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Abstract

Background: Children with cancer experience a wide range of conditions that require urgent 

evaluation in the emergency department (ED), yet variation in admission rates is poorly 

documented.

Procedure: We performed a retrospective cohort study using the Pediatric Health Information 

System of ED encounters by children with cancer between July 2012 and June 2015. We 

compared demographics for admitted versus discharged using univariate statistics, and calculated 

admission rates by hospital, diagnosis, day of the week, and weekend versus weekday. We 

assessed the degree of interhospital admission rates using the index of dispersion (ID).

Results: Children with cancer had 60 054 ED encounters at 37 hospitals. Overall, 62.5% 

were admitted (range 43.2%-92.1%, ID 2.6) indicating overdispersed admission rates with high 

variability. Children with cancer that visited the ED for a primary diagnosis of fever experienced 

the largest amount of variability in admission with rates ranging from 10.4% to 74.1% (ID 8.1). 

Less variability existed among hospital admission rates for both neutropenia (range 60%-100%, 

ID 1.0) and febrile neutropenia (FN) (range 66.7%-100%, ID 0.83). Admission rates by day of 

the week did not demonstrate significant variability for any of the scenarios examined (overall P = 

0.91). There were no differences by weekend versus weekday either (overall P = 0.52).
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Conclusion: The percentage of children with cancer admitted through the ED varies widely 

by institution and diagnosis. Standardization of best practices for children with cancer admitted 

through the ED should be an area of continued improvement.
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1 ∣ BACKGROUND

Children with cancer experience a wide range of symptoms and complications that require 

urgent evaluation.1,2 Although some pediatric oncology clinics have the capacity to evaluate 

patients during the weekdays, many children with cancer are evaluated and treated in the 

emergency department (ED) based on patient distance from clinic, clinic resources, and 

patient severity. The ED is also the primary avenue for evaluation and admission to the 

hospital during non-business hours and weekends. ED admission rates have been explored 

in other pediatric conditions including neonatal fevers and gastroenteritis with demonstration 

of significant interhospital variation in management and admission rates.3,4 Yet, variation 

has not been explored among children with cancer.

Variation for this population should be explored due to unique features related to ED 

utilization by children with cancer. Previous studies of ED utilization among children with 

cancer have revealed that this unique population comprises a small proportion of all visits 

to the ED,1,2 which may lead to less familiarity among ED providers. There are also 

differences in provider practices and inconsistent recommendations for those patients who 

live further away from their treating institution.5

There are no studies specifically describing the variation in admission rates from the ED for 

children with cancer. Therefore, the objective of this study was to determine interhospital 

variation in admission rates for children with cancer who present to the ED, stratified by 

presenting complaint and day of the week. Our hypothesis is that variation exists among 

hospitals and that the variation would be greatest during the weekdays when outpatient 

clinic resources are available.

2 ∣ METHODS

2.1 ∣ Study design and data source

We conducted a retrospective cohort study using the Pediatric Health Information System 

(PHIS), an administrative and resource utilization database from 49 children’s hospitals in 

noncompeting markets. All hospitals are affiliated with the Children’s Hospital Association 

(CHA, Shawnee Mission, KS) and are in 26 states plus the District of Columbia. They 

account for ~20% of all pediatric hospitalizations in the United States.6 Hospitals were 

included in this study if they provided consistent inpatient and ED data between July 1, 

2012, and June 30, 2015, resulting in 37 hospitals included. The CHA (Overland Park, 

KS) and participating hospitals jointly monitor both the quality and integrity of data, 

described previously.7 The data warehouse function for the PHIS database is managed 
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by Thomson Reuters (Ann Arbor, MI). Participating hospitals provide deidentified patient 

discharge/encounter data including demographics, billing data, diagnoses, and procedures. 

This analysis was based on deidentified data and was therefore considered exempt 

from institutional review board approval by the Indiana University School of Medicine. 

Identifying hospital numbers were anonymized for the study analysis.

2.2 ∣ Study population/identification of cases

ED encounters by children with cancer were identified by the inclusion of an International 

Classification of Diseases, Ninth Edition, Clinical Modification (ICD-9-CM) code for a 

malignancy (140.x-209.x, 235.x-239.x), as previously described.1,2 We chose not to use 

ICD-10 data, as there are inconsistencies across diagnoses. An ED encounter was defined 

as either an inpatient or observation encounter with an associated ED charge flag (i.e., 

admission) or an ED encounter with discharge to home (i.e., discharge). We also determined 

the following demographic variables for each subject: gender, race, ethnicity, insurance type, 

and age. Age in years was transformed into a categorical variable as follows: ages 0-4, 5-9, 

10-14, and 15 and older. Encounters for patients older than age 25 were excluded. Type of 

insurance was categorized as public, private, and other. Race and ethnicity variables were 

combined as non-Hispanic white, non-Hispanic black, Hispanic, Asian, and other/unknown.

2.3 ∣ Exploratory variables

In order to explore variation among ED admissions, we chose to evaluate the admission rates 

in several different ways. Because fever, neutropenia, and febrile neutropenia (FN) are the 

most common reasons for ED visits among children with cancer,1,2 we made variables for 

each of these conditions. The primary diagnosis for the ED visit was defined as the first 

ICD-9-CM discharge diagnosis, unless the first diagnosis was a cancer diagnosis. In cases 

where a cancer diagnosis was the first diagnosis, the second listed ICD-9-CM diagnosis 

was considered to be the reason prompting the ED visit. Cancer diagnoses were not 

considered the reason prompting an ED visit because we intended to focus on symptoms or 

complications associated with ED visits made by children with cancer. A primary diagnosis 

of fever was defined as an ICD-9-CM discharge diagnosis of 780.6, 780.60, or 780.61. A 

primary diagnosis of neutropenia was defined as an ICD-9-CM discharge diagnosis of 288.0, 

288.00, 288.03, 288.04, or 288.09. Given that the presence of FN has clinical importance 

but does not have a unique ICD-9-CM code, we combined codes for fever and neutropenia 

as previously published.2 Among patients with a primary diagnosis of fever, all associated 

diagnoses were evaluated for the presence of neutropenia and vice versa. Then, an encounter 

was labeled as FN if their primary diagnosis was fever with neutropenia in any of the 

diagnostic fields or primary diagnosis of neutropenia with fever in any of the diagnostic 

fields.

2.4 ∣ Statistical analyses

We compared subject demographics for those who were admitted versus discharged using 

univariate analysis with the chi-square test, because all of our variables were categorical 

variables. Hospital-level admission rates were calculated for a series of scenarios. First, we 

calculated overall admission rates by hospital for the entire time period, then by day of the 
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week. Admission rates for a primary diagnosis of fever, neutropenia, and the FN variable 

were calculated both overall and by day of the week.

The degree of interhospital variation in admission rates for each of the specific scenarios 

listed above were evaluated using a common statistical test called the index of dispersion 

(ID), which represents an estimate of the overall randomness of a sample, and is useful when 

comparing percentages (e.g., admission rates) across multiple institutions. This measure was 

chosen to assess variation because it is dimensionless and can be less sensitive to a small 

number of outliers. ID values greater than 1 indicate data that are overdispersed (e.g., greater 

variability). Hospitals that had a total number of encounters that were less than five for a 

specific diagnosis or day of the week were excluded from that calculation to avoid a skewed 

variability measurement based on a small N.

Finally, we performed a one-way ANOVA to compare variation by hospital, by diagnosis 

(fever, neutropenia, and FN diagnoses), and by day of the week. We compared weekend 

(Saturday and Sunday) versus weekday using Student t test. All analyses were performed 

using SAS v9.4 (SAS Institute, Cary, NC) and Microsoft Excel.

3 ∣ RESULTS

We identified 60 054 ED encounters for children with cancer at 37 hospitals during the 

three-year study period. Of those encounters, 62.5% were admitted to the hospital, and 

37.5% were discharged home from the ED. The study population (shown in Table 1) was 

mostly male (54.2%) and the most common race/ethnicity was non-Hispanic white (47.2%). 

The majority of patients had public insurance (54.8%), followed by private (40.4%), and 

other (4.7%). There were more younger children with 33.2% age 4 years or under and 

27.2% were between ages 5 and 9 years. There were statistically significant differences 

in all demographics between admitted and discharged, which was explored in a previous 

publication.1

In the evaluation of overall variation in hospital admission rates, admission rates ranged 

from 43.2% to 92.1%, with a median of 63.7% (Figure 1). For overall admission rates 

by hospital, the ID was 2.6 (N = 37), indicating overdispersed admission rates with high 

variability.

On further evaluation by primary diagnosis of fever or neutropenia, differences in variation 

persisted (Figure 2A and B). There were 6593 ED visits with a diagnosis of fever, 2506 

visits with a diagnosis of neutropenia, and 3,008 visits that met our definition of fever 

with neutropenia. Children with cancer who visited the ED for a primary diagnosis of fever 

experienced the greatest amount of variability in admission rates ranging from 10.4% to 

74.1% (median 33.8%; see Figure 2A). For fever diagnosis, we calculated an ID of 8.1 

(N = 37 hospitals), indicating a large dispersion in this measure. Admission rates for a 

primary diagnosis of neutropenia ranged from 60% to 100% (median 91.7%; see Figure 2B). 

For neutropenia diagnosis, we calculated an ID of 1.0 (N = 36 hospitals). Finally, when 

evaluating encounters that had a diagnosis of FN, admission rates ranged from 66.7% to 

100% (median 94.5%; see Figure 3). For FN, we calculated an ID of 0.83 (N = 36). These 
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results indicate a high degree of variability for fever alone, but markedly less dispersion of 

data with neutropenia alone or when both fever and neutropenia was present.

When comparing hospital rates between institutions, we found no statistically significant 

effect of day of the week on variation for overall admission rates (P = 0.91). For each of 

the subanalyses, we found no difference among hospitals by day of the week for fever (P = 

0.80), neutropenia (P = 0.49), or FN (P = 0.73). There were also no differences found when 

comparing weekend versus weekday for overall admission rates (P = 0.52), fever (P = 0.58), 

neutropenia (P = 0.93), and FN (P = 0.10)

4 ∣ DISCUSSION

In this retrospective cohort study using administrative data from 37 U.S. children’s hospitals, 

we found wide variability in overall admission rates between hospitals for children with 

cancer who sought care in the ED. Previous literature has demonstrated that there was 

variation in admission rates by reason for ED visit,1,2 and we have now shown that there 

is also variation by hospital both overall and for each of the scenarios investigated. The 

greatest variability was for a primary diagnosis of fever, with less variability among a 

primary diagnosis of neutropenia or FN. Day of the week or weekend versus weekday did 

not have a significant impact on between hospital variation.

We found the highest amount of variability for ED admission rates overall and for ED visits 

with a primary diagnosis of fever. There was less variability when the primary diagnosis 

was neutropenia or if the patient met the criteria to be labeled as FN. Interestingly, there 

was no significant impact on admission rates for this population in any of the clinical 

scenarios when evaluating by day of the week or weekend versus weekday. These findings 

highlight several important areas for future investigation. For the variation in admissions 

by hospital seen for the primary diagnosis of fever, patient-level information is needed to 

better understand the circumstances surrounding the ED visits. Specifically, evaluating if 

there was an objective fever documented and the impact of their laboratory values including 

their absolute neutrophil count. The lack of effect by day of the week was a surprising 

finding, and thus deserves future investigation to understand the role of communication and 

triage decision-making that occurs between ED providers and oncologists when children 

with cancer present to the ED, and how it may differ from other conditions.

When considering the variation for overall admission rates by hospital, the causes are 

likely multifactorial and include both hospital-system, provider-level, and patient-level 

contributions. Some of the variation may be due to differences in triaging practices 

among institutions and also among providers within the same institution. Some institutions 

routinely send all children with cancer to the ED for management, whereas others have the 

capacity to evaluate and manage urgent clinical needs in the pediatric oncology clinic. From 

a provider level, there are differences in preferences and practices specifically around the 

treatment of fevers in pediatric oncology patients,5 which may influence ED admission rates.

When an ED visit had a primary diagnosis of fever with any associated diagnosis of 

neutropenia, the variation in admission rates went down significantly, and the median 
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admission rates were much higher. These findings appear to suggest that the general clinical 

expectations is that children with cancer who present to the ED with FN are treated similarly 

with upfront inpatient admission for treatment and monitoring.8,9 Yet interestingly, there 

continues to be a lack of a clear consensus among pediatric oncologists on the management 

of FN, despite continued evidence that there are risk stratification schemas that can be 

instituted.10-15

Previous analyses show differences in admission rates and outcomes for patients who seek 

care in the ED during the weekends.16-23 We thought that the ability to access outpatient 

resources during the weekdays might affect admission rates, yet this was not found to be 

a significant factor in admission rates for children with cancer. Because ED encounters by 

children with cancer are a very small proportion of national ED visits,2 ED providers may 

not be as familiar with their care and management. Typically, oncology providers provide 

phone consultation to discuss each patient who presents to the ED. An important research 

avenue to explore would be to evaluate and quantify if there is variation in management 

practices by oncology providers both within and between hospital systems. Additionally, 

future research could focus on qualitative differences among ED providers’ views of shared 

patient care for children with cancer, which could determine the ways in which clinical 

decisions are made and how to optimize those points of communication.

5 ∣ LIMITATIONS

Although this study provided insight into admission rate variation among hospitals, several 

important limitations should be considered. As with previous analyses of PHIS data, we 

used ICD-9-CM codes to capture our patient population and evaluate the reasons for 

their ED encounter. Therefore, it is possible we are not accurately identifying all patients 

with cancer if their diagnosis was not included on an encounter, which could lead to 

overestimation or underestimation of ED cases. PHIS data set does not reliably determine 

the chief complaint that led to the ED visit, so the reason for the ED visit was extrapolated 

from ICD-9-CM codes. Differences in coding of diagnosis by hospital may also contribute 

to some of the variability measured in this evaluation. PHIS does not include all hospitals 

that diagnose and treat children with cancer, thus it was not possible to accurately determine 

if a subject presented to the ED for a new diagnosis or continued care. We chose not to 

include ICD-10 data in order to decrease the chance for inconsistencies with conversion. We 

also did not have access to important clinical data such as vital signs and physical exam 

findings, laboratory results, or imaging results, which impact clinical decision-making. We 

attempted to evaluate for differences by day of the week, but our evaluation does not account 

for holidays which may impact hospital resources, such as staffing patterns, that could 

affect decision-making. For this evaluation, we also did not intend to address the necessity 

or preventability of the hospital admission because we do not have access to key clinical 

features, severity of illness, or sociodemographic factors that may have impacted clinical 

decision-making.
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6 ∣ CONCLUSION

In conclusion, we found that the admission rates of children with cancer who sought care in 

the ED vary widely by institution both overall and for diagnosis of fever. When evaluated 

by diagnosis, patients who presented with fever had the highest amount of variation in 

admission rates. Further research is needed to better understand the sources of the variation 

including patient-level clinical presentation details, provider preferences, or institutional 

policies that lead to the greatest amount of variability. Next steps would then be to use this 

information to create standards of best practices for children with cancer who are evaluated 

in the ED.
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FIGURE 1. 
Overall emergency department admission rates for children with cancer by hospital
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FIGURE 2. 
Emergency department admission rates for children with cancer by primary diagnosis of (a) 

fever and (b) neutropenia, by hospital
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FIGURE 3. 
Emergency department admission rates for children with cancer by diagnosis of febrile 

neutropenia, by hospital
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