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Abstract

Objectives: Although most acute gastroenteritis (AGE) episodes in children rapidly self-resolve,
some children go on to experience more significant and prolonged illness. We sought to develop

a prognostic score to identify children at risk of experiencing moderate-to-severe disease after an
index emergency department (ED) visit.
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Methods: Data were collected from a cohort of children 3 to 48 months of age diagnosed with
AGE in 16 North American pediatric EDs. Moderate-to-severe AGE was defined as a Modified
Vesikari Scale (MVS) score 29 during the 14-day post-ED visit. A clinical prognostic model was
derived using multivariable logistic regression and converted into a simple risk score. The model’s
accuracy was assessed for moderate-to-severe AGE and several secondary outcomes.

Results: After their index ED visit, 19% (336/1770) of participants developed moderate-to-
severe AGE. Patient age, number of vomiting episodes, dehydration status, prior ED visits, and
intravenous rehydration were associated with MVS =9 in multivariable regression. Calibration of
the prognostic model was strong with a Pvalue of 0.77 by the Hosmer-Lemenshow goodness-of-
fit test, and discrimination was moderate with an area under the receiver operator characteristic
curve of 0.68 (95% confidence interval [CI] 0.65-0.72). Similarly, the model was shown to

have good calibration when fit to the secondary outcomes of subsequent ED revisit, intravenous
rehydration, or hospitalization within 72 hours after the index visit.

Conclusions: After external validation, this new risk score may provide clinicians with accurate
prognostic insight into the likely disease course of children with AGE, informing disposition
decisions, anticipatory guidance, and follow-up care.

Keywords

children; diarrhea; emergency department; prognosis

Despite recent progress and advancement in clinical management, acute gastroenteritis
(AGE) in the United States still contributes to over 1.7 million pediatric emergency
department (ED) visits and 70,000 hospitalizations annually, with an average hospital stay
of 2.1 days (1). The direct costs of AGE because of norovirus alone across all ages are
estimated to be $106 million annually in the United States (2).

The vast majority of pediatric AGE cases, including those presenting to the ED, will

follow a benign course (3). Some children will, however, experience moderate-to-severe
symptoms after they are discharged, resulting in significant school and work absenteeism,
revisits, and hospitalizations (4,5). Prior research has found that 4.3% of children discharged
from the ED with AGE will return within 72 hours, and up to 18% within 7 days (6,7).
Among young children and their caregivers, AGE is closely linked to missing days of
school/daycare and work (8-10). Both direct and indirect costs of pediatric AGE increase for
patients with moderate-to-severe symptoms requiring ED revisits, intravenous rehydration,
or hospitalization. Although parents are estimated to miss 1 workday for each AGE-related
outpatient visit without intravenous rehydration, this increases to 2 workdays for outpatient
visits with intravenous rehydration and 3 for pediatric hospitalizations because of AGE (1).
Clinicians, however, currently have limited ability to predict the likelihood that their patient
may follow this more severe, prolonged, and costly disease course.

The primary aim of this study is to produce and internally validate the first pragmatic risk
score for predicting the onset or continuation of moderate-to-severe AGE following an ED
visit. Such a score could aid clinicians in providing appropriate anticipatory guidance to
parents of young children regarding the expected course of their child’s illness, as well
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as inform planned follow-up decisions. Secondary outcomes evaluate the ability of the
score to identify children at risk for a subsequent ED visit, intravenous rehydration, and
hospitalization after the index visit.

METHODS

Study Design

We conducted an a priori planned secondary analysis of data gathered through the 2
randomized, double-blind multi-center clinical trials of probiotic efficacy in children with
AGE (11-14). We used standard methods from the literature, including guidelines provided
by the Transparent Reporting of a Multivariable Prediction Model for Individual Prognosis
or Diagnosis (TRIPOD) Statement, to conduct our secondary analysis of these 2 datasets
(15). These trials had comparable designs and occurred in 6 Canadian and 10 United
States-based pediatric EDs via Pediatric Emergency Research Canada (PERC) and Pediatric
Emergency Care Applied Research Network (PECARN), respectively. Institutional review
board (IRB) approval for this a prior planned secondary analysis was obtained at all study
locations for both the PERC and PECARN trials. Financial compensation for completing
follow-up procedures was approved through the original IRBs. This secondary analysis was
conducted through data use agreements between all sites and in alignment with the original
IRB protocols.

Sample Population

Both trial populations included children between 3 and 48 months old who were diagnosed
with AGE by an ED provider, regardless of disposition. All participants had a minimum

of 3 or more episodes of watery stools in a 24-hour period. Participants in the PERC

trial had a maximal symptom duration of 72 hours before enrollment; in the PECARN

trial the maximal duration was 7 days. Children were excluded if they had a chronic
gastrointestinal disorder, pancreatitis, bilious emesis, hematochezia, or a known allergy

to the interventional or placebo agents. Children were deemed ineligible if they or their
caregivers had risk factors for bacteremia or if there were language barriers precluding a
complete understanding of the trials or study procedures.

Data Collection

The Clinical Dehydration Scale (CDS) was used to evaluate patient dehydration status
during their index ED visit (16,17). All participants then completed a daily online or
telephone survey for 5 days afterwards. These surveys touched on the frequency and
duration of diarrhea, and whenever relevant, vomiting, missed daycare days, work hours
missed by caregivers, and household transmission after the index visit. If symptoms
persisted beyond 5 days, data collection continued until symptoms resolved, with final
follow-up collected at 14 days. Children were deemed lost to follow-up if no daily surveys
were collected; such children were excluded from this analysis.

Outcome Measures

The primary outcome of interest is the development or continuation of moderate-to-severe
AGE following the index ED visit, defined by a Modified Vesikari Scale (MVS) score

J Pedliatr Gastroenterol Nutr. Author manuscript; available in PMC 2022 June 17.
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of 9 or higher during the 14-day follow-up period. The MVS score was selected as it

has been validated for pediatric use in both Canadian and United States-based pediatric

EDs to quantify AGE severity following discharge (Table 1, Supplemental Digital Content,
http://links.lww.com/MPG/C664) (18-20). Postenrollment MVS scores were based on data
gathered between randomization and day 14, which were not available to clinicians during
the patient’s index ED visit. Symptoms were attributed to the index AGE episode until

the caregiver reported a 24-hour period with no evidence of diarrhea, vomiting, and fever.
Secondary outcomes included ED revisit(s), intravenous rehydration, and hospitalization for
AGE-related symptoms within 72 hours after discharge from the index ED visit.

Statistical Analysis

Patient baseline characteristics are summarized by MVS outcome (MVS <9 vs MVS 29)
using medians and interquartile ranges (IQR) for continuous characteristics and frequencies
and percentages for categorical characteristics. For patients with incomplete daily surveys,
the analysis used chained regression equations to create 10 multiple imputed datasets, which
were combined using standard methods across multiple imputations (21,22). Imputation
was implemented in I\VEware software (University of Michigan, Ann Arbor, MI). Logistic
regression models were used to calculate unadjusted odds-ratios and 95% confidence
intervals (Cls) of MVS =9 for demographic and clinical characteristics. Logistic regression
models tested for associations between patient characteristics and secondary outcomes.

A clinical prognostic model for MVS =9 was derived using logistic regression methods.
First, continuous variables were assigned to categories. Those that are components of

MV were assigned categories aligned with the MVS scoring algorithm categories.

Other continuous variables were categorized by study investigators into clinically relevant
categories. Combinations of predictors with over 2 categories were created by fitting logistic
regression models to MV'S =9 and testing for effect differences between adjacent categories.
Adjacent categories with no significantly different effect (i.e. £< 0.05) were combined to
produce the candidate predictors and categories for the clinical prognostic model.

In order to identify a parsimonious set of predictors of MVS =9, logistic regression models
with least absolute shrinkage and selection operator, or Lasso logistic regression, was
applied to the 10 imputed datasets, and results were combined using standard methods
(22,23). Lasso regression deflates the estimates for less important predictors and identifies a
subset of more important predictors. The reference values were chosen such that all log-odds
estimates were positive or negligible. Log odds ratio estimates from that model were plotted,
grouped, and assigned scores such that predictors with similar log odds ratios received
similar scores. Component scores based on each predictor contribute an integer between 0
and 3 to the final score, where the integer was based on the relative size of the log odds ratio.
Predictors with component scores < 1 were dropped. The final risk severity score for MVS
=9 is the sum of the component scores.

Each enrolled subject received a risk severity score termed the Pediatric Acute
Gastroenteritis Risk (PAGER) score. Using their computed scores, we calculated Receiver-
Operating Curves (ROC) for predicting MVS =9 and the area under the curve (AUC).

The logistic regression derived probabilities using the individual’s PAGER score as the
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primary continuous predictor, which are referred to as the model-predicted probabilities.
We used 1000 bootstrap samples of the full dataset to estimate the AUC and its standard
error. A comparison between the model-predicted probability of MVS =9 and the observed
proportions for each risk score level assessed the model’s calibration, and a Hosmer-
Lemeshow goodness-of-fit chi-square test was used to evaluate the model fit (24).

To examine how well the PAGER score for MV'S =9 predicted other outcomes, including
return ED visits, subsequent intravenous fluids, and subsequent hospitalizations, logistic
regressions with the continuous PAGER score was applied to these secondary outcomes. For
each, we used the AUC and goodness-of-fit to evaluate discrimination and model fit. As a
sensitivity analysis, we estimated the AUC and goodness of fit of the derived model when
applied to the dataset after excluding PECARN patients presenting more than 72 hours after
symptoms began. Data were analyzed using SAS/STAT® software (version 9.4, Cary, NC).

Baseline Characteristics of Training Dataset

For the 2 studies, 1857 total children were recruited. After excluding 87 children lost to
follow-up, the final study cohort (N = 1770) consisted of 827 PERC (46.7%) and 943
PECARN (53.3%) participants (Fig. 1). The cohort had a median age of 1.3 (0.8-2.2)
years, and 55.1% (976/1770) of participants were boys (Table 1). At the index ED visit,
60.2% (1065/1770) of the cohort had no dehydration, whereas 37.3% (660/1770) and 2.2%
(39/1770) had mild-moderate and severe dehydration, respectively (17,18). At the index
visit, 13.2% (233/1770) received intravenous rehydration, 34.5% (610/1770) ondansetron,
and 3.2% (57/1770) antibiotics.

Overall, data was missing for the primary outcome of MVS in about 16% of patients,
whereas about 5% of patients across the 2 study cohorts were missing data on secondary
outcomes of ED revisits or subsequent hospitalizations (Table 6, Supplemental Digital
Content, http://links.lww.com/MPG/C669). Multiple imputation was used, as described in
the methods above, to allow analysis of included subjects.

Primary Outcomes

Of the 1770 cohort participants, 336 (19%) developed moderate-to-severe AGE during the
14 days after their index ED visit, defined by a MV'S score =9. In bivariate analysis, this
primary outcome was statistically associated with several different factors. For example,
development of moderate-to-severe AGE was inversely associated with diarrhea duration
[OR: 0.88 (95% CI: 0.80-0.97 per 24 hours)]. Using <12 months as the reference group,
the odds of experiencing the primary outcome declined with each increasing year of age:
0.66 (95% CI: 0.50-0.88) for 12—24months; 0.54 (95% CI: 0.37-0.77) for 24-36 months;
and 0.46 (95% ClI: 0.29-0.73) for 36 to 48 months. Moderate-to-severe AGE was positively
associated with the number of diarrheal episodes in the 24 hours preceding the ED visit
[OR: 1.21 (95% CI: 1.07-1.36) per 5 episodes], the presence of vomiting [OR: 2.56 (95%
Cl: 1.79-3.65)], the number of vomiting episodes in the 24 hours preceding the ED visit
[OR: 1.64 (95% CI: 1.44-1.85)], increasing dehydration severity [4.35 (95% CI: 2.18-8.70

J Pedliatr Gastroenterol Nutr. Author manuscript; available in PMC 2022 June 17.
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for severe relative to none)], prior ED visits for the same episode of AGE [2.04 (95% ClI:
1.34-3.10)], and prior intravenous fluid administration [2.29 (95% CI: 1.67-3.13)]. We next
used Lasso logistic regression, as described in the methods above, to select a parsimonious
set of predictors for the development of moderate AGE with a MV'S score >9.

The variables in the final parsimonious model included age, the number of vomiting
episodes in the 24 hours preceding the ED visit, Clinical Dehydration Scale assessment,
intravenous fluid administration during the index visit, and prior ED visits for this same
episode of AGE. Regression coefficients for each variable in the final model were converted
into points and totaled to provide a PAGER score for bedside use to predict 14-day outcomes
in children with AGE (Table 2). PAGER scores range from 0 to 10 points, expressed in
discrete integer values, and linearly correspond to the risk of developing moderate-to-severe
AGE (MVS =9) after the index visit. Three cutoff points were selected based on expert
clinician opinion to stratify the risk estimate, with low risk designated 4 points or less,
medium risk 5 to 7 points, and high risk 8 points or more (Table 3).

The AUC for the PAGER score predicting moderate-to-severe AGE during the 14 days
following the index ED visit in the full study cohort was 0.68 (95% CI: 0.65-0.72) with the
ROC curve shown (Fig. 2, Supplemental Digital Content, http://links.lww.com/MPG/C665).
An internal validation using 1000 bootstrapped samples of the model confirmed a similar
AUC of 0.68 (95% CI: 0.65-0.72), suggesting minimal optimism of the primary model.

In addition to assessing the model’s discrimination, we also assessed its calibration as
described in the methods above (24). The calibration plot of observed frequency correlated
well with the model-predicted probability of developing moderate-to-severe AGE, and the
Hosmer-Lemenshow goodness-of-fit test had a P value of 0.77, suggesting good calibration
(Fig. 3, Supplemental Digital Content, http://links.lww.com/MPG/C666).

An additional sensitivity analysis was conducted using a subset of the sample to account for
differences in the symptom duration characteristics of the PECARN versus PERC datasets.
This analysis sample excluded PECARN patients that reported experiencing a symptomatic
period longer than 72 hours before presentation. When the model was applied to predict
MVS =9 only among this subset of patients, the AUC [0.69 (95% CI: 0.65-0.72)] and
Hosmer-Lemenshow goodness-of-fit test (P value: 0.43) were consistent with those of the
whole sample.

Secondary Outcomes

Overall, 6.7% (119/1770) of study participants had an ED revisit, 2.5% (45/1770) received
intravenous fluids during a subsequent visit, and 1.6% (29/1770) were hospitalized within
72 hours of the index ED visit. Predictors of these outcomes in bivariate analysis included
the number of vomiting episodes in the 24 hours preceding the index ED visit, increasing
dehydration severity assessed using the Clinical Dehydration Scale score, and intravenous
fluids administered at the index ED visit (Table 4, Supplemental Digital Content, http://
links.lww.com/MPG/C667).

The AUCs of the PAGER score for predicting ED revisits (0.61; 95% CI: 0.55-0.66),
intravenous rehydration (0.69; 95% CI: 0.61-0.77), and subsequent hospitalizations (0.69;
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95% ClI: 0.58-0.81) within 72 hours of the index ED visit were similar to that for predicting
the primary outcome of moderate-to-severe AGE (Table 5, Supplemental Digital Content,
http://links.lww.com/MPG/C668). The Hosmer-Lemeshow goodness-of-fit test 2 values for
the PAGER score were 0.57 for ED revisits, 0.73 for intravenous rehydration, and 0.88 for
hospitalization, suggesting good calibration for these secondary outcomes.

DISCUSSION

Using data from 2 large, high-quality RCTs, we have developed the PAGER score using
demographic and clinical characteristics captured at the index ED visit to predict the
development of moderate-to-severe AGE in young children following the index visit. In
addition to predicting the primary outcome of moderate-to-severe AGE, the PAGER score
can also be used to predict other important outcomes up to 72 hours following the index ED
visit, including ED revisits, subsequent intravenous fluid administration, and hospitalization.

In our derivation cohort, the discrimination of the PAGER score was found to be moderate
with an AUC of 0.68. Although high discrimination is most important for a diagnostic tool
designed to help make specific clinical decisions in the moment, the PAGER score is not
intended for such a purpose (24). Rather, the score is intended to be used by clinicians

as a prognostic tool to inform anticipatory guidance for parents of young children with
AGE, which can help prepare them for a more severe disease course and the need to

miss school and work (25). Used in this manner, calibration may be a better measure of
the tool’s accuracy (24). As measured by the Hosmer-Lemenshow goodness-of-fit test, the
PAGER score had good calibration in our combined datasets, both for the prediction of the
primary outcome of moderate-severe AGE as well as subsequent hospitalization. Although
the accuracy of the PAGER score will need to be reassessed in external validation studies
before clinical use, it has the potential to individualize anticipatory guidance and inform the
need for follow-up care.

Several prior studies have evaluated clinical predictors of undesirable outcomes in children
with AGE. A retrospective cohort study examined data from 3356 AGE-related visits

to a Canadian pediatric ED and found intravenous rehydration at the index ED visit

to be associated with ED revisits (5). Similarly, a secondary analysis of data from 226
children with AGE who received intravenous rehydration in a Canadian pediatric ED found
that a higher baseline serum bicarbonate level, absence of a primary care provider, and
administration of ondansetron predicted an ED revisit (6). Inversely, lower baseline Clinical
Dehydration Scale scores and a smaller volume of administered fluid were found to be
independent predictors of a successful ED discharge (6). The variables identified in these
prior studies align with those identified in our international, multicenter cohort as predictive
of both worse outcomes overall and future ED revisits in children with AGE.

Although several studies have evaluated various clinical diagnostic models to assess
dehydration severity in young children presenting with AGE, including the Clinical
Dehydration Scale (CDS) score, the World Health Organization’s dehydration algorithm,
and the Dehydration: Assessing Kids Accurately (DHAKA) score, no prior studies have
attempted to develop clinical prognostic models for the specific purpose of predicting the
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future course of illness in young children with AGE (16,17,26-33). The PAGER score, in
contrast, was developed for the prediction of moderate-to-severe AGE in the 2 weeks after
an index ED visit.

Lastly, our algorithm enables physicians to apply a simple point system at a patient’s
bedside to accurately inform the anticipated course of illness, thereby guiding provider-
caregiver interactions. During instances of AGE, caregivers report very high stress scores,
with 93.6% of parents in one cohort reporting high or medium distress (34). Identifying
those children most likely to experience a more severe and prolonged disease course will
enable clinicians to provide parents with important prognostic information that may help
them better prepare for missed school and work, or alternatively, reassure them of a likely
benign course, thereby reducing the stress associated with their child’s illness.

The 2 study cohorts were enrolled during days and evenings, so eligible children who
presented to participating EDs after hours or whose caregivers declined to participate are

not represented. Furthermore, the 2 study cohorts had different inclusion criteria, which may
affect the baseline patient characteristics used in our secondary analysis. In particular, the
PERC cohort included only those with a maximum symptom duration smaller than 72 hours,
whereas the PECARN cohort extended their inclusion to those with symptoms up to 7 days.
Although this is a significant limitation, a sensitivity analysis applying the PAGER score to
patients with a maximum symptom duration of 72 hours did not appear to affect its accuracy.

Furthermore, our dataset is also largely reliant on caregiver reports of symptoms and adverse
outcomes, raising the possibility of inaccurate recall. To reduce the potential impact of

this bias on the data, caregivers regularly provided updates using a standardized data
collection tool with high follow-up rates. Study staff also conducted chart reviews to identify
potentially missed revisits and hospitalizations. Such efforts could not, however, detect visits
to other institutions, so some pertinent outcomes may have been missed. Finally, the study
includes patients presenting to North American pediatric EDs between 3 months and 4

years of age. Thus, the sample population may not be representative of EDs in general,

and the findings may not be generalizable to older or younger children. As with other
potential clinical tools, prospective external validations will be necessary and important to
further evaluate the score. Particularly as this analysis was conducted with a single combined
dataset, it is essential that these future validation studies are conducted in a variety of
settings both within and outside of North America, as well as with pediatric patients of other
ages.

CONCLUSION

Although the majority of young children presenting for AGE will experience a relatively
benign course after an ED visit, a significant proportion will experience moderate-to-severe
disease, resulting in missed school for the child and work for parents, repeat healthcare
visits, and hospitalizations. The PAGER score uses age, number of prior vomiting episodes,
dehydration status, intravenous fluid administration, and prior ED visits to aid clinicians in
identifying children at higher risk for poor outcomes and, thus, provide better guidance to
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parents on the likely course of their child’s illness and set reasonable expectations. Before
the score can be applied in clinical practices, however, there must be further validation of
the tool in other patient populations. Upon external validation, the PAGER score could be an
important tool for clinicians to use in managing one of the most common illnesses in young
children.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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What Is Known

. Previous studies have evaluated clinical tools to determine hydration status in
young children with gastroenteritis.

. No prior research has developed a clinical risk score that predicts which
children will experience a moderate-to-severe course after their index visit.

What Is New

. We derived the Pediatric Acute Gastroenteritis Risk score to assist clinicians
with evaluating the prognosis of young children with acute gastroenteritis in
clinical settings.

. The score can be used to identify which young children are likely to develop
moderate-to-severe acute gastroenteritis and adverse secondary outcomes
following an emergency department visit.
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PERC Sample
2663 Children
assessed for
cligibility

PECARN Sample
3143 Children
assessed for

682 Met exclusion eriteria

1777 Excluded:
1049 Did not consent

46 Other reason

744 Nlet exclusion criteria
262 Were not approached

cligibility
2172 Excluded:
1155 Did not consent
11 Other reason
4

886 Lnrolled in PERC Study

971 Enrolled in PECARN

Study

59 lost to follow-up 28 lost to follow-up

and excluded and excluded

v

1770 Included in the analysis of MVS:
PERC: 827, PECARN: 943

FIGURE 1.

Patient flow diagram.
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