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Abstract

Background: Anaphylaxis is a potentially fatal acute allergic reaction. Its overall prevalence
appears to be rising, but little is known about US hospitalization trends among infants and
toddlers.

Objective: To identify the trends and predictors of hospitalization for anaphylaxis among infants
and toddlers.

Methods: We used the nationally representative National Inpatient Sample (NIS), from 2006

to 2015, to perform an analysis of trends in US hospitalizations for anaphylaxis among infants
and toddlers (age, <3 years) and other children (age, 3-18 years). For internal consistency,

we identified patients with anaphylaxis by the /nternational Classification of Diseases, Ninth
Revision, Clinical Modification diagnosis code and excluded those with the /nternational
Classification of Diseases, Tenth Revision, Clinical Modification (late 2015). We calculated
trends in anaphylaxis hospitalizations over time by age group and then used multivariable logistic
regression to describe anaphylaxis hospitalizations among infants and toddlers.

Results: Among infants and toddlers, there was no significant change in anaphylaxis
hospitalizations during the 10-year study period (Pyeng = .14). Anaphylaxis hospitalization among
infants and toddlers was more likely in males, with private insurance, in the highest income
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quartile, with chronic pulmonary disease, who presented on a weekend day, to an urban teaching
hospital, located in the Northeast. In contrast, anaphylaxis hospitalizations among older children
(age, 3-<18 years) rose significantly during the study (Pieng < -001).

Conclusion: Anaphylaxis hospitalizations among infants and toddlers in the United States were
stable from 2006 to 2015, whereas hospitalizations among older children were rising. Future
research should focus on the trends in disease prevalence and health care utilization in the
understudied population of infants and toddlers.

Introduction

Methods

Anaphylaxis is a severe and potentially life-threatening acute allergic reaction (AAR) that
can occur at any age.! The lifetime prevalence of anaphylaxis is likely rising,? although little
is known about the trends in health care utilization among children with anaphylaxis. Even
less is known about the trends for the youngest children—infants and toddlers. Infants and
toddlers are an understudied patient population with variable clinical presentation and high
rates of food-induced anaphylaxis (FIA).3

The rising prevalence of food allergy and anaphylaxis has a substantial impact on patients,
families, and our health care system.>:6 Children with food allergies, and their parents, have
decreased health-related quality of life.” In 2007, the direct medical costs of food-induced
AARs (FAARSs), including FIA, were estimated at $225 million, with a large portion
attributable to hospitalization.8 To more fully understand the trends in health care utilization
for anaphylaxis among infants and toddlers, we used a nationally representative database of
US hospital inpatient stays to investigate the trends and predictors of hospitalization from
2006 to 2015.

We conducted a study of the trends in anaphylaxis hospitalizations among infants and
toddlers (age, <3 years) in the United States from 2006 to 2015. To maintain internal
validity, we excluded data from the final quarter of 2015 after the transition to the
International Classification of Diseases, Tenth Revision, Clinical Modification (1CD-10-CM)
coding.

Data Sources

We utilized data from the Healthcare Cost and Utilization Project National (Nationwide)
Inpatient Sample (NIS),° a nationally representative US database of hospital inpatient stays,
maintained by the Agency for Healthcare Research and Quality (AHRQ). The NIS is a large,
publicly available, all-payer inpatient health care database. It provides US regional and
national estimates of inpatient utilization, access, quality, and outcomes. With weighting, it
estimates more than 35 million hospitalizations annually, comprising more than 95% of all
discharges in the United States. This study was approved by the local institutional review
board.
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Study Population

Anaphylaxis

AAR

FIA

FAAR

Outcomes

Covariates

We identified hospitalization diagnoses among infants and toddlers (age, <3 years) and older
children (age, 3-<18 years) by the /nternational Classification of Diseases, Ninth Revision,
Clinical Modification (/CD-9-CM) diagnosis codes as follows:

Anaphylactic shock owing to unspecified food (995.60), anaphylactic shock owing to
specified food (995.61-995.69), and other anaphylactic shock (995.00) comprise this
category. The anaphylaxis definition corresponds to method 1 of the previously validated
algorithm by Harduar-Morano et al.10 This anaphylaxis definition includes FIA, in addition
to other nonfood triggers of anaphylaxis.

Allergy unspecified (995.3), dermatitis owing to ingested food (693.1), anaphylactic shock
owing to unspecified food (995.60), anaphylactic shock owing to specified food (995.61—
995.69), and other anaphylactic shock (995.00) comprise this category. This is the broadest
category of allergic reaction. Overall AAR contains the codes for anaphylaxis, FAAR, FIA,
and additional codes related to allergic reactions.

Anaphylactic shock owing to unspecified food (995.60) and anaphylactic shock owing
to specified food (995.61-995.69) comprise this category. The FIA includes only the
anaphylaxis codes directly related to FIA.

Dermatitis owing to ingested food (693.1), anaphylactic shock owing to unspecified food
(995.60), and anaphylactic shock owing to specified food (995.61-995.69) comprise this
category. Overall FAAR includes the codes for FIA and those within AAR that are
associated with food-induced allergy.

These 4 categories of allergic reactions (anaphylaxis, AAR, FIA, FAAR) are not mutually
exclusive but rather represent 4 groupings of /CD-9-CM codes based on potential reaction
severity and trigger.

The primary outcome of the study was to characterize the temporal trend in US
hospitalizations for anaphylaxis among infants and toddlers. The secondary outcomes were
to characterize the trends in hospitalizations for overall AAR, FIA, and overall FAAR.

We evaluated multiple covariates, including patient demographics and hospital
characteristics. Patient demographics include age, sex, race and ethnicity, primary payer,
and median household income quartile.
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Hospital characteristics include discharge quarter, hospitalization day (weekday vs
weekend), hospital region, hospital size, hospital status (rural or urban, teaching or
nonteaching), endotracheal intubation or mechanical ventilation, number of procedures,
length of stay (days), and hospital disposition (home, other medical facility, deceased,
other). Use of endotracheal intubation and mechanical ventilation was identified by /CD-9-
CM procedure codes 96.7 and 96.04, respectively. Chronic pulmonary disease was identified
by the Chronic Condition Indicator (maintained by the NIS), which allows for identification
of a condition that was chronic and likely presented before admission. Chronic conditions
are then mapped to 18 different body systems, including respiratory diseases. The Chronic
Condition Indicator for pulmonary disease includes asthma and other chronic respiratory
diseases. Admission to the intensive care unit was not available in this data set.

Statistical Analyses

All analyses were performed using SAS version 9.4 (SAS Institute, Cary, North Carolina).
Data are presented as proportions with 95% confidence intervals, or medians with
interquartile ranges (IQRs), as appropriate. We calculated the trends in the number

of total hospitalizations per 100,000 visits by age group during the study period

using appropriate survey weighting. All 2015 proportions were weighted to account for
censoring of /CD-10-CM codes in the final quarter of 2015. To examine anaphylaxis
hospitalizations, we performed multivariable logistic regression modeling comparing
anaphylaxis hospitalizations to hospitalizations for other causes. We included multiple
covariates in the model, including year, age, sex, race and ethnicity, primary payer, median
household income quartile, discharge quarter, hospitalization day (weekday vs weekend),
hospital region, hospital size, hospital status (rural or urban, teaching or nonteaching),
endotracheal intubation or mechanical ventilation, history of chronic pulmonary disease,
number of procedures, and length of stay (days). All Pvalues were 2-tailed, with £< .05
considered statistically significant.

Results

Trends in Hospitalization

Anaphylaxis hospitalizations among infants and toddlers remained stable at 10 per 100,000
visits in 2006 and 12 per 100,000 visits in 2015 (Pyeng = -14) (Fig 1). Infants and toddlers
hospitalized for FIA also remained stable at 7 per 100,000 visits in 2006 and 2015 (Piend
=.70). A similar, stable trend was found among infants and toddlers hospitalized for AAR
(Pirend = -89) and FAAR (Pyeng = -49) (Table 1 and eTable 2).

Conversely, among older children aged 3 to <6 years, 6 to <12 years, and 12 to <18 years,
hospitalizations for anaphylaxis and AAR increased significantly over time (all groups Pieng
<.001) (Fig 2 and eTable 1). The highest absolute increase in anaphylaxis hospitalizations
of 137 per 100,000 visits occurred in those aged 3 years to <6 years (Pyeng < .001). FIA
hospitalizations among children aged 6 to <12 years (Piend = -001) and 12 to <18 years
(Pirend < .001) also increased, whereas FIA hospitalizations in children aged 3 to <6 years
remained stable (Pyeng = -06).
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Patient and Hospital Characteristics

The characteristics of infants and toddlers hospitalized for anaphylaxis changed over time.
Anaphylaxis hospitalizations among non-Hispanic Black, Hispanic, publicly insured, and in
the lowest income quartile increased during the 10-year study period (Table 2). Similarly,
anaphylaxis hospitalization increased in those admitted on a weekend day, in the South
region of the United States, admitted to a large hospital, and with a history of chronic
pulmonary disease.

Mechanical Ventilation, Procedures, Length of Stay, and Disposition

There was no significant change in the trend of infants and toddlers requiring mechanical
ventilation or endotracheal intubation during the study period (Pend = -09). The median
number of procedures remained stable at 0 throughout the study period (P = .44). The
median length of stay remained less than 1 day during the study period but was rising over
time from 0.6 days (IQR, 0.2-0.9) in 2006 to 0.7 (IQR, 0.2-1.3) in 2015 (P < .001) (Table
2). Most of the patients were discharged home after hospitalization. There were a total of
5 deaths during the entire study period; owing to low absolute numbers, we were unable to
calculate trends over time.

Anaphylaxis Hospitalizations

Among infants and toddlers, anaphylaxis hospitalization was more likely among males,
those with private insurance, in the highest income quartile, admitted on a weekend day;,
in the Northeast, admitted at urban teaching hospitals, requiring mechanical ventilation
or endotracheal intubation, and with history of chronic pulmonary disease (Table 3).
The number of procedures, but not the length of stay, was associated with anaphylaxis
hospitalization.

Discussion

Using a nationally representative database from 2006 to 2015, we found no change in
anaphylaxis hospitalizations among infants and toddlers (age, <3 years). We also found
that there was no significant change in the trend of hospitalizations among infants and
toddlers for overall AAR, FIA, and overall FAAR. In contrast, anaphylaxis hospitalization
significantly increased among older children (age, 3-<18 years).

Trends in Hospitalizations

Few studies have specifically focused on the trends in anaphylaxis hospitalization among
infants and toddlers. Infants and toddlers with anaphylaxis are a unique and vulnerable
population owing to limited verbal skills and a variable, often nonspecific clinical
presentation, all of which pose a considerable diagnostic challenge. Moreover, treatment of
these small children can be complicated owing to limited access to appropriate weight-based
epinephrine autoinjectors.311

Previous studies investigating trends in anaphylaxis hospitalization (including FIA) among
children have reported conflicting results, and data with a specific focus on infants and
toddlers are sparse. Several studies find similar trends of stable or declining anaphylaxis
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hospitalizations, with most studies focusing specifically on FIA, as this is the most
common trigger of anaphylaxis among children.3:12.13 Our group previously reported a
stable hospitalization rate among the youngest children (age, <2 years) for FIA using the
nationally representative Healthcare Cost and Utilization Project Kids database from 2000
to 2009, despite a rising rate of hospitalization for FIA among older children.14 Similarly,
using data from the NIS, one study reported a stable rate of anaphylaxis hospitalizations
among children and adults from 2001 to 2014 with a rise found only in children aged 5

to 14 years with food-related reactions.® Using a large administrative database of privately
insured children from 2005 to 2014, there was a significant decline in hospitalization for
children presenting with FIA despite a rise in emergency department (ED) visits.16 However,
there was no specific analysis of younger children, infants or toddlers. In contrast, one
study reported rising rates of FIA hospitalizations and ED visits among all children using a
database of hospitals in Illinois from 2008 to 2012.17 The highest rates occurred in children
aged 0 to 4 years.

Although the underlying reasons for the stable trends in anaphylaxis hospitalizations among
infants and toddlers are not known, we propose a few possible explanations. We do not
believe that our findings are due to a decline in overall prevalence of anaphylaxis or

overall AAR. Although studies focusing specifically on infants and toddlers are limited,
recent studies on the trends in prevalence of anaphylaxis and food allergy support a rising
prevalence.>16-19 A stable trend in hospitalization among only infants and toddlers, in

the setting of rising hospitalizations among older children, is likely to be the result of
factors unique to infants and toddlers, including changes in disease recognition, severity,
management, and health care utilization.

This diagnostic challenge of anaphylaxis may lead to underdiagnosis of anaphylaxis
among infants and toddlers and, thus, could potentially result in a falsely low report

of hospitalizations.® Anaphylaxis, even among older children, is often missed.* The
common symptomology of infant and toddler anaphylaxis, though not well defined, often
includes nonspecific symptoms.3 Many of the more severe features of anaphylaxis (eg,
cardiovascular collapse) appear to be rare, whereas more mild cutaneous and gastrointestinal
symptoms appear to be common.1! This may suggest that the presentation of anaphylaxis
among infants and toddlers is less severe and potentially even more susceptible to
underdiagnosis. Our findings of few procedures and a low rate of mechanical ventilation
during hospitalization generally support a mild severity of anaphylaxis among infants and
toddlers. Thus, it is plausible that among infants and toddlers with anaphylaxis, the mild
severity of reactions may make hospitalization unnecessary in many cases. These issues
merit further investigation.

Although there are currently no specific guidelines on infant anaphylaxis, intramuscular
epinephrine is widely accepted as first-line treatment.13 Delay in administration of
epinephrine is associated with poor outcomes.20-21 In fact, early and appropriate treatment
with epinephrine has been found to decrease risk of hospitalization.22 Over time, rates of
epinephrine administration for anaphylaxis in general are increasing.23:24 Little is known
about the trends of epinephrine administration among infants and toddlers. It is possible that
owing to a less severe presentation of anaphylaxis, improved rates of epinephrine treatment
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among infants and toddlers would have a greater effect. Other changes in patterns of health
care utilization, including use of ED observation units and urgent care centers, may have
evolved during the study period, but we are unable to fully assess these trends in this study.

Importantly, our study was conducted before the publication and dissemination of both the
paradigm-shifting Learning Early About Peanut study (2015)2° and the addendum National
Institutes of Health food allergy guidelines (2017)28 for primary prevention of peanut allergy
through early introduction of peanut. During our study period, many high-risk children
probably were not exposed to allergenic foods as infants and toddlers, which could lead to
fewer high-risk children having severe reactions at young ages. To more fully understand
recent trends of anaphylaxis among infants and toddlers, it is imperative that we continue

to study the trends in anaphylaxis in the era of early allergen introduction. This will be
complicated by the /CD-10-CM transition in late 2015, but, with additional years of data, it
may be possible to ascertain temporal changes despite this methodological challenge.

Patterns of Patient and Hospital Characteristics

During the study period, the proportion of infants and toddlers hospitalized for anaphylaxis
were rising among non-Hispanic Black, Hispanics, publicly insured, and from the lowest
income quartile. Despite these trends, White males with private insurance from the highest
income quartile were the more likely to have an anaphylaxis hospitalization. This observed
shift may represent a change in demographics of food allergy or differences in access to
care.2’ Racial/ethnic disparities have been associated with poor outcomes in anaphylaxis and
differences in health care utilization in food allergy.28:29

Chronic pulmonary disease, which includes childhood asthma, was increasingly more
common among infants and toddlers during the study period with anaphylaxis
hospitalizations. This is consistent with previous studies that have revealed asthma is
associated with severe anaphylaxis.2930 Consistent with previous studies, we found
the highest number of anaphylaxis hospitalizations in the Northeast.14:31 However,
hospitalizations were rising significantly over time in the South.

Mechanical Ventilation, Length of Stay, Procedures, and Mortality

In this study, the use of mechanical ventilation or endotracheal intubation was rare and
stable over time among infants and toddlers. The median number of procedures throughout
the study period was 0 (Pyeng = -44). This is consistent with a previous study which found
that children hospitalized with FAAR received few interventions during hospitalization.32
Despite a rising trend in length of stay (days), the median length of stay remained less than 1
day throughout the study period (P < .001). This is consistent with previous studies showing
a short length of stay for children admitted with AAR or FIA.14.17:32 These findings support
a low severity of anaphylaxis among hospitalized infants and toddlers or possibly a quick
recovery. Cohort studies are needed to explore this important issue.

Potential Limitations

This study has several potential limitations. First, owing to the use of administrative data,
coding errors resulting diagnostic misclassification is possible. On the basis of previous
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studies, anaphylaxis is often underdiagnosed by /CD-9-CM codes, and thus, we expect that
we may be reporting an underestimate of the trend in hospitalization for anaphylaxis.* As
previously discussed, the diagnostic challenges of infants and toddlers may compound this
underdiagnosis. However, we found similar results using /CD-9-CM codes for less severe
allergic reactions, including overall AAR and overall FAAR. Owing to the transition from
ICD-9-CMto ICD-10-CM in late 2015, we have data only from the first 3 quarters of 2015;
however, the overall trends in hospitalization among infants and toddlers are present before
2015 and weighted estimates were used. Importantly, based on the nature of data in our
study (hospitalization), we are unable to determine if the observed trends are due to change
in prevalence or severity of anaphylaxis or changes in health care utilization. In addition,
owing to limitations of the database, we are unable to accurately account for intensive

care unit admission as a marker of severity. In the future, use of other data sets (eg, State
Inpatient Database) and cohort studies will allow for more detailed study of these important
topics.

In summary, using nationally representative data, we found that anaphylaxis hospitalizations
among infants and toddlers were stable from 2006 to 2015, in contrast to rising trends in
older children. Anaphylaxis hospitalization among infants and toddlers, as compared with
other causes of hospitalization, was more likely in males, with private insurance, in the
highest income quartile, with chronic pulmonary disease, admitted on a weekend day, to

an urban teaching hospital, and located in the Northeast. Future research should focus on
underlying trends in prevalence, severity, and health care utilization patterns of infants and
toddlers with anaphylaxis. As additional years of data become available, we encourage
future research on the trends in anaphylaxis among infants and toddlers in the era of early
allergen introduction (ie, after landmark publications during 2015-2017).25:26 \We anticipate
that sufficient data through 2019 will be available in late 2021. Our study will be the
benchmark by which we can compare future trends in the era of early allergen introduction.
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Figure 1.
Hospitalizations among infants and toddlers (age, <3 years) by type of allergic reaction

in the United States from 2006 to 2015. Overall AAR includes codes for anaphylaxis,
FIA, and FAAR. Anaphylaxis includes FIA and non—food-related anaphylaxis. Overall
FAAR includes FIA and other food-related codes. AAR, acute allergic reaction; FAAR,
food-induced acute allergic reaction; FIA, food-induced anaphylaxis.
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Table 3

Page 17

Anaphylaxis Hospitalization Among Infants and Toddlers (Age, <3 Years) in the United States From 2006 to

2015

Variable aOR  95% CI pC
Year 1.04 (1.01-1.07) .02
Age 564 (5.18-6.14) <.001
Sex

Male 1.00  (Reference)

Female 0.61 (0.53-0.71) <.001
Race and ethnicity

Non-Hispanic White 1.00  (Reference)

Non-Hispanic Black 112 (0.90-1.39) .29

Hispanic 0.83  (0.67-1.03) .09

Other 122  (1.02-146) .03
Primary payer

Public 1.00 (Reference)

Private 148 (1.27-1.73) <.001

Self-pay 0.86  (0.55-1.34) .50

Other 0.80 (0.50-1.28) .35
Median household income quartilea

1 (lowest) 1.00 (Reference)

2 112 (0.91-1.38) .28

3 123 (1.00-151) .05

4 (highest) 1.64 (1.33-2.01) <.001
Discharge quarter

First quarter (Jan-Mar) 1.00  (Reference)

Second quarter (Apr-Jun) 156 (1.33-1.85) <.001

Third quarter (Jul-Sep) 148 (1.24-1.77) <.001

Fourth quarter (Oct-Dec) 133 (1.11-1.60) .002
Admission on weekend

No 1.00 (Reference)

Yes 157 (1.37-1.81) <.001
Hospital region

Northeast 1.00 (Reference)

Midwest 041 (0.31-0.55) <.001

South 040 (0.32-0.50) <.001

West 0.62  (0.46-0.84) .002
Hospital sizeb

Small 1.00 (Reference)

Medium 094 (0.64-138) .75

Large 1.03  (0.72-1.47) .88
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Variable aOR  95% CI pC
Hospital status

Rural 1.00 (Reference)

Urban nonteaching 113 (0.76-1.67) .54

Urban teaching 258 (1.80-3.69) <.001
Endotracheal intubation or mechanical ventilation

No 1.00 (Reference)

Yes 449 (2.85-7.05) <.001
Chronic pulmonary disease

No 1.00 (Reference)

Yes 221 (178-273) <.001
Number of procedures on discharge 0.63 (0.54-0.75) <.001
Hospitalization length of stay (d) 1.00 (0.96-1.04) .93

Page 18

Abbreviations: aOR, adjusted odds ratio; Apr, April; Cl, confidence interval; Dec, December; Jan, January; Jul, July; Jun, June; Mar, March; Oct,

October; Sep, September.

aMedian household income quartile: (1) 0 to 25th percentile, (2) 26th to 50th percentile, (3) 51st to 75th percentile, and (4) 76th to 100th

percentile.

bHospitaI size was determined by the bed size and classified by the hospital region and teaching status.

CP< .05 is considered significant.
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