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1. Grantee Institution: The Pennsylvania State University 

 

2. Reporting Period (start and end date of grant award period): 1/1/2010 - 12/31/2013 

 

3. Grant Contact Person (First Name, M.I., Last Name, Degrees): John Anthony, MPA 

 

4. Grant Contact Person’s Telephone Number: 814 935 1081 

 

5. Grant SAP Number:  4100050904 

 

6. Project Number and Title of Research Project: 19. A Multi-Center Randomized Single-

blind Trial of Intravenous Fluids During Labor 

 

7. Start and End Date of Research Project:  4/21/2010 - 6/30/2013 

 

8. Name of Principal Investigator for the Research Project:  Richard Legro, MD 

 

9. Research Project Expenses.   

 

9(A) Please provide the total amount of health research grant funds spent on this project for 

the entire duration of the grant, including indirect costs and any interest earned that was 

spent:    

 

$ 38,771    

 

9(B) Provide the last names (include first initial if multiple individuals with the same last 

name are listed) of all persons who worked on this research project and were supported with 

health research funds.  Include position titles (Principal Investigator, Graduate Assistant, 

Post-doctoral Fellow, etc.), percent of effort on project and total health research funds 

expended for the position.  For multiple year projects, if percent of effort varied from year to 

year, report in the % of Effort column the effort by year 1, 2, 3, etc. of the project (x% Yr 1; 

z% Yr 2-3). 
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Last Name, First Name Position Title % of Effort on Project Cost 

Kunselman, Allen Biostatistician 4.9% $4,050 

Stetter, Christy Biostatistician 9.6% $4,417 

 

 

9(C) Provide the names of all persons who worked on this research project, but who were not 

supported with health research funds.  Include position titles (Research Assistant, 

Administrative Assistant, etc.) and percent of effort on project.  For multiple year projects, if 

percent of effort varied from year to year, report in the % of Effort column the effort by year 

1, 2, 3, etc. of the project (x% Yr 1; z% Yr 2-3). 

 

Last Name, First Name Position Title % of Effort on Project 

Legro, Richard Principal Investigator 5 

Smulian, John Lead Protocol Investigator 5 

Rochon, Meredith Co-Investigator 2 

Repke, John Co-Investigator 2 

Neubert, George Co-Investigator 2 

Schnatz, Peter Co-Investigator 2 

Airoldi, James Co-Investigator 2 

Eyer, Sandy Research Coordinator 2 

 

 

9(D) Provide a list of all scientific equipment purchased as part of this research grant, a short 

description of the value (benefit) derived by the institution from this equipment, and the cost 

of the equipment. 

 

Type of Scientific Equipment Value Derived Cost 

None   

 

 

10. Co-funding of Research Project during Health Research Grant Award Period.  Did this 

research project receive funding from any other source during the project period when it was 

supported by the health research grant? 

 

Yes_________ No_____X_____ 

 

If yes, please indicate the source and amount of other funds: 

 

 

11. Leveraging of Additional Funds 
 

11(A) As a result of the health research funds provided for this research project, were you 

able to apply for and/or obtain funding from other sources to continue or expand the 

research?  

 

Yes_________ No____X______ 
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If yes, please list the applications submitted (column A), the funding agency (National 

Institutes of Health—NIH, or other source in column B), the month and year when the 

application was submitted (column C), and the amount of funds requested (column D).  If 

you have received a notice that the grant will be funded, please indicate the amount of funds 

to be awarded (column E). If the grant was not funded, insert “not funded” in column E. 

 

Do not include funding from your own institution or from CURE (tobacco settlement funds). 

Do not include grants submitted prior to the start date of the grant as shown in Question 2.  If 

you list grants submitted within 1-6 months of the start date of this grant, add a statement 

below the table indicating how the data/results from this project were used to secure that 

grant. 

A.  Title of research 

project on grant 

application 

B.  Funding 

agency (check 

those that apply) 

C. Month 

and Year  

Submitted 

D. Amount 

of funds 

requested: 

E. Amount 

of funds to 

be awarded: 

 

None 

NIH     

 Other federal 

(specify:______) 

 Nonfederal 

source (specify:_) 

 $ $ 

 

11(B) Are you planning to apply for additional funding in the future to continue or expand 

the research? 

 

Yes_____X____ No__________ 

 

If yes, please describe your plans: 

 

We plan to apply to a nonprofit funding agency for a multicenter clinical trial in gynecology.  

We are still discussing projects. 

 

 

12. Future of Research Project.  What are the future plans for this research project? 

 

An abstract has been accepted at the 2014 Annual Meeting of the Society for Maternal Fetal 

Medicine.  A manuscript has been prepared and will be submitted to an Ob/Gyn journal. 

 

 

13. New Investigator Training and Development.  Did students participate in project 

supported internships or graduate or post-graduate training for at least one semester or one 

summer? 

 

Yes____X_____ No__________ 

 

The 7 summarized below include the residents in ob/gyn who worked on the project. 

 

If yes, how many students?  Please specify in the tables below: 
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 Undergraduate Masters Pre-doc Post-doc 

Male     

Female    7 

Unknown     

Total    7 

 

 Undergraduate Masters Pre-doc Post-doc 

Hispanic    2 

Non-Hispanic    5 

Unknown     

Total    7 

 

 Undergraduate Masters Pre-doc Post-doc 

White    6 

Black     

Asian    1 

Other     

Unknown     

Total    7 

 

 

14. Recruitment of Out-of–State Researchers.  Did you bring researchers into Pennsylvania to 

carry out this research project? 

 

Yes_________ No_____X_____ 

 

If yes, please list the name and degree of each researcher and his/her previous affiliation: 

 

 

15. Impact on Research Capacity and Quality.  Did the health research project enhance the 

quality and/or capacity of research at your institution?   

 

Yes____ X_____ No__________ 

 

If yes, describe how improvements in infrastructure, the addition of new investigators, and 

other resources have led to more and better research.  

 

Penn State Hershey served as the Data Coordinating Center for the project.  It also 

established a precedent of multi-center clinical trial collaboration between our medical 

centers. 

  

 

16. Collaboration, business and community involvement.  

 

16(A) Did the health research funds lead to collaboration with research partners outside of 

your institution (e.g., entire university, entire hospital system)?  
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Yes___ X ______ No__________ 

 

If yes, please describe the collaborations:  

 

We established  a  clinical trial network with three other medical centers:  Reading 

Hospital, Lehigh Valley Hospital, and St. Luke’s University Hospital.  York Hospital 

elected not to participate in the project once enrollment began. 

 

 

16(B) Did the research project result in commercial development of any research products?  

 

Yes_________ No_____ X _____ 

 

If yes, please describe commercial development activities that resulted from the research 

project:  

 

 

16(C) Did the research lead to new involvement with the community?   

 

Yes_________ No______ X ____ 

 

If yes, please describe involvement with community groups that resulted from the 

research project:  

 

 

17. Progress in Achieving Research Goals, Objectives and Aims.  
List the project goals, objectives and specific aims (as contained in the grant agreement).  

Summarize the progress made in achieving these goals, objectives and aims for the period 

that the project was funded (i.e., from project start date through end date).  Indicate whether 

or not each goal/objective/aim was achieved; if something was not achieved, note the reasons 

why.  Describe the methods used. If changes were made to the research 

goals/objectives/aims, methods, design or timeline since the original grant application was 

submitted, please describe the changes. Provide detailed results of the project.  Include 

evidence of the data that was generated and analyzed, and provide tables, graphs, and figures 

of the data.  List published abstracts, poster presentations and scientific meeting presentations 

at the end of the summary of progress; peer-reviewed publications should be listed under 

item 20. 

 

This response should be a DETAILED report of the methods and findings.  It is not sufficient 

to state that the work was completed. Insufficient information may result in an unfavorable 

performance review, which may jeopardize future funding.  If research findings are pending 

publication you must still include enough detail for the expert peer reviewers to evaluate the 

progress during the course of the project. 

 

Health research grants funded under the Tobacco Settlement Act will be evaluated via a 

performance review by an expert panel of researchers and clinicians who will assess project 
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work using this Final Progress Report, all project Annual Reports and the project’s strategic 

plan.  After the final performance review of each project is complete, approximately 12-16 

months after the end of the grant, this Final Progress Report, as well as the Final Performance 

Review Report containing the comments of the expert review panel, and the grantee’s written 

response to the Final Performance Review Report, will be posted on the CURE Web site.   

 

There is no limit to the length of your response. Responses must be single-spaced below, 

no smaller than 12-point type. If you cut and paste text from a publication, be sure 

symbols print properly, e.g., the Greek symbol for alpha () and beta (ß) should not 

print as boxes () and include the appropriate citation(s).  DO NOT DELETE THESE 

INSTRUCTIONS. 

 

 

 

This will be a multi-center, prospective, single-blind randomized trial of two types of IV fluids 

for maintenance hydration during labor to determine if intrapartum use of a glucose-containing 

solution will improve the outcome of labor.  This study will randomize 1524 women at greater 

than or equal to 36 weeks in spontaneous labor attempting vaginal delivery and will be 

conducted at 4 sites: Reading (Reading Hospital), Allentown (Lehigh Valley), Hershey (Penn 

State College of Medicine), and York (York Hospital). The primary analysis will use an intent-

to-treat approach to examine differences between the two IV fluid treatments in the proportion of 

deliveries requiring cesarean section.  We assume the proportion of deliveries requiring cesarean 

section will be 0.24 in the arm receiving the non-glucose-containing (i.e., lactated Ringer’s) 

solution and 0.18 in the arm receiving the glucose-containing (i.e., D5 lactated Ringer’s) solution 

(i.e., a 25% relative reduction in the proportion of cesarean deliveries).  We anticipate a 5% 

dropout rate for this study.  Secondary efficacy parameters will include incidence of ketosis and 

influence of ketonuria on the primary outcome, incidence of prolonged labor, need for oxytocin 

augmentation, incidence of operative vaginal delivery, incidence of chorioamnionitis, indications 

for cesarean birth, maternal nausea/vomiting in labor, reduced umbilical artery pH/fetal 

acidemia, increased umbilical artery CO2/fetal hypercarbia, neonatal hypoglycemia, neonatal 

intensive care unit admission, and difficulties with initiating breast feeding.  A total of 28 months 

will be required to complete the study.  This will be accomplished by enrolling 15 women per 

center per month over the two-year enrollment period, and for 3 months to clean and analyze the 

final data.    

 

Specific Aim 1:  To determine the effects of glucose containing IV fluids during labor on 

operative delivery 

The primary research hypothesis is that intravenous hydration during labor with a glucose-

containing fluid will lead to more efficient uterine contractility and will lead to a reduction of 

cesarean delivery. 

 

Specific Aim 2:  To determine the effects of glucose containing IV fluids during labor on other 

maternal and fetal parameters related to dysfunctional labor 
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Secondary Research Hypotheses are that the use of glucose-containing solutions will be 

associated with:  

a. lower rates of labor augmentation, 

b. shorter time to vaginal delivery, 

c. lower incidence of chorioamnionitis, 

d. reduced umbilical cord acidemia and fetal hypercarbia, 

e. reduced neonatal hypoglycemia and need for NICU admission, and 

higher rate of lactation initiation. 

 

Summary of Results 

 

Abstract:   

Objective: To determine if the intrapartum use of a 5% glucose-containing intravenous solution 

decreases the chance of a cesarean delivery for women presenting in active labor. 

Methods: This was a multi-center, prospective, single (patient) blind, randomized study design 

implemented at 4 obstetric residency programs in Pennsylvania. Singleton, term, consenting 

women presenting in active spontaneous labor with a cervical dilation of <6cm were randomized 

to lactated Ringer's with or without 5% glucose (LR versus D5LR) as their maintenance 

intravenous fluid. The primary outcome was the cesarean birth rate. Secondary outcomes 

included labor characteristics, as well as maternal or neonatal complications. Log-binomial 

regression was used to assess risk ratios (RR) and 95% confidence intervals (CI) after adjusting 

for participating center. 

 

Results: There were 309 women analyzed from 4 hospital sites. Demographic variables and 

admitting cervical dilation were similar among study groups. There was no significant difference 

in the cesarean delivery rate for the D5LR group (23/153 or 15.0%) versus the LR arm (18/156 

or 11.5%), [RR (95%CI) of 1.32 (0.75, 2.35), P=0.34]. There were no differences in 

augmentation rates or intrapartum complications. The postpartum hemorrhage rate was 6.0% in 

the LR arm and 1.3% in the D5LR arm, P=0.05). There also was a marginally higher rate of 

neonatal hypoglycemia (glucose < 40 mg/dL) and 5 minute Apgar scores <7 in the D5LR group 

versus the LR group. 

 

Conclusions: The use of intravenous fluid containing 5% dextrose does not lower the chance of 

cesarean delivery for women admitted in active labor. 

 

 

Introduction: 

Factors that influence the ability of women to have a successful vaginal delivery have been 

studied extensively.  However, most studies have focused primarily on maternal and fetal 

characteristics that predict successful labor.(1)  Other than uterotonic agonists (mainly oxytocin), 

few studies have examined specific interventions that would enhance the likelihood of a vaginal 

delivery in laboring women.  There are data generated through studies using intrauterine pressure 

catheter monitoring of labor that demonstrate the importance of effective myometrial 

contractility for the adequate progress of labor.(2)  Exercise physiologists have shown that 

increased fluid intake and carbohydrate replacement improve skeletal muscle performance in 

prolonged exercise. (3, 4)   
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Although the uterus is a muscle that is undergoing work during labor, little attention has been 

paid to the impact that intrapartum fluid management and caloric supplementation might have on 

labor.(1)  Adequate supplies of glucose are needed to maintain exercise tolerance and muscle 

efficiency, which are important factors in the progress of labor. Physiological requirements for 

glucose during labor are estimated to be around 10 grams per hour.  We propose that even in the 

presence of adequate hydration, inadequate carbohydrate replacement in labor may contribute to 

prolongation of labor and an increased need for operative delivery. There are 2 studies that have 

examined the impact of adding glucose to the intravenous fluid solution for laboring women. 

Both studies suggested a shorter duration of labor in nulliparous women when glucose was added 

to the intrapartum IV fluids, although neither study demonstrated a reduction in the cesarean 

delivery rate. 

 

Because the cesarean delivery rate may be a more important clinical outcome than duration of 

labor, we designed this study to determine if adding 5% dextrose to a lactated Ringer’s (D5LR) 

solution as the maintenance intravenous (IV) fluid in active labor was associated with a lower 

cesarean delivery rate compared to lactated Ringer’s (LR) as the maintenance IV fluid.  We 

hypothesized that IV hydration during labor with a glucose-containing fluid will lead to more 

efficient uterine contractility and will lead to a reduction of cesarean delivery and improved labor 

characteristics in women presenting in active labor. We further hypothesized that any effect of 

adding glucose to the maintenance fluids would be modified by the presence of ketonuria as a 

surrogate measure of glycemic and hydration status. 

 

Material and methods:   

This was a multi-center, prospective, single (patient) blind randomized trial comparing LR 

versus D5LR as the maintenance IV fluid during the intrapartum period.  This study was 

conducted by a consortium of 4 institutions: Lehigh Valley Health Network (Allentown, PA), 

Pennsylvania State University, College of Medicine (Hershey, PA), Reading Hospital (Reading, 

PA) and St. Luke’s University Hospital (Bethlehem, PA). This consortium was developed from a 

concept linking together junior residents from selected regional residency programs to allow 

them to perform a prospective research study. The educational goal was to provide these 

residents the experience in developing, implementing, conducting and reporting prospective 

research in Obstetrics and Gynecology. Pennsylvania State University, College of Medicine 

(Hershey, PA) served as the data coordinating center for this study. The protocol for this effort 

was submitted and approved at each hospital’s individual institutional review board (IRB).  

Subjects were candidates for participation if they were pregnant at or above 36 weeks gestation 

in spontaneous labor, less than 6 cm dilated, and were eligible for a vaginal delivery.  Note that 

the initial cervical dilation inclusion criteria was specified to be less than 5 cm dilation, but this 

was increased by 1 cm due to the difficulty with recruiting women in active labor unless they 

were more dilated. Exclusion criteria included: inability to have a vaginal delivery, multiple 

gestation, history of prior cesarean delivery, need for induction of labor, diabetes mellitus or 

another glucose dysregulation condition, concurrent use of steroids, active labor with cervical 

dilation of ≥6 cm, or participation in another research study. 

 

Subjects in spontaneous labor were screened for eligibility upon admission to labor and delivery 

for anticipated delivery. Screen eligible subjects were provided information about study 

participation after the care providers made the decision for admission for delivery. Recruitment 
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at each site was performed by residents who were approved to obtain informed consent by their 

respective institutional review boards. Informed consent training was specific to each site and 

was the responsibility of the site faculty and resident principal investigators. After written 

informed consent was obtained, subjects were randomized to one of the two maintenance IV 

fluids, LR or D5LR. Randomization was stratified by clinical site and a random number 

generator was used to create permuted blocks of size (n=6) within each stratum, so that the 

treatment allocation ratio was 1:1 within each clinical site. Numbered opaque envelopes 

containing the randomization assignment were provided by the data coordinating center to each 

site and were chosen in sequence to determine the treatment assignment. Given that potentially 

large number of residents from each clinical site could be involved in the randomization process, 

we believed the simple opaque envelope method would serve the study best. Subjects were not 

informed of their specific treatment group assignment in an attempt to keep them blind to their 

assigned IV fluid. However, complete blinding could not be guaranteed during the entire labor 

course. 

 

By protocol, the assigned IV fluid was used throughout labor as the maintenance fluid. LR was 

used for IV fluid boluses for all clinical indications such a pre-epidural volume expansion. No 

minimum or maximum infusion rate was specified in the protocol, although the maintenance 

infusion rate was expected to be 125 mL/hr per usual practice at all participating sites. Sites were 

encouraged to perform an initial urine dipstick analysis for urinary ketones on admission, as well 

as an umbilical artery blood gas immediately after delivery when feasible. Medical records were 

reviewed to obtain information about labor course and complications for mother, fetus, and 

infant. Primary data sources included the prenatal record, intrapartum and delivery record, and 

the neonatal inpatient record. 

 

The primary outcome of this study was cesarean delivery. Secondary outcomes included: the 

duration of labor, need for oxytocin augmentation, incidence of operative vaginal delivery, 

incidence of chorioamnionitis, umbilical artery blood gases, neonatal hypoglycemia (serum 

glucose <40mg/dL), need for neonatal special care nursery, and difficulties with initiating breast 

feeding. Infant glucose levels were checked for symptomatic infants or with high risk conditions 

such as small or large for gestational age. Breastfeeding success was measured using the LATCH 

score, which is a 5 component assessment using scores of 0, 1 or 2. (LATCH score components 

include: Latch, Audible swallowing, Type of nipple, Comfort, and Hold or positioning.) Other 

maternal or neonatal complications noted in the records were collected. The presence of 

ketonuria was assessed in order to assess its impact on outcomes.  

 

Data were recorded at each site on Clinical Report Forms developed specifically for this project. 

Data were then entered into a Web-based Universal Questionnaire Data Entry System (WebUQ). 

The WEBUQ application is a password-protected online data entry system developed by the 

Department of Public Health Sciences at Penn State University.  Study personnel used unique 

user IDs and passwords to protect access to the system. All analyses were performed from data 

entered into the WebUQ system.   

 

Several assumptions were made in order to estimate the sample size for this trial. We estimated a 

baseline cesarean delivery rate for women in labor of approximately 24% based on a consensus 

among the participating institutions after scheduled repeat cesarean deliveries were excluded. We 
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decided a priori that a 25% reduction in the cesarean delivery rate to 18% due to the use of 

D5LR would be a clinically meaningful effect on the primary outcome. In order to have a two-

sided test with a significance level of 5% and a power of 80% we estimated that 723 subjects in 

each arm would be needed to detect this difference in cesarean delivery rates. We added an 

additional 5% to each arm as a buffer against potential loss of subjects to achieve a final sample 

size estimate of 762 per study arm, or a total of 1524 subjects. 

 

Statistical analyses were performed using an intent-to-treat paradigm where randomized subjects 

were included according to their treatment assignment regardless of actual treatment received. 

All tests were two-sided and all analyses were adjusted for clinical site, except where noted, and 

were performed using SAS software, version 9.3 (SAS Institute, Inc., Cary, NC) or S-Plus 

software, version 8.1 (TIBCO, Palo Alto, CA).  

 

A risk ratio (RR) and 95% confidence interval for comparing the treatment arms with respect to 

the primary outcome of cesarean delivery proportions was estimated from a log-binomial 

regression model. (7)  In randomized clinical trials, estimation of the risk difference is more 

appropriate, and easier to interpret, than an odds ratio.  A log-binomial regression model having 

one two-level factor (i.e., treatment) is asymptotically equivalent to a chi-square test and the 

model allowed adjustment for potentially confounding covariates such as site of recruitment.  

The primary outcome of cesarean delivery proportions was also compared between the two 

treatment arms adjusting for the presence of maternal ketonuria and the clinical site using a log-

binomial regression model.  Log-binomial regression models were used to compare the treatment 

arms in secondary analyses for binary outcomes. Continuous outcomes were analyzed using 

parametric (i.e., analysis of covariance models) or non-parametric (i.e., Cochran-Mantel 

Haenszel mean score tests based on rank scores) methods as appropriate based on normalcy 

distributions. A Cox proportional hazards model was used to compare the time from admission 

to delivery between the treatment arms where a cesarean delivery was considered a censored 

observation.   

 

A Data Safety Monitoring Committee (DSMC) was created that consisted of representatives of 

each medical center (not involved in the study) and one independent member for a total of 5 

members.  Although an interim analysis was not planned, the DSMC periodically reviewed 

enrollment progress, outcomes, and safety data by treatment arm.  All adverse events were 

reported to the IRBs and the DSMC.  Data from these subjects were analyzed utilizing the intent-

to-treat approach.  The DSMC recommended discontinuing enrollment in the study in April 2013 

given the lack of difference between treatment groups in the primary outcome of operative 

delivery. 

 

Results:  

A total of 318 subjects were randomized for the study between May 2010 and April 2013, 161 

(50.6%) for LR and 157 (49.4%) for D5LR. Nine subjects were excluded from analysis: 3 were 

deemed ineligible, 5 did not have adequate documentation of informed consent, and 1 subject 

withdrew consent. Of the subjects, 54% were recruited with the initial cervical dilation 

requirement of <5 cm and 46% after the change to <6 cm, with approximately equal numbers 

randomized to both arms for both study periods. Importantly, the trial was stopped short of the 

targeted sample size based on the recommendations of the DSMC after carefully considering the 
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slower-than-expected recruitment rate and the lower-than-predicted rate of cesarean delivery as 

the primary outcome.   

 

Outcome data was available for 309 subjects, 156 from the LR arm and 153 from the D5LR arm. 

(Figure 1) Subject characteristics are reported in Table 1. There were no statistically significant 

or clinically important demographic or pregnancy differences noted between the 2 study groups. 

Characteristics that could influence labor progress and route of delivery were also similar 

including: cervical dilation on admission, rates of hypertensive disorders, and medical 

conditions. (Table 2)  

 

For the primary outcome, there was no difference in the cesarean delivery rate after adjusting for 

recruiting site for the D5LR arm (23/153 or 15.0%) versus the LR arm (18/156 or 11.5%), [RR 

(95%CI) of 1.32 (0.75, 2.35), P=0.34]. Adjusting for the presence of ketonuria on admission did 

not change these results significantly with a cesarean rate for the D5LR arm versus the LR arm, 

RR (95%CI) of 1.37 (0.78, 2.41), P=0.27. Using a Cox proportional hazards model adjusted for 

clinical site, there was no evidence of a statistical difference in the time from the onset of labor 

to delivery (i.e., whether vaginal or cesarean section) between the D5LR and LR arms (hazard 

ratio: 1.00; 95% CI: (0.80, 1.26); p-value=0.99).   

 

There were no differences in augmentation rates, overall operative delivery rates (cesarean, 

vacuum and forceps) and selected intrapartum or postpartum complications other than a slightly 

higher rate of identified postpartum hemorrhage in the LR arm (6.0%) versus the D5LR arm 

(1.3%). Umbilical artery blood gas results were similar between study arms. There was only 1 

case of a gas pH of <7.00, in the D5LR arm. There were more cases of Apgar scores <7 (N=4), 

of which all were in the D5LR group. However, the overall Apgar scores were similar. There 

was a lower rate of neonatal hypoglycemia (glucose <40 mg/dL) in the LR arm versus the D5-

LR arm (7/50 (14%) versus 18/55 (32.7%), p = 0.05). LATCH scores were also similar between 

study arms. There were 5 cases (4 infant) of serious adverse events (1 in D5LR arm and 4 in LR 

arm), which were considered as not related to the study treatment (right foot polydactyly, 

tracheomalacia, trisomy 21, congenital heart defect, placental sulfatase deficiency and maternal 

right ovarian torsion). 

 

In order to examine whether nulliparas represented a different responder population we analyzed 

this group separately for the primary outcome. The cesarean delivery rates for the nulliparas only 

subset were LR 18/86 (20.9%) vs. D5LR 20/83 (24.1%); p= 0.56. Additional analyses were 

performed to examine the effect of cesarean delivery on the obstetric outcomes based on whether 

the cesarean was performed at a cervical dilation of <4cm or ≥4cm using this variable as both a 

direct and interaction term. The results remained unchanged after this adjustment was applied. 

(Results are not shown.) 

 

Discussion: 

This trial was designed to assess whether the addition of glucose to maintenance IV fluids for 

women in spontaneous active labor would lead to a lower cesarean delivery rate without 

significantly increasing complications. Although the trial was stopped prior to reaching the 

targeted sample size, there was no suggestion that this population benefited from the addition of 

glucose to the intravenous fluids. The cesarean delivery rates, labor augmentation rates and 



 12 

duration of labor were similar. Even after adjusting for the presence of ketonuria at the time of 

admission, there was no identified benefit from using a glucose solution. There were no 

significant differences in any of the potential complications other than a marginally higher rate of 

neonatal hypoglycemia and 5 minute Apgar scores <7among those receiving D5LR.  The lack of 

a difference in neonatal admission to a special care nursery suggests that the glucose and Apgar 

differences may not have been clinically important. Our results indicate that for women in active 

labor, the choice of whether to add 5% dextrose to the IV fluids does not significantly impact the 

likelihood of a vaginal delivery, but may have a modest effect on postpartum hemorrhage, 

neonatal hypoglycemia rates and low Apgar scores.  

 

Previous literature evaluating intravenous fluid interventions for improving labor outcomes is 

limited. In a randomized controlled study of 2000 subjects comparing IV fluid rates, Garite et al 

(5) showed a lower proportion of prolonged labor, and possibly a decreased need for oxytocin, 

with higher IV fluid rates (up to 250 ml/hr) in labor suggesting that inadequate hydration may 

contribute to dysfunctional labor and possibly an increased rate of cesarean section. Several 

smaller studies have not consistently confirmed these findings. (Direckvand, Kavitha, Coco)  IV 

infusion rates were not specifically controlled in our protocol, but the overall infusion amounts 

were not expected to differ between groups. The subanalyses using ketonuria status does provide 

some insight that the presence of ketonuria as a surrogate measure of both hydration and caloric 

balance, does not affect labor success in our study population. Fisher and Huddleston (6) 

demonstrated that adding 5% glucose to intrapartum IV fluid of lactated Ringer’s solution 

reduces umbilical cord acidemia and hypercarbia without changing the cord levels of glucose or 

base excess. Sharma, et al also found slightly higher umbilical artery pH values with a 5% 

dextrose solution. We were unable to confirm these findings. 

 

There are only 2 published trials of glucose containing solutions to improve the success of labor. 

Both of these trials were confined to nulliparous women. Sharma, et al  (10) randomized 250 

women to either normal saline (NS) or NS alternated with NS plus 5% dextrose at 175 ml per 

hour. They found no difference in the cesarean rate between groups, although labor was shorter 

with fewer prolonged labors in women delivering vaginally. Shrivastava, et al (11) randomized 

289 women to either NS without dextrose, NS with 5% dextrose or NS with 10% dextrose. They 

noted shorter durations of the second stage and total labor in both groups receiving dextrose. 

There were no differences in the cesarean rates among the 3 groups. Our trial was not confined to 

nulliparous women, which reflects a representative group presenting in active labor. We had 

equal representation of nulliparous women in both groups. Our subanalysis of just the 

nulliparous women showed no difference in the cesarean rate or the duration of labor.  

 

Several aspects of this study warrant comment. Strengths include a randomized trial that 

produced appropriately similar subjects between both study arms. The primary outcome of 

cesarean delivery was a fixed endpoint and not vulnerable to the subjectivity of determining the 

time of onset of labor, which can occur when using the outcome of duration of labor. The 

implementation of the protocol in multiple obstetric units reflects a broad and representative 

obstetric experience making this more generalizable.  

 

Weaknesses of the study include study closure before reaching the estimated sample size. This 

was done on the recommendation of the DSMC who based their decision on the slow recruitment 
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rate and the much lower than estimated cesarean delivery rate (13.2% versus 25%). We found it 

unexpectedly difficult to find women admitted in active labor with cervical dilation of <6cm. 

Most of the labor units were unlikely to admit women in early labor with intact membranes due 

to efforts to reduce cesarean delivery rates. Therefore, a significant portion of women admitted in 

active labor had more advanced cervical dilation, which is a group that is most likely to deliver 

vaginally. Additionally, residents found it somewhat difficult to maintain consistent recruitment 

efforts due to multiple time demands while on the labor unit and the frequent changes in assigned 

rotations. Nevertheless, if we used the actual cesarean rate in the LR group of 11.5% with an 

expected 25% reduction in the cesarean rate due to D5LR to recalculate the sample size (two-

sided test, significance level of 0.05 and a power of 80%), we would need 3374 total subjects to 

complete the objectives, which is not practical or feasible.  We cannot exclude the potential for 

bias in assessing neonatal hypoglycemia due to participation in the study, but the labor nurses 

and physicians were instructed to not provide information to the nursery staff on the specific 

fluids infused which would have limited any bias effects. Previously undiagnosed maternal 

glucose intolerance could also have affected neonatal outcomes, but there is no reason to expect 

that situation to favor one group over the other. Finally, we did not evaluate women having an 

induction of labor, which may be a group more vulnerable to prolonged restriction of caloric 

intake through intravenous dextrose solutions and, therefore, might benefit more from caloric 

supplementation. 

 

One last aspect of this study deserves a special comment. The development of a consortium of 

residency programs to provide a meaningful research experience to promising young physicians 

was very successful in a number of areas. It exposed them to the process of protocol 

development for a prospective trial in a mentored environment. It demonstrated the strengths and 

weaknesses of collaborating with multiple sites needed for a multi-center study. It provided 

leadership experience in taking responsibility (with guidance) for managing a prospective trial at 

the respective sites, including the need to maintain regulatory requirements. It also allowed the 

residents to perform a meaningful research study that focused on a practical question that was 

directly related to improving the practice of obstetrics. These benefits have resonated with the 

residents who participated and should provide lasting effects throughout their careers. 
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Table 1: Demographic and labor characteristics compared between treatment arms of lactated 

Ringer’s  (LR) solution and D5 lactated Ringer’s (D5LR) solution.  

 

  

LR  

(N=156) 

D5LR  

(N=153) 
P 

Maternal age (years) 26.8 ± 4.9 [156] 26.7 ± 4.9 [153] 0.87 

Nulliparity 86/156 (55.1%) 83/151 (55.0%) 0.99 

Hispanic 12/156 (7.7%) 21/152 (13.8%) 0.09 

Race     0.19 

     Caucasian 127/156 (81.4%) 129/151 (85.4%)  

     African American 11/156 (7.1%) 4/151 (2.7%)  

     Other  18/156 (11.5%) 18/151 (11.9%)  

Private Insurance 116/153 (75.8%) 111/152 (73.0%) 0.57 

> 12th Grade Education 93/136 (68.4%) 89/133 (66.9%) 0.84 

Tobacco use 17/153 (11.1%) 15/152 (9.9%) 0.72 

Alcohol use 4/153 (2.6%) 9/145 (6.2%) 0.13 

Initial BMI (kg/m2) 26.5 ± 5.8 [148] 26.1 ± 6.5 [147] 0.63 

Initial weight (kg) 69.8 ± 15.1 [152] 69.5 ± 17.5 [148] 0.87 

Weight gain (kg) 12.0 ± 6.6 [150] 13.5 ± 9.9 [148] 0.14 

Hypertensive disorders 2/156 (1.3%) 0/153 (0%) 0.17 

Ketonuria on admission 15/106 (14.2%) 8/103 (7.8%) 0.23 

Admission dilation (cm) 4.0 (3.0, 4.0) [156] 4.0 (3.0, 4.0) [152] 0.92 

BMI-Body Mass Index  

Data reported as mean ± SD [n] for continuous variables and proportion (%) for categorical 

variables, with the exception of admission dilation (cm) which is reported as median (25th, 75th 

percentile) [n] due to non-normally distributed data.  P-values adjusted for recruitment site. 



 15 

Table 2: Obstetric outcomes compared between treatment arms of lactated Ringer’s  (LR) 

solution and D5 lactated Ringer’s (D5LR) solution. 

 

  

LR 

(n = 156) 

D5LR 

(n=153) 

Risk Ratio 

(95% CI) P 

Cesarean delivery 18/156 (11.5%) 23/153 (15.0%) 1.3 (0.7, 2.3) 0.34 

Cesarean delivery 

(adjusted for ketonuria)   1.4 (0.8, 2.4) 0.27 

Time to delivery (hours) 

12.1 (8.4, 18.0) 

[150] 

12.8 (7.6, 18.3) 

[150]  0.69 

Augmentation 88/156 (56.4%) 92/153 (60.1%) 1.1 (0.9, 1.3) 0.40 

Any Operative Delivery 

(C/S, Forceps, Vacuum) 25/156 (16.0%) 31/153 (20.3%) 1.3 (0.8, 2.1) 0.31 

Intrapartum fluids (ml)     

       Randomized fluid  2058 ± 1176 [109] 1472 ± 998 [115]  <0.01 

       Total fluids 2086 ± 1263 [110] 2043 ± 1378 [115]  0.89 

Meconium 5/152 (3.3%) 4/150 (2.7%) 0.8 (0.2, 3.0) 0.75 

Chorioamnionitis 6/152 (3.9%) 5/150 (3.3%) 0.8 (0.3, 2.7) 0.78 

Postpartum hemorrhage 9/151 (6.0%) 2/149 (1.3%) 0.2 (0.0, 1.0) 0.05 

Shoulder dystocia 5/152 (3.3%) 5/150 (3.3%) 1.0 (0.3, 3.4) 0.98 

Umbilical artery (UA) 

gases     

pH 7.24 ± 0.07 [48] 7.22 ± 0.08 [59]  0.67 

pH  ≤7.15 7/48 (14.6%) 12/59 (20.3%) 1.0 (0.5, 2.3) 0.96 

UA pCO2 54.8 ± 11.1 [49] 55.0 ± 11.4 [59]  0.55 

Base deficit >12 3/48 (6.3%) 6/58 (10.3%) 1.7 (0.4, 6.3) 0.46 

Data reported as mean ± SD [n] for continuous variables and proportion (%) for categorical 

variables, with the exception of time to delivery (hours) which is reported as median (25th, 75th 

percentile) [n] due to non-normally distributed data.  P-values adjusted for recruitment site 

except for chorioamnionitis, meconium, shoulder dystocia, postpartum hemorrhage, and base 

deficit.  Analyses were not adjusted by clinical site of recruitment for these 5 outcomes due to 

sparse numbers which led to model convergence issues.  
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Table 3: Neonatal outcomes compared between treatment arms of lactated Ringer’s  (LR) 

solution and D5 lactated Ringer’s (D5LR) solution. 

 

  

LR  

(N=156) 

D5-LR  

(N=153) 
P 

Birth weight (g) 3428 ± 404 [156] 3408 ± 417 [153] 0.64 

Male sex 83/156 (53.2%) 83/153 (54.3%) 0.88 

Apgar at 5min 9.0 (9.0, 9.0) [155] 9.0 (9.0, 9.0) [153] 0.64 

Apgar at 5min, <7 0/155 (0.0%) 4/153 (2.6%) 0.06 

Respiratory difficulty  4/153 (2.6%) 6/150 (4.0%) 0.52 

Suspected sepsis 3/151 (2.0%) 2/144 (1.4%) 0.69 

Neonatal hypoglycemia 7/50 (14.0%) 18/55 (32.7%) 0.05 

Hyperbilirubinemia with 

phototherapy 
3/154 (1.9%) 1/146 (0.7%) 0.36 

NICU/special nursery 

admission 
19/156 (12.2%) 17/153 (11.1%) 0.79 

LATCH Scores 8.0 (7.0, 9.0) [90] 8.0 (7.0, 9.0) [87] 0.15 

Data reported as mean ± SD [n] for normally distributed continuous variables, median (25th, 75th 

percentile) [n] for non-normally distributed variables or ordinal variables, and proportion (%) for 

binary variables.  P-values adjusted for recruitment site. 
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Figure 1: Randomization scheme 
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18. Extent of Clinical Activities Initiated and Completed.  Items 18(A) and 18(B) should be 

completed for all research projects.   If the project was restricted to secondary analysis of 

clinical data or data analysis of clinical research, then responses to 18(A) and 18(B) should 

be “No.” 

 

18(A) Did you initiate a study that involved the testing of treatment, prevention or 

diagnostic procedures on human subjects?  

__ X__Yes  

______No  

 

18(B) Did you complete a study that involved the testing of treatment, prevention or 

diagnostic procedures on human subjects?  

___ X_Yes  

______No  

 

If “Yes” to either 18(A) or 18(B), items 18(C) – (F) must also be completed.  (Do NOT 

complete 18(C-F) if 18(A) and 18(B) are both “No.”) 

 

18(C) How many hospital and health care professionals were involved in the research 

project? 

 

___19___Number of hospital and health care professionals involved in the 

research project 
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18(D) How many subjects were included in the study compared to targeted goals? 

 

__1524_      Number of subjects originally targeted to be included in the study 

___318**__Number of subjects enrolled in the study 

 

Note: Studies that fall dramatically short on recruitment are encouraged to 

provide the details of their recruitment efforts in Item 17, Progress in Achieving 

Research Goals, Objectives and Aims. For example, the number of eligible 

subjects approached, the number that refused to participate and the reasons for 

refusal. Without this information it is difficult to discern whether eligibility 

criteria were too restrictive or the study simply did not appeal to subjects. 

 

**We failed to reach our subject recruitment goals for several reasons.  One is 

that fewer subjects met our inclusion criteria than we projected.  This is likely due 

to the fact that the majority of deliveries begin as scheduled c-sections, scheduled 

inductions, or have some contraindication to our goal of studying normal laboring 

patients (i.e. a high risk pregnancy, a preterm delivery, multiple pregnancies, etc.).   

Some sites recruited better than others, that may reflect more interest or more 

resources devoted to the trial.  Finally the study was stopped prematurely by the 

DSMB, because our projected difference in operative deliveries was not met.  We 

address this issue in the draft manuscript which is attached. 

 

18(E) How many subjects were enrolled in the study by gender, ethnicity and race? 

 

Gender: 

______Males 

318___Females 

______Unknown 

 

Ethnicity: 

___33_Latinos or Hispanics 

__274_Not Latinos or Hispanics 

___11_Unknown 

 

Race: 

______American Indian or Alaska Native  

___36_Asian  

___15_Blacks or African American 

______Native Hawaiian or Other Pacific Islander 

__256_White 

______Other, specify:      

_   11_ Unknown 

 

18(F) Where was the research study conducted? (List the county where the research 

study was conducted.  If the treatment, prevention and diagnostic tests were offered in 

more than one county, list all of the counties where the research study was  
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conducted.) 

 

Dauphin, Berks,  Lehigh, and Northampton Counties 

 

 

19. Human Embryonic Stem Cell Research.  Item 19(A) should be completed for all research 

projects.  If the research project involved human embryonic stem cells, items 19(B) and 

19(C) must also be completed. 

 

19(A) Did this project involve, in any capacity, human embryonic stem cells?  

______Yes  

___ X_ No  

 

19(B) Were these stem cell lines NIH-approved lines that were derived outside of 

Pennsylvania? 

______Yes  

______ No  

 

19(C) Please describe how this project involved human embryonic stem cells:  

 

 

20. Articles Submitted to Peer-Reviewed Publications.  

 

20(A) Identify all publications that resulted from the research performed during the funding 

period and that have been submitted to peer-reviewed publications.  Do not list journal 

abstracts or presentations at professional meetings; abstract and meeting presentations should 

be listed at the end of item 17.  Include only those publications that acknowledge the 

Pennsylvania Department of Health as a funding source (as required in the grant 

agreement). List the title of the journal article, the authors, the name of the peer-reviewed 

publication, the month and year when it was submitted, and the status of publication 

(submitted for publication, accepted for publication or published.).  Submit an electronic 

copy of each publication or paper submitted for publication, listed in the table, in a PDF 

version 5.0.5 (or greater) format, 1,200 dpi. Filenames for each publication should include 

the number of the research project, the last name of the PI, and an abbreviated title of the 

publication.  For example, if you submit two publications for Smith (PI for Project 01), one 

publication for Zhang (PI for Project 03), and one publication for Bates (PI for Project 04), 

the filenames would be:  

Project 01 – Smith – Three cases of isolated 

Project 01 – Smith – Investigation of NEB1 deletions 

Project 03 – Zhang – Molecular profiling of aromatase 

Project 04 – Bates – Neonatal intensive care  

If the publication is not available electronically, provide 5 paper copies of the publication.   

 

Note:  The grant agreement requires that recipients acknowledge the Pennsylvania 

Department of Health funding in all publications.  Please ensure that all publications listed 
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acknowledge the Department of Health funding. If a publication does not acknowledge the 

funding from the Commonwealth, do not list the publication. 

 

Title of Journal 

Article: 

Authors: Name of 

Peer-

reviewed 

Publication: 

Month and 

Year 

Submitted: 

Publication 

Status (check 

appropriate 

box below): 
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intravenous 

fluids during 

labor 
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Schnatz, D.O., George 
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Airoldi, M.D. , Mary Anne 

Carrillo, M.D., Jaimie 

Maines, M.D., Allen R. 

Kunselman, M.S., John 

Repke, M.D., Richard S. 

Legro, M.D. 

American 

Journal of 

Obstetrics 

and 

Gynecology 

 

April 2014 X Submitted 

Accepted 

Published 

 

20(B) Based on this project, are you planning to submit articles to peer-reviewed publications 

in the future?   

 

Yes_________ No____X______ 

 

If yes, please describe your plans: 

 

 

21. Changes in Outcome, Impact and Effectiveness Attributable to the Research Project.  

Describe the outcome, impact, and effectiveness of the research project by summarizing its 

impact on the incidence of disease, death from disease, stage of disease at time of diagnosis, 

or other relevant measures of outcome, impact or effectiveness of the research project.  If 

there were no changes, insert “None”; do not use “Not applicable.”  Responses must be 

single-spaced below, and no smaller than 12-point type. DO NOT DELETE THESE 

INSTRUCTIONS.  There is no limit to the length of your response.  

 

The use of intravenous fluid containing 5% dextrose does not lower the chance of cesarean 

delivery for women admitted in active labor.  There may be some transient fetal effects of D5 

containing intravenous solutions (such as lowered Apgar scores and increased neonatal 

hypoglycemia). 

 

 

22. Major Discoveries, New Drugs, and New Approaches for Prevention Diagnosis and 

Treatment.  Describe major discoveries, new drugs, and new approaches for prevention, 
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diagnosis and treatment that are attributable to the completed research project. If there were 

no major discoveries, drugs or approaches, insert “None”; do not use “Not applicable.”  

Responses must be single-spaced below, and no smaller than 12-point type. DO NOT 

DELETE THESE INSTRUCTIONS.  There is no limit to the length of your response. 

 

None 

 

 

23. Inventions, Patents and Commercial Development Opportunities. 
 

23(A) Were any inventions, which may be patentable or otherwise protectable under Title 35 

of the United States Code, conceived or first actually reduced to practice in the performance 

of work under this health research grant?  Yes   No X  

 

If “Yes” to 23(A), complete items a – g below for each invention. (Do NOT complete items 

 a - g if 23(A) is “No.”) 

 

a. Title of Invention:   

 

b. Name of Inventor(s):   

 

c. Technical Description of Invention (describe nature, purpose, operation and physical, 

chemical, biological or electrical characteristics of the invention):   

 

d. Was a patent filed for the invention conceived or first actually reduced to practice in 

the performance of work under this health research grant?   

Yes  No  

 

If yes, indicate date patent was filed:   

 

e. Was a patent issued for the invention conceived or first actually reduced to practice in 

the performance of work under this health research grant?   

Yes  No  

If yes, indicate number of patent, title and date issued:   

Patent number:   

Title of patent:   

Date issued:   

 

f. Were any licenses granted for the patent obtained as a result of work performed under 

this health research grant?  Yes   No  

 

If yes, how many licenses were granted?    

 

g. Were any commercial development activities taken to develop the invention into a 

commercial product or service for manufacture or sale?  Yes  No  
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If yes, describe the commercial development activities:   

 

23(B) Based on the results of this project, are you planning to file for any licenses or patents, 

or undertake any commercial development opportunities in the future?  

 

Yes_________ No____X______ 

 

If yes, please describe your plans: 

 

 

24.  Key Investigator Qualifications.  Briefly describe the education, research interests and 

experience and professional commitments of the Principal Investigator and all other key 

investigators.  In place of narrative you may insert the NIH biosketch form here; however, 

please limit each biosketch to 1-2 pages.   
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