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A B S T R A C T

Background

Perioperative fluid management is a crucial element of perioperative care and has been studied extensively recently; however, 'the right
amount' remains uncertain. One concept in perioperative fluid handling is goal-directed fluid therapy (GDFT), wherein fluid administration
targets various  continuously measured haemodynamic variables with the aim of optimizing oxygen delivery. Another recently raised
concept is that perioperative restrictive fluid therapy (RFT) may be beneficial and at least as eKective as GDFT, with lower cost and less
resource utilization.

Objectives

To investigate whether RFT may be more beneficial than GDFT for adults undergoing major non-cardiac surgery.

Search methods

We searched the following electronic databases on 11 October 2019: Cochrane Central Register of Controlled Trials, in the Cochrane
Libary; MEDLINE; and Embase. Additionally, we performed a targeted search in Google Scholar and searched trial registries (World Health
Organization (WHO) International Clinical Trials Registry Platform (ICTRP) and ClinicalTrials.gov) for ongoing and unpublished trials. We
scanned the reference lists and citations of included trials and any relevant systematic reviews identified.

Selection criteria

We included randomized controlled trials (RCTs) comparing perioperative RFT versus GDFT for adults (aged ≥ 18 years) undergoing major
non-cardiac surgery.

Data collection and analysis

Two review authors independently screened references for eligibility, extracted data, and assessed risk of bias. We resolved discrepancies
by discussion and consulted a third review author if necessary. When necessary, we contacted trial authors to request additional
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information. We presented pooled estimates for dichotomous outcomes as risk ratios (RRs) with 95% confidence intervals (CIs), and for
continuous outcomes as mean diKerences (MDs) with standard deviations (SDs). We used Review Manager 5 soOware to perform the meta-
analyses. We used a fixed-eKect model if we considered heterogeneity as not important; otherwise, we used a random-eKects model. We
used Poisson regression models to compare the average number of complications per person.

Main results

From 6396 citations, we included six studies with a total of 562 participants. Five studies were performed in participants undergoing
abdominal surgery (including one study in participants undergoing cytoreductive abdominal surgery with hyperthermic intraperitoneal
chemotherapy (HIPEC)), and one study was performed in participants undergoing orthopaedic surgery. In all studies, surgeries were
elective. In five studies, crystalloids were used for basal infusion and colloids for boluses, and in one study, colloid was used for both basal
infusion and boluses. Five studies reported the ASA (American Society of Anesthesiologists) status of participants. Most participants were
ASA II (60.4%), 22.7% were ASA I, and only 16.9% were ASA III. No study participants were ASA IV. For the GDFT group, oesophageal doppler
monitoring was used in three studies, uncalibrated invasive arterial pressure analysis systems in two studies, and a non-invasive arterial
pressure monitoring system in one study. In all studies, GDFT optimization was conducted only intraoperatively. Only one study was at low
risk of bias in all domains. The other five studies were at unclear or high risk of bias in one to three domains.

RFT may have no eKect on the rate of major complications compared to GDFT, but the evidence is very uncertain (RR 1.61, 95% CI 0.78 to
3.34; 484 participants; 5 studies; very low-certainty evidence). RFT may increase the risk of all-cause mortality compared to GDFT, but the
evidence on this is also very uncertain (RD 0.03, 95% CI 0.00 to 0.06; 544 participants; 6 studies; very low-certainty evidence). In a post-
hoc analysis using a Peto odds ratio (OR) or a Poisson regression model, the odds of all-cause mortality were 4.81 times greater with the
use of RFT compared to GDFT, but the evidence again is very uncertain (Peto OR 4.81, 95% CI 1.38 to 16.84; 544 participants; 6 studies;
very low-certainty evidence). Nevertheless, sensitivity analysis shows that exclusion of a study in which the final volume of fluid received
intraoperatively was higher in the RFT group than in the GDFT group revealed no diKerences in mortality. Based on analysis of secondary
outcomes, such as length of hospital stay (464 participants; 5 studies; very low-certainty evidence), surgery-related complications (364
participants; 4 studies; very low-certainty evidence), non-surgery-related complications (74 participants; 1 study; very low-certainty
evidence), renal failure (410 participants; 4 studies; very low-certainty evidence), and quality of surgical recovery (74 participants; 1 study;
very low-certainty evidence), GDFT may have no eKect on the risk of these outcomes compared to RFT, but the evidence is very uncertain.
Included studies provided no data on administration of vasopressors or inotropes to correct haemodynamic instability nor on cost of
treatment.

Authors' conclusions

Based on very low-certainty evidence, we are uncertain whether RFT is inferior to GDFT in selected populations of adults undergoing major
non-cardiac surgery. The evidence is based mainly on data from studies on abdominal surgery in a low-risk population. The evidence does
not address higher-risk populations or other surgery types. Larger, higher-quality RCTs including a wider spectrum of surgery types and a
wider spectrum of patient groups, including high-risk populations, are needed to determine eKects of the intervention.

P L A I N   L A N G U A G E   S U M M A R Y

Is limiting the amount of fluid given to adults during surgery as good as using haemodynamic monitoring, which continuously
measures changes in blood pressure or speed of blood flow inside the arteries, to guide fluid administration?

Review question

Our objective was to review evidence from randomized controlled trials (RCTs) on whether limiting the amount of fluid given to adults
during surgery is as good as using haemodynamic monitoring to guide fluid administration. RCTs are clinical studies in which people are
randomly put into one of two or more treatment groups. Haemodynamic monitoring is continuous, beat-to-beat measurement of changes
in blood pressure or speed of blood flow inside the arteries.

Background

During operations, adults receive additional fluids into their veins (intravenously) to cover their normal needs for fluid and to supplement
any fluids lost during surgery because of bleeding, or for other reasons, for example, increased perspiration. It still is not clearly understood
how much fluid should be given to adults during surgery. In the past, a lot of fluid was given during operations because it was thought that a
large amount of fluid vaporizes during surgery from open cavities, lungs, and skin, and that a lot of fluid is accumulated in operated tissues,
and because people require a long fasting time before surgery. Many new studies have disputed these findings, and recently, techniques
that use haemodynamic monitoring have been developed to guide doctors on how much fluid is actually necessary during surgery. This
technique is called goal-directed fluid therapy (GDFT). Another concept is that simply giving less fluid than was recommended in the past
may confer the same benefit. This technique is called restrictive fluid therapy (RFT). RFT is cheaper and easier to use because it does not
require additional equipment.

Study characteristics

Perioperative restrictive versus goal-directed fluid therapy for adults undergoing major non-cardiac surgery (Review)
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The evidence is current to 11 October 2019. We included studies that randomly assigned adults to intervention groups comparing the
two techniques described above. We found six studies including a total of 562 participants. Five studies involved abdominal surgery, and
one involved orthopaedic surgery. No studies involved emergency surgery nor patients suKering from serious medical conditions before
surgery.

Key results

The number of deaths was slightly lower in the GDFT group compared with the RFT group, but this may be due to chance. No diKerence
in the frequency of major complications was observed between the two groups. In addition, no diKerences were observed between RFT
and GDFT groups in the following outcomes: length of hospital stay, surgery-related complications (related directly to the operation site,
e.g. problems with wound healing), non-surgery-related complications (related to problems with other organs, e.g. heart or lungs), renal
failure, and quality of surgical recovery.

Certainty of evidence

We judged the certainty of evidence obtained for this review as very low because conclusions are based on very small numbers of
participants in included studies, the quality of included studies is low, and studies were performed only on selected groups of patients that
did not reflect the real population of people undergoing surgery. This means that new studies are very likely to change the results of this
review. The review does not answer the question of whether results would be the same for adults who have other serious health problems
before surgery, or for adults undergoing other types of surgery besides abdominal surgery and orthopaedic surgery.
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S U M M A R Y   O F   F I N D I N G S

 

Summary of findings for the main comparison.   Perioperative restrictive fluid therapy compared with goal-directed fluid therapy for adults
undergoing major non-cardiac surgery

Perioperative restrictive fluid therapy compared with goal-directed fluid therapy for adults undergoing major non-cardiac surgery

Population: adults receiving intravenous fluids while undergoing major non-cardiac surgery

Settings: major non-cardiac surgery in hospitals in Europe, Australia, New Zealand, or China

Intervention: restrictive fluid therapy

Comparison: goal-directed fluid therapy

Illustrative comparative risks* (95% CI)

Assumed risk1 Corresponding risk

Outcomes

GDFT RFT

Relative effect
(95% CI)

No. of partici-
pants
(studies)

Certainty of
the evidence
(GRADE)

Comments

Lower-risk population

20 per 1000 32 per 1000
(16 to 67)

Medium-risk population

105 per 1000 169 per 1000
(82 to 351)

Higher-risk population

Major complications

(during longest follow-up period -
30 days after surgery)

189 per 1000 304 per 1000
(147 to 631)

RR 1.61 (0.78 to
3.34)

484
(5)

⊕⊝⊝⊝

Very lowa

 

All-cause mortality

(during longest follow-up period -
30 days after surgery or until dis-
charge)

14 per 1000 68 per 1000
(20 to 238)

RD 0.03 (0.00 to
0.06)

544
(6)

⊕⊝⊝⊝

Very lowb

Peto OR 4.81 (1.38 to 16.84)

Length of hospital stay

(days)

Mean length
of stay ranged

Mean length of stay in
the intervention groups
was

MD -0.02 (-0.55
to 0.50)

464
(5)

⊕⊝⊝⊝

Very lowc
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across control
groups from
6.67 to 10.7 days

0.02 days less (0.55 days
lower to 0.5 days higher)

Lower-risk population

50 per 1000 77 per 1000
(44 to 136)

Medium-risk population

113 per 1000 174 per 1000
(99 to 307)

Higher-risk population

Surgery-related complications 
 

(during longest follow-up period -
30 days after surgery or until dis-
charge)

378 per 1000 582 per 1000
(329 to 1028)

RR 1.54 (0.87 to
2.72)

364
(4)

⊕⊝⊝⊝

Very lowd

Surgery-related complica-
tions were defined as tis-
sue-healing complications
in one study; major abdom-
inal complications in one
study; surgical complica-
tions in one study (includ-
ing intra-abdominal col-
lections, anastomotic leak,
wound infection, and ileus);
and surgical site infection
or bowel obstruction in one
study

Non-surgery-related complica-
tions 

(during longest follow-up period -
30 days after surgery)

324 per 1000 324 per 1000
(169 to 625)

RR 1.00 (0.52 to
1.93)

74
(1)

⊕⊝⊝⊝

Very lowe

Non-surgery-related com-
plications included car-
diorespiratory, urinary,
haemorrhage, and other
complications

Lower-risk population

   

13 per 1000 18 per 1000
(7 to 44)

Higher-risk population

Renal failure

(during longest follow-up period -
30 days after surgery)

125 per 1000 173 per 1000
(71 to 420)

RR 1.38 (0.57 to
3.36)

410
(4)

⊕⊝⊝⊝

Very lowf

 

Quality of surgical recovery as-
sessed in any way (e.g. as a sur-
gical recovery score)

(during longest follow-up period -
30 days after surgery)

Data presented only on a graph in the study 74

(1)

⊕⊝⊝⊝

Very lowg

Study authors reported no
difference in SRS between
RFT and GDFT groups at any
point (day 1, 3, 7, 14, or 30)
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*The basis for the assumed risk (e.g. the median control group risk across studies) is provided in footnotes. The corresponding risk (and its 95% confidence interval) is
based on the assumed risk in the comparison group and the relative effect of the intervention (and its 95% CI).
CI: confidence interval; GDFT: goal-directed fluid therapy; MD: mean difference; OR: odds ratio; RD: risk difference; RFT: restrictive fluid therapy; RR: risk ratio.

GRADE Working Group grades of evidence.
High certainty: further research is very unlikely to change our confidence in the estimate of effect.
Moderate certainty: further research is likely to have an important impact on our confidence in the estimate of effect and may change the estimate.
Low certainty: further research is very likely to have an important impact on our confidence in the estimate of effect and is likely to change the estimate.
Very low certainty: we are very uncertain about the estimate.

aDowngraded one level for study limitations (two studies were judged at high risk of bias in the incomplete outcome data domain; 'worst-case scenario' analysis for missing data
influenced the results), one level for imprecision of results (optimal information size not met, small number of events, wide confidence intervals), and one level for indirectness
of evidence (most studies were performed on abdominal surgery, most included participants were ASA II, RFT protocols were imprecise).
bDowngraded one level for study limitations (two studies were judged at high risk of bias in the incomplete outcome data domain; 'worst-case scenario' analysis for missing
data influenced the results), one level for indirectness of evidence (most studies were performed on abdominal surgery, most included participants were ASA II, RFT protocols
were imprecise), and one level for imprecision of results (optimal information size not met, small number of events, wide confidence intervals).
cDowngraded one level for study limitations (one study was judged at high risk of bias in the blinding of participants and personnel domain, one study at unclear risk of bias
in the blinding of participants and personnel domain, and one study at high risk of bias in incomplete outcome data) and one level for indirectness of evidence (most studies
were on abdominal surgery, most included participants were ASA II, RFT protocols were imprecise), and one level forimprecision of results (optimal information size not met,
confidence intervals crossing the line of no eKect and including both benefit and harm).
dDowngraded one level for study limitations (two studies were judged at high risk of bias in blinding of participants and personnel domain, one study at unclear risk of bias in
blinding of participants and personnel domain, and two studies at high risk of bias in Incomplete outcome data domain); one level for imprecision of results (optimal information
size not met, small number of events, wide confidence intervals crossing the line of no eKect and including both benefit and harm); and one level for indirectness of evidence
(most studies were on abdominal surgery, most included participants were ASA II, RFT protocols were imprecise).
eDowngraded one level forstudy limitations in the included study (judged at high risk of bias in Incomplete outcome data domain) and one level for indirectness of evidence
(included study was performed on abdominal surgery, most included participants were ASA II, RFT protocol was imprecise), and one level for imprecision of results (optimal
information size not met - single study with small number of participants and few events, wide confidence intervals crossing the line of no eKect, and including both benefit
and harm).
fDowngraded one level for study limitations (one study was judged at high risk of bias in blinding of participants and personnel domain, and one study at unclear risk of bias
in blinding of participants and personnel domain); one level for indirectness of evidence (most studies were on abdominal surgery, most included participants were ASA II, RFT
protocols were imprecise); and one level for imprecision of results (optimal information size not met, small number of events, wide confidence intervals crossing the line of no
eKect and including both benefit and harm).
gDowngraded one level for study limitations in the included study (one study judged at high risk of bias in incomplete outcome data domain); one level for indirectness of
evidence (included study was performed on abdominal surgery, most included participants were ASA II, RFT protocol was imprecise); and one level for imprecision of results

(optimal information size not met - single study with small number of participants and few events).1Based on population risk in the included studies.
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B A C K G R O U N D

Description of the condition

Major surgery may be associated with a high rate of
complications, many of which may  be avoidable (Jhanji 2008).
Perioperative complications strongly correlate with long-term
mortality and morbidity and generate increased healthcare costs
(Khuri 2005). Depending on the type of procedure performed,
the average complication rate may vary from 5% to 64%.
Colorectal surgery undertaken in accordance with procedures of
'traditional' perioperative care may involve complication rates
of approximately 15% to 35%, as reported in meta-analyses
of clinical trials (Nygren 2012; Varadhan 2010; Zhuang 2013);
evidence concerning orthopaedic surgery suggests complication
rates of 5% to 16% (Barbieri 2009; Molina 2015); major
vascular surgery is associated with complication rates of 16%
to 44% (Garcia 2009; Lange 2009); and in major urological
surgery, meta-analyses report complication rates of 20% to
64% (Shabsigh 2009; Svatek 2010). Implementation of enhanced
recovery aOer surgery (ERAS) programmes leads to a decrease
in overall perioperative complication rates in major surgery.
ERAS programmes postulate that multiple, relatively minor
interventions, when combined, result in a significant cumulative
beneficial eKect. These interventions include adjustment of long-
term medication (Lewis 2018), alteration of lifestyle factors (Egholm
2018), use of intraoperative anaesthetic measures (Guay 2018), and
good pain relief aOer surgery (Salicath 2018). A recent meta-analysis
estimated that implementation of elements of the ERAS protocol
leads to a 40% reduction in overall morbidity in colorectal surgery
(Greco 2014). One of the major elements of ERAS programmes is
perioperative fluid restriction (Awad 2013; Cao 2012; Feldheiser
2016; Güenaga 2011; Smith 2011).

Perioperative fluid management is a crucial element of
perioperative care and is currently one of the most frequently
discussed issues of perioperative medicine. The goals are to
restore and maintain fluid and electrolyte physiological balance
in situations where patients are unable to control their own fluid
intake, and to ensure adequate circulating volume, which will, in
turn, secure adequate tissue perfusion and oxygenation (Nygren
2012; Varadhan 2010). Intravenous fluids can also provide other
benefits such as reducing nausea and vomiting (Jewer 2019). Fluid
management in the perioperative period has been extensively
studied (Odor 2018), but despite this, understanding of 'the right
amount' remains uncertain (Corcoran 2012).

One of the concepts of perioperative fluid handling is goal-directed
fluid therapy (GDFT). This is a perioperative strategy, wherein fluid
administration targets continuously measured haemodynamic
variables, such as cardiac output, stroke volume, stroke volume
variation, pulse pressure variation, and other factors, with the aim
of optimizing tissue perfusion and oxygen delivery (Corcoran 2012;
Hahn 2017; Joosten 2015). Some approaches to GDFT can be based
on assessment of non-haemodynamic variables, such as lactate
levels or superior vena cava oxygen saturation (ScvO2). It has been
shown in clinical trials and meta-analyses that GDFT leads to a
reduction in perioperative complications and mortality (Cecconi
2013; Hamilton 2011), especially in people at high perioperative
risk (Hamilton 2011; Pearse 2014), and in situations where there
is large intravascular fluid loss (Miller 2015; Mythen 2012). Such
an approach has been recommended in many guidelines (Cecconi

2013; Feldheiser 2012; Gan 2002; Gustafsson 2013; Mythen 2012;
Soni 2009; Vallet 2013).

Recently, another concept has been raised, suggesting that
perioperative restrictive fluid therapy (RFT), also referred to as a
near-zero perioperative fluid balance or a zero-balance approach,
may also be beneficial and at least as eKective as GDFT. Moreover,
it may not involve additional costs and resource utilization, as are
incurred with GDFT (Brandstrup 2012).

Description of the intervention

Restrictive fluid therapy, also called a zero-fluid balance, is distinct
from 'traditional' fluid management (also referred to as standard
or liberal), which is still recommended in medical textbooks
and articles and is a common clinical practice (Brandstrup 2006;
Chappell 2008). The standard fluid approach is based on high fluid
requirements. Commonly, a 4-2-1 rule is used to calculate basal
fasting requirements (mL/h = 4 × first 10 kg + 2 × 10 kg + 1 × every
kg bodyweight aOer), and additional amounts of fluid are given to
cover blood loss, vaporization, and losses to the so-called 'third
space'. This approach, however, has recently been questioned, with
some suggestion that the amounts of fluid proposed might be
overestimated (Chappell 2008; Feldheiser 2016; Woodcock 2012).

RFT is not clearly defined in the medical literature. Generally,
this approach proposes much smaller perioperative fluid infusion
volumes than are used in the 'traditional' approach. The amount
of fluid infused should cover basal fluid requirements and fluid
losses associated directly with surgery, mainly due to surgical
bleeding. These losses should be covered, usually in a 1:1 ratio,
to avoid tissue cumulation. No additional fluid should be infused
to cover losses to the so-called 'third space' postulated in the
past, since its existence has not been confirmed in more recent
studies using sounder methods of measurement (Brandstrup 2006;
Jacob 2009). Insensible perspiration from the skin is negligible and
has been shown to be 0.3 mL/kg/h in an awake adult and during
surgery (Lamke 1977b; Reithner 1980). Insensible perspiration
from the airways is absent because during surgery, people are
ventilated with moist air. Perspiration from the abdominal cavity
during large abdominal surgery is also negligible, since it is
estimated to vary between 2 and 32 grams/h depending on incision
size and time of possible bowel exteriorization (Lamke 1977a).
Additionally, preoperative fasting probably does not significantly
influence blood volume (Chappell 2008; Jacob 2008). RFT should
aim for unchanged postoperative body weight, while not impairing
circulation, tissue perfusion, or oxygenation (Della Rocca 2014;
Voldby 2016).

Restrictive fluid therapy has shown advantages over standard fluid
therapy in some clinical trials and meta-analyses of abdominal
surgery (Brandstrup 2003; Nisanevich 2005; Rahbari 2009). It has
been widely incorporated and recommended in ERAS programmes
and constitutes a crucial element of them (Feldheiser 2016).

How the intervention might work

The rationale for perioperative fluid therapy is based on an
assumption of keeping normal volaemic status and eKicient
peripheral tissue perfusion, while reducing the risk  of fluid
and electrolyte overdose. Fluid excess may lead to shiOing of
intravascular volume into interstitial space and accumulation of
fluid in this area. This may be reflected by postoperative weight gain
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up to 10 kg, which directly correlates with mortality (Lowell 1990).
Such findings may suggest that the 'traditional' fluid requirement
calculations are overestimated.

Hypervolaemia has been shown to cause damage to the glycocalyx,
an endovascular structure responsible for the integrity of the
endothelium. Damage to the glycocalyx leads to fluid shiO into
interstitial space. Atrial natriuretic peptide (ANP) also plays an
important role in this mechanism, and ANP is secreted during
hypervolaemia (Bruegger 2005). In situations where the glycocalyx
is damaged, such as ischaemia, inflammation, surgery, and acute
hypervolaemia, colloids as well as crystalloids leak through the
vascular barrier into the interstitial space and collect there
(Bruegger 2005; Chappell 2008).

These preclinical findings may suggest that a reduction in the dose
of fluid may have beneficial eKects in a clinical setting, and that the
benefit of GDFT may be due to fluid dose reduction in comparison
with standard abundant fluid therapy. Based on this assumption,
fluid restriction may potentially lead to the same benefit as is
observed with GDFT.

Why it is important to do this review

RFT may oKer benefits comparable with GDFT to people
undergoing major surgery. New RCTs have been conducted recently
to address this issue (Brandstrup 2012; Phan 2014; Srinivasa 2013;
Zhang 2012); however, no systematic review has so far evaluated
this new evidence. In this review, we try to determine the role of RFT
in modern perioperative care.

O B J E C T I V E S

To investigate whether perioperative restrictive fluid therapy (RFT)
may be more beneficial than goal-directed fluid therapy (GDFT) for
adults undergoing major non-cardiac surgery.

M E T H O D S

Criteria for considering studies for this review

Types of studies

We included randomized controlled trials (RCTs). We excluded
observational studies and quasi-randomized trials.

Types of participants

We included studies in adults (aged ≥ 18 years) undergoing major
non-cardiac surgery.

Major surgery was defined as grade II or grade III surgery according
to Johns Hopkins criteria (Donati 2004; Appendix 1), which grade
surgical procedures depending on surgical risk. If we noted
variability within a study, we considered that study to fulfil the
criteria if at least 80% of participants met the requirements.

We considered studies including patients undergoing elective or
emergency surgery, or both.

Types of interventions

We based the definition of RFT on study authors' classification,
provided that it fit within the general criteria of RFT described in the
Background section of this review (Description of the intervention),

and that no additional haemodynamic monitoring was used to
guide fluid infusion rates.

We defined GDFT as any fluid administration targeting continuously
measured haemodynamic variables designed to maximize
tissue perfusion and oxygen delivery. These variables included
assessment of haemodynamic variables such as cardiac output,
stroke volume, stroke volume variation, pulse pressure variation, or
other factors, as measured by any device. We did not include studies
for which GDFT protocols were based not on haemodynamic
variables but on other variables, such as lactate levels or superior
vena cava oxygen saturation (ScvO2).

Types of outcome measures

Primary outcomes

1. Major complications (as defined by the authors of included
studies) during longest follow-up period, analysed as
dichotomous outcomes (number of participants with at least
one major complication) (We accepted the study authors'
definition provided that it referred to life-threatening conditions
including the need for reoperation or transfer to an intensive
care unit, fitting into Grade III or IV of the Clavien-Dindo
Classification of Surgical Complications (Appendix 2; Dindo
2004))

2. All-cause mortality during longest follow-up period

Secondary outcomes

1. Length of hospital stay (hospital LOS) in days

2. Surgery-related complications, including tissue-healing
complications such as wound infection, rupture, dehiscence,
breakdown, or haematoma during longest follow-up period

3. Non-surgery-related complications, including cardiovascular
events, pneumonia, sepsis, ileus, or organ failure during longest
follow-up period

4. Renal failure, including acute kidney injury or renal replacement
therapy during longest follow-up period

5. Vasopressor or inotrope administration during longest follow-
up period to correct haemodynamic instability. We excluded
vasopressors or inotropes given as a predefined element of the
RFT or GDFT protocol, and not associated with correction of
haemodynamic instability

6. Quality of surgical recovery, assessed in any way (e.g. as a
surgical recovery score)

7. Cost of treatment

We considered the follow-up period to run from the time of surgery
to the longest postoperative observation period for every outcome.
Studies were eligible for inclusion if they reported data on either
primary or secondary outcomes, or both.

Search methods for identification of studies

We identified RCTs through literature searching designed to identify
relevant trials without restrictions by language or publication
status.

Electronic searches

We searched the following databases for relevant trials.

Perioperative restrictive versus goal-directed fluid therapy for adults undergoing major non-cardiac surgery (Review)
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1. Cochrane Central Register of Controlled Trials (CENTRAL) (11
October 2019).

2. MEDLINE (Ovid SP, 1946 to 11 October 2019).

3. Embase (Ovid SP, 1974 to 11 October 2019).

We developed a draO search strategy for MEDLINE. This can be
found in Appendix 3 and was used as the basis for the search
strategies listed for other databases (Appendix 3).

We scanned the following trials registries for ongoing and
unpublished trials on 11 October 2019.

1. World Health Organization International Clinical Trials Registry
Platform (who.int/trialsearch/).

2. ClinicalTrials.gov (clinicaltrials.gov).

Searching other resources

We performed a targeted search in Google Scholar (11 October
2019). We scanned the reference lists and citations of included
trials, and of any relevant systematic reviews identified, for further
references to potentially relevant trials (October 2019).

When necessary, we contacted trial authors to request additional
information.

Data collection and analysis

Selection of studies

We identified and excluded duplicates, and we collated multiple
reports of the same study, so that each study rather than each
report was the unit of interest in the review. We eliminated
duplicate records of the same study using reference management
soOware (EndNote). Two review authors (from AW, WS, JJW, RZ,
MJ, MMB) independently screened titles and abstracts for inclusion
of all studies identified as a result of the search, and coded them
as 'retrieve' (eligible or potentially eligible or unclear) or 'do not
retrieve'. We resolved discrepancies by discussion, with recourse to
a third review author if necessary (MMB or AW or JW or MJ). We
retrieved the full-text study reports/publications, and two review
authors (from AW, WS, JJW, RZ, MJ) independently screened the
full texts and identified studies for inclusion. We identified and
recorded the reasons for exclusion of ineligible studies. We resolved
disagreements through discussion, or, if required, we consulted a
third review author (MMB or AW or JW or MJ). We recorded the
selection process in suKicient detail to complete a PRISMA flow
diagram (Figure 1), as well as a Characteristics of excluded studies
table (Moher 2009).
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Figure 1.   Study flow diagram.
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Data extraction and management

We used a data collection form for study design, methods,
population, intervention, outcomes, and results. We used a
MicrosoO Excel spreadsheet for data extraction. We pretested a data
collection form in case this needed further adjustment. Two review
authors (from AW, MJS, WS, JJW, RZ, MJ) independently extracted
data from the included studies, with recourse to a third review
author (MMB or AW or JW or MJ), if necessary. We extracted the
following study characteristics.

1. General information: date of study, publication status, number
of study centres and locations (country), and types of
participating hospitals (general, narrow specialty, e.g. surgical,
academic, number of beds if available).

2. Methods: study design, randomization method, blinding
method, total duration of study, length of follow-up, and
withdrawals.

3. Participants: N, mean age, age range, gender, types of surgery,
comorbidities, inclusion criteria, and exclusion
criteria.

4. Interventions: intervention, comparison, concomitant
medications or interventions, medications or interventions
excluded.

5. Outcomes: primary and secondary outcomes specified and
collected, and time points reported.

6. Notes: funding for study, and notable conflicts of interest of
study authors.

Assessment of risk of bias in included studies

Two review authors (of AW, MJS, WS, JJW, RZ, MJ) independently
assessed risk of bias for each study, using the criteria outlined in the
Cochrane Handbook for Systematic Reviews of Interventions (Higgins
2011). We resolved disagreements by discussion or by consultation
with another review author (MMB, AW, JW, MJ). We attempted to
contact study authors directly for clarification, when details were
not available in the study report.

We assessed risks of bias according to the following domains.

1. Random sequence generation.

2. Allocation concealment.

3. Blinding of participants and personnel.

4. Blinding of outcome assessment.

5. Incomplete outcome data.

6. Selective outcome reporting.

7. Other potential bias.

We graded each potential source of bias as high, low, or unclear, and
provided a quote from the study report together with a justification
for our judgement in the 'Risk of bias' table. We summarized risk
of bias judgements across diKerent studies for each of the domains
listed. When information on risk of bias was related to unpublished
data or correspondence with a trialist, we noted this in the 'Risk of
bias' table.

When considering treatment eKects, we took into account the risk
of bias for studies that contributed to this outcome.

Because it was not feasible to blind personnel to the study
intervention, we acknowledge that this introduces an unavoidable

risk of performance bias. We judged that mortality and major
complications are not likely to be influenced by lack of blinding,
whereas lack of blinding may influence other outcomes. We
acknowledged this when considering treatment eKects.

We classified risks of bias for each study by outcomes. For mortality
and major complications, we classified studies as low risk of bias
if they were at low risk of bias in all domains except blinding
of participants and personnel. For other outcomes, we classified
studies as low risk of bias if they were at low risk of bias in all
domains. Otherwise, we rated studies at high risk of bias.

In the main analyses, we included all studies meeting the inclusion
criteria, but we performed sensitivity analyses according to risk of
bias of the study for random sequence generation and allocation
concealment. (See Sensitivity analysis.)

Assessment of bias in conducting the systematic review

We conducted the review according to the published protocol and
reported any deviations from it in the DiKerences between protocol
and review section (Wrzosek 2017).

Measures of treatment e?ect

For dichotomous outcomes, we calculated the risk ratio (RR) and
the number needed to treat for an additional beneficial outcome
(NNTB) with 95% confidence intervals (CIs) to establish statistical
diKerences. We calculated NNTBs as the reciprocal of absolute
risk reduction (ARR). For unwanted eKects, the NNTB becomes the
number needed to treat for an additional harmful outcome (NNTH),
which we calculated in the same manner. For mortality, because
of a low event rate in the GDFT group, we conducted an additional
post-hoc Peto odds ratio analysis and used a Poisson regression
model to compare groups, as suggested by the Cochrane Handbook
for Systematic Reviews of Interventions (Higgins 2011). For low event
rate comparisons, we presented the results as risk diKerences (RDs)
because this better reflects magnitude of treatment eKect for low
event rates. For continuous measures, such as hospital length of
stay (LOS), we calculated mean diKerences (MDs) when means and
standard deviations (SDs) were available. When the distribution of
these variables was presented as median and range or interquartile
range or both, we converted the values to means and standard
deviations using algorithms described by Wan 2014. We estimated
the average number of complications per person with 95% CIs and
compared these using a Poisson regression model. We presented all
results with 95% CIs. We considered P values equal to or less than
0.05 (two-sided alpha) as statistically significant.

Unit of analysis issues

The unit of analysis for this review was an individual participant. In
the case of multi-arm studies, which included multiple restrictive or
goal-directed fluid therapy groups, we combined groups to enable
a single pair-wise comparison.

Dealing with missing data

We tried to contact authors of included trials to obtain missing data.
When we could not obtain the missing information, we analysed
only available data in the main analysis. In sensitivity analyses, we
performed the 'worst-case scenario', where we replaced the missing
data with the worst possible outcomes in the treatment group and
the best possible outcomes in the control group.
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Assessment of heterogeneity

As a first step, we determined whether clinical heterogeneity was
significant between studies. We assessed clinical heterogeneity
by comparing participants, interventions, and outcomes among
studies. If we found significant discrepancies between studies, we
did not report the pooled eKect.

If we found no clear evidence of clinical heterogeneity, we assessed
heterogeneity between trials by visually inspecting forest plots and
quantified statistical heterogeneity by calculating the I2 statistic,
which describes the percentage of total variation across studies
that was due to heterogeneity rather than chance (Higgins 2011).
We regarded statistical heterogeneity as low if the I2 statistic was
less than 30%, moderate if between 30% and 50%, substantial if
between 50% and 75%, and considerable if above 75% (Higgins
2011). We planned that if we found evidence of heterogeneity, we
would investigate and report the possible reasons for this. In cases
of considerable heterogeneity, we planned to not report the pooled
eKect.

Assessment of reporting biases

We searched multiple sources to minimize reporting bias. We
planned to create and examine funnel plots to explore possible
small-study and publication biases if we were able to pool more
than 10 studies. In our review, we found only six studies and thus
we did not create funnel plots.

Data synthesis

When at least two studies performed similar comparisons
and reported the same outcome measures, with heterogeneity
indicating that reporting the pooled eKect was appropriate,
we performed meta-analyses using Review Manager 5 soOware
(Review Manager 2014). We used a fixed-eKect model for
meta-analysis when we considered that heterogeneity was not
important. If we found moderate or greater heterogeneity among
studies, we used a random-eKects model (Higgins 2011). We
calculated 95% CIs and considered corresponding P values equal to
or less than 0.05 (two-sided alpha) as statistically significant.

Subgroup analysis and investigation of heterogeneity

We had planned to perform the following subgroup analyses if we
had enough data, to determine whether study results diKer by:

1. type of surgery (i.e. open, laparoscopic, abdominal, urological,
orthopaedic, trauma, burns, other);

2. type of anaesthesia (general vs spinal vs epidural vs a
combination of these);

3. American Society of Anesthesiologists (ASA) status of
participants;

4. type of surgery according to surgical risk, based on Johns
Hopkins criteria (Appendix 1) (grade II or grade III procedures)
(Donati 2004);

5. various fluid regimens used in the RFT group;
a. volume of fluid allowed (basal infusion rate and boluses);

b. type of fluid given (colloids vs crystalloids); or

c. presence or absence of postoperative fluid restriction;

6. various protocols of GDFT. Depending on available evidence, we
planned to distinguish subgroups based on:
a. type of haemodynamic monitor (pulmonary artery catheter,

calibrated and uncalibrated arterial pressure analysis
systems, oesophageal doppler, or other techniques);

b. type of therapeutic goal (cardiac output, stroke volume,
stroke volume variation, pulse pressure variation on other or
combinations of the above variables);

c. type of intervention (fluids only or fluids and inotropes or
vasopressors);

d. type of fluid given (colloids vs crystalloids); or

e. time frame of intravascular fluid optimization with
GDFT (before surgery and/or intraoperatively and/or
postoperatively); and

7. presence or absence of preoperative fluid deficit. We considered
lack of fluid deficit (zero-fluid balance at the beginning of
surgery) if participants were allowed to drink up to two hours
before surgery to cover their basal water requirements and
did not have mechanical bowel preparation (MBP), or had
preoperative MBP but received minimum 1000 mL of fluid
preoperatively to cover the deficit associated with MBP.

If we noted variability within a study for variables analysed in points
1 to 6, we planned to consider the study to fulfil the criteria if at least
80% of participants met the requirements.

We planned to restrict subgroup analyses to primary outcome
measures. We planned to assess diKerences in outcomes between
subgroups using the Q-test for heterogeneity.

However, due to the small number of studies included in the review
(fewer than 10), and the small number of studies per possible
subgroups (in every possible analysis, there was a subgroup with
only one study), we were not able to perform meaningful subgroup
analyses.

Sensitivity analysis

For primary outcome measures, we performed sensitivity analyses
for:

1. risk of bias (studies with low risk of bias vs studies with
high risk of bias for random sequence generation, allocation
concealment, and blinding of outcome assessors in the case of
subjective outcomes);

2. missing data (we applied 'worst-case scenario' as described in
the Dealing with missing data section); and

3. exclusion of the Colantonio 2015 study.

Summary of findings and assessment of the certainty of the
evidence

We used the principles of the GRADE system to assess the certainty
of the body of evidence associated with specific outcomes in our
review (Guyatt 2008). We constructed a 'Summary of findings' (SoF)
table by using GRADE soOware (GRADEpro GDT). The GRADE
approach appraises the certainty of a body of evidence according to
the extent to which one can be confident that an estimate of eKect
or association reflects the item assessed. The certainty of a body
of evidence was based on within-study risk of bias (methodological
quality), directness of the evidence, heterogeneity of the data,
precision of eKect estimates, and risk of publication bias.
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In Summary of findings for the main comparison, we included the
following outcomes.

1. Major complications (as defined by the authors of included
studies) during longest follow-up period, analysed as
dichotomous outcomes (number of participants with at least
one major complication).

2. All-cause mortality during longest follow-up period.

3. Length of hospital stay (hospital LOS) in days.

4. Surgery-related complications, including tissue-healing
complications such as wound infection, rupture, dehiscence,
breakdown, or haematoma during longest follow-up period.

5. Non-surgery-related complications, including cardiovascular
events, pneumonia, sepsis, ileus, or organ failure during longest
follow-up period.

6. Renal failure, including acute kidney injury or renal replacement
therapy during longest follow-up period.

7. Quality of surgical recovery, assessed in any way (e.g. as a
surgical recovery score).

R E S U L T S

Description of studies

See Characteristics of included studies, Characteristics of excluded
studies, Characteristics of studies awaiting classification, and
Characteristics of ongoing studies tables.

Results of the search

Our search of electronic databases on 11 October 2019 yielded
6396 references, which aOer de-duplication provided 4623 unique
references to screen. Additionally, we searched the references
of the included studies and of any relevant systematic reviews
identified during screening; we identified seven additional
references. Of these, we checked 83 references in full text.
We excluded 77 references for the following reasons: wrong
intervention (74 studies); wrong comparison (1 study); and other
reasons (2 studies). We primarily classified Martini 2009 as
meeting the inclusion criteria based on the published abstract.
However, additional information from study authors revealed that
randomization was started without ethical committee full approval
(some missing papers), and the study was finally completed as a
retrospective analysis. Based on information from study authors,
we excluded the study due to ineligible study design.

Finally, we included six studies (Benes 2015; Brandstrup 2012;
Colantonio 2015; Phan 2014; Srinivasa 2013; Zhang 2012).
Additionally, through searches of trials registries on 11 October
2019, we identified four ongoing studies.

See Figure 1 for the flow chart on study selection.

Included studies

All six included studies were published in medical journals and were
RCTs published between 2012 and 2015. Three studies had their
protocols registered prospectively in trials registries (Benes 2015;
Phan 2014; Srinivasa 2013).

We have presented detailed information about the included studies
in the Characteristics of included studies table.

In the six published studies, study sample size varied from 60 to
151 participants. A total of 562 participants were randomized and
analysed for the outcomes relevant to this review.

Five of the included studies were performed on participants
undergoing abdominal surgery.

1. Brandstrup 2012: colorectal surgery.

2. Colantonio 2015: cytoreductive abdominal surgery with
hyperthermic intraperitoneal chemotherapy (HIPEC).

3. Phan 2014: major colorectal surgery (laparoscopic or open).

4. Srinivasa 2013: colectomy (laparoscopic or open).

5. Zhang 2012: gastrectomy or colectomy.

The sixth study was performed in orthopaedic participants
undergoing total knee or hip replacement (Benes 2015).

None of the studies were performed in patients undergoing
emergency surgery.

All surgeries were classified as Grade II surgeries according to
modified Johns Hopkins surgical criteria (Appendix 1).

Five studies reported the ASA status of included participants:
101 (22.7%) ASA I, 268 (60.4%) ASA II, and 75 (16.9%) ASA III
participants. One study did not report ASA status; however, trial
authors included only participants with ASA status I to III, and the
rate of comorbidities in the included population was low (Phan
2014).

Five of the six included studies were two-arm studies comparing
RFT versus GDFT. The remaining study had three arms: one RFT
arm and two arms comparing GDFT with diKerent fluid regimens
(Ringer’s lactate vs hydroxyethyl starch) (Zhang 2012).

Preoperative fluid restrictions

Four studies reported the absence of fluid deficit preoperatively.
Colantonio 2015 did not report any information on preoperative
fluid deficit, and in Zhang 2012, preoperative fluid deficit was
present - the surgery was preceded by an eight-hour fasting period.

Restrictive fluid therapy (RFT) description

In five of the six included studies, crystalloid solutions were used
for the basal infusion; colloid solutions were used in Brandstrup
2012. Additional boluses of colloids were allowed in Benes 2015,
Brandstrup 2012, Colantonio 2015, Phan 2014, and Srinivasa 2013;
additional boluses of crystalloid were allowed in Zhang 2012.
Infusion of additional boluses was based on traditional clinical
parameters such as mean arterial pressure, heart rate, and clinical
signs in all studies, and additionally on CVP in Brandstrup 2012,
Colantonio 2015, and Zhang 2012, and diuresis in Colantonio 2015,
Srinivasa 2013, and Zhang 2012.

In Colantonio 2015, study authors declare that the fluid protocol
in the intervention group was 'mainly restrictive' and participants
received basal infusion of crystalloid ranging from 4 to 10 mL/kg/
h. This overlaps with infusion rates set in other included studies;
however, the upper limit is higher, which could result in less
rigorous fluid restriction in this study compared with other included
studies.
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Goal-directed fluid therapy (GDFT) description

To guide GDFT, three included studies used oesophageal doppler to
measure:

1. stroke volume (SV) (Brandstrup 2012);

2. stroke volume index (SVI) and flow time corrected (FTc) (Phan
2014); and

3. FTc and SV (Srinivasa 2013).

Two studies used uncalibrated arterial pressure analysis systems.

1. Flowtrac/Vigileo System (Edwards Lifesciences) measuring SVI,
cardiac index (CI), and stroke volume variation (SVV) (Colantonio
2015).

2. Datex Ohmeda S5 measuring pulse pressure variation (PPV)
(Zhang 2012).

In the remaining study, a completely non-invasive arterial pressure
monitoring device that measured PPV was applied (CNAP) (Benes
2015).

Total volume of fluid received by participants intraoperatively

Detailed information on the total intraoperative volume of fluid
given in each study per group per patient is provided in the
Characteristics of included studies table. In four studies, the final
volume of fluid given was smaller in the RFT group compared
with the GDFT group (Brandstrup 2012; Phan 2014; Srinivasa 2013,
Zhang 2012). In one study, volumes were comparable in both
groups (Benes 2015). In another study, the final volume of fluid
given was higher in the RFT group compared with the GDFT group
(Colantonio 2015).

Postoperative fluid restrictions

In three studies, no restrictions were imposed on fluid uptake aOer
surgery (Benes 2015; Brandstrup 2012; Srinivasa 2013). Similarly,
in Phan 2014, oral fluids were encouraged four hours post surgery
and oral diet commenced from day 1. Zhang 2012 reported that
the accelerated surgical recovery programme was not adopted, and
Colantonio 2015 did not provide any information on postoperative
fluid restrictions.

Outcomes

Primary outcomes diKered among the included studies
and comprised the number of participants with any
postoperative organ or infectious complication (Benes 2015);
a combined endpoint of postoperative complications and
mortality (Brandstrup 2012); the incidence of major abdominal
complications (Colantonio 2015); postoperative hospital LOS (Phan
2014; Zhang 2012); and the surgical recovery score (Srinivasa 2013).

Secondary endpoints were multiple and included, for example,
hospital LOS (Benes 2015; Brandstrup 2012; Colantonio 2015;
Srinivasa 2013); all-cause mortality (Benes 2015; Colantonio
2015); the incidence of complications (Colantonio 2015; Phan
2014; Srinivasa 2013; Zhang 2012); intravenous fluid volumes
administered to participants (Phan 2014; Srinivasa 2013; Zhang
2012); change in participants’ haemodynamic parameters (Benes
2015; Phan 2014; Zhang 2012); and urine output (Srinivasa 2013;
Zhang 2012).

Excluded studies

In total, we excluded 77 references from this review. The reasons for
exclusions were as follows: wrong intervention (74 studies); wrong
comparison (1 study); and other reasons (2 studies).

For details, see Characteristics of excluded studies.

Studies awaiting classification

We identified no studies that are awaiting classification.

Ongoing studies

We searched trials registries on 11 October 2019 and identified four
ongoing studies (ChiCTR1800014777; NCT02625701; NCT03039946;
NCT03519165).

For details, see Characteristics of ongoing studies.

Risk of bias in included studies

Details of the risk of bias evaluation are presented in the
Characteristics of included studies table. Figure 2 shows the overall
risk of bias in each domain for all studies in this review; Figure 3
shows the risk of bias by trial.
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Figure 2.   Risk of bias graph: review authors' judgements about each risk of bias item presented as percentages
across all included studies.
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Figure 3.   Risk of bias summary: review authors' judgements about each risk of bias item for each included study.

 
Only one study was at low risk of bias in all domains (Phan 2014).
Two studies were judged as having high risk of bias in the blinding
of participants and personnel domain (Colantonio 2015; Zhang
2012). Two studies were judged as having high risk of bias in
the incomplete outcome data domain (Colantonio 2015; Srinivasa
2013). Benes 2015 was judged as having unclear risk of bias in
random sequence generation, and Brandstrup 2012 was judged as
having unclear risk of bias in blinding of participants and personnel,
blinding of outcome assessment, and other bias.

Allocation

In five of the included studies, the risk of bias for random sequence
generation and allocation concealment domains was low. One
study provided insuKicient information for review authors to judge
risk of bias in the random sequence generation domain (Benes
2015).

Blinding

We judged that mortality and major complications are not likely
to be influenced by lack of blinding, whereas lack of blinding may
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influence other outcomes. Two studies were judged as having high
risk of bias in the blinding of participants and personnel domain.
The remaining four studies were judged as having low risk of bias
in the blinding of participants and personnel domain (Benes 2015;
Brandstrup 2012; Phan 2014; Srinivasa 2013).

Incomplete outcome data

Four studies performed an Intention-to-treat analysis (Benes 2015;
Brandstrup 2012; Phan 2014; Zhang 2012). In three of these studies,
no participants were lost to follow-up and none were excluded. In
the fourth study (Brandstrup 2012), one participant was excluded
from the analysis because the planned surgery was cancelled.
These studies were judged as having low risk of bias in this domain.

In two other studies, per-protocol analysis was performed
(Colantonio 2015; Srinivasa 2013). Reasons for exclusion of
participants were provided; however, in Colantonio 2015, more
participants (four) were excluded in the GDFT group than in the
RFT group (two) due to cancellation of surgery or appearance of
intraoperative anaesthesiological complications. In Srinivasa 2013,
five participants in the RFT group and six in the GDFT group did
not receive the allocated intervention; additionally, there were
three protocol violations in the intraoperative period (two RFT;
one GDFT). 'Worst-case scenario' analysis showed that excluding
these participants may have influenced the results for both major
complications (Analysis 3.1) and mortality (Analysis 3.2). Both
studies were judged as having high risk of bias.

Selective reporting

Only three studies were registered in trials registries. In these cases,
adherence to the protocol could be assessed (Benes 2015; Phan
2014; Srinivasa 2013). All three studies were judged as having
low risk of bias in this domain as all outcomes were reported as
described in the protocol.

The remaining three studies did not have protocols registered.
However, no concerns were raised, as methods sections were
described systematically, and both primary and secondary
outcomes were reported in suKicient detail. Therefore, these
studies were judged as having low risk of bias in this domain.

Other potential sources of bias

For five studies, we did not identify any source of potential bias.
Only in Brandstrup 2012 was the presence of both the anaesthetist

and the surgeon mandatory for inclusion of participants, and hence
strictly consecutive participant inclusion was not preserved.

E?ects of interventions

See: Summary of findings for the main comparison Perioperative
restrictive fluid therapy compared with goal-directed fluid therapy
for adults undergoing major non-cardiac surgery

See Summary of findings for the main comparison for further
information.

Primary outcomes

Major complications (as defined by authors of included studies)
during longest follow-up period, analysed as dichotomous
outcomes (number of participants with at least one major
complication)

Five studies (484 participants) reported data on the number of
participants with at least one major complication (Benes 2015;
Brandstrup 2012; Colantonio 2015; Phan 2014; Srinivasa 2013).

Major complications were defined as:

1. Calvien-Dindo grade 3 and 4 in both Phan 2014 and Srinivasa
2013;

2. life-threatening complications, including re-operation or
transfer to the intensive care unit (ICU) in Brandstrup 2012; and

3. anastomotic leakage, enteric fistula, perforation, and
abdominal abscess in Colantonio 2015 (this study presented
only major abdominal complications. No information on non-
abdominal major complications was provided by the study
authors).

Benes 2015 did not provide a precise definition of major
complications.

Meta-analysis of trial results showed no statistically significant
diKerences between restrictive fluid therapy (RFT) and goal-
directed fluid therapy (GDFT) (risk ratio (RR) 1.61, 95% confidence
interval (CI) 0.78 to 3.34; I2 = 47%; random-eKects model; Analysis
1.1; Figure 4). We judged the certainty of evidence to be very low for
this outcome.

 

Figure 4.   Forest plot of comparison: 1 Restrictive versus goal-directed fluid therapy, outcome: 1.1 Major
complications.
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All-cause mortality during longest follow-up period

All six included studies with 544 participants reported data
on mortality. Meta-analysis of trial results showed that there
was a diKerence between groups at borderline significance (risk

diKerence (RD) 0.03, 95% CI 0.00 to 0.06; number needed to treat for
an additional beneficial outcome (NNTB) 33.33, 95% CI ∞ to 16.66;
I2 = 7%; fixed-eKect model), favouring the GDFT group (Analysis 1.2;
Figure 5).

 

Figure 5.   Forest plot of comparison: 1 Restrictive versus goal-directed fluid therapy, outcome: 1.2 All-cause
mortality.

 
Because of the low event rate in study groups, post-hoc Peto odds
ratio (OR) analysis of mortality was conducted as suggested by the
Cochrane Handbook for Systematic Reviews of Intervention (Higgins
2011). This analysis showed increased odds of mortality in the
RFT group compared to the GDFT group  (Peto OR 4.81, 95% CI
1.38 to 16.84; Analysis 1.3; Figure 6). Also, the post-hoc Poisson
regression model showed that the rate of mortality may be reduced
in the GDFR group  (P = 0.035; Table 1). We judged the certainty
of evidence to be very low for this outcome, so the evidence is

very uncertain. It has to be mentioned that in Peto OR analysis,
one study (Colantonio 2015) performed cytoreductive surgery with
hyperthermic intraperitoneal chemotherapy (HIPEC) was assigned
the greatest weight, and its exclusion resulted in no diKerence in
the odds of mortality between the RFT group and the GDFT group.
Moreover, this is the only study in which the final volume of fluid
received by participants in the RFT group was higher than the
volume received by participants in the GDFT group. This indicates
that Colantonio 2015 has a great influence on the results of analysis.

 

Figure 6.   Forest plot of comparison: 1 Restrictive versus goal-directed fluid therapy, outcome: 1.3 Peto OR all-cause
mortality.

 
Secondary outcomes

Length of hospital stay (hospital LOS) in days

Five of the six studies (464 participants) reported data on hospital
LOS (Benes 2015; Brandstrup 2012; Phan 2014; Srinivasa 2013;
Zhang 2012). Three studies defined this outcome as readiness for
discharge (Benes 2015; Brandstrup 2012; Phan 2014). The other
two studies did not provide clarification. Results were presented
as means or medians with various measures of dispersion (SD,
95% CI, range, interquartile range). When possible, means and SD
values were calculated from results presented in the studies to be

combined in meta-analysis (Benes 2015; Brandstrup 2012; Phan
2014; Srinivasa 2013; Zhang 2012). Pooled results showed that
there is no statistically significant diKerence between RFT and GDFT
in hospital LOS (MD -0.02, 95% CI -0.55 to 0.50; I2 = 0%; fixed-eKect
model; Analysis 1.4). We judged the certainty of evidence to be very
low for this outcome.

Perioperative restrictive versus goal-directed fluid therapy for adults undergoing major non-cardiac surgery (Review)

Copyright © 2019 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

18



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

Surgery-related complications, including tissue-healing
complications such as wound infection, rupture, dehiscence,
breakdown, or haematoma during longest follow-up period

Four studies (364 participants) reported data on the number of
participants with surgery-related complications (Brandstrup 2012;
Colantonio 2015; Srinivasa 2013; Zhang 2012).

Surgery-related complications were defined as:

1. tissue-healing complications in Brandstrup 2012;

2. major abdominal complications in Colantonio 2015;

3. surgical complications in Srinivasa 2013; and

4. surgical site infection or bowel obstruction in Zhang 2012.

Major abdominal complications reported by Colantonio 2015 were
additionally included in the analysis of major complications. Meta-
analysis of trial results showed no statistically significant diKerence
between RFT and GDFT (RR 1.54, 95% CI 0.87 to 2.72; I2 = 34%;
random-eKects model; Analysis 1.5). We judged the certainty of
evidence to be very low for this outcome.

Non-surgery-related complications, including cardiovascular
events, pneumonia, sepsis, ileus, or organ failure during longest
follow-up period

Only one study (74 participants) reported data on the number of
participants with at least one non-surgery-related complication
(Srinivasa 2013). No statistical diKerence was observed between
groups (RR 1.00, 95% CI 0.52 to 1.93; Analysis 1.6). We judged the
certainty of evidence to be very low for this outcome.

Data on the number of participants with at least one non-surgery-
related complication were very limited (reported only by Srinivasa
2013). As most studies reported the numbers of complications but
not the numbers of participants with complications, we decided to
perform a post-hoc analysis of the average number of non-surgery-
related complications per person. We additionally compared the
average number of complications per person divided by the
following groups by type of complication.

1. Cardiovascular (including cardiorespiratory) complications.

2. Respiratory complications.

3. Thrombotic or coagulation disorders or bleeding.

4. Renal or urinary complications.

5. Gastrointestinal complications.

6. Neurological or cerebrovascular complications.

7. Infection, sepsis, and multi-organ failure.

All six included studies (544 participants) provided data on various
non-surgery-related complications (presented as the number
of particular complications). The total number of non-surgery-
related complications was calculated as a sum of complications
in particular groups. The Poisson regression model showed
a significantly higher average number of non-surgery-related
complications per person in the RFT group (0.5 vs 0.36; P = 0.01).
Analysis for particular complication types showed a significantly
higher average number of gastrointestinal complications per
person in the RFT group (0.17 vs 0.10; P = 0.049) compared with
the GDFT group. DiKerences were not observed for other groups of
complications (see Table 2). We judged the certainty of evidence to
be very low for this outcome.

Total number of complications per person

We decided to perform a post-hoc analysis of the average
total number of complications per person. The total number of
complications was calculated as a sum of non-surgery- and surgery-
related complications. All six included studies (544 participants)
provided data on this outcome.

The Poisson regression model showed a significantly higher
average number of complications per person in the RFT group (0.69
vs 0.54; P = 0.02) compared with the GDFT group (see Table 2). We
judged the certainty of evidence to be very low for this outcome.

Renal failure, including acute kidney injury or renal replacement
therapy during longest follow-up period

Four studies (410 participants) reported data on the number
of participants with renal failure (Benes 2015; Brandstrup 2012;
Colantonio 2015; Phan 2014). Diagnostic criteria for renal failure
varied between studies. Benes 2015 reported participants in stage
1 or in stage 2 or 3 according to the Acute Kidney Injury Network
(AKIN) classification (Cruz 2010); Brandstrup 2012 provided only the
number of participants on renal replacement therapy; Colantonio
2015 defined renal failure as oliguria < 0.5 mL/kg/h for longer than
four hours, or an increase in the creatinine level of minimum 30%,
or the need for dialysis. Phan 2014 reported participants with acute
kidney injury (AKI) without providing a precise definition. Meta-
analysis of the results showed no statistically significant diKerence
between RFT and GDFT (RR 1.38, 95% CI 0.57 to 3.36; I2 = 0%; fixed-
eKect model; Analysis 1.7). We judged the certainty of evidence to
be very low for this outcome.

Vasopressor or inotrope administration to correct
haemodynamic instability

None of the included studies reported on administration of
vasopressors or inotropes to correct haemodynamic instability.

We excluded vasopressors or inotropes given as a predefined
element of the RFT or GDFT protocol, and not associated with
correction of haemodynamic instability (see Secondary outcomes).

Quality of surgical recovery, assessed in any way (e.g. as a
surgical recovery score)

This outcome was reported in only one study with 74 participants
through the use of surgical recovery score (SRS), which assessed
fatigue, vigour, mental function, and impact on participant activity
and activities of daily living (Srinivasa 2013). There was no
diKerence in SRS between RFT and GDFT groups at any point (day
1, 3, 7, 14, or 30). We judged the certainty of evidence to be very low
for this outcome.

Cost of treatment

None of the six included studies reported on the costs of treatment.

Subgroup analysis and investigation of heterogeneity

We were not able to perform a meaningful subgroup analysis
because the total number of studies included in the review was low
(fewer than 10), and the number of studies per possible subgroup
was very low (in every possible analysis, there was a subgroup with
only one study).
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Sensitivity analysis

We performed sensitivity analysis for risk of bias, for missing data,
and as per exclusion of the Colantonio 2015 study.

Sensitivity analysis for risk of bias

For the primary outcome measures, we performed sensitivity
analysis for risk of bias (studies at low risk of bias vs studies at
high risk of bias for random sequence generation and allocation
concealment). All of the included studies except Benes 2015 were
judged as having low risk of bias in the above-mentioned domains.
Sensitivity analysis did not show any diKerences between eKects of
the intervention in low risk of bias versus high risk of bias studies
with respect to major complications and mortality (Analysis 2.1;
Analysis 2.2).

Sensitivity analysis for missing data

For the primary outcome measures, we performed sensitivity
analysis for missing data. We applied 'worst-case scenario', where
we replaced the missing data in two studies with the worst possible
outcomes in the treatment group and the best possible outcomes
in the control group (Colantonio 2015; Srinivasa 2013). Results
showed that excluding these participants may have influenced
results of the main analysis. For major complications, the pooled
result was similar to the main analysis, and for mortality, pooled
results showed a significantly lower mortality rate in the GDFT
group compared with the RFT group.

Sensitivity analysis as per exclusion of the Colantonio 2015 study

In most of the included studies, the total volume of fluid
finally received by participants intraoperatively was smaller in
the RFT group compared with the GDFT group, except for the
Benes 2015 study, in which volumes were comparable, and for
the Colantonio 2015 study, in which participants in the RFT
group received more fluid than participants in the GDFT group.
Moreover, in Colantonio 2015, study authors declare that the fluid
protocol in the intervention group was 'mainly restrictive', and
that participants received basal infusion of crystalloid at a rate
ranging from 4 to 10 mL/kg/h. This overlaps with infusion rates
set in other included studies; however, the upper limit is higher,
which could result in less rigorous fluid restriction in this study
compared with other included studies. Additionally, Colantonio
2015 was performed in cytoreductive surgery with hyperthermic
intraperitoneal chemotherapy (HIPEC). This procedure may have
a great impact on fluid balance due to long duration and
instillation of chemotherapeutic agent in the peritoneal cavity at
high temperature (41°C to 43°C) with its possible vasodilatory
eKect. For these reasons, we decided to perform sensitivity analysis
to test how exclusion of Colantonio 2015 influenced the results of
this review.

Exclusion of Colantonio 2015 did not change results for the analysis
of major complications, and in the analysis of all-cause mortality,
the results became not significant for both risk diKerence and Peto
odds ratio (Analysis 4.1; Analysis 4.2; Analysis 4.3).

This indicates that Colantonio 2015 has had a significant impact on
the results of this analysis.

D I S C U S S I O N

Summary of main results

This review included six trials with a total of 562 participants.
It included five studies on participants undergoing elective
abdominal surgery (including one on participants undergoing
cytoreductive surgery with hyperthermic intraperitoneal
chemotherapy) and one study on participants undergoing elective
orthopaedic surgery, with the majority of participants having
American Society of Anesthesiologists (ASA) II status. Evidence on
the eKects of restrictive fluid therapy (RFT) on all-cause mortality
is very uncertain. Based on very low-certainty evidence, restrictive
fluid therapy (RFT) may increase the risk of all-cause mortality
compared to GDFT, but the evidence is very uncertain (six studies
with 544 participants). These results are based on a small number
of events and borderline significance. However, in an unplanned
analysis using the Peto odds ratio (OR) method or the Poisson
regression model (performed to avoid bias due to low event rates),
a significant increase was seen in the risk of all-cause mortality with
RFT as compared with GDFT, but this evidence is very uncertain
(six studies with 544 participants). This result was not significant
aOer the exclusion of Colantonio 2015, in which the final volume
of fluid received intraoperatively was higher in the RFT group than
in the GDFT group. Based on very low-certainty evidence, RFT
may have no eKect on major complication rates, but the evidence
on this is also very uncertain (five studies with 484 participants).
In the analysis of secondary outcomes, such as hospital length
of stay (LOS) (five studies with 465 participants), surgery-related
complications (four studies with 364 participants), non-surgery-
related complications (one study with 74 participants), renal failure
(four studies with 410 participants), and quality of surgical recovery
(one study with 74 participants), no diKerences between RFT and
GDFT were found. We graded the evidence as very low certainty
for all these outcomes; therefore, evidence on the eKects of
RFT on these outcomes is very uncertain. No data was available
on the use of vasopressor or inotrope administration to correct
haemodynamic instability and on the cost of treatment.

Because of limited evidence on complications in the included
studies, especially non-surgery-related complications, we decided
to perform a post-hoc analysis of the average number of
complications per person. Six trials with a total of 544 participants
contributed data to this outcome. Trial results showed that the
average number of non-surgery-related complications per person
was higher in the RFT group (Poisson regression model: 0.5 vs 0.36;
P = 0.01), and the average total number of complications per person
was higher in the RFT group (Poisson regression model: 0.69 vs 0.54;
P = 0.02). We judged the certainty of evidence to be very low for this
outcome.

Overall completeness and applicability of evidence

This systematic review includes published trials comparing RFT
with GDFT in adults undergoing major non-cardiac surgery. This
review has a number of limitations.

One of its crucial limitations is that most of the studies included
in the review refer to abdominal surgery. Only one study
examined the intervention in orthopaedic surgery. No studies
addressed trauma patients or those undergoing emergency
surgery, urological surgery, trauma, burn surgery, or other types
of surgery. Moreover, it was not possible to select a group of
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participants undergoing laparoscopic surgery, who may be subject
to diKerent  fluid requirements. It should be mentioned that the
Colantonio 2015 study, which was performed in cytoreductive
surgery with hyperthermic intraperitoneal chemotherapy (HIPEC),
was assigned the highest weight in Peto OR analysis of mortality,
and its exclusion changed the significance of the results of the
review, indicating that Colantonio 2015 had a great influence
on these results. It has to be taken into consideration that this
procedure is associated with significant perioperative risk and
requires extensive surgical dissection associated with possible
blood loss and long duration. It also has a great impact on fluid
balance due to the instillation of chemotherapeutic agent into
the peritoneal cavity at high temperature (41°C to 43°C) with its
possible vasodilatory eKect (Garg 2018). Hence the evidence does
not fully address the review question, and conclusions cannot be
generalized to the whole population of adults undergoing major
non-cardiac surgery.

Moreover, the population of participants included in the studies
consisted mainly of ASA II participants (60.4%). Only 16.9% of
participants were ASA III, and 22.7% ASA I. None of the participants
were ASA IV. This is a serious limitation of the review because the
review does not give information on restrictive fluid therapy (RFT)
compared with goal-directed fluid therapy (GDFT) in a higher-risk
population.

For all outcomes, we observed that the overall number of
participants was rather low, and the optimal information size was
not met.

Another limitation is that there is no clear definition of RFT, also
referred to as 'zero-fluid therapy' in the medical literature. For the
purpose of this review, we based the definition of RFT on study
authors' classification, provided that it fit within the general criteria
of RFT, which include mainly covering of fluid losses in a 1:1 ratio
and a small amount of fluid given to cover basal metabolic rate
and limited perspiration losses. Such an approach is subject to
bias and heterogeneity due to between-study variation in the fluid
protocols used in the RFT group, resulting in diKerences in the total
amount of fluid received by participants. Additionally, in most of
the included studies, anaesthesiologists were allowed by protocol
to give additional fluid boluses without limits based on traditional
clinical parameters such as heart rate, blood pressure, central
venous pressure, or diuresis.

There was also between-study variation in the approaches to fluid
therapy protocols used in the GDFT groups and in the type of
haemodynamic monitoring used, which resulted in diKerences in
the duration and amount of fluid received by participants, as well
as the timing of fluid infusion.

Evidence was insuKicient to perform the subgroup analyses
planned in the protocol of this review. Hence, one has to bear
in mind that the results of this review address a heterogeneous
population of participants and varying approaches to restrictive
and goal-directed fluid therapy.

Quality of the evidence

We included in this review a total of six publications reporting
results from six randomized controlled trials (RCTs) enrolling a
total of 562 participants. We used GRADEpro GDT to assess the
certainty of the evidence. Overall, we judged the evidence to be

of very low certainty for all-cause mortality, major complications,
surgery-related complications, non-surgery-related complications,
renal failure, quality of surgical recovery, and length of hospital
stay. Thus, the evidence on eKects of RFT on clinical outcomes in
adults undergoing major non-cardiac surgery is very uncertain.

Overall, there was high risk of bias in the included studies. Only one
study was at low risk of bias in all domains (Phan 2014). Two studies
were judged at high risk of bias in the blinding of participants and
personnel domains (Colantonio 2015; Zhang 2012). We judged that
mortality and major complications are not likely to be influenced
by lack of blinding, whereas lack of blinding may influence other
outcomes, and this was taken into consideration when the certainty
of evidence was assessed per outcome. Two studies were judged
as having high risk of bias due to  the incomplete outcome data
domain (Colantonio 2015; Srinivasa 2013). Benes 2015 was judged
at  unclear risk of bias for  random sequence generation, and
Brandstrup 2012 was judged at unclear risk of bias in blinding of
participants and personnel, blinding of outcome assessment, and
other bias.

Another potential problem for which we downgraded the certainty
of evidence in this review is indirectness of evidence. Most of
the studies examined performance of abdominal surgery. Only
Benes 2015 was performed on orthopaedic surgery, and Colantonio
2015 included participants undergoing cytoreductive surgery with
hyperthermic intraperitoneal chemotherapy (HIPEC). Such a highly
selected group of included participants reduces the generalizability
of observed outcomes to the broader surgical population. Most
of the participants included in these studies were low-risk ASA II
participants (60.4%); 22.7% were ASA I, and only 16.9% were ASA
III. This is an important drawback of the review because it does not
reveal information on the eKectiveness of RFT compared with GDFT
in a high-risk population (ASA III and IV), which is the population
for which GDFT is mainly recommended. Another drawback is
that fluid protocols in the RFT groups were generally imprecise.
The basal infusion rate was specified; however additional boluses
were allowed at the discretion of the anaesthesiologist, based on
traditional clinical target parameters including heart rate, blood
pressure, central venous pressure, or diuresis, which could result in
higher final amounts of fluids given in RFT - above the assumptions
of the study protocol.

We further downgraded the certainty of evidence in the review
due to imprecision of the results. For all outcomes, the optimal
information size was not met, the event rate was low, and results of
all meta-analyses had wide confidence intervals crossing the line of
no eKect and including both benefit and harm.

Post-hoc analysis conducted on  the average number of non-
surgery-related complications per person, which showed a higher
rate of complications in the RFT group compared with the GDFT
group (Poisson regression model), is subject to high risk of bias
because the analysis was not planned.

Potential biases in the review process

We followed the guidelines provided in the Cochrane Handbook
for Systematic Reviews of Interventions (Higgins 2011), and we
took measures to reduce bias in the review process. We used
a comprehensive and sensitive search strategy to identify RCTs
meeting the inclusion criteria. We did not restrict our search
by language or publication status. Additionally, we searched the
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reference lists of potentially relevant studies and reviews, and
we searched trial registries. Two review authors independently
assessed the eligibility of studies against inclusion criteria. The
probability that any important studies were omitted in the search
process is low.

Two review authors worked independently to assess bias and
extract data from the included studies. When necessary, a third
review author was consulted. We attempted to contact study
authors whenever we encountered missing information, but we
were not always successful in these attempts. Thus, in many cases,
we were not able to obtain information for comprehensive data
extraction or bias assessment.

Even though we tried to minimize publication bias in the review
process, the review may be subject to this type of bias. We planned
to create and examine funnel plots to explore possible small-study
and publication biases if we were able to pool more than 10 studies;
however, we found only six studies during the review process.
Additionally, not all trials were actually completed. Martini 2009
was primarily classified as meeting the inclusion criteria based
on the published abstract. However, additional information from
study authors revealed that randomization was started without
ethical committee full approval (some missing papers), and the
study was eventually completed as a retrospective analysis.

This review may be subject to additional reporting bias because
there is no clear definition of RFT, and we based the definition of
RFT on study authors' classifications, provided that it fit within the
general criteria of RFT. Such an approach is subjective, and study
authors were not always precise in classifying intervention groups
as restrictive, as was done in the case of the Colantonio 2015 study.
This could lead to bias in deciding which studies to include in the
review.

Some of the statistical methods used may impose limitations on the
review process. For continuous measures, such as hospital length
of stay, we calculated mean diKerences when means and standard
deviations were available;  however, for some studies, such data
were not available. Thus, when the distribution of variables was
presented as median and range or interquartile range, or both,
we converted these values to means and standard deviations
using algorithms described by Wan 2014. Additionally, the evidence
on non-surgery-related complications was limited because study
authors rarely reported the number of participants with non-
surgery-related complications. To address this issue, we performed
a post-hoc analysis assessing the average number of complications
per person using a Poisson regression model. Moreover, in the
Zhang 2012 study, two GDFT groups were used, which diKered by
type of fluid given for boluses (crystalloids or colloids). For the
purpose of this review, these groups were combined in the analysis.

Agreements and disagreements with other studies or
reviews

Several systematic reviews with meta-analyses have been
conducted recently to compare GDFT with conventional fluid
therapy protocols in various clinical settings. The conventional
fluid therapy protocols usually included various fluid regimens,
ranging from restrictive to liberal fluid approaches depending on
the inclusion criteria of the review. To our best knowledge, however,
none of the reviews exclusively compared RFT with GDFT. The

results of the other reviews are consistent with our findings and
show benefit of GDFT compared with alternative fluid regimens.

A recent systematic review by Xu and colleagues comparing GDFT
with conventional fluid therapy in colorectal surgery showed a
lower complication rate in the GDFT group (Xu 2018). However,
no significant diKerences in mortality were found. A meta-analysis
by Sun and colleagues comparing GDFT with conventional fluid
therapy in major abdominal surgery showed benefit of GDFT
for  short- and long-term mortality, overall complication rate,
and gastrointestinal function recovery (Sun 2017). Som and
colleagues conducted a meta-analysis of RCTs comparing GDFT
based on non-invasive flow-based haemodynamic measurements
with conventional fluid therapy in major non-cardiac surgery (Som
2017). This review did not show benefit of GDFT for  mortality,
hospital, and ICU LOS, but showed benefit of GDFT for rates
of  postoperative complications, abdominal complications, and
frequency of wound infection. Ripolles-Melchor and colleagues
conducted two systematic reviews with meta-analyses comparing
GDFT with conventional fluid therapy (Ripolles 2016), and GDFT
based on oesophageal Doppler flow parameters with conventional
fluid therapy (Ripolles-Melchor 2016a), in adult non-cardiac
surgery. Both reviews showed a significant reduction in the number
of participants with complications, but no diKerences in mortality.
Another review conducted by the same author group compared
GDFT (performed intraoperatively and postoperatively or only
postoperatively) with conventional fluid therapy in adult non-
cardiac surgery (Ripolles-Melchor 2016b). This review showed a
significant reduction in mortality but no diKerence in the number
of participants with complications.

A meta-analysis performed by Rollins and colleagues comparing
GDFT with conventional fluid therapy in participants undergoing
elective, major abdominal surgery was designed to determine
whether there was a diKerence in outcomes between studies
that did and did not use enhanced recovery aOer surgery (ERAS)
protocols (Rollins 2016). GDFT was associated with a significant
reduction in morbidity, hospital and intensive care length of stay
(ICU LOS), and time to passage of faeces. If participants were
managed in the ERAS pathway, the benefit of GDFT was less
pronounced (possibly because of the lower number of studies
included) and was observed only in intensive care LOS and time to
passage of faeces - not in morbidity or hospital LOS.

Our hypothesis that RFT may oKer benefits comparable with GDFT
to people undergoing major surgery was not confirmed by this
review. Goal-directed fluid therapy may oKer benefit not only
compared with conventional fluid regimens but also in settings
where fluid therapy is designed to be restrictive; however, the
evidence is very uncertain.

A U T H O R S '   C O N C L U S I O N S

Implications for practice

Based on very low-certainty evidence, we are uncertain whether
restrictive fluid therapy (RFT) is inferior to goal-directed fluid
therapy (GDFT) in selected populations of adults undergoing major
non-cardiac surgery. The evidence is derived mainly from studies
on elective abdominal surgery in a low-risk population. Results
of the review should not, therefore, be generalized to higher-risk
populations and other surgery types.
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Implications for research

Data in our review were mainly derived from low-quality studies
in participants undergoing elective abdominal surgery. Most of the
participants were low risk (ASA I and II). Some of the outcomes
were assessed in only a few studies, and these studies may
have been underpowered to detect diKerences. Larger, higher-
quality RCTs, including a wider spectrum of surgery types and
a wider spectrum of participant groups, which include high-risk
and emergency surgery participants, are needed to assess the
intervention in other settings and to confirm our results. Moreover,
a more accurate definition of restrictive fluid therapy, referring
also to the preoperative and postoperative periods, is needed to
make further research transparent and replicable. Well-designed
RFT protocols should be used in new trials, ensuring real fluid
limitation in the RFT group.
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Characteristics of included studies [ordered by study ID]

 

Methods Study type: double-blinded, parallel RCT

Location: Czech Republic - Department of Anesthesia and Intensive Care Medicine of the Faculty of
Medicine, and Charles University Hospital in Plzen

Number of centres: 1

Duration of study: late November 2012 to early March 2013

Follow-up: 30 days

Protocol: ACTRN12612001014842

Participants Inclusion criteria
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1. Undergoing elective hip or knee arthroplasty

2. Age above 18

3. General anaesthesia

4. Regular heart rhythm

5. Informed consent

6. No need for direct and continuous blood pressure monitoring or advanced haemodynamic monitor-
ing

Exclusion criteria

1. Obvious perfusion abnormality on the side of measurement

2. Vascular implants on the side of measurement

3. Known neuronal or neuromuscular disease of upper extremities

4. Peripheral oedema

Total number of participants: 80 randomized (40 in RFT and 40 in GDFT); 80 analysed (40 in RFT and
40 in GDFT)

Characteristics

1. Age, mean (range): RFT: 66 (44 to 80); GDFT: 68 (33 to 84)

2. Female, n (%): RFT: 26 (65); GDFT: 23 (57.5)

3. Type of surgery: orthopaedic - total knee or hip replacement

4. Stratification: 1:1 between both types of surgery - RFT: total hip replacement - 20 participants; total
knee replacement – 20 participants; GDFT: total hip replacement - 20 participants; total knee replace-
ment – 20 participants

5. Type of anaesthesia: general

6. ASA I, n (%): RFT: 7 (17.5); GDFT: 6 (15)

7. ASA II, n (%): RFT: 24 (60); GDFT: 27 (67.5)

8. ASA III, n (%): RFT: 9 (22.5); GDFT: 7 (17.5)

Comorbidities, n (%)

1. Arterial hypertension: RFT: 28 (70); GDFT: 27 (67.5)

2. Ischaemic heart disease: RFT: 7 (17.5); GDFT: 4 (10)

3. Chronic pulmonary disease: RFT: 4 (10); GDFT: 4 (10)

4. Diabetes mellitus: RFT: 6 (15); GDFT: 10 (25)

Intraoperative fluids (mL)

1. Total volume of fluids - mean (IQR): NR

2. Total volume of crystalloids - mean (IQR): RFT: 700 (600 to 750); GDFT: 750 (600 to 900)

3. Total volume of colloids - mean (IQR): RFT: 440 (100 to 500); GDFT: 400 (0 to 500)

Preoperative fluid deficit: absent: participants were fasted before the procedure, small amounts of
liquids were allowed for those later on the operating schedule and for chronic medication ingestion.
During fasting, all participants received an infusion of Hartmann solution (2 mL/kg/h) from the morning
of the operative day

Interventions Treatment groups

1. RFT - study "pressure " group - basal crystalloid infusion of 5 mg/kg/h; boluses depending on usual
pressure target: colloid boluses of 3 mL/kg

2. GDFT - study "GDFT" group - basal crystalloid infusion of 5 mg/kg/h, depending on PPV. Colloid bo-
luses of 3 mL/kg

Concomitant treatment in both groups
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1. If despite boluses, the participant was hypotensive although reaching a “volume-loaded state”:
ephedrine 5 to10 mg IV norepinephrine

2. Transfusion > 100 g/L if bleeding and Hb < 90 g/L

Outcomes Primary outcomes

1. Number of participants with any postoperative organ or infectious complication

Secondary outcomes

1. Hospital length of stay

2. All-cause mortality

Other outcomes

1. Fluid balance and lactate levels in the early (24 hours) postoperative period

2. ICU length of stay

3. Duration of ventilator support

4. Number of blood products used

5. Haemoglobin level and haemodynamic profile in the intraoperative and early postoperative periods

6. Vasoactive medication used

Notes Funding: supported by the Charles University Research Fund (project number P36), the open access
fee was granted by the CNSystems Graz, Austria. The CNAP® Monitor and Task Force® Monitor software
were supplied by CNSystems, Graz, Austria

Conflict of interest (COI): COI reported - JB is an advisory board member for Edwards Lifesciences
Inc.; all other co-authors declare no competing interests

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk NR

Allocation concealment
(selection bias)

Low risk Technique of envelopes stored in non-transparent containers (1 per stratum).
Each envelope, holding 1 participant’s identification, was then placed in an-
other non-transparent container, which remained sealed until the end of the
study, when the concealment was broken for statistical analysis

Blinding of participants
and personnel (perfor-
mance bias) 
Primary outcome - Major
complications

Low risk Outcome unlikely to be influenced by lack of blinding (objective outcome)
- all study members as well as the surgeon and other healthcare staK apart
from the anaesthesiologist were blinded to individual participant’s allocation.
Anaesthesiologist had a protocol of fluid management

Blinding of participants
and personnel (perfor-
mance bias) 
Primary outcome - All-
cause mortality

Low risk Outcome unlikely to be influenced by lack of blinding (objective outcome)
- all study members as well as the surgeon and other healthcare staK apart
from the anaesthesiologist were blinded to individual participant’s allocation.
Anaesthesiologist had a protocol of fluid management

Blinding of participants
and personnel (perfor-
mance bias) 
Secondary outcome -
Length of hospital stay

Low risk All study members as well as the surgeon and other healthcare staK apart
from the anaesthesiologist were blinded to individual participant's allocation.
Anaesthesiologist had a protocol of fluid management
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Blinding of participants
and personnel (perfor-
mance bias) 
Secondary outcome -
Non-surgery-related com-
plications

Low risk All study members as well as the surgeon and other healthcare staK apart
from the anaesthesiologist were blinded to individual participant's allocation.
Anaesthesiologist had a protocol of fluid management

Blinding of participants
and personnel (perfor-
mance bias) 
Secondary outcome - Re-
nal failure

Low risk All study members as well as the surgeon and other healthcare staK apart
from the anaesthesiologist were blinded to individual participant's allocation.
Anaesthesiologist had a protocol of fluid management

Blinding of outcome as-
sessment (detection bias) 
Primary outcome - Major
complications

Low risk Outcome unlikely to be influenced by lack of blinding (objective outcome). 2
investigators blinded to study group allocation and not participating in anaes-
thesia care and randomization evaluated the state of participants during regu-
lar visits

Blinding of outcome as-
sessment (detection bias) 
Primary outcome - All-
cause mortality

Low risk Outcome unlikely to be influenced by lack of blinding (objective outcome). 2
investigators blinded to study group allocation and not participating in anaes-
thesia care and randomization evaluated the state of participants during regu-
lar visits

Blinding of outcome as-
sessment (detection bias) 
Secondary outcome -
Length of hospital stay

Low risk 2 investigators blinded to study group allocation and not participating in
anaesthesia care and randomization evaluated the state of participants during
regular visits

Blinding of outcome as-
sessment (detection bias) 
Secondary outcome -
Non-surgery-related com-
plications

Low risk 2 investigators blinded to study group allocation and not participating in
anaesthesia care and randomization evaluated the state of participants during
regular visits

Blinding of outcome as-
sessment (detection bias) 
Secondary outcome - Re-
nal failure

Low risk 2 investigators blinded to study group allocation and not participating in
anaesthesia care and randomization evaluated the state of participants during
regular visits

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk Intention-to-treat analysis; no loss to follow-up (LTFU)

Selective reporting (re-
porting bias)

Low risk All outcome data provided as described in the protocol

Other bias Low risk None identified
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Methods Study type: parallel RCT

Location: Denmark - 5 Danish hospitals

Number of centres: 5

Duration of study: March 2008 to July 2009
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Follow-up: 30 days

Protocol: NR

Participants Inclusion criteria

1. Planned for colorectal resection

2. Informed consent

3. ASA I

4. No disseminated cancer disease

Exclusion criteria

1. Drank more than 5 alcoholic drinks a day

2. Pregnant or lactating women

3. Contraindications for the use of hydroxyethyl starch (HES, Voluven)

Total number of participants: 151 randomized (79 in RFT and 72 in GDFT); 150 analysed (79 in RFT and
71 in GDFT)

Characteristics

1. Age, mean (SD): RFT: 68.1 (14.9); GDFT: 66.9 (14.9)

2. Female, n (%): RFT: 32 (40.5); GDFT: 32 (45.1)

3. Type of surgery: abdominal - colorectal surgery

4. Stratification: stratification performed for open vs laparoscopic surgery; this simultaneously ensured
stratification for the use of epidural analgesia because epidurals were used only during open surgery

5. Type of anaesthesia: mixed: laparoscopic surgery; general: open surgery - general and epidural

6. ASA I, n (%): RFT: 20 (25.3); GDFT: 26 (36.6)

7. ASA II, n (%): RFT: 43 (54.4); GDFT: 37 (52.1)

8. ASA III, n (%): RFT: 16 (20.3); GDFT: 8 (11.3)

Comorbidities, n (%)

1. Arterial hypertension: RFT: 32 (40.5); GDFT: 24 (33.8)

2. Ischaemic heart disease: RFT: 8 (10.1); GDFT: 4 (5.6)

3. Heart valve disease: RFT: 3 (3.8); GDFT: 0 (0)

4. Congestive heart failure: RFT: 3 (3.8); GDFT: 1 (1.4)

5. Atrial fibrillation: RFT: 3 (3.8); GDFT: 7 (9.9)

6. Intermittent claudication: RFT: 0 (0); GDFT: 2 (2.8)

7. Previous deep vein thrombosis (DVT): RFT: 0 (0); GDFT: 1 (1.4)

8. Diabetes mellitus type 1: RFT: 1 (1.3); GDFT: 2 (2.8)

9. Diabetes mellitus type 2: RFT: 7 (8.9); GDFT: 3 (4.2)

10.Renal disease: RFT: 3 (3.8); GDFT: 2 (2.8)

11.Hepatic disease: RFT: 1 (1.3); GDFT: 0 (0)

12.Rheumatoid arthritis: RFT: 1 (1.3); GDFT: 0 (0)

13.Rheumatic polymyalgia: RFT: 2 (2.5); GDFT: 0 (0)

14.Asthma: RFT: 7 (8.9); GDFT: 1 (1.4)

15.Stroke: RFT: 2 (2.5); GDFT: 3 (4.2)

16.Smokers: RFT: 12 (15.2); GDFT: 15 (21.1)

Intraoperative fluids (mL)

1. Total volume of fluids - mean (SD): RFT: 1491 (NR); GDFT: 1876 (NR)

2. Total volume of crystalloids - mean (SD): RFT: 443 (480); GDFT: 483 (419)

3. Total volume of colloids - mean (SD): RFT: 475 (598); GDFT: 810 (543)
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Preoperative fluid deficit: absent - participants did not receive preoperative oral gut irrigation and
were allowed to drink clear fluids until 2 hours before surgery

Interventions Treatment groups

1. RFT - study "zero-balance" group - slow infusion of Voluven (hydroxyethyl starch) was commenced
to replace lost blood volume. An extra 500 mL was allowed to maintain the MAP above 60 mmHg.
Erythrocytes were given to keep the haematocrit between 25 and 35, depending on age and the pres-
ence of cardiac disease. If blood loss was large, plasma and thrombocytes were added. In the case
of hypotension with suspicion of hypovolaemia, the effect of 200 mL of Voluven could be tested on
AP, HR, and (if needed) central venous pressure. If the hypotension was not caused by hypovolaemia,
ephedrine or phenylephrine was given. In case the pressor substances were required for a longer pe-
riod of time, dopamine was given as continuous infusion

2. GDFT - study "Doppler-guided fluid therapy" group - the basic fluid therapy was as in Z group, but in
addition, 200 mL boluses of Voluven were given until the increase in SV was < 10%. Optimization was
done after induction of anaesthesia, and the SV obtained was intended to be maintained throughout
the operation. In the case of hypotension despite Doppler-guided volume therapy, pressor substances
were given as above

Concomitant treatment in both groups: NR

Outcomes Primary outcomes

1. Postoperative complications and mortality combined endpoint

Secondary outcomes

1. Length of hospital stay (LOS)

2. Need for antiemetic or diuretic treatment

3. Physiological changes (SV, cardiac output (CO), HR, AP, and need for pressor substances)

Notes Funding: funded by Aase and Einar Danielsen’s Fond. Deltex Medical A/S and Neovitalis A/S supported
the trial by lending us the CardioQ-ODMTM Doppler monitors and a training programme for the anaes-
thesiologists. A discount was given on the Doppler probes. Fresenius Kabi supported the trial by print-
ing the case report forms, generating the randomization sequence, and providing and packing the ran-
domization envelopes. BB received a travel grant from Fresenius Kabi

Conflict of interest: COI reported - no COI

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk The randomization sequence was made by Fresenius Kabi and was delivered
in sealed, opaque, consecutively numbered envelopes

Allocation concealment
(selection bias)

Low risk The randomization sequence was made by Fresenius Kabi and was delivered
in sealed, opaque, consecutively numbered envelopes. Block randomization
with 6 participants in each block was performed to ensure an equal number of
participants in the 2 groups from each centre. The number of participants in
each block was kept secret for all investigators until the concealment was bro-
ken at the end of the trial

Blinding of participants
and personnel (perfor-
mance bias) 
Primary outcome - Major
complications

Low risk Outcome unlikely to be influenced by lack of blinding (objective outcome) -
Surgeons and participants were kept blinded. Anaesthesiologist was not blind-
ed. No information on blinding of staK that cared for participants after opera-
tion. Anasthesiologist had a protocol of fluid management
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Blinding of participants
and personnel (perfor-
mance bias) 
Primary outcome - All-
cause mortality

Low risk Outcome unlikely to be influenced by lack of blinding (objective outcome) -
Surgeons and participants were kept blinded. Anaesthesiologist was not blind-
ed. No information on blinding of staK that cared for participants after opera-
tion. Anasthesiologist had a protocol of fluid management

Blinding of participants
and personnel (perfor-
mance bias) 
Secondary outcome -
Length of hospital stay

Unclear risk Surgeons and participants were kept blinded. Anaesthesiologist was not blind-
ed. No information on blinding of staK that cared for participants after opera-
tion. Anaesthesiologist had a protocol of fluid management

Blinding of participants
and personnel (perfor-
mance bias) 
Secondary outcome -
Surgery-related complica-
tions

Unclear risk Surgeons and participants were kept blinded. Anasthesiologist was not blind-
ed. No information on blinding of staK that cared for participants after opera-
tion. Anasthesiologist had a protocol of fluid management

Blinding of participants
and personnel (perfor-
mance bias) 
Secondary outcome -
Non-surgery-related com-
plications

Unclear risk Surgeons and participants were kept blinded. Anasthesiologist was not blind-
ed. No information on blinding of staK that cared for participants after opera-
tion. Anasthesiologist had a protocol of fluid management

Blinding of participants
and personnel (perfor-
mance bias) 
Secondary outcome - Re-
nal failure

Unclear risk Surgeons and participants were kept blinded. Anaesthesiologist was not blind-
ed. No information on blinding of staK that cared for participants after opera-
tion. Anaesthesiologist had a protocol of fluid management

Blinding of outcome as-
sessment (detection bias) 
Primary outcome - Major
complications

Low risk Outcome unlikely to be influenced by lack of blinding (objective outcome). No
information on blinding of outcome assessors

Blinding of outcome as-
sessment (detection bias) 
Primary outcome - All-
cause mortality

Low risk Outcome unlikely to be influenced by lack of blinding (objective outcome). No
information on blinding of outcome assessors

Blinding of outcome as-
sessment (detection bias) 
Secondary outcome -
Length of hospital stay

Unclear risk No information on blinding of outcome assessors

Blinding of outcome as-
sessment (detection bias) 
Secondary outcome -
Surgery-related complica-
tions

Unclear risk No information on blinding of outcome assessors

Blinding of outcome as-
sessment (detection bias) 
Secondary outcome -
Non-surgery-related com-
plications

Unclear risk No information on blinding of outcome assessors
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Blinding of outcome as-
sessment (detection bias) 
Secondary outcome - Re-
nal failure

Unclear risk No information on blinding of outcome assessors

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk Intention-to-treat analysis; 1 participant randomized to GDFT group excluded
from analysis because the planned surgery was cancelled

Selective reporting (re-
porting bias)

Low risk The study protocol is not available but no concerns were raised

Other bias Unclear risk The presence of both the anaesthetist and the surgeon was mandatory for in-
clusion of participants; hence strictly consecutive participant inclusion was
not preserved

Brandstrup 2012  (Continued)

 
 

Methods Study type: parallel RCT

Location: Italy - National Cancer Institute

Number of centres: 1

Duration of study: June 2010 to September 2012

Follow-up: up to 30 days

Protocol: NR

Participants Inclusion criteria

1. Consecutive ASA II to III

2. Undergoing major colorectal surgery with peritoneal carcinomatosis

3. Candidates for peritonectomy and HIPEC

Exclusion criteria

1. Age < 18

2. Haemodynamically significant aortic regurgitation

3. Heart rhythm disorders

Total number of participants: 86 randomized (44 in RFT and 42 in GDFT); 80 analysed (42 in RFT and
38 in GDFT)

Characteristics

1. Age, mean (SD): RFT: 57.6 (8.8); GDFT: 54.5 (9.8)

2. Female, n (%): RFT: 11 (26.2); GDFT: 16 (42.1)

3. Type of surgery: abdominal - cytoreductive surgery with hyperthermic intraperitoneal chemotherapy.
The cytoreductive technique consisted of a total peritonectomy (parietal and visceral), omentectomy,
and any multiple intestinal resections associated with hysteroannessiectomy or splenectomy, and
caustic of nodules of carcinomatosis on the hepatic capsule and on the bowel loops

4. Stratification: none

5. Type of anaesthesia: general

6. ASA I, n (%): RFT: 0 (0); GDFT: 0 (0)

7. ASA II, n (%): RFT: 40 (95.2); GDFT: 34 (89.5)
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8. ASA III, n (%): RFT: 2 (4.8); GDFT: 4 (10.5)

Comorbidities, n (%)

1. Arterial hypertension: RFT: 17 (40.5); GDFT: 19 (50)

2. Congestive heart failure: RFT: 4 (9.5); GDFT: 2 (5.3)

3. COPD: RFT: 2 (4.8); GDFT: 0 (0)

4. Diabetes mellitus: RFT: 8 (19.1); GDFT: 7 (18.4)

Intraoperative fluids (mL)

1. Total volume of fluids - mean (SD): RFT: 8269 (1452); GDFT: 5812 (1244)

2. Total volume of crystalloids - mean (SD): RFT: 6852 (1413); GDFT: 3884 (1003)

3. Total volume of colloids - mean (SD): RFT: 1417 (279); GDFT: 1927 (318)

Intraoperative fluids (mL/kg/h)

1. Total volume of fluids - mean (SD): RFT: 12.3 (1.6); GDFT: 8.54 (1.1)

2. Total volume of crystalloids - mean (SD): RFT: 10.18 (1.5); GDFT: 5.67 (0.5)

3. Total volume of colloids - mean (SD): RFT: 2.22 (0.6); GDFT: 3.11 (0.6)

Preoperative fluid deficit: no information - study authors did not report any information on preopera-
tive fluid deficit

Interventions Treatment groups

1. RFT - study "control" group - the fluid therapy regimen was mainly restrictive, according to basal infu-
sion of crystalloid variable from 4 to 10 mL/kg/h. Mean arterial pressure (MAP) was maintained at val-
ues between 65 and 95 mmHg. It was possible to administer boluses of colloids (hydroxyethyl starch
(HES) 130/0.4) of 250 mL in 15 minutes and to infuse inotropic agents (dopamine) if CVP was ≤ 15
mmHg, or if diuresis was ≤ 1 mL/kg/h, or if MAP was ≤ 70% of preinduction

2. GDFT - study "GDT" group - the target was identified in maintaining the minimum cardiac index thresh-
old value, assessed using the FloTrac/Vigileo System, and according to a specific treatment protocol.
The FloTrac/Vigileo System (Edwards Lifesciences, Irvine, CA, USA; software version 1.14) was applied
for all participants to continuously monitor cardiac index, stroke volume index (SVI), and stroke vol-
ume variation (SVV). The cardiac index was maintained at values ≥ 2.5 L/min/m2. Fluid therapy proto-
col was mainly restrictive, involving basal infusion of crystalloids at 4 mL/kg/h and boluses of colloids
(HES 130/0.4) for cardiac index < 2.5 L/min/m2, SVI < 35 mL/m2, and SVV > 15%. In the case of cardiac
index < 2.5 L/min/m2 and SVI < 35 mL/m2 with SVV < 15%, an infusion with dopamine was initiated

Concomitant treatment in both groups

In both groups, participants were transfused with concentrated red cells for Hb values < 8 mg/dL (9 mg/
dL in participants with congestive heart failure or coronary heart disease). In both groups during the
HIPEC (duration 90 minutes), fresh frozen plasma (FFP) was administered (1 U/15 min) for a total of 6
units, in accordance with the standardized technique applied at our institute. Diuresis was maintained
at values ≥ 120 mL/15 min; administration of diuretics (furosemide) was free up to a maximum of 250
mg

Outcomes Primary outcomes

1. Incidence of major abdominal complications (anastomotic dehiscence, enteric fistulae, intestinal per-
foration, abdominal abscesses)

Secondary outcomes

1. Incidence of systemic complications

2. Duration of hospital stay

3. Mortality

Notes Funding: departmental funding
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Conflict of interest: COI reported - no COI

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Process of randomization was carried out according to specific dedicated soft-
ware, developed in-house by GW Basic programmer, which generated an as-
signment code verified immediately before induction of anaesthesia

Allocation concealment
(selection bias)

Low risk An operator who is not directly involved in the study randomly divided partici-
pants into 2 treatment groups

Blinding of participants
and personnel (perfor-
mance bias) 
Primary outcome - Major
complications

Low risk Outcome unlikely to be influenced by lack of blinding (objective outcome).
Surgeons were not blinded. No information on blinding of other personnel and
participants Anasthesiologist had a protocol of fluid management

Blinding of participants
and personnel (perfor-
mance bias) 
Primary outcome - All-
cause mortality

Low risk Outcome unlikely to be influenced by lack of blinding (objective outcome).
Surgeons were not blinded. No information on blinding of other personnel and
participants Anasthesiologist had a protocol of fluid management

Blinding of participants
and personnel (perfor-
mance bias) 
Secondary outcome -
Length of hospital stay

High risk Surgeons were not blinded. No information on blinding of other personnel and
participants. Anaesthesiologist had a protocol of fluid management

Blinding of participants
and personnel (perfor-
mance bias) 
Secondary outcome -
Surgery-related complica-
tions

High risk Surgeons were not blinded. No information on blinding of other personnel and
participants. Anaesthesiologist had a protocol of fluid management

Blinding of participants
and personnel (perfor-
mance bias) 
Secondary outcome -
Non-surgery-related com-
plications

High risk Surgeons were not blinded. No information on blinding of other personnel and
participants. Anaesthesiologist had a protocol of fluid management

Blinding of participants
and personnel (perfor-
mance bias) 
Secondary outcome - Re-
nal failure

High risk Surgeons were not blinded. No information on blinding of other personnel and
participants. Anaesthesiologist had a protocol of fluid management

Blinding of outcome as-
sessment (detection bias) 
Primary outcome - Major
complications

Low risk Outcome unlikely to be influenced by lack of blinding (objective outcome). The
incidence of postoperative complications was rated by anaesthesiologists who
were not involved in the intraoperative management of participants - a blind-
ed observer recorded the outcomes

Blinding of outcome as-
sessment (detection bias) 

Low risk Outcome unlikely to be influenced by lack of blinding (objective outcome). The
incidence of postoperative complications was rated by anaesthesiologists who
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Primary outcome - All-
cause mortality

were not involved in the intraoperative management of participants - a blind-
ed observer recorded the outcomes

Blinding of outcome as-
sessment (detection bias) 
Secondary outcome -
Length of hospital stay

Low risk The incidence of postoperative complications was rated by anaesthesiologists
who were not involved in the intraoperative management of participants - a
blinded observer recorded the outcomes

Blinding of outcome as-
sessment (detection bias) 
Secondary outcome -
Surgery-related complica-
tions

Low risk The incidence of postoperative complications was rated by anaesthesiologists
who were not involved in the intraoperative management of participants - a
blinded observer recorded the outcomes

Blinding of outcome as-
sessment (detection bias) 
Secondary outcome -
Non-surgery-related com-
plications

Low risk The incidence of postoperative complications was rated by anaesthesiologists
who were not involved in the intraoperative management of participants - a
blinded observer recorded the outcomes

Blinding of outcome as-
sessment (detection bias) 
Secondary outcome - Re-
nal failure

Low risk The incidence of postoperative complications was rated by anaesthesiologists
who were not involved in the intraoperative management of participants - a
blinded observer recorded the outcomes

Incomplete outcome data
(attrition bias) 
All outcomes

High risk Per-protocol analysis:

Randomized: intervention: 44, control: 42

Analysed: intervention: 42, control: 38

Exclusions

More participants excluded from the GDFT group versus the RFT group (4 vs 2)

Exclusion reasons

GDFT: surgery cancelled due to deterioration of participant's clinical condition
- 3; intraoperative anaesthesiological complications - 1

RFT: surgery cancelled due to deterioration of participant's clinical condition -
1; intraoperative anaesthesiological complications - 1

'Worst case scenario' analysis influences the results of analysis for major com-
plications and mortality

Selective reporting (re-
porting bias)

Low risk The study protocol is not available but no concerns were raised

Other bias Low risk None identified

Colantonio 2015  (Continued)

 
 

Methods Study type: parallel RCT

Location: Australia - St Vincent’s Hospital campus, St Vincent’s Public Hospital, and St Vincent’s Pri-
vate Hospital, Fitzroy, Victoria

Number of centres: 3
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Duration of study: June 2012 to December 2013

Follow-up: 30 days

Protocol: ACTRN12612000717853

Participants Inclusion criteria

1. Undergoing major colorectal surgery

2. Suitable for enhanced recovery after surgery care pathway

3. ASA I to III

Exclusion criteria

1. ASA IV

2. Pregnancy

3. Inability to give informed consent

4. Emergency surgery

5. Significant renal dysfunction (estimated glomerular filtration rate < 50 mL/min)

6. Hepatic dysfunction

7. Severe heart failure (New York Heart Association classification 3 or 4)

8. Age < 18 years

9. Oesophageal pathology (such as varices), which is a relative contraindication to an oesophageal probe

Total number of participants: 100 randomized (50 in RFT and 50 in GDFT); 100 analysed (50 in RFT and
50 in GDFT)

Characteristics

1. Age, mean (SD): RFT: 65 (19.9); GDFT: 63.1 (23.8)

2. Female, n (%): RFT: 19 (38); GDFT: 20 (40)

3. Type of surgery: abdominal - major colorectal surgery (either laparoscopic or open)

4. Stratification: randomization stratified to either stoma or non-stomal pathway to ensure equal num-
bers in each group

5. Type of anaesthesia: mixed - all participants had a general anaesthetic technique. Epidural analge-
sia was utilized for planned open surgery if there were no contraindications. Transversus abdominal
plane blocks were also utilized when appropriate

6. ASA I, n (%): RFT: NR; GDFT: NR

7. ASA II, n (%): RFT: NR; GDFT: NR

8. ASA III, n (%): RFT: NR; GDFT: NR

Comorbidities, n (%)

1. Ischaemic heart disease: RFT: 3 (6); GDFT: 2 (4)

2. Congestive heart failure: RFT: 1 (2); GDFT: 2 (4)

3. Atrial fibrillation: RFT: 0 (0); GDFT: 5 (10)

4. Renal impairment (Cr > 130 μmol/L): RFT: 0 (0); GDFT: 1 (2)

5. Chronic obstructive airways disease or asthma: RFT: 10 (20); GDFT: 7 (14)

6. Cerebrovascular accident: RFT: 0 (0); GDFT: 1 (2)

7. Inflammatory bowel disease: RFT: 8 (16); GDFT: 14 (28)

8. Diabetes mellitus: RFT: 5 (10); GDFT: 7 (14)

9. Smokers: RFT: 9 (18); GDFT: 4 (8)

Intraoperative fluids (mL)

1. Total volume of fluids - median (IQR): RFT: 1500 (1200 to 2000); GDFT: 2190 (1350 to 2560)

2. Total volume of crystalloids - median (IQR): RFT: 1400 (1000 to 1900); GDFT: 1500 (1000 to 2000)

3. Total volume of colloids - median (IQR): RFT: 0 (0 to 300); GDFT: 500 (250 to 750)
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Preoperative fluid deficit: absent - Nutricia PreOp* 2 × 200 mL carbohydrate drinks were given to par-
ticipants the day before surgery and 2 hours before surgery

Interventions Treatment groups

1. RFT - study "restrictive" group - Nutricia PreOp* 2 × 200 mL carbohydrate drink (the day before surgery
and 2 hours before surgery). Basal 5 mL/kg/h Hartmann’s solution. Boluses only to replace blood loss
or hypotension not responsive to vasopressor

2. GDFT - study "Doppler-guided" group - a similar protocol as in "restrictive" group, except during the
time of the intraoperative intervention, an ODM was utilized to facilitate targeting colloid boluses to
fluid responsiveness as indicated by a change in stroke volume index (SVI) > 10% and a corrected flow
time interval < 350 milliseconds. Anaesthetists were asked to adhere to the SV optimization algorithm,
which stipulates administration of a 250-mL bolus of a colloid, although the colloid type was deter-
mined at the discretion of the anaesthetist. Colloid boluses were starch colloids (4% hydroxyethyl
starch, Voluven®, or Volulyte® (Fresenius Kabi Pty Ltd, Bad Homburg vor der Höhe, Hesse, Germany)
180/0.3), 4% Gelofusine® (B Braun, Melsungen, Germany), or 4% human serum albumin

Concomitant treatment in both groups

Postoperative fluids for both groups followed an identical regimen: a maintenance rate of 0.5 mL/kg/h
Hartmann’s solution (minimum 40 mL/h) for the first 24 hours, with additional boluses allowed for hy-
potension or urine output < 30 mL/h for 4 hours

Outcomes Primary outcomes

1. Length of stay

Secondary outcomes

1. Number of participants suffering any complication

2. Number of participants suffering from major complications (Clavien-Dindo grade 3 or higher)

3. Intravenous fluid volumes administered to participants

4. Change in participants’ haemodynamic parameters

Notes Funding: supported by St Vincent’s Hospital Research Endowment Fund 2012, AUD $20,000

Conflict of interest: NR

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Randomization with sealed opaque envelopes was done through a comput-
er-generated randomization sequence and occurred on the day of surgery just
before the anaesthetic was administered

Allocation concealment
(selection bias)

Low risk Randomization with sealed opaque envelopes was done through a comput-
er-generated randomization sequence and occurred on the day of surgery just
before the anaesthetic was administered

Blinding of participants
and personnel (perfor-
mance bias) 
Primary outcome - Major
complications

Low risk Outcome unlikely to be influenced by lack of blinding (objective outcome). The
anaesthetist was not blinded. However, the participant, the surgical team, and
data collectors were blinded. Anasthesiologist had a protocol of fluid manage-
ment

Blinding of participants
and personnel (perfor-
mance bias) 

Low risk Outcome unlikely to be influenced by lack of blinding (objective outcome). The
anaesthetist was not blinded. However, the participant, the surgical team, and
data collectors were blinded. Anasthesiologist had a protocol of fluid manage-
ment
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Primary outcome - All-
cause mortality

Blinding of participants
and personnel (perfor-
mance bias) 
Secondary outcome -
Length of hospital stay

Low risk The anaesthetist was not blinded. However, the participant, the surgical team,
and data collectors were blinded. Anasthesiologist had a protocol of fluid
management

Blinding of participants
and personnel (perfor-
mance bias) 
Secondary outcome -
Surgery-related complica-
tions

Low risk The anaesthetist was not blinded. However, the participant, the surgical team,
and data collectors were blinded. Anasthesiologist had a protocol of fluid
management

Blinding of participants
and personnel (perfor-
mance bias) 
Secondary outcome -
Non-surgery-related com-
plications

Low risk The anaesthetist was not blinded. However, the participant, the surgical team,
and data collectors were blinded. Anasthesiologist had a protocol of fluid
management

Blinding of participants
and personnel (perfor-
mance bias) 
Secondary outcome - Re-
nal failure

Low risk The anaesthetist was not blinded. However, the participant, the surgical team,
and data collectors were blinded. Anasthesiologist had a protocol of fluid
management

Blinding of outcome as-
sessment (detection bias) 
Primary outcome - Major
complications

Low risk Outcome unlikely to be influenced by lack of blinding (objective outcome). All
postoperative data were collected by a research nurse or a research registrar
who was blinded to the allocation

Blinding of outcome as-
sessment (detection bias) 
Primary outcome - All-
cause mortality

Low risk Outcome unlikely to be influenced by lack of blinding (objective outcome). All
postoperative data were collected by a research nurse or a research registrar
who was blinded to the allocation

Blinding of outcome as-
sessment (detection bias) 
Secondary outcome -
Length of hospital stay

Low risk All postoperative data were collected by a research nurse or a research regis-
trar who was blinded to the allocation

Blinding of outcome as-
sessment (detection bias) 
Secondary outcome -
Surgery-related complica-
tions

Low risk All postoperative data were collected by a research nurse or a research regis-
trar who was blinded to the allocation

Blinding of outcome as-
sessment (detection bias) 
Secondary outcome -
Non-surgery-related com-
plications

Low risk All postoperative data were collected by a research nurse or a research regis-
trar who was blinded to the allocation

Blinding of outcome as-
sessment (detection bias) 

Low risk All postoperative data were collected by a research nurse or a research regis-
trar who was blinded to the allocation
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Secondary outcome - Re-
nal failure

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk Intention-to-treat analysis; no loss to follow-up (LTFU)

Selective reporting (re-
porting bias)

Low risk All outcome data provided as described in protocol

Other bias Low risk None identified

Phan 2014  (Continued)

 
 

Methods Study type: parallel RCT

Location: New Zealand - Manukau Surgery Centre - Middlemore Hospital Auckland, North Shore Hospi-
tal Auckland

Number of centres: 1

Duration of study: November 2009 to September 2011

Follow-up: up to 30 days

Protocol: NCT00911391

Participants Inclusion criteria

1. Consecutive consenting participants undergoing elective open or laparoscopic colectomy for any in-
dication

Exclusion criteria

1. Severe oesophageal disease

2. Recent oesophageal or upper airway surgery

3. Moderate or severe aortic valve disease on echocardiography

4. Bleeding diathesis

5. Regular use of corticosteroids or mineralocorticoids

6. Cognitive impairment

7. ASA grade IV or V

8. Rectal tumour (< 15 cm from the anal verge)

9. Stoma formation

10.Patient choice.

Total number of participants: 85 randomized (43 in RFT and 42 in GDFT); 74 analysed (37 in RFT and
37 in GDFT)

Characteristics

1. Age, mean (SD): RFT: 72 (12); GDFT: 69 (16)

2. Female, n (%): RFT: 15 (40.5); GDFT: 18 (48.7)

3. Type of surgery: abdominal - elective laparoscopic or open colectomy

4. Stratification: NR

5. Type of anaesthesia: mixed - all participants received volatile general anaesthesia and mid or low
thoracic epidural analgesia

6. ASA I, n (%): RFT: 5 (13.5); GDFT: 5 (13.5)
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7. ASA II, n (%): RFT: 15 (40.5); GDFT: 20 (54.1)

8. ASA III, n (%): RFT: 17 (46); GDFT: 12 (32.4)

Comorbidities, n (%): NR

Intraoperative fluids (mL)

1. Total volume of fluids - mean (SD): RFT: 1614 (420); GDFT: 1994 (590)

2. Total volume of crystalloids - only graphical presentation in Figure 3; no additional information pro-
vided by study authors

3. Total volume of colloids - mean (SD): RFT: 297 (275); GDFT: 591 (471)

Preoperative fluid deficit: absent - oral bowel preparation was used at the discretion of the operating
surgeon for participants having leO-sided colonic operations, but was otherwise avoided. Participants
undergoing bowel preparation received 1 litre of crystalloid before surgery. All participants received
400 mL of oral carbohydrate loading on the morning of surgery up to 2 hours before their operation

Interventions Treatment groups

1. RFT - study "fluid restriction" group - participants were allowed to receive up to 1500 mL crystalloid

solution (Plasma-LyteTM 148; Baxter Healthcare, Sydney, New South Wales, Australia) during surgery.
They were also permitted to receive a total of 500 mL succinylated gelatine colloid solution (Gelofu-
sine; Braun, Sydney, New South Wales, Australia) titrated by heart rate, blood pressure, urine output,
and invasive measures (arterial lines) when used

2. GDFT - study "GDFT" group - participants were treated with baseline fluid restriction and a limit of
1500 mL crystalloid solution. A weight-based bolus of colloid was permitted based on cardiac function

measured by means of an oesophageal Doppler monitor (ODM) (CardioQTM, DP12 probe; Pharmaco
NZ, Auckland, New Zealand)

Concomitant treatment in both groups

1. Blood loss could be corrected for in a 1:1 ratio using colloid, and hospital transfusion guidelines
(haemoglobin level < 10 g/dL in patients with cardiac comorbidities, and < 7 g/dL in those without
cardiac disease) were used to determine whether blood products were necessary in either group

2. An extra 500 mL crystalloid was allowed every hour if the operation extended beyond 3 hours. A con-
sultant anaesthetist (1 of 10) was present for every operation. Vasopressors were permitted at the
discretion of the anaesthetist in both groups

Outcomes Primary outcomes

1. Surgical recovery score (SRS) on day 7 after surgery

Secondary outcomes

1. Intraoperative cardiac indices

2. Fluid volumes administered

3. Intraoperative and early postoperative (first 24 hours after surgery) urine output

4. Vasopressor use

5. Serum concentrations of brain natriuretic peptide, renin, aldosterone, sodium, and creatinine

6. Maximum voluntary grip strength

7. Peak expiratory flow

8. Complications within 30 days of surgery according to the Clavien–Dindo classification

9. Length of hospital stay

Notes Funding: the oesophageal Doppler monitor was lent by Pharmaco NZ for the duration of the study. All
disposable probes were purchased at regular cost, and Pharmaco NZ had no input into study design,
data collection, interpretation of results, or decision to publish
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Conflict of interest: COI reported - no COI. SS and PPS are recipients of the Auckland Medical Research
Foundation Ruth Spencer Medical Research Fellowship. T-CY is a recipient of a New Zealand Health Re-
search Council Clinical Training Scholarship

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Randomization was conducted using random numbers obtained from an
open-source computer-based random number generator (http://www.ran-
dom.org). The randomization sequence was generated by a third party not in-
volved in the conduct of the study

Allocation concealment
(selection bias)

Low risk Allocation details were concealed in opaque envelopes that were opened on
the day of surgery, when patients were randomized. The allocation was per-
formed by a research assistant after insertion of the ODM probe before the
start of surgery and before colloid administration

Blinding of participants
and personnel (perfor-
mance bias) 
Primary outcome - Major
complications

Low risk Outcome unlikely to be influenced by lack of blinding (objective outcome). The
patient, study investigators, the surgeon, and other medical staK responsible
for patient care were blinded to patient allocation. An unblinded research as-
sistant and the consultant anaesthetist were aware of patient allocation. The
research assistant was not involved in any postoperative data collection or pe-
rioperative care of patients. A drape was placed to prevent surgeons from ob-
serving fluid administration, and the research assistant was instructed to at-
tach intravenous fluids periodically for patients in the fluid restriction group
without actually administering them, to mimic the anticipated practice of flu-
id boluses in the GDFT group. Anasthesiologist had a protocol of fluid manage-
ment

Blinding of participants
and personnel (perfor-
mance bias) 
Primary outcome - All-
cause mortality

Low risk Outcome unlikely to be influenced by lack of blinding (objective outcome). The
patient, study investigators, the surgeon, and other medical staK responsible
for patient care were blinded to patient allocation. An unblinded research as-
sistant and the consultant anaesthetist were aware of patient allocation. The
research assistant was not involved in any postoperative data collection or pe-
rioperative care of patients. A drape was placed to prevent surgeons from ob-
serving fluid administration, and the research assistant was instructed to at-
tach intravenous fluids periodically for patients in the fluid restriction group
without actually administering them, to mimic the anticipated practice of flu-
id boluses in the GDFT group. Anasthesiologist had a protocol of fluid manage-
ment

Blinding of participants
and personnel (perfor-
mance bias) 
Secondary outcome -
Length of hospital stay

Low risk The patient, study investigators, the surgeon, and other medical staK responsi-
ble for patient care were blinded to patient allocation. An unblinded research
assistant and the consultant anaesthetist were aware of patient allocation.
The research assistant was not involved in any postoperative data collection
or perioperative care of patients. A drape was placed to prevent surgeons from
observing fluid administration, and the research assistant was instructed to at-
tach intravenous fluids periodically for patients in the fluid restriction group
without actually administering them, to mimic the anticipated practice of flu-
id boluses in the GDFT group. Anasthesiologist had a protocol of fluid manage-
ment

Blinding of participants
and personnel (perfor-
mance bias) 
Secondary outcome -
Surgery-related complica-
tions

Low risk The patient, study investigators, the surgeon, and other medical staK responsi-
ble for patient care were blinded to patient allocation. An unblinded research
assistant and the consultant anaesthetist were aware of patient allocation.
The research assistant was not involved in any postoperative data collection
or perioperative care of patients. A drape was placed to prevent surgeons from
observing fluid administration, and the research assistant was instructed to at-
tach intravenous fluids periodically for patients in the fluid restriction group
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without actually administering them, to mimic the anticipated practice of flu-
id boluses in the GDFT group. Anasthesiologist had a protocol of fluid manage-
ment

Blinding of participants
and personnel (perfor-
mance bias) 
Secondary outcome -
Non-surgery-related com-
plications

Low risk The patient, study investigators, the surgeon, and other medical staK responsi-
ble for patient care were blinded to patient allocation. An unblinded research
assistant and the consultant anaesthetist were aware of patient allocation.
The research assistant was not involved in any postoperative data collection
or perioperative care of patients. A drape was placed to prevent surgeons from
observing fluid administration, and the research assistant was instructed to at-
tach intravenous fluids periodically for patients in the fluid restriction group
without actually administering them, to mimic the anticipated practice of flu-
id boluses in the GDFT group. Anasthesiologist had a protocol of fluid manage-
ment

Blinding of participants
and personnel (perfor-
mance bias) 
Secondary outcome -
Quality of surgical recov-
ery

Low risk The patient, study investigators, the surgeon, and other medical staK responsi-
ble for patient care were blinded to patient allocation. An unblinded research
assistant and the consultant anaesthetist were aware of patient allocation.
The research assistant was not involved in any postoperative data collection
or perioperative care of patients. A drape was placed to prevent surgeons from
observing fluid administration, and the research assistant was instructed to at-
tach intravenous fluids periodically for patients in the fluid restriction group
without actually administering them, to mimic the anticipated practice of flu-
id boluses in the GDFT group. Anasthesiologist had a protocol of fluid manage-
ment

Blinding of outcome as-
sessment (detection bias) 
Primary outcome - Major
complications

Low risk Outcome unlikely to be influenced by lack of blinding (objective outcome).
Outside the intraoperative phase, all data were collected prospectively by a
single-blinded investigator

Blinding of outcome as-
sessment (detection bias) 
Primary outcome - All-
cause mortality

Low risk Outcome unlikely to be influenced by lack of blinding (objective outcome).
Outside the intraoperative phase, all data were collected prospectively by a
single-blinded investigator

Blinding of outcome as-
sessment (detection bias) 
Secondary outcome -
Length of hospital stay

Low risk Outside the intraoperative phase, all data were collected prospectively by a
single-blinded investigator

Blinding of outcome as-
sessment (detection bias) 
Secondary outcome -
Surgery-related complica-
tions

Low risk Outside the intraoperative phase, all data were collected prospectively by a
single-blinded investigator

Blinding of outcome as-
sessment (detection bias) 
Secondary outcome -
Non-surgery-related com-
plications

Low risk Outside the intraoperative phase, all data were collected prospectively by a
single-blinded investigator

Blinding of outcome as-
sessment (detection bias) 
Secondary outcome -
Quality of surgical recov-
ery

Low risk Outside the intraoperative phase, all data were collected prospectively by a
single-blinded investigator
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Incomplete outcome data
(attrition bias) 
All outcomes

High risk As-treated analysis:

Randomized: intervention: 42, control: 43

Analysed: intervention: 37, control: 37

Exclusions

Intervention: did not receive allocated intervention (stoma created) n = 5: (a)
stapler misfire n = 1, (b) rectal lesion found at operation n = 2, (c) poor vascu-
larity of bowel on clinical assessment n = 2

Control: did not receive allocated intervention (stoma created) n = 6: (a) unre-
sectable lesion n = 1, (b) rectal lesion found at operation n = 4, (c) poor vascu-
larity of bowel on clinical assessment n = 1

'Worst case scenario' analysis influences results of the analysis for major com-
plications and mortality

Other: 3 patients (2 fluid restriction, 1 GDFT) had an intraoperative protocol vi-
olation

Selective reporting (re-
porting bias)

Low risk All outcome data provided as described in the protocol

Other bias Low risk None identified

Srinivasa 2013  (Continued)

 
 

Methods Study type: parallel RCT

Location: China - Fudan University, Department of Anesthesiology, Huashan Hospital, Shanghai

Number of centres: 1

Duration of study: NR

Follow-up: until discharge of patient

Protocol: NR

Participants Inclusion criteria

1. Gastric or colonic cancer

2. 18 to 64 years of age

Exclusion criteria

1. Body mass index (BMI) > 30

2. Significant arrhythmia

3. Cardiopulmonary dysfunction

4. Extensive peripheral arterial occlusive disease

5. Significant renal or liver disease

6. Pregnancy or lactation

7. Coagulopathy

Total number of participants: 60 randomized (20 in RFT, 20 in GDFT Ringer’s lactate group, and 20 in
GDFT colloid group); 60 analysed (20 in RFT, 20 in GDFT Ringer’s lactate group, and 20 in GDFT colloid
group)
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Characteristics

1. Age, mean (SD): RFT: 53.3 (13.0); GDFT (Ringer's lactate): 56.7 (6.9); GDFT (colloid): 52.8 (11.8)

2. Female, n (%): RFT: 6 (30); GDFT (Ringer's lactate): 6 (30); GDFT (colloid): 6 (30)

3. Type of surgery: abdominal - gastrectomy or colectomy

4. Stratification: NR

5. Type of anaesthesia: general

6. ASA I, n (%): RFT: 11 (55); GDFT (Ringer's lactate): 11 (55); GDFT (colloid): 10 (50)

7. ASA II, n (%): RFT: 9 (45); GDFT (Ringer's lactate): 9 (45); GDFT (colloid): 10 (50)

8. ASA III, n (%): RFT: 0 (0); GDFT (Ringer's lactate): 0 (0); GDFT (colloid): 0 (0)

Comorbidities, n (%)

1. Arterial hypertension: RFT: 3 (15); GDFT (Ringer's lactate): 5 (25); GDFT (colloid): 4 (20)

2. Ischaemic heart disease: RFT: 1 (5); GDFT (Ringer's lactate): 2 (10); GDFT (colloid): 1 (5)

3. Asthma: RFT: 0 (0); GDFT (Ringer's lactate): 1 (5); GDFT (colloid): 0 (0)

4. COPD: RFT: 3 (15); GDFT (Ringer's lactate): 4 (20); GDFT (colloid): 5 (25)

5. Diabetes mellitus: 3 (15); GDFT (Ringer's lactate): 3 (15); GDFT (colloid): 2 (10)

Intraoperative fluids (mL)

1. Total volume of fluids - mean (SD): RFT: 1260 (269.44); GDFT-RL: 2109.5 (474.25); GDFR-C: 1742.5
(333.01)

2. Total volume of crystalloids - mean (SD): RFT: 1012.5 (238.4); GDFT-RL: 1853.0 (381.3); GDFR-C: 877.5
(130.0)

3. Total volume of colloids - mean (SD): RFT: 252.5 (44.4); GDFT-RL: 256.5 (139.9); GDFR-C: 865.0 (297.4)

Preoperative fluid deficit: present - surgery was preceded by an 8-hour fasting period

Interventions Treatment groups

1. RFT - study "restrictive Ringer’s lactate (R-RL)" group - participants received a fixed infusion of 4 mL/
kg/h of lactated Ringer’s solution exclusively throughout the operation. PPV was not measured. If
urine output was continuously < 0.5 mL/kg/h over 2 hours, or if CVP was < 4 mmHg, 250-mL boluses
of lactated Ringer’s solution were administered until these targets were restored

2. GDFT - study "goal-directed Ringer’s lactate (GD-RL)" group - participants received a fixed infusion of
4 mL/kg/h of lactated Ringer’s solution throughout the operation. In addition, this group received 250
mL of lactated Ringer’s solution as a bolus in 15 minutes if PPV was > 11%

3. GDFT - study "goal-directed colloid (GD-C)" group - participants received a fixed infusion of 4 mL/kg/h
of lactated Ringer’s solution throughout the operation. In addition, this group received 250 mL of 6%
hydroxyethyl starch (HES, 130/0.4) as a bolus in 15 minutes if PPV was > 11%

Concomitant treatment in both groups

Blood loss was replaced with HES at a 1:1 ratio, and blood transfusion was started when clinically indi-
cated and supported by laboratory evidence of haematocrit < 28%

Outcomes Primary outcome

1. Postoperative length of hospital stay

Secondary outcomes

1. Time to bowel flatus

2. Postoperative complications

3. Preoperative and postoperative biochemical and haemodynamic variables

4. Type and volume of intraoperative fluid infusions

5. Estimation of blood loss

6. Urine output
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7. Medications used

Notes Funding: NR

Conflict of interest: COI reported - no COI

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Participants were randomly assigned to 1 of 3 groups according to the intraop-
erative fluid protocol using a random number generator in sealed envelopes

Allocation concealment
(selection bias)

Low risk Participants were randomly assigned to 1 of 3 groups according to the intraop-
erative fluid protocol using a random number generator in sealed envelopes

Blinding of participants
and personnel (perfor-
mance bias) 
Primary outcome - All-
cause mortality

Low risk Outcome unlikely to be influenced by the lack of blinding (objective outcome).
No information on blinding of surgeons, participants , staK. Quote. "the same
surgical team was in charge of the postoperative care of the patients, including
fluid infusion and postoperative analgesia"

Blinding of participants
and personnel (perfor-
mance bias) 
Secondary outcome -
Length of hospital stay

High risk No information on blinding of surgeons, participants , staK. Quote. "the same
surgical team was in charge of the postoperative care of the patients, including
fluid infusion and postoperative analgesia"

Blinding of participants
and personnel (perfor-
mance bias) 
Secondary outcome -
Surgery-related complica-
tions

High risk No information on blinding of surgeons, patients, staK: "The same surgical
team was in charge of the postoperative care of the patients, including fluid in-
fusion and postoperative analgesia"

Blinding of participants
and personnel (perfor-
mance bias) 
Secondary outcome -
Non-surgery-related com-
plications

High risk No information on blinding of surgeons, participants , staK. Quote. "the same
surgical team was in charge of the postoperative care of the patients, including
fluid infusion and postoperative analgesia"

Blinding of outcome as-
sessment (detection bias) 
Secondary outcome -
Length of hospital stay

Low risk Once the participants were sent to the ward, follow-up was conducted by an
independent researcher who was unaware of the randomization of the partici-
pant until the participant was discharged from the hospital

Blinding of outcome as-
sessment (detection bias) 
Secondary outcome -
Surgery-related complica-
tions

Low risk Once the participants were sent to the ward, follow-up was conducted by an
independent researcher who was unaware of the randomization of the partici-
pant until the participant was discharged from the hospital

Blinding of outcome as-
sessment (detection bias) 
Secondary outcome -
Non-surgery-related com-
plications

Low risk Once the participants were sent to the ward, follow-up was conducted by an
independent researcher who was unaware of the randomization of the partici-
pant until the participant was discharged from the hospital

Zhang 2012  (Continued)
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Incomplete outcome data
(attrition bias) 
All outcomes

Low risk ITT analysis; no exclusions or drop-outs

Selective reporting (re-
porting bias)

Low risk The study protocol is not available but no concerns raised

Other bias Low risk None identified

Zhang 2012  (Continued)

ASA: American Society of Anaesthesiology.
BMI: body mass index.
CO: cardiac output.
COI: conflict of interest.
COPD: chronic obstructive pulmonary disease.
Cr: creatinine.
CVP: central venous pressure.
DVT: deep venous thrombosis.
FFP: fresh frozen plasma.
GDFT: goal-directed fluid therapy.
Hb: haemoglobin.
HES: hydroxyethyl starch.
HIPEC: hyperthermic intraperitoneal chemotherapy.
HR: heart rate.
ICU: intensive care unit.
INR: international normalized ratio.
IQR: interquartile range.
ITT: intention-to-treat.
IV: intravenous.
LOS: length of stay.
LTFU: lost to follow-up.
MAP: mean arterial pressure.
NR: not reported.
ODM: oesophageal doppler monitor.
PPV: pulse pressure variation.
RCT: randomized controlled trial.
RFT: restrictive fluid therapy.
SD: standard deviation.
SRS: surgical recovery score.
SV: stroke volume.
SVI: stroke volume index.
SVV: stroke volume variation.
 

Characteristics of excluded studies [ordered by study ID]

 

Study Reason for exclusion

Ackland 2015 Wrong intervention. The intervention group did not meet the criteria for RFT

Benes 2010 Wrong intervention. The intervention group did not meet the criteria for RFT

Bisgaard 2013 Wrong intervention. The intervention group did not meet the criteria for RFT

Bloom 2015 Wrong intervention. The intervention group did not meet the criteria for RFT

Buettner 2008 Wrong intervention. The intervention group did not meet the criteria for RFT
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Study Reason for exclusion

Bundgaard-Nielsen 2013 Wrong intervention. The intervention group did not meet the criteria for RFT

Calvo 2014 Wrong intervention. The intervention group did not meet the criteria for RFT

Calvo-Vecino 2018 Wrong intervention. The intervention group did not meet the criteria for RFT

Cecconi 2011 Wrong intervention. The intervention group did not meet the criteria for RFT

Cesur 2018 Wrong intervention. The intervention group did not meet the criteria for RFT

Challand 2012 Wrong intervention. The intervention group did not meet the criteria for RFT

Chattopadhyay 2012 Wrong intervention. The intervention group did not meet the criteria for RFT

Chytra 2007 Wrong intervention. The intervention group did not meet the criteria for RFT

Concha 2011 Wrong intervention. The intervention group did not meet the criteria for RFT

Corbella 2018 Wrong intervention. The intervention group did not meet the criteria for RFT

Cordero-Rochet 2014 Wrong intervention. The intervention group did not meet the criteria for RFT

Correa-Gallego 2015 Wrong intervention. The intervention group did not meet the criteria for RFT

Demirel 2018 Wrong intervention. The intervention group did not meet the criteria for RFT

Dhawan 2018 Wrong intervention. The intervention group did not meet the criteria for RFT

Elgendy 2017 Wrong intervention. The intervention group did not meet the criteria for RFT

Foppa 2014 Wrong intervention. The intervention group did not meet the criteria for RFT

Forget 2009 Wrong intervention. The intervention group did not meet the criteria for RFT

Forget 2010 Wrong intervention. The intervention group did not meet the criteria for RFT

Forget 2013 Wrong intervention. The intervention group did not meet the criteria for RFT

Fukui 2009 Wrong intervention. The intervention group did not meet the criteria for RFT

Funcke 2018 Wrong intervention. The intervention group did not meet the criteria for RFT

Funk 2015 Wrong intervention. The intervention group did not meet the criteria for RFT

Futier 2010 Wrong intervention. The intervention group did not meet the criteria for RFT

Gerent 2018 Wrong intervention. The intervention group did not meet the criteria for RFT

Gómez-Izquierdo 2017 Wrong intervention. The intervention group did not meet the criteria for RFT

Hand 2016 Wrong intervention. The intervention group did not meet the criteria for RFT

Hughes 2013 Wrong intervention. The intervention group did not meet the criteria for RFT

Johnson 2011 Wrong intervention. The intervention group did not meet the criteria for RFT
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Study Reason for exclusion

Joosten 2018 Wrong intervention. The intervention group did not meet the criteria for RFT

Kaufmann 2017 Wrong intervention. The intervention group did not meet the criteria for RFT

Kellman 2014 Wrong intervention. The intervention group did not meet the criteria for RFT

Kulkarni 2012 Wrong intervention. The intervention group did not meet the criteria for RFT

Kumar 2016 Wrong intervention. The intervention group did not meet the criteria for RFT

Lai 2015 Wrong intervention. The intervention group did not meet the criteria for RFT

Li 2011 Wrong comparison. The control group did not meet the criteria for GDFT

Liang 2017 Wrong intervention. The intervention group did not meet the criteria for RFT

Lilot 2018 Wrong intervention. The intervention group did not meet the criteria for RFT

Liu 2018 Wrong intervention. The intervention group did not meet the criteria for RFT

Lobo 2011 Wrong intervention. The intervention group did not meet the criteria for RFT

Lopes 2007 Wrong intervention. The intervention group did not meet the criteria for RFT

Luo 2017 Wrong intervention. The intervention group did not meet the criteria for RFT

Martini 2009 The study was classified as meeting the inclusion criteria primarily on the basis of the published
abstract. However, additional information from study authors revealed that randomization was
started without ethical committee full approval (some missing papers), and the study was finally
completed as a retrospective analysis

McKenny 2013 Wrong intervention. The intervention group did not meet the criteria for RFT

Minkovich 2012 Wrong intervention. The intervention group did not meet the criteria for RFT

Minto 2011 Wrong intervention. The intervention group did not meet the criteria for RFT

Moppett 2015 Wrong intervention. The intervention group did not meet the criteria for RFT

Muller 2009 Wrong comparison. The intervention group did not meet the criteria for RFT

Munoz 2012 Wrong intervention. The intervention group did not meet the criteria for RFT

NCT03193320 The study has not been started. Study authors were not able to conduct the study - information
was obtained through email contact with study authors

Noblett 2006 Wrong intervention. The intervention group did not meet the criteria for RFT

Park 2016 Wrong intervention. The intervention group did not meet the criteria for RFT

Peng 2014 Wrong intervention. The intervention group did not meet the criteria for RFT

Pillai 2011 Wrong intervention. The intervention group did not meet the criteria for RFT

Rath 2018 Wrong intervention. The intervention group did not meet the criteria for RFT
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Study Reason for exclusion

Schmid 2014 Wrong intervention. The intervention group did not meet the criteria for RFT

Sundaram 2016 Wrong intervention. The intervention group did not meet the criteria for RFT

Szturz 2018 Wrong intervention. The intervention group did not meet the criteria for RFT

Van der Linden 2010 Wrong intervention. The intervention group did not meet the criteria for RFT

Vanakas 2012 Wrong intervention. The intervention group did not meet the criteria for RFT

Venn 2002 Wrong intervention. The intervention group did not meet the criteria for RFT

Wakeling 2005 Wrong intervention. The intervention group did not meet the criteria for RFT

Wen 2016 Wrong intervention. The intervention group did not meet the criteria for RFT

Wilmin 2009 Wrong intervention. The intervention group did not meet the criteria for RFT

Wilson 1999 Wrong intervention. The intervention group did not meet the criteria for RFT

Xiao 2015 Wrong intervention. The intervention group did not meet the criteria for RFT

Xu 2017 Wrong intervention. The intervention group did not meet the criteria for RFT

Yu 2016 Wrong intervention. The intervention group did not meet the criteria for RFT

Zakhaleva 2013 Wrong intervention. The intervention group did not meet the criteria for RFT

Zeng 2014 Wrong intervention. The intervention group did not meet the criteria for RFT

Zhao 2018 Wrong intervention. The intervention group did not meet the criteria for RFT

Zheng 2013 Wrong intervention. The intervention group did not meet the criteria for RFT

Zheng 2016 Wrong intervention. The intervention group did not meet the criteria for RFT

RFT: restrictive fluid therapy.
 

Characteristics of ongoing studies [ordered by study ID]

 

Trial name or title Comparison of three different liquid therapies in colorectal surgery

Methods Study type: parallel RCT

Location: Shenyang, China

Number of centres: 1

Duration of study: NR

Follow-up: NR

Protocol: ChiCTR1800014777

ChiCTR1800014777 
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Participants Inclusion criteria

1. 18 to 75 years old

2. Heart function grading I-II level

3. ASA grading I-II level

4. BMI < 30 kg/m2

Exclusion criteria

1. Severe liver and kidney dysfunction

2. Undergoing gastrointestinal surgery 2 or more times

Interventions Treatment groups

1. RFT - R group - restricted fluid treatment group

2. W group - washout liquid treatment group - open fluid input and furosemide are given

3. GDFT - G group - goal-directed fluid therapy - type of GDFT not specified in the protocol

Outcomes Primary outcomes

1. Blood pressure

2. Heart rate

3. IL-6

4. CRP

5. TNF-α

Secondary outcomes

1. First defecation time after surgery

2. Postoperative hospital stay

3. Postoperative complications

Starting date February 2018

Contact information Zhao Xiaochun; +86 18940257646; zhaoxc@sj-hospital.org

Notes Funding: NR

Conflict of interest: NR

ChiCTR1800014777  (Continued)

 
 

Trial name or title Perioperative fluid management: goal-directed therapy versus restrictive approach: a randomized
controlled trial

Methods Study type: parallel, single-blinded (participants) RCT

Location: Geneva, Switzerland

Number of centres: NR

Duration of study: NR

Follow-up: up to 15 weeks after date of surgery

Protocol: NCT02625701

NCT02625701 
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Participants Inclusion criteria

1. Adults (18 years and older)

2. Elective non-cardiac surgery (moderate-high risk) lasting > 2 hours (gastrectomy, pancreatecto-
my, nephrectomy, radical cystectomy, hepatic resection, open colonic or rectal surgery)

Exclusion criteria

1. End-stage organ failure (haemofiltration/dialysis)

2. Child-Pugh class C or MELD score > 22

3. Predicted forced expiratory volume < 30%; severe heart failure

4. Life expectancy < 24 hours

5. Psychiatric disorders or inability to give independent consent for the study

Total number of participants: NR

Characteristics: NR

Comorbidities, n (%): NR

Interventions Treatment groups

1. RFT - study "restrictive" group - crystalloids are given at a fixed rate of 3 to 6 mL/kg/h. Otherwise,
vasopressors can be used to achieve appropriate MAP ( > 70 mmHg, within ± 20% of baseline)

2. GDFT - study "goal-directed therapy (GDT)" group - besides basal infusion of crystalloids at 3 to
6 mL/kg/h, colloids (200 mL) or crystalloids (200 mL) are given over 10 minutes if pulse pressure
variation (PPV) or stroke volume variation (SVV) exceeds 10% to 12%, with the aim of optimizing
cardiac output. Otherwise, vasopressors can be used to achieve appropriate mean arterial pres-
sure (MAP > 70 mmHg, within ± 20% of baseline)

Concomitant treatment in both groups

1. Blood losses are replaced with colloids (1:1) or crystalloids (2:1)

Outcomes Primary outcome

1. Composite index of serious postoperative adverse events (early postoperative major outcomes:
mortality, cardiovascular, respiratory, renal, and infectious complications)

Secondary outcomes

1. Body weight changes

2. Fluid balance (amount of fluid (mL) infused, amount of fluid loss, change in body weight)

3. Acute kidney injury based on RIFLE

4. Sequential organ failure assessment (SOFA)

5. Tissue oximetry

Starting date January 2012

Contact information Marc Licker; +41223827439; marc-joseph.licker@hcuge.ch

Notes Funding: University Hospital, Geneva

Conflict of interest: NR

When we contacted study authors, we were informed that the study will be finished within a few
months and the results will be published in the upcoming year

NCT02625701  (Continued)
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Trial name or title Automated closed-loop versus restrictive fluid therapy in abdominal surgery: a pilot randomized
controlled trial

Methods Study type: parallel, single-blinded (participants) RCT

Location: Brussels, Belgium

Number of centres: 1

Duration of study: NR

Follow-up: up to 90 days after hospitalization

Protocol: NCT03039946

Participants Inclusion criteria

1. Adults (18 years and older)

2. Laparoscopic or robotic elective abdominal surgery (colorectal, gynaecological, urological), or
both

Exclusion criteria

1. Intraoperative invasive monitoring (arterial line)

2. Open colorectal surgery (laparotomy)

3. Emergency surgery

4. Expected intraoperative blood loss > 1000 mL

5. Arrhythmia (e.g. atrial fibrillation)

Total number of participants: NR

Characteristics: NR

Comorbidities, n (%): NR

Interventions Treatment groups

1. RFT - study "restrictive fluid therapy" group - participants receive fluids (plasmalyte) via a restric-
tive approach at a baseline of 4 mL/kg/h. Additional boluses of colloid or crystalloid can be admin-
istered according to the attending anaesthesiologist's discretion (e.g. to compensate blood loss)

2. GDFT - study "closed-loop GDFT" group - participants receive fluids in the form of 100 cmL boluses
of crystalloid (plasmalyte) over 6 minutes via an automated closed-loop goal-directed fluid thera-
py (GDFT) system guided by non-invasive flow monitoring (clear sight system). Additional boluses
of colloid or crystalloid can be administered according to the attending anaesthesiologist's dis-
cretion (e.g. to compensate blood loss)

Concomitant treatment in both groups: NR

Outcomes Primary outcome

1. Preload independent state (percentage intraoperative time spent with stroke volume variation <
13% or cardiac index > 2.4 L/min/m2), or both

Secondary outcomes

1. Additional fluids administered intraoperatively

2. Number of closed-loop overrides by the attending anaesthesiologist

3. Hospital length of stay

4. Postoperative complications

Starting date January 2017

NCT03039946 

Perioperative restrictive versus goal-directed fluid therapy for adults undergoing major non-cardiac surgery (Review)

Copyright © 2019 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

59



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

Contact information NR

Notes Funding: Erasme University Hospital

Conflict of interest: NR

NCT03039946  (Continued)

 
 

Trial name or title Restrictive or individualized goal-directed fluid replacement strategy in ovarian cancer cytoreduc-
tive surgery (RIGoROCS)

Methods Study type: parallel, double-blinded (participants, outcomes assessor) RCT

Location: Kolkata, India

Number of centres: 1

Duration of study: NR

Follow-up: up to approximately 2 years

Protocol: NCT03519165

Participants Inclusion criteria

1. Cytoreductive surgery for ovarian cancer
a. PDS: primary (chemo-naive participants including completion staging/primary debulking and

secondary cytoreduction)

b. IDS: interval debulking surgery (after chemotherapy)

2. American Society of Anesthesiology (ASA) score of 1 to 3

3. Age > 18 years and < 65 years

4. Surgery of duration longer than 240 minutes

5. Presumed blood loss > 500 mL

6. Elective surgery

Exclusion criteria

1. Patient refusal

2. Inability to give consent

3. Laparoscopic surgery

4. Emergency surgery, participants undergoing HIPEC

5. Age < 18 years and > 65 years

6. BMI > 40

7. Participants with LVEF < 30%

8. Arrhythmia

9. Acute MI (within 30 days)

10.COPD with FEV1 < 50%

11.Coagulopathy (platelet < 50,000/μL, APTT > 2 × control, INR > 1.5)

12.Significant liver dysfunction (liver enzymes > 3 × normal)

13.Significant renal dysfunction (creatinine > 2 × normal)

14.Psychiatric disorders

15.Sepsis, or SIRS

16.Hypersensitivity to gelofusine

Total number of participants: NR

NCT03519165 
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Characteristics: NR

Comorbidities, n (%): NR

Interventions Treatment groups

1. RFT - study "control group (Group C)" - intraoperative fluid therapy will include maintenance fluid
and replacement of surgical loss. Aim to maintain MAP > 65 mmHg, CVP 8 to 12 cm H2O and urine
output > 0.5 mL/kg/h

2. GDFT - study "goal-directed group (Group G)" - machine-guided fluid therapy using EV1000 (Flo-
Trac System 4.0, Edward Lifesciences, Irvine, CA, USA), intraoperative fluid therapy will be target-
ed to SVV < 13%, SVI > 35 mL/m2/beat, SVRI ≥ 1900 dynes-sec/cm-5/m2 using EV1000 FloTrac mon-
itor in addition to clinical parameters like MAP, CVP, and urine output

Concomitant treatment in both groups: NR

Outcomes Primary outcome

1. Postoperative length of stay (LOS) in hospital in days

Secondary outcomes

1. Cost of treatment

2. Postoperative morbidity survey

3. 30-Day morbidity and mortality

Starting date June 2016

Contact information Jyotsna Goswami; 03366057000 ext 7179; jyotsnagoswami@gmail.com

Notes Funding: Tata Medical Center

Conflict of interest: NR

NCT03519165  (Continued)

APTT: activated partial thromboplastin time.
ASA: American Society of Anesthesiology.
BMI: body mass index.
COPD: chronic obstructive pulmonary disease.
CRP: C-reactive protein.
CVP: central venous pressure.
FEV1: forced expiratory volume in one second.
GDFT: goal-directed fluid therapy.
GDT: goal-directed therapy.
HIPEC: hyperthermic intraperitoneal chemotherapy.
IDS: interval debulking surgery.
IL-6: interleukin-6.
INR: international normalized ratio.
LOS: length of stay.
LVEF: leO ventricular ejection fraction.
MAP: mean arterial pressure.
MELD: model for end-stage liver disease.
MI: myocardial infarction.
NR: not reported.
PDS: primary debulking surgery.
PPV: pulse pressure variation.
RCT: randomized controlled trial.
RFT: restrictive fluid therapy.
RIFLE: risk, injury, failure, loss of function, and end-stage renal disease.
SIRS: systemic inflammatory response syndrome.
SOFA: sequential organ failure assessment.
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SVI: stroke volume index.
SVRI: systemic vascular resistance index.
SVV: stroke volume variation.
TNF: tumour necrosis factor.
 

 

D A T A   A N D   A N A L Y S E S

 

Comparison 1.   Restrictive versus goal-directed fluid therapy

Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

1 Major complications 5 484 Risk Ratio (M-H, Random, 95% CI) 1.61 [0.78, 3.34]

2 All-cause mortality 6 544 Risk Difference (M-H, Fixed, 95% CI) 0.03 [0.00, 0.06]

3 Peto OR all-cause mortali-
ty

6 544 Peto Odds Ratio (Peto, Fixed, 95% CI) 4.81 [1.38, 16.84]

4 Length of hospital stay 5 464 Mean Difference (IV, Fixed, 95% CI) -0.02 [-0.55, 0.50]

5 Surgery-related complica-
tions

4 364 Risk Ratio (M-H, Random, 95% CI) 1.54 [0.87, 2.72]

6 Non-surgery-related com-
plications

1 74 Risk Ratio (M-H, Fixed, 95% CI) 1.0 [0.52, 1.93]

7 Renal failure 4 410 Risk Ratio (M-H, Fixed, 95% CI) 1.38 [0.57, 3.36]

 
 

Analysis 1.1.   Comparison 1 Restrictive versus goal-directed fluid therapy, Outcome 1 Major complications.

Study or subgroup RFT GDFT Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

Benes 2015 6/40 2/40 14.87% 3[0.64,13.98]

Brandstrup 2012 8/79 10/71 27.07% 0.72[0.3,1.72]

Colantonio 2015 16/42 4/38 24.05% 3.62[1.33,9.88]

Phan 2014 3/50 1/50 8.6% 3[0.32,27.87]

Srinivasa 2013 7/37 7/37 25.41% 1[0.39,2.57]

   

Total (95% CI) 248 236 100% 1.61[0.78,3.34]

Total events: 40 (RFT), 24 (GDFT)  

Heterogeneity: Tau2=0.31; Chi2=7.61, df=4(P=0.11); I2=47.46%  

Test for overall effect: Z=1.29(P=0.2)  

Favours RFT 1000.01 100.1 1 Favours GDFT
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Analysis 1.2.   Comparison 1 Restrictive versus goal-directed fluid therapy, Outcome 2 All-cause mortality.

Study or subgroup Favours RFT GDFT Risk Difference Weight Risk Difference

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

Benes 2015 1/40 0/40 14.91% 0.03[-0.04,0.09]

Brandstrup 2012 1/79 1/71 27.87% -0[-0.04,0.04]

Colantonio 2015 4/42 0/38 14.87% 0.1[-0,0.19]

Phan 2014 1/50 0/50 18.63% 0.02[-0.03,0.07]

Srinivasa 2013 2/37 0/37 13.79% 0.05[-0.03,0.14]

Zhang 2012 0/20 0/40 9.94% 0[-0.07,0.07]

   

Total (95% CI) 268 276 100% 0.03[0,0.06]

Total events: 9 (Favours RFT), 1 (GDFT)  

Heterogeneity: Tau2=0; Chi2=5.36, df=5(P=0.37); I2=6.68%  

Test for overall effect: Z=2.06(P=0.04)  

Favours RFT 10.5-1 -0.5 0 Favours GDFT

 
 

Analysis 1.3.   Comparison 1 Restrictive versus goal-directed fluid therapy, Outcome 3 Peto OR all-cause mortality.

Study or subgroup RFT GDFT Peto Odds Ratio Weight Peto Odds Ratio

  n/N n/N Peto, Fixed, 95% CI   Peto, Fixed, 95% CI

Benes 2015 1/40 0/40 10.21% 7.39[0.15,372.38]

Brandstrup 2012 1/79 1/71 20.23% 0.9[0.06,14.55]

Colantonio 2015 4/42 0/38 39.2% 7.24[0.98,53.56]

Phan 2014 1/50 0/50 10.21% 7.39[0.15,372.38]

Srinivasa 2013 2/37 0/37 20.15% 7.6[0.47,123.81]

Zhang 2012 0/20 0/40   Not estimable

   

Total (95% CI) 268 276 100% 4.81[1.38,16.84]

Total events: 9 (RFT), 1 (GDFT)  

Heterogeneity: Tau2=0; Chi2=1.75, df=4(P=0.78); I2=0%  

Test for overall effect: Z=2.46(P=0.01)  

Favours RFT 1000.01 100.1 1 Favours GDFT

 
 

Analysis 1.4.   Comparison 1 Restrictive versus goal-directed fluid therapy, Outcome 4 Length of hospital stay.

Study or subgroup RFT GDFT Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Fixed, 95% CI   Fixed, 95% CI

Benes 2015 40 10.5 (2.7) 40 10.7 (3.8) 13.21% -0.17[-1.62,1.28]

Brandstrup 2012 79 6.7 (8) 71 8 (7.3) 4.65% -1.32[-3.77,1.13]

Phan 2014 50 6.3 (3.8) 50 6.7 (3.1) 15.18% -0.34[-1.69,1.01]

Srinivasa 2013 37 6.4 (9.6) 37 7.6 (8.6) 1.62% -1.15[-5.3,3]

Zhang 2012 20 10.9 (1.2) 40 10.7 (1.3) 65.34% 0.2[-0.45,0.85]

   

Total *** 226   238   100% -0.02[-0.55,0.5]

Heterogeneity: Tau2=0; Chi2=2.06, df=4(P=0.72); I2=0%  

Test for overall effect: Z=0.09(P=0.93)  

Favours RFT 42-4 -2 0 Favours GDFT
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Analysis 1.5.   Comparison 1 Restrictive versus goal-directed
fluid therapy, Outcome 5 Surgery-related complications.

Study or subgroup RFT GDFT Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

Brandstrup 2012 13/79 8/71 29.28% 1.46[0.64,3.32]

Colantonio 2015 16/42 4/38 22.52% 3.62[1.33,9.88]

Srinivasa 2013 15/37 14/37 42.68% 1.07[0.61,1.89]

Zhang 2012 1/20 2/40 5.52% 1[0.1,10.38]

   

Total (95% CI) 178 186 100% 1.54[0.87,2.72]

Total events: 45 (RFT), 28 (GDFT)  

Heterogeneity: Tau2=0.12; Chi2=4.56, df=3(P=0.21); I2=34.25%  

Test for overall effect: Z=1.47(P=0.14)  

Favours RFT 1000.01 100.1 1 Favours GDFT

 
 

Analysis 1.6.   Comparison 1 Restrictive versus goal-directed
fluid therapy, Outcome 6 Non-surgery-related complications.

Study or subgroup RFT GDFT Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

Srinivasa 2013 12/37 12/37 100% 1[0.52,1.93]

   

Total (95% CI) 37 37 100% 1[0.52,1.93]

Total events: 12 (RFT), 12 (GDFT)  

Heterogeneity: Not applicable  

Test for overall effect: Not applicable  

Favours GDFT 1000.01 100.1 1 Favours RFT

 
 

Analysis 1.7.   Comparison 1 Restrictive versus goal-directed fluid therapy, Outcome 7 Renal failure.

Study or subgroup RFT GDFT Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

Benes 2015 7/40 5/40 66.43% 1.4[0.48,4.04]

Brandstrup 2012 2/79 0/71 6.99% 4.5[0.22,92.18]

Colantonio 2015 0/42 0/38   Not estimable

Phan 2014 1/50 2/50 26.57% 0.5[0.05,5.34]

   

Total (95% CI) 211 199 100% 1.38[0.57,3.36]

Total events: 10 (RFT), 7 (GDFT)  

Heterogeneity: Tau2=0; Chi2=1.29, df=2(P=0.52); I2=0%  

Test for overall effect: Z=0.7(P=0.48)  

Favours RFT 1000.01 100.1 1 Favours GDFT
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Comparison 2.   Restrictive versus goal-directed fluid therapy - sensitivity analysis for risk of bias

Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

1 Major complications 5 484 Risk Ratio (M-H, Random, 95% CI) 1.61 [0.78, 3.34]

1.1 Low risk of bias studies 4 404 Risk Ratio (M-H, Random, 95% CI) 1.46 [0.63, 3.36]

1.2 High risk of bias studies 1 80 Risk Ratio (M-H, Random, 95% CI) 3.00 [0.64, 13.98]

2 All-cause mortality 6 544 Risk Difference (M-H, Fixed, 95% CI) 0.03 [0.00, 0.06]

2.1 Low risk of bias studies 5 464 Risk Difference (M-H, Fixed, 95% CI) 0.03 [-0.00, 0.06]

2.2 High risk of bias studies 1 80 Risk Difference (M-H, Fixed, 95% CI) 0.03 [-0.04, 0.09]

 
 

Analysis 2.1.   Comparison 2 Restrictive versus goal-directed fluid therapy
- sensitivity analysis for risk of bias, Outcome 1 Major complications.

Study or subgroup RFT GDFT Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

2.1.1 Low risk of bias studies  

Brandstrup 2012 8/79 10/71 27.07% 0.72[0.3,1.72]

Colantonio 2015 16/42 4/38 24.05% 3.62[1.33,9.88]

Phan 2014 3/50 1/50 8.6% 3[0.32,27.87]

Srinivasa 2013 7/37 7/37 25.41% 1[0.39,2.57]

Subtotal (95% CI) 208 196 85.13% 1.46[0.63,3.36]

Total events: 34 (RFT), 22 (GDFT)  

Heterogeneity: Tau2=0.38; Chi2=6.66, df=3(P=0.08); I2=54.97%  

Test for overall effect: Z=0.89(P=0.37)  

   

2.1.2 High risk of bias studies  

Benes 2015 6/40 2/40 14.87% 3[0.64,13.98]

Subtotal (95% CI) 40 40 14.87% 3[0.64,13.98]

Total events: 6 (RFT), 2 (GDFT)  

Heterogeneity: Not applicable  

Test for overall effect: Z=1.4(P=0.16)  

   

Total (95% CI) 248 236 100% 1.61[0.78,3.34]

Total events: 40 (RFT), 24 (GDFT)  

Heterogeneity: Tau2=0.31; Chi2=7.61, df=4(P=0.11); I2=47.46%  

Test for overall effect: Z=1.29(P=0.2)  

Test for subgroup differences: Chi2=0.65, df=1 (P=0.42), I2=0%  

Favours RFT 1000.01 100.1 1 Favours GDFT
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Analysis 2.2.   Comparison 2 Restrictive versus goal-directed fluid therapy
- sensitivity analysis for risk of bias, Outcome 2 All-cause mortality.

Study or subgroup RFT GDFT Risk Difference Weight Risk Difference

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

2.2.1 Low risk of bias studies  

Brandstrup 2012 1/79 1/71 27.87% -0[-0.04,0.04]

Colantonio 2015 4/42 0/38 14.87% 0.1[-0,0.19]

Phan 2014 1/50 0/50 18.63% 0.02[-0.03,0.07]

Srinivasa 2013 2/37 0/37 13.79% 0.05[-0.03,0.14]

Zhang 2012 0/20 0/40 9.94% 0[-0.07,0.07]

Subtotal (95% CI) 228 236 85.09% 0.03[-0,0.06]

Total events: 8 (RFT), 1 (GDFT)  

Heterogeneity: Tau2=0; Chi2=5.45, df=4(P=0.24); I2=26.58%  

Test for overall effect: Z=1.93(P=0.05)  

   

2.2.2 High risk of bias studies  

Benes 2015 1/40 0/40 14.91% 0.03[-0.04,0.09]

Subtotal (95% CI) 40 40 14.91% 0.03[-0.04,0.09]

Total events: 1 (RFT), 0 (GDFT)  

Heterogeneity: Not applicable  

Test for overall effect: Z=0.74(P=0.46)  

   

Total (95% CI) 268 276 100% 0.03[0,0.06]

Total events: 9 (RFT), 1 (GDFT)  

Heterogeneity: Tau2=0; Chi2=5.36, df=5(P=0.37); I2=6.68%  

Test for overall effect: Z=2.06(P=0.04)  

Test for subgroup differences: Chi2=0.01, df=1 (P=0.91), I2=0%  

Favours RFT 10.5-1 -0.5 0 Favours GDFT

 
 

Comparison 3.   Restrictive versus goal-directed fluid therapy - sensitivity analysis for missing data, worst-case
scenario

Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

1 Major complications 5 501 Risk Ratio (M-H, Random, 95% CI) 1.95 [0.96, 3.98]

2 All-cause mortality 6 561 Risk Difference (M-H, Fixed, 95% CI) 0.06 [0.02, 0.09]

 
 

Analysis 3.1.   Comparison 3 Restrictive versus goal-directed fluid therapy - sensitivity
analysis for missing data, worst-case scenario, Outcome 1 Major complications.

Study or subgroup RFT GDFT Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

Benes 2015 6/40 2/40 14.35% 3[0.64,13.98]

Brandstrup 2012 8/79 10/71 26.26% 0.72[0.3,1.72]

Colantonio 2015 18/44 4/42 23.44% 4.3[1.58,11.65]

Phan 2014 3/50 1/50 8.28% 3[0.32,27.87]

Favours RFT 1000.01 100.1 1 Favours GDFT
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Study or subgroup RFT GDFT Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

Srinivasa 2013 13/43 7/42 27.67% 1.81[0.8,4.1]

   

Total (95% CI) 256 245 100% 1.95[0.96,3.98]

Total events: 48 (RFT), 24 (GDFT)  

Heterogeneity: Tau2=0.31; Chi2=7.85, df=4(P=0.1); I2=49.02%  

Test for overall effect: Z=1.84(P=0.07)  

Favours RFT 1000.01 100.1 1 Favours GDFT

 
 

Analysis 3.2.   Comparison 3 Restrictive versus goal-directed fluid therapy - sensitivity
analysis for missing data, worst-case scenario, Outcome 2 All-cause mortality.

Study or subgroup RFT GDFT Risk Difference Weight Risk Difference

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

Benes 2015 1/40 0/40 14.44% 0.03[-0.04,0.09]

Brandstrup 2012 1/79 1/71 27.01% -0[-0.04,0.04]

Colantonio 2015 6/44 0/42 15.52% 0.14[0.03,0.24]

Phan 2014 1/50 0/50 18.06% 0.02[-0.03,0.07]

Srinivasa 2013 8/43 0/42 15.35% 0.19[0.07,0.31]

Zhang 2012 0/20 0/40 9.63% 0[-0.07,0.07]

   

Total (95% CI) 276 285 100% 0.06[0.02,0.09]

Total events: 17 (RFT), 1 (GDFT)  

Heterogeneity: Tau2=0; Chi2=20.94, df=5(P=0); I2=76.13%  

Test for overall effect: Z=3.5(P=0)  

Favours RFT 10.5-1 -0.5 0 Favours GDFT

 
 

Comparison 4.   Restrictive versus goal-directed fluid therapy - sensitivity analysis as per exclusion of Colantonio
2015 study

Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

1 Major complications 4 404 Risk Ratio (M-H, Random, 95% CI) 1.12 [0.60, 2.10]

2 All-cause mortality 5 464 Risk Difference (M-H, Fixed, 95% CI) 0.02 [-0.01, 0.04]

3 Peto OR all-cause mortali-
ty

5 464 Peto Odds Ratio (Peto, Fixed, 95%
CI)

3.70 [0.74, 18.44]

 
 

Analysis 4.1.   Comparison 4 Restrictive versus goal-directed fluid therapy - sensitivity
analysis as per exclusion of Colantonio 2015 study, Outcome 1 Major complications.

Study or subgroup RFT GDFT Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

Benes 2015 6/40 2/40 15.3% 3[0.64,13.98]

Favours RFT 1000.01 100.1 1 Favours GDFT
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Study or subgroup RFT GDFT Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

Brandstrup 2012 8/79 10/71 40.96% 0.72[0.3,1.72]

Phan 2014 3/50 1/50 7.6% 3[0.32,27.87]

Srinivasa 2013 7/37 7/37 36.13% 1[0.39,2.57]

   

Total (95% CI) 206 198 100% 1.12[0.6,2.1]

Total events: 24 (RFT), 20 (GDFT)  

Heterogeneity: Tau2=0.05; Chi2=3.4, df=3(P=0.33); I2=11.67%  

Test for overall effect: Z=0.36(P=0.72)  

Favours RFT 1000.01 100.1 1 Favours GDFT

 
 

Analysis 4.2.   Comparison 4 Restrictive versus goal-directed fluid therapy - sensitivity
analysis as per exclusion of Colantonio 2015 study, Outcome 2 All-cause mortality.

Study or subgroup Favours RFT GDFT Risk Difference Weight Risk Difference

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

Benes 2015 1/40 0/40 17.51% 0.03[-0.04,0.09]

Brandstrup 2012 1/79 1/71 32.74% -0[-0.04,0.04]

Phan 2014 1/50 0/50 21.89% 0.02[-0.03,0.07]

Srinivasa 2013 2/37 0/37 16.2% 0.05[-0.03,0.14]

Zhang 2012 0/20 0/40 11.67% 0[-0.07,0.07]

   

Total (95% CI) 226 238 100% 0.02[-0.01,0.04]

Total events: 5 (Favours RFT), 1 (GDFT)  

Heterogeneity: Tau2=0; Chi2=1.94, df=4(P=0.75); I2=0%  

Test for overall effect: Z=1.25(P=0.21)  

Favours RFT 10.5-1 -0.5 0 Favours GDFT

 
 

Analysis 4.3.   Comparison 4 Restrictive versus goal-directed fluid therapy - sensitivity
analysis as per exclusion of Colantonio 2015 study, Outcome 3 Peto OR all-cause mortality.

Study or subgroup RFT GDFT Peto Odds Ratio Weight Peto Odds Ratio

  n/N n/N Peto, Fixed, 95% CI   Peto, Fixed, 95% CI

Benes 2015 1/40 0/40 16.8% 7.39[0.15,372.38]

Brandstrup 2012 1/79 1/71 33.27% 0.9[0.06,14.55]

Phan 2014 1/50 0/50 16.8% 7.39[0.15,372.38]

Srinivasa 2013 2/37 0/37 33.13% 7.6[0.47,123.81]

Zhang 2012 0/20 0/40   Not estimable

   

Total (95% CI) 226 238 100% 3.7[0.74,18.44]

Total events: 5 (RFT), 1 (GDFT)  

Heterogeneity: Tau2=0; Chi2=1.49, df=3(P=0.69); I2=0%  

Test for overall effect: Z=1.6(P=0.11)  

Favours RFT 1000.01 100.1 1 Favours GDFT
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Outcome RFT (95% CI) GDFT (95% CI) P value

All-cause mortality 0.034

(0.017 to 0.065)

0.004

(0.001 to 0.026)

0.035

Table 1.   All-cause mortality - Poisson regression analysis 

CI: confidence interval.
GDFT: goal-directed fluid therapy.
RFT: restrictive fluid therapy.
 
 

Outcome RFT

(95% CI)

GDFT

(95% CI)

P value

Total number of complications 0.69

(0.6 to 0.8)

0.54

(0.46 to 0.63)

0.02

Non-surgery-related complications 0.50

(0.44 to 0.55)

0.36

(0.29 to 0.43)

0.01

Cardiovascular (including cardiorespiratory) 0.9

(-0.06 to 0.13)

0.67

(-0.04 to 0.11)

0.39

Respiratory 0.05

(-0.03 to 0.09)

0.04

(-0.02 to 0.07)

0.5

Thrombotic, coagulation disorders, or
bleeding

0.05

(0.03 to 0.08)

0.02

(0.01 to 0.05)

0.1

Renal or urinary 0.06

(0.04 to 0.10)

0.05

(0.03 to 0.08)

0.49

Gastrointestinal 0.17

(0.13 to 0.23)

0.10

(0.73 to 0.15)

0.049

Neurological or cerebrovascular 0.02

(0.01 to 0.04)

0.03

(0.01 to 0.05)

0.40

Infection, sepsis, multi-organ failure 0.02

(0.01 to 0.05)

0.01

(0.01 to 0.03)

0.3

Table 2.   Average number of complications per person - Poisson regression analysis 

CI: confidence interval.
GDFT: goal-directed fluid therapy.
RFT: restrictive fluid therapy.
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A P P E N D I C E S

Appendix 1. Modified Johns Hopkins surgical criteria*

 

  General Includes Excludes

Grade I Minimal to mild risk inde-
pendent to anaesthesia

Minimally to moderately
invasive procedure

Potential blood loss < 500
mL

Breast biopsy

Removal of minor skin or subcutaneous lesions

Myringotomy tubes

Hysteroscopy

Cystoscopy

Vasectomy

Circumcision

Fibre-optic bronchoscopy
Diagnostic laparoscopy
Dilatation and curettage
Fallopian tube ligation
Arthroscopy
Inguinal hernia repair
Laparoscopic lysis of adhesion
Tonsillectomy/rhinoplasty

Open exposure of inter-
nal body organs

Repair of vascular or
neurological structures

Placement of prosthetic
devices

Postoperative moni-
tored care setting

Open exposure of ab-
domen, thorax, neck,
cranium

Resection of major
body organs

Grade II Moderately to significantly
invasive procedures

Potential blood loss 500 to
1500 mL

Moderate risk to patient
independent of anaesthe-
sia

Thyroidectomy

Hysterectomy

Myomectomy

Cystectomy

Cholecystectomy
Laminectomy
Hip/knee replacement
Nephrectomy
Major laparoscopic procedures
Resection/reconstructive surgery of the
digestive tract

Open thoracic or in-
tracranial procedure

Major vascular repair
(e.g. aortofemoral by-
pass)

Planned postoperative
monitored care setting
(ICU, ACU)

Grade III Highly invasive procedure

Potential blood loss > 1500
mL

Major to critical risk to pa-
tient independent
of anaesthesia

Usual postoperative ICU
stay with invasive
monitoring

Major orthopaedic/spinal reconstruction

Major reconstruction of the gastrointestinal tract

Major genitourinary surgery (e.g. radical
retropubic prostatectomy)

Major vascular repair without postoperative ICU stay

Cardiothoracic procedure
Intracranial procedure
Major procedure on the oropharynx
Major vascular, skeletal, neurological repair

 

 

 
* Donati 2004
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Appendix 2. Clavien-Dindo classification of surgical complications*

 

Grades Definition

Grade I Any deviation from the normal postoperative course without the need for pharmacological treat-
ment or surgical, endoscopic, and radiological interventions. Allowed therapeutic regimens are
drugs such as antiemetics, antipyretics, analgesics, diuretics, and electrolytes and physiotherapy.
This grade also includes wound infections opened at the bedside

Grade II Requiring pharmacological treatment with drugs other than such allowed for grade I complica-
tions. Blood transfusions and total parenteral nutrition are also included

Grade III Requiring surgical, endoscopic, or radiological intervention

- IIIa Intervention not under general anaesthesia

- IIIb Intervention under general anaesthesia

Grade IV Life-threatening complication (including CNS complications) requiring IC/ICU management

- IVa Single organ dysfunction (including dialysis)

- IVb Multi-organ dysfunction

Grade V Death of a patient

 

 
* Dindo 2004

CNS: central nervous system.

IC: intensive care.

ICU: intensive care unit.

Appendix 3. Search strategy

MEDLINE All (Ovid SP)

1 (Surgical Procedures, Operative or Perioperative Care).sh. or surgery.hw,fs. or (per?operat* or peri-operat* or per-operat* or intraoperat*
or intra-operat* or surg*).af.

2 (fluid therapy or plasma volume or plasma substitutes).sh. or (((fluid* or h?emodynamic*) adj3 (therap* or restrict* or loading or
administrat* or manag* or maintenance or intravenous* or IV)) or hydration or ((iv or intravenous) adj5 infusion*) or (cr?stall* or volume
replacement or fluid titration or cristal* or colloid*)).af. or (plasma adj2 (substitute* or volume)).af.

3 (restrict* or limit* or reduct* or low or small or little or zero fluid* or RFT or standard or conventional or routin* or usual* or less or
traditional or (fast and track) or fast-track or ERAS or ERP or (enhanced and recovery and (surg* or program*)) or ((multimodal or enhanced
or accelerated) and (optimi?ation or management or rehabilitation or protocol or package or program or pathway))).af.

4 exp hemodynamics/ or ((goal adj3 (directed or oriented or target*)) or GDT or GDFT or goaldirected or plethysmograph* or h?
emodynamic* or ((per?operat* or peri-operat* or per-operat* or intraoperat* or intra-operat*) adj2 monitor*) or heart function or ((systolic
or pulse or blood) adj2 pressure) or (cardiac adj2 (output or volume or index)) or stroke index or pulse pressure or arterial pulse or
vigileo or flotrac or proAQT or blood pressure or thermodilution or dilution technique* or lithium or impedance or masimo or pleth or
echocardiography or echo or doppler or cardioQ or pulmonary arter* or swan ganz or flow time).af.

5 1 and 2 and 3 and 4

6 ((randomized controlled trial or controlled clinical trial).pt. or randomi?ed.ab. or placebo.ab. or clinical trials as topic.sh. or randomly.ab.
or trial.ti.) not (exp animals/ not humans.sh.)
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7 5 and 6

Embase (Ovid SP)

1 (surgery or perioperative period).hw. or surgery.fs. or (per?operat* or peri-operat* or per-operat* or intraoperat* or intra-operat* or
surg*).af.

2 fluid therapy.hw. or plasma volume.sh. or plasma substitute.sh. or (((fluid* or h?emodynamic*) adj3 (therap* or restrict* or loading or
administrat* or manag* or maintenance or intravenous* or IV)) or hydration or ((iv or intravenous) adj5 infusion*) or (cr?stall* or volume
replacement or fluid titration or cristal* or colloid*)).af. or (plasma adj2 (substitute* or volume)).af.

3 (restrict* or limit* or reduct* or low or small or little or zero fluid* or RFT or standard or conventional or routin* or usual* or less or
traditional or (fast and track) or fast-track or ERAS or ERP or (enhanced and recovery and (surg* or program*)) or ((multimodal or enhanced
or accelerated) and (optimi?ation or management or rehabilitation or protocol or package or program or pathway))).af.

4 exp hemodynamics/ or ((goal adj3 (directed or oriented or target*)) or GDT or GDFT or goaldirected or plethysmograph* or h?
emodynamic* or ((per?operat* or peri-operat* or per-operat* or intraoperat* or intra-operat*) adj2 monitor*) or heart function or ((systolic
or pulse or blood) adj2 pressure) or (cardiac adj2 (output or volume or index)) or stroke index or pulse pressure or arterial pulse or
vigileo or flotrac or proAQT or blood pressure or thermodilution or dilution technique* or lithium or impedance or masimo or pleth or
echocardiography or echo or doppler or cardioQ or pulmonary arter* or swan ganz or flow time).af.

5 1 and 2 and 3 and 4

6 ((crossover procedure or double blind procedure or single blind procedure).sh. or (crossover* or cross over*).ti,ab. or placebo*.ti,ab,sh. or
(doubl* adj blind*).ti,ab. or (controlled adj3 (study or design or trial)).ti,ab. or allocat*.ti,ab. or trial*.ti,ab. or randomized controlled trial.sh.
or random*.ti,ab.) not ((exp animal/ or animal.hw. or nonhuman/) not (exp human/ or human cell/ or (human or humans).ti.))

7 5 and 6

Cochrane Central Register of Controlled Trials (CENTRAL)

#1 MeSH descriptor: [Surgical Procedures, Operative] explode all trees

#2 MeSH descriptor: [Perioperative Care] explode all trees

#3 (peroperat* or perioperat* or intraoperat* or intra-operat* or per-operat* or peri-operat* or surg*):ti,ab,kw

#4 #1 or #2 or #3

#5 MeSH descriptor: [Fluid Therapy] explode all trees

#6 MeSH descriptor: [Plasma Volume] explode all trees

#7 MeSH descriptor: [Plasma Substitutes] explode all trees

#8 ((fluid* or hemodynamic* or haemodynamic*) near/3 (therap* or restrict* or loading or administrat* or manag* or maintenance or
intravenous* or IV)):ti,ab,kw

#9 hydration:ti,ab,kw

#10 ((iv or intravenous) near/5 infusion*):ti,ab

#11 (cr?stall* or volume replacement or fluid titration or cristal* or colloid*):ti,ab

#12 (plasma near/2 (substitute* or volume)):ti,ab

#13 #5 or #6 or #7 or #8 or #9 or #10 or #11 or #12

#14 restrict* or limit* or reduct* or low or small or little or zero fluid* or RFT or standard or conventional or routin* or usual* or less or
traditional or (fast and track) or fast-track or ERAS or ERP or (enhanced and recovery and surg*) or (enhanced and recovery and program*)
or ((multimodal or enhanced or accelerated) and (optimization or management or rehabilitation or protocol or package or program or
pathway))

#15 MeSH descriptor: [Hemodynamics] explode all trees

#16 ((goal NEAR/3 (directed or oriented or target*)) or GDT or GDFT or goaldirected or plethysmograph* or hemodynamic* or
haemodynamic* or ((peroperat* or perioperat* or peri-operat* or intraoperat* or intra-operat*) NEAR/2 monitor*) or heart function or
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((systolic or pulse or blood) NEAR/2 pressure) or (cardiac NEAR/2 (output or volume or index)) or stroke index or pulse pressure or arterial
pulse or vigileo or flotrac or proAQT or blood pressure or thermodilution or dilution technique* or lithium or impedance or masimo or pleth
or echocardiography or echo or doppler or cardioQ or pulmonary arter* or swan ganz or flow time)

#17 #15 or #16

#18 #4 and #13 and #14 and #17, in Trials
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D I F F E R E N C E S   B E T W E E N   P R O T O C O L   A N D   R E V I E W

We made the following changes to the published protocol (Wrzosek 2017).

1. Because data on the number of participants with at least one non-surgery-related complication were very limited (reported only by
Srinivasa 2013), we decided to perform a post-hoc analysis on the average number of non-surgery-related complications per person.
Additionally, we compared the average total number of complications per person and the average number of complications per person
grouped by type. The average number of complications per person with 95% CI was estimated, and it was compared using a Poisson
regression model.

2. For continuous measures, such as hospital LOS, we calculated mean diKerences when means and standard deviations were
available; however, for some studies, such data were not available. Thus, in a case when the distribution of variables was presented as
the median and range or interquartile range, or both, these values were converted to means and standard deviations using algorithms
described by Wan 2014.

3. We modified the search strategy to make it more sensitive and precise; we added additional keywords referring to RFT and GDFT.

4. Because the studies reported low event rates for all-cause mortality, and due to many zero-event groups, we performed an additional
post-hoc Peto odds ratio analysis and Poisson regression analysis, as suggested by the Cochrane Handbook for Systematic Reviews of
Interventions (Higgins 2011), and by the Statistical Editor. Also, we presented the results for this outcome as the risk diKerence (RD)
because it better reflects the magnitude of the treatment eKect for low event rates.

5. We presented NNTB values only for statistically significant outcomes. For non-significant outcomes, we decided not to present NNTB
values. Very wide confidence intervals approaching infinity do not bring clinically important information to the reader and may lead
to misinterpretation.

6. We decided to perform sensitivity analysis and to test how the exclusion of the Colantonio 2015 study influenced the results of
the review. We chose to do this because, in most of the included studies, the total volume of fluid finally received by participants
intraoperatively was smaller in the RFT group compared with the GDFT group. Exceptions to this included the Benes 2015 study, where
the volumes were comparable, and the Colantonio 2015 study, where participants in the RFT group received more fluid than those
in the GDFT group. Moreover, in Colantonio 2015, study authors declare that the fluid protocol in the intervention group was 'mainly
restrictive' and participants received a basal infusion of crystalloid ranging from 4 to 10 mL/kg/h. This overlaps with infusion rates set
in other included studies; however, the upper limit is higher, which could result in less rigorous fluid restriction in this study compared
with other included studies.
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I N D E X   T E R M S

Medical Subject Headings (MeSH)

*Surgical Procedures, Operative;  Fluid Therapy  [*methods];  Length of Stay;  Perioperative Care  [*methods];  Postoperative
Complications  [prevention & control];  Randomized Controlled Trials as Topic

MeSH check words

Humans
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