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Abstract

Introduction. The National Institute of Child Health and Human Development,

American College of Obstetricians and Gynecologists, and Society for Maternal-

Fetal Medicine have emphasized the need to promote vaginal delivery and have

offered recommendations to safely prevent primary cesarean delivery. However,

there has been limited discussion regarding management of intravenous fluids

and other aspects of labor management that may influence mode of delivery.

Therefore the aim of our study was to determine whether an intravenous fluid

rate of 250 vs. 125 mL/h is associated with a difference in cesarean delivery rate.

Material and methods. Searches were performed in MEDLINE, OVID, Scopus,

ClinicalTrials.gov, the PROSPERO International Prospective Register of

Systematic Reviews, Embase, Web of Science, and the Cochrane Library for

randomized controlled trials. We included all randomized controlled trials

comparing intravenous fluid rates of 250 vs. 125 mL/h in nulliparous women in

spontaneous labor at term with singleton pregnancies at ≥36 weeks. Studies

were included regardless of the type of intravenous fluids used and regardless of

whether oral intake was restricted during labor. Studies including multiparous

women or women whose labor was induced were excluded. The primary

outcome was the incidence of cesarean delivery. We planned to assess a

subgroup analysis according to type of fluids used and according to restriction

of oral fluid intake. Results. Seven trials including 1215 nulliparous women in

spontaneous labor at term were analyzed; 593 (48.8%) in the 250 mL/h group,

and 622 (51.2%) in the 125 mL/h group. Five studies used lactated Ringer’s

solution, one used normal saline in dextrose water, and in one study it was

unclear which intravenous fluid was used. Women who received intravenous

fluids at 250 mL/h had a significantly lower incidence of cesarean delivery for

any indication (12.5 vs. 18.1%; RR 0.70, 95% CI 0.53–0.92; seven studies, 1215

participants; I2 = 0%) and for dystocia (4.9 vs. 7.7%; RR 0.60, 95% CI 0.38–
0.97; five studies, 1093 participants; I2 = 18%), a significantly shorter mean

duration of labor of about one hour (mean difference �64.38 min, 95% CI

�121.88 to �6.88; six studies, 1155 participants; I2 = 83%) and a significantly

shorter mean length of second stage of labor (mean difference �2.80 min, 95%

CI �4.49 to �1.10; 899 participants; I2 = 22%) compared with those who

received intravenous fluid at 125 mL/h. No differences were found in the other

secondary outcomes. There were no maternal or perinatal deaths and only one
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woman, in the 125 mL/h group, developed pulmonary edema. The findings

persisted regardless of the type of intravenous fluid used. No significant

reduction in the incidence of cesarean delivery was demonstrated in women

with unrestricted oral intake; however, this was limited to only two studies

evaluating 254 women. Conclusions. Our findings provide evidence that the

duration of labor in low-risk nulliparous women may be shortened by a policy

of intravenous fluids at a rate of 250 mL/h rather than 125 mL/h. A rate of 250

mL/h seems to be associated with a reduction in the incidence of cesarean

delivery compared to 125 mL/h. The number needed to treat to prevent one

cesarean delivery is 18 women. Our data support increased hydration among

nulliparous women in labor when oral intake is restricted. Further study is

needed regarding risks and benefits of increased hydration among women with

unrestricted oral intake, those undergoing induction of labor, and those with

medical comorbidities.

Abbreviations: CI, confidence interval; IV, intravenous; RCT, randomized

clinical trial; RR, relative risk.

Introduction

In the USA, approximately one of every three deliveries

over the past decade has been via cesarean delivery (1).

Safe prevention of primary cesarean delivery has been a

focus of major medical organizations, and the USA Public

Health Service Commissioned Corps and the Healthy

People 2020 campaign have established a goal to decrease

the rate of cesarean deliveries from 26.5% (baseline in

2007) to 23.9% in low-risk women without a prior cesar-

ean section (2). The National Institute of Child Health

and Human Development, American College of Obstetri-

cians and Gynecologists, and Society for Maternal-Fetal

Medicine have emphasized the need to promote vaginal

delivery and have offered recommendations to safely pre-

vent primary cesarean delivery (2). The recommendations

emphasize permitting appropriate time for labor to pro-

gress and training in operative vaginal delivery, and

include guidance for management of fetal heart tracings

and fetal occiput posterior, among other common scenar-

ios (2). However, there has been no discussion regarding

management of intravenous fluids and other aspects of

labor management that may influence mode of delivery.

The American College of Sports Medicine has reported

that dehydration of greater than 2% of body mass may

compromise physiologic function, impairing exercise

function (3). One can hypothesize that dehydration will

also compromise the function of the contracting uterus.

In the USA, general practice is to administer 125 mL/h of

intravenous fluid to all laboring women, which is similar

to what is often given to someone convalescing from sur-

gery (4). However, the insensible fluid loss during labor

is much greater, as are the body’s requirements for

hydration (5). Oral intake is often restricted in laboring

women due to concerns of aspiration in the event that

general anesthesia is required (6).

Multiple randomized controlled trials (RCTs) have

compared intravenous fluid rates of 125–250 mL/h in

laboring nulliparous women (7–14). Many of these stud-

ies have demonstrated clinically significant reductions in

the rate of cesarean delivery but others have not.

Thus, we sought to perform a systematic review and

meta-analysis to determine whether increased hydration

during labor is safe and associated with a reduction in

the risk of cesarean delivery.

Material and methods

Sources

This review was performed according to a protocol

designed a priori by the investigators (R.E., G.S.) and rec-

ommended for systematic review and meta-analysis (15).

Searches were performed independently by authors (R.E.,

G.S.) in MEDLINE, OVID, Scopus, ClinicalTrials.gov, the

PROSPERO International Prospective Register of System-

atic Reviews, Embase, Web of Science, and the Cochrane

Library with the use of a combination of keywords: “in-

travenous fluids,” “hydration,” “oral intake” “labor,”

Key Message

Incidence of cesarean delivery may be reduced by a

policy of giving intravenous fluids in labor at a rate

of 250 mL/h rather than 125 mL/h.
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“intrapartum,” “duration of labor,” “labor dystocia,” “in-

trapartum management” “duration of labor,” “arrest of

labor,” “caesarean” and “cesarean” from inception of each

database to February 2017. No restrictions as to language

or geographic location were applied. References from rel-

evant research articles and reviews were also reviewed.

Study selection

All RCTs comparing intrapartum intravenous (IV) fluid

rates of 250 vs. 125 mL/h in low-risk nulliparous women

in spontaneous labor at ≥36 weeks with singleton pregnan-

cies were included. The decision was made to include any

study comparing intravenous fluid rates that were within

10% of these rates, since this is not likely a clinically signifi-

cant difference. Studies of women with spontaneous onset

of labor, including premature rupture of membranes, were

included, and augmentation of labor with oxytocin was

not considered a criterium for exclusion. Non-randomized

or quasi-randomized trials (i.e. trials in which allocation

was done on the basis of a pseudo-random sequence, e.g.

odd/even hospital number or date of birth, alternation

studies) were excluded. Studies which included high-risk

pregnancy (for example women with preeclampsia,

intrauterine growth restriction, maternal cardiac or renal

disease) were also excluded.

Titles and abstracts for all identified studies were inde-

pendently reviewed by two reviewers (R.E., G.S.). Any

disagreements were resolved with discussion with a third

reviewer (N.S.). However, RCTs that included women

undergoing either elective or medical induction of labor

were excluded, as were those that included multiparous

women or multiple gestations, as we deemed that this

would introduce substantial clinical heterogeneity in the

women. Studies were included regardless of whether oral

intake was restricted and irrespective of the type of intra-

venous fluids used. We planned to assess the primary

outcome (i.e. incidence of cesarean delivery for any indi-

cation) with a subgroup analysis according to type of

fluid used and according to restriction of oral fluid

intake. Only the primary outcome was assessed in the

sensitivity analysis (15).

Outcomes

The primary outcome was the incidence of cesarean

delivery for any indication. Secondary outcomes were

cesarean for labor dystocia, cesarean for fetal well-being,

cesarean for other indications, spontaneous vaginal deliv-

ery, operative vaginal delivery (either vacuum or forceps),

augmentation of labor, mean of duration of labor, mean

of second stage of labor, pulmonary edema, chorioam-

nionitis, postpartum hemorrhage and neonatal outcomes

159 records
identified through
database
searching

130 records after duplicates
removed

130 records
screened

23 full-text articles
excluded:

- Comparin IV fluid
alone vs. no
IV fluids (n = 1)

- Comparing IV 
fluids vs. oral
intake (n = 3)

- insufficient data
to determine the
rate of infusion for
the control group
in one study (n = 1)

100 records
excluded based
on title and/or
abstract

30 full-text articles
assessed for
eligibility

7 studies included
in qualitative
synthesis

- Non
randomized-trial
(n = 18)

7 studies included
in quantitative
synthesis
(meta-analysis)

Figure 1. Flow diagram of studies identified in the systematic review

[PRISMA template (Preferred Reporting Item for Systematic Reviews

and Meta-analyses)]. IV, intravenous.
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including admission to neonatal intensive care unit and

5-minute APGAR <7.

Quality of the studies

The risk of bias in each included RCT was assessed using

the criteria outlined in the Cochrane Handbook for Sys-

tematic Reviews of Interventions. Seven domains related

to risk of bias were assessed in each included trial since

there is evidence that these issues are associated with

biased estimates of treatment effect: (1) random sequence

generation; (2) allocation concealment; (3) blinding of

participants and personnel; (4) blinding of outcome

assessment; (5) incomplete outcome data; (6) selective

reporting; and (7) other bias. Review authors’ judgments

were categorized as “low risk,” “high risk” or “unclear

risk” of bias (15).

Statistical analyses

The data analysis was completed independently by two

authors (N.S., G.S.) using REVIEW MANAGER 5.3

(Copenhagen: The Nordic Cochrane Center, Cochrane

Collaboration, 2014). Heterogeneity across studies was

assessed using the Higgins I2-test. In case of statistically

significant heterogeneity (I2 ≥ 50%) the random effects

model of DerSimonian and Laird was used, otherwise

(I2 < 50%) a fixed effect model was managed. The pooled

results were reported as relative risk (RR) or as mean dif-

ference with 95% confidence interval (CI). Potential

publication biases were assessed graphically using funnel

plot and statistically using Begg’s and Egger’s tests (15).

A p-value <0.1 was considered statistically significant.

The meta-analysis was reported following the Preferred

Reporting Item for Systematic Reviews and Meta-Analyses

(PRISMA) statement (16).
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Figure 2. Assessment of risk of bias. (a) Summary of risk of bias for each trial; Plus sign: low risk of bias; minus sign: high risk of bias; question

mark: unclear risk of bias. (b) Risk of bias graph about each risk of bias item presented as percentages across all included studies. [Color figure

can be viewed at wileyonlinelibrary.com]
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0.1 1 10 50
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Figure 3. Funnel plot for assessing publication bias. RR, relative risk.

[Color figure can be viewed at wileyonlinelibrary.com]
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The was reported following the PRISMA guidelines for

protocols (PRISMA-P) (16). The review was regis-

tered with the PROSPERO International Prospective

Register of Systematic Reviews (Registration Number:

CRD42016048068).

Results

The flow of study identification is shown in Figure 1.

Seven trials including 1215 nulliparous women in sponta-

neous labor at term were analyzed (7–13).
The overall risk of bias was low (Figure 2). All of the

included studies had a low risk of bias in random

sequence generation. Adequate methods for allocation of

women were used in all seven trials. In all included stud-

ies, all women were accounted for in the analysis. Blind-

ing was considered not feasible methodologically given

the intervention; however, in Eslamian et al. (11) it was

stated that infusion rates were masked. Figure 3 shows

the funnel plot for assessing publication bias; the sym-

metric plot suggests no publication bias. Publication bias,

assessed using Begg’s and Egger’s tests, showed no signifi-

cant bias (p = 0.59 and p = 0.44, respectively).

Statistically, heterogeneity within the studies was low,

with no inconsistency in risk estimates (I2 = 0%) for the

primary and most of the secondary outcomes.

Table 1 shows the characteristics of the included trials.

All RCTs included only low-risk singleton gestations with

vertex presentation. Of the 1215 women included, 593

(48.8%) were in the 250 mL/h group (i.e. intervention

group), and 622 (51.2%) in the 125 mL/h group (i.e.

control group). Five studies used lactated Ringer’s solu-

tion, one used normal saline in dextrose water (10), and

in one study it was unclear which IV fluid was used (13).

All studies reported the incidence of cesarean delivery,

and this was the primary outcome for five of the seven

studies (8–11,13).
Table 2 shows pooled results for the primary and the

secondary outcomes. Women who received IV fluids at

250 mL/h had a significantly lower incidence of cesarean

delivery for any indication (12.5 vs. 18.1%; RR 0.70, 95%

CI 0.53–0.92; Figure 4; seven studies, 1215 participants;

I2 = 0%) and for dystocia (4.9 vs. 7.7%; RR 0.60, 95% CI

0.38–0.97; five studies, 1093 participants; I2 = 18%) and a

significantly shorter mean duration of labor of about one

hour (mean difference �64.38 min, 95% CI �121.88 to

�6.88; six studies, 1155 participants; I2 = 83%) and

length of second stage of labor (mean difference

�2.80 min, 95% CI �4.49 to �1.10; 899 participants;

I2 = 22%) compared with those who received IV fluid at

125 mL/h. No differences were found in the other sec-

ondary outcomes.

There were no maternal or perinatal deaths and only

one woman, in the 125 mL/h group, developed pul-

monary edema.

For the primary outcome of cesarean delivery, pre-

planned sensitivity analyses were performed for both

restriction of oral intake and intravenous fluid type.

In the one study (10) using normal saline with dextrose

water, the incidence of cesarean delivery was 4.9 vs. 13.4%

in the 250 vs. 125 mL/h group, respectively (RR 0.36, 95%

CI 0.13–0.95). For the five studies (7–9,11,12) using lac-

tated Ringers, an intravenous fluid rate of 250 mL/h was

associated with a lower incidence of cesarean delivery

(13.4 vs. 18.3%; RR 0.73, 95% CI 0.55–0.98; five studies,

959 participants; I2 = 0%) compared with 125 mL/h.

For the five studies with restricted oral intake (8,10–
13), the incidence of cesarean delivery for any indication

Table 1. Characteristics of the included trials.

Reference

Study

location

Number of

participants

250 mL/h

Number of

participants

125 mL/h Intravenous fluid type Oral intake Primary outcome

Garite et al. (12) USA 101 94 Lactated Ringer’s solution Restricted: Sips,

ice chips

Duration of labor

Alavi et al. (10) Iran 82 112 Normal saline in

dextrose water

Restricted: NPO Cesarean

Eslamian et al. (11) Iran 147 153 Lactated Ringer’s solution Restricted: NPO Cesarean

Maderia et al. (13) USA 32 30 Unknown Restricted: Ice

chips or NPO

Cesarean

Direkvand-Moghadam

et al. (7)

Iran 30 30 Lactated Ringer’s solution Unrestricted Duration of labor

Kavitha et al. (9) India 96 98 Lactated Ringer’s solution Unrestricted Cesarean

Edwards et al. (8) USA 105 105 Lactated Ringer’s solution Restricted: Ice chips,

popsicles,

and hard candy

Cesarean

NPO, taking nothing by mouth.
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was reduced with 250 mL/h (13.3 vs. 19.2%; RR 0.67,

95% CI 0.50–0.90; five studies, 961 participants; I2 = 0%)

compared with the 125 mL/h policy. In the two studies

(7,9) with unrestricted oral intake, the incidence of cesar-

ean delivery for any indication was not significantly dif-

ferent (9.5 vs. 10.9%; RR 0.87, 95% CI 0.42–1.81; two

studies, 254 participants; I2 = 0%).

Discussion

This meta-analysis of seven RCTs, evaluating the effective-

ness of IV fluids 250 mL/h compared with standard care of

125 mL/h, demonstrated a reduction in the rate of cesarean

delivery (12.5 vs. 18.1%) and approximately a one-hour

reduction in the length of labor. The number needed to

treat to prevent one cesarean delivery is 18. Pooled data

also showed a significantly shorter mean of duration of

labor of about one hour and of length of second stage of

labor.

Our meta-analysis included appropriately well-designed

RCTs. Test of heterogeneity and statistical analyses all

point to the efficacy of increased hydration. The findings

persisted regardless of the type of intravenous fluid used.

No significant reduction in the incidence of cesarean

delivery was demonstrated in women with unrestricted

oral intake; however, this was limited to only two studies

evaluating 254 women.

Our data support earlier findings of a Cochrane review

broadly evaluating intravenous hydration in labor (14).

However, they did not include all RCTs published so far

and the number of included women was lower. Addition-

ally, we analyzed all trials comparing these two rates of

infusion and then performed pre-planned sensitivity analy-

sis. Our findings are consistent with those in that review,

providing further support for increased hydration among

nulliparous women in labor when oral intake is restricted.

Our study has several strengths. It is the largest meta-

analysis to date, to our knowledge, comparing intravenous

fluid rates in labor. The trials were all well-designed, with

a low risk of bias, and they were clinically similar in

design with low statistical heterogeneity. A sensitivity

analysis was performed for fluid type and restriction of

oral intake, as these were the most clinically relevant dif-

ferences among the studies. Statistical tests showed no

significant potential publication biases. Intention-to-treat

analysis was used, and both random and mixed effects

models were used when appropriate. These are key ele-

ments that are needed to evaluate the reliability of a

meta-analysis (15).

Limitations of our study are inherent to the limitations

of the included studies and the overall small sample size.

Only one of the studies made an attempt to blind the

providers to the treatment. All of the studies included

only healthy nulliparous women in spontaneous labor.

Thus, the effectiveness and safety of this intervention in

multiparous women, in those undergoing induction of

labor or in those with medical comorbidities is unclear.

No increase in adverse outcomes was noted, but elec-

trolyte levels, indicators of renal function or objective

assessment of intravascular volume status was not per-

formed in any of the studies. The small sample size of

women with unrestricted oral intake precludes a mean-

ingful comparison of intravenous fluid rates in this subset

of women. Whereas in the USA general practice is to

administer IV fluids to all laboring women, in many

other countries, IV fluids are not routinely administrated

and women are freer to drink and eat. In fact, only two

trials (7,9) (both from Asia) in our meta-analysis allowed

unrestricted oral intake (Table 1). It could be that allow-

ing larger oral input of fluids for pregnant laboring

women would lessen or even eliminate the benefits found

with 250 mL/h of IV fluid in this meta-analysis. More-

over, a recent systematic review and meta-analysis of 10

RCTs including 3982 laboring women, found that low-

risk singleton pregnancies who were allowed to eat more

freely during labor had a shorter duration of labor, and

Study or subgroup

Total (95% Cl) 593 622 100.0% 0.70 [0.53, 0.92]

Garite 2000
Alavi 2005
Eslamian 2006
Maderia 2007
Direkvand-Moghadam 2012
Kavitha 2012
Edwards 2014

Total events

Test for overall effect: Z = 2.57 (P = 0.01)
Heterogeneity: χ2 = 3.12, df = 6 (P = 0.79); I2 = 0%
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Figure 4. Forest plot for primary outcome, i.e. incidence of cesarean delivery. CI, confidence interval; df, degrees of freedom; M-H, Mantel-

Haenszel. [Color figure can be viewed at wileyonlinelibrary.com]
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higher satisfaction, and that a policy of less-restrictive

food intake does not influence other obstetric or neonatal

outcomes or increase the incidence of vomiting (17).

Finally, fluid management is only one aspect of labor

management and therefore there may be several other

factors driving the findings of these trials.

In conclusion, our findings support increased hydration

for low-risk nulliparous women in spontaneous labor.

Administering 250 mL/h as opposed to 125 mL/h appears

to be a safe method of reducing the risk of cesarean

delivery and length of labor in nulliparous women in

spontaneous labor at term. If this is approach is broadly

applied, there is a potential for significant public health

benefits. For the year 2013 in the USA, there were

341 532 cesarean deliveries of low-risk nulliparous

women at term (1). A 30% reduction in the incidence of

cesarean delivery would prevent 102 459 cesarean deliver-

ies. Further study is needed regarding risks and benefits

of increased hydration among women with unrestricted

oral intake, those undergoing induction of labor, and

those with medical comorbidities. Based on our results

and the small sample size, no recommendation can be

made regarding the optimal rate of fluid infusion for

women with unrestricted oral intake.
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