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A B S T R A C T

Background

Postoperative nausea and vomiting (PONV) is a common complication following general anaesthesia. It may be associated with patient
dissatisfaction, increased costs of treatment, and unintended admission to hospital.

Supplemental intravenous crystalloid administration in the perioperative period may be a simple intervention to prevent PONV.

Objectives

To assess whether supplemental intravenous crystalloid administration prevents PONV in patients undergoing surgical procedures under
general anaesthesia.

Search methods

We searched the Cochrane Central Register of Controlled Trials (CENTRAL; 2018, Issue 7), MEDLINE (1946 to August 2018), Embase (1947
to August 2018), and the Cumulative Index of Nursing and Allied Health Literature (CINAHL; 1971 to August 2018). We searched clinical
trials registers for ongoing or unpublished completed studies (August 2018), handsearched conference proceedings of anaesthesiology
societies, as published in three major journals (British Journal of Anaesthesia, European Journal of Anaesthesiology, and Anesthesiology;
August 2018), and conducted backward and forward citation searching of relevant articles.

Selection criteria

We included randomized controlled trials of participants older than six months undergoing surgical procedures under general anaesthesia
and given supplemental perioperative intravenous crystalloids, defined as a volume larger than that received by a comparator group, to
prevent PONV.

Data collection and analysis

We used the standard methodological procedures described by Cochrane.

Main results

We included 41 studies (4224 participants). Participants underwent ambulatory or short length of stay surgical procedures, and were
predominantly American Society of Anesthesiology (ASA) class I or II. There is one study awaiting classification and three ongoing studies.
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All studies took place in surgical centres, and were conducted in geographically diverse settings. Risk of bias was generally unclear across
all domains.

Supplemental intravenous crystalloid administration probably reduces the cumulative risk of postoperative nausea (PON) (risk ratio (RR)
0.62, 95% confidence interval (CI) 0.51 to 0.75; 18 studies; 1766 participants; moderate-certainty evidence). When the postoperative period
was divided into early (first six hours postoperatively) and late (at the time point closest to or including 24 hours postoperatively) time
points, the intervention reduced the risk of early PON (RR 0.67, 95% CI 0.58 to 0.78; 20 studies; 2310 participants; moderate-certainty
evidence) and late PON (RR 0.47, 95% CI 0.32 to 0.69; 17 studies; 1682 participants; moderate-certainty evidence).

Supplemental intravenous crystalloid administration probably reduces the risk of postoperative vomiting (POV) (RR 0.50, 95% CI 0.40 to
0.63; 20 studies; 1970 participants; moderate-certainty evidence). The intervention specifically reduced both early POV (RR 0.56, 95% CI 0.41
to 0.76; 19 studies; 1998 participants; moderate-certainty evidence) and late POV (RR 0.48, 95% CI 0.29 to 0.79; 15 studies; 1403 participants;
moderate-certainty evidence).

Supplemental intravenous crystalloid administration probably reduces the need for pharmacologic treatment of PONV (RR 0.62, 95% CI
0.51 to 0.76; 23 studies; 2416 participants; moderate-certainty evidence).

The eKect of supplemental intravenous crystalloid administration on the risk of unplanned postoperative admission to hospital is unclear
(RR 1.05, 95% CI 0.77 to 1.43; 3 studies; 235 participants; low-certainty evidence).

No studies reported serious adverse events that may occur following supplemental perioperative intravenous crystalloid administration
(i.e. admission to high-dependency unit, postoperative cardiac or respiratory complication, or death).

Authors' conclusions

There is moderate-certainty evidence that supplemental perioperative intravenous crystalloid administration reduces PON and POV, in ASA
class I to II patients receiving general anaesthesia for ambulatory or short length of stay surgical procedures. The intervention probably also
reduces the risk of pharmacologic treatment for PONV. The eKect of the intervention on the risk of unintended postoperative admission to
hospital is unclear. The risk of serious adverse events resulting from supplemental perioperative intravenous crystalloid administration is
unknown as no studies reported this outcome. The one study awaiting classification may alter the conclusions of the review once assessed.

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

Extra intravenous fluid given during surgery to prevent nausea and vomiting

Review question

This review looks at whether giving extra intravenous fluid to people during general anaesthesia prevents nausea and vomiting aLer their
surgery is done.

Background

Nausea and vomiting is a common complication aLer having general anaesthetic for surgery. About 30% of people suKer from nausea and
vomiting aLer surgery, even aLer receiving medication intended to prevent it.

During surgery, a patient receives salt-containing fluid through an intravenous drip and the amount of fluid given may aKect how they
feel aLerwards. Some complications, like nausea and vomiting, may be reduced aLer getting extra intravenous fluid during surgery. Some
complications, like shortness of breath, may be worse with extra fluid.

Search date

The search was up-to-date as of August 2018.

Study characteristics

We looked at studies where people had general anaesthesia for surgery, and received larger or smaller amounts of intravenous fluid,
and were later checked to see if they developed nausea and vomiting aLer their surgeries were done. We found 41 studies, with 4224
participants analysed in our review.

Key results

Our review suggests that giving people extra intravenous fluid during surgery under general anaesthesia probably decreases the risk of
having either nausea or vomiting aLer surgery, and probably reduces the need for medication to treat nausea.

It is unclear how giving extra intravenous fluid aKects the risk of unexpectedly needing hospital admission aLer minor surgery. No studies
looked at whether extra intravenous fluid makes other complications worse.
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Certainty of the evidence

There are two reasons why the conclusions of this review may not be exactly correct. First, many of the studies were not designed perfectly.
Second, the studies did not agree on exactly how helpful the extra intravenous fluids were for preventing nausea and vomiting. Most studies
did find it at least somewhat helpful.
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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.   Supplemental IV crystalloid compared to control IV crystalloid volume for postoperative nausea and
vomiting

Supplemental IV crystalloid compared to comparator IV crystalloid volume for preventing postoperative nausea and vomiting.

Patient or population: participants aged 6 months or older undergoing surgical procedures under general anaesthesia
Setting: surgical centres in North America, South America, Europe, Africa, and Asia
Intervention: perioperative administration of IV crystalloid volume larger than that received by the comparator group
Comparator: perioperative administration of an IV crystalloid volume smaller than that received by the intervention group

Illustrative comparative risks* (95% CI)Outcome

Assumed risk Corresponding risk

Relative effect
(95% CI)

№ of participants
(studies)

Certainty of the
evidence
(GRADE)

  Risk with comparator
IV crystalloid

Risk with supplemental IV
crystalloid

     

Cumulative events, explicitly reported for the entire
study period

482 per 1000 183 fewer per 1000

(120 to 236 fewer)

RR 0.62
(0.51 to 0.75)

1766
(18 RCTs)

⊕⊕⊕⊝

moderate1

Early events, occurring in the first 6 hours postopera-
tively

307 per 1000 101 fewer per 1000 (68 to 129
fewer)

RR 0.67 (0.58 to
0.78)

2310

(20 RCTs)

⊕⊕⊕⊝

moderate1

Late events, occurring at the time point closest to or in-
cluding 24 hours postoperatively

Risk of PON, defined as the presence of
subjective nausea, reported dichoto-
mously or based on a study-defined di-
chotomous threshold on a continuous
scale such as a VAS

187 per 1000 99 fewer per 1000

(58 to 127 fewer)

RR 0.47

(0.32 to 0.69)

1682

(17 RCTs)

⊕⊕⊕⊝

moderate1

Cumulative events, explicitly reported for the entire
study period

Risk of POV, reported dichotomously by
any discrete episodes of vomiting

295 per 1000 147 fewer per 1000

RR 0.50
(0.40 to 0.63)

1970
(20 RCTs)

⊕⊕⊕⊝

moderate1
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(109 to 177 fewer)

Early events, occurring in the first 6 hours postopera-
tively

106 per 1000 47 fewer per 1000

(25 to 63 fewer)

RR 0.56 (0.41 to
0.76)

1998

(19 RCTs)

⊕⊕⊕⊝

moderate1

Late events, occurring at the time point closest to or in-
cluding 24 hours postoperatively

68 per 1000 35 fewer per 1000

(14 to 48 fewer)

RR 0.48

(0.29 to 0.79)

1403

(15 RCTs)

⊕⊕⊕⊝

moderate1

Cumulative events, explicitly reported for the entire
study period

Risk of requiring pharmacologic treat-
ment for PONV, reported dichotomous-
ly as the use of any medication intended
to treat nausea or vomiting during the
postoperative period

284 per 1000 108 fewer per 1000

(68 to 139 fewer)

RR 0.62
(0.51 to 0.76)

2416
(23 RCTs)

⊕⊕⊕⊝

moderate1

Cumulative events, explicitly reported for the entire
study period

Risk of unintended postoperative ad-
mission to hospital, reported dichoto-
mously as admission to an inpatient unit
of a participant after an intended ambu-
latory surgical procedure

288 per 1000 14 more per 1000

(66 fewer to 124 more)

RR 1.05
(0.77 to 1.43)

235
(3 RCTs)

⊕⊕⊝⊝

low2

Cumulative events, explicitly reported for the entire
study period

Risk of suffering a serious adverse event,
reported dichotomously as the occur-
rence of any of: admission to high-de-
pendency unit, postoperative cardiac or
respiratory complication, or death

- -

- This outcome was
not reported for in-
cluded trials

-

* For all outcomes, the assumed and corresponding risks (and their 95% CI) are based on the proportion of events in the comparator and intervention groups, respectively.

CI: confidence interval; PON: postoperative nausea;POV: postoperative vomiting; RR: risk ratio; VAS: visual analogue scale

GRADE Working Group grades of evidence
High-certainty: we are very confident that the true effect lies close to that of the estimate of the effect
Moderate-certainty: we are moderately confident in the effect estimate: The true effect is likely to be close to the estimate of the effect, but there is a possibility that it is
substantially different
Low-certainty: our confidence in the effect estimate is limited: The true effect may be substantially different from the estimate of the effect
Very low-certainty: we have very little confidence in the effect estimate: The true effect is likely to be substantially different from the estimate of effect
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1Downgraded one level due to risk of publication bias, following inspection of funnel plot.
2Downgraded two levels due to imprecision and inconsistency.
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B A C K G R O U N D

Description of the condition

Postoperative nausea and vomiting (PONV) is a common and
dreaded complication following anaesthesia. In the absence of risk
factors, the baseline risk of PONV is 10%. The presence of female
gender, history of motion sickness or PONV, non-smoking status,
and the use of postoperative opioids increase PONV risk to as high
as 79% (Apfel 1999). Even with the administration of prophylactic
antiemetic medications, the risk of PONV can still be approximately
30% (Habib 2006; Watcha 1992). Complications aLer surgery lead
to patient dissatisfaction and it has been shown that patients rank
PONV a highly undesirable complication, wishing to avoid it even
more than postoperative pain (Eberhart 2002; Macario 1999; Myles
2000). PONV is so distressing that patients are willing to pay out of
pocket to prevent its occurrence (Gan 2001).

Although not usually life-threatening, PONV may lead to
complications commonly associated with vomiting, including
dehydration, electrolyte imbalance, and aspiration of gastric
contents. In some surgical cases, PONV has also led to: wound
complications, oesophageal rupture, subcutaneous emphysema,
pneumomediastinum, and bilateral pneumothoraces (Atallah
2004; Bremner 1993; Schumann 1999; Temes 1999; Thompson
1978). PONV is among the most frequently observed complications
in the postanaesthesia care unit (PACU), and its presence correlates
strongly with delayed discharge from the PACU, unanticipated
admission following ambulatory surgery, and increased costs (Gold
1989; Parra-Sanchez 2012; Wetchler 1992). Therefore, PONV leads
not only to patient dissatisfaction, but also increased costs related
to length of hospital stay.

PONV hinders patient mobilization and delays resumption of oral
intake of food, fluids, and medications. Therefore its prevention
is typically included in early recovery aLer surgery programmes
(Mortensen 2014). Preventing PONV positively impacts patient
satisfaction, surgical outcomes, and resource utilization.

There are numerous prophylactic treatments for PONV. For
instance, ondansetron 4 mg intravenously (0.1 mg/kg in children)
is a commonly used pharmacologic antiemetic. Dexamethasone 4
mg to 10 mg (0.1 mg/kg in children) has also been demonstrated
to have antiemetic properties, and is safe to use in a surgical
population (De Oliviera 2013; Polderman 2018). Other medications
shown to prevent PONV in meta-analysis include tropisetron,
dolasetron, cyclizine, granisetron, and droperidol. Droperidol is
rarely used due to its association with QT prolongation, and related
US Food and Drug Administration (FDA) black box warning (Guy
1991; McCormick 2002). Pharmacologic interventions are oLen
used in combination (Apfel 2004), and multimodal prophylaxis is
recommended in patients predicted to be at high risk of PONV
(Gan 2014). An upcoming Cochrane Review will examine the use of
pharmacologic prophylaxis for PONV (Weibel 2017).

Anaesthetic technique also influences the risk of PONV. The use
of volatile anaesthetics increases the risk of PONV, while the
use of regional anaesthesia, or total intravenous anaesthesia
with propofol, is comparatively protective against nausea
and vomiting (Borgeat 2003; Scuderi 2000). Administration of
intravenous dextrose-containing solutions may also prevent PONV
(Dabubondoc 2013)

There are non-pharmacologic approaches to PONV prevention as
well. Acupuncture, specifically acustimulation of the P6 acupoint,
reduces PONV by 30% when used in combination with ondansetron
4 mg intravenous in comparison to ondansetron alone (Lee
2015). Additionally, inhalation of isopropyl alcohol vapours has
been demonstrated to reduce requirements for rescue anti-emetic
medications, when compared to saline placebo (Hines 2018).

Description of the intervention

This Cochrane systematic review examined the eKect of
supplemental perioperative intravenous crystalloid administration
on PONV.

Intravenous crystalloids are widely administered before, during,
and aLer procedures requiring general anaesthesia. They are
inexpensive and have relatively few adverse eKects. A prior
systematic review has suggested that supplemental intravenous
crystalloids may be eKective in preventing PONV (Apfel 2012).
These authors noted that intravenous administration of 15 mL to
30 mL/kg may generally be regarded as a substantial supplemental
volume, whereas 0 mL to 3 mL/kg might be considered "restrictive".
However, studies of supplemental perioperative intravenous
crystalloids were noted to vary widely on the specific volumes
administered.

How the intervention might work

Investigation of the eKect of perioperative intravenous crystalloid
administration on PONV was initially motivated by the results
of observational studies suggesting that perioperative volume
status influenced postoperative complication rates (Dawson 1980;
Fahy 1969; Shires 1961). This work showed that PONV was
among the most prevalent events aLer surgery and motivated
subsequent inquiry into the relationship between perioperative
volume resuscitation and PONV (Keane 1986; Spencer 1988;
Yogendran 1995).

Multiple reviews have explained the complex physiology of nausea
and vomiting (Blackburn 2015; Borison 1953; Palazzo 1984). Briefly,
the vomiting centre, located in the lateral reticular formation
of the medulla, co-ordinates eKerent activity to the respiratory,
gastrointestinal, and abdominal musculature to produce vomiting.
This centre receives aKerent stimuli from a variety of sites: the
pharynx, gastrointestinal tract chemo- and stretch receptors, the
brain (including vestibular information from cranial nerve VIII),
aortic baroreceptors, and the chemoreceptor trigger zone. The
chemoreceptor trigger zone is a neural centre physiologically
outside of the blood-brain barrier, which provides aKerent
information to the vomiting centre in response to noxious stimuli
in the blood.

Patients typically present for surgery with a fluid deficit
secondary to fasting, bleeding, bowel preparation, and other
causes of dehydration. Preoperative orthostatic hypotension
is associated with PONV, and preoperative volume expansion
reduces intraoperative gut hypoperfusion. It has been proposed
that brainstem, vestibular, and intestinal hypoperfusion, with
concomitant ischaemia, may mediate nausea and vomiting (Gan
1997; Pusch 2002a; Pusch 2002b). Supplemental intravenous
crystalloids could serve to mitigate this eKect; however, no proven
explanation for the putative role of volume status in this model
exists.

Supplemental perioperative intravenous crystalloids for postoperative nausea and vomiting (Review)

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

7



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

A prior Cochrane Review found that buKered intravenous solutions
were not superior to non-buKered intravenous solutions for
preventing postoperative vomiting (Bampoe 2017).

Why it is important to do this review

Despite evidence-based, multimodal prophylactic regimens, PONV
remains a prevalent clinical problem (Gan 2007). The use of
pharmacologic agents alone reduces the risk of PONV but increases
the risk of side eKects (Alkaissi 2004). Intravenous crystalloids
are an attractive treatment modality because they are relatively
inexpensive and have few side eKects. Many diKerent intravenous
fluid interventions have been tested in a wide variety of surgical
and anaesthetic contexts. Not surprisingly, results have been
conflicting. Previous reviewers have suggested the presence of
reporting bias in the early literature (Apfel 2012). Moreover, there
is a lack of consensus regarding the volume of supplemental
intravenous crystalloid required for PONV prophylaxis, or the ideal
timing of its administration.

We conducted this systematic review to consolidate knowledge
from the existing literature, so that perioperative clinicians may
be provided a comprehensive assessment of the influence of
intravenous crystalloid supplementation on the risk of PONV.

O B J E C T I V E S

To assess whether supplemental intravenous crystalloid
administration reduces PONV in patients undergoing surgical
procedures under general anaesthesia.

M E T H O D S

Criteria for considering studies for this review

Types of studies

We included all randomized controlled trials (RCTs) that evaluated
the eKect of supplemental perioperative intravenous crystalloid
administration for the prevention of PONV.

We did not exclude any study based on language of publication or
publication status.

Types of participants

We included participants older than six months, undergoing any
type of surgical procedure performed under general anaesthesia.
For subgroup and sensitivity analyses, we defined children as six
months to 17 years, and adults as 18 years or older.

Types of interventions

We included studies that examined supplemental perioperative
intravenous crystalloid administration. Given the lack of agreement
in the literature on specific volumes administered, we defined
the intervention as an intravenous crystalloid volume larger
than that received by a comparator group. The comparator is
defined as an intravenous crystalloid volume smaller than that
received by an intervention group, and we also included studies
in which the comparator received no supplemental perioperative
intravenous crystalloid. We included studies regardless of the
timing of administration, including preoperative, intraoperative,
postoperative, or a combination of these. Timing of administration
was classified by the point at which administration was initiated.

We also included studies that administered dextrose-containing
crystalloids, but since intravenous dextrose may independently
reduce PONV (Dabubondoc 2013), we conducted sensitivity
analyses to ensure that the inclusion of these studies did not
influence our overall meta-analyses.

We excluded non-intravenous routes of crystalloid administration
(i.e. oral).

We excluded studies that compared only supplemental intravenous
colloids to a comparator. However, we included studies including
both colloids and crystalloids, as long as they had an intervention
group receiving only supplemental crystalloid, in a volume greater
than that received by a comparator group that also received only
crystalloid.

Types of outcome measures

The following outcomes were subject to meta-analysis.

Primary outcomes

1. Risk of PON, defined as the presence of subjective
nausea, reported dichotomously or based on a study-defined
dichotomous threshold on a continuous scale such as a visual
analogue scale (VAS).

2. Risk of POV, reported dichotomously by any discrete episodes of
vomiting.

Secondary outcomes

1. Risk of requiring pharmacologic treatment for PONV, reported
dichotomously as the use of any medication intended to treat
nausea or vomiting during the postoperative period.

2. Risk of unintended postoperative admission to hospital,
reported dichotomously as admission of a participant to an
inpatient unit aLer an intended ambulatory surgical procedure.

3. Risk of suKering a serious adverse event, reported
dichotomously as the occurrence of any of: admission to
high-dependency unit, postoperative cardiac or respiratory
complication, or death.

The risk of PONV was reported in a minority of studies. PONV
was also inconsistently defined across studies, casting doubt on
the meaningfulness of analysing this nebulous outcome. As such,
we opted to focus on analysis of PON and POV, which study
investigators defined in a more consistent manner.

For the risk of PON, when continuous data were reported (e.g.
using a visual analogue scale), we analysed these separately from
dichotomous data in order to better characterize the magnitude of
eKect.

We measured POV dichotomously, based on the presence or
absence of vomiting during the postoperative period. Some studies
presented retching, the production of emetogenic movements
without the expulsion of gastric contents, on its own or with
vomiting. We combined retching and vomiting data when it would
clearly not cause a unit of analysis error.

Although our analyses focused on the risk of these outcomes over
the cumulative study period, when the data were available we
also analysed the risk of these outcomes occurring at diKerent
postoperative time points postoperatively (i.e. early, late). In
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accordance with prior reviews on this topic, the early postoperative
period was defined as the highest incidence of PON or POV within
six hours aLer surgery, while the late postoperative period was
defined as the time period reporting PON or POV nearest to 24 hours
aLer surgery (Apfel 2012).

Search methods for identification of studies

Electronic searches

We identified RCTs through literature searching with systematic
and sensitive search strategies as outlined in Chapter 6.4 of
the Cochrane Handbook of Systematic Reviews of Interventions
(Lefebvre 2011). We did not apply restrictions to language or
publication status.

We searched the following databases for relevant trials (August
2018).

1. Cochrane Central Register of Controlled Trials (CENTRAL; 2018,
Issue 7).

2. MEDLINE (1946 to August 2018).

3. Embase (1947 to August 2018).

4. Cumulative Index of Nursing and Allied Health (CINAHL; 1971 to
August 2018).

We developed the initial search strategy using MEDLINE, identifying
relevant index terms and the keywords to cover the concepts
of the perioperative period, nausea and vomiting, intravenous
administration, and crystalloid fluids. This search strategy was then
adapted to the other electronic databases. All search strategies can
be found in Appendix 1.

We scanned the following trials registries for ongoing and
unpublished trials (August 2018).

1. The World Health Organization International Clinical Trials
Registry Platform (WHO ICTRP).

2. ClinicalTrials.gov (clinicaltrials.gov).

Searching other resources

We scanned the reference lists and citations of included trials and
any relevant systematic reviews identified for further references
to additional trials. When necessary we attempted to contact trial
authors for additional information.

We screened conference proceedings of anaesthesiology societies,
published in three major anaesthesiology journals, from the two
preceding years: British Journal of Anaesthesia, European Journal
of Anaesthesiology, and Anesthesiology. This search was completed
on 4 August 2018.

Data collection and analysis

Selection of studies

We merged search results using Covidence, and removed
duplicated records. Two review authors (KJ, MW) read titles and
abstracts and removed obviously irrelevant reports. We resolved
discrepancies in the title and abstract screening by discussion with
two other review authors (RG, SB). Two authors (KJ, MW) retrieved
the full text of the potentially relevant reports. Four authors (KJ,
MW, RG, SB) examined the full-text reports to determine which met
the eligibility criteria, and made final decisions on study inclusion.
We recorded the number of studies retrieved at each stage and
reported this information using a PRISMA flow diagram (Moher
2009), where we reported brief details of closely related papers
excluded from this review (Figure 1).
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Figure 1.   Study flow diagram.
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Data extraction and management

Two review authors (KJ, MW) independently read the included
studies and extracted the following data using a Cochrane template
data extraction form (Appendix 2).

1. Participants: total number of participants randomized to each
group.

2. Interventions: details of intervention and comparison (including
type of intravenous crystalloid, crystalloid volumes used, and
timing of intravenous crystalloid administration).

3. Outcomes: study outcomes as measured and reported by study
authors (to include types of assessment measures, and time of
measurement).

4. Outcome data: results of outcome measures.

We resolved discrepancies by discussion with two other review
authors (RG, SB). ALer agreement, one study author (KJ) entered
study data and information for evaluation of the risk of bias into
Review Manager 5 (Review Manager 2014). We attempted to contact
study authors to obtain additional information when required.

Assessment of risk of bias in included studies

Two review authors (KJ, MW), independently assessed the retained
studies with the Cochrane 'Risk of bias' tool (Higgins 2011; Review
Manager 2014). We resolved disagreements by discussion with
the assistance of a third review author (RG). As is standard, we
considered the following methodological criteria:

1. random sequence generation (selection bias);

2. allocation concealment (selection bias);

3. blinding of participants and personnel (performance bias);

4. blinding of outcome assessment (detection bias);

5. incompleteness of outcome data (attrition bias);

6. selective outcome reporting (reporting bias);

7. other sources of bias.

We considered randomization adequate when generated by a
computer or random number table algorithm. We considered
concealment adequate if the study prevented participant
recruiters, investigators, and participants from knowing the
allocation of each subsequent study participant (e.g. central
randomization by a third party, or the use of sequential, opaque,
sealed envelopes). We considered blinding adequate if measures
were clearly described that would reasonable prevent participants
and personnel from being aware of group allocation (e.g.
intervention completed while patient was anaesthetized, using a
concealed intravenous crystalloid container and pump operated
by a third party not otherwise responsible for patient care). We
considered outcome data adequate if all dropouts or withdrawals
were accounted for, or if the number of dropouts was small (<
20%) and similar for both interventions. We considered trials as
having a low risk of reporting bias if each measurement stated in the
methods section was included in the results. We considered non-
intention-to-treat as selective reporting.

Measures of treatment e?ect

Using Review Manager 5 (Review Manager 2014), we presented
the results for dichotomous data as risk ratios (RRs) with 95%
confidence intervals (CIs) and for continuous data as mean
diKerences (MDs) with 95% CIs. We planned to adapt data

presented with diKerent scales as standardized mean diKerences
(SMDs) and 95% CIs. For SMDs, we considered 0.2 a small eKect, 0.5
a moderate eKect and 0.8 a large eKect.

Unit of analysis issues

For studies containing greater than two groups, we merged the data
from the similar groups when they were equivalent according to the
criteria of our protocol (Jewer 2016). When this was not feasible, we
entered the data separately and divided the comparator equally.

If we had identified cluster-randomized trials, we would have meta-
analysed standard errors and eKect estimates using the generic
inverse-variance method in Review Manager 5 (Review Manager
2014)

Dealing with missing data

When data were missing, we attempted to contact the
corresponding author. We did not treat medians and means
as equivalent. When possible, we calculated missing statistics
from other quoted statistics. When participant dropout was
encountered, we used an intention-to-treat analysis. We explored
the eKect of missing data using 'best-case' and 'worst-case'
scenario sensitivity analyses.

Assessment of heterogeneity

We considered clinical heterogeneity during evaluation of the
manuscripts, prior to pooling the results. We quantified statistical

heterogeneity by calculating the I2 statistic, judging the amount of

heterogeneity as low (I2 < 40%), moderate (I2 = 40% to 75%), or high

(I2 > 75%) (Guyatt 2011; Higgins 2003).

Assessment of reporting biases

Publication bias is introduced when medical journals are more
likely to report studies favouring one treatment than they are
to report studies favouring another treatment. In intervention
studies, manuscripts may be more likely to be published if they
demonstrate eKicacy of an intervention over a placebo or control
arm. As greater than 10 studies contributed to each of our primary
outcomes, we used visual funnel plot analysis in our assessment of
reporting bias (Duval 2000). We planned to use the classical fail-safe
number had this not been the case (< 10 studies).

For each outcome, we constructed a funnel plot in Review Manager
5 (Review Manager 2014), with the standard error or precisions (1/
standard error) on the y-axis and the logarithm of the odds ratio
on the x-axis. When no publication bias or small study eKects were
present, the graph had the shape of an inverted funnel. A vertical
line at the logarithm of the eKect size found (log odds ratio) would
divide the studies such that they are evenly distributed on each side
of the line. This provided an estimation of the putative publication
bias-free eKect size.

Data synthesis

We analysed data with Review Manager 5 using random-eKects
models for all comparisons, given the anticipated moderate to
high amount of heterogeneity across studies (Higgins 2003; Review
Manager 2014). Random-eKects models give the same results as
fixed-eKect models in the absence of statistical heterogeneity.
When there is statistical heterogeneity, random-eKects models
widen the confidence interval, thus decreasing the chance of
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finding an eKect when there is none. They may increase the weight
of smaller studies.

Subgroup analysis and investigation of heterogeneity

In the event of moderate (I2 = 40% to 75%) or high (I2 > 75%)
statistical heterogeneity, we started with visual inspection of the
forest plots, then proceeded with the following a priori subgroup
analyses:

1. volume of supplemental intravenous crystalloid administered
(control: intervention volume ratio of less than 1:3 or greater
than 1:3);

2. timing of supplemental intravenous crystalloid administration
(preoperative, intraoperative, or postoperative);

3. age (6 months to 17 years, 18 years or older).

For outcomes that have a moderate or high level of heterogeneity
aLer subgroup analyses, the results of the subgroup analyses are
only presented in a narrative manner.

For outcomes involving multiple studies with paediatric
participants, the subgroup results for paediatric participants are
also specifically reported, to elucidate this important source
of clinical heterogeneity, and to provide specific guidance for
clinicians working with this specific patient population.

Sensitivity analysis

We performed sensitivity analyses for outcomes involving studies
that used dextrose-containing fluids, as this is an intervention
that independently reduces the risk of PONV (Dabubondoc 2013).
The volume of supplemental intravenous crystalloid administered
varied in each study, therefore we conducted sensitivity analyses
to determine the eKect of including studies that infused larger
absolute volumes of supplemental intravenous crystalloid to their
respective comparator groups (i.e. 10 mL/kg or more). We also
sought to assess the influence of studies at relatively higher risk of
bias. For each outcome involving studies with one or fewer domains
at high or unclear risk of bias, we performed a sensitivity analysis
using only those studies with low risk of bias.

'Summary of findings' table and GRADE

The GRADE approach appraises the certainty of a body of evidence
based on the extent to which one can be confident that an estimate
of eKect or association reflects the item being assessed. The
certainty of a body of evidence takes into consideration within-
study risk of bias (methodological quality), the directness of the
evidence, the heterogeneity of the data, the precision of eKect
estimates, and the risk of publication bias. We used the principles
of the GRADE system (Guyatt 2008; Santesso 2016), to provide
an overall assessment of the certainty of the body of evidence
associated with each outcome.

We used GRADEpro soLware to create Summary of findings for the
main comparison (GRADEpro GDT).

R E S U L T S

Description of studies

See: Included studies; Excluded studies; Studies awaiting
classification; and Ongoing studies.

Results of the search

We identified 1210 records from database searches, plus 21 records
from forward and backward citation searches, grey literature
searches, and clinical trials registry searches. ALer excluding
duplicates, we scrutinized the titles and abstracts of 888 records.
From these, we assessed 58 full reports for eligibility, of which
we excluded 13. Details of excluded studies are in the table
Characteristics of excluded studies.

Included studies

We included 41 studies in the review (Ali 2003; Amireh 2009; Ashok
2017; Behdad 2011; Bennett 1999; Bhukal 2012; Chaudhary 2008;
Chauhan 2013; Chohedri 2006; Cook 1990; Dagher 2009; Egeli 2004;
Elgueta 2013; Elhakim 1998; Goodarzi 2006; Gwak 2007; Hashish
2007; Heidari 2012; Heshmati 2004; Holte 2004; Ismail 2017; Keane
1986; Lambert 2009; Lee 2009; Magner 2004; Maharaj 2005; McCaul
2003; Monti 1999; Murshed 2012; Najafianaraki 2010; Onyando
2014; Ooi 1992; Paganelli 2008; Sharma 2010; Shin 2007; Singh 2013;
Soleimani 2018; Spencer 1988; Yilmaz 2014; Yogendran 1995; Yoon
2008).

Study selection is detailed in Figure 1.

One of the included studies was a completed, unpublished RCT with
data available on ClinicalTrials.gov (Yilmaz 2014). Five studies were
published in a non-English language: two in Farsi (Behdad 2011;
Najafianaraki 2010), two in Korean (Shin 2007, Yoon 2008), and one
in Portuguese (Paganelli 2008). These studies were translated for
interpretation and included in the meta-analysis.

Three of the included studies did not report data in suKicient detail
to use in any analysis (Bennett 1999; Egeli 2004; Singh 2013). We
were unable to obtain further details from the authors.

For further details, see Characteristics of included studies.

Participants

The 41 RCTs included in the review reported data from 4224
participants.

Thirty-four studies exclusively enrolled adult participants. One
study enrolled predominantly adults but also had participants as
young as 12 years old (Shin 2007). Six studies enrolled paediatric
participants, encompassing various age ranges: three to seven
years (Ashok 2017), four to 18 years (Egeli 2004), one to 12 years
(Elgueta 2013; Goodarzi 2006), six to 12 years (Heshmati 2004), and
two to 15 years (Yilmaz 2014).

Thirty-two studies included participants classified as ASA I or II
(Ali 2003; Amireh 2009; Ashok 2017; Bennett 1999; Bhukal 2012;
Chaudhary 2008; Chauhan 2013; Chohedri 2006; Cook 1990; Elgueta
2013; Elhakim 1998; Goodarzi 2006; Gwak 2007; Hashish 2007;
Heidari 2012; Holte 2004; Ismail 2017; Keane 1986; Lambert 2009;
Lee 2009; Monti 1999; Murshed 2012; Najafianaraki 2010; Onyando
2014; Ooi 1992; Sharma 2010; Shin 2007; Soleimani 2018; Spencer
1988; Yilmaz 2014; Yoon 2008). Three studies included participants
classified as ASA I to III (Maharaj 2005; Paganelli 2008; Yogendran
1995), and two studies included participants classified as ASA I
only (Behdad 2011; Heshmati 2004; Magner 2004). Four studies did
not report the ASA classification of their participants (Dagher 2009;
Egeli 2004; McCaul 2003; Singh 2013).
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One study specifically described selecting for participants at high
risk for PONV (Bhukal 2012). The other studies were inconsistent in
their reporting of baseline risk factors for PONV.

All studies enrolled participants undergoing surgery with general
anaesthesia. One study also included participants receiving deep
sedation (Bennett 1999).

There were a variety of elective surgeries performed in these
studies, performed on an ambulatory basis or with a short
length of stay (i.e. one day). Among studies that solely focused
on one type of surgical procedure, seven studies focused on
laparoscopic gynaecologic surgery (Chauhan 2013; Hashish 2007;
Lambert 2009; Magner 2004; Maharaj 2005; McCaul 2003; Monti
1999), six studies focused on laparoscopic cholecystectomy
(Amireh 2009; Holte 2004; Ismail 2017; Lee 2009; Paganelli
2008; Sharma 2010), six studies focused on otorhinolaryngologic
procedures (Behdad 2011; Dagher 2009; Egeli 2004; Elgueta 2013;
Heshmati 2004; Yilmaz 2014), two studies focused on unspecified
laparoscopic surgeries (Cook 1990; Murshed 2012), two studies
focused on therapeutic abortion (Elhakim 1998; Ooi 1992), one
study focused on strabismus repair (Goodarzi 2006), one study
focused on open cholecystectomy (Chaudhary 2008), one study
focused on dental extractions (Bennett 1999), one study focused
on orthopaedic surgery (Heidari 2012), one study focused on
cervical cerclage (Najafianaraki 2010), and one study focused on
breast cancer surgery (Soleimani 2018). Twelve studies involved
a heterogeneous mix of surgical procedures, typically of an
abdominal or gynaecologic nature (Ali 2003; Ashok 2017; Bhukal
2012; Chohedri 2006; Gwak 2007; Keane 1986; Onyando 2014; Shin
2007; Singh 2013; Spencer 1988; Yogendran 1995; Yoon 2008).

Settings

All studies took place in surgical centres. Twenty-one studies took
place in Asia, eight in Europe, six in North America, four in Africa,
and two in South America. Six studies were completed in each of
India and Iran. Five studies were completed in each of the UK and
the USA. The remaining studies originated from other countries
(i.e. Bangladesh, Brazil, Canada, Chile, Denmark, Egypt, Ireland,
Jordan, Kenya, Lebanon, South Korea, and Turkey).

Interventions

Twenty-nine of the 41 included studies used Ringer's lactate as
their intervention supplemental crystalloid (Ali 2003; Amireh 2009;
Ashok 2017; Behdad 2011; Chaudhary 2008; Chauhan 2013; Cook
1990; Dagher 2009; Elgueta 2013; Elhakim 1998; Goodarzi 2006;
Gwak 2007; Hashish 2007; Heidari 2012; Heshmati 2004; Holte
2004; Ismail 2017; Lambert 2009; Lee 2009; Magner 2004; Maharaj
2005; Monti 1999; Murshed 2012; Najafianaraki 2010; Onyando
2014; Sharma 2010; Singh 2013; Spencer 1988; Yoon 2008). Five
studies used normal saline (Bennett 1999; Bhukal 2012; Chohedri
2006; Paganelli 2008; Yilmaz 2014). One study used both Ringer's
lactate and normal saline (Soleimani 2018). One study used an
acetate-containing balanced crystalloid solution called Plasmalyte
(Yogendran 1995).

One study used 5% dextrose in saline (Ooi 1992), one study used
5% dextrose in Ringer's lactate (Egeli 2004), two studies used a
combination of 5% dextrose in water and Ringer's lactate (Keane
1986; McCaul 2003). One study had a study arm using Ringer's
lactate and a study arm using 5% dextrose in Ringer's lactate (Cook
1990). Finally, one study had a study arm using Ringer's lactate and

a study arm using 5% dextrose in water (Shin 2007); however, the
latter arm was not included in analyses as 5% dextrose in water
is not a crystalloid solution. Three studies used more than one
type of intravenous crystalloid solution (Cook 1990; McCaul 2003;
Soleimani 2018).

Supplemental crystalloid administration started before induction
of anaesthesia (preoperatively) in 24 studies (Ali 2003; Amireh
2009; Bennett 1999; Chaudhary 2008; Chauhan 2013; Chohedri
2006; Cook 1990; Dagher 2009; Hashish 2007; Heidari 2012;
Holte 2004; Lambert 2009; Lee 2009; Magner 2004; Maharaj 2005;
Monti 1999; Murshed 2012; Onyando 2014; Ooi 1992; Sharma
2010; Shin 2007; Singh 2013; Yilmaz 2014; Yogendran 1995),
aLer induction of anaesthesia (intraoperatively) in 15 studies
(Ashok 2017; Behdad 2011; Bhukal 2012; Elgueta 2013; Elhakim
1998; Goodarzi 2006; Gwak 2007; Heshmati 2004; Ismail 2017;
Keane 1986; McCaul 2003; Najafianaraki 2010; Paganelli 2008;
Spencer 1988; Yoon 2008), and aLer emergence from anaesthesia
(postoperatively) in one study (Egeli 2004). One study started
supplemental crystalloid administration preoperatively for one
study arm, and intraoperatively in another study arm (Soleimani
2018).

Generally, intervention groups were administered a volume of
intravenous supplemental crystalloid of at least 10 mL/kg. There
were a minority of studies where the comparator groups were
administered a volume of intravenous supplemental crystalloid
comparable to this volume (Ashok 2017; Chauhan 2013; Dagher
2009; Goodarzi 2006; Hashish 2007; Holte 2004; Ismail 2017; Magner
2004; Paganelli 2008; Sharma 2010; Yilmaz 2014).

Details of the intervention are presented in Table 1.

Comparators

In all studies, participants in the comparator group received a
smaller volume of perioperative crystalloid than did participants
in the intervention group, or they received no perioperative
crystalloid.

In 26 studies, both the comparator group and the intervention
group received the same type of intravenous crystalloid (Ali 2003;
Ashok 2017; Behdad 2011; Bennett 1999; Bhukal 2012; Chaudhary
2008; Chauhan 2013; Chohedri 2006; Dagher 2009; Elgueta 2013;
Goodarzi 2006; Gwak 2007; Hashish 2007; Holte 2004; Ismail 2017;
Lee 2009; Magner 2004; Maharaj 2005; Murshed 2012; Najafianaraki
2010; Paganelli 2008; Sharma 2010; Shin 2007; Yilmaz 2014;
Yogendran 1995; Yoon 2008). In 14 studies, the comparator group
did not receive any perioperative intravenous crystalloid bolus
(Amireh 2009; Cook 1990; Egeli 2004; Elhakim 1998; Heidari 2012;
Heshmati 2004; Keane 1986; Lambert 2009; McCaul 2003; Monti
1999; Onyando 2014; Ooi 1992; Singh 2013; Spencer 1988).

Funding sources

Six studies disclosed a funding source. Of these, five studies cited
an academic source of funding, such as a hospital or university
department (Ashok 2017; Chauhan 2013; Holte 2004; Maharaj 2005;
Yilmaz 2014), while one study disclosed funding from an industry
source (Spencer 1988, Baxter Health Care). Two studies stated
that they had no funding (Bhukal 2012; Soleimani 2018). For the
remaining studies, the source of funding was unclear.
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Excluded studies

We excluded 13 studies for not meeting the inclusion criteria
(Abraham-Nording 2012; Alnema 2011; Apfel 2012; Brandstrup
2003; Cuthbertson 2011; Dabubondoc 2013; Gaiser 2002; Heidari
2011; Holte 2007a; Holte 2007b; Lei 2017; Mintz 2004; Yavuz
2014). Five were not focused on PONV (Abraham-Nording 2012;
Brandstrup 2003; Cuthbertson 2011; Holte 2007a; Holte 2007b), five
were not randomized controlled trials (Alnema 2011; Apfel 2012; Lei
2017; Mintz 2004; Yavuz 2014), one studied participants undergoing
neuraxial anaesthetic (Gaiser 2002), and two did not have an
intervention group receiving intravenous crystalloids (Dabubondoc
2013; Heidari 2011).

See Characteristics of excluded studies.

Studies awaiting classification

We identified one study in a clinical trial register that was
terminated; we will await publication of study results before
assessing eligibility (Laws 2003).

For further details, see Characteristics of studies awaiting
classification

Ongoing studies

We identified three ongoing studies (NCT03141645; NCT03142464;
NCT03485443).

One study aims to investigate preoperative intravenous
fluid administration in participants 18 years or older,
undergoing laparoscopic cholecystectomy (NCT03141645). They
will compare participants receiving preoperative intravenous
fluid administration against two groups: one that receives
intraoperative ondansetron, and one that receives neither
preoperative intravenous fluid nor intraoperative ondansetron.
The primary outcome is PONV within the first postoperative
24 hours. The study hypothesis is that participants receiving
preoperative intravenous fluid administration and patients
receiving intraoperative ondansetron will have a similar reduction
in risk of PONV, compared with the comparator group receiving
neither.

One study aims to examine postoperative intravenous
fluid administration in participants 18 years or older,
undergoing laparoscopic cholecystectomy (NCT03142464). The
study compares a restrictive fluid administration strategy against
their usual practice of postoperative fluid administration. The
primary outcome is renal function, reflected by serum creatinine,
while nausea rated on a visual analogue scale (VAS) is a secondary
outcome measure.

One study aims to evaluate the eKect of intraoperative hydration
on postoperative vomiting in paediatric patients undergoing
otorhinolaryngological surgery (NCT03485443). They will compare
participants receiving an intervention of normal saline at a rate of
30 mL/kg/hour during the intraoperative period with a comparison
group receiving normal saline at a rate of 10 mL/kg/hour during
the intraoperative period. The primary outcomes assessed will be
postoperative nausea and vomiting in the PACU. Rescue antiemetic
administration will also be documented, as will intensity of
postoperative pain.

For further details, see Characteristics of ongoing studies.

Risk of bias in included studies

We assessed the risk of bias in the included studies in terms of
allocation sequence generation, blinding, incomplete reporting of
outcome data, and selective reporting. Risk of bias was generally
low to moderate across all included studies, but eight studies were
at high risk of bias (Bennett 1999; Egeli 2004; Keane 1986; Lambert
2009; McCaul 2003; Monti 1999; Soleimani 2018; Yogendran 1995).
Three studies were at low risk of bias across all domains (Amireh
2009; Holte 2004; Ismail 2017), while nine studies had one domain
at unclear risk of bias but were otherwise at low risk of bias (Ali
2003; Ashok 2017; Bhukal 2012; Chauhan 2013; Elgueta 2013; Gwak
2007; Magner 2004; Maharaj 2005; Murshed 2012). Outcomes that
included data from studies at higher risk were subject to further
sensitivity analyses to assess the influence of these studies on
results.

For details, see Figure 2, Figure 3, and Characteristics of included
studies
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Figure 2.   'Risk of bias' graph.
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Figure 3.   'Risk of bias' summary.
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Figure 3.   (Continued)

 
Allocation

All studies were RCTs. Twenty-one studies provided adequate
information to determine that the randomization process was
prospective and unpredictable (Ali 2003; Amireh 2009; Ashok
2017; Bhukal 2012; Chaudhary 2008; Chauhan 2013; Dagher 2009;
Elgueta 2013; Goodarzi 2006; Gwak 2007; Heidari 2012; Holte
2004; Ismail 2017; Magner 2004; Maharaj 2005; McCaul 2003; Monti
1999; Murshed 2012; Najafianaraki 2010; Onyando 2014; Soleimani
2018). In the remaining studies, the randomization process was not
adequately described to exclude randomization bias.

Allocation concealment was adequate if study personnel were
unaware of the allocation of each subsequent study participant
(i.e. using sequentially numbered, opaque, sealed envelopes
or centralized third-party allocation). Five studies suKiciently
described eKective methods to conceal group allocations from
study personnel (Amireh 2009; Gwak 2007; Holte 2004; Ismail 2017;

Najafianaraki 2010). The remaining studies provided insuKicient
details on their allocation process.

Blinding

Participants and personnel were adequately blinded in 19 studies
(Ali 2003; Amireh 2009; Ashok 2017; Bhukal 2012; Chauhan 2013;
Chohedri 2006; Cook 1990; Dagher 2009; Elgueta 2013; Elhakim
1998; Holte 2004; Ismail 2017; Magner 2004; Maharaj 2005; Murshed
2012; Onyando 2014; Shin 2007; Yilmaz 2014; Yogendran 1995). In
one study supplemental intravenous crystalloid was administered
over 24 hours postoperatively, so blinding of participants and care
staK would have been very diKicult (Egeli 2004). In one study,
outcome assessors were blinded, but patients and anaesthesia
personnel were not described as blinded during the preoperative
and intraoperative periods, respectively (Soleimani 2018). In one
study, blinding was not mentioned at all (Monti 1999). In the
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remaining studies, blinding of either participants or personnel was
not adequately described to rule out a lack of blinding.

As all outcomes were evaluated in the postoperative period,
adequate blinding of the outcome assessor was theoretically
possible in all studies where fluid administration occurred
preoperatively or intraoperatively. Twenty-nine studies stated that
the outcome assessor was blinded to study group (Ali 2003; Amireh
2009; Ashok 2017; Behdad 2011; Bhukal 2012; Chaudhary 2008;
Chauhan 2013; Chohedri 2006; Cook 1990; Dagher 2009; Elgueta
2013; Elhakim 1998; Goodarzi 2006; Gwak 2007; Heshmati 2004;
Holte 2004; Ismail 2017; Lambert 2009; Lee 2009; Magner 2004;
Maharaj 2005; McCaul 2003; Murshed 2012; Onyando 2014; Ooi
1992; Soleimani 2018; Yilmaz 2014; Yogendran 1995; Yoon 2008).
In one study, fluid administration took place postoperatively and
outcome assessors were not blinded (Egeli 2004). In one study,
participants received the intervention preoperatively while awake
and later completed a self-administered questionnaire (Bennett
1999). In one study, blinding was not mentioned at all (Monti 1999).
Outcome assessor blinding was not adequately described in the
remaining studies, therefore they had an unclear risk of bias.

Incomplete outcome data

We judged six studies to have unclear risk of attrition bias: for
not reporting participant counts (Singh 2013); for not providing
reasons for exclusions (Cook 1990); for inadequately reporting
results to facilitate evaluation of attrition (Monti 1999); for having
> 20% attrition with balanced withdrawals amongst study groups
(Shin 2007); for having > 10% attrition with balanced withdrawals
(Bennett 1999); and for < 10% attrition with balanced withdrawals
(Yoon 2008). Two studies had high risk of attrition bias, where
approximately 10% of participants were excluded or lost to follow-
up without indication of their allocation (McCaul 2003; Yogendran
1995). The remaining studies reported no participant losses during
the trial, or only a small number of participants that was unlikely to
substantially aKect study results.

Selective reporting

Five studies were at high risk of reporting bias: four for not
completing an intention-to-treat analysis for excluded participants
(Bennett 1999; Lambert 2009; McCaul 2003; Yogendran 1995), and
one for failing to report results of a planned outcome, vomiting
(Keane 1986). Two studies had an unclear risk of bias, as they did
not complete an intention-to-treat analysis but were only missing
two participants each (Cook 1990; Dagher 2009). One paper failed
to report several planned outcomes, but these were not pertinent
to this review, so the paper was placed at unclear risk of reporting
bias (Spencer 1988). One study did not report their data in adequate
detail to rule out reporting bias, and was at unclear risk (Singh
2013). The remaining papers were at low risk of reporting bias.

Other potential sources of bias

In one study, a statistically significant diKerence in operative time
existed between the intervention and the comparator despite
prospective randomization and allocation concealment, but it was
unclear whether this would bias other study results (Onyando
2014).

E?ects of interventions

See: Summary of findings for the main comparison
Supplemental IV crystalloid compared to control IV crystalloid
volume for postoperative nausea and vomiting

See Summary of findings for the main comparison.

Primary outcomes

1. Risk of PON, defined as the presence of subjective nausea,
reported dichotomously or based on a study-defined
dichotomous threshold on a continuous scale such as a VAS

Studies reporting risk of PON

Thirty-two studies (3268 participants) assessed PON (Ali 2003;
Amireh 2009; Behdad 2011; Bennett 1999; Chaudhary 2008;
Chauhan 2013; Chohedri 2006; Cook 1990; Dagher 2009; Elhakim
1998; Gwak 2007; Hashish 2007; Heshmati 2004; Ismail 2017; Keane
1986; Lambert 2009; Magner 2004; Maharaj 2005; McCaul 2003;
Monti 1999; Murshed 2012; Najafianaraki 2010; Onyando 2014;
Ooi 1992; Paganelli 2008; Sharma 2010; Shin 2007; Singh 2013;
Soleimani 2018; Spencer 1988; Yogendran 1995; Yoon 2008). Three
of these studies reported data in insuKicient detail to be used in our
meta-analysis of PON, and we were unable to obtain further details
from the authors (Bennett 1999; Bhukal 2012; Singh 2013).

Most studies reported PON data dichotomously (Ali 2003; Amireh
2009; Behdad 2011; Chauhan 2013; Chohedri 2006; Cook 1990;
Dagher 2009; Gwak 2007; Hashish 2007; Heshmati 2004; Ismail
2017; Keane 1986; Lambert 2009; Magner 2004; Maharaj 2005;
McCaul 2003; Monti 1999; Murshed 2012; Najafianaraki 2010;
Onyando 2014; Ooi 1992; Paganelli 2008; Sharma 2010; Shin 2007;
Spencer 1988; Yogendran 1995; Yoon 2008). In studies presenting
continuous data, several grading scales were used: five-point
Likert scale (Bennett 1999; Bhukal 2012), 10 cm or 100 mm VAS
(Elhakim 1998; Sharma 2010), 0 to 10 verbal grading scale (Maharaj
2005), and ordinal grading scale (Magner 2004). In some studies,
investigators assessed nausea on a continuous scale and converted
this measurement to a dichotomous value using a threshold level,
for instance 1 on a 0 to 10 verbal scale or 50 mm on a 100 mm
VAS (Ali 2003; Amireh 2009; Chaudhary 2008; Gwak 2007; Maharaj
2005; Onyando 2014). One study reported both dichotomous and
continuous data for PON (Maharaj 2005).

Risk of PON, when cumulative events were explicitly reported for the
entire study period

Eighteen studies (1766 participants) reported dichotomous data
for risk of PON during the cumulative study period (Ali 2003;
Amireh 2009; Behdad 2011; Chauhan 2013; Dagher 2009; Gwak
2007; Heshmati 2004; Ismail 2017; Lambert 2009; Magner 2004;
Maharaj 2005; Monti 1999; Murshed 2012; Najafianaraki 2010;
Onyando 2014; Ooi 1992; Sharma 2010; Yoon 2008). Supplemental
intravenous crystalloid decreased risk of PON during the
cumulative study period (risk ratio (RR) 0.62, 95% confidence
interval (CI) 0.51 to 0.75; Analysis 1.1; Figure 4). This outcome

had moderate statistical heterogeneity (I2 = 57%) that could not
be reduced by subgroup analyses for: the relative amount of
crystalloid administered, timing of crystalloid administration, or
age (i.e. paediatric participants). We rated the certainty of this
evidence using GRADE as moderate, having been downgraded due
to risk of publication bias, as indicated by inspection of a funnel plot
generated from included study data.
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Figure 4.   Forest plot of comparison: 1 Supplemental IV crystalloid administration for preventing PONV versus
control, outcome: 1.5 Risk of overall PON (when cumulative nausea events were explicitly reported for the entire
study period), as measured by the presence of subjective nausea, reported dichotomously or based on a study-
defined dichotomous threshold on a continuous scale such as a VAS.

 
One study (30 participants) in this analysis used a dextrose-
containing solution in the intervention group (Ooi 1992), and
a sensitivity analysis found that inclusion of this study did
not substantially aKect the RR or statistical heterogeneity. The
inclusion of studies where comparator group participants received
at least 10 mL/kg of supplemental intravenous crystalloid did not
substantially aKect the RR. We performed a sensitivity analysis
involving only studies at low risk of bias (Ali 2003; Amireh 2009;
Chauhan 2013; Gwak 2007; Ismail 2017; Maharaj 2005; Murshed
2012), and this did not substantially aKect the RR.

Risk of PON during specific time points (i.e. early and late
postoperative period)

Twenty studies (2310 participants) reported dichotomous data on
risk of PON in the early postoperative period (Ali 2003; Amireh 2009;
Chauhan 2013; Chohedri 2006; Cook 1990; Dagher 2009; Gwak 2007;
Hashish 2007; Ismail 2017; Keane 1986; Magner 2004; Maharaj 2005;
McCaul 2003; Murshed 2012; Onyando 2014; Paganelli 2008; Shin
2007; Spencer 1988; Yogendran 1995; Yoon 2008); of these, three

studies (410 participants) used a dextrose-containing solution
(Cook 1990; Keane 1986; McCaul 2003). Seventeen studies (1682
participants) reported dichotomous data on risk of PON in the late
postoperative period (Ali 2003; Amireh 2009; Cook 1990; Dagher
2009; Gwak 2007; Hashish 2007; Ismail 2017; Magner 2004; Maharaj
2005; McCaul 2003; Murshed 2012; Onyando 2014; Paganelli 2008;
Shin 2007; Spencer 1988; Yogendran 1995; Yoon 2008); of these, two
studies (98 participants) used a dextrose-containing solution (Cook
1990; McCaul 2003).

Supplemental intravenous crystalloids decreased the risk of early
PON (RR 0.67, 95% CI 0.58 to 0.78; Analysis 1.2). Heterogeneity was

low (I2 = 9%). Supplemental intravenous crystalloids decreased the
risk of late PON (RR 0.47, 95% CI 0.32 to 0.69; Analysis 1.3; Figure

5). Heterogeneity was low (I2 = 38%). We rated the certainty of
evidence using GRADE as moderate for both early and late time
points, having been downgraded due to risk of publication bias, as
indicated by inspection of a funnel plot generated from included
study data.

 

Supplemental perioperative intravenous crystalloids for postoperative nausea and vomiting (Review)

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

19



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

Figure 5.   Forest plot of comparison: 1 Supplemental IV crystalloid administration for preventing PONV versus
control, outcome: 1.9 Risk of pharmacologic treatment for PONV.

 
A sensitivity analysis found that inclusion of dextrose-containing
solutions did not substantially aKect the RR or statistical
heterogeneity for risk of early PON. For risk of late PON, removing
dextrose-containing solutions increased statistical heterogeneity

(I2 = 47%), but did not substantially aKect the RR. The inclusion
of studies where comparator group participants received at
least 10 mL/kg of supplemental intravenous crystalloid did not
substantially aKect the RR for risk of early PON or late PON. We
performed sensitivity analyses involving only studies at low risk of
bias for early PON (Ali 2003; Amireh 2009; Chauhan 2013; Elgueta
2013; Gwak 2007; Ismail 2017; Magner 2004; Maharaj 2005; Murshed
2012) and late PON (Ali 2003; Amireh 2009; Elgueta 2013; Gwak
2007; Ismail 2017; Magner 2004; Maharaj 2005; Murshed 2012), but
the RR was not substantially aKected in either case.

Risk of PON, when reported using continuous data

Five studies (415 participants) reported continuous data for early
PON (Chaudhary 2008; Elhakim 1998; Maharaj 2005; Sharma
2010; Soleimani 2018). One study reported both dichotomous and

continuous data for early and late PON, and was accordingly
included in analyses of PON as a dichotomous outcome, as well as
analyses of PON as a continuous outcome (Maharaj 2005).

Supplemental intravenous crystalloids decreased the severity of
early PON on a 100 mm VAS (mean diKerence (MD) -16.38, 95%
CI -21.81 to -10.96; Analysis 1.4). Statistical heterogeneity was

moderate (I2 = 47%), but there were insuKicient studies to conduct
planned subgroup analyses.

Five studies (415 participants) reported continuous data assessing
late PON (Chaudhary 2008; Elhakim 1998; Maharaj 2005; Sharma
2010; Soleimani 2018). On a 100 mm VAS, supplemental
intravenous crystalloids decreased the severity of nausea (MD -9.62,
95% CI -14.91 to -4.32; Analysis 1.5). Statistical heterogeneity was

high (I2 = 71%), but there were insuKicient studies to conduct
planned subgroup analyses.
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There were insuKicient studies to conduct sensitivity analyses
for dextrose-containing solutions, for comparator group volume
infused, or for risk of bias.

2. Risk of POV, reported dichotomously by any discrete episodes
of vomiting

Studies reporting risk of POV

Thirty-one studies (3105 participants) evaluated POV (Ali 2003;
Amireh 2009; Ashok 2017; Behdad 2011; Bhukal 2012; Chaudhary
2008; Chauhan 2013; Chohedri 2006; Cook 1990; Dagher 2009;
Elgueta 2013; Elhakim 1998; Gwak 2007; Hashish 2007; Heidari
2012; Heshmati 2004; Ismail 2017; Magner 2004; Maharaj 2005;
McCaul 2003; Monti 1999; Murshed 2012; Najafianaraki 2010;
Onyando 2014; Paganelli 2008; Sharma 2010; Shin 2007; Singh 2013;
Spencer 1988; Yilmaz 2014; Yoon 2008); however, one study did not
report suKiciently detailed data to be included our analyses for risk
of POV (Singh 2013).

Four studies (500 participants) reported POV in paediatric
participants, aged 6 months to 18 years (Ashok 2017; Elgueta 2013;
Heshmati 2004; Yilmaz 2014).

Risk of POV, when cumulative events were explicitly reported for the
entire study period

Twenty studies (1970 participants) provided overall data for POV
across all time points (Ali 2003; Amireh 2009; Ashok 2017; Behdad
2011; Bhukal 2012; Chaudhary 2008; Dagher 2009; Elgueta 2013;
Gwak 2007; Heidari 2012; Heshmati 2004; Ismail 2017; Magner 2004;
Monti 1999; Murshed 2012; Najafianaraki 2010; Onyando 2014;
Sharma 2010; Yilmaz 2014; Yoon 2008); of these, four studies (500
participants) included paediatric participants (Ashok 2017; Elgueta
2013; Heshmati 2004; Yilmaz 2014). Supplemental intravenous
crystalloids decreased the cumulative risk of POV over the entire
study period (RR 0.50, 95% CI 0.40 to 0.63; Analysis 1.6; Figure 6).

Heterogeneity was low (I2 = 31%). We rated the certainty of this
evidence using GRADE as moderate, having been downgraded due
to risk of publication bias, as indicated by inspection of a funnel plot
generated from included study data.

 

Figure 6.   Forest plot of comparison: 1 Supplemental IV crystalloid administration for preventing PONV versus
control, outcome: 1.6 Risk of cumulative POV.

 
For paediatric participants, supplemental intravenous crystalloid
administration also reduced the cumulative risk of POV over the
entire study period, but to a lesser degree than for adults (RR 0.69,

95% CI 0.57 to 0.85; I2 = 0%).

There were insuKicient studies to conduct sensitivity analyses
for dextrose-containing solutions. The inclusion of studies where
comparator group participants received at least 10 mL/kg of
supplemental intravenous crystalloid did not substantially aKect
the RR. A sensitivity analysis involving only studies at low risk of
bias did not substantially aKect the RR (Ali 2003; Amireh 2009; Ashok
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2017; Bhukal 2012; Elgueta 2013; Gwak 2007; Ismail 2017; Magner
2004; Murshed 2012).

Risk of POV during specific time points (i.e. early and late
postoperative period)

We analysed 19 studies (1998 participants) for early POV (Ali 2003;
Amireh 2009; Chauhan 2013; Chohedri 2006; Cook 1990; Dagher
2009; Elhakim 1998; Gwak 2007; Hashish 2007; Ismail 2017; Magner
2004; Maharaj 2005; McCaul 2003; Murshed 2012; Onyando 2014;
Paganelli 2008; Shin 2007; Spencer 1988; Yoon 2008); of these, two
studies (98 participants) used dextrose-containing solutions (Cook
1990; McCaul 2003). FiLeen studies (1403 participants) assessed
late POV (Ali 2003; Amireh 2009; Cook 1990; Dagher 2009; Elhakim
1998; Gwak 2007; Hashish 2007; Ismail 2017; Magner 2004; McCaul
2003; Murshed 2012; Onyando 2014; Paganelli 2008; Shin 2007;
Yoon 2008); of these, two studies (98 participants) used dextrose-
containing solutions (Cook 1990; McCaul 2003).

Supplemental intravenous crystalloids decreased early POV (RR
0.56, 95% CI 0.41 to 0.76; Analysis 1.7). Statistical heterogeneity

was low (I2 = 0%). Supplemental intravenous crystalloids also
decreased postoperative vomiting late POV (RR 0.48, 95% CI

0.29 to 0.79; Analysis 1.8). Statistical heterogeneity was low (I2

= 0%). We rated the certainty of this evidence using GRADE as
moderate for both time points, having been downgraded due to
risk of publication bias, as indicated by inspection of a funnel plot
generated by included study data.

A sensitivity analysis found that inclusion of dextrose-containing
solutions did not substantially aKect the RR or statistical
heterogeneity for risk of either early or late POV. The inclusion
of studies where comparator group participants received at
least 10 mL/kg of supplemental intravenous crystalloid did not
substantially aKect the RR for risk of early POV or late POV. A
sensitivity analysis of studies at low risk of bias did not substantially
aKect the RR for risk of early POV (Ali 2003; Amireh 2009; Chauhan
2013; Gwak 2007; Ismail 2017; Magner 2004; Maharaj 2005; Murshed
2012) or for late POV (Ali 2003; Amireh 2009; Gwak 2007; Ismail 2017;
Magner 2004; Murshed 2012).

Secondary outcomes

1. Risk of requiring pharmacologic treatment for PONV

Twenty-three studies (2416 participants) measured the use of
postoperative antiemetic medications (Ali 2003; Ashok 2017;
Behdad 2011; Bhukal 2012; Chaudhary 2008; Chauhan 2013;
Cook 1990; Dagher 2009; Elgueta 2013; Elhakim 1998; Goodarzi
2006; Gwak 2007; Holte 2004; Ismail 2017; Magner 2004; Maharaj
2005; Monti 1999; Murshed 2012; Onyando 2014; Sharma 2010;
Soleimani 2018; Yogendran 1995; Yoon 2008); of these, one study
(38 participants) used a dextrose-containing solution (Cook 1990),
and three studies (350 participants) examined pharmacologic
treatment of PONV in paediatric participants, ranging from 1 to 12
years old (Ashok 2017; Elgueta 2013; Goodarzi 2006). One study
measured the use of postoperative antiemetic medications but did
not provide suKicient data to analyse this outcome (Singh 2013).

Supplemental intravenous crystalloids decreased the risk of
requiring pharmacologic treatment of PONV (RR 0.62, 95% CI 0.51 to
0.76; Analysis 1.9; Figure 5). We rated the certainty of this evidence
using GRADE as moderate, having been downgraded due to risk

of publication bias, as indicated by inspection of a funnel plot
generated from included study data.

This outcome had moderate statistical heterogeneity (I2 = 40%).
The RR was not aKected by any of our planned subgroup analyses:
timing of fluid administration, relative volume of supplemental
intravenous crystalloid administered, or age. A sensitivity analysis
found that inclusion of dextrose-containing solutions did not
substantially aKect the RR or statistical heterogeneity.

For paediatric participants, supplemental intravenous crystalloid
administration did not appear to reduce the risk of requiring

pharmacologic treatment of PONV (RR 0.81, 95% CI 0.50 to 1.30; I2

= 0%).

The inclusion of studies where comparator group participants
received at least 10 mL/kg of supplemental intravenous crystalloid
did not substantially aKect the RR. A sensitivity analysis of studies
at low risk of bias did not substantially aKect the RR (Ali 2003; Ashok
2017; Bhukal 2012; Chauhan 2013; Elgueta 2013; Gwak 2007; Holte
2004; Ismail 2017; Magner 2004; Maharaj 2005; Murshed 2012).

2. Risk of unintended postoperative admission to hospital

Three studies (235 participants) quantified the rate of unplanned
admission to hospital aLer ambulatory surgery (Ali 2003; Cook
1990; Maharaj 2005); of these, one study (38 participants) used a
dextrose-containing solution

Supplemental intravenous crystalloid administration did not aKect
this outcome (RR 1.05, 95% CI 0.77 to 1.43; Analysis 1.10).
Heterogeneity was low (I2 = 0%). We rated the certainty of this
evidence using GRADE as low, having been downgraded due to
imprecision and inconsistency of the results of included studies.

There were insuKicient studies to carry out planned sensitivity
analyses for dextrose-containing solutions, comparator group
volume infused, or for studies at low risk of bias.

3. Risk of su.ering a serious adverse event (any of: admission
to high-dependency unit, postoperative cardiac or respiratory
complication, or death)

We found no information about this outcome in the included
studies.

D I S C U S S I O N

Summary of main results

We included 41 trials with a total of 4224 participants in
this meta-analysis. Combination of the results of these studies
showed that supplemental perioperative intravenous crystalloid
administration probably reduces the risk of PON in the overall
postoperative period (RR 0.62, 95% CI 0.51 to 0.75; moderate-
certainty evidence), and specifically during the early (RR 0.67, 95%
CI 0.58 to 0.78; moderate-certainty evidence) and late (RR 0.47,
95% CI 0.32 to 0.69; moderate-certainty evidence) time points.
Supplemental perioperative intravenous crystalloid administration
probably reduces the risk of POV in the overall postoperative period
(RR 0.50, 95% CI 0.40 to 0.63; moderate-certainty evidence), as well
as during early (RR 0.56, 95% CI 0.41 to 0.76; moderate-certainty
evidence) and late (RR 0.48, 95% CI 0.29 to 0.79; moderate-certainty
evidence) time points. The certainty of the evidence for all PON
and POV outcomes, as assessed using GRADE, is rated as moderate.
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Supplemental perioperative intravenous crystalloid administration
probably reduces the risk for treatment with antiemetic rescue
medication (RR 0.62, 95% CI 0.51 to 0.76; moderate-certainty
evidence). The eKect of the intervention on the risk of unintended
postoperative hospital admission aLer ambulatory surgery is
unclear (RR 1.05, 95% CI 0.77 to 1.43; 3 studies; 235 participants;
low-certainty evidence). No studies reported serious adverse
events with this intervention (i.e. admission to high-dependency
unit, postoperative cardiac or respiratory complication, or death).

Overall completeness and applicability of evidence

The majority of trials enrolled only ASA I to II patients, for
ambulatory or short length of stay procedures (i.e. one day)
(Ali 2003; Amireh 2009; Ashok 2017; Behdad 2011; Bennett
1999; Bhukal 2012; Chaudhary 2008; Chauhan 2013; Chohedri
2006; Cook 1990; Elgueta 2013; Elhakim 1998; Goodarzi 2006;
Gwak 2007; Hashish 2007; Heidari 2012; Holte 2004; Ismail 2017;
Keane 1986; Lambert 2009; Lee 2009; Monti 1999; Murshed
2012; Najafianaraki 2010; Onyando 2014; Ooi 1992; Sharma 2010;
Shin 2007; Soleimani 2018; Spencer 1988; Yilmaz 2014; Yoon
2008). Otherwise, there was significant diversity amongst the
included studies. Participants' baseline risk of PONV likely varied
between studies, but this information was insuKiciently reported
to specifically analyse. Participants underwent a wide range of
surgical procedures. Anaesthetic technique was varied, including
induction and maintenance agents, use of muscle relaxants
and reversal agents, intraoperative opioid administration, and
pharmacologic PONV prophylaxis. Trials took place in a number of
countries across the developed, emerging, and developing world.
Although this variation likely introduced heterogeneity into the
results, it also suggests that conclusions are generalizable to a
sizeable scope of ambulatory surgical populations.

We found that PONV was very inconsistently defined across studies,
so we had to focus on the related and more precisely defined
outcomes of PON and POV. Most trials included in this review
reported on one of our primary outcomes (i.e. risk of PON,
risk of POV, or risk of PONV). There were few studies reporting
continuous data for risk of PON; although far fewer studies
and patients were pooled, we were able to assess the eKect
of supplemental intravenous crystalloid administration on PON
severity. Nonetheless, this presents an area for further research.

Very few studies examined potential harms that patients may
experience from vigorous volume administration. For instance, no
studies examined the risk of serious adverse events (i.e. admission
to high-dependency unit, postoperative cardiac or respiratory
complication, or death), and no studies examined PACU length of
stay. This is clearly a deficiency in the existing literature.

Due to diKerences in the way that studies defined the volume
of supplemental intravenous crystalloid that was administered
to patients, it was not possible to compare absolute volume
administered across studies. Where applicable, we conducted
subgroup analyses of supplemental intravenous crystalloid volume
administered relative to comparator and intervention groups, and
this was not found to be influential. Moreover, we conducted
sensitivity analyses omitting studies where comparator groups
received a volume of intravenous supplemental crystalloid
comparable to most studies' intervention groups (10 mL/kg or
more), and this appeared to have negligible influence on the

eKect of the intervention. However, more work may be required to
elucidate an optimal dosing for this intervention.

Despite these limitations, there is suKicient data to suggest
that supplemental intravenous crystalloid administration may
be helpful to reduce the risk of PONV. The varied settings do
provide a degree of generalizability, albeit in an ambulatory setting
with generally healthy patients. These results may not be easily
generalized to more comorbid patients, or more extensive surgical
cases where hospital length of stay is expected to exceed one or two
days.

Quality of the evidence

The vast majority of studies reported a consistent direction
of eKect, with overlap of confidence intervals, and pooled
participant numbers exceeded optimal eKect size calculations, so
we rated down no primary outcome for imprecision. Assessment
of population, interventions, and outcomes of all included studies
discovered no risk of indirectness. We completed a thorough grey
literature search.

However, for both risk of PON and risk of POV, inspection of
funnel plots strongly suggested the risk of publication bias so we
downgraded the evidence strength of these outcomes to moderate.

For the outcome of risk of requiring pharmacologic treatment of
PONV, there were similar concerns, as well as inclusion of relatively
more studies at risk of bias, accounting for > 10% of participants
in the analysis (Monti 1999; Soleimani 2018; Yogendran 1995; 395
participants). Subsequently, we decided to further downgrade this
outcome to low.

For the outcome of unintended postoperative admission to
hospital, there was a concern about imprecision, as indicated by
wide confidence intervals indicating appreciable benefit and harm,
as well as small sample sizes, in a limited number of analysed
studies. There was inconsistency in eKect. On account of these
concerns, we downgraded this outcome to low.

There were some common pitfalls aKecting the risk of bias in
this literature. For the majority of included studies, there was
insuKicient description of measures to ensure random sequence
generation and allocation concealment. Similarly, the nature of
the intervention and its timing made it possible in many instances
that blinding of participants and personnel could be compromised.
However, we performed sensitivity analyses of studies at low risk
of bias where possible, and it was reassuring that the inclusion of
studies at relatively higher risk of bias did not appear to aKect our
estimate of risk in any outcome.

Potential biases in the review process

In general, we followed the protocols and procedures outlined
by Cochrane in order to minimize any procedural bias in this
review. In completing the meta-analysis, we elected in several
instances to deviate from the published protocol (Jewer 2016),
which may have biased the review. For a complete list of protocol
deviations and their justification, see DiKerences between protocol
and review. Deviations that may have significantly biased the
review are described below.

As included studies completed outcome assessments at a wide
range of times, it was necessary to define time points for pooling
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of data. This was not identified a priori. We opted to define our
time points in accordance with existing definitions of early and late
PONV, as described in a previous meta-analysis (Apfel 2012).

Intervention arms in several included studies prompted post-
hoc decisions on eligibility. Specifically, six papers used dextrose-
containing crystalloids (Cook 1990; Egeli 2004; Keane 1986; McCaul
2003; Ooi 1992; Shin 2007). Previous research has reported that
intravenous dextrose may reduce PONV (Dabu-Bondoc 2013). We
decided to include these studies in pooled results and complete a
sensitivity analysis where applicable, which suggested a negligible
impact on risk reduction across all aKected outcomes.

DiKerent studies assessed and reported PON as a dichotomous
or a continuous outcome. Since the majority of studies used
dichotomous data, these results likely have greater precision, and
are accordingly emphasized in this review. To provide an estimate
of the clinical reduction in nausea, we decided to report continuous
data separately. We did not contact authors for the data required to
convert them to dichotomous outcomes.

Clinical heterogeneity was anticipated, therefore we planned to
complete several subgroup analyses when there was also statistical

heterogeneity (i.e. I2 > 40%). Specifically, we examined the relative
volume of supplemental intravenous crystalloid administered
between intervention and comparator groups, the timing of
administration, and participant age. The subgroups definitions
were chosen to best reflect the spectrum of populations and
interventions present in analysed data.

The protocol intended to report length of stay in PACU as a
secondary outcome. This outcome was not reported in the included
studies. This was replaced with an alternative secondary outcome,
unintended postoperative admission to hospital aLer ambulatory
surgery, which was reported by three studies (Ali 2003; Cook 1990;
Maharaj 2005). We chose this outcome to similarly address the
potential system cost of PONV.

Finally, despite our comprehensive search for studies, one
unclassified study remains, which may be a source of potential bias.

Agreements and disagreements with other studies or
reviews

Prior to our meta-analysis, the most comprehensive review
of supplemental intravenous crystalloid administration for
preventing PONV included 15 randomized controlled trials (Apfel
2012). The results of that review demonstrated statistically
significant decreases in early, late, and cumulative PON, cumulative
POV, late and cumulative PONV, and postoperative antiemetic
administration. Pooled eKect sizes for early and late POV and early
PONV suggested a risk reduction, but 95% confidence intervals
could not rule out a type I error.

Our meta-analysis furthers the work completed in that review.
By identifying new publications and completing a thorough grey
literature search up to August 2018, we have included 26 additional
studies, more than doubling the number of participants. This
allowed for a more highly powered analysis, which explains the
increased precision of our results when compared to the previous
meta-analysis. Improved power also likely explains why some
outcomes, specifically early and late POV, were found to have

significant risk reductions, when this was not the case in the prior
analysis (Apfel 2012).

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

Implications for practice

This meta-analysis demonstrates that supplemental perioperative
intravenous crystalloid administration is probably eKective in
preventing postoperative nausea and vomiting (PONV) in American
Society of Anesthesiology (ASA) class I to II patients, who receive
general anaesthesia, for ambulatory or short length of stay (i.e. one-
day) surgical procedures. Evidence suggests that the intervention
probably reduces the cumulative risk for PON and POV in the
postoperative period, as well as during early and late time points
specifically. Supplemental intravenous crystalloid administration
may reduce the risk of requiring pharmacologic treatment for
PONV. The eKects of the intervention on the risk of unplanned
postoperative admission to hospital aLer ambulatory surgery are
unclear. The risk of serious adverse events resulting from vigorous
perioperative intravenous crystalloid administration are unknown,
as no identified studies reported this outcome.

The one study awaiting classification may alter the conclusions of
the review once assessed.

Implications for research

Current evidence on the use of supplemental intravenous
crystalloid administration for preventing PONV is limited by several
choices in the assessment of outcomes. Notably, time points for
evaluation are inconsistently reported; a uniform choice of early
and late time points would make comparison and pooling of
results more straightforward. Presenting cumulative data for these
time points, for example in the first six postoperative hours and
thereaLer, would facilitate future meta-analysis.

Further reporting of continuous data for nausea severity (e.g. visual
analogue scale, VAS) would allow for better assessment of the
clinical impact of prophylactic interventions.

Assessment of duration of post anaesthesia care unit (PACU)
stay, unintended hospital admission, and perhaps post-discharge
hospital admission would also provide valuable information about
the value of this intervention.

Future studies could also be strengthened by including outcomes
evaluating the potential harm of volume administration, such
as cardiorespiratory complications, anastomotic dehiscence, and
electrolyte abnormalities. Given that these are occur relatively
infrequently, surrogate outcomes could also be considered, such as
perioperative weight gain, which has been associated with serious
adverse events (Brandstrup 2003).

Comparative studies of pharmacologic and non-pharmacologic
antiemetic therapies would better allow clinicians to determine the
relative utility of interventions such as prophylactic intravenous
crystalloid administration. It would also allow for the completion
of cost benefit analyses to determine the most eKicient means of
PONV prophylaxis.

Only six of the 41 studies included in this review examined
paediatric participants (Ashok 2017; Egeli 2004; Elgueta 2013;
Goodarzi 2006; Heshmati 2004; Yilmaz 2014), and one of these did
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not report data in suKicient detail for analysis (Egeli 2004). We were
only able to pool data for two outcomes (i.e. cumulative risk of
POV, and risk of pharmacologic treatment of PONV). It is clear that
an increased focus on paediatric research is needed to quantify
the utility of this intervention in this population, while a more
consistently defined age range for paediatric patients would allow
for more direct comparison between studies.
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International: no

Treatment timing: preoperative period

Follow-up: 24 hours postoperatively

Operative procedure(s): laparoscopic or gynaecological surgery

Randomization unit: participants

Analysis unit: individual

Participants 1. 80 participants enrolled

2. ASA I to II males and females aged 18 to 70 years undergoing laparoscopic or gynaecological surgery
lasting at least 1 hour

Screened participants were excluded if they:

1. experienced nausea or vomiting on the morning of surgery;

2. were taking antiemetic drugs;

3. had a documented disorder of the cardiovascular, hepatic, renal, gastrointestinal, or neurological sys-
tems.

Randomized to:

1. supplemental fluid (n = 40, 50%);

2. conservative fluid (n = 40, 50%).

No withdrawals were stated.

Main characteristics of participants:

1. age (mean, com deviation): supplemental group 39 years, 10; conservative group 41 years, 11;

2. number of females/males: 70/4 (6 not stated).

Interventions 1. Supplemental fluid group (intervention): preoperative bolus of 15 mL/kg Ringer's lactate

2. Conservative fluid group (control): preoperative bolus of 2 mL/kg Ringer's lactate

Co-interventions: none stated

Outcomes Primary outcomes:

1. Nausea was assessed by 100 mm visual analogue scale at 15-minute intervals throughout PACU recov-
ery (1 hour). A score of 50 mm or greater was considered significant. Episodes of vomiting and the need
for rescue antiemetics in PACU were noted. Patients were called the following day and nausea (100
mm visual analogue scale) and vomiting (episodes) in the post-discharge period were documented.

Outcomes were reported in the following time periods: 0 to 1 hour, 1 to 24 hours, and 0 to 24 hours
postoperatively

Secondary outcomes included:

1. admission to hospital after discharge.

Notes Trial registration: not found
Funder: none stated
A priori sample size estimation: stated on page 782
Conducted: dates not stated
Declared conflicts of interest: not stated

Risk of bias
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Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Randomization was based on computer-generated codes that were main-
tained in sequentially numbered, opaque envelopes.

Allocation concealment
(selection bias)

Unclear risk Randomization was based on computer-generated codes that were main-
tained in sequentially numbered, opaque envelopes.

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

Low risk The anaesthesia provider, the postoperative study investigator, and the PACU
nurses were blinded to allocation of the groups, as were the participants.

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Low risk The anaesthesia provider, the postoperative study investigator and the PACU
nurses were blinded to allocation of the groups, as were the participants.

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk No withdrawals were stated.

Selective reporting (re-
porting bias)

Low risk All outcomes were reported.

Other bias Low risk There were no other sources of bias.

Ali 2003  (Continued)

 
 

Methods Design: double-blind, prospective randomized controlled trial

Country: Jordan

Multisite: no

International: no

Treatment timing: preoperative period

Follow-up: 24 hours postoperatively

Operative procedure(s): laparoscopic cholecystectomy

Randomization unit: participants

Analysis unit: individual

Participants 1. 60 participants enrolled

2. ASA I to II male and female aged 20 to 81 undergoing laparoscopic cholecystectomy

3. Included participants who had fasted for 6 to 8 hours and were the first case of the day on which they
were operated

Screened participants were excluded if:

1. experienced nausea or vomiting on the morning or surgery;

2. were taking antiemetic drugs;

3. their operation was delayed for any reason;

4. they had a history of cardiovascular, hepatic, renal, gastrointestinal, or neurological disorders.
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Randomized to:

1. supplemental fluid (n = 30, 50%);

2. conservative fluid (n = 30 50%).

Main characteristics of participants:

1. age (mean, range): supplemental fluid group 46 years, 20 to 81; conservative fluid group 48 years, 22
to 79;

2. number of females/males: 46/14.

Interventions 1. Supplemental fluid group (intervention): preoperative bolus of 10 mL/kg Ringer's lactate

2. Conservative fluid group (control): no preoperative fluid bolus

Co-interventions: none stated

Outcomes Primary outcomes:

1. nausea was assessed by 100 mm visual analogue scale at 15-minute intervals throughout recovery
up to 24 hours postoperatively. A score of 50 mm or greater was considered significant. Episodes of
vomiting during this period were also documented.

These outcomes were reported in the following time periods: 0 to 1 hour, 1 to 24 hours, and 0 to 24
hours postoperatively

Secondary outcomes included:

1. postoperative analgesic administration.

Notes Trial registration: not found
Funder: none stated
A priori sample size estimation: not stated
Conducted: August 2003 to May 2004
Declared conflicts of interest: not stated

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Participants were prospectively and randomly divided into 2 groups.

Allocation concealment
(selection bias)

Low risk Randomization was performed by the nurse in the preoperative holding area
who picked 1 of a prearranged and sealed 60 similar envelopes.=

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

Low risk The participant, the anaesthesia provider, the postoperative study investiga-
tor, and the nurses in recovery area and on the wards were unaware of the par-
ticipants's group.

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Low risk The participant, the anaesthesia provider, the postoperative study investiga-
tor, and the nurses in recovery area and on the wards were unaware of the par-
ticipant's group.

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk No withdrawals were stated.

Selective reporting (re-
porting bias)

Low risk All outcomes were reported.
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Other bias Low risk There were no other sources of bias.

Amireh 2009  (Continued)

 
 

Methods Design: double-blind, prospective randomized controlled trial

Country: India

Multisite: no

International: no

Treatment timing: intraoperative period

Follow-up: 24 hours postoperatively

Operative procedure(s): lower abdominal and penile surgeries of less than 60 minutes duration

Randomization unit: participants

Analysis unit: individual

Participants 1. 150 participants enrolled

2. ASA I to II male and female children aged 3 to 7 years undergoing lower abdominal and penile proce-
dures of less than 60 minutes duration

Screened participants were excluded if:

1. they personally had a history of PONV or motion sickness;

2. a sibling or parent or both, had a history of PONV;

3. they received antiemetic medication in the 24 hours preceding surgery;

4. their BMI exceeded 30 kg/m2;

5. they had a history of cardiovascular or renal disease;

6. developmental delay or mental retardation, or both;

7. their parents could not be reached by telephone;

8. they had a contraindication to caudal block.

Randomized to:

1. liberal fluid (n = 72, 49.7%);

2. restricted fluid (n = 73 50.3%);

3. 5 patients were lost to follow-up after they were discharged from PACU and were not included in the
analysis (liberal group = 3, restricted group = 2).

Main characteristics of participants:

1. age (mean, standard deviation): liberal group 5.1 years, 1.6; restricted group 5.3 years, 1.5;

2. number of females/males: 134/11.

Interventions 1. Liberal fluid group (intervention): intraoperative infusion of 30 mL/kg/hour Ringer's lactate

2. Restricted fluid group (control): intraoperative infusion of 10 mL/kg/hour Ringer's lactate

Co-interventions: none stated

Outcomes 1. The risk of nausea, retching, and emesis were continuously evaluated during PACU stay. These out-
comes were assessed directly (inpatients) or by phone interview with parents (ambulatory partici-
pants) and reported for the entire 24-hour postoperative period.
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2. Time to first antiemetic was documented and reported as risk of fluid intake within 6 hours. Overall
prevalence of thirst was reported.

3. Postoperative pain, measured using the Face, Legs, Activity, Cry, Consolability pain scale (0 to 10 score
range) was assessed but not specifically reported. Risk and timing of rescue analgesic administration
were documented and reported for the entire 24-hour postoperative period.

4. Parents were contacted and asked to report overall parent satisfaction (0 to 10 range) 24 hours post-
operatively.

Notes Trial registration: Clinical Trial Registry of India REF/2015/06/009178
Funder: Department of Anesthesiology and Intensive Care, Post Graduate Institute of Medical Educa-
tion and Research, Chandigarh, India.
A priori sample size estimation: stated on page 3
Conducted: dates not stated
Declared conflicts of interest: authors report no conflict of interest

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Computer-generated randomization

Allocation concealment
(selection bias)

Unclear risk Computer-generated randomization

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

Low risk The participants, parents or guardians, surgeons, PACU nurses, and the inves-
tigator performing the postoperative assessment were blinded to the group al-
location.

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Low risk The participants, parents or guardians, surgeons, PACU nurses, and the inves-
tigator performing the postoperative assessment were blinded to the group al-
location.

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk 5 participants lost to follow-up (2 from the intervention arm, 3 from the con-
trol) are accounted for with reasons for exclusion provided.

Selective reporting (re-
porting bias)

Low risk All outcomes were reported.

Other bias Low risk There were no other sources of bias.

Ashok 2017  (Continued)

 
 

Methods Design: double-blind, prospective randomized controlled trial

Country: Iran

Multisite: no

International: no

Treatment timing: intraoperative period

Follow-up: 24 hours postoperatively

Operative procedure(s): tympanomastoidectomy
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Randomization unit: participants

Analysis unit: individual

Participants 1. 97 participants enrolled

2. ASA I males and females, undergoing tympanomastoidectomy under general anaesthesia

Screened participants were excluded:

1. if they had significant underlying disease (e.g. hypertension, cardiovascular disease, heart failure,
epilepsy, diabetes, gastrointestinal disease, history of motion sickness, history of PONV, anti-emetic
use 24 hours preoperatively, smoking, drug allergy, or ASA greater than I);

2. in the event of intraoperative hypotension (i.e. systolic blood pressure below 80 mmHg) and intraop-
erative haemorrhage.

Randomized to:

1. group G4 (n = 30, 30.9%);

2. group G10 (n = 33, 34.0%);

3. group G20 (n = 34, 35.1%).

Main characteristics of participants:

1. age (mean, standard deviation): G4 26.4, 9.5; G10 28.9, 11.2; G20 30.0, 11;

2. number of females/males: 49/48.

Interventions 1. G4 (control): infusion of 4 mL/kg Ringer's lactate

2. G10 (intervention): infusion of 10 mL/kg Ringer's lactate

3. G20 (intervention): infusion of 20 mL/kg Ringer's lactate

Co-interventions: none stated

Outcomes 1. Vomiting measured dichotomously

2. Nausea was measured on an ordinal scale of "mild", "moderate", or "severe"

3. Postoperative pain was evaluated by VAS (0 to 10 score range)

4. Antiemetic administration in PACU was recorded

5. Sore throat, thirst, and vertigo were also measured

These outcomes were all measured in the recovery room until discharge from the recovery room.

Notes Trial registration: not stated
Funder: not stated
A priori sample size estimation: stated
Conducted: summer 2009
Declared conflicts of interest: not stated

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Paper states participants were (quote) "randomly allocated" but does not ex-
plain further.

Allocation concealment
(selection bias)

Unclear risk Paper states participants were (quote) "randomly allocated" but does not ex-
plain further.

Blinding of participants
and personnel (perfor-
mance bias) 

Unclear risk It is stated that the study is (quote) "double-blind", but it is not clear that the
surgical care team was blinded to the intervention.

Behdad 2011  (Continued)
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All outcomes

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Low risk Study personnel measuring outcomes were not aware of group allocation.

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk No withdrawals were stated.

Selective reporting (re-
porting bias)

Low risk All outcomes were reported.

Other bias Low risk There were no other sources of bias.

Behdad 2011  (Continued)

 
 

Methods Design: blind, prospective randomized controlled trial

Country: USA

Multisite: no

International: no

Treatment timing: preoperative period

Follow-up: 24 hours postoperatively

Operative procedure(s): extraction of at least 2 impacted third molars

Randomization unit: participants

Analysis unit: individual

Participants 1. 90 participants enrolled

2. ASA I to II male and females aged 18 to 43 undergoing extraction of at least 2 impacted third molars
under deep sedation or general anaesthesia

Screened participants were excluded:

1. if they had taken any medication or consumed alcohol in the 48 hours preceding surgery;

2. if they had cardiovascular, cerebrovascular, pulmonary, renal, or hepatic disease.

Randomized to:

1. high-volume fluid (n = 38, 42.2%);

2. low-volume fluid (n = 39 43.3%);

3. 13 participants (14.4%) did not complete the study. Their allocation group was not stated. These par-
ticipants were excluded from the analysis because their data collection was incomplete.

Main characteristics of participants:

1. age (mean, range): high-volume group 22 years, 18 to 37; low-volume group 21 years, 18 to 43;

2. number of females/males: 39/38.

Interventions 1. Supplemental fluid group (intervention): preoperative bolus of 15 mL/kg normal saline with an addi-
tional 1 to 2 mL/kg perioperatively

2. Conservative fluid group (control): no preoperative bolus, only 1 to 2 mL/kg perioperatively
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Co-interventions: none stated

Outcomes 1. Nausea/vomiting, headache, dizziness, drowsiness, fatigue, ambulation, thirst, postoperative ur-
gency to void, and overall well-being/recovery were assessed using 5-point Likert scales on question-
naires completed "just before discharge", on the evening of surgery, and 24 hours after surgery

Outcomes were reported for these outcomes at these time intervals.

Notes Trial registration: not found
Funder: none stated
A priori sample size estimation: not completed
Conducted: dates not stated
Declared conflicts of interest: not stated

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Paper states (quote) "patients were randomly allocated" but no further infor-
mation on methodology provided.

Allocation concealment
(selection bias)

Unclear risk Paper states (quote) "patients were randomly allocated" but no further infor-
mation on methodology provided.

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

Unclear risk It is stated that the trial is (quote) "double-blind" but no further information
on fluid administration is provided.

Blinding of outcome as-
sessment (detection bias) 
All outcomes

High risk Participants complete questionnaires, and would be aware of whether or not
they received the (preoperative) fluid intervention

Incomplete outcome data
(attrition bias) 
All outcomes

Unclear risk 13 participants are excluded, but they appear to be evenly distributed be-
tween the intervention and control groups.

Selective reporting (re-
porting bias)

High risk All outcomes are reported, but an intention-to-treat analysis is not completed.

Other bias Low risk There were no other sources of bias.

Bennett 1999  (Continued)

 
 

Methods Design: double-blind, prospective randomized controlled trial
Country: India
Multisite: no
International: no
Treatment duration: intraoperative period
Follow-up: 24 hours postoperatively
Operative procedure(s): elective non-laparoscopic surgeries under general anaesthesia
Randomization unit: participants
Analysis unit: individual

Participants 1. 80 ASA I to II adult participants of both sexes

2. Elective non laparoscopic surgeries (including mastectomy, epigastric hernia repair, inguinal hernia
repair, cholecystectomy, appendectomy) of 60 to 120 minutes under general anaesthesia

Bhukal 2012 
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3. Participants with a Koivuranta score of 1.95 or greater were included

Screened participants were excluded:

1. if they were undergoing emergency surgery;

2. were on antiemetic medication;

3. had renal, hepatic, cardiovascular, or neurological dysfunction.

Randomized to:

1. high-infusion group (n = 40, 50%);

2. low-infusion group (n = 40, 50%);

3. no withdrawals were stated.

Main characteristics of participants:

1. age (mean, standard deviation): high-infusion group 39.50 years, 12.7; low-infusion group 38.4 years,
14.5;

2. number of females/males: 70/10.

Interventions 1. Supplemental fluid group (intervention): intraoperative bolus of 10 mL/kg normal saline

2. Conservative fluid group (control): Intraoperative bolus of 4 mL/kg normal saline

Co-interventions: none stated

Intraoperative bolus of either 10 mL/kg or 4 mL/kg of normal saline solution

Outcomes 1. Nausea was assessed using a 5-point verbal descriptive scale

2. Postoperative sedation was also assessed using the McMillan sedation scoring system

3. Rescue ondansetron administration was documented

4. Rescue antiemetic administration was also documented

These outcomes were reported as median scores for an immediate postoperative assessment, and at 2,
6, and 24 hours postoperatively

Notes Trial registration: not found
Funder: 'nil'
A priori sample size estimation: not completed
Conducted: dates not stated
Declared conflicts of interest: none

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Random allocation was performed using a Tippet random chart.

Allocation concealment
(selection bias)

Unclear risk Knowledge of Tippet chart by investigators not stated explicitly.

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

Low risk Study (quote) "double blinded"; anaesthesiologist's role not clear but no obvi-
ous influence.

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Low risk Postoperative questioning was conducted by an anaesthesiologist blinded to
the intraoperative fluid management.

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

Low risk No withdrawals were stated.

Selective reporting (re-
porting bias)

Low risk All outcomes were reported.

Other bias Low risk There were no other sources of bias.

Bhukal 2012  (Continued)

 
 

Methods Design: double-blind, prospective randomized controlled trial
Country: India
Multisite: no
International: no
Treatment duration: preoperative period
Follow-up: 24 hours postoperatively
Operative procedure(s): elective open cholecystectomy
Randomization unit: participants
Analysis unit: individual

Participants 1. 60 participants enrolled

2. 80 female ASA I to II participants aged 18 to 60 years undergoing elective open cholecystectomy

Exclusion criteria included:

1. cigarette smoking;

2. use of antiemetic drugs;

3. prior history of motion sickness;

4. those who experienced nausea or vomiting on the morning of surgery;

5. any documented renal, cardiac, hepatic, nervous system, or gastrointestinal system disease (except
for gallstones);

6. duration of surgery greater than 2 hours.

Randomized to:

1. group A (n = 20, 33.3%);

2. group B (n = 20, 33.3%);

3. group C (n = 20, 33.3%);

4. no withdrawals were stated.

Main characteristics of participants:

1. age (mean, standard deviation): group A 41.40 years, 11.06; group B 42.65 years, 11.14; group C 38.85
years, 8.70;

2. Number of females/males: 60/0.

Interventions 1. Group A (control): preoperative bolus of 2 mL/kg Ringer's lactate

2. Group B (intervention): preoperative bolus of 12 mL/kg Ringer's lactate

3. Group C (intervention): preoperative bolus of 12 mL/kg 4.5% hydroxyethyl starch

Co-interventions: none stated

Outcomes Primary outcomes:

1. Nausea was assessed by 10 cm visual analogue scale at 0, 1, 4, 8, 12, 18, and 24 hours postoperatively

Chaudhary 2008 
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2. Episodes of vomiting and the need for rescue antiemetics in PACU were documented and reported for
the overall 24-hour postoperative period

3. Haemodynamic outcomes (heart rate, mean arterial pressure) and 10 cm visual analogue scale scores
for pain were discussed in the text but not explicitly reported

Notes Trial registration: not stated
Funder: not stated
A priori sample size estimation: not stated
Conducted: dates not stated
Declared conflicts of interest: not stated

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Random allocation was performed using a computer-generated random table.

Allocation concealment
(selection bias)

Unclear risk Random allocation was performed using a computer-generated random table.

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

Unclear risk Fluid administered prior to anaesthesia, concealment not explained, though
all participants received some amount of IV fluid.

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Low risk The observer collecting postoperative data was blinded to allocation.

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk No withdrawals were stated.

Selective reporting (re-
porting bias)

Low risk All outcomes are reported.

Other bias Low risk There were no other sources of bias.

Chaudhary 2008  (Continued)

 
 

Methods Design: double-blind, prospective randomized controlled trial
Country: India
Multisite: no
International: no
Treatment duration: perioperative period
Follow-up: 4 hours postoperatively
Operative procedure(s): elective gynaecological laparoscopy
Randomization unit: participants
Analysis unit: individual

Participants 1. 200 participants enrolled

2. Female ASA I to II participants aged 20 to 40 years undergoing ambulatory, elective gynaecological
laparoscopic surgery in the supine position under general anaesthesia with controlled ventilation

Exclusion criteria included:

Chauhan 2013 
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1. a history of hypertension;

2. diabetes;

3. congestive cardiac failure;

4. valvular heart disease;

5. motion sickness;

6. epilepsy;

7. haemoglobin level less than [10 g%];

8. relevant drug allergy;

9. undergoing a procedure in addition to diagnostic laparoscopy;

10.administration of antiemetic medication in the 24 hours before surgery;

11.intraoperative hypotension;

12.excessive blood loss.

Randomized to:

1. group I (n = 100, 50%);

2. group II (n = 100, 50%);

3. no withdrawals were stated.

Main characteristics of participants:

1. age (mean, standard deviation): group I 28.73 years, 4.65; group II 28.73 years, 4.98;

2. number of females/males: 200/0.

Interventions 1. Group I (control): preoperative bolus of 10 mL/kg Ringer's lactate

2. Group II (intervention): preoperative bolus of 30 mL/kg Ringer's lactate

Co-interventions: none stated

Outcomes 1. Nausea and vomiting were assessed every 30 minutes from the time the participant regained full con-
sciousness until 4 hours postoperatively.

2. Episodes of retching and vomiting were documented.

3. PONV was graded using the following scale: 0 = no nausea, 1 = nausea only, 2 = retching/1 episode of
vomiting, 3 = > 1 episode of vomiting.

4. The phase of menstrual cycle on the day of surgery (proliferative, secretory, or menstrual) was also
documented.

5. Systolic and diastolic blood pressure measurements were recorded and reported for time points cor-
responding to the preoperative period, intubation, surgical start time, mid-procedure, end of surgery,
extubation, and postoperative period.

6. Rescue antiemetic administration was documented. Rescue antiemetics were administered for grade
2 or 3 PONV.

Notes Trial registration: not found
Funder: "Pubmed articles, National Medical Library (AIIMS)" listed as 'source of support'
A priori sample size estimation: not stated
Conducted: dates not stated
Declared conflicts of interest: none

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Randomization was performed using sealed envelopes.

Allocation concealment
(selection bias)

Unclear risk Randomization was performed using sealed envelopes.

Chauhan 2013  (Continued)
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Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

Low risk Intervention IV fluid is not administered by a member of the care team.

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Low risk The text states that (quote) "the investigator" administers the fluid preopera-
tively and interviews the patient postoperatively, but the paper states the in-
vestigator was blind to the patient's allocation.

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk No withdrawals were stated.

Selective reporting (re-
porting bias)

Low risk All outcomes were reported.

Other bias Low risk There were no other sources of bias.

Chauhan 2013  (Continued)

 
 

Methods Design: double-blind, prospective randomized controlled trial
Country: Iran
Multisite: no
International: no
Treatment duration: preoperative period
Follow-up: until discharge from the ambulatory surgical unit
Operative procedure(s): general, orthopaedic, and gynaecologic surgeries
Randomization unit: participants
Analysis unit: individual

Participants 1. 200 participants were enrolled

2. Male and female ASA I to II participants aged 17 to 60 years undergoing ambulatory general, or-
thopaedic, and gynaecologic surgeries

Screened participants were excluded if they had a history of:

1. cardiovascular disease;

2. diabetes;

3. motion sickness;

4. preoperative nausea, vomiting, or dizziness.

Randomized to:

1. group A (n = 100, 50%);

2. group B (n = 100, 50%);

3. no withdrawals were stated.

Main characteristics of participants:

1. age (mean, standard deviation): group A 34.58 years, 12; group B 34.8 years, 11.1;

2. number of females/males: 123/77.

Interventions 1. Group A (intervention): preoperative bolus of 20 mL/kg normal saline

2. Group B: preoperative bolus of 2 mL/kg normal saline

Co-interventions: none stated

Chohedri 2006 
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Outcomes 1. Nausea and vomiting were assessed as dichotomous outcomes (present or not present) at 30 minutes,
60 minutes, and discharge from hospital

2. Thirst and dizziness were also assessed and reported at 30 minutes, 60 minutes, and discharge

Notes Trial registration: not stated
Funder: not stated
A priori sample size estimation: not stated
Conducted: dates not stated
Declared conflicts of interest: not stated

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Paper states participants were (quote) "randomly allocated" but does not ex-
plain further.

Allocation concealment
(selection bias)

Unclear risk Paper states participants were (quote) "randomly allocated" but does not ex-
plain further.

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

Low risk The attending anaesthesiologist and recovery room nurses were blind to the
participants' allocation group.

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Low risk The anaesthesiologist assessing the adverse outcomes was blind to the partic-
ipants' allocation group.

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk No withdrawals were stated.

Selective reporting (re-
porting bias)

Low risk All outcomes were reported.

Other bias Low risk There were no other sources of bias.

Chohedri 2006  (Continued)

 
 

Methods Design: double-blind, prospective randomized controlled trial
Country: England
Multisite: no
International: no
Treatment duration: preoperative period
Follow-up: 3 days postoperatively
Operative procedure(s): ambulatory laparoscopy
Randomization unit: participants
Analysis unit: individual

Participants 1. 75 participants enrolled

2. ASA I to II females aged 18 to 40 years undergoing ambulatory diagnostic laparoscopy

Exclusion criteria included:

1. use of any routine medication.

Cook 1990 
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Randomized to:

1. control group (n = 24, 32.9%);

2. RL group (n = 24, 32.9%);

3. RL/dextrose group (n = 25, 34.2%).

Two participants were apparently randomized but not included in the results. No reason for exclusion
was given.

Main characteristics of participants:

1. age (mean, standard deviation): control group 31.5 years, 6.2; RL group 31.4 years, 6.5; RL/dextrose
group 32.9 years, 6.5;

2. number of females/males: 73/0.

Interventions 1. Control group (control): no preoperative fluid bolus

2. RL group (intervention): preoperative bolus of 20 mL/kg Ringer's lactate

3. RL/dextrose group (intervention): preoperative bolus of 20 mL/kg Ringer's lactate with 1 g/kg dextrose

Co-interventions: none stated

Outcomes 1. Risk of nausea and vomiting assessed as a dichotomous outcome on a questionnaire completed by
the participant before the operation, at 3 hours postoperatively, and then on postoperative days 1,
2, and 3.

2. The questionnaire also included questions about the risk of pain, hunger, dizziness, thirst, drowsiness,
headache, sore throat, abdominal pain, and faintness on standing.

3. Administration of antiemetic and analgesic medications in the postoperative period were recorded
and reported.

4. Eye opening on command was tested at 1-minute intervals postoperatively and the ability to give date
of birth correctly postoperatively was documented.

5. A Trieger test was performed, test recovery from the anaesthetic, at 15, 60, 120, and 180 minutes post-
operatively.

6. Readiness for discharge using criteria of steady gait and general well-being was assessed. Both the
observer and the participant graded readiness for discharge as: ready immediately, delayed until fit,
or to be admitted overnight.

7. Preoperative and 3-hour postoperative blood glucose levels were reported.

Notes Trial registration: not stated
Funder: not stated
A priori sample size estimation: not stated
Conducted: dates not stated
Declared conflicts of interest: not stated

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Paper states (quote) "each patient was allocated at random" but no further in-
formation on methodology provided.

Allocation concealment
(selection bias)

Unclear risk Paper states (quote) "each patient was allocated at random" but no further in-
formation on methodology provided.

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

Low risk Infusion bags were hidden to prevent unblinding, but it was not specified how
this applied to the (quote) "no preoperative fluid" group.

Cook 1990  (Continued)
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Blinding of outcome as-
sessment (detection bias) 
All outcomes

Low risk Assessments were made by an author blinded to treatment groups.

Incomplete outcome data
(attrition bias) 
All outcomes

Unclear risk Two patients were not assessed. Material impact questionable as this repre-
sents a small fraction of the participants but no explanation was given.

Selective reporting (re-
porting bias)

Unclear risk All outcomes were reported. An intention-to-treat analysis was not completed.

Other bias Low risk There were no other sources of bias.

Cook 1990  (Continued)

 
 

Methods Design: double-blind, prospective randomized controlled trial
Country: Lebanon
Multisite: no
International: no
Treatment duration: preoperative period
Follow-up: 24 hours postoperatively
Operative procedure(s): thyroidectomy
Randomization unit: participants
Analysis unit: individual

Participants 1. 102 participants enrolled

2. Male and female adults undergoing elective thyroidectomy for multinodular goitre or multinodular
toxic goitre

Exclusion criteria:

1. history of congestive heart failure;

2. history of hypertension;

3. history of valvular heart disease;

4. history of diabetes mellitus;

5. history of epilepsy;

6. established gastrointestinal disease;

7. relevant drug allergy;

8. receiving antiemetic medication in the 24 hours preceding the procedure.

Randomized to:

1. RL-10 group (n = 51, 50%);

2. RL-30 group (n = 51, 50%);

3. 1 participant from the RL-10 group was excluded because of intraoperative antiemetic administration;

4. 1 participant from the RL-30 group was excluded for postoperative dexamethasone administration.

Main characteristics of participants:

1. age (mean, standard deviation): RL-10 group 45.2 years, 10.9; RL-30 group 39.4 years, 9.7;

2. number of females/males: 79/21.

Interventions 1. RL-10 group (control): preoperative bolus of 10 mL/kg Ringer's lactate

2. RL-30 group (intervention): preoperative bolus of 30 mL/kg Ringer's lactate

Dagher 2009 
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Co-interventions: none stated

Outcomes 1. Nausea, dry retching, and vomiting were assessed as dichotomous outcomes 30 minutes after emer-
gence from anaesthesia and at 2, 6, 12, 18, and 24 hours postoperatively.

2. The risk of nausea and vomiting at different time points were reported graphically. The risk of nausea,
vomiting, nausea or vomiting, and nausea and vomiting were reported for the overall postoperative
period.

3. Antiemetic and analgesic administration documented.

4. Patients' satisfaction concerning postoperative physical comfort and well-being was recorded 24
hours after surgery with a 100 mm visual analogue scale.

5. Nausea, dry retching, vomiting, and antiemetic administration were recorded at entry to PACU, and
at postoperative hours 2, 6, 12, 18, and 24.

Notes Trial registration: not stated
Funder: not stated
A priori sample size estimation: stated on page 188
Conducted: dates not stated
Declared conflicts of interest: not stated

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Random allocation was performed using a computer-generated number table.

Allocation concealment
(selection bias)

Unclear risk Random allocation was performed using a computer-generated number table.

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

Low risk The anaesthesiologist taking care of the participant may have been aware of
the group assignment, but the participant and PACU nurses were not.

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Low risk Data collection was completed by a blinded observer.

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk 2 participants excluded for protocol violations, but no apparent material im-
pact.

Selective reporting (re-
porting bias)

Unclear risk Intention-to-treat analysis was not completed for 2 excluded participants. All
outcomes were reported.

Other bias Low risk There were no other sources of bias.

Dagher 2009  (Continued)

 
 

Methods Design: double-blind, prospective randomized controlled trial
Country: Turkey
Multisite: no
International: no
Treatment duration: postoperative period
Follow-up: 1 week postoperatively
Operative procedure(s): adenotonsillectomy

Egeli 2004 
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Randomization unit: participants
Analysis unit: individual

Participants 1. 40 participants enrolled

2. Children aged 4 to 18 years undergoing adenotonsillectomy under general anaesthesia with endotra-
cheal intubation for chronic infection, obstructive hypertrophy, or both

Exclusion criteria included:

1. the presence of systemic or neurologic diseases;

2. bleeding disorders.

Randomized to:

1. group A (n = 20, 50%);

2. group B (n = 20, 50%).

Main characteristics of participants:

1. age (mean, standard deviation): Group A 8.25 years, 2.75; Group B 8.20 years, 3.90;

2. number of females/males: 11/29.

Interventions 1. Group A (intervention): postoperative infusion of 60 to 120 mL/hour 5% dextrose in Ringer's lactate

2. Group B (control): no postoperative hydration

Co-interventions: none stated

Outcomes 1. Nausea and vomiting assessed as dichotomous outcomes using a questionnaire completed by the
participant's parent on postoperative day 0, 1, 2, 3, 4, 5, and 6.

2. Also assessed on the questionnaire were halitosis, bleeding, otalgia, trismus, fever, and 'other'.

3. Intensity and progression of pain were assessed using the McGrath's face scale at postoperative hours
1, 5, 13, 17, and 21, as well as on postoperative days 1, 2, 3, 4, 5, and 6.

Notes Trial registration: not stated
Funder: not stated
A priori sample size estimation: not stated
Conducted: dates not stated
Declared conflicts of interest: not stated

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk No information on the randomization protocol was provided.

Allocation concealment
(selection bias)

Unclear risk No information on the randomization protocol was provided.

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

High risk Participants and their parents were aware of group allocation as the interven-
tion was postoperative IV fluid administration.

Blinding of outcome as-
sessment (detection bias) 
All outcomes

High risk The (unblinded) parent completed the questionnaire and used the McGrath
Face Scale to assess pain.

Egeli 2004  (Continued)
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Incomplete outcome data
(attrition bias) 
All outcomes

Low risk No withdrawals were stated.

Selective reporting (re-
porting bias)

Low risk All outcomes were reported.

Other bias Low risk There were no other sources of bias.

Egeli 2004  (Continued)

 
 

Methods Design: double-blind, prospective randomized controlled trial
Country: Chile
Multisite: no
International: no
Treatment duration: preoperative period
Follow-up: 24 hours postoperatively
Operative procedure(s): elective otorhinolaryngological surgery
Randomization unit: participants
Analysis unit: individual

Participants 1. 100 participants enrolled

2. ASA I to II children aged 1 to 12 years undergoing elective tonsillectomy or adenotonsillectomy under
general anaesthesia

Exclusion criteria included:

1. a history of diabetes mellitus;

2. mental retardation;

3. obesity (BMI greater than or equal to the 95th percentile for age and sex);

4. intake of antiemetic or psychoactive medication within 24 hours before surgery;

5. known gastroesophageal reflux disease.

Randomized to:

1. group 1 (n = 50, 50%);

2. group 2 (n = 50, 50%);

3. 5 randomized participants were lost to follow-up after leaving the hospital but were not excluded from
the analysis.

Main characteristics of participants:

1. age (mean, range): group 1 5.0 years, 1 to 12; group 2 4.5 years, 2 to 9;

2. number of females/males: 48/52.

Interventions 1. Group 1 (control): intraoperative infusion of 10 mL/kg/hour Ringer's lactate

2. Group 2 (intervention): intraoperative infusion of 30 mL/kg/hour Ringer's lactate

Co-interventions: none stated

Outcomes 1. Retching and vomiting episodes were documented from the time of tracheal extubation until 24 hours
postoperatively by direct observer assessment and telephone questionnaire at 24 hours postopera-
tively.

2. Administration of antiemetics was also documented and reported.

Elgueta 2013 
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3. Pain was assessed and reported on arrival to PACU and at 15, 30, 45, 60, 90, and 120 minutes there-
after using either a visual analogue scale (0 to 10) or the Children and Infants Postoperative Pain Scale
(CHIPPS), depending on the age and comprehension of the child.

4. Administration of analgesic medication was also documented.

5. Thirst, fever above 100.4 degrees Farenheit, and the highest pain score by either a score of 0 to 10 or
the CHIPPS scale was assessed by telephone questionnaire at 24 hours.

Notes Trial registration: NCT01575600
Funder: departmental funding
A priori sample size estimation: stated on page 608
Conducted: July 2010 to March 2012
Declared conflicts of interest: none declared

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Random allocation was performed using a computer-generated number table.

Allocation concealment
(selection bias)

Unclear risk Random allocation was performed using a computer-generated number table.

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

Low risk Participants, their parents, and medical staK were blinded to group allocation.

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Low risk Investigators performing the postoperative assessments were blinded to
group allocation.

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk 7 participants were lost to follow-up, 3 from the control group and 4 from the
intervention group.

Selective reporting (re-
porting bias)

Low risk All outcomes were reported. An intention-to-treat analysis was performed.

Other bias Low risk The authors stated they had no conflict of interest to declare and had depart-
mental funding only.

Elgueta 2013  (Continued)

 
 

Methods Design: double-blind, prospective randomized controlled trial
Country: Egypt
Multisite: no
International: no
Treatment duration: intraoperative period
Follow-up: 48 hours postoperatively
Operative procedure(s): ambulatory termination of pregnancy
Randomization unit: participants
Analysis unit: individual

Participants 1. 100 participants enrolled

Elhakim 1998 
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2. Female ASA I to II participants undergoing ambulatory termination of pregnancy up to 12 weeks' ges-
tation

Exclusion criteria included:

1. a history of ear disease;

2. a history of liver disease;

3. hyperlipidaemia;

4. antiemetic use.

Randomized to:

1. group 1 (n = 50, 50%);

2. group 2 (n = 50, 50%);

3. no withdrawals were stated.

Main characteristics of participants:

1. age (mean, standard deviation): group 1 25.7 years, 9.4; group 2 26.1 years, 8.6;

2. number of females/males: 100/0.

Interventions 1. Group 1 (intervention): intraoperative bolus of 1000 mL Ringer's lactate

2. Group 2 (control): no intraoperative bolus

Co-interventions: none stated

Outcomes 1. Nausea was assessed using a 10 cm visual analogue scale at 1, 2, 4, 6, 24, 48, and 72 hours postopera-
tively. After the participant was discharged, assessment was made using a questionnaire.

2. Vomiting was also assessed and reported for 0 to 6 hours and 6 hours to 3 days postoperatively, as
well as for 0 to 2, 2 to 4, 4 to 6, 6 to 24, 24 to 48, and 48 to 72 hours postoperatively.

3. The questionnaire also assessed pain using a 10 cm visual analogue scale and analgesic and antiemet-
ic use up to 72 hours postoperatively.

4. The questionnaire also requested that patients voluntarily report if they had "any complaint", e.g.
dizziness, faintness on standing, or drowsiness.

5. Time to first oral fluid was assessed and reported as an average time in minutes for both groups.

Notes Trial registration: not stated
Funder: none stated
A priori sample size estimation: not stated
Conducted: dates not stated
Declared conflicts of interest: not stated

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk No information on the randomization protocol was provided.

Allocation concealment
(selection bias)

Unclear risk No information on the randomization protocol was provided.

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

Low risk IV fluid containers were covered by a large paper bag.

Blinding of outcome as-
sessment (detection bias) 

Low risk A blinded anaesthetist performed the study assessments.

Elhakim 1998  (Continued)
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All outcomes

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk No withdrawals were noted.

Selective reporting (re-
porting bias)

Low risk All outcomes were reported.

Other bias Low risk There were no other sources of bias.

Elhakim 1998  (Continued)

 
 

Methods Design: double-blind, prospective randomized controlled trial
Country: USA
Multisite: no
International: no
Treatment duration: preoperative period
Follow-up: 24 hours postoperatively
Operative procedure(s): ambulatory strabismus surgery under general anaesthesia
Randomization unit: participants
Analysis unit: individual

Participants 1. 100 participants enrolled

2. ASA I to II children aged 1 to 12 years undergoing ambulatory strabismus surgery under general anaes-
thesia

Exclusion criteria included:

1. cardiovascular problems;

2. respiratory problems;

3. hepatic or renal problems;

4. prior history of nausea and vomiting.

Randomized to:

1. 10 group (n = 50, 50%);

2. 30 group (n = 50, 50%).

Main characteristics of participants:

1. age (mean, standard deviation): 10 group 5.6 years, 1.2; 30 group 5.3 years, 0.9;

2. number of females/males: 50/50.

Interventions 1. 10 group (control): intraoperative infusion of 10 mL/kg/hour Ringer's lactate

2. 30 group (intervention): intraoperative infusion of 30 mL/kg/hour Ringer's lactate

Co-interventions: none stated

Outcomes 1. Nausea was assessed using an ordinal scale (none, mild, moderate, or severe) and dry retching/vom-
iting were assessed and reported as a dichotomous outcome. These outcomes were assessed during
2 time points: in PACU by direct observation and at 24 hours postoperatively by telephone question-
naire completed by the participant's parent.

2. A patient with moderate nausea, severe nausea, and dry retching/vomiting was scored as having
PONV.

3. Other outcomes included the presence of thirst, postoperative pain, and fever. These outcomes were
reported for the entire 24-hour postoperative period.

Goodarzi 2006 
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Notes Trial registration: not stated
Funder: not stated
A priori sample size estimation: not stated
Conducted: dates not stated
Declared conflicts of interest: not stated

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Randomization was carried out using a computer program.

Allocation concealment
(selection bias)

Unclear risk Randomization was carried out using a computer program.

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

Unclear risk PACU nurses were blinded to the allocation group, but blinding of the anaes-
thesiologist caring for participants was not stated.

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Low risk Data collection was completed by a single investigator blinded to the tech-
nique of fluid therapy.

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk No withdrawals were stated.

Selective reporting (re-
porting bias)

Low risk All outcomes were reported.

Other bias Low risk There were no other sources of bias.

Goodarzi 2006  (Continued)

 
 

Methods Design: double-blind, prospective randomized controlled trial
Country: South Korea
Multisite: no
International: no
Treatment duration: intraoperative period
Follow-up: 24 hours postoperatively
Operative procedure(s): laparotomy, laparoscopic abdominal or gynaecological surgery
Randomization unit: participants
Analysis unit: individual

Participants 1. 200 participants enrolled

2. ASA I to II participants aged 20 to 60 years undergoing laparotomy or laparoscopic abdominal or gy-
naecologic surgery

Exclusion criteria included:

1. history of PONV;

2. smoking;

3. alcohol use;

4. narcotic use;

Gwak 2007 
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5. antiemetic use;

6. history of cardiovascular, hepatic, renal, gastrointestinal, and neurological diseases.

Randomized to:

1. group 1 (n = 50, 25%);

2. group 2 (n = 50, 25%);

3. group 3 (n = 50, 25%);

4. group 4 (n = 50, 25%).

Main characteristics of participants:

1. age (mean, standard deviation): group 1 42.8 years, 11.1; group 2 43.0 years, 9.1; group 3 42.6 years,
9.6; group 4 41.3 years, 9.8;

2. number of females/males: 187/13.

Interventions 1. Group 1 (control): intraoperative infusion of 6 mL/kg/hour Ringer's lactate, ventilated with FiO2 0.3.

2. Group 2 (intervention): intraoperative infusion of 18 mL/kg/hour Ringer's lactate, ventilated with FiO2
0.3.

3. Group 3 (intervention): intraoperative infusion of 6 mL/kg/hour Ringer's lactate, ventilated with FiO2
0.8.

4. Group 4 (control): intraoperative infusion of 18 mL/kg/hour Ringer's lactate, ventilated with FiO2 0.8.

Outcomes 1. Nausea was assessed using a 10 cm visual analogue scale. These data were converted to categories (0
= none, 1 to 3 = mild, 4 to 6 = moderate, 7 to 10 = severe) and reported as such. Vomiting events were
documented, as was postoperative antiemetic and analgesic administration.

2. Pain was assessed using a 10 cm visual analogue scale and reported as means and standard deviations
for each group.

3. These outcomes were reported for each of the following time periods: 0 to 2 hours, 2 to 6 hours, and
6 to 24 hours postoperatively.

4. The risk of nausea (all severities), vomiting, PONV, and rescue antiemetic and analgesic administration
were reported for the overall postoperative period (0 to 24 hours).

Notes Groups with the same intraoperative fluid management but different inspired concentrations of oxy-
gen were combined for meta-analysis.

Trial registration: not stated
Funder: not stated
A priori sample size estimation: stated on page S33
Conducted: dates not stated
Declared conflicts of interest: not stated

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Randomization was conducted by computer-generated codes that were main-
tained in sequentially numbered envelopes.

Allocation concealment
(selection bias)

Low risk Randomization was conducted by computer-generated codes that were main-
tained in sequentially numbered envelopes.

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

Unclear risk PACU nurses were blinded to the allocation group, but blinding of the anaes-
thesiologist caring for participants was not stated.

Gwak 2007  (Continued)
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Blinding of outcome as-
sessment (detection bias) 
All outcomes

Low risk The postoperative study investigator was blinded to the group assignment.

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk No withdrawals were noted.

Selective reporting (re-
porting bias)

Low risk All outcomes were reported.

Other bias Low risk There were no other sources of bias.

Gwak 2007  (Continued)

 
 

Methods Design: prospective randomized controlled trial
Country: Egypt
Multisite: no
International: no
Treatment duration: preoperative period
Follow-up: 24 hours postoperatively
Operative procedure(s): diagnostic gynaecological laparoscopy for infertility
Randomization unit: participants
Analysis unit: individual

Participants 1. 60 participants enrolled

2. ASA I to II females aged 18 to 40 years weighing 50 kg to 85 kg undergoing diagnostic gynaecological
laparoscopy for infertility

Exclusion criteria included:

1. gastrointestinal disease;

2. diabetes mellitus;

3. epilepsy;

4. antiemetic use within 24 hours before the operation;

5. excessive intraoperative blood loss;

6. additional intraoperative surgical intervention.

Randomized to:

1. group I (n = 20, 33.3%);

2. group II (n = 20, 33.3%);

3. group III (n = 20, 33.3%).

Main characteristics of participants:

1. age (mean, range): group I 25.2 years, 19 to 33; group II 24.5 years, 18 to 30, group III 25.5 years, 20 to 35;

2. number of females/males: 60/0.

Interventions 1. Group I (control): preoperative bolus of 10 mL/kg Ringer's lactate

2. Group II (intervention): preoperative bolus of 30 mL/kg Ringer's lactate

3. Group III (intervention): preoperative bolus of 10 mL/kg and administration of ephedrine 0.5 mg/kg
intramuscularly 10 minutes before the end of surgery

Co-interventions: none stated

Hashish 2007 
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1. Preoperative bolus of 30 mL/kg or 10 mL/kg Ringer's lactate. A third group received 10 mL/kg Ringer's
lactate preoperatively and 0.5 mg/kg ephedrine IM intraoperatively.

Outcomes 1. Vomiting and dry retching (assessed and reported as a single outcome) and nausea were assessed as
dichotomous outcomes using a patient questionnaire. These outcomes were reported at 30 minutes,
2.5 hours, and 2.5 to 24 hours postoperatively.

2. Other outcomes included headache, sedation, sore throat, thirst, and shoulder pain. These were re-
ported for the overall postoperative period.

3. Perioperative vital signs (heart rate, mean arterial pressure, and arterial O2 saturation) were also re-

ported at the following time points: baseline; 5, 20, and 40 minutes after intubation; 30 minutes, 2.5
hours, and 24 hours postoperatively.

Notes Trial registration: not stated
Funder: not stated
A priori sample size estimation: not stated
Conducted: dates not stated
Declared conflicts of interest: not stated

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Participants were randomly allocated, but no information on the randomiza-
tion process was provided.

Allocation concealment
(selection bias)

Unclear risk Participants were randomly allocated, but no information on the randomiza-
tion process was provided.

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

Unclear risk No information on blinding of participants and personnel provided.

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Unclear risk No information on blinding of outcome assessment provided.

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk No withdrawals were noted.

Selective reporting (re-
porting bias)

Low risk All outcomes were reported.

Other bias Low risk There were no other sources of bias.

Hashish 2007  (Continued)

 
 

Methods Design: prospective randomized controlled trial
Country: Iran
Multisite: no
International: no
Treatment duration: preoperative period
Follow-up: unclear, "in the recovery room and surgical ward"
Operative procedure(s): elective orthopaedic procedures
Randomization unit: participants

Heidari 2012 
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Analysis unit: individual

Participants 1. 30 participants enrolled

2. ASA I to II non-smoking adults undergoing elective orthopaedic procedures involving the limbs

Exclusion criteria included:

1. a history of motion sickness;

2. those who required tourniquet placement during the operative procedure.

Randomized to:

1. case group (n = 15, 50%);

2. control group (n = 15, 50%);

3. no withdrawals were stated.

Main characteristics of participants:

1. age (mean, standard deviation): case group 24 years, 14; control group 25 years, 15;

2. number of females/males: 0/30.

Interventions 1. Case group (intervention): preoperative bolus of 10 mL/kg Ringer's lactate

2. Control group (control): no preoperative fluid

Co-interventions: none stated

Outcomes 1. Nausea was assessed using a 10-point visual analogue scale.

2. The number of vomiting episodes and the administration of rescue antiemetic medication was doc-
umented.

3. Nausea and vomiting were reported as a composite outcome. No threshold VAS score to define nausea
was stated.

4. Intraoperative heart rate and systolic, mean, and diastolic blood pressure were recorded.

5. Baseline haemodynamic statistics were reported.

Notes Trial registration: not stated
Funder: not stated
A priori sample size estimation: not stated
Conducted: dates not stated
Declared conflicts of interest: not stated

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Random allocation software was used to produce a simple randomized list of 2
equal groups.

Allocation concealment
(selection bias)

Unclear risk Random allocation software was used to produce a simple randomized list of 2
equal groups.

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

Unclear risk Blinding not stated. Fluid intervention occurs when participant is awake with
no stated sham treatment.

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Unclear risk Blinding status of outcome assessor not stated.

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

Low risk No withdrawals were noted.

Selective reporting (re-
porting bias)

Low risk All outcomes were reported.

Other bias Low risk There were no other sources of bias.

Heidari 2012  (Continued)

 
 

Methods Design: double-blind, prospective randomized controlled trial
Country: Iran
Multisite: no
International: no
Treatment duration: intraoperative period
Follow-up: 24 hours postoperatively
Operative procedure(s): tonsillectomy
Randomization unit: participants
Analysis unit: individual

Participants 1. 90 participants enrolled

2. ASA I children aged 6 to 12 years old with normal BMI scheduled for tonsillectomy under general anaes-
thesia

Exclusion criteria included:

1. a history of motion sickness;

2. PONV;

3. recent common cold.

Randomized to:

1. well-hydrated group (n = 45, 50%);

2. control group (n = 45 50%);

3. no withdrawals were reported.

Main characteristics of participants:

1. age (mean, standard deviation): well-hydrated group 8 years, 3; control group 9 years, 3;

2. number of females/males: 45/45.

Interventions 1. Well-hydrated group (intervention): intraoperative infusion of 4 mL/kg/hour Ringer's lactate in addi-
tion to standard fluid management

2. Conservative fluid group (control): standard fluid management alone

Co-interventions: none stated

Outcomes 1. Nausea and vomiting were assessed as dichotomous outcomes.

2. All episodes in the 24 hours following the operation were recorded. They were reported for the overall
24-hours postoperative time period.

Notes Trial registration: not stated
Funder: not stated
A priori sample size estimation: not stated
Conducted: dates not stated

Heshmati 2004 

Supplemental perioperative intravenous crystalloids for postoperative nausea and vomiting (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

Declared conflicts of interest: not stated

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Participants were randomly allocated, but no information on the randomiza-
tion process was provided.

Allocation concealment
(selection bias)

Unclear risk Participants were randomly allocated, but no information on the allocation
process was provided.

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

Unclear risk Blinding of care staK, including the intraoperative anaesthesiologist, was not
described.

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Low risk Nurses responsible for outcome assessment were blinded to allocation group.

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk No withdrawals were noted.

Selective reporting (re-
porting bias)

Low risk All outcomes were reported.

Other bias Low risk There were no other sources of bias.

Heshmati 2004  (Continued)

 
 

Methods Design: double-blind, prospective randomized controlled trial
Country: Denmark
Multisite: no
International: no
Treatment duration: preoperative period
Follow-up: 3 days postoperatively
Operative procedure(s): laparoscopic cholecystectomy
Randomization unit: participants
Analysis unit: individual

Participants 1. 48 participants enrolled

2. ASA I to II participants aged 21 to 65 years undergoing laparoscopic cholecystectomy

Exclusion criteria included:

1. weight greater than 100 kg;

2. age less than 18 years or greater than 70 years;

3. pregnancy or lactation;

4. ongoing infection (as assessed by C-reactive protein level);

5. inability to perform the preoperative test program;

6. conversion of the procedure from laparoscopic to open;

7. history of cardiovascular, pulmonary, or endocrine disease;

8. regular taking of any medication except anticonceptive pills;

9. postmenopausal oestrogen supplementation;

Holte 2004 
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10.selective serotonin reuptake inhibitors;

11.participants whose operations took place in the afternoon.

Randomized to:

1. group I (n = 24, 50%);

2. group II (n = 24, 50%);

3. all randomized participants completed the study.

Main characteristics of participants:

1. age (mean, range): group I 34 years, 21 to 65; group II 37.5 years, 23 to 63;

2. number of females/males: 40/8.

Interventions 1. Group I (control): preoperative bolus of 15 mL/kg Ringer's lactate

2. Group II (intervention): preoperative bolus of 40 mL/kg Ringer's lactate

Co-interventions: none stated

Outcomes 1. Nausea was assessed using a 100 mm visual analogue scale before surgery and at 1, 2, 4, and 24 hours
postoperatively, and then in the evening of postoperative days 0, 1, 2, and 3. Vomiting episodes were
registered at the same time points.

2. Pain, appetite, general well-being, thirst, headache, dizziness, and drowsiness were evaluated using
a 100 mm visual analogue scale.

3. Fatigue was evaluated on a 10-point scale. These outcomes were reported at the same time points
as was nausea.

4. Intraoperative haemodynamic data, including lowest systolic pressure, highest systolic pressure, and
duration of systolic pressure less than 90 mmHg were reported, as were intraoperative ephedrine and
atropine requirements.

5. Pulmonary function tests (forced expiratory volume in the first second, forced vital capacity, and peak
expiratory flow) were measured preoperatively and at 1, 2, 4, and 24 hours postoperatively.

6. Weight was measured preoperatively and at 4 and 24 hours postoperatively.

7. Exercise capacity was measured using a submaximal treadmill exercise test on a Quinton Club Track
612 treadmill preoperatively and at 4 and 24 hours postoperatively.

8. Balance function was assessed preoperatively and at 4 and 24 hours postoperatively.

9. Hormonal responses (including antidiuretic hormone, angiotensin-II, and atrial natriuretic peptide
in plasma, renin activity, and aldosterone) were assessed with samples drawn before induction of
anaesthesia, at the end of surgery, and at 1 and 2 hours postoperatively.

Notes Trial registration: not stated
Funder: "The study was supported by grants from the University of Copenhagen and the Danish Re-
search Council (no. 22-01-0160)"
A priori sample size estimation: stated on page 894
Conducted: 23 October 2001 to 20 August 2002
Declared conflicts of interest: not stated

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Randomization was completed using serially numbered, sealed, and opaque
envelopes based on an externally generated computer-generated list of ran-
dom numbers.

Allocation concealment
(selection bias)

Low risk Randomization was completed using serially numbered, sealed, and opaque
envelopes based on an externally generated computer-generated list of ran-
dom numbers.

Holte 2004  (Continued)

Supplemental perioperative intravenous crystalloids for postoperative nausea and vomiting (Review)

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

61



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

Low risk Infusion bags were hidden in opaque sacks, ensuring blinding of the patient
and care staK.

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Low risk The investigators obtaining patient data were not present during fluid infu-
sion.

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk No withdrawals were stated.

Selective reporting (re-
porting bias)

Low risk All outcomes were reported.

Other bias Low risk There were no other sources of bias.

Holte 2004  (Continued)

 
 

Methods Design: double-blind, prospective randomized controlled trial
Country: Egypt
Multisite: no
International: no
Treatment duration: intraoperative period
Follow-up: 24 hours postoperatively
Operative procedure(s): laparoscopic cholecystectomy
Randomization unit: participants
Analysis unit: individual

Participants 1. 100 participants enrolled

2. ASA I to II participants aged 20 to 50 years undergoing laparoscopic cholecystectomy

Exclusion criteria included:

1. use of steroids, antiemetics, or opioids in the 3 days prior to surgery;

2. liver, cardiac, or renal disease;

3. pregnancy;

4. body mass index > 30 kg/m2.

Randomized to:

1. group D (n = 50, 50%);

2. group DF (n = 50, 50%);

3. all randomized participants completed the study.

Main characteristics of participants:

1. age (mean, standard deviation): group D 34.6 years, 5.60; group DF 33.4 years, 4.96;

2. number of females/males: 100/0.

Interventions 1. Group D (control): intraoperative bolus of 10 mL/kg Ringer's lactate

2. Group DF (intervention): intraoperative bolus of 30 mL/kg Ringer's lactate

Co-interventions: both groups received dexamethasone 5 mg IV at the beginning of surgery

Outcomes 1. PONV was measured using a verbal descriptive scale: none, mild, moderate, or severe.

Ismail 2017 
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2. Nausea, retching, and vomiting were presented as individual overall dichotomous outcomes, as well
as at early (0 to 6 hour) and late (6 to 24 hour) time points.

3. Antiemetic administration was presented as a dichotomous outcome and as total dose administered.

4. Pain was reported on a visual analogue scale.

5. Time to first analgesia request and total meperidine requirement were reported.

6. Delayed complications, specifically wound infection, delayed wound healing, and inflammation or
wound discharge were reported.

7. Time required to achieve an Aldrete score of 10 was recorded.

Notes Trial registration: NCT02726308
Funder: not stated
A priori sample size estimation: stated
Conducted: May 2015 to December 2015
Declared conflicts of interest: not stated

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Randomization was based on computer-generated codes maintained in se-
quentially numbered, opaque envelopes.

Allocation concealment
(selection bias)

Low risk Randomization was based on computer-generated codes maintained in se-
quentially numbered, opaque envelopes.

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

Low risk Participants and members of the surgical team were blind to group allocation.

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Low risk Nurses collecting data in PACU were blind to group allocation.

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk No withdrawals were stated.

Selective reporting (re-
porting bias)

Low risk All outcomes were reported.

Other bias Low risk There were no other sources of bias.

Ismail 2017  (Continued)

 
 

Methods Design: prospective randomized controlled trial
Country: Ireland
Multisite: no
International: no
Treatment duration: intraoperative period
Follow-up: 6 hours postoperatively
Operative procedure(s): breast biopsy, varicose vein ligation, dilatation and curettage, and inguinal
hernia repair
Randomization unit: participants
Analysis unit: individual

Keane 1986 
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Participants 1. 212 participants enrolled

2. ASA I to II participants aged 18 to 50 years old undergoing minor surgical procedures that included
breast biopsies, varicose vein ligations, dilatation and curettage, and inguinal hernia repairs

No exclusion criteria were provided.

Randomized to:

1. fluid group (n = 108, 51%);

2. no fluid group (n = 104, 49%).

All patients completed the first questionnaire (6 hours postoperatively), which evaluated PONV. 36
(17%) and 28 (24%) of eligible patients did not complete the second and third questionnaires, respec-
tively. These questionnaires did not evaluate PONV.

Main characteristics of participants:

1. age range of participants 18 to 50 years; analysis of age by group was not stated;

2. sex of enrolled participants not provided.

Interventions 1. Fluid group (intervention): intraoperative bolus of 1 litre of Ringer's lactate and postoperative bolus
of 1 litre 5% dextrose in water

2. No fluid group (control): no perioperative fluid

Co-interventions: none stated

Outcomes 1. Nausea and vomiting were assessed as dichotomous outcomes using a questionnaire administered
6 hours postoperatively.

2. Questionnaires also documented thirst, dizziness, drowsiness, and headache at 6 hours.

3. Measurements of serum osmolalities were taken in the immediate postoperative period.

4. Postoperative well-being was assessed (in comparison to preoperative status) by questionnaire on
the 3rd postoperative day.

5. Participants who had received a previous anaesthetic were asked to compare their study anaesthetic
experience to their previous anaesthesia experience(s) by questionnaire at 1 month postoperatively.

Notes Trial registration: not stated
Funder: not stated
A priori sample size estimation: not stated
Conducted: dates not stated
Declared conflicts of interest: not stated

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Participants were randomly allocated, but no information on the randomiza-
tion process was provided.

Allocation concealment
(selection bias)

Unclear risk Participants were randomly allocated, but no information on the randomiza-
tion process was provided.

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

Unclear risk The blinding process of personnel was not described. Participants were aware
of their allocation status but not the purpose of the IV fluid.

Blinding of outcome as-
sessment (detection bias) 

Unclear risk Blinding of outcome assessors completing questionnaires was not described.

Keane 1986  (Continued)
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All outcomes

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk 83% of participants responded to the second questionnaire. 76% of partici-
pants responded to the 3rd questionnaire. Neither of these questionnaires ex-
amined PONV outcomes.

Selective reporting (re-
porting bias)

High risk Vomiting data were not reported.

Other bias Low risk There were no other sources of bias.

Keane 1986  (Continued)

 
 

Methods Design: double-blind, prospective randomized controlled trial
Country: USA
Multisite: no
International: no
Treatment duration: perioperative period
Follow-up: discharge from postanaesthetic care unit to hospital or same-day surgical care unit to
home
Operative procedure(s): laparoscopic gynaecological surgery
Randomization unit: participants
Analysis unit: individual

Participants 1. 54 participants enrolled

2. ASA I to II female participants aged 18 to 72 years undergoing ambulatory, non-emergency laparo-
scopic gynaecologic surgery

Exclusion criteria included:

1. pregnancy;

2. history of hypertension;

3. congestive heart failure;

4. valvular heart disease;

5. diabetes mellitus;

6. epilepsy;

7. mental disability;

8. prisoners;

9. participants who had received antiemetics in the 24 hours before surgery;

10.participants with a history of PONV.

Randomized to:

1. group 1 (n = 26, 50%);

2. group 2 (n = 26, 50%);

3. data for 6 participants (3 from group 1, 3 from group 2) were removed after randomization for intra-
operative protocol violations.

Main characteristics of participants:

1. age (mean, range): group 1: 32 years, 20 to 46; group 2: 33 years, 18 to 72;

2. number of females/males: 56/0.

Interventions 1. Group 1 (intervention): preoperative of up to 900 to 1000 mL Ringer's lactate

2. Group 2 (control): routine amount of Ringer's lactate "at the time the provider usually administered it"

Lambert 2009 
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Co-interventions: none stated

Outcomes 1. Nausea and retching/vomiting were documented and reported as dichotomous outcomes.

2. Antiemetic administration was stated as an outcome but not reported.

3. Haemodynamic outcomes were assessed: baseline blood pressure, post-induction blood pressure,
and the risk of ephedrine administration intraoperatively were documented and reported.

4. Percentage decrease in systolic blood pressure was reported.

Notes Trial registration: not stated
Funder: not stated
A priori sample size estimation: stated on page 112
Conducted: not stated
Declared conflicts of interest: not stated

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Participants were randomly allocated, but no information on the randomiza-
tion process was provided.

Allocation concealment
(selection bias)

Unclear risk Participants were randomly allocated, but no information on the allocation
process was provided.

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

Unclear risk It is unclear whether participants and anaesthesiologists were blind to group
allocation.

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Low risk Nurses collecting data in PACU were blind to group allocation.

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk Data for 6 participants were removed from the final sample due to protocol vi-
olations; both groups were equally affected.

Selective reporting (re-
porting bias)

High risk An intention-to-treat analysis was not completed.

Other bias Low risk There were no other sources of bias.

Lambert 2009  (Continued)

 
 

Methods Design: blinded, prospective randomized controlled trial
Country: South Korea
Multisite: no
International: no
Treatment duration: preoperative/intraoperative period
Follow-up: 24 hours postoperatively
Operative procedure(s): laparoscopic cholecystectomy
Randomization unit: participants
Analysis unit: individual

Participants 1. 90 participants enrolled

2. ASA I to II participants aged 19 to 60 years undergoing laparoscopic cholecystectomy

Lee 2009 
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Exclusion criteria included:

1. history of cardiopulmonary disease;

2. endocrine disorders;

3. ringworm;

4. obesity;

5. kidney disease;

6. PONV;

7. motion sickness;

8. fever;

9. conversion from laparoscopic to open procedure.

Randomized to:

1. group I (n = 30, 33.3%);

2. group II (n = 30, 33.3%);

3. group III (n = 30, 33.3%).

Main characteristics of participants:

1. age (mean, standard deviation): group I 50.5 years, 10.5; group II 51.1 years, 8.1; group III 49.2 years,
8.5;

2. number of females/males: 53/37.

Interventions 1. Group I (control): preoperative infusion of 5 mL/kg/hour Ringer's lactate

2. Group II (intervention): preoperative infusion of 30 mL/kg/hour Ringer's lactate

3. Group III (intervention): preoperative infusion of 5 mL/kg/hour Ringer's lactate and intraoperative ad-
ministration of ondansetron 4 mg IV

Co-interventions: none stated

Outcomes 1. Nausea and vomiting were documented as dichotomous outcomes. These were reported as a com-
posite outcome for the following time points: 0 to 1, 1 to 12, and 12 to 24 hours postoperatively. An
risk for the overall 24 hour period was also reported.

2. Antiemetic administration was documented.

3. Pain was measured by visual analogue scale.

4. Nausea, vomiting episodes, and antiemetic administration were also recorded. Pain was assessed us-
ing a visual analogue scale at 1, 12, and 24 hours.

Notes Trial registration: not stated
Funder: not stated
A priori sample size estimation: not stated
Conducted: dates not stated
Declared conflicts of interest: not stated

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Participants were randomly allocated, but no information on the randomiza-
tion process was provided.

Allocation concealment
(selection bias)

Unclear risk Participants were randomly allocated, but no information on the randomiza-
tion process was provided.

Blinding of participants
and personnel (perfor-
mance bias) 

Unclear risk Blinding of participants and the perioperative team was not discussed.

Lee 2009  (Continued)
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All outcomes

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Low risk The outcome assessor was blinded to group allocation.

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk No withdrawals were stated.

Selective reporting (re-
porting bias)

Low risk All outcomes were reported.

Other bias Low risk There were no other sources of bias.

Lee 2009  (Continued)

 
 

Methods Design: double-blind, prospective, randomized controlled trial.
Country: UK
Multisite: no
International: no
Treatment duration: preoperative period
Follow-up: 48 hours postoperatively
Operative procedure(s): gynaecological laparoscopy
Randomization unit: participants
Analysis unit: individual

Participants 1. 141 participants enrolled

2. ASA I female participants aged 21 to 44 years undergoing elective gynaecologic laparoscopy for inves-
tigation of infertility

Exclusion criteria included:

1. history of congestive heart failure;

2. hypertension;

3. valvular heart disease;

4. diabetes mellitus;

5. epilepsy;

6. relevant drug allergy;

7. established gastrointestinal disease;

8. received antiemetic medication in the 24 hours before surgery;

9. development of intraoperative hypotension;

10.excessive blood loss;

11.surgery involved more than diagnostic laparoscopy.

Randomized to:

1. RL-10 group (n = 71, 50.4%);

2. RL-30 group (n = 70, 49.6%);

3. 1 participant was excluded for protocol violation.

Main characteristics of participants:

1. age (mean, range): RL-10 33.5 years, 21 to 42; RL-30 33.0 years, 21 to 44;

2. number of females/males: 141/0.

Magner 2004 
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Interventions 1. RL-10 group (control): preoperative bolus of 10 mL/kg Ringer's lactate

2. RL-30 group (intervention): preoperative bolus of 30 mL/kg Ringer's lactate

Co-interventions: none stated.

Outcomes 1. Nausea and vomiting/dry retching were assessed using a standardized questionnaire performed 30
minutes after emergence from anaesthesia and at 2, 24, and 48 hours postoperatively.

2. Nausea was assessed using an ordinal scale (severe/moderate/mild/none).

3. Nausea was reported as several dichotomous outcomes: severe nausea or not, severe with antiemetic
provided or not, or presence of any severity of nausea or not.

4. Antiemetic use was also documented and reported at the same time points.

5. On the same questionnaire, participants were also queried on the presence or absence of sore throat,
dizziness, and thirst.

6. Administration of simple and opiate analgesia was also documented.

Notes Trial registration: not stated
Funder: not stated
A priori sample size estimation: stated on page 382
Conducted: dates not stated
Declared conflicts of interest: not stated

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Randomization was completed using a computer-generated random number
sequence.

Allocation concealment
(selection bias)

Unclear risk Randomization was completed using a computer-generated random number
sequence.

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

Low risk Fluid was administered in the preoperative area; the participant and perioper-
ative team were not aware of group allocation.

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Low risk Outcome assessment was completed by a blind investigator.

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk No withdrawals were noted.

Selective reporting (re-
porting bias)

Low risk All outcomes were reported.

Other bias Low risk There were no other sources of bias.

Magner 2004  (Continued)

 
 

Methods Design: double-blind, prospective randomized controlled trial
Country: Ireland
Multisite: no
International: no

Maharaj 2005 
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Treatment duration: preoperative period
Follow-up: 72 hours postoperatively
Operative procedure(s): diagnostic gynaecological laparoscopy
Randomization unit: participants
Analysis unit: individual

Participants 1. 80 participants enrolled

2. ASA I to III female participants aged 18 to 50 years undergoing diagnostic gynaecologic laparoscopy

Exclusion criteria included:

1. history of relevant drug allergy;

2. cigarette smoking;

3. surgical procedure beyond diagnostic laparoscopy.

Excluded after randomization:

1. intraoperative hypotension;

2. excessive blood loss;

3. if the surgery progressed to include additional procedures.

Randomized to:

1. control group (n = 39, 48.8%);

2. large-volume infusion group (n = 41, 51.2%);

3. no withdrawals were reported.

Main characteristics of participants:

1. age (mean, standard error of mean): control group 35.8 years, 1.4; large volume infusion group 33.7
years, 1.4;

2. number of females/males: 80/0.

Interventions 1. Control group (control): preoperative bolus of 2 mL/kg Ringer's lactate for each hour fasted preoper-
atively

2. Large-volume infusion group (intervention): preoperative bolus of 3 mL/kg Ringer's lactate

Co-interventions: none stated

Outcomes 1. Nausea was assessed using a 10-point verbal analogue scale at 5 time points: in PACU when conver-
sant, and at 1, 4, 24, and 72 hours postoperatively. Nausea severity was scored as none (0), mild (1 to
2), moderate (3 to 5), or severe (6 to 10). Vomiting events and administration of rescue antiemetics
were documented.

2. PONV events were reported as any occurrence of nausea (verbal analogue scale 1 to 10), vomiting, or
need for antiemetic therapy.

3. The number of participants who required overnight admission to hospital was reported.

4. Pain was also assessed at each time point using a 10-point verbal analogue scale. Administration of
analgesic medication was also documented.

Notes Trial registration: not stated
Funder: "funded from departmental resources"
A priori sample size estimation: stated on page 676
Conducted: dates not stated
Declared conflicts of interest: not stated

Risk of bias

Bias Authors' judgement Support for judgement

Maharaj 2005  (Continued)
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Random sequence genera-
tion (selection bias)

Low risk Sealed envelopes were used to determine group allocation.

Allocation concealment
(selection bias)

Unclear risk Sealed envelopes were used to determine group allocation.

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

Low risk Participants, anaesthesiologists, and PACU nurses were blind to group alloca-
tion.

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Low risk The investigator completing patient assessments in PACU was blind to group
allocation.

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk No withdrawals were noted.

Selective reporting (re-
porting bias)

Low risk All outcomes were reported.

Other bias Low risk There were no other sources of bias.

Maharaj 2005  (Continued)

 
 

Methods Design: double-blind, prospective randomized controlled trial
Country: UK
Multisite: no
International: no
Treatment duration: intraoperative period
Follow-up: morning of the first postoperative day
Operative procedure(s): elective gynaecological laparoscopy
Randomization unit: participants
Analysis unit: individual

Participants 1. 120 participants enrolled

2. Female participants undergoing elective diagnostic laparoscopy

Participants were excluded after randomization:

1. if they developed excessive blood loss;

2. if the surgery progressed to include additional procedures.

Randomized to:

1. control group (n = 37, 34.3%);

2. RL group (n = 36, 33.3%);

3. RL/dextrose group (n = 35, 32.4%);

4. 12 participants were excluded after randomization from the 120 originally randomized. Their group
allocation is not stated.

Main characteristics of participants:

1. age (mean, standard deviation): control group 33.0 years, 5.1; RL group 32.3 years, 4.96; RL/dextrose
group 33.2 years, 4.9;

McCaul 2003 
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2. Number of females/males: 108/0.

Interventions 1. Control group (control): no intraoperative fluid bolus

2. RL group (intervention): intraoperative bolus of 1.5 mL/kg Ringer's lactate for each hour fasted pre-
operatively

3. RL/dextrose group (intervention): intraoperative bolus of 1.5 mL/kg Ringer's lactate with dextrose 0.5
g/kg

Co-interventions: none stated

Outcomes 1. Nausea, vomiting, and antiemetic use were documented and reported as dichotomous outcomes.
They were assessed using a standardized questionnaire in the PACU, at postoperative hour 2, and on
the morning of the first postoperative day.

2. The risk of thirst, dizziness, and sore throat were also documented and reported.

Notes Trial registration: not found
Funder: none stated
A priori sample size estimation: stated on page 441
Conducted: dates not stated
Declared conflicts of interest: not stated

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Unmarked envelopes were used to determine group allocation.

Allocation concealment
(selection bias)

Unclear risk Unmarked envelopes were used to determine group allocation.

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

Unclear risk Participants were anaesthetized at the time of fluid administration. Blinding of
personnel, including the attending anaesthesiologist, was not explained.

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Low risk Participants were assessed by a blinded interviewer using a standardized
questionnaire in the PACU.

Incomplete outcome data
(attrition bias) 
All outcomes

High risk 12 participants were excluded after randomization. No explanation was given
for their exclusion. The groups to which each excluded patient was assigned
was not identified.

Selective reporting (re-
porting bias)

High risk An intention-to-treat analysis was not completed.

Other bias Low risk There were no other sources of bias.

McCaul 2003  (Continued)

 
 

Methods Design: prospective randomized controlled trial
Country: USA
Multisite: no
International: no
Treatment duration: preoperative period
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Follow-up: until discharge from the ambulatory care unit
Operative procedure(s): gynaecological laparoscopy
Randomization unit: participants
Analysis unit: individual

Participants 1. 90 participants enrolled

2. ASA I to II female participants aged 18 to 55 years undergoing non-emergency ambulatory gynaeco-
logical laparoscopy

Exclusion criteria included:

1. pregnancy;

2. history of nausea or vomiting.

Randomized to:

1. control group (n = 45, 50%);

2. experimental group (n = 45, 50%);

3. it was unclear from the information presented whether there were any withdrawals.

Main characteristics of participants:

1. information on the mean age of each group was not provided; it was stated that there was no differ-
ence in the mean age;

2. number of females/males: 90/0.

Interventions 1. Control group (control): "the usual" amount of Ringer's lactate as dictated by the attending anaes-
thetist

2. Experimental fluid group (intervention): preoperative bolus of 1 litre of Ringer's lactate

Co-interventions: none stated

Outcomes 1. The risk of nausea and vomiting were evaluated and reported as dichotomous outcomes.

2. Overall risk for the duration participant's postanaesthetic care unit and ambulatory surgical unit stay
(until time of discharge) was reported.

3. Rescue antiemetic administration was also reported for the overall postoperative period.

Notes Trial registration: not stated
Funder: not stated
A priori sample size estimation: not stated
Conducted: dates not stated
Declared conflicts of interest: not stated

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Participants were randomly assigned using a random distribution table.

Allocation concealment
(selection bias)

Unclear risk Participants were randomly assigned using a random distribution table.

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

High risk Blinding of participants and personnel was not described.

Monti 1999  (Continued)
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Blinding of outcome as-
sessment (detection bias) 
All outcomes

High risk Blinding of outcome assessors was not described.

Incomplete outcome data
(attrition bias) 
All outcomes

Unclear risk The number of withdrawals was not stated and denominators were not pro-
vided for any reported results.

Selective reporting (re-
porting bias)

Low risk All outcomes were reported.

Other bias Low risk There were no other sources of bias.

Monti 1999  (Continued)

 
 

Methods Design: double-blind, prospective randomized controlled trial
Country: Bangladesh
Multisite: no
International: no
Treatment duration: preoperative period
Follow-up: 24 hours postoperatively
Operative procedure(s): elective laparoscopic surgery
Randomization unit: participants
Analysis unit: individual

Participants 1. 90 participants enrolled

2. ASA I to II participants aged 22 to 55 years undergoing elective laparoscopic surgery

Exclusion criteria included:

1. history of significant PONV;

2. motion sickness;

3. pregnancy;

4. lactation;

5. operative time exceeding 2 hours;

6. fasting greater than 12 hours.

Randomized to:

1. group A (n = 30, 33.3%);

2. group B (n = 30, 33.3%);

3. group C (n = 30, 33.3%).

Main characteristics of participants:

1. age (mean, standard deviation): group A 35.67 years, 11.18; group B 30.87 years, 6.66; group C 36.20
years, 12.30;

2. number of females/males: not stated.

Interventions 1. Group A (intervention): preoperative bolus of 15 mL/kg Ringer's lactate

2. Group B (control): preoperative infusion of 1.5 mL/kg/hour Ringer's lactate "for the period of fasting"

3. Group C (intervention): preoperative infusion of 1.5 mL/kg/hour Ringer's lactate "for the period of
fasting" and metoclopramide 0.15 mg/kg IV before induction of anaesthesia

Co-interventions: none stated

Murshed 2012 
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Outcomes 1. Nausea, vomiting, and retching were assessed and reported as dichotomous outcomes using ques-
tionnaires. These outcomes were reported for the overall postoperative period as well as for the fol-
lowing time periods: 0 to 1, 1 to 6, and 6 to 24 hours postoperatively.

2. Rescue antiemetic administration was recorded and reported.

3. Total dose of postoperative tramadol was recorded and reported.

4. Heart rate and mean arterial pressure were measured and reported in the preoperative, intraopera-
tive, and postoperative periods.

Notes Trial registration: not stated
Funder: not stated
A priori sample size estimation: not stated
Conducted: dates not stated
Declared conflicts of interest: not stated

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk The blind envelope method was used to randomize participants to groups.

Allocation concealment
(selection bias)

Unclear risk The blind envelope method was used to randomize participants to groups.

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

Low risk The participant, anaesthesia provider, and PACU nurses were blinded to group
allocation.

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Low risk The study investigator was blinded to group allocation.

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk No withdrawals were stated.

Selective reporting (re-
porting bias)

Low risk All outcomes were reported.

Other bias Low risk There were no other sources of bias.

Murshed 2012  (Continued)

 
 

Methods Design: double-blind randomized controlled trial
Country: Iran
Multisite: no
International: no
Treatment duration: intraoperative period
Follow-up: 24 hours postoperatively
Operative procedure(s): Shirodkar's operation (cervical cerclage)
Randomization unit: participants
Analysis unit: individual

Participants 1. 120 participants enrolled

2. ASA I to II female participants aged 20 to 40 years undergoing elective cervical cerclage

Najafianaraki 2010 
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Exclusion criteria included:

1. history of heart disease;

2. pulmonary disease;

3. liver disease;

4. kidney disease;

5. pre-existing nausea and vomiting.

Randomized to:

1. control group (n = 60, 50%);

2. intervention group (n = 60, 50%).

Main characteristics of participants:

1. age (mean): control group 26.9 years; intervention group 25.2 years;

2. number of females/males: 120/0.

Interventions 1. Control: Ringer's lactate 2 mL/kg/hour spent fasting, initiated preoperatively

2. Intervention: Ringer's lactate 2 mL/kg/hour spent fasting, initiated preoperatively; then given Ringer's
lactate 10 mL/kg

Co-interventions: none stated

Outcomes 1. Vomiting was assessed as a dichotomous outcome.

2. Nausea was assessed on an ordinal scale as "mild", "moderate", or "severe".

3. Nausea was also reported as a dichotomous outcome.

4. These outcomes were reported for the cumulative postoperative period up to discharge, which was
14 hours after the operation.

Notes Trial registration: not stated
Funder: not stated
A priori sample size estimation: not stated
Conducted: dates not stated
Declared conflicts of interest: not stated

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Randomization was completed using a table of random numbers.

Allocation concealment
(selection bias)

Low risk Randomization was completed using a table of random numbers.

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

Unclear risk It is not stated that participants or surgical personnel were blind to group allo-
cation.

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Unclear risk It is stated that ward staK were blinded to group allocation, but no outcome
assessor is explicitly identified.

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk No withdrawals were stated.

Najafianaraki 2010  (Continued)
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Selective reporting (re-
porting bias)

Low risk All outcomes were reported.

Other bias Low risk There were no other sources of bias.

Najafianaraki 2010  (Continued)

 
 

Methods Design: double-blind, prospective randomized controlled trial
Country: Kenya
Multisite: no
International: no
Treatment duration: preoperative period
Follow-up: 24 hours postoperatively
Operative procedure(s): gynaecological surgery
Randomization unit: participants
Analysis unit: individual

Participants 1. 60 participants enrolled

2. ASA I to II female participants aged 18 to 65 years undergoing elective gynaecologic surgery

Exclusion criteria included:

1. a history of smoking;

2. PONV or motion sickness, or both;

3. hypertension;

4. diabetes;

5. heart disease;

6. epilepsy;

7. mental disability;

8. participants undergoing emergency procedures;

9. having regional anaesthesia were excluded;

10.pregnancy;

11.prisoners;

12.participants who experienced intraoperative hypotension or significant blood loss (requiring transfu-
sion);

13.those given an enema for bowel prep before surgery.

Randomized to:

1. group 1 (n = 30, 50%);

2. group 2 (n = 30, 50%).

Main characteristics of participants:

1. age (mean, standard deviation): group 1 39 years, 11.34; group 2 39.03 years, 11.33;

2. number of females/males: 60/0.

Interventions 1. Group 1 (control): no preoperative bolus

2. Group 2 (intervention): preoperative bolus of Ringer's lactate in an amount equal to the hours fasting
multiplied by the patient's maintenance fluid requirement per hour up to 1000 mL

Co-interventions: none stated

Outcomes 1. Nausea was assessed using a 10-point visual analogue scale, but only if a participant volunteered
symptoms of nausea to a nurse. It was reported as a dichotomous outcome for the PACU stay, at 12
hours, and at 24 hours.

Onyando 2014 
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2. Vomiting was recorded and reported at the same time points.

3. Antiemetic administration was reported for the entire 24-hour postoperative period.

4. Systolic blood pressure, diastolic blood pressure, and heart rate were recorded and reported at the
following times: pre-induction and at 5, 15, 30, 45, 60, 75, and 90 minutes post-intubation.

Notes Trial registration: not stated
Funder: not stated
A priori sample size estimation: stated on page 13
Conducted: dates not stated
Declared conflicts of interest: not stated

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Randomization was completed using a computer-generated table of random
numbers.

Allocation concealment
(selection bias)

Unclear risk Randomization was completed using a computer-generated table of random
numbers.

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

Low risk Study participants, the anaesthetist, PACU nurses, and post-surgical ward
nurses were unaware of the group assignments.

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Low risk Postoperative care nurses documented outcomes and were blinded to group
allocation.

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk No withdrawals were stated.

Selective reporting (re-
porting bias)

Low risk All outcomes were reported.

Other bias Unclear risk The duration of anaesthesia was significantly shorter for the experimental
group.

Onyando 2014  (Continued)

 
 

Methods Design: single-blind, prospective randomized controlled trial
Country: UK
Multisite: no
International: no
Treatment duration: perioperative period
Follow-up: not specified
Operative procedure(s): therapeutic abortion
Randomization unit: participants
Analysis unit: individual

Participants 1. 30 participants enrolled

2. ASA I to II female participants aged 18 to 39 undergoing ambulatory therapeutic abortion of pregnancy
before 14 weeks gestation

Ooi 1992 
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No exclusion criteria were provided.

Randomized to:

1. group I (n = 15, 50%);

2. group II (n = 15 50%);

3. 1 patient from group II was excluded because they were unable to complete required psychomotor
testing.

Main characteristics of participants:

1. age (mean, range): group II 24.5 years, 18 to 33; group II 27.2 years, 18 to 39;

2. number of females/males: 30/1.

Interventions 1. Supplemental fluid group (intervention): preoperative bolus of 20 mL/kg 4% glucose/0.18% saline so-
lution

2. Conservative fluid group (control): no preoperative bolus

Co-interventions: none stated

Outcomes 1. Nausea was assessed using a questionnaire.

2. Nausea severity was recorded on a 4-point scale: 1 = none; 2 = slight; 3 = moderate; 4 = severe. This
was completed during PACU stay and reported as a dichotomous outcome.

3. Also assessed on the postoperative questionnaire, using the same scale, were anxiety, pain, drowsi-
ness, headache, dizziness, thirst, sore throat, weakness, and muscle ache.

4. Psychomotor testing used a 4-choice, computer-controlled visual reaction time test and a letter can-
cellation test was completed preoperatively and postoperatively. Scores were reported for both pe-
riods.

5. Also measured were time to eye opening, time until able to obey commands, and time until able to
state date of birth, and biochemical measurements including serum glucose, plasma osmolality, and
urine osmolality.

Notes Trial registration: not stated
Funder: not stated
A priori sample size estimation: stated on page 576
Conducted: dates not stated
Declared conflicts of interest: not stated

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Participants were randomly allocated, but no information on the randomiza-
tion process was provided.

Allocation concealment
(selection bias)

Unclear risk Participants were randomly allocated, but no information on the randomiza-
tion process was provided.

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

Unclear risk It is not stated that participants or personnel were blind to group allocation.

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Low risk All postoperative testing was completed by a blinded observer.

Incomplete outcome data
(attrition bias) 

Low risk One participant was excluded. This was explained in the text.

Ooi 1992  (Continued)
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All outcomes

Selective reporting (re-
porting bias)

Low risk All outcomes were reported.

Other bias Low risk There were no other sources of bias.

Ooi 1992  (Continued)

 
 

Methods Design: blind, prospective randomized controlled trial
Country: Brazil
Multisite: no
International: no
Treatment duration: intraoperative period
Follow-up: 24 hours postoperatively
Operative procedure(s): laparoscopic cholecystectomy
Randomization unit: participants
Analysis unit: individual

Participants 1. 80 participants enrolled

2. ASA I to III participants aged 18 to 65 years undergoing laparoscopic cholecystectomy

Exclusion criteria included:

1. pregnant or lactating women;

2. body mass index greater than 30 kg/m2;

3. a history of congestive heart failure;

4. renal insufficiency;

5. diuretic use;

6. preoperative fasting time greater than 12 hours;

7. use of antiemetic drugs in the preoperative period;

8. relevant drug allergy;

9. conversion to open procedure;

10.excessive blood loss (greater than 10% of blood volume);

11.history of a previous general anaesthetic within 30 days.

Randomized to:

1. group I (n = 40, 50%);

2. group II (n = 40, 50%).

Main characteristics of participants:

1. age (mean, standard deviation): group I 43.7 years, 10; group II 42.3 years, 12.6;

2. number of females/males: 69/11.

Interventions 1. Group I (control): intraoperative infusion of 10 mL/kg/hour normal saline

2. Group II (intervention): intraoperative bolus of 1000 mL normal saline, followed by infusion of 10 mL/
kg/hour normal saline

Co-interventions: none stated

Outcomes 1. Nausea and vomiting were recorded and reported as dichotomous data during the following time
periods: PACU stay, from PACU discharge to 8 hours postoperatively, and 8 to 24 hours postoperatively.

Notes Trial registration: not found

Paganelli 2008 
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Funder: none stated
A priori sample size estimation: stated on page 19
Conducted: dates not stated
Declared conflicts of interest: not stated

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Participants were randomly allocated, but no information on the randomiza-
tion process was provided.

Allocation concealment
(selection bias)

Unclear risk Participants were randomly allocated, but no information on the randomiza-
tion process was provided.

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

Unclear risk The study is described as being "blind" but the blinding status of perioperative
personnel was not described.

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Unclear risk The study is described as being "blind" but the blinding status of the outcome
assessor was not described.

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk No withdrawals were stated.

Selective reporting (re-
porting bias)

Low risk All outcomes were reported.

Other bias Low risk There were no other sources of bias.

Paganelli 2008  (Continued)

 
 

Methods Design: double-blind, prospective randomized controlled trial
Country: India
Multisite: no
International: no
Treatment duration: preoperative period
Follow-up: 24 hours postoperatively
Operative procedure(s): laparoscopic cholecystectomy
Randomization unit: participants
Analysis unit: individual

Participants 1. 90 participants enrolled

2. ASA I to II female participants aged 18 to 60 years undergoing elective laparoscopic cholecystectomy

Exclusion criteria included:

1. history of congestive heart failure;

2. diabetes mellitus;

3. epilepsy;

4. valvular heart disease;

5. hypertension;

6. smoking;

Sharma 2010 
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7. relevant drug allergy;

8. established gastrointestinal disease;

9. use of antiemetic medications in the 24 hours before surgery;

10.developing intraoperative hypotension;

11.developing excessive blood loss;

12.those whose surgeries lasted longer than 2 hours.

Randomized to:

1. group A (n = 30, 33.3%);

2. group B (n = 30, 33.3%);

3. group C (n = 30, 33.3%);

4. no withdrawals were stated.

Main characteristics of participants:

1. age (mean, standard deviation): group A 37.23 years, 11.43; group B 38.43 years, 12.33; group C 35.70,
10.06;

2. number of females/males: 90/0.

Interventions 1. Group A (control): preoperative bolus of 10 mL/kg Ringer's lactate.

2. Group B (intervention): preoperative bolus of 20 mL/kg Ringer's lactate

3. Group C (intervention): preoperative bolus of 30 mL/kg Ringer's lactate

Co-interventions: none stated

Outcomes 1. Nausea was assessed by 100 mm VAS at 0, 1, 4, 8, 12, 18, and 24 hours postoperatively. A score of
greater than 50 mm was considered significant nausea.

2. Episodes of vomiting and the administration of rescue antiemetics in PACU were recorded.

3. The risk of sore throat, dizziness, and thirst was recorded for each participant.

Notes Trial registration: not stated
Funder: not stated
A priori sample size estimation: not stated; post hoc calculation provided on page 385
Conducted: dates not stated
Declared conflicts of interest: not stated

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Participants were randomly allocated, but no information on the randomiza-
tion process was provided.

Allocation concealment
(selection bias)

Unclear risk Participants were randomly allocated, but no information on the randomiza-
tion process was provided.

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

Unclear risk The study is described as being "blind" but the blinding status of the perioper-
ative personnel was not described.

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Unclear risk The study is described as being "blind" but the blinding status of the outcome
assessor was not described.

Incomplete outcome data
(attrition bias) 

Low risk No withdrawals were stated.

Sharma 2010  (Continued)
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All outcomes

Selective reporting (re-
porting bias)

Low risk All outcomes were reported.

Other bias Low risk There were no other sources of bias.

Sharma 2010  (Continued)

 
 

Methods Design: blind, prospective randomized controlled trial
Country: South Korea
Multisite: no
International: no
Treatment duration: preoperative period
Follow-up: 24 hours postoperatively
Operative procedure(s): ambulatory surgeries
Randomization unit: participants
Analysis unit: individual

Participants 1. 160 participants enrolled

2. ASA I to II participants aged 12 to 70 years undergoing ambulatory surgery under general anaesthesia
or monitored anaesthesia care

Exclusion criteria included:

1. diabetes;

2. heart disease;

3. valvular disease;

4. congestive heart failure;

5. kidney disease;

6. history of PONV;

7. experienced intraoperative hypotension;

8. excessive blood loss (greater than 200 mL).

Randomized to:

1. H/S20 group (n = 40, 25%);

2. H/S2 group (n = 40, 25%);

3. D/W20 group (n = 40, 25%);

4. D/W2 group (n = 40, 25%);

5. 36 participants leL the study early (5 from group H/S20, 4 from group H/S2, 14 from group D/W20, and
13 from group D/W2);

6. participants in D/W20 and D/W2 were removed early for hyperglycaemia. Participants in groups H/S20
and H/S2 were excluded from analysis due to incomplete data collection.

Main characteristics of participants:

1. age (mean, standard deviation): H/S20 group 39.3 years, 13.5; H/S2 group 37.5 years, 14.7; D/W20
group 36.3 years, 11.7; D/W2 group 35.2 years, 14.4;

2. number of females/males: 78/46.

Interventions 1. H/S2 group (control): preoperative bolus with 2 mL/kg Ringer's lactate

2. H/S20 group (intervention): preoperative bolus with 20 mL/kg Ringer's lactate

3. D/W20 group (intervention): preoperative bolus with 20 mL/kg 5% dextrose in water

4. D/W2 group (intervention): preoperative bolus with 2 mL/kg 5% dextrose in water

Shin 2007 
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Co-interventions: none stated

Outcomes 1. Nausea was assessed using an ordinal scale (none, mild, moderate, severe) using a questionnaire and
reported as a dichotomous outcome. These data were collected on a questionnaire in PACU and at 24
hours postoperatively. Vomiting episodes were also recorded and reported in PACU and at 24 hours.

2. Headache, dizziness, drowsiness, fatigue, dry mouth, sore throat, hunger, postural dizziness, and
"well-being sensation" were evaluated on the questionnaire using the same ordinal scale as nausea
and reported as dichotomous outcomes.

3. Preoperative and postoperative glucose measurements were reported.

4. Urinary urgency, episodes of voiding, and residual urine volume in PACU were reported.

5. Pain was assessed in PACU using a 10-point visual analogue scale.

Notes Trial registration: not stated
Funder: not stated
A priori sample size estimation: not stated
Conducted: dates not stated
Declared conflicts of interest: not stated

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Participants were randomly assigned, but the randomization process was not
described.

Allocation concealment
(selection bias)

Unclear risk Participants were randomly assigned, but the allocation process was not de-
scribed.

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

Low risk Study fluid was hidden in an opaque bag to maintain blinding of participants
and personnel.

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Unclear risk The blinding of the outcome assessor is not explained. However, mechanisms
to maintain blinding of the perioperative team were described.

Incomplete outcome data
(attrition bias) 
All outcomes

Unclear risk 77.5% of participants completed the study. The loss to follow-up was approxi-
mately equal between low and high-volume interventions. The reasons for at-
trition were explained.

Selective reporting (re-
porting bias)

Low risk All outcomes were reported. An intention-to-treat analysis was completed.

Other bias Low risk There were no other sources of bias.

Shin 2007  (Continued)

 
 

Methods Design: randomized controlled trial
Country: India
Multisite: no
International: no
Treatment duration: preoperative period
Follow-up: (quote) "in the post anesthesia care unit"
Operative procedure(s): ambulatory surgeries
Randomization unit: participants

Singh 2013 
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Analysis unit: individual

Participants 1. 60 healthy adults, undergoing laparoscopic surgery

Randomized to:

1. preload group;

2. control group.

Interventions 1. Preload group: preoperative bolus of 30 mL/kg of balanced salt solution

2. Control group: no additional bolus

Outcomes Participants were monitored in the postanaesthesia care unit for:

1. nausea;

2. nausea accompanied with vomiting;

3. vomiting alone using the visual analogue scale (VAS).

Vomiting was recorded as number of episodes.

Antiemetic treatment with ondansetron (4 mg) and dexamethasone (8 mg) was measured, for nausea
scores more than 5 out of a maximum of 10, or a vomiting episode.

Notes Trial registration: not stated
Funder: not stated
A priori sample size estimation: not stated
Conducted: dates not stated
Declared conflicts of interest: not stated

Only available as an abstract

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Participants were randomly assigned, but the randomization process was not
described.

Allocation concealment
(selection bias)

Unclear risk Participants were randomly allocated, but no information on the allocation
process was provided.

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

Unclear risk Blinding was not described in this study.

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Unclear risk Blinding was not described in this study.

Incomplete outcome data
(attrition bias) 
All outcomes

Unclear risk Unable to assess, due to very limited presentation of data. Only P values and
relative risk reported.

Selective reporting (re-
porting bias)

Unclear risk Unable to assess, due to very limited presentation of data. Only P values and
relative risk reported.

Other bias Low risk No other sources of bias were stated.

Singh 2013  (Continued)
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Methods Design: double-blind randomized controlled trial
Country: Iran
Multisite: no
International: no
Treatment duration: preoperative and intraoperative periods
Follow-up: 24 hours postoperatively
Operative procedure(s): ambulatory surgeries
Randomization unit: participants
Analysis unit: individual

Participants 1. 105 participants enrolled

2. ASA I to II participants aged 18 to 50 years undergoing breast cancer surgery under general anaesthesia

Exclusion criteria included:

1. a history of psychological disorders;

2. smoking;

3. drug addiction;

4. cardiovascular disease;

5. poorly controlled hypertension;

6. diabetes mellitus;

7. renal disease;

8. motion sickness;

9. PONV;

10.weight in excess of 100 kg;

11.a condition precluding fluid therapy;

12.surgical time exceeding 2 hours;

13.perioperative blood loss led to transfusion.

Randomized to:

1. group 1 (n = 35, 33.3%);

2. group 2 (n = 35, 33.3%);

3. group 3 (n = 35, 33.3%).

Main characteristics of participants:

1. age: inclusion criteria states patients were 18 to 50 years old, further statistics on groups were not
provided beyond that there was "no meaningful difference" between groups;

2. number of females/males: 105/0.

Interventions 1. Group 1 (control): 1.5 mL/kg/hour normal saline

2. Group 2 (intervention): 1.5 mL/kg/hour normal saline and 5 mL/kg Ringer's lactate 60 to 90 minutes
preoperatively

3. Group 3 (intervention): 1.5 mL/kg/hour normal saline and 5 mL/kg Ringer's lactate intraoperatively

Co-interventions: none stated

Outcomes 1. Participants were assessed for postoperative nausea and postoperative vomiting at 1 hour after PACU
discharge and at 4, 8, and 24 hours postoperatively, using a cortile questionnaire and visual analogue
scale (VAS).

2. Pain was also assessed using a cortile questionnaire and VAS.

3. Antiemetic treatment was documented.

Notes Trial registration: IRCT201602116481N8

Soleimani 2018 
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Funder: none declared
A priori sample size estimation: not stated
Conducted: dates not stated
Declared conflicts of interest: none declared

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Randomization was completed using a table of random numbers.

Allocation concealment
(selection bias)

Unclear risk Randomization was completed using a table of random numbers, but it is not
clear how allocation was concealed.

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

High risk Blinding of participants and anaesthesia personnel was not described, and the
intervention occurred both preoperatively, at a time when patients could be
aware of group allocation, and intraoperatively, when anaesthesia providers
could be aware of group allocation.

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Low risk The person completing the assessments did not know the goals of the study.

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk No withdrawals were reported.

Selective reporting (re-
porting bias)

Low risk All outcomes were reported.

Other bias Low risk No other sources of bias were stated.

Soleimani 2018  (Continued)

 
 

Methods Design: prospective randomized controlled trial
Country: UK
Multisite: no
International: no
Treatment duration: intraoperative period
Follow-up: 72 hours
Operative procedure(s): gynaecological surgery
Randomization unit: participants
Analysis unit: individual

Participants 1. 100 participants enrolled

2. ASA I to II female participants aged 18 to 50 years for minor gynaecological surgery

Exclusion criteria were not stated

Randomized to:

1. group 1 (n = 50, 50%);

2. group 2 (n = 50, 50%);

3. no withdrawals were stated.

Main characteristics of participants:

Spencer 1988 
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1. age (mean, standard deviation): group 1 32.7 years, 11.4; group 2 32.0 years, 10.2;

2. number of females/males: 100/0.

Interventions 1. Group 1 (intervention): intraoperative bolus of 1000 mL Ringer's lactate

2. Group 2 (control): no intraoperative fluids

Outcomes 1. Nausea and vomiting were assessed using a questionnaire and reported as dichotomous outcomes
at 6 and 72 hours postoperatively.

2. The risk of headache, drowsiness, and dizziness were assessed using a questionnaire and reported as
dichotomous outcomes at 6 and 72 hours.

3. At 72 hours, the states of "feeling as well as before operation" and "feeling lacking in energy" were
also assessed using a questionnaire and reported as a dichotomous outcome.

Secondary outcomes included at 6 hours:

1. dizziness;

2. drowsiness;

3. headache;

4. thirst;

5. urinary retention.

At 72 hours:

1. dizziness;

2. appetite;

3. general well-being;

4. vigour.

Notes Trial registration: not stated
Funder: Baxter Health Care, a manufacturer of IV fluids
A priori sample size estimation: not stated
Conducted: dates not stated
Declared conflicts of interest: not stated

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Participants were randomly allocated, but no information on the randomiza-
tion process was provided.

Allocation concealment
(selection bias)

Unclear risk Participants were randomly allocated, but no information on the allocation
process was provided.

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

Unclear risk Blinding was not described in this study.

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Unclear risk Blinding was not described in this study.

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk No withdrawals were noted.

Spencer 1988  (Continued)
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Selective reporting (re-
porting bias)

Unclear risk Urinary retention and thirst were not reported, but these outcomes are not rel-
evant to this review.

Other bias Low risk There were no other sources of bias.

Spencer 1988  (Continued)

 
 

Methods Design: double-blind, prospective randomized controlled trial
Country: Turkey
Multisite: no
International: no
Treatment duration: intraoperative period
Follow-up: 24 hours postoperatively
Operative procedure(s): tonsillectomy or adenotonsillectomy, or both
Randomization unit: participants
Analysis unit: individual

Participants 1. 160 participants enrolled

2. ASA I to II children aged 2 to 15 years undergoing elective tonsillectomy or adenotonsillectomy, or both

Exclusion criteria included:

1. history of diabetes;

2. mental retardation;

3. obesity (body mass index greater than 95th percentile for age and sex);

4. intake of antiemetic or psychoactive medication within 24 hours before surgery;

5. known gastroesophageal reflux.

Randomized to:

1. group 1 (n = 80, 50%);

2. group 2 (n = 80, 50%);

3. 6 patients were excluded from the study, 3 from each group, for failing to pass the inclusion and ex-
clusion criteria.

Main characteristics of participants:

1. age: group 1: all < 18 years; group 2: all < 18 years;

2. number of females/males: 80/80.

Interventions 1. Group 1 (control): intraoperative infusion of 10 mL/kg/hour normal saline

2. Group 2 (intervention): intraoperative bolus of 20 mL/kg/hour normal saline

Co-interventions: none stated

Outcomes 1. Episodes of vomiting within the first 24 hours postoperatively were recorded and reported

Notes Trial registration: NCT02177201
Funder: sponsored by Adnan Menderes University
A priori sample size estimation: not stated
Conducted: August 2013 to August 2014
Declared conflicts of interest: not stated

Risk of bias

Bias Authors' judgement Support for judgement

Yilmaz 2014 
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Random sequence genera-
tion (selection bias)

Unclear risk Participants were randomly allocated, but no information on the randomiza-
tion process was provided.

Allocation concealment
(selection bias)

Unclear risk Participants were randomly allocated, but no information on the allocation
process was provided.

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

Low risk Participants, care providers, and investigators were blinded.

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Low risk The outcome assessor was blinded.

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk 6 participants, 3 from each arm, were excluded after beginning the study due
to "meeting exclusion criteria".

Selective reporting (re-
porting bias)

Low risk All outcomes were reported. Data were presented as an intention-to-treat
analysis.

Other bias Low risk There were no other sources of bias.

Yilmaz 2014  (Continued)

 
 

Methods Design: double-blind, prospective randomized controlled trial
Country: Canada
Multisite: no
International: no
Treatment duration: preoperative period
Follow-up: until discharge from ambulatory surgery department
Operative procedure(s): ambulatory gynaecological, orthopaedic, and general surgical operations
Randomization unit: participants
Analysis unit: individual

Participants 1. 200 participants enrolled

2. ASA I to III participants aged 18 to 55 undergoing ambulatory gynaecological, orthopaedic, and gen-
eral surgical operations

Exclusion criteria included:

1. a history of valvular heart disease;

2. previous congestive heart failure;

3. preoperative nausea or vomiting;

4. preoperative dizziness;

5. intraoperative hypotension;

6. excessive blood loss.

Randomized to:

1. high-infusion group (n = 100, 50%);

2. low-infusion group (n = 100, 50%);

3. 16 participants did not complete the questionnaire on postoperative day 1. It is not clear to which
group these participants belonged.

Yogendran 1995 
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Main characteristics of participants:

1. age (mean, standard deviation): high-infusion group 29 years, 10; low-infusion group 29 years, 8;

2. number of females/males: 15/185.

Interventions 1. High-infusion group (intervention): preoperative bolus of 20 mL/kg Plasmalyte

2. Low-infusion group (control) preoperative bolus of 2 mL/kg Plasmalyte

Co-interventions: none stated

Outcomes 1. Nausea and vomiting were assessed at 30 and 60 minutes postoperatively, at time of discharge from
the ambulatory surgery unit, and on postoperative day 1.

2. Thirst, dizziness, and drowsiness were also assessed at 30 and 60 minutes postoperatively.

3. Sore throat, hoarseness, temperature, pain (operative site, injection site, other pain), headache,
sleepiness, dizziness, and generalized weakness were also assessed using a questionnaire on postop-
erative day 1.

Notes Trial registration: not stated
Funder: not stated
A priori sample size estimation: not stated
Conducted: dates not stated
Declared conflicts of interest: not stated

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Participants were randomly allocated, but the randomization process is not
described.

Allocation concealment
(selection bias)

Unclear risk Participants were randomly allocated, but the randomization process is not
described.

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

Low risk The attending anaesthesiologist and PACU nurses were blinded to group allo-
cation.

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Low risk The investigator who collected data postoperatively was blinded to group allo-
cation.

Incomplete outcome data
(attrition bias) 
All outcomes

High risk Only 92% of participants are reached for postoperative interview, and their al-
location status is not described in the text.

Selective reporting (re-
porting bias)

High risk There was no intention-to-treat analysis.

Other bias Low risk There were no other sources of bias.

Yogendran 1995  (Continued)

 
 

Methods Design: blinded, prospective randomized controlled trial
Country: South Korea
Multisite: no

Yoon 2008 
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International: no
Treatment duration: intraoperative period
Follow-up: 24 hours postoperatively
Operative procedure(s): gynaecologic surgery
Randomization unit: participants
Analysis unit: individual

Participants 1. 120 participants enrolled

2. ASA I to II female participants aged 20 to 65 years undergoing gynaecologic surgery

Exclusion criteria included:

1. a past history of nausea;

2. a past history of vomiting;

3. alcohol use;

4. cigarette use;

5. recreational drug use;

6. cardiopulmonary disease;

7. current illness.

Randomized to:

1. group S (n = 60, 50%);

2. group L (n = 60, 50%).

Main characteristics of participants:

1. age (mean, standard deviation): group S 41.6 years, 9.4; group L 42.1 years, 9.6;

2. number of females/males: 120/0.

Interventions 1. Group S (control): intraoperative infusion of 18 mL/kg/hour Ringer's lactate

2. Group L (intervention): intraoperative infusion of 2 mL/kg Ringer's lactate

Co-interventions: none stated

Outcomes 1. Nausea and vomiting were assessed and reported as dichotomous outcomes and reported for the
following time periods: 0 to 2, 2 to 6, and 6 to 24 hours postoperatively.

2. Antiemetic and analgesic administration were documented and reported for the same time periods,
as was pain, which was assessed using a 10-point verbal analogue scale.

3. Systolic blood pressure, diastolic blood pressure, and heart rate were measured and reported for the
following time periods: preoperative (baseline) and 0 to 2, 2 to 6, and 6 to 24 hours postoperatively.

4. Dyspnoea, hypoxia, dizziness, and pressure were documented but not explicitly reported.

Notes Trial registration: not stated

Funder: not stated
A priori sample size estimation: stated on page 167
Conducted: dates not stated
Declared conflicts of interest: not stated

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Participants were randomly allocated, but the randomization process was not
explained.

Yoon 2008  (Continued)
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Allocation concealment
(selection bias)

Unclear risk Participants were randomly allocated, but the allocation process was not ex-
plained.

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

Unclear risk Blinding of participants and personnel were not explained.

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Low risk The outcome assessor did not know the patient's group.

Incomplete outcome data
(attrition bias) 
All outcomes

Unclear risk Nine randomized participants were lost to follow-up; an intention-to-treat
analysis was not completed.

Selective reporting (re-
porting bias)

Low risk All outcomes were reported.

Other bias Low risk There were no other sources of bias.

Yoon 2008  (Continued)

ASA: American Society of Anesthesiologists Physical Status Classification; BMI: body mass index; kg: kilogram; IM: intramuscular; IV:
intravenous; PACU: post anaesthesia care unit; PONV: postoperative nausea and vomiting; VAS: visual analogue scale.
 

Characteristics of excluded studies [ordered by study ID]

 

Study Reason for exclusion

Abraham-Nording 2012 This study does not evaluate postoperative nausea and vomiting.

Alnema 2011 This publication is not a randomized controlled trial.

Apfel 2012 This publication is not a randomized controlled trial.

Brandstrup 2003 This study does not evaluate postoperative nausea and vomiting

Cuthbertson 2011 This study does not evaluate postoperative nausea and vomiting.

Dabubondoc 2013 This study does not use supplemental IV fluids as an intervention.

Gaiser 2002 This study does not include participants having a surgical procedure performed under general
anaesthesia or monitored anaesthetic care.

Heidari 2011 This study does not use supplemental IV crystalloids as an intervention.

Holte 2007a This study does not evaluate postoperative nausea and vomiting.

Holte 2007b This study does not evaluate postoperative nausea and vomiting.

Lei 2017 This publication is not a randomized controlled trial.

Mintz 2004 This publication is not a randomized controlled trial.

Yavuz 2014 This publication is not a randomized controlled trial.
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IV: intravenous
 

Characteristics of studies awaiting assessment [ordered by study ID]

 

Methods Design: randomized controlled trial
Country: UK
Multisite: no
Treatment duration: intraoperative period
Follow-up: until 3 days post surgery
Operative procedure(s): tonsillectomy
Randomization unit: participants
Analysis unit: individual

Participants Children undergoing tonsillectomy

Interventions 20 mL 4%/saline 0.18% intravenous fluid bolus versus no intravenous fluid bolus

Outcomes The incidence and severity of vomiting, pain and activity disturbance will be monitored and record-
ed for 3 days post surgery.

Notes Trial ended in 2003 due to "Objectives no longer viable." Data not yet published.

Laws 2003 

 

Characteristics of ongoing studies [ordered by study ID]

 

Trial name or title Comparison of IV fluid loading and ondansetron in reduction of PONV after LC

Methods Prospective randomized controlled trial

Participants Estimated 153 participants; laparoscopic cholecystectomy

Interventions Preoperative bolus of 10 mL/kg Ringer's lactate or no preoperative bolus

A second intervention group will receive ondansetron IV but no additional IV crystalloid

Outcomes Postoperative nausea and vomiting up to 24 hours

Starting date June 2017

Contact information minkcheerful@hotmail.com

Notes Data collection pending

NCT03141645 

 
 

Trial name or title Intravenous fluids after laparoscopic cholecystectomy

Methods Prospective randomized controlled trial

Participants 100 participants aged 18 years and older; laparoscopic cholecystectomy

NCT03142464 
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Interventions Postoperative infusion of 5% glucose with normal saline or Ringer's lactate (at the discretion of the
surgeon) or no postoperative fluid

Outcomes Postoperative nausea and vomiting up to 24 hours

Serum creatinine and thirst will also be reported

Starting date July 2015

Contact information —

Notes Study completed, no data reported

NCT03142464  (Continued)

 
 

Trial name or title Effects of fluid infusion on postoperative vomiting in paediatric patients undergoing otorhinolaryn-
gological surgery

Methods Prospective randomized controlled trial

Participants 160 participants aged 2 to 14 years old; otorhinolaryngological surgery

Interventions Intraoperative infusion of normal saline at a rate of 10 mL/kg/hour or 30 mL/kg/hour

Outcomes Postoperative nausea and vomiting events

Administration of rescue antiemetics and intensity of pain will also be reported

Starting date April 2018

Contact information dr_snnylmz@hotmail.com

Notes —

NCT03485443 

IV: intravenous; LC: laparoscopic cholecystectomy; PONV: postoperative nausea and vomiting
 

 

D A T A   A N D   A N A L Y S E S

 

Comparison 1.   Supplemental IV crystalloid administration for preventing PONV versus control

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

Statistical method Effect size

1 Risk of cumulative PON 18 1766 Risk Ratio (M-H, Random, 95%
CI)

0.62 [0.51, 0.75]

2 Risk of early PON 20 2310 Risk Ratio (M-H, Random, 95%
CI)

0.67 [0.58, 0.78]

3 Risk of late PON 17 1682 Risk Ratio (M-H, Random, 95%
CI)

0.47 [0.32, 0.69]
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Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

4 Risk of early PON, reported as a
continuous outcome

5 415 Mean Difference (IV, Random,
95% CI)

-16.38 [-21.81,
-10.96]

5 Risk of late PON reported as a
continuous outcome

5 415 Mean Difference (IV, Random,
95% CI)

-9.62 [-14.91, -4.32]

6 Risk of cumulative POV 20 1970 Risk Ratio (M-H, Random, 95%
CI)

0.50 [0.40, 0.63]

7 Risk of early POV 19 1998 Risk Ratio (M-H, Random, 95%
CI)

0.56 [0.41, 0.76]

8 Risk of late POV 15 1403 Risk Ratio (M-H, Random, 95%
CI)

0.48 [0.29, 0.79]

9 Risk of pharmacologic treat-
ment for PONV

23 2416 Risk Ratio (M-H, Random, 95%
CI)

0.62 [0.51, 0.76]

10 Risk of unintended postoper-
ative admission to hospital

3 235 Risk Ratio (M-H, Random, 95%
CI)

1.05 [0.77, 1.43]

 
 

Analysis 1.1.   Comparison 1 Supplemental IV crystalloid administration
for preventing PONV versus control, Outcome 1 Risk of cumulative PON.

Study or subgroup Supplemental Comparator Risk Ratio Weight Risk Ratio

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

Ali 2003 9/40 29/40 5.46% 0.31[0.17,0.57]

Amireh 2009 8/30 21/30 5.18% 0.38[0.2,0.72]

Behdad 2011 3/34 5/15 1.93% 0.26[0.07,0.97]

Behdad 2011 5/33 5/15 2.59% 0.45[0.15,1.34]

Chauhan 2013 40/100 66/100 9.15% 0.61[0.46,0.8]

Dagher 2009 32/51 32/51 8.9% 1[0.74,1.35]

Gwak 2007 47/100 41/100 8.72% 1.15[0.84,1.57]

Heshmati 2004 15/45 29/45 6.89% 0.52[0.32,0.82]

Ismail 2017 7/50 14/50 3.85% 0.5[0.22,1.13]

Lambert 2009 5/23 11/23 3.46% 0.45[0.19,1.1]

Magner 2004 26/70 26/71 7.29% 1.01[0.66,1.56]

Maharaj 2005 24/41 34/39 9.07% 0.67[0.51,0.89]

Monti 1999 5/45 13/45 3.16% 0.38[0.15,0.99]

Murshed 2012 6/30 14/30 3.89% 0.43[0.19,0.96]

Najafianaraki 2010 10/60 22/60 5.02% 0.45[0.24,0.88]

Onyando 2014 7/30 8/30 3.49% 0.88[0.36,2.11]

Ooi 1992 2/15 3/15 1.29% 0.67[0.13,3.44]

Sharma 2010 6/30 4/15 2.51% 0.75[0.25,2.26]

Sharma 2010 1/30 4/15 0.82% 0.13[0.02,1.02]

Yoon 2008 22/60 28/60 7.33% 0.79[0.51,1.21]

   

Total (95% CI) 917 849 100% 0.62[0.51,0.75]

Total events: 280 (Supplemental), 409 (Comparator)  

Favours supplemental 50.2 20.5 1 Favours comparator
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Study or subgroup Supplemental Comparator Risk Ratio Weight Risk Ratio

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

Heterogeneity: Tau2=0.09; Chi2=43.94, df=19(P=0); I2=56.76%  

Test for overall effect: Z=4.77(P<0.0001)  

Favours supplemental 50.2 20.5 1 Favours comparator

 
 

Analysis 1.2.   Comparison 1 Supplemental IV crystalloid administration
for preventing PONV versus control, Outcome 2 Risk of early PON.

Study or subgroup Supplemental Comparator Risk Ratio Weight Risk Ratio

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

Ali 2003 5/40 14/40 2.51% 0.36[0.14,0.9]

Amireh 2009 4/30 12/30 2.1% 0.33[0.12,0.92]

Chauhan 2013 26/100 44/100 11.13% 0.59[0.4,0.88]

Chohedri 2006 28/100 33/100 10.2% 0.85[0.56,1.29]

Cook 1990 11/25 6/12 4.02% 0.88[0.43,1.8]

Cook 1990 12/25 7/13 4.85% 0.89[0.47,1.7]

Dagher 2009 13/51 18/51 5.59% 0.72[0.4,1.31]

Gwak 2007 25/100 31/100 9.2% 0.81[0.52,1.26]

Hashish 2007 2/20 8/20 1.09% 0.25[0.06,1.03]

Ismail 2017 7/50 13/50 3.06% 0.54[0.23,1.24]

Keane 1986 7/108 8/104 2.25% 0.84[0.32,2.24]

Magner 2004 19/70 17/71 6.19% 1.13[0.64,1.99]

Maharaj 2005 19/41 27/39 11.47% 0.67[0.45,0.99]

McCaul 2003 9/40 3/20 1.54% 1.5[0.46,4.94]

McCaul 2003 3/40 2/20 0.76% 0.75[0.14,4.13]

Murshed 2012 5/30 20/30 3% 0.25[0.11,0.58]

Onyando 2014 1/30 0/30 0.22% 3[0.13,70.83]

Paganelli 2008 14/40 19/40 6.85% 0.74[0.43,1.26]

Shin 2007 4/40 10/40 1.88% 0.4[0.14,1.17]

Spencer 1988 6/50 11/50 2.55% 0.55[0.22,1.36]

Yogendran 1995 10/100 19/100 4.06% 0.53[0.26,1.07]

Yoon 2008 12/60 22/60 5.48% 0.55[0.3,1]

   

Total (95% CI) 1190 1120 100% 0.67[0.58,0.78]

Total events: 242 (Supplemental), 344 (Comparator)  

Heterogeneity: Tau2=0.01; Chi2=23.08, df=21(P=0.34); I2=9.01%  

Test for overall effect: Z=5.19(P<0.0001)  

Favours supplemental 100.1 50.2 20.5 1 Favours comparator

 
 

Analysis 1.3.   Comparison 1 Supplemental IV crystalloid administration
for preventing PONV versus control, Outcome 3 Risk of late PON.

Study or subgroup Supplemental Comparator Risk Ratio Weight Risk Ratio

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

Ali 2003 8/40 23/40 11.24% 0.35[0.18,0.68]

Amireh 2009 6/30 17/30 10.03% 0.35[0.16,0.77]

Cook 1990 1/25 2/12 2.35% 0.24[0.02,2.39]

Cook 1990 5/25 3/13 5.94% 0.87[0.24,3.07]

Favours supplemental 200.05 50.2 1 Favours comparator
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Study or subgroup Supplemental Comparator Risk Ratio Weight Risk Ratio

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

Dagher 2009 1/51 2/51 2.24% 0.5[0.05,5.34]

Gwak 2007 20/100 12/100 11.42% 1.67[0.86,3.22]

Hashish 2007 1/20 2/20 2.32% 0.5[0.05,5.08]

Ismail 2017 5/50 10/50 7.89% 0.5[0.18,1.36]

Magner 2004 3/70 8/71 5.81% 0.38[0.11,1.38]

Maharaj 2005 7/41 26/39 10.83% 0.26[0.13,0.52]

McCaul 2003 0/40 0/20   Not estimable

McCaul 2003 1/40 1/20 1.75% 0.5[0.03,7.59]

Murshed 2012 0/30 4/30 1.58% 0.11[0.01,1.98]

Onyando 2014 0/30 3/30 1.54% 0.14[0.01,2.65]

Paganelli 2008 7/40 9/40 8.95% 0.78[0.32,1.88]

Shin 2007 1/40 1/40 1.73% 1[0.06,15.44]

Spencer 1988 0/50 8/50 1.63% 0.06[0,0.99]

Yogendran 1995 2/92 12/92 4.83% 0.17[0.04,0.72]

Yoon 2008 6/60 8/60 7.92% 0.75[0.28,2.03]

   

Total (95% CI) 874 808 100% 0.47[0.32,0.69]

Total events: 74 (Supplemental), 151 (Comparator)  

Heterogeneity: Tau2=0.21; Chi2=27.54, df=17(P=0.05); I2=38.27%  

Test for overall effect: Z=3.88(P=0)  

Favours supplemental 200.05 50.2 1 Favours comparator

 
 

Analysis 1.4.   Comparison 1 Supplemental IV crystalloid administration for preventing
PONV versus control, Outcome 4 Risk of early PON, reported as a continuous outcome.

Study or subgroup Supplemental Comparator Mean Difference Weight Mean Difference

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

Chaudhary 2008 20 24 (23.7) 20 43.9 (32.9) 7.27% -19.9[-37.67,-2.13]

Elhakim 1998 50 4 (10) 50 28 (23) 21.4% -24[-30.95,-17.05]

Maharaj 2005 41 9 (15.7) 39 18.3 (20) 19.4% -9.3[-17.21,-1.39]

Sharma 2010 30 30 (28.3) 15 33 (28.4) 7.39% -3[-20.58,14.58]

Sharma 2010 30 21.3 (22.2) 15 33 (28.4) 8.2% -11.7[-28.12,4.72]

Soleimani 2018 35 16.6 (14.5) 18 37.4 (14) 19.1% -20.8[-28.86,-12.74]

Soleimani 2018 35 20.9 (18.4) 17 37.4 (14) 17.25% -16.5[-25.52,-7.48]

   

Total *** 241   174   100% -16.38[-21.81,-10.96]

Heterogeneity: Tau2=23.25; Chi2=11.33, df=6(P=0.08); I2=47.03%  

Test for overall effect: Z=5.92(P<0.0001)  

Favours supplemental 10050-100 -50 0 Favours comparator

 
 

Analysis 1.5.   Comparison 1 Supplemental IV crystalloid administration for preventing
PONV versus control, Outcome 5 Risk of late PON reported as a continuous outcome.

Study or subgroup Supplemental Comparator Mean Difference Weight Mean Difference

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

Chaudhary 2008 20 5 (8.3) 20 9 (16.5) 22.8% -4[-12.09,4.09]

Elhakim 1998 50 2 (2) 50 16 (13) 39.63% -14[-17.65,-10.35]

Favours supplemental 2010-20 -10 0 Favours comparator
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Study or subgroup Supplemental Comparator Mean Difference Weight Mean Difference

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

Maharaj 2005 41 2.7 (8.2) 39 11.1 (10.5) 37.57% -8.4[-12.54,-4.26]

Sharma 2010 30 0 (0) 15 0 (0)   Not estimable

Sharma 2010 30 1.7 (9.1) 15 0 (0)   Not estimable

Soleimani 2018 35 0 (0) 18 2.6 (4.4)   Not estimable

Soleimani 2018 35 0 (0) 17 2.6 (4.4)   Not estimable

   

Total *** 241   174   100% -9.62[-14.91,-4.32]

Heterogeneity: Tau2=14.95; Chi2=6.96, df=2(P=0.03); I2=71.26%  

Test for overall effect: Z=3.56(P=0)  

Favours supplemental 2010-20 -10 0 Favours comparator

 
 

Analysis 1.6.   Comparison 1 Supplemental IV crystalloid administration
for preventing PONV versus control, Outcome 6 Risk of cumulative POV.

Study or subgroup Supplemental Comparator Risk Ratio Weight Risk Ratio

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

Ali 2003 4/40 6/40 2.91% 0.67[0.2,2.18]

Amireh 2009 3/30 9/30 2.84% 0.33[0.1,1.11]

Ashok 2017 20/75 33/75 10.4% 0.61[0.38,0.95]

Behdad 2011 0/34 1/15 0.48% 0.15[0.01,3.54]

Behdad 2011 0/33 2/15 0.53% 0.09[0,1.85]

Bhukal 2012 12/40 29/40 9.31% 0.41[0.25,0.69]

Chaudhary 2008 6/20 13/20 5.98% 0.46[0.22,0.97]

Dagher 2009 16/51 17/51 8.43% 0.94[0.54,1.65]

Elgueta 2013 31/50 41/50 14.95% 0.76[0.59,0.97]

Gwak 2007 8/100 11/100 4.79% 0.73[0.31,1.73]

Heidari 2012 0/15 5/15 0.59% 0.09[0.01,1.51]

Heshmati 2004 10/45 21/45 7.39% 0.48[0.25,0.89]

Ismail 2017 2/50 4/50 1.63% 0.5[0.1,2.61]

Magner 2004 6/70 18/71 4.83% 0.34[0.14,0.8]

Monti 1999 0/45 2/45 0.52% 0.2[0.01,4.05]

Murshed 2012 4/30 18/30 4.12% 0.22[0.09,0.58]

Najafianaraki 2010 2/60 11/60 2.02% 0.18[0.04,0.79]

Onyando 2014 2/30 5/30 1.8% 0.4[0.08,1.9]

Sharma 2010 3/30 8/15 2.97% 0.19[0.06,0.61]

Sharma 2010 8/30 8/15 5.8% 0.5[0.23,1.07]

Yilmaz 2014 9/80 11/80 5.16% 0.82[0.36,1.87]

Yoon 2008 3/60 8/60 2.56% 0.38[0.1,1.35]

   

Total (95% CI) 1018 952 100% 0.5[0.4,0.63]

Total events: 149 (Supplemental), 281 (Comparator)  

Heterogeneity: Tau2=0.07; Chi2=30.38, df=21(P=0.08); I2=30.88%  

Test for overall effect: Z=6.11(P<0.0001)  

Favours supplemental 1000.01 100.1 1 Favours comparator
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Analysis 1.7.   Comparison 1 Supplemental IV crystalloid administration
for preventing PONV versus control, Outcome 7 Risk of early POV.

Study or subgroup Supplemental Comparator Risk Ratio Weight Risk Ratio

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

Ali 2003 2/40 3/40 3.33% 0.67[0.12,3.78]

Amireh 2009 2/30 4/30 3.81% 0.5[0.1,2.53]

Chauhan 2013 14/100 22/100 26.89% 0.64[0.35,1.17]

Chohedri 2006 0/100 6/100 1.22% 0.08[0,1.35]

Cook 1990 6/25 2/13 4.74% 1.56[0.36,6.67]

Cook 1990 4/25 2/12 4.16% 0.96[0.2,4.53]

Dagher 2009 6/51 7/51 9.64% 0.86[0.31,2.37]

Elhakim 1998 2/50 2/50 2.71% 1[0.15,6.82]

Gwak 2007 4/100 5/100 6.06% 0.8[0.22,2.89]

Hashish 2007 3/20 9/20 7.56% 0.33[0.11,1.05]

Ismail 2017 2/50 4/50 3.67% 0.5[0.1,2.61]

Magner 2004 2/70 9/71 4.47% 0.23[0.05,1.01]

Maharaj 2005 0/41 2/39 1.11% 0.19[0.01,3.85]

McCaul 2003 1/40 0/20 1% 1.54[0.07,36.11]

McCaul 2003 1/40 1/20 1.35% 0.5[0.03,7.59]

Murshed 2012 3/30 13/30 7.58% 0.23[0.07,0.73]

Onyando 2014 0/30 1/30 1% 0.33[0.01,7.87]

Paganelli 2008 2/40 4/40 3.72% 0.5[0.1,2.58]

Shin 2007 0/40 1/40 1% 0.33[0.01,7.95]

Spencer 1988 1/50 1/50 1.33% 1[0.06,15.55]

Yoon 2008 2/60 4/60 3.64% 0.5[0.1,2.63]

   

Total (95% CI) 1032 966 100% 0.56[0.41,0.76]

Total events: 57 (Supplemental), 102 (Comparator)  

Heterogeneity: Tau2=0; Chi2=11.75, df=20(P=0.92); I2=0%  

Test for overall effect: Z=3.62(P=0)  

Favours supplemental 1000.01 100.1 1 Favours comparator

 
 

Analysis 1.8.   Comparison 1 Supplemental IV crystalloid administration
for preventing PONV versus control, Outcome 8 Risk of late POV.

Study or subgroup Supplemental Comparator Risk Ratio Weight Risk Ratio

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

Ali 2003 4/40 6/25 19.21% 0.42[0.13,1.33]

Amireh 2009 2/30 5/30 10.67% 0.4[0.08,1.9]

Cook 1990 1/25 1/12 3.6% 0.48[0.03,7.04]

Cook 1990 1/25 1/13 3.59% 0.52[0.04,7.66]

Dagher 2009 1/51 0/51 2.57% 3[0.13,71.96]

Elhakim 1998 0/50 8/50 3.25% 0.06[0,0.99]

Gwak 2007 4/100 2/100 9.25% 2[0.37,10.67]

Hashish 2007 1/20 2/20 4.83% 0.5[0.05,5.08]

Ismail 2017 0/50 2/50 2.86% 0.2[0.01,4.06]

Magner 2004 3/70 6/71 14.32% 0.51[0.13,1.95]

McCaul 2003 1/40 0/20 2.6% 1.54[0.07,36.11]

McCaul 2003 0/40 1/20 2.6% 0.17[0.01,4.01]

Murshed 2012 0/30 3/30 3.04% 0.14[0.01,2.65]

Onyando 2014 0/30 1/30 2.6% 0.33[0.01,7.87]

Favours supplemental 1000.01 100.1 1 Favours comparator
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Study or subgroup Supplemental Comparator Risk Ratio Weight Risk Ratio

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

Paganelli 2008 2/40 5/40 10.39% 0.4[0.08,1.94]

Shin 2007 0/40 0/40   Not estimable

Yoon 2008 1/60 2/60 4.61% 0.5[0.05,5.37]

   

Total (95% CI) 741 662 100% 0.48[0.29,0.79]

Total events: 21 (Supplemental), 45 (Comparator)  

Heterogeneity: Tau2=0; Chi2=8.45, df=15(P=0.9); I2=0%  

Test for overall effect: Z=2.85(P=0)  

Favours supplemental 1000.01 100.1 1 Favours comparator

 
 

Analysis 1.9.   Comparison 1 Supplemental IV crystalloid administration for preventing
PONV versus control, Outcome 9 Risk of pharmacologic treatment for PONV.

Study or subgroup Supplemental Comparator Risk Ratio Weight Risk Ratio

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

Ali 2003 8/40 20/40 4.81% 0.4[0.2,0.8]

Ashok 2017 21/75 24/75 6.79% 0.88[0.54,1.43]

Behdad 2011 0/33 2/15 0.43% 0.09[0,1.85]

Behdad 2011 0/33 1/15 0.39% 0.16[0.01,3.64]

Bhukal 2012 16/40 32/40 7.75% 0.5[0.33,0.75]

Chaudhary 2008 10/20 18/20 7.12% 0.56[0.35,0.88]

Chauhan 2013 2/100 5/100 1.34% 0.4[0.08,2.01]

Cook 1990 5/25 2/13 1.53% 1.3[0.29,5.81]

Cook 1990 1/25 1/12 0.52% 0.48[0.03,7.04]

Dagher 2009 27/51 28/51 8.4% 0.96[0.67,1.38]

Elgueta 2013 1/50 3/50 0.74% 0.33[0.04,3.1]

Elhakim 1998 0/50 5/50 0.46% 0.09[0.01,1.6]

Goodarzi 2006 0/50 2/50 0.42% 0.2[0.01,4.06]

Gwak 2007 32/100 26/100 7.42% 1.23[0.8,1.91]

Holte 2004 2/24 5/24 1.46% 0.4[0.09,1.86]

Ismail 2017 6/50 14/50 3.59% 0.43[0.18,1.03]

Magner 2004 8/70 16/70 4.15% 0.5[0.23,1.09]

Maharaj 2005 9/41 20/39 5.14% 0.43[0.22,0.82]

Monti 1999 15/45 17/45 6.05% 0.88[0.51,1.54]

Murshed 2012 2/30 2/30 1.01% 1[0.15,6.64]

Onyando 2014 10/30 13/30 5.17% 0.77[0.4,1.47]

Sharma 2010 4/30 12/15 3.19% 0.17[0.06,0.43]

Sharma 2010 14/30 12/15 7.16% 0.58[0.37,0.92]

Soleimani 2018 8/35 6/17 3.51% 0.65[0.27,1.57]

Soleimani 2018 1/35 6/18 0.88% 0.09[0.01,0.66]

Yogendran 1995 12/100 17/100 4.87% 0.71[0.36,1.4]

Yoon 2008 16/60 16/60 5.7% 1[0.55,1.81]

   

Total (95% CI) 1272 1144 100% 0.62[0.51,0.76]

Total events: 230 (Supplemental), 325 (Comparator)  

Heterogeneity: Tau2=0.09; Chi2=43.54, df=26(P=0.02); I2=40.28%  

Test for overall effect: Z=4.72(P<0.0001)  

Favours supplemental 1000.01 100.1 1 Favours comparator
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Analysis 1.10.   Comparison 1 Supplemental IV crystalloid administration for preventing
PONV versus control, Outcome 10 Risk of unintended postoperative admission to hospital.

Study or subgroup Supplemental Comparator Risk Ratio Weight Risk Ratio

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

Ali 2003 27/40 25/40 93.76% 1.08[0.78,1.49]

Cook 1990 1/25 0/12 0.99% 1.5[0.07,34.33]

Cook 1990 0/25 0/13   Not estimable

Maharaj 2005 3/41 5/39 5.25% 0.57[0.15,2.23]

   

Total (95% CI) 131 104 100% 1.05[0.77,1.43]

Total events: 31 (Supplemental), 30 (Comparator)  

Heterogeneity: Tau2=0; Chi2=0.92, df=2(P=0.63); I2=0%  

Test for overall effect: Z=0.29(P=0.77)  

Favours supplemental 20.5 1.50.7 1 Favours comparator

 

 

A D D I T I O N A L   T A B L E S
 

Study Timing Comparator group Intervention group(s)

Ali 2003 Preoperative RL 2 mL/kg RL 15 mL/kg

Amireh 2009 Preoperative No crystalloid bolus RL 10 mL/kg

Ashok 2017 Intraoperative RL 10 mL/kg RL 30 mL/kg

Behdad 2011 Intraoperative RL 4 mL/kg RL 10 mL/kg

  Intraoperative   RL 20 mL/kg

Bennett 1999 Preoperative NS 1 to 2 mL/kg NS 15 mL/kg

Bhukal 2012 Intraoperative NS 4 mL/kg NS 10 mL/kg

Chaudhary 2008 Preoperative RL 2 mL/kg RL 12 mL/kg

Chauhan 2013 Preoperative RL 10 mL/kg RL 30 mL/kg

Chohedri 2006 Preoperative NS 2 mL/kg NS 20 mL/kg

Cook 1990 Preoperative No crystalloid bolus RL 20 mL/kg

  Preoperative   RL 20 mL/kg with 1 g/kg dextrose

Dagher 2009 Preoperative RL 10 mL/kg RL 30 mL/kg

Egeli 2004 Postoperative No crystalloid bolus D5RL 60 to 120 mL/hour

Elgueta 2013 Intraoperative RL 10 mL/kg/hour RL 30 mL/kg/hour

Elhakim 1998 Intraoperative No crystalloid bolus RL 1000 mL

Table 1.   Crystalloid volumes used in included studies 
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Goodarzi 2006 Intraoperative RL 10 mL/kg/hour RL 30 mL/kg/hour

Gwak 2007 Intraoperative RL 6 mL/kg/hour RL 18 mL/kg/hour

Hashish 2007 Preoperative RL 10 mL/kg RL 30 mL/kg

Heidari 2012 Preoperative No crystalloid bolus RL 10 mL/kg

Heshmati 2004 Intraoperative No crystalloid bolus RL 4 mL/kg/hour

Holte 2004 Preoperative RL 15 mL/kg RL 40 mL/kg

Ismail 2017 Intraoperative RL 10 mL/kg RL 30 mL/kg

Keane 1986 Mixed No crystalloid bolus Intraoperative RL 1000 mL then postoper-
ative 1000 mL D5W

Lambert 2009 Preoperative No crystalloid bolus RL 900 to 1000 mL

Lee 2009 Preoperative RL 5 mL/kg/hour RL 30 mL/kg/hour

Magner 2004 Preoperative RL 10 mL/kg RL 30 mL/kg

Maharaj 2005 Preoperative RL 2 mL/kg per hour fasted RL 3 mL/kg per house fasted

McCaul 2003 Intraoperative No crystalloid bolus RL 1.5 mL/kg per hour fasted

  Intraoperative   D5RL 1.5 mL/kg per hour fasted

Monti 1999 Preoperative No crystalloid bolus RL 1000 mL

Murshed 2012 Preoperative RL 1.5 mL/kg per hour fasted RL 15 mL/kg

Najafianaraki 2010 Preoperative RL 2 mL/kg per hour fasted RL 2 mL/kg per hour fasted then RL 10
mL/kg

Onyando 2014 Preoperative No crystalloid bolus RL "maintenance" rate per hour fasted
(maximum 1000 mL)

Ooi 1992 Preoperative No crystalloid bolus 20 mL/kg 4% dextrose/0.18% saline solu-
tion

Paganelli 2008 Intraoperative NS 10 mL/kg/hour NS 1000 mL bolus then 10 mL/kg/hour

Sharma 2010 Preoperative RL 10 mL/kg RL 20 mL/kg

  Preoperative   RL 30 mL/kg

Shin 2007 Preoperative RL 2 mL/kg RL 20 mL/kg

Singh 2013 Preoperative No crystalloid bolus RL 30 mL/kg

Soleimani 2018 Preoperative NS 1.5 mL/kg/hour NS 1.5 mL/kg/hour then RL 5 mL/kg

  Intraoperative   NS 1.5 mL/kg/hour then RL 5 mL/kg

Table 1.   Crystalloid volumes used in included studies  (Continued)
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Spencer 1988 Intraoperative No crystalloid bolus RL 1000 mL

Yilmaz 2014 Intraoperative NS 10 mL/kg/hour NS 20 mL/kg/hour

Yogendran 1995 Preoperative Plasmalyte 2 mL/kg Plasmalyte 20 mL/kg

Yoon 2008 Intraoperative RL 2 mL/kg RL 18 mL/kg

Table 1.   Crystalloid volumes used in included studies  (Continued)

D5RL: dextrose 5% in Ringer's Lactate; D5W: dextrose 5% in water, NS: normal saline, RL: Ringer's Lactate
 

 

A P P E N D I C E S

Appendix 1. PONV and IV crystalloid therapy search strategies

MEDLINE (1946 to August 2018)

 

1 Rehydration Solutions/

2 Isotonic Solutions/

3 fluid therapy/

4 crystalloid.mp.

5 fluid*.tw.

6 hydrat*.tw.

7 rehydrat*.tw.

8 isotonic solution*.tw.

9 ((ringer* or isotonic or salt) adj2 solution*).tw.

10 salt solution*.tw.

11 or/1-10

12 exp Administration, Intravenous/

13 iv.tw.

14 "i v".tw.

15 intravenous*.tw.

16 or/12-15

17 ((randomized controlled trial or controlled clinical trial).pt. or randomized.ab. or placebo.ab. or
clinical trials as topic.sh. or randomly.ab. or trial.ti.) not (animals not (humans and animals)).sh.

18 "Postoperative Nausea and Vomiting"/
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19 postoperative complications/

20 ponv.tw.

21 (exp postoperative care/ or postoperative care.tw. or recovery.tw. or exp "perioperative period"/)
and (nause* or vomit* or emesis or emeses or emet* or queasiness or queasy).tw.

22 (("post operative" or postoperati* or perioperative or "peri-operative" or surger* or surgical*
or postsurg* or intraoperative or anesthe* or anaesthe* or postanesthe* or postanaesthe*) and
(nause* or vomit* or emesis or emeses or queasiness or queasy)).tw.

23 or/18-22

24 11 and 16 and 17 and 23

  (Continued)

 
Embase (1947 to August 2018)

 

No. Search Terms

#28 ('intravenous drug administration'/exp OR intravenous*:ab,ti OR iv:ab,ti OR 'i v':ab,ti) AND (('rehy-
dration'/de OR 'fluid resuscitation'/de OR 'crystalloid'/exp OR 'isotonic solution'/exp) OR crystal-
loid OR (fluid*:ab,ti OR hydrat*:ab,ti OR rehydrat*:ab,ti) OR ((ringer* OR isotonic OR salt) NEAR/2
solution*):ab,ti) AND (('postoperative nausea and vomiting'/exp OR 'postoperative complica-
tion'/de) OR ponv:ab,ti OR ('post operative':ab,ti OR postoperati*:ab,ti OR perioperative:ab,ti
OR 'peri-operative':ab,ti OR surger*:ab,ti OR surgical*:ab,ti OR postsurg*:ab,ti OR intraopera-
tive:ab,ti OR anesthe*:ab,ti OR anaesthe*:ab,ti OR postanesthe*:ab,ti OR postanaesthe*:ab,ti AND
(nause*:ab,ti OR vomit*:ab,ti OR emesis:ab,ti OR emeses:ab,ti OR queasiness:ab,ti OR queasy:ab,ti))
OR (('postoperative period'/exp OR 'perioperative period'/exp OR 'anaesthetic recovery'/exp)
AND (nause*:ab,ti OR vomit*:ab,ti OR emesis:ab,ti OR emeses:ab,ti OR queasiness:ab,ti OR
queasy:ab,ti))) AND (('clinical trial'/exp OR 'randomised controlled trial'/exp OR 'single blind pro-
cedure'/exp OR 'double blind procedure'/exp OR 'crossover procedure'/exp OR 'placebo'/exp OR
'prospective study'/exp) OR random*:ab OR 'randomised controlled trial*':ab,ti OR 'randomised
controlled trial*':ab,ti OR rct:ab,ti OR 'single blind*':ab,ti OR 'double blind*':ab,ti OR ((treble OR
triple) NEAR/1 blind*):ab,ti OR placebo:ab,ti)

#27 ('clinical trial'/exp OR 'randomised controlled trial'/exp OR 'single blind procedure'/exp OR 'double
blind procedure'/exp OR 'crossover procedure'/exp OR 'placebo'/exp OR 'prospective study'/exp)
OR random*:ab OR 'randomised controlled trial*':ab,ti OR 'randomised controlled trial*':ab,ti OR
rct:ab,ti OR 'single blind*':ab,ti OR 'double blind*':ab,ti OR ((treble OR triple) NEAR/1 blind*):ab,ti
OR placebo:ab,ti

#26 placebo:ab,ti

#25 ((treble OR triple) NEAR/1 blind*):ab,ti

#24 'double blind*':ab,ti

#23 'single blind*':ab,ti

#22 rct:ab,ti

#21 'randomised controlled trial*':ab,ti

#20 'randomised controlled trial*':ab,ti

 

Supplemental perioperative intravenous crystalloids for postoperative nausea and vomiting (Review)

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

105



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

#19 random*:ab

#18 'clinical trial'/exp OR 'randomised controlled trial'/exp OR 'single blind procedure'/exp OR 'double
blind procedure'/exp OR 'crossover procedure'/exp OR 'placebo'/exp OR 'prospective study'/exp

#17 ('postoperative nausea and vomiting'/exp OR 'postoperative complication'/de) OR ponv:ab,ti OR
('post operative':ab,ti OR postoperati*:ab,ti OR perioperative:ab,ti OR 'peri-operative':ab,ti OR
surger*:ab,ti OR surgical*:ab,ti OR postsurg*:ab,ti OR intraoperative:ab,ti OR anesthe*:ab,ti OR
anaesthe*:ab,ti OR postanesthe*:ab,ti OR postanaesthe*:ab,ti AND (nause*:ab,ti OR vomit*:ab,ti OR
emesis:ab,ti OR emeses:ab,ti OR queasiness:ab,ti OR queasy:ab,ti)) OR (('postoperative period'/exp
OR 'perioperative period'/exp OR 'anaesthetic recovery'/exp) AND (nause*:ab,ti OR vomit*:ab,ti OR
emesis:ab,ti OR emeses:ab,ti OR queasiness:ab,ti OR queasy:ab,ti))

#16 ('postoperative period'/exp OR 'perioperative period'/exp OR 'anaesthetic recovery'/exp) AND
(nause*:ab,ti OR vomit*:ab,ti OR emesis:ab,ti OR emeses:ab,ti OR queasiness:ab,ti OR queasy:ab,ti)

#15 nause*:ab,ti OR vomit*:ab,ti OR emesis:ab,ti OR emeses:ab,ti OR queasiness:ab,ti OR queasy:ab,ti

#14 'postoperative period'/exp OR 'perioperative period'/exp OR 'anaesthetic recovery'/exp

#13 'post operative':ab,ti OR postoperati*:ab,ti OR perioperative:ab,ti OR 'peri-operative':ab,ti OR surg-
er*:ab,ti OR surgical*:ab,ti OR postsurg*:ab,ti OR intraoperative:ab,ti OR anesthe*:ab,ti OR anaes-
the*:ab,ti OR postanesthe*:ab,ti OR postanaesthe*:ab,ti AND (nause*:ab,ti OR vomit*:ab,ti OR eme-
sis:ab,ti OR emeses:ab,ti OR queasiness:ab,ti OR queasy:ab,ti)

#12 ponv:ab,ti

#11 'postoperative nausea and vomiting'/exp OR 'postoperative complication'/de

#10 ('rehydration'/de OR 'fluid resuscitation'/de OR 'crystalloid'/exp OR 'isotonic solution'/exp) OR
crystalloid OR (fluid*:ab,ti OR hydrat*:ab,ti OR rehydrat*:ab,ti) OR ((ringer* OR isotonic OR salt)
NEAR/2 solution*):ab,ti

#9 'intravenous drug administration'/exp OR intravenous*:ab,ti OR iv:ab,ti OR 'i v':ab,ti

#8 'i v':ab,ti

#7 iv:ab,ti

#6 intravenous*:ab,ti

#5 'intravenous drug administration'/exp

#4 ((ringer* OR isotonic OR salt) NEAR/2 solution*):ab,ti

#3 fluid*:ab,ti OR hydrat*:ab,ti OR rehydrat*:ab,ti

#2 crystalloid

#1 'rehydration'/de OR 'fluid resuscitation'/de OR 'crystalloid'/exp OR 'isotonic solution'/exp

  (Continued)

 
Cochrane (CENTRAL; 2018, Issue 7)
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Search ID Search Hits

#1 intravenous* or iv or i.v.

#2 (fluid* or hydrat* or rehydrat* or crystalloid*):ab,ti,kw

#3 ((ringer* or isotonic or salt) near/2 solution*):ab,ti,kw

#4 #2 or #3

#5 (("post operative" or postoperati* or perioperative or "peri-operative" or surger* or surgical*
or postsurg* or intraoperative or anesthe* or anaesthe* or postanesthe* or postanaesthe*) and
(nause* or vomit* or emesis or emeses or emet* or queasiness or queasy)):ti,ab,kw

#6 ponv

#7 #6 or #5

#8 #7 and #4 and #1

 

 
CINAHL (1971 to August 2018)

 

Search ID# Search Terms

S26 S11 AND S22 AND S23 AND S24 AND S25

S25 S12 OR S13 OR S14 OR S15

S24 S16 OR S17

S23 S18 OR S19

S22 S20 OR S21

S21 (MH "Vomiting") OR (MH "Nausea") OR (MH "Nausea and Vomiting+")

S20 TI ( nause* or vomit* or emesis or emeses or emet* or queasiness or queasy ) OR AB ( nause* or
vomit* or emesis or emeses or emet* or queasiness or queasy )

S19 TI ( ("post operative" or postoperati* or perioperative or "peri-operative" or surger* or surgical*
or postsurg* or intraoperative or anesthe* or anaesthe* or postanesthe* or postanaesthe*) ) OR
AB ( "post operative" or postoperati* or perioperative or "peri-operative" or surger* or surgical* or
postsurg* or intraoperative or anesthe* or anaesthe* or postanesthe* or postanaesthe* )

S18 (MH "Postoperative Complications") OR (MH "Postoperative Period") OR (MH "Postoperative Care")
OR (MH "Intraoperative Care") OR (MH "Perioperative Care+")

S17 intravenous* or iv or "i v"

S16 (MH "Administration, Intravenous+") OR (MH "Injections, Intravenous") OR (MH "Intravenous Ther-
apy+")
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S15 TI ( fluid* OR crystalloid* OR hydrat* OR rehydrat* ) OR AB ( fluid* OR crystalloid* OR hydrat* OR re-
hydrat* )

S14 ((ringer* OR isotonic OR salt) N2 solution*)

S13 (MH "Fluid Resuscitation") OR (MH "Fluid Therapy")

S12 (MH "Crystalloid Solutions+") OR (MH "Isotonic Solutions") OR (MH "Rehydration Solutions")

S11 S1 OR S2 OR S3 OR S4 OR S5 OR S6 OR S7 OR S8 OR S9 OR S10

S10 (MH "Placebos")

S9 (MH "Random Assignment")

S8 TI trial

S7 PT Clinical trial

S6 (MH "Clinical Trials+")

S5 TI randomi?ed N1 control*

S4 AB randomised controlled trials

S3 AB placebo*

S2 AB random*

S1 (singl* OR doubl* OR trebl* OR tripl*) N1 (blind* OR mask*)

  (Continued)

 

Appendix 2. Data extraction form

 

Review title or ID Supplemental perioperative IV crys-
talloids for PONV

Study ID (e.g. Smith 2001)  

Report ID  

Report ID of other reports of this study including errata or retractions  

Notes

 

 
General Information

 

Date form completed (dd/mm/yyyy)  

Name/ID of person extracting data  
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Reference citation  

Study author contact details  

Publication type (e.g. full report, abstract, letter)  

Notes:

  (Continued)

 
Study eligibility

 

Eligibility criteria met?Study Characteristics Eligibility criteria

(Insert inclusion criteria for each char-
acteristic as defined in the Protocol)

Yes No Unclear

Location
in text or
source (pg
& ¶/fig/ta-
ble/other)

Randomized controlled trial        Type of study

Quasi-randomized controlled trial        

Participants          

Types of intervention          

Types of comparison          

Types of outcome measures          

INCLUDE EXCLUDE

Reason for exclusion  

Notes:

             

 

 
DO NOT PROCEED IF STUDY EXCLUDED FROM REVIEW

Characteristics of included studies

Methods

 

  Descriptions as stated in report/paper Location in text or
source (pg & ¶/fig/
table/other)

Aim of study (e.g. efficacy, equivalence, pragmatic)    

Design (e.g. parallel, cross-over, non-RCT)    
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Unit of allocation (by individuals, cluster/ groups or body parts)    

Start date    

End date    

Duration of participation (from recruitment to last follow-up)    

Ethical approval needed/obtained for study Yes No Unclear    

Notes:

       

  (Continued)

 
Participants

 

  Description

Include comparative information for each
intervention or comparison group if avail-
able

Location in text or
source (pg & ¶/fig/
table/other)

Population description (from which study participants are
drawn)

   

Setting (including location and social context)    

Inclusion criteria    

Exclusion criteria    

Method of recruitment of participants (e.g. phone, mail, clinic
patients)

   

Informed consent obtained Yes No Unclear    

Total no. randomized (or total pop. at start of study for non-
RCTs)

   

Clusters (if applicable, no., type, no. people per cluster)    

Baseline imbalances    

Withdrawals and exclusions (if not provided below by outcome)    

Age    

Sex    

Race/ethnicity    

Severity of illness    
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Co-morbidities    

Other relevant sociodemographics    

Subgroups measured    

Subgroups reported    

Notes:

       

  (Continued)

 
Intervention groups

Copy and paste table for each intervention and comparison group

Intervention Group 1

 

  Description as stated in
report/paper

Location in text or
source (pg & ¶/fig/ta-
ble/other)

Group name    

No. randomized to group (specify whether no. people or clusters)    

Theoretical basis (include key references)    

Description (include sufficient detail for replication, e.g. content, dose, compo-
nents)

   

Duration of treatment period    

Timing (e.g. frequency, duration of each episode)    

Delivery (e.g. mechanism, medium, intensity, fidelity)    

Providers (e.g. no., profession, training, ethnicity etc. if relevant)    

Co-interventions    

Economic information (i.e. intervention cost, changes in other costs as result of
intervention)

   

Resource requirements (e.g. sta< numbers, cold chain, equipment)    

Integrity of delivery    

Compliance    

Notes:
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Outcomes

Copy and paste table for each outcome.

Outcome 1

 

  Description as stated in report/paper Location in text or
source (pg & ¶/fig/
table/other)

Outcome name    

Time points measured (specify whether from start or end of in-
tervention)

   

Time points reported    

Outcome definition (with diagnostic criteria if relevant)    

Person measuring/reporting    

Unit of measurement (if relevant)    

Scales: upper and lower limits (indicate whether high or low
score is good)

   

Is outcome/tool validated? Yes No Unclear    

Imputation of missing data (e.g. assumptions made for ITT
analysis)

   

Assumed risk estimate (e.g. baseline or population risk noted in
Background)

   

Power (e.g. power & sample size calculation, level of power
achieved)

   

Notes:

       

 

 
Other

 

Study funding sources (including role of funders)    

Possible conflicts of interest (for study authors)    

Notes:

 

 

W H A T ' S   N E W
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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 (Jewer 2016):

1. We updated Description of the condition to provide a more comprehensive review of PONV.

2. We updated Description of the intervention, because the definition of supplemental intravenous crystalloid in this section did not
match our definition used in Types of interventions. In Description of the intervention, we originally defined supplemental intravenous
crystalloid as > 2 mL/kg. In the interest of clarity and consistency we opted to define it as a volume larger than that received by the
comparator group. We also included a statement that we included studies in which the comparator received no intravenous fluids,
because it may not otherwise be apparent to readers that this would be the case, even though it is in accordance with our definition
of the intervention.

3. We removed a reference in Description of the intervention, because we had cited a withdrawn Cochrane Review of pharmacologic
prophylaxis for PONV. This has now been superceded by a new Cochrane Review in progress (Weibel 2017).

4. We simplified the Objectives section. The wording of the primary objective has been slightly revised for clarity. The secondary objective
was removed to reflect that the review's primary focus is the volume of supplemental intravenous crystalloid, because timing of
crystalloid administration was only intended to be assessed for its potential confounding eKect.

5. We updated Types of participants to reflect that no study specifically examined adults older than 65 years. The age ranges for adult and
paediatric patient classification were slightly changed to reflect how the majority of studies classified these demographic groups (i.e.
adults were 18 and older).

6. We updated Types of interventions. The protocol stated that we would include studies regardless of the timing of administration,
including preoperative, intraoperative, postoperative, or a combination of these. However, it was unclear how timing would be classified
if administration spanned more than one of these periods. We now specify that it is based on the time point at which fluid administration
was initiated.

7. We revised the Types of outcome measures; Primary outcomes; and Secondary outcomes sections. We discovered that the primary
outcome PONV was very inconsistently defined in the literature, so this was removed in favour of emphasizing the other primary
outcomes of PON and POV. Furthermore, the included studies reported outcomes at diKerent time points, and it was necessary to define
time points for the purpose of meta-analysis (i.e. cumulative, early, late). Our definitions were based on those used in a previous meta-
analysis on supplemental intravenous crystalloid administration for PONV (Apfel 2012). The secondary outcome PACU length of stay,
which was intended to reflect the systems cost of PONV, was not reported in any included studies, therefore it was removed. In its place,
we added the secondary outcome of unintended postoperative admission to hospital, which was reported in our included studies. To
ensure compliance with Cochrane Review standards, we revised the wording of all outcomes to more explicitly define how and when
they were measured.

8. We used Covidence, not Refworks, to merge search results.

9. We reorganized Assessment of risk of bias in included studies in the interest of clarity but did not change the content of this section.

10.We initially planned to carry out data analysis with fixed-eKect models, but we opted to use random-eKects models because we
anticipated a moderate to high amount of heterogeneity across studies.

11.We lowered the threshold for moderate heterogeneity in Subgroup analysis and investigation of heterogeneity to use a more stringent

threshold (I2 > 40%) than that planned in the protocol (I2 > 50%). This is in line with the GRADE guideline on inconsistency (Guyatt 2011).

12.A second revision to the section Subgroup analysis and investigation of heterogeneity involved the subgroup analysis examining the
relative volume of supplemental crystalloids administered to the intervention group. Our protocol stated that we would examine the
ratio of fluids given to the intervention and control groups as < 1:1.5, between 1:1.5 and 1:3, and > 1:3. However, no studies had an
intervention group receiving a volume less than 1.5 times that of the comparator, therefore the subgroup analysis was sub-optimal. We
instead performed a subgroup analysis for a ratio of intervention compared to control volume of < 1:3 and > 1:3.

13.A third revision to the section Subgroup analysis and investigation of heterogeneity involved participant age. Because no study
exclusively assessed populations older than 65 years, we eliminated the protocol subgroup > 65 years. Our original age subgroup of 18
to 65 years is now inclusive of all adults greater than 18 years of age.

14.In the protocol, it was anticipated that issues requiring sensitivity analyses would not become apparent until the meta-analysis was
underway. The Sensitivity analysis section has been updated to reflect our examination of studies using dextrose-containing solutions,
studies administering higher volumes of intravenous supplemental crystalloid to their comparator groups, as well as those at risk of
bias.

15.Protocol author J Scott ended her involvement with the review before data collection, and M Wong was subsequently recruited. R Parker
was added as an author for her contribution to the literature search and relevant sections of the review.

I N D E X   T E R M S

Medical Subject Headings (MeSH)

Administration, Intravenous;  Anesthesia, General  [*adverse eKects];  Crystalloid Solutions  [administration & dosage]  [*therapeutic
use];  Postoperative Nausea and Vomiting  [chemically induced]  [epidemiology]  [*prevention & control];  Randomized Controlled Trials
as Topic;  Time Factors
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