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Abstract

Objective: To explore oral ondansetron usage and impact on outcomes in clinical practice.

Methods: This observational study was a planned secondary analysis of two trials conducted 

in ten United States (U.S.) and six Canadian institutions, between 2014 and 2017. Children 3-48 

months old with gastroenteritis and ≥3 episodes of vomiting in the 24 hours preceding emergency 

department (ED) presentation were included. Oral ondansetron was administered at provider 

discretion. Principal outcomes were intravenous fluid administration and hospitalization at the 

index visit and during the subsequent 72 hours, and diarrhea and vomiting frequency during the 

24-hours following the ED visit.
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Results: 794 children were included: median age 16.0 months (IQR: 10.0-26.0), 50.1% 

(398/794) received oral ondansetron. In propensity-adjusted analysis (n=528), children 

administered oral ondansetron were less likely to receive intravenous fluids at the index visit 

(aOR 0.50; 95% CI: 0.29, 0.88), but there were no differences in the frequencies of intravenous 

fluid administration within the first 72 hours (aOR 0.65; 95%CI 0.39, 1.10), and hospitalization at 

the index visit (aOR 0.31; 95%CI 0.09, 1.10) or the subsequent 72 hours (aOR 0.52; 95%CI 0.21, 

1.28). Episodes of vomiting (aOR 0.86; 95%CI 0.63, 1.19) and diarrhea (aOR 1.11; 0.93, 1.32) 

during the 24 hours following ED discharge also did not differ.

Conclusions: Among preschool-aged children with gastroenteritis seeking ED care, oral 

ondansetron administration was associated with a reduction in index ED visit intravenous fluid 

administration, but not with intravenous fluids administered within 72 hours, hospitalization, or 

vomiting and diarrhea in the 24 hours following discharge.

Introduction

Background

Ondansetron is a widely used 5-hydroxytryptamine-3 receptor antagonist which has 

been demonstrated to reduce vomiting, intravenous fluid rehydration, and hospitalization 

in clinical trials of children with acute gastroenteritis (AGE).1-4 This has led to its 

routine administration to children who present for care with AGE to U.S. emergency 

departments (ED).5 Although some single center studies have observed associations between 

reductions in intravenous rehydration rates and increased ondansetron usage, multicenter ED 

administrative database studies have failed to demonstrate similar reductions in intravenous 

fluid administration and hospitalization rates.6,7

Importance

The aforementioned conflicting findings highlight the value of better understanding factors 

in the clinical ED environment related to ondansetron usage and clinical outcomes. Such 

assessments require prospectively collected, patient-level clinical data. The importance 

of understanding how disease severity influences beneficial effects was highlighted in 

two recent studies which differed only in the presence or absence of dehydration in 

participants. While ondansetron administration had no beneficial effect when administered 

to children without dehydration, among those with dehydration it reduced both vomiting and 

intravenous rehydration use.8,9

Additional factors that complicate the translation of ondansetron efficacy into clinical 

effectiveness relate to the timing, route of administration, and concomitant use of 

oral rehydration therapy.10 A Pediatric Health Information System analysis (2002-2011) 

showed a high rate of intravenous ondansetron administration among children administered 

intravenous fluids.7 Among those who received oral ondansetron and intravenous fluids, the 

sequence of ondansetron administration relative to the initiation of intravenous rehydration 

could not be determined and it was unknown if oral rehydration therapy was attempted 

following ondansetron administration.7 Lastly, the data did not allow for assessment of short 

term outcomes after disposition from the ED, including return visits or subsequent treatment 

with intravenous fluids.
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Goals of This Investigation

Because of these knowledge gaps, a more comprehensive understanding of the use and 

utility of ondansetron in routine clinical practice among children with AGE is needed.10 

Thus, we performed an a priori planned secondary analysis of a merged dataset from two 

multicenter clinical trials that evaluated probiotics use in children with AGE.11-14 While 

the aim of the trials was to determine the effect of probiotic vs. placebo, the focus of 

this sub-analysis was oral ondansetron use and related outcomes in children with vomiting. 

Ondansetron was not part of the study protocols and was administered at the discretion of 

the treating physicians. We sought to evaluate, in routine clinical practice, the associations 

between oral ondansetron administration, oral and intravenous fluid use, hospitalization 

and short-term clinical outcomes. We also explore clinical factors associated with oral 

ondansetron use.

METHODS

Study Design and Setting

This was a planned secondary analysis of the Pediatric Emergency Care Applied 

Research Network (PECARN) Probiotic Study13,14 and the Pediatric Emergency Research 

Canada (PERC) Probiotic Regimen for Outpatient Gastroenteritis Utility of Treatment 

(PROGUT)11,12 randomized, placebo controlled trials of probiotics in children who 

presented for ED care with AGE-associated diarrhea. Participants were enrolled Nov 2013-

June 2017 in ten U.S. (PECARN) and in six Canadian (PERC) EDs. The PECARN Probiotic 

study provided a 5-day course of Lactobacillus rhamnosus GG (LGG) or placebo, and the 

PROGUT trial a 5-day course of a combination probiotic (L. rhamnosus R0011 and L. 
helveticus R0052) or placebo. Both clinical trials were approved by the ethics committees 

at participating sites and written consent was obtained from a caregiver of each participant. 

All ED care, including use of ondansetron, treatment with oral or intravenous fluids, and 

hospitalization was at the discretion of the treating provider. After ED discharge, parents 

or guardians completed electronic or telephone follow-up surveys every 24 hours until both 

vomiting and diarrhea had ceased for 24 hours. Survey questions targeted clinical symptoms 

and health care utilization during the preceding 24-hour period.

Participants

Children eligible for enrollment in either clinical trial were aged 3 to 48 months, had ≥3 

episodes of diarrhea in the preceding 24 hours and were diagnosed clinically as having 

AGE. Exclusion criteria were as outlined in the parent studies.12,14 Children eligible for 

this secondary analysis were those who in addition to diarrhea had ≥3 episodes of vomiting 

in the 24 hours preceding ED presentation. We excluded those children treated with oral 

ondansetron and intravenous fluids within 30 minutes (as decision made to administer 

intravenous fluids likely made irrespective of effect of ondansetron) as well as those treated 

with intravenous ondansetron.
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Outcomes

The principal objectives were to determine if oral ondansetron administration at the 

discretion of the treating physician was associated with 1) a reduction in intravenous fluid 

administration or hospitalization at the index visit and within 72 hours, and 2) alterations 

in the frequency of vomiting and diarrhea episodes during the 24 hours following study 

enrollment. The secondary objective was to describe demographic, clinical, and ED factors 

associated with oral ondansetron administration at the index (i.e. enrollment) ED visit.

Measurements

The oral ondansetron cohort included those who received oral ondansetron and were 

managed for at minimum 30 minutes without intravenous fluids, allowing time for oral 

fluid administration. A minimum 30-minute oral rehydration window was pre-specified to 

avoid classifying as treatment failures children for whom the initial treatment plan included 

the intention to administer intravenous fluids. We report the level of dehydration using the 

Clinical Dehydration Scale (CDS) score which classifies children into three severity groups 

- no dehydration (score = 0), some dehydration (scores = 1 to 4), and moderate-to-severe 

dehydration (scores = 5 to 8)15; Appendix 1. Illness severity at the time of study enrollment 

was classified using the Modified Vesikari Scale (MVS) score a composite measure that 

includes fever, and duration and severity of vomiting and diarrhea, and ranges from 0 to 20, 

with higher scores indicating more severe disease;16,17 Appendix 1.

Analysis

All analyses were specified a priori. We included data from all participants in the parent 

trials who met eligibility criteria for this secondary analysis supplemented by multiple 

imputation to account for missing data as per the parent studies.11,13 Imputation was 

performed using chained equations separately for each parent trial, and assumed that data 

were missing at random. Imputation models included key baseline characteristics, treatment 

allocation, and all outcomes. Our analytic approach, further detailed below, first identified 

factors associated with oral ondansetron administration. We then evaluated the association 

between oral ondansetron administration and the outcomes of interest through unadjusted 

analyses followed by adjusted analyses using propensity score methods.

Factors associated with oral ondansetron administration:

We estimated country- and site- specific use of oral ondansetron and estimated the difference 

between countries with a 95% confidence interval. To identify factors associated with oral 

ondansetron administration, we fit logistic regression models to calculate the unadjusted and 

adjusted odds-ratios and 95% confidence intervals (CI) for the likelihood of receiving oral 

ondansetron for the following a priori identified independent variables: age, sex, duration of 

vomiting and diarrhea prior to randomization, number of vomits and diarrheal episodes in 

the 24 hours prior to randomization, baseline CDS and MVS scores, and country (i.e. U.S. 

vs. Canada). Baseline MVS score was removed from the adjusted model due to collinearity 

with diarrhea and vomiting frequency measures, which are components of the composite 

MVS score.
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Association between oral ondansetron administration and outcomes of interest:

Logistic regression models were used to evaluate unadjusted associations between oral 

ondansetron administration and the outcomes of intravenous fluid administration and 

hospitalization. Negative binomial models were used to evaluate the association between 

oral ondansetron and frequency of vomiting and diarrhea episodes during the 24 hours 

following study enrollment. All unadjusted analyses were repeated as stratified models 

to estimate separate odds-ratios for dehydrated (including some and moderate/severe 

dehydration combined) and not dehydrated patients.

To account for confounding by indication and other factors related to both the administration 

of oral ondansetron and the outcomes of interest, we performed adjusted analyses using 

propensity score methods.18,19 This helped remove bias and permitted comparisons between 

children with similar baseline characteristics who were administered oral ondansetron and 

those who were not.20,21

A log-odds propensity score was estimated for the likelihood that an individual participant 

would have received oral ondansetron (dependent variable) during the index ED visit given 

an observed set of characteristics.21,22 Logistic regression was used to calculate propensity 

scores to match children who received oral ondansetron with those who did not. All 

independent variables from logistic regression models detailed above were included in the 

propensity score model, including baseline MVS score. Additionally, organism, randomized 

treatment (probiotic or placebo) and the continuous CDS were included. Patients who 

received oral ondansetron were sequentially matched with those who did not 1:1 in 

descending order of propensity score and without replacement. Matches were forced based 

on the CDS score dehydration severity category to ensure similar levels of dehydration and 

to facilitate analyses stratified by the CDS score category. If there was no candidate match 

within a 0.25 standard deviation of the propensity score, the patient was excluded from the 

matched analysis. Baseline characteristics of matched pairs were compared to characteristics 

of unmatched data using absolute standardized differences to assess the success of this 

approach.23 Absolute standardized differences were plotted and compared to a value of 0.25, 

which represents a common threshold for optimized balance.24

The association between oral ondansetron and the outcomes of interest were estimated 

as odds-ratios from logistic regression models applied to binary outcomes, and as 

rate-ratios from negative binomial regression models applied to frequency outcomes. 

Ondansetron group was included as the independent variable, and matched pairs were 

treated as clusters using generalized estimating equation (GEE) methods.25 We performed 

sub-analyses stratified by dehydration to describe the associations between oral ondansetron 

administration, use of intravenous fluids at the index ED visit, hospitalization and vomiting 

and diarrhea frequency for dehydrated (including some and moderate/severe) and non-

dehydrated patients. We repeated the analysis using a more stringent difference of ≤0.10 

standard deviations as criteria for propensity score matching as a sensitivity analysis.

All analyses, including propensity score estimations, were repeated for each of 10 multiple 

imputations and results combined according to standard methods.26 Two sided P values 

of less than 0.05 were considered statistically significant. No adjustments were made 
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for multiple comparisons. Analyses were performed using SAS Software (version 9.4, 

SAS Institute Inc. Cary, NC, USA). Propensity score estimation was performed using the 

PSMatch Procedure in SAS.

RESULTS

Characteristics of study subjects

In total, 1,857 children were enrolled in the two trials and 794 (PECARN, N=405; PERC, 

N=389; Figure 1) met sub-study eligibility criteria: median age was 16.0 months (IQR: 

10.0, 26.0) and 56% (445/794) were male; Table 1. Baseline MVS and durations of diarrhea 

and vomiting were missing for 9%, 11% and 9% of children respectively. Other variables, 

including IV and hospitalization outcomes, ondansetron use, age, sex, number of diarrhea 

and vomiting episodes, and CDS score were never missing in the analyzed set of patients. 

The proportion of participants administered ondansetron varied by site (range: 17% - 81%) 

and was less frequent in Canada than in the U.S. (Supplemental Figure 1).

Children administered oral ondansetron were older, had more vomiting episodes in the 24 

hours preceding the index visit, and were more likely to be treated in a US-based ED vs. 

Canada (Table 1). Factors related to oral ondansetron administration in the multivariable 

logistic regression model are shown in Supplemental Table 1.

Main Propensity Score-Matched Analysis

Oral ondansetron administration was not associated with the 6 principal outcomes in 

unadjusted analyses (Table 2). A high level of covariate balance was achieved, and all 

compared characteristics had an absolute standardized difference of less than 0.25 after 

matching (Figure 2). Propensity score distributions of ondansetron groups showed broad 

overlap before matching and were very similar after matching (Supplemental Figure 2). 

The mean standardized difference in propensity scores between children receiving and 

not receiving oral ondansetron was 0.13 and the mean propensity score (i.e. log odds) of 

receiving oral ondansetron was 0.51 and 0.49 for matched children who received and did not 

receive ondansetron, respectively.

In the propensity-matched analysis, oral ondansetron administration was associated with a 

reduction in intravenous fluid administration at the index ED visit, just 1 of our 6 principal 

outcomes (Table 2).

In subset analyses, among children with evidence of dehydration oral ondansetron was 

associated with 2 of the 6 principal outcomes: intravenous fluids at index ED visit and 

hospitalization within 72 hours (Supplemental Table 2). Among children without evidence 

of dehydration, oral ondansetron was not associated with any of the 6 principal outcomes 

(Supplemental Table 3).

In sensitivity analyses with a stricter matching criterion of 0.1 standard deviation caliper, 

and a resultant 243 matched pairs, results were unchanged except that ondansetron was 

associated with reduced overall hospitalizations at the index visit (aOR 0.18; 95% CI 0.03, 

0.96) and among dehydrated patients (aOR 0.12; 95% CI 0.02, 0.84).
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LIMITATIONS

The data presented are observational and informative to understanding outcomes of routine 

clinical practice, but unlike clinical trials, must be interpreted as describing associations. 

The clinical trials from which this planned sub-analysis derived data included only those 

families who consented for trial participation. There is the potential for recall errors in 

the number of episodes of vomiting and diarrhea reported by parents before and after 

the ED visit. Although an objective dehydration scale score was employed, all clinical 

dehydration scales have suboptimal accuracy.27 We were unable to quantify oral rehydration 

therapy volumes and home ondansetron administration is unknown. Study participants 

discharged home could have been admitted to other hospitals and such visits may not 

have been reported by caregivers on their daily surveys. We did not collect information 

about nausea or overall satisfaction; both are potentially associated with ondansetron 

administration and independent of dehydration. While propensity score matching helps 

approximate randomization, it is possible the groups compared remained unbalanced 

because of unmeasured characteristics.

DISCUSSION

In this secondary analysis of prospective data from multiple institutions, we observed wide 

variation between EDs in oral ondansetron use and an association between oral ondansetron 

administration and improved outcomes and decreased resource use. Overall, ondansetron 

was administered to nearly half of children with AGE and its use was associated with 

older age, more vomiting episodes, and treatment in the U.S. In these “real world” settings, 

treatment with oral ondansetron was associated with the clinically important outcome of 

reduced intravenous rehydration.

The data we analyzed and reported are detailed, allowing a patient-level description of ED 

use and outcomes related to oral ondansetron in clinical practice. The administration of 

ondansetron in the U.S. to greater than 50% of children is consistent with other reports 

which describe the widespread use of ondansetron in children with AGE.4,28 Despite its 

broad use, the data regarding the effectiveness in children with AGE outside of clinical 

trials has been limited. In a study that included 804,000 children assigned an AGE ICD 

code who were treated in 18 US-based institutions over a ten-year period, despite a 

considerable increase in ondansetron use, there were no associated reductions in intravenous 

rehydration use or hospitalizations.7 However, in that study, most children who received 

intravenous rehydration also received intravenous ondansetron and did not have a period of 

ondansetron-assisted oral rehydration. In contrast, the extensive patient-level data available 

in the current study, allowed an evaluation of oral ondansetron use followed by a time 

interval to ensure an oral rehydration period occurred prior to the decision to administer 

intravenous fluids, if required. Furthermore, as ondansetron is most likely administered 

to children with more severe symptoms, we adjusted for clinical features and employed 

a propensity analysis to account for confounding. This approach allowed us to determine 

that oral ondansetron administration is associated with a reduction in the frequency of 

intravenous fluid administration.
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Given the high rate of ondansetron use in EDs, particularly in the U.S., it is helpful to better 

understand which children are most likely to benefit from oral ondansetron. The outcome 

of the unadjusted analyses revealed no association between oral ondansetron and decreased 

resource use; propensity score matching allowed more precise estimates of associations. 

While our data showed oral ondansetron administration was associated with decreased 

intravenous fluid use at the index visit, it did not show an association with our 5 other 

principal outcomes: IV fluids within 72 hours, hospitalization at either index visit or within 

72 hours, or the frequency of vomiting or diarrhea within 24 hours. Of note, the wide 

95%CIs reflect our limited power to assess these outcomes in our propensity model.

In summary, oral ondansetron administration was associated with reduction in use of 

intravenous fluids at the index ED visit administration. It was not associated with reduced 

hospitalization, reduced intravenous fluid use or hospitalization within 72 hours, or with 

increases in vomiting or diarrheal episodes. Ondansetron was widely used, more so in the 

U.S. compared to Canada, to treat children with AGE and frequent vomiting. Our data imply 

that oral ondansetron administration followed by oral rehydration therapy appears associated 

with a reduction in the frequency of index ED visit intravenous fluid administration, but not 

other analyzed clinical outcomes. To optimize outcomes and resource use, these findings can 

inform current use. Future research should strive to identify those children most likely to 

benefit from a dose of oral ondansetron.
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Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Patient flow diagram.
PERC, Pediatric Emergency Research Canada; PECARN, Pediatric Emergency Care 

Applied Research Network.
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Figure 2. Results of propensity score matching: absolute standardized differences between 
demographic and clinical characteristics prior to matching and among matched pairs.
Absolute standardized differences were calculated among all 794 observations (denoted 

by ‘X’) and among 528 propensity-matched matched observations (denoted by ‘O’). A 

vertical reference line is plotted at the threshold value of 0.25 standard units. Absolute 

value standard differences are the absolute differences between the mean values for the 

oral ondansetron relative to the no oral ondansetron groups of all observations (‘X’s) or 

matched observations (‘O’s) divided by the pooled standard deviation calculated using all 

observations. For binary characteristics, the group means are taken to be the proportion p, 

and the variance as p(1-p).
* Results are combined over 10 imputed datasets. Number of matched pairs varied from 262 

pairs/524 patients to 265 pairs/530 patients.
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