0.97 [0.69, 1.38] -
ProCESS 2014 63 439 37 456 17.4% 1.77[1.20, 2.60] -
PromiSe 2015 55 623 24 620 15.8% 2.281[1.43, 3.64] -
Rivers 2001 83 130 27 133 17.8% 315[2.19, 4.51] =
Subtotal (95% Cl) 2145 2177 100.0% 1.83[1.29, 2.60] 4
Total events 364 198

Heterogeneity: Tau®=0.14; Chi*= 22.93, df= 5 (P = 0.0003); = 78%
Testfor overall effect: Z=3.40 (P = 0.0007)

b  Dobutamine use

Andrews 2014 1 a3 3 a6 82% 0.35[0.04, 3.28] - - 1

ARISE 2014 122 792 21 T96 22.0% 584[3.71,918] .

Lin 2006 13 108 16 116 202% 0.87[0.44,1.73] "

ProCESS 2014 35 439 5 456 17.9% 7.27[2.88,18.39] -

PramiSe 2015 113 623 24 620 222% 4 69([3.06,7.18] —

Rivers 2001 18 130 1 133 9.4% 18.42[2.49,135495] -
Subtotal (95% CI) 2145 2177 100.0% 3.49[1.58,7.70] -

Total events 302 70

Heterogeneity: Tau®= 0.69; Chi*= 31.09, df=5 (P < 0.00001); F= 84%
Test for overall effect: 2= 3.09 (P =0.002)

C  APACHE ll score < 20

ARISE 2014 147 792 150 796 37.2% 0.981[0.80,1.21]

Chen 2007 26 88 50 102 224% 0.60 [0.41, 0.88] -
ProMISe 2015 184 623 181 620 40.4% 1.01 [0.85,1.20]

Subtotal (95% CI) 1503 1518 100.0% 0.89[0.70, 1.13]

Total events 357 3

Heterogeneity: Tau*=0.03; Chi*=6.18, df=2 (P=0.05); F=68%
Testfor overall effect: Z=0.94 (P = 0.35)

d  APACHE li score > 20

FroCESS 2014 92 438 86 456 44.0% 1.11[0.85, 1.45] L
WWang 2006 4 16 7 17 12.2% 0.61[0.22,1.69] I
Yan 2010 55 147 74 146 438% 0.69[0.53, 0.90] -
Subtotal (95% CI) 612 619 100.0% 0.84 [0.56, 1.26] <
Total events 151 167

Heterogeneity: Tau®= 0.08; Chi*=6.80, df=2 (P=0.03); F=71%

Test for overall effect: Z= 0.85 (P = 0.38)

EGDT uc Risk Ratio Risk Ratio

Study or Subagroup _ Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
e Vasopressor infusion

ARISE 2014 528 782 461  TFO96  431% 1.15[1.07,1.24]

Lin 2006 80 108 a1 116 7.3% 1.06 [0.90, 1.25] T

ProCESS 2014 241 439 201 456 18.5% 1.25[1.08,1.42] =

PraomiSe 2015 332 B23 291 620 27.4% 1.141[1.02,1.27] -

Rivers 2001 36 130 40 133 37% 092 [0.63,1.35] -

Subtotal (95% CI) 2092 2121 100.0% 1.15[1.09, 1.21] U

Total events 1217 1074

Heterogeneity: Chi*= 3.66, df=4 (P =0.45), F= 0%

Test for overall effect: Z= 4.99 (P = 0.00001)
f Mechanical ventilation

ARISE 2014 276 792 263 TO96 39.9% 1.05[0.92,1.21] L

ProCESS 2014 165 439 146 456  21.8% 1.17 [0.98, 1.41] ™

FromiSe 2015 179 623 175 620 26.7% 1.02 [0.85,1.21] »

Rivers 2001 69 130 72 133 108% 0.95 [0.78,1.23] -

Wang 2006 4 16 <] 17 0.7% 0.85[0.28, 2.61] - 1

Subtotal (95% CI) 2000 2022 100.0% 1.06 [0.97, 1.16] ¢

Total events 633 661

Heterogeneity: Chi*= 2.05, df=4 {(P=0.73); F= 0%

Test for overall effect: Z=1.35{F=0.18)

0.01 0.1 10 100

Favours EGDT Favours UC
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EGDT LGT Risk Ratio Risk Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
a Red-cell transfusion
Jones 2010 5 1480 11 150 73.3% 0450016, 1.28] ——
Yu 2013 A 25 4 25 267% 1.26[0.38,4.12) -
Subtotal (95% CI) 175 175 100.0%  0.67 [0.31, 1.43] -
Total events 10 14
Heterogeneity: Chi*=1.60, df=1{F=0.21), F=37%
Test for overall effect: Z=1.04 (P =0.30)
b Vvasopressor infusion
Jansen 2010 113 77 119 171 49.0% 0.92[0.79, 1.06]
Jones 2010 113 150 108 1580 437% 1.05[0.91,1.20]
Yu 2013 20 25 18 25 7.3% 1.11[0.81,1.52] 0T
Subtotal (95% Cl) 352 346 100.0%  0.99 [0.90, 1.09] L
Total events 246 245
Heterogeneity: Chi*=2.18,df=2 (P=0.34), F= 8%
Test for overall effect: Z=0.25 (P =0.80)
C Dobutamine use
Jansen 2010 a8 177 69 171 90.9% 0.81 [0.61,1.07] .
Jones 2010 g 180 5 140 6.5% 1.60[0.54, 4.78] N
Yu 2013 1 28 2 25 26% 0.50[0.08, 517]
Subtotal (95% CI) 352 346 100.0%  0.86 [0.65, 1.12] *
Total events 67 7h
Heterogeneity: Chi*=1.89, df=2 (P =0.45), F= 0%
Test for overall effect: Z=1.14 (P =0.25)
d Mechanical ventilation
Jones 2010 38 1580 40 150 GB67% 0.97 [0.67,1.42] ;’
Yu 2013 19 25 20 25 33.3% 0.95[0.71,1.28]
Subtotal (95% Cl) 175 175 100.0%  0.97 [0.74, 1.27]
Total events a8 60
Heterogeneity: Chi*=0.02, df=1 (P =090}, F=0%
Test for overall effect: Z=0.24 (P =0.81)
0.01 0. 1 10 100

Fig. 7 Forest plot showing EGDT vs. LGT regarding red cell transfusion, vasopressor infusion, dobutamine use, and mechanical ventilation within
the first 6 h among patients with severe sepsis and septic shock. RR < 1.0 favours EGDT

Favours EGDT Favours LGT

How do our study results compare with those of previ-
ous meta-analyses? Gu et al. [34] analysed only four ran-
domized trials; thus, their results may be false-positive
or may not be as robust or reliable. Lu et al. [35] did not
conduct detailed or comprehensive subgroup analyses
to assess the differences between EGDT and LGT and
included only 13 studies. Finally, another study by Gu
et al. [33] included studies from a different time period.

In sepsis, a more controversial issue is the index used
to reflect tissue oxygen delivery. The SSC 2012 recom-
mended using Scvo, to assess the balance between tis-
sue oxygen delivery and consumption [37]. However,
there are still some challenges to identifying patients
with sepsis, and the largest roadblocks to overcome in
implementing Scvo, include time, expertise, adherence,
and need for specialized equipment [38]. Currently, stud-
ies have found that blood lactate concentration could be

used to reflect the restoration of oxygen delivery in resus-
citation and have confirmed that lactate monitoring is
useful [39]. However, the optimal measurement choice
in different situations remains unclear. The ProCESS,
ARISE, and ProMISe trials were unable to recommend
using Scvo, from their findings. In addition, the SSC2016
recommended viewing these patients as experiencing
a medical emergency requiring urgent assessment and
treatment and suggested guiding resuscitation by nor-
malizing lactate inpatients with elevated lactate levels, as
these levels may serve as a marker of tissue hypoperfu-
sion [9]. As LGT is non-invasive, when the same moni-
toring effort is expended, we can recommend LGT as the
better option.



Ding et al. J Trans| Med (2018) 16:331

Strengths and limitations

This meta-analysis included 10 RCTs that systemati-
cally compared EGDT with UC in 5051 patients, and
the results showed a 15% reduction in all-cause mortal-
ity in adult patients with severe sepsis and septic shock.
Another strength of this study was the finding that LGT
may have a greater mortality benefit than EGDT.

Our study has several limitations. First, seven trials [17,
18, 25, 27, 29, 30, 32] had an unclear risk of bias. Second,
the effect of region-specific variations in clinical practice
could not be assessed in our meta-analysis.

Conclusions

Our meta-analysis showed that a 6-h EGDT protocol
for patients with severe sepsis or septic shock resulted
in lower mortality than UC, especially in severely ill
patients. The most likely reason for this finding is that
patients assigned to EGDT received more red cell trans-
fusions, dobutamine, and vasopressor infusions within
the first 6 h. Compared with EGDT, LGT was associated
with lower mortality, despite the lack of differences in
the use of red cell transfusions, dobutamine, vasopres-
sor infusion, and mechanical ventilation. However, in
the future, we look forward to an updated meta-analysis
including more high-quality RCTs mainly related to LGT
versus EGDT and taking into account red cell transfu-
sions, vasopressor infusions, dobutamine use, and the
use of mechanical ventilation within the first 6 h, which
may provide more precise guidance for clinicians in the
treatment of sepsis.
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