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Abstract

Background: Oliguria is associated with a decreased kidney- and organ perfusion, leading to organ damage and
increased mortality. While the effects of correcting oliguria on renal outcome have been investigated frequently,
whether urine output is a modifiable risk factor for mortality or simply an epiphenomenon remains unclear. We
investigated whether targeting urine output, defined as achieving and maintaining urine output above a predefined
threshold, in hemodynamic management protocols affects 30-day mortality in perioperative and critical care.

Methods: We performed a systematic review with a random-effects meta-analyses and meta-regression based on
search strategy through MEDLINE, EMBASE and references in relevant articles. We included studies comparing
conventional fluid management with goal-directed therapy and reporting whether urine output was used as target or
not, and reporting 30-day mortality data in perioperative and critical care.

Results: We found 36 studies in which goal-directed therapy reduced 30-day mortality (OR 0.825; 95% CI 0.684-0.
995; P = 0.045). Targeting urine output within goal-directed therapy increased 30-day mortality (OR 2.66; 95% CI 1.
06-6.67; P = 0.037), but not in conventional fluid management (OR 1.77; 95% CI 0.59-5.34; P = 0.305). After
adjusting for operative setting, hemodynamic monitoring device, underlying etiology, use of vasoactive
medication and year of publication, we found insufficient evidence to associate targeting urine output with a
change in 30-day mortality (goal-directed therapy: OR 1.17; 95% CI 0.54-2.56; P = 0.685; conventional fluid
management: OR 0.74; 95% CI 0.39-1.38; P = 0.334).

Conclusions: The principal finding of this meta-analysis is that after adjusting for confounders, there is
insufficient evidence to associate targeting urine output with an effect on 30-day mortality. The paucity of direct
data illustrates the need for further research on whether permissive oliguria should be a key component of fluid
management protocols.
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Background
Textbooks and guidelines frequently recommend urine
output as a parameter to guide fluid administration, since
decreased organ perfusion may decrease urine output in
an attempt to maintain intravascular volume [1–3]. How-
ever, a suboptimal hemodynamic status is not always the
cause of oliguria. In recent years, the concept of an associ-
ation between intraoperative urine output and postopera-
tive acute kidney injury has been challenged [4–6]. As a
result, advocacy for permissive oliguria has increased, for
example to include permissive oliguria in the early recov-
ery after surgery (ERAS) protocols [7–9].
Our group has previously published meta-analyses

concerning the effects of targeting urine output on acute
renal failure or acute kidney injury [10, 11]. A frequent
remark on these meta-analyses was that while targeting
urine output may not have an effect on preventing acute
kidney injury, there is increasing evidence that reduced
urine output is a risk factor for mortality [12–15]. Espe-
cially in critically ill patients, the occurrence and severity
of oliguria is associated with an increase in mortality.
Whether the association between urine output and out-
come is due to a causal relation or rather an epiphenom-
enon is yet to be determined. Nevertheless, fluids and
vasoactive medication are often administered to patients
with a decrease in urine output to guarantee and main-
tain adequate perfusion. However, whether urine output
is a useful target for fluid management remains doubtful,
especially when direct measures related to cardiac out-
put and oxygen delivery are available.
We hypothesize that including urine output as a target

does not decrease 30-day mortality in perioperative and
critical care. This study aims to investigate whether in-
cluding urine output as a target in fluid management
protocols reduces 30-day mortality in perioperative and
critical care.

Methods
Search strategy
We conducted a systematic literature search of MED-
LINE by using PubMed (1966 – present) and EMBASE
(1980 – present). There were no studies directly investi-
gating the effect on 30-day mortality by urine output as
fluid management target in a perioperative or critical
care protocol. Therefore, to determine the effect of urine
output as a target, all studies comparing goal-directed
therapy (GDT) and conventional fluid management
(CFM) and reporting within 30-day mortality were iden-
tified. The last search was performed in May 2016. No
limits for publication date or language were used. Add-
itional file 1: Table S1 and Table S2, shows the strategy
for the MEDLINE and EMBASE database. The ‘related
articles’ function in PubMed provided us with the oppor-
tunity to identify eligible studies that were not found by

the main search queries. All references of the identified
articles and review articles were hand searched to avoid
missing relevant trials. We screened the title and ab-
stract of the studies found in the databases to determine
whether GDT was compared to CFM and to establish
whether mortality was reported. We used the full text of
the article in case of uncertainty about the therapy or
mortality.

Study selection
The search was performed by two authors (E.Z., M.E.).
Disagreements were resolved by consensus or if neces-
sary by a third author (ABJG). We included randomized
controlled trials during perioperative or critical care into
our main analysis, whereas observational studies have
been collected and are reported in Additional file 1.
Animal studies, pediatric trials (<18 years), articles writ-
ten in another language than English, studies unavailable
as full-text, and studies in which mortality data was not
clearly described were excluded. Due to the difficulty of
using urine output as a parameter after administration
of diuretics, the use of diuretic drugs to increase urine
output was not allowed during the intervention period.
Therefore, studies using diuretics during the interven-
tion period were excluded. Although a full description of
the protocol was not required, the hemodynamic targets
in the CFM arm had to be clearly reported. We excluded
studies which described the CFM arm as ‘standard treat-
ment’ without further elaboration. Quality assessment
was performed using the Cochrane Collaboration’s tool
for assessing risk of bias [16].

Definitions
Goal-directed therapy was defined as any hemodynamic
optimization strategy in the perioperative and critical
care setting, utilizing parameters related to cardiac out-
put and oxygen delivery, either exclusively or in combin-
ation with classical parameters such as blood pressure
and heart rate, irrespective of the device or method used
to measure these parameters. Urine output as a target
was defined as achieving and maintaining urine output
using fluids and vasoactive medication above a prede-
fined threshold. We did not redefine the urine output
thresholds and used the thresholds as set by the re-
spective studies. No distinction was made between iso-
lated oliguria or urine output in combination with
other hemodynamic parameters. We defined mortality
as death by all causes within 30 days after inclusion. In
case mortality was reported as ‘intensive care mortality’
or ‘in-hospital mortality’, we used the respective length
of stay data to determine the survival duration. Studies
in which more than 75% of the patients were admitted
for less than 30 days were considered for reporting 30-
day mortality.
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Data collection
Two authors (E.Z., M.E.) extracted the following vari-
ables: total study population, size of GDT arm, size of
CFM arm, type of patients, timing of the intervention
period, definition of GDT and CFM, urine output target
criteria, total amount of fluids infused per study arm, in-
traoperative and postoperative urine output data, treat-
ment targets in both study arms, definition of mortality
and number of deaths.

Data synthesis
All selected studies were divided into three groups for
the main forest plot based on whether oliguria reversal
was included as a target in a study protocol: trials com-
paring GDT and CFM in which both the GDT protocol
and the CFM protocol did not include urine output as a
target, articles in which urine output was only targeted
in the CFM protocol, and articles in which GDT and
CFM treatment arms both included urine output as tar-
get. We analyzed whether there was a difference in 30-
day mortality between the two treatment arms and in
the targeting urine output subsets. A funnel plot was
conducted to identify asymmetry. If publication bias was
detected, possible missing studies were identified by
using the ‘trim and fill’ method.
To investigate the effect of targeting urine output in

CFM and in GDT on mortality, a meta-regression model
was performed to estimate a regression equation with
30-day mortality as outcome and the use of urine output
as a target as a variable for GDT and CFM. This meta-
regression model was then adjusted with study setting,
hemodynamic monitoring device used, underlying eti-
ology, use of vasoactive medication and year of publica-
tion as covariates in the regression equation. The year of
publication variable was centered on the mean year of
publication, which was 2008.
Due to the various threshold values used as the urine

output target, we performed a sensitivity analysis exclud-
ing studies utilizing a urine output target different from
the conventional standard of 0.5 ml/kg/h. This sensitiv-
ity analysis was performed for both the meta-analysis as
well as the meta-regression analysis.

Statistical analysis
For each study odds ratios (OR) and 95% confidence in-
tervals (CI) were calculated, based on their sample sizes
of the GDT and CFM and the reported mortality in
those treatment arms. All meta-analyses were conducted
as random effect meta-analyses in R (version 3.2.1) using
the metafor package [17, 18]. The Sidik-Jonkman estima-
tor was used in combination with Knapp & Hartung ad-
justment to improve estimates of the heterogeneity
variance due to the low number of studies included [19,
20]. In studies with a count of zero in one of the

treatment arms, 0.5 was added to all frequencies. Het-
erogeneity between the trials was analyzed using the I2

statistic and interpreted using thresholds as defined in
the Cochrane Handbook [21]. A trial sequence analysis
was performed to account for random error. Optimal
sample size – i.e., information size – was determined
using alpha = 0.05 and power of 0.80 for a relative risk
reduction of 25%. Due to the Knapp-Hartung adjust-
ment utilizing a t-distribution, we converted the t-value
to a z-score using a nominal p-value approach for the
trial sequence analysis. Quality of evidence was assessed
using the GRADE system [22]. We used a random-
effects meta-regression model with targeting urine out-
put, study setting, hemodynamic monitoring device
used, underlying etiology, use of vasoactive medication
and year of publication as covariates and fluid manage-
ment protocol (GDT or CFM) as the inner grouping
variable and study as the outer grouping variable to test
the effect of the moderators on 30-day, using a bivariate
approach which has been described earlier [23]. This
method resulted in separate regression equations for the
30-day mortality risk in GDT and in CFM. For the sensi-
tivity analysis for studies with a urine output target of
0.5 ml/kg/h, we repeated the meta-analysis and meta-
regression analysis. Odds ratios were considered statisti-
cally significant when their 95% CI did not include 1.00
and the corresponding P-value was less than 0.05.

Results
Our search strategy resulted in 1435 articles. A total of
326 remained after excluding duplicates and irrelevant
articles. After removing studies which met our exclusion
criteria, 83 articles remained. An additional 41 studies
were excluded based on the usage of diuretics, or the ab-
sence of a description of the hemodynamic parameters
in the CFM arm (Fig. 1). Table 1 shows the characteris-
tics of the remaining 36 randomized controlled trials.
Thirteen studies [24–36] did not target urine output
in either GDT or CFM; seven studies [37–43] only
targeted urine output in the CFM protocol; and six-
teen studies [44–59] targeted urine output in both
protocols. Hemodynamic monitoring devices and pa-
rameters used in the included studies are reported in
Table 2. The amount of fluids infused during GDT
and CFM in each study is reported in Additional file
1: Table S3. The risk of bias assessment is shown in
Fig. 2. Of the 23 studies which included urine output
as a target, fifteen studies had a threshold of 0.5 ml/
kg/h (Table 2). The data of the limited studies in
which the amount of urine output was reported are
collected in Additional file 1: Table S4. The data on
the six observational studies [60–65] are reported in
Additional file 1: Table S5 and Table S6.

van der Zee et al. BMC Anesthesiology  (2017) 17:22 Page 3 of 12



Meta-analysis
Because there was no direct data on the effect of target-
ing urine output on mortality, we first pooled the studies
comparing GDT with CFM based on the presence of
urine output as a target in either fluid management pro-
tocols. Overall, GDT was associated with a decrease in
30-day mortality (OR 0.83; 95% CI 0.68 to 1.00; P = 0.04;
I2 = 28%; N = 36) (Fig. 3). However, there was insufficient
evidence for a decrease in 30-day mortality due to GDT
in all the subgroups. The heterogeneity was low to
moderate. The funnel plot is shown in Additional file 2:
Figure S1. A slight asymmetry was detected; and identifi-
cation of eight possible missing studies altered the point
estimate (OR 0.75; 95% CI 0.56 to 1.00; P = 0.05; I2 =
32.8%). The trial sequential analysis is shown in
Additional file 3: Figure S2. Despite reaching statistical
significance, the required information size of 7400 was
not reached and the cumulative Z-score did not cross
the monitoring boundaries. This suggests that the results
for the beneficial effects of GDT on mortality in this
meta-analysis are inconclusive, and the quality of evi-
dence – as assessed by GRADE – is limited.

Meta-regression analysis
To assess the effects of urine output as a fluid manage-
ment target from the available data, we performed a
meta-regression analysis to estimate a regression line for
GDT and CFM with targeting urine output as a second-
ary variable. There was insufficient evidence to suggest
that targeting urine output influences 30-day mortality in
a CFM protocol (OR 1.77; 95% CI 0.59-5.34; P = 0.305).
However, targeting urine output increased 30-day mortal-
ity when using GDT (OR 2.66 95% CI 1.06-6.67; P =
0.037). After adjusting for study setting, hemodynamic
monitoring device, underlying etiology, use of vasoactive
medication and year of publication (Table 3), there was in-
sufficient evidence to associate targeting urine output with
an effect on 30-day mortality when using a CFM protocol
(OR 0.74; 95% CI 0.39-1.38; P = 0.334) and a GDT proto-
col (OR 1.17; 95% CI 0.54-2.56; P = 0.685).

Sensitivity analysis
In the sensitivity analysis excluding studies with a urine
output threshold different from the conventional stand-
ard of 0.5 ml/kg/h in the targeting urine output group,
GDT was associated with a decrease in 30-day mortality
(OR 0.78; 95% CI 0.63 to 0.97; P = 0.03; I2 = 31.8%; N =
29, Additional file 4: Figure S3). In the bivariate meta-
regression analysis, we found insufficient evidence to
suggest that targeting urine output with a threshold of
0.5 ml/kg/h was associated with an increase in 30-day
mortality when using a CFM protocol (OR 1.90; 95% CI
0.56 to 6.50; P = 0.300) and in a GDT protocol (OR 2.46;
95% CI 0.80 – 7.59; P = 0.114). After adjusting for covar-
iates (Table 4), targeting urine output was not associated
with a change in 30-day mortality when using a CFM
protocol (OR 0.89; 95% CI 0.41 - 1.91; P = 0.756) and a
GDT protocol (OR 1.08; 95% CI 0.48 – 2.44; P = 0.852).

Discussion
The principal finding of this meta-analysis is that while
GDT might decrease 30-day mortality, including urine
output as a target may increase 30-day mortality. How-
ever, after adjusting for confounders, there is insufficient
evidence to associate targeting urine output with an ef-
fect on 30-day mortality. Additionally, using the com-
mon urine output threshold of 0.5 ml/kg/h, there was
insufficient evidence to suggest that targeting urine out-
put affected 30-day mortality. Considering our previous
findings that targeting urine output does not prevent
acute renal failure [10, 11], our current finding adds fur-
ther evidence to strongly reconsider the use of urine
output as a fluid management target.
Our data shows that GDT is associated with an overall

decrease in 30-day mortality, although barely reaching
significance. This is partially in agreement with previ-
ously published meta-analyses on GDT and mortality.

Fig. 1 Flow chart of study selection. CFM: conventional fluid
management; RCT: randomized controlled trial

van der Zee et al. BMC Anesthesiology  (2017) 17:22 Page 4 of 12



Table 1 Characteristics of studies included

Study Total number Type of patient Timing Mortality follow up

Not targeting urine output
in either protocol

Sinclair 1997 [24] 40 Orthopedic intra 30 days

Polonen 2000 [25] 393 Cardiac post 28 days

Rhodes 2002 [26] 201 Critically ill ICU 28 days

Pearse 2005 [27] 122 High risk post 28 days

Szakmany 2005 [28] 40 Abdominal Intra 3 days postoperative

Wakeling 2005 [29] 128 Abdominal intra 30 days

Forget 2010 [30] 86 Abdominal intra 30 days

WenKui 2010 [31] 214 Abdominal intra, post 30 days

Cecconi 2011 [32] 40 Orthopedic intra 28 days

Challand 2012 [33] 236 Abdominal Intra 30 days

Bartha 2013 [34] 149 Orthopedic intra 30 days

Bisgaard 2013 [35] 70 Abdominal intra, post 30 days

Lai 2015 [36] 221 Abdominal Intra 30 days

Targeting urine output
only in CFM

Bishop 1995 [37] 115 Trauma post, ICU in-hospital (95% < 15 days)

McKendry 2004 [38] 174 Cardiac post 30 days

Benes 2010 [39] 120 High Risk intra 30 days

Mayer 2010 [40] 60 High Risk Intra in-hospital (95% < 30 days)

McKenny 2013 [41] 101 Abdominal Intra 30 days

Zakhaleva 2013 [42] 74 Abdominal Intra 30 days

Osawa 2016 [43] 126 Cardiac Intra, post 30 days

Targeting urine output
in both protocols

Shoemaker 1988 [44] 88 High Risk intra, post in-hospital (95% < 29 days)

Boyd 1993 [45] 107 High Risk pre, intra, post, ICU 28 days

Gattinoni 1995 [46] 762 High Risk ICU 30 days

Lobo 2000 [47] 37 High Risk intra, post 28 days,

Rivers 2001 [48] 263 Sepsis ICU 28 days

Chytra 2007 [49] 162 Trauma ICU n-hospital (75% <29 days)

Donati 2007 [50] 135 Abdominal Intra in-hospital (95% < 30 days)

Kapoor 2008 [51] 27 Cardiac post in-hospital (95% < 13 days)

Senagore 2009 [52] 43 Abdominal Intra 2 days

Jammer 2010 [53] 241 Abdominal intra 30 days

Jansen 2010 [54] 348 Critically ill ICU 28 days

Jhanji 2010 [55] 135 Abdominal post, ICU in-hospital (75% < 28 days)

Bisgaard 2013 [56] 40 Vascular Intra, post 30 days

Zheng 2013 [57] 60 Abdominal Pre, intra, post in-hospital (75% <27 days)

Peng 2014 [58] 80 Orthopedic Intra in-hospital (95% <28 days)

Correa-Gallego 2015 [59] 135 Abdominal Intra, post 30 days

Pre preoperative, intra intraoperative, post postoperative, ICU intensive care unit
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Table 2 Hemodynamic monitoring used in selected studies

Study Device Hemodynamic targets Urine output threshold Intervention

Not targeting urine output in either protocol

Sinclair 1997 [24] esophageal Doppler SV colloids

Polonen 2000 [25] SvO2, Lactate fluids, dobutamine,
vasoactive medication

Rhodes 2002 [26] PAC PAWP fluid boluses, vasoactive
agents

Pearse 2005 [27] LiDCO plus SV, DO2I colloid, dopexamine

Szakmany 2005 [28] PiCCO ITBVI crystalloid, colloid

Wakeling 2005 [29] esophageal Doppler SV colloids

Forget 2010 [30] Masimo pulse oximeter PVI colloids, vasoactive
medication

WenKui 2010 [31] Lactate crystalloids, colloids,
dopamine, ephedrine

Cecconi 2011 [32] FloTrac/Vigileo SV colloids, vasoactive
medication, dobutamine

Challand 2012 [33] esophageal Doppler SV colloid

Bartha 2013 [34] LiDCO SV, DO2I fluids, vasoactive
medication

Bisgaard 2013 [35] LiDCO SVI colloids, dobutamine,
vasoactive medication

Lai 2015 [36] LiDCO SVV Colloids

Targeting urine output only in CFM

Bishop 1995 [37] PAC DO2I, VO2I, CI 30-50 ml/h volume, dobutamine

McKendry 2004 [38] esophageal Doppler SI no specific goal
mentioned

colloids, blood, vasoactive
medication

Benes 2010 [39] FloTrac/Vigileo SVV 0.5 ml/kg/h colloids, dobutamine

Mayer 2010 [40] FloTrac/Vigileo CI, SVI 0.5 ml/kg/h crystalloids, colloids,
norepinephrine, dobutamine,
vasodilators

McKenny 2013 [41] esophageal Doppler SV 0.5 ml/kg/h colloids

Zakhaleva 2013 [42] esophageal Doppler SV, SVR, CO, FTc 0.5-1.0 ml/kg/h colloids

Osawa 2016 [43] LIDCO CI, SVI 0.5 ml/kg/h crystalloid, dobutamine

Targeting urine ouput in both protocols

Shoemaker 1988 [44] PAC Hct, PvO2, PAP, SVR, PWP, PVR, DO2,
VO2

30 mL/h crystalloids, colloids,
vasoactive medication

Boyd 1993 [45] PAC DO2I 0.5 mL/kg/h gelatin, dopexamine

Gattinoni 1995 [46] PAC CI or SvO2 0.5 mL/kg/h fluids, vasoactive medication

Lobo 2000 [47] PAC DO2 0.5 mL/kg/h fluids, dobutamine

Rivers 2001 [48] computerized
spectrophotometer

ScvO2, MAP 0.5 mL/kg/h crystalloid dobutamine,
blood transfusions

Chytra 2007 [49] esophageal Doppler SV, FTc 1 mL/kg/h colloids

Donati 2007 [50] SvO2, O2ERe 0.5 mL/kg/h fluids, dobutamine

Kapoor 2008 [51] FloTrac/Vigileo CVP, SVV 1 mL/kg/h colloids, dopamine
or other inotropes

Senagore 2009 [52] esophageal Doppler SV 0.5 mL/kg/h colloid

Jammer 2010 [53] ScvO2 0.5 mL/kg/h crystalloids, colloid

Jansen 2010 [54] CeVOX Lactate, ScvO2 0.5 mL/kg/h fluids, vasodilator therapy

Jhanji 2010 [55] LiDCO SV 25 mL/h fluids, dopexamine

Bisgaard 2013 [56] LiDCO DO2I, SVI 0.5–1.0 mL/kg/h colloid, dobutamine
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While one meta-analysis in surgical patients reported
that GDT was associated with a decrease in mortality
[66], another meta-analysis in surgical patients found no
such effect [67]. The difference in mortality between
these two meta-analyses may be due to studies published
after the publication of the meta-analysis by Brienza et
al. [66]. The disagreement between the meta-analysis by
Corcoran et al. [67] and our meta-analysis may be due
to three reasons: the inclusion of newer studies, the
addition of critical care studies, and the follow-up period
for mortality. Additionally, the meta-analysis by Zhang
et al. showed that patients with severe sepsis or septic
shock receiving GDT had a similar risk of mortality
compared with those in the control group [68]. Never-
theless, as the optimal information size metric suggests,
the currently available pool of studies may be insufficient
to conclusively state any effect of GDT on mortality.
This meta-analysis supports the hypothesis that oli-

guria is likely an epiphenomenon rather than a modifi-
able risk factor. In a perioperative setting, low urine
output is common in the first 24 h after surgery and in
the absence of other issues it does not reliably reflect
fluid status [5]. Moreover, urine output is influenced by
factors other than the hemodynamic status [69, 70]. Sur-
gical trauma and physical stress in critical illness cause
the release of neuro-hormonal factors which influence
glomerular filtration pressure or water reabsorption in
the collecting duct, such as catecholamines, arginine
vasopressin and the renin-angiotensin-aldosterone
system. While these neuro-hormonal factors are also up-
regulated in hypovolemia resulting in oliguria, the peri-
operative or critical care setting itself does promote the
occurrence of oliguria. Additionally, anesthetic tech-
niques and medication can affect neuro-hormonal fac-
tors as well as vasomotor tone. Moreover, using urine
output to guide fluid management is inherently flawed
due to the delayed response. Evaluating the urinary re-
sponse to a fluid challenge is generally possible after at
least 15-30 min, and is limited by the lack of a clear
dose-response relationship. In contrast, hemodynamic

parameters such as cardiac output are dynamic variables
which are influenced within a short interval after a fluid
challenge is given and for most variables a dose-
response relationship has been given. Thus, the primary
cause of oliguria may not be affected by fluid administra-
tion, or may already have been resolved by acting on an-
other target.
In light of this, the use of permissive oliguria has

already been advocated in ERAS protocols, primarily to
avoid excess fluid loading [7]. In patients managed by
hemodynamic targets with a better correlation to fluid
status, the occurrence of oliguria due to hemodynamic
causes is unlikely, which favors the exclusion of urine
output as a target for fluid resuscitation. Considering
this, the current paradigm that urine output reflects
renal injury and – perhaps indirectly – increases mortal-
ity needs to be revisited [12, 14]. In most – if not all –
cases, oliguria is most likely an epiphenomenon of an
underlying problem. A recent study showed that after
adjusting for confounders while intraoperative urine out-
put was not associated with postoperative morbidity,
total intraoperative fluid intake and postoperative fluid
boluses for hypotension and low urine output were asso-
ciated with an increase in postoperative morbidity [59].
This strongly suggests that urine output should not be a
target in a fluid management protocol to improve
outcome.
This meta-analysis has several important limitations.

The main limitation is the various sources of heterogen-
eity. The I2 statistic showed low to moderate heterogen-
eity in most analyses. However, considering the different
hemodynamic targets, fluid types, vasopressor use, mon-
itoring devices, underlying etiologies, clinical settings
and mortality follow-up used in these studies, assuming
that the heterogeneity is as low as suggested by the I2

statistic would be imprudent. Because some studies did
not report data of fluids infused as a statistical measure
and data regarding the amount of urine output were
rarely reported at all, further analysis of these data
points was not possible. Despite the use of a random-

Table 2 Hemodynamic monitoring used in selected studies (Continued)

Zheng 2013 [57] FloTrac/Vigileo CI, SVI, SV 0.5 mL/kg/h balanced salt solution,
colloid, dopamine /
norepinephrine,
nitroglycerin / ephedrine

Peng 2014 [58] FloTrac/Vigileo SVV 0.5 mL/kg/h Crystalloid, colloid,

Correa-Gallego 2015
[59]

FloTrac/Vigileo SVV 25 mL/h for 2
consecutive hours

Crystalloid, colloid, albumin
bolus infusions

PAC pulmonary artery catheter, PAC+ pulmonary artery catheter with supranormal hemodynamic targets, pre preoperative, intra intraoperative, post postoperative,
ICU intensive care unit, ITBVI intrathoracic blood volume index, SV stroke volume, DO2I oxygen delivery index, PAOP pulmonary artery occlusion pressure, CI
cardiac index, CO cardiac output, SVR systemic vascular resistance, SVI systemic vascular index, PCWP pulmonary capillary wedge pressure, DO2 oxygen delivery,
PVI pleth variability index, GEDI global end-diastolic volume index, ELVI extravascular lung water index, SvO2 mixed venous oxygen saturation, PAWP pulmonary
artery wedge pressure, FTc corrected flow time, PAWP pulmonary artery wedge pressure, SVV stroke volume variation, VO2I oxygen consumption index, SI stroke
index, O2ERe oxygen extraction estimate, ScvO2 central venous oxygen saturation, CVP central venous pressure, PvO2 venous oxygen pressure, PAP pulmonary
artery pressure, PWP pulmonary wedge pressure, PVR pulmonary vascular resistance, Hct hematocrit, VO2 oxygen consumption, UO urine output
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effects model and a bi- and multivariate approach to
a meta-regression analysis, the effects of between-
trial differences are most likely not completely taken
into account [19, 20]. Since our findings are based
on between-trial statistical analyses, given the large
differences between the included studies, the in-
terpretation of these findings – even after adjusting
for operative setting, underlying etiology and other
confounders - should be done with care. Unde-
rstandably, given the absence of trials primarily in-
vestigating the effects of urine output as a target, to
account for all the possible sources of heterogeneity
within the currently available literature would be im-
practical and the inability to do so is currently an
inevitable limitation. However, after acknowledging
this limitation, our findings are currently the only
assessment of the effects of targeting urine output
on mortality, and are supported by the observations
from various trials [6, 59].
Another important limitation is the low number of

studies given the available literature on GDT. The po-
tential for robust conclusions by using meta-regression
is limited by the number of studies [71]. However, to en-
sure that heterogeneity was limited as much as possible,
several of the larger - and perhaps more convincing –
trials were excluded. The three recent large studies -
ARISE, PROCESS and PROMISE - were not included
in this meta-analysis, due to meeting our exclusion
criterion of vague CFM protocols [72–74]. While their
exclusion may limit the generalization of our findings,
the strict inclusion and exclusion criteria removes bias
caused by some of the heterogeneity. Given that our
main objective was to assess the effect of targeting
urine output on 30-day mortality, removing as many
sources of heterogeneity as possible strengthens our
findings. Similarly, despite the absence of these large
trials, the mortality rate in most studies is close to the
estimated 30-day mortality rate in elective – high risk –
surgery (~7%) and critical care (~15%) [75–77]. Add-
itionally, a slight asymmetry was found in the funnel
plot, and after applying the ‘trim and fill’ method, the
effect size of eight possible missing studies were added
to the analysis. In combination with the trail sequential
analysis, this suggests insufficient evidence to support a
difference in 30-day mortality between GDT and CFM,
despite the analysis in Fig. 3, and illustrates the dep-
endence on adequate sample size to establish definite
conclusions.

Fig. 2 Risk of bias assessment. Risk of bias assessment performed
with the Cochrane Collaboration tool [16]. Because there are two
studies by Bisgaard et al. published in 2013, 1 marks reference [35],
and 2 marks reference [56]. Gray circle: low risk of bias; blank: unclear
risk of bias; white circle: high risk of bias
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Fig. 3 Forest plot of 36 studies reporting 30-day mortality when comparing goal-directed therapy with conventional fluid management. +: mor-
tality follow-up was shorter than 28 days. *: mortality reported as in-hospital mortality. **: mortality data extracted from Kaplan-Meier curve. GDT:
goal-directed therapy; CFM: conventional fluid therapy; OR: odds ratio; CI: confidence interval

Table 3 Meta-regression model with 30-day mortality as outcome
for conventional and goal-directed fluid therapy

Variable CFM GDT

Targeting urine output 0.74 (0.39-1.38) 1.17 (0.54-2.56)

Intensive Care setting (reference)

Intraoperative setting 0.15 (0.08-0.28) 0.12 (0.05-0.28)

Postoperative setting 0.06 (0.02-0.15) 0.12 (0.03-0.51)

Transpulmonary thermodilution
(reference)

Esophageal Doppler 0.67 (0.21-2.11)

Pulmonary artery catheter 1.27 (0.25-6.35)

Other monitoring devices 0.79 (0.27-2.27)

Other etiologies (reference)

Abdominal 0.32 (0.15-0.69) 0.76 (0.32-1.77)

High risk 2.13 (0.94-4.81) 2.19 (0.74-6.51)

Inotropic use 1.40 (0.72-2.69) 1.01 (0.40-2.53)

Publication year a 0.97 (0.93-1.02) 1.00 (0.91-1.10)
aPublication year was inputted as the years from the mean publication
year (2008)
Data reported as odds ratio and 95% confidence interval

Table 4 Meta-regression model of sensitivity analysis with 30-day
mortality for conventional and goal-directed fluid therapy

Variable CFM GDT

Targeting urine output 0.56 (0.29-1.11) 0.68 (0.34-1.36)

Intensive Care setting (reference)

Intraoperative setting 0.16 (0.08-0.30) 0.14 (0.08-0.24)

Postoperative setting 0.07 (0.03-0.16) 0.17 (0.05-0.57)

Transpulmonary thermodilution
(reference)

Esophageal Doppler 0.61 (0.23-1.60)

Pulmonary artery catheter 1.80 (0.51-6.33)

Other monitoring devices 0.21 (0.07-0.63)

Other etiologies (reference)

Abdominal 0.48 (0.21-1.10) 1.14 (0.54-2.38)

High risk 2.36 (0.99-5.67) 1.19 (0.61-2.30)

Inotropic use 1.43 (0.67-3.07) 1.15 (0.47-2.81)

Publication year a 0.95 (0.9-1.00) 0.95 (0.88-1.03)

The sensitivity analysis excluded studies in which the urine output threshold
was not 0.5 ml/kg/h
aPublication year was inputted as the years from the mean publication year
(2008). Data reported as odds ratio and 95% confidence interval
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Conclusion
In conclusion, based on the currently available literature,
we found that while GDT might decrease 30-day mortal-
ity, including urine output as a target may increase 30-
day mortality. However, the principal finding of this
meta-analysis is that after adjusting for confounders,
there is insufficient evidence to associate targeting urine
output with an effect on 30-day mortality. This suggests
that oliguria is not a modifiable risk factor for mortality,
and using diuresis to guide fluid management may not
affect survival. However, the paucity of direct data illus-
trates the need for further research on whether oliguria is
just an epiphenomenon and whether ‘permissive oliguria’
should be a key component of fluid management
protocols.

Additional files

Additional file 1: Tables with the search strategy used in the MEDLINE
and EMBASE databases. Tables reporting the amount of fluids infused, urine
output data, and the characteristics of observational studies. (PDF 184 kb)

Additional file 2: Figure S1. Funnel plot used to assess the presence of
publication bias in the performed analysis. (PDF 53 kb)

Additional file 3: Figure S2. Trial sequential analysis for cumulative
meta-analysis. Data is analyzed cumulatively in order of year of publication,
and the optimal information size (sample size) is 7400 patients to find a 25%
relative risk reduction with a power of 80% and an alpha of 0.05. (PDF 6 kb)

Additional file 4: Figure S3. Forest plot of sensitivity analysis (urine output
threshold 0.5 ml/kg/h) on 30-day mortality when comparing goal-directed
therapy with conventional fluid management. +: mortality follow-up was
shorter than 28 days. *: mortality reported as in-hospital mortality. **: mortality
data extracted from Kaplan-Meier curve. GDT: goal-directed therapy; CFM:
conventional fluid therapy; OR: odds ratio; CI: confidence interval. (PDF 51 kb)

Abbreviations
CFM: Conventional fluid management; ERAS: Early recovery after surgery;
GDT: Goal-directed therapy; OR: Odds ratio

Acknowledgements
Not applicable.

Funding
This work was supported by the Department of Intensive Care, Erasmus MC,
Rotterdam, the Netherlands.

Availability of data and material
Not applicable.

Authors’ contributions
Study design: ME, ABJG. Data collection: ENZ. Writing the first draft: ENZ and
ME. Data interpretation, discussion and preparation of the final manuscript:
ENZ, ME, DG, and ABJG. All authors have read and approved the final
manuscript.

Authors’ information
Not applicable.

Competing interests
The authors declared that they have no competing interest.

Consent for publication
Not applicable.

Ethics approval and consent to participate
Not applicable.

Received: 14 November 2016 Accepted: 6 February 2017

References
1. Morgan GE, Mikhail MS, Murray MJ. Clinical anesthesiology. 4th ed. New

York: Lange Medical Books/McGraw Hill, Medical Pub. Division; 2006.
2. Marino PL, Sutin KM. The ICU book. 3rd ed. Philadelphia: Lippincott Williams

& Wilkins; 2007.
3. Dellinger RP, Levy MM, Rhodes A, Annane D, Gerlach H, Opal SM, Sevransky

JE, Sprung CL, Douglas IS, Jaeschke R, et al. Surviving Sepsis Campaign:
international guidelines for management of severe sepsis and septic shock,
2012. Intensive Care Med. 2013;39(2):165–228.

4. Kheterpal S, Tremper KK, Englesbe MJ, O'Reilly M, Shanks AM, Fetterman
DM, Rosenberg AL, Swartz RD. Predictors of postoperative acute renal
failure after noncardiac surgery in patients with previously normal renal
function. Anesthesiology. 2007;107(6):892–902.

5. Hubner M, Lovely JK, Huebner M, Slettedahl SW, Jacob AK, Larson DW.
Intrathecal analgesia and restrictive perioperative fluid management within
enhanced recovery pathway: hemodynamic implications. J Am Coll Surg.
2013;216(6):1124–34.

6. Matot I, Dery E, Bulgov Y, Cohen B, Paz J, Nesher N. Fluid management
during video-assisted thoracoscopic surgery for lung resection: a
randomized, controlled trial of effects on urinary output and postoperative
renal function. J Thorac Cardiovasc Surg. 2013;146(2):461–6.

7. Miller TE, Roche AM, Mythen M. Fluid management and goal-directed
therapy as an adjunct to Enhanced Recovery After Surgery (ERAS). Can J
Anaesth. 2015;62(2):158–68.

8. Goren O, Matot I. Perioperative acute kidney injury. Br J Anaesth. 2015;115
Suppl 2:ii3–14.

9. Gupta R, Gan TJ. Peri-operative fluid management to enhance recovery.
Anaesthesia. 2016;71 Suppl 1:40–5.

10. Egal M, de Geus HR, van Bommel J, Groeneveld AB. Targeting oliguria
reversal in perioperative restrictive fluid management does not influence
the occurrence of renal dysfunction: A systematic review and meta-analysis.
Eur J Anaesthesiol. 2016;33(6):425–35.

11. Egal M, Erler NS, de Geus HR, van Bommel J, Groeneveld AB. Targeting
oliguria reversal in goal-directed hemodynamic management does not
reduce renal dysfunction in perioperative and critically ill patients: a
systematic review and meta-Analysis. Anesth Analg. 2016;122(1):173–85.

12. Macedo E, Malhotra R, Bouchard J, Wynn SK, Mehta RL. Oliguria is an early
predictor of higher mortality in critically ill patients. Kidney Int. 2011;80(7):760–7.

13. Teixeira C, Garzotto F, Piccinni P, Brienza N, Iannuzzi M, Gramaticopolo S,
Forfori F, Pelaia P, Rocco M, Ronco C, et al. Fluid balance and urine volume
are independent predictors of mortality in acute kidney injury. Crit Care.
2013;17(1):R14.

14. Zhang Z, Xu X, Ni H, Deng H. Urine output on ICU entry is associated with
hospital mortality in unselected critically ill patients. J Nephrol. 2014;27(1):65–71.

15. Mizota T, Minamisawa S, Imanaka Y, Fukuda K. Oliguria without serum
creatinine increase after living donor liver transplantation is associated with
adverse post-operative outcomes. Acta Anaesthesiologica Scandinavica.
2016;60(7):874–81.

16. Chapter 8: Assessing risk of bias in included studies [http://handbook.
cochrane.org/]. Accessed 22 June 2016.

17. Viechtbauer W. Conducting meta-analysis in R with the metafor package. J
Stat Soft. 2010;36(3):1–48.

18. R Core Team: R: A Language and Environment for Statistical Computing,
2015. In. Vienna, Austria: R Foundation for Statistical Computing; 2015.

19. Knapp G, Hartung J. Improved tests for a random effects meta-regression
with a single covariate. Stat Med. 2003;22(17):2693–710.

20. Sidik K, Jonkman JN. A comparison of heterogeneity variance estimators in
combining results of studies. Stat Med. 2007;26(9):1964–81.

21. 9.5.2 Identifying and measuring heterogeneity [http://handbook.cochrane.
org/]. Accessed 22 June 2016.

22. Guyatt G, Oxman AD, Akl EA, Kunz R, Vist G, Brozek J, Norris S, Falck-Ytter Y,
Glasziou P, DeBeer H, et al. GRADE guidelines: 1. Introduction-GRADE
evidence profiles and summary of findings tables. J Clin Epidemiol. 2011;
64(4):383–94.

van der Zee et al. BMC Anesthesiology  (2017) 17:22 Page 10 of 12

dx.doi.org/10.1186/s12871-017-0316-4
dx.doi.org/10.1186/s12871-017-0316-4
dx.doi.org/10.1186/s12871-017-0316-4
dx.doi.org/10.1186/s12871-017-0316-4
http://handbook.cochrane.org/
http://handbook.cochrane.org/
http://handbook.cochrane.org/
http://handbook.cochrane.org/


23. van Houwelingen HC, Arends LR, Stijnen T. Advanced methods in meta-analysis:
multivariate approach and meta-regression. Stat Med. 2002;21(4):589–624.

24. Sinclair S, James S, Singer M. Intraoperative intravascular volume
optimisation and length of hospital stay after repair of proximal femoral
fracture: randomised controlled trial. BMJ. 1997;315(7113):909–12.

25. Polonen P, Ruokonen E, Hippelainen M, Poyhonen M, Takala J. A
prospective, randomized study of goal-oriented hemodynamic therapy in
cardiac surgical patients. Anesth Analg. 2000;90(5):1052–9.

26. Rhodes A, Cusack RJ, Newman PJ, Grounds RM, Bennett ED. A randomised,
controlled trial of the pulmonary artery catheter in critically ill patients.
Intensive Care Med. 2002;28(3):256–64.

27. Pearse R, Dawson D, Fawcett J, Rhodes A, Grounds RM, Bennett ED. Early
goal-directed therapy after major surgery reduces complications and
duration of hospital stay. A randomised, controlled trial [ISRCTN38797445].
Crit Care. 2005;9(6):R687–693.

28. Szakmany T, Toth I, Kovacs Z, Leiner T, Mikor A, Koszegi T, Molnar Z. Effects
of volumetric vs. pressure-guided fluid therapy on postoperative
inflammatory response: a prospective, randomized clinical trial. Intensive
Care Med. 2005;31(5):656–63.

29. Wakeling H, McFall M, Jenkins C, Woods W, Miles W, Barclay G, Fleming S.
Intraoperative oesophageal Doppler guided fluid management shortens
postoperative hospital stay after major bowel surgery. Br J Anaesth. 2005;
95:634–42.

30. Forget P, Lois F, de Kock M. Goal-directed fluid management based on the
pulse oximeter-derived pleth variability index reduces lactate levels and
improves fluid management. Anesth Analg. 2010;111:910–4.

31. WenKui Y, Ning L, JianFeng G, WeiQin L, ShaoQiu T, Zhihui T, Tao G, JuanJuan
Z, FengChan X, Hui S, et al. Restricted peri-operative fluid administration
adjusted by serum lactate level improved outcome after major elective surgery
for gastrointestinal malignancy. Surgery. 2010;147(4):542–52.

32. Cecconi M, Fasano N, Langiano N, Divella M, Costa M, Rhodes A, Della
Rocca G. Goal-directed haemodynamic therapy during elective total hip
arthroplasty under regional anaesthesia. Crit Care. 2011;15:R132.

33. Challand C, Struthers R, Sneyd JR, Erasmus PD, Mellor N, Hosie KB, Minto G.
Randomized controlled trial of intraoperative goal-directed fluid therapy in
aerobically fit and unfit patients having major colorectal surgery. Br J
Anaesth. 2012;108(1):53–62.

34. Bartha E, Arfwedson C, Imnell A, Fernlund ME, Andersson LE, Kalman S.
Randomized controlled trial of goal-directed haemodynamic treatment in
patients with proximal femoral fracture. Br J Anaesth. 2013;110(4):545–53.

35. Bisgaard J, Gilsaa T, Ronholm E, Toft P. Optimising stroke volume and
oxygen delivery in abdominal aortic surgery: a randomised controlled trial.
Acta Anaesthesiologica Scandinavica. 2013;57(2):178–88.

36. Lai CW, Starkie T, Creanor S, Struthers RA, Portch D, Erasmus PD, Mellor N,
Hosie KB, Sneyd JR, Minto G. Randomized controlled trial of stroke volume
optimization during elective major abdominal surgery in patients stratified
by aerobic fitness. Br J Anaesth. 2015;115(4):578–89.

37. Bishop M, Shoemaker W, Appel P, Meade P, Ordog G, Wasserberger J, Wo C,
Rimle D, Kram H, Umali R. Prospective, randomized trial of survivor values of
cardiac index, oxygen delivery, and oxygen consumption as resuscitation
endpoints in severe trauma. J Trauma. 1995;38:780–7.

38. McKendry M, McGloin H, Saberi D, Caudwell L, Brady AR, Singer M.
Randomised controlled trial assessing the impact of a nurse delivered, flow
monitored protocol for optimisation of circulatory status after cardiac
surgery. BMJ. 2004;329(7460):258.

39. Benes J, Chytra I, Altmann P, Hluchy M, Kasal E, Svitak R, Pradl R,
Stepan M. Intraoperative fluid optimization using stroke volume
variation in high risk surgical patients: results of prospective
randomized study. Crit Care. 2010;14(3):R118.

40. Mayer J, Boldt J, Mengistu AM, Rohm KD, Suttner S. Goal-directed
intraoperative therapy based on autocalibrated arterial pressure waveform
analysis reduces hospital stay in high-risk surgical patients: a randomized,
controlled trial. Crit Care. 2010;14(1):R18.

41. McKenny M, Conroy P, Wong A, Farren M, Gleeson N, Walsh C, O'Malley C,
Dowd N. A randomised prospective trial of intra-operative oesophageal
Doppler-guided fluid administration in major gynaecological surgery.
Anaesthesia. 2013;68(12):1224–31.

42. Zakhaleva J, Tam J, Denoya PI, Bishawi M, Bergamaschi R. The impact of
intravenous fluid administration on complication rates in bowel surgery
within an enhanced recovery protocol: a randomized controlled trial.
Colorectal Dis. 2013;15(7):892–9.

43. Osawa EA, Rhodes A, Landoni G, Galas FR, Fukushima JT, Park CH, Almeida
JP, Nakamura RE, Strabelli TM, Pileggi B, et al. Effect of perioperative goal-
directed hemodynamic resuscitation therapy on outcomes following
cardiac surgery: a randomized clinical trial and systematic review. Crit Care
Med. 2016;44(4):724–33.

44. Shoemaker WC, Appel PL, Kram HB, Waxman K, Lee TS. Prospective trial of
supranormal values of survivors as therapeutic goals in high-risk surgical
patients. Chest. 1988;94(6):1176–86.

45. Boyd O, Grounds RM, Bennett ED. A randomized clinical trial of the effect of
deliberate perioperative increase of oxygen delivery on mortality in high-
risk surgical patients. JAMA. 1993;270(22):2699–707.

46. Gattinoni L, Brazzi L, Pelosi P, Latini R, Tognoni G, Pesenti A, Fumagalli R. A
trial of goal-oriented hemodynamic therapy in critically ill patients. SvO2
Collaborative Group. N Engl J Med. 1995;333(16):1025–32.

47. Lobo SM, Salgado PF, Castillo VG, Borim AA, Polachini CA, Palchetti JC,
Brienzi SL, de Oliveira GG. Effects of maximizing oxygen delivery on
morbidity and mortality in high-risk surgical patients. Crit Care Med. 2000;
28(10):3396–404.

48. Rivers E, Nguyen B, Havstad S, Ressler J, Muzzin A, Knoblich B, Peterson E,
Tomlanovich M, Early Goal-Directed Therapy Collaborative G. Early goal-
directed therapy in the treatment of severe sepsis and septic shock. N Engl
J Med. 2001;345(19):1368–77.

49. Chytra I, Pradl R, Bosman R, Pelnar P, Kasal E, Zidkova A. Esophageal Doppler-
guided fluid management decreases blood lactate levels in multiple-trauma
patients: a randomized controlled trial. Crit Care. 2007;11(1):R24.

50. Donati A, Loggi S, Preiser J, Orsetti G, Munch C, Gabbanelli V, Pelaia P,
Pietropaoli P. Goal-directed intraoperative therapy reduces morbidity and
length of hospital stay in high-risk surgical patients. Chest. 2007;132:1817–24.

51. Kapoor P, Kakani M, Chowdhury U, Choudhury M, Kiran U. Early goal-
directed therapy in moderate to high-risk cardiac surgery patients. Ann
Card Anaesth. 2008;11:27–34.

52. Senagore AJ, Emery T, Luchtefeld M, Kim D, Dujovny N, Hoedema R. Fluid
management for laparoscopic colectomy: a prospective, randomized
assessment of goal-directed administration of balanced salt solution or
hetastarch coupled with an enhanced recovery program. Dis Colon Rectum.
2009;52(12):1935–40.

53. Jammer I, Ulvik A, Erichsen C, Lodemel O, Ostgaard G. Does central venous
oxygen saturation-directed fluid therapy affect postoperative morbidity after
colorectal surgery?: A randomized assessor-blinded controlled trial.
Anesthesiology. 2010;113(5):1072–80.

54. Jansen TC, van Bommel J, Schoonderbeek FJ, Sleeswijk Visser SJ, van der
Klooster JM, Lima AP, Willemsen SP, Bakker J, group Ls. Early lactate-guided
therapy in intensive care unit patients: a multicenter, open-label,
randomized controlled trial. Am J Respir Crit Care Med. 2010;182(6):752–61.

55. Jhanji S, Vivian-Smith A, Lucena-Amaro S, Watson D, Hinds CJ, Pearse RM.
Haemodynamic optimisation improves tissue microvascular flow and
oxygenation after major surgery: a randomised controlled trial. Crit Care.
2010;14(4):R151.

56. Bisgaard J, Gilsaa T, Ronholm E, Toft P. Haemodynamic optimisation in
lower limb arterial surgery: room for improvement? Acta Anaesthesiologica
Scandinavica. 2013;57(2):189–98.

57. Zheng H, Guo H, Ye JR, Chen L, Ma HP. Goal-directed fluid therapy in
gastrointestinal surgery in older coronary heart disease patients:
randomized trial. World J Surg. 2013;37(12):2820–9.

58. Peng K, Li J, Cheng H, Ji FH. Goal-directed fluid therapy based on stroke
volume variations improves fluid management and gastrointestinal
perfusion in patients undergoing major orthopedic surgery. Med Princ
Pract. 2014;23(5):413–20.

59. Correa-Gallego C, Tan KS, Arslan-Carlon V, Gonen M, Denis SC, Langdon-
Embry L, Grant F, Kingham TP, DeMatteo RP, Allen PJ, et al. Goal-directed
fluid therapy using stroke volume variation for resuscitation after low
central venous pressure-assisted liver resection: a randomized clinical trial. J
Am Coll Surg. 2015;221(2):591–601.

60. Hussien M, Refaat E, Fayed N, Yassen K, Khalil M, Mourad W. Use of
transesophageal Doppler as a sole cardiac output monitor for reperfusion
hemodynamic changes during living donor liver transplantation: An
observational study. Saudi J Anaesth. 2011;5(3):264–9.

61. Sivayoham N, Rhodes A, Jaiganesh T, van Zyl Smit N, Elkhodhair S,
Krishnanandan S. Outcomes from implementing early goal-directed therapy
for severe sepsis and septic shock: a 4-year observational cohort study. Eur J
Emerg Med. 2012;19(4):235–40.

van der Zee et al. BMC Anesthesiology  (2017) 17:22 Page 11 of 12



62. Reydellet L, Blasco V, Mercier MF, Antonini F, Nafati C, Harti-Souab K, Leone
M, Albanese J. Impact of a goal-directed therapy protocol on postoperative
fluid balance in patients undergoing liver transplantation: a retrospective
study. Ann Fr Anesth Reanim. 2014;33(4):e47–54.

63. Thomson R, Meeran H, Valencia O, Al-Subaie N. Goal-directed therapy after
cardiac surgery and the incidence of acute kidney injury. J Crit Care. 2014;
29(6):997–1000.

64. Cannesson M, Ramsingh D, Rinehart J, Demirjian A, Vu T, Vakharia S,
Imagawa D, Yu Z, Greenfield S, Kain Z. Perioperative goal-directed therapy
and postoperative outcomes in patients undergoing high-risk abdominal
surgery: a historical-prospective, comparative effectiveness study. Crit Care.
2015;19:261.

65. See KC, Mukhopadhyay A, Lau SC, Tan SM, Lim TK, Phua J. Shock in the first
24 h of intensive care unit stay: observational study of protocol-based fluid
management. Shock. 2015;43(5):456–62.

66. Brienza N, Giglio MT, Marucci M, Fiore T. Does perioperative hemodynamic
optimization protect renal function in surgical patients? A meta-analytic
study. Crit Care Med. 2009;37(6):2079–90.

67. Corcoran T, Rhodes JE, Clarke S, Myles PS, Ho KM. Perioperative fluid
management strategies in major surgery: a stratified meta-analysis. Anesth
Analg. 2012;114(3):640–51.

68. Zhang L, Zhu G, Han L, Fu P. Early goal-directed therapy in the
management of severe sepsis or septic shock in adults: a meta-analysis of
randomized controlled trials. BMC Med. 2015;13:71.

69. Burton D, Nicholson G, Hall G. Endocrine and metabolic response to
surgery. Contin Educ Anaest Crit Care Pain. 2004;4(5):144–7.

70. Naughton CA. Drug-induced nephrotoxicity. Am Fam Physician. 2008;
78(6):743–50.

71. Thompson SG, Higgins JP. How should meta-regression analyses be
undertaken and interpreted? Statistics in medicine. 2002;21(11):1559–73.

72. ProCESS Investigators. A randomized trial of protocol-based care for early
septic shock. N Engl J Med. 2014;370:1689–93.

73. ARISE Investigators, Anzics Clinical Trials Group, Peake SL, Delaney A, Bailey
M, Bellomo R, Cameron PA, Cooper DJ, Higgins AM, Holdgate A, et al. Goal-
directed resuscitation for patients with early septic shock. N Engl J Med.
2014;371(16):1496–506.

74. Mouncey PR, Osborn TM, Power GS, Harrison DA, Sadique MZ, Grieve RD,
Jahan R, Harvey SE, Bell D, Bion JF, et al. Trial of early, goal-directed
resuscitation for septic shock. N Engl J Med. 2015;372(14):1301–11.

75. McIsaac DI, Bryson GL, van Walraven C. Elective, major noncardiac surgery
on the weekend: a population-based cohort study of 30-day mortality. Med
Care. 2014;52(6):557–64.

76. Aylin P, Alexandrescu R, Jen MH, Mayer EK, Bottle A. Day of week of
procedure and 30 day mortality for elective surgery: retrospective analysis
of hospital episode statistics. BMJ. 2013;346:f2424.

77. Rydenfelt K, Engerstrom L, Walther S, Sjoberg F, Stromberg U, Samuelsson
C. In-hospital vs. 30-day mortality in the critically ill - a 2-year Swedish
intensive care cohort analysis. Acta Anaesthesiologica Scandinavica. 2015;
59(7):846–58.

•  We accept pre-submission inquiries 

•  Our selector tool helps you to find the most relevant journal

•  We provide round the clock customer support 

•  Convenient online submission

•  Thorough peer review

•  Inclusion in PubMed and all major indexing services 

•  Maximum visibility for your research

Submit your manuscript at
www.biomedcentral.com/submit

Submit your next manuscript to BioMed Central 
and we will help you at every step:

van der Zee et al. BMC Anesthesiology  (2017) 17:22 Page 12 of 12


	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Search strategy
	Study selection
	Definitions
	Data collection
	Data synthesis
	Statistical analysis

	Results
	Meta-analysis
	Meta-regression analysis
	Sensitivity analysis

	Discussion
	Conclusion
	Additional files
	Abbreviations
	Acknowledgements
	Funding
	Availability of data and material
	Authors’ contributions
	Authors’ information
	Competing interests
	Consent for publication
	Ethics approval and consent to participate
	References

