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Introduction

Asthma is the third leading cause of hospitalizagmong children in the United Stafes.
Currently 6.2 million children in the U.S. havetast?! In 2014, the number of emergency
department (ED) visits for asthma exacerbatiorhifdeen less than 15 years old was
approximately 820,000Recently, the total estimated cost of asthma ¢tiespwas $82 billior.
There is currently no standard protocol for astlah@issions in the ED. This often leads to wide

variation in management and disparities in éare.

Several asthma severity scores including PRAM, PASS, and RAD have been created to
evaluate exacerbation severity and attempt to atdie clinician treatment. However, these
asthma severity scores are often insufficient tadesl for hospitalization decisioh8In

addition, most asthma severity scores used in (har€ only based on clinical findings of the
patient’'° Few have incorporated other factors such as epidegy, co-existing atopy, and
medication adherence into the decision tree fégmaathospitalization. A comprehensive clinical
prediction model could guide clinicians in theimadsion decision. We initially sought to
identify the risk factors associated with asthmagitalization. Using the identified risk factors,
we developed and internally validated a pediatstbma predictive index for hospitalization

(APIH).

M ethods
Study population
Data was collected from Kaiser Permanente SoutBalifiornia members from March 4, 2014 to

March 4, 2015 who were diagnosed with asthma ekatien in the emergency department. This
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is a retrospective case control study of 12,066gbed patients between 5 to 18 years old.
Inclusion criteria for diagnosis of asthma consigtparticipants who meet at least one of the
following criteria: any hospital discharge, ED vjgir outpatient diagnosis ICD-9 code of asthma
or at least 2 dispensing records for an inhalewister bronchodilator. We excluded children
with any chronic respiratory disease other thahraat In addition, we excluded participants

who had duplicate entries in the electronic medieabrd, only stayed in urgent care, or went to
an ED or hospital outside of the Kaiser healthesystED visits or hospitalizations separated by
more than 7 days were regarded as independert. villite study protocol was approved by

Kaiser Permanente Southern California IRB #10795.

Potential Risk factors

We examined epidemiologic factors including agedge, ethnicity, and insurance status.
Coexisting atopy, family history of atopy, and prasthma emergency visits or hospitalizations
were also investigated. History of pneumonia wawad with ICD 9 and 10 codes. We
assessed use of medications with number of infaddtosteroid medications, short acting beta

agonists, and oral steroids. Clinical findingpisentation to the ED included respiratory rate

(RR) and oxygen saturation (SpO2)—th-additionassessed-environmental-sensitization with

Main outcome

The primary outcome was hospitalization for astlexacerbation. Risk factors were compared

between patients hospitalized for asthma and tiiseharged from the ED. The risk factors that
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had the highest association with asthma hospitadizavere used to create a clinical prediction
model. Clinical prediction rules (CPR) are impottior children especially for diagnoses that
can lead to poor outcomes and have higher diagnastbiguity since there are more
communication difficulties with childrel:>®We chose to use risk factors on presentationeto th
ED to create a clinical prediction model that isnpoehensive, practical, and assistive for the

physician.

Statistical analysis

All statistical analyses were performed in SAS Hprise Guide version 9.3. Univariate logistic
regression model was used to determine the indidssociation between each potential
predictor and asthma hospitalization in the whaoleort. The potential predictors that were
significantly associated with asthma hospitalizatiath p < 0.05 were retained as candidates for
the predictive model. We then utilized multivariatealysis to further determine the best

predictor variables for hospitalization.

To establish the predictive model for asthma hadipétion, the patients were randomly
assigned to either trial dataset for model buildingalidation dataset for model confirmation.
The trial dataset included 60% of the cohort ardvlidation data included 40% of the cohort.
Demographics of the trial and validation cohortsergmilar. Stepwise logistic regression was
applied to the trial dataset to build the predietimodel which incorporated all significant
predictors resulted from multivariate logistic reggion. This predictive model was confirmed by
the validation dataset. Logistic regression withtlset selection was performed to obtain the

predictive model with the four most significant gietors to facilitate efficiency in decision
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making. We then internally validated the hospitian prediction index. C-index was measured
to assess the discrimination power or future parégrce of our clinical prediction rule. A c-

index of 1 is perfect discrimination and a c-in@ef.7 is a favorable model.

Results

Figure 1 flow diagram details the patients meetivgginclusion criteria. A total of 12,066

patients were included in the study. Baseline atarstics of the patients are presented in Table
1. The median age was 10 years for emergency degatrdischarge and 9 years for
hospitalization. Overall, there were more males Wad asthma exacerbations and more males
who were hospitalized (64% each). The patient il had a wide variation in race and
ethnicity with the majority being Hispanic. Approxately one third in both groups had

Medicaid insurance. 867 ED asthma patients (7.2&¢Wospitalized.

Univariable Analysis

Results of the univariate analysis are demonstiatddble 2. Several variables were
significantly associated with hospitalization, unding: O2 saturation <94% (OR: 5.0, 95% ClI
4.3, 6), RR >31 (OR 4.7, 95% CIl 4, 5.5), past mstd pneumonia (OR 3.4, 95% CI 3, 4), food
allergy (OR 1.95, 95% CI 1.5, 2.5), and atopic dartis (OR 1.36, 95% CI 1.2, 1.6). In
addition, family history of atopy (asthma, allergignitis, or atopic dermatitis) correlated with
hospitalization with asthma being the most sigaific(OR 1.85, 95% CI 1.6, 2.1). Uncontrolled
asthma as evidenced by > 6 SABA canisters dispengbeé prior 12 months (OR 1.5, 95% CI
1.1, 2), prior ED visit in past 12 months (OR 208% CI 1.6, 2.1), and prior hospitalization in

past 12 months (OR 2.7, 95% CI 2.2, 3.3) were silgaificantly linked with hospitalization.
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hospitalization(OR-1-45,95% CH1.2-1.7). Of net, oral corticosteroids dispensing in the

prior 12 months did not correlate with hospitaliaat Presence of Medicaid insurance did not

increase risk of asthma hospitalization (subselyaisadata not shown).

Multivariable Analysis

Table 3 displays the multivariate analysis of tis& factors for hospitalization. Characteristics
correlating with admission were similar in the nudtiable analysis to those in the univariate
analysis. O2 saturation <94% (OR 3.4, 95% CI 2.B) dnd RR>31 (OR 3, 95% CI 2.5, 3.6)
significantly increased risk. Past history of pnewmn (OR 2.8, 95% CI 2.3-3.3) or food allergy
(OR 1.8, 95% CI 1.3-2.6) also strongly increasesjitalization risk. An asthma ED visit in the
prior 12 months significantly increased risk of pibalization (OR 1.8, 95% CI 1.5, 2.2), but
prior oral steroid dispensing did not. Dispensifg & 1Al canisters (OR 1.3, 95% CI 1, 1.6) and
> 6 SABA canisters in the prior year (OR 2, 95%1@3, 3.1) were both associated with

increased risk of admission.

Asthma prediction model

We created a full asthma prediction model usingiigbest risk factors obtained through the

multivariable analysis—Ournitial-clinical-pretien-rule (CPR)-consisted-of 12 predictor

pith-the

validation-dataset. The top 7 risk factors mosirgity associated with asthma admission are O2
saturation < 94% (OR 3.5, 95% CI 2.8, 4.4), RR ffin (OR 2.8, 95% CI 2.3, 3.5), history of

pneumonia (OR 2.8, 95% CI 2.2, 3.4) or food allgf@R 1.7, 95% CI 1.2, 2.5), prior ED visit
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(OR 1.6, 95% CI 1.3, 2), IAl canisters < 6 in 12ntis (OR 1.5, 95% CI 1.2, 1.8), and SABA
canisters > 6 in the prior 12 months (OR 1.5, 9590.€, 2.6). Using these 7 predictor variables,
we developed a reduced form of the prediction madil backward logistic regression with c-

indices of 0.78 in the trial cohort and 0.79 in #adidation cohort.

We further simplified the prediction index to theosgest 4 risk factors to facilitate usability and
maximize efficiency in Tables 4 and 5. The 4 prestivariables used are O2 saturation <94%
(OR 3.3, 95% CI 2.8, 4), RR > 31 bpm (OR 3.1, 95P2 6, 3.7), history of pneumonia (OR 2.7,
95% CI 2.2, 3.2), and past ED visit for asthmahia prior 12 months (OR 1.6, 95% CI 1.4,
1.94). Although history of food allergies had altegodds ratio than prior ED asthma visit, we
prioritized past ED exacerbation given that foddragly history with concomitant workup may
not be available in all health care systems. Ténkiced prediction model yielded discrimination
c-indices of 0.77 in the trial dataset and 0.78havalidation dataset, which is comparable to the
discrimination of the full prediction model-and-treluced-meodel with 7 predictor variables.
Table 5 applies the reduced prediction index t®74@® the cohort. The odds ratio of admission
with all 4 predictors present is 44.9 (95% CI 3B8.4) which is highly significant. Our c-
indices for estimating future performance of théhas prediction model confirm a solid

prediction index.

Discussion
Our study determined risk factors for asthma hasipétion and developed and internally
validated an asthma predictive index for hospigion (APIH). The predictive model is

designed for children between 5-18 years of agegussk factors at presentation to the
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emergency department. The APIH was created witlydla¢ of improving outcomes, optimizing
resource utilization, and supporting clinical deis The prediction model may improve
resource utilization by bypassing the need to olesar several hours after treatments are given.
Also, the APIH would be useful in assisting phyaicdecision in difficult or borderline cases.
There is substantial variation in the care of astlexacerbations in the ED, which leads to
excessive costs and overutilization of resourt¥By minimizing differences in management,

the APIH could improve overall outcomes.

To our knowledge, this is the first study to conffaesively investigate risk factors in the
pediatric population to create an APIH for acutiemm exacerbation. While most asthma
severity scores focus solely on clinical findingg, also examined important aspects such as
history of pneumonia or atopy, family history obpy, medication compliance, and
socioeconomic status to personalize the predictivdel>*%*Importantly, the reduced
predictive index had a similar predictive accurasythe full model. The full model requires
knowledge of past IAl and SABA dispenses which raylifficult to obtain in all emergency
departments while the 4-risk-factor model doesraquire those elements. Utilization of 4 risk

factors creates a more practical model which l¢addficiency without compromising precision.

Another strength of this study is the large patsarhple as it includes all pediatric members in
Kaiser Permanente Southern California. The patiantple is comparable to the general regional
Southern California population, with similar disution of gender, age, ethnicity, and
socioeconomic status. This suggests that our ABlHddbe generalizable to that of the Southern

Callifornia populatiort® The diagnosis of asthma was based on ICD9 codgoatispensing
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records for ICS or SABA to capture a wide rangeatfents including those with intermittent
asthma. When we calculated the total number ofgbedipatients with asthma according to this
criteria, it reached approximately 7% of the tdtalser pediatric cohort, which is close to the
Callifornia pediatric asthma prevalence of 9.1-11i6%014"*%In order to increase specificity
for the diagnosis of asthma, we checked the numibeatients who met both criteria: ICD 9
codes and > 2 dispensing records of ICS or SABAth®iprevalence was 3.2% which is lower
than the prevalence for asthma previously repoitedddition, only 15.7% of pediatric patients
who had > 2 dispensing records of ICS or SABA ditihve an asthma diagnosis in our total
cohort. Therefore, our study used a broader inafusriteria to encompass pediatric patients

with asthma.

Combining clinical findings at ED presentation wiiéty elements of past medical history yields
high odds ratio for hospital admission (44.9) im oodel. Most studies using asthma severity
tools based on clinical findings or vitals rep@ver odds ratios for admission. In Paniagua’s
analysis of asthma severity predictors, the highdds ratio using pulmonary score (respiratory
rate, retractions, wheezing) was 8 ®oreczko’s study utilized diastolic hypotensionriage
which was a unique predictor but was significamtigre pronounced in children 1-6 years old
compared to those 6-18 years 8ld prospective study found that maternal smoking the

only independent predictor (IRR 3.2) for hospitafian but did not include clinical findings.
Another study using PRAM score as a predictor sthima hospitalization found that 3 hour
PRAM scores showed higher odds ratio (2.05) contparériage PRAM scores (1.82)Our

study utilizes initial factors at presentationtie ED and there is no minimum observation time.



185  The strongest predictors in our APIH were O2 des#ittn and tachypnea. Hypoxemia is due to
186  bronchospasm causing ventilation perfusion mismitaevere asthma exacerbatfoi>

187  Tachypnea occurs to compensate for pulmonary atiginf® This emphasizes that vital signs
188  are the most crucial components in assessmenvefige The other 2 risk factors highly

189  associated with admission were history of pneumandaany ED asthma visits in the prior year.
190 Asthmais a risk factor for pneumonia, but our gtatso suggests that patients with prior

191 pneumonias tend to have more severe asthma extioagbaquiring hospitalizatiof(: %

192 Repeated emergency department visits have beennkimlae associated with a higher risk of
193  asthma hospitalizatiof?:>*

194

195  Our study demonstrates additional predictor vagslsignificant for asthma admission which
196 include IAl non-adherence, SABA overuse, historyaafd allergies, and family history of

197 asthma. Multiple studies have shown that adheremg#haled corticosteroids reduces the rate of
198  hospitalizatior’?® Frequent users of short acting beta agonists are likely to be admitted to
199 the hospital for asthma exacerbatidh¥. Asthmatics who have food allergies are at risk for
200 frequent hospitalizations for asthma and life- dteaing asthm&** We found family history of
201 asthma to be an independent risk factor for ast@wnaission, which confirms the results of a
202 prior study?®

203

204 Variables that did not significantly increase héalation risk included prior hospitalization,
205 oral steroid use in the past year, and Medicaidransce. These were unexpected findings given
206 that past literature has documented previous atmssind systemic steroid use associated with

207 higher hospitalization raté$**We had excluded hospitalizations outside of Kafmuthern
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California medical centers because we could naiolgertinent data, which may have impacted
our analysis. It is possible that there is a lothegshold to give systemic steroids in primary care
and urgent care clinics, which may have decredseddsociation of systemic steroids with
admission. Oral steroids may be given in advanceeetl more frequently in recent years
because of their inclusion into the management fadaaxacerbation in 2007 NAEPP Asthma
Guideline$®. Children with Medicaid insurance were less likielyneed admission compared to
those who did not. Published studies show configctiata regarding lower socioeconomic status
as a risk factor for asthma hospitalizatitr{>***4n our study, pediatric patients with Medicaid
insurance have higher rates of ED asthma visit$doer rates of ED hospitalization compared
to the non-Medicaid population. This disparity nmaflect differing point of service choices,

with Medicaid patients more likely to choose Elatwess care for less severe asthma

exacerbations.

Limitations of this study stem primarily from thetrospective data collection and analysis. Our
study excluded emergency visits or hospitalizatiounside of Kaiser Permanente Southern
California hospitals because of the inability taaob in depth information on these cases.
However only 1.2% (149/12,422) of Kaiser membersavevaluated outside of Kaiser hospitals.
(Figure 1) In addition, we did not separately easdthe necessity of hospitalization as
hospitalization and ED discharge were based oEhelinicians’ decision. With the
retrospective nature of our study, we were unabkntlyze exam findings in detail. Although
most providers noted wheezing, there was not enspghific documentation on inspiratory
or/and expiratory wheezing, prolonged expiratorggeh and retractions. This study also did not

include a sub-analysis on hospital readmissioresael ED visit or hospital admission was
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considered independent if more than 7 days aparts@dy used ICD 9 coding of asthma and
pneumonia which is dependent on physician clirjiedgiement. Pneumonia may be over-
diagnosed and not all children with pneumonia mayelreceived imaging. Our study did not
corroborate the patient’s history of pneumonia Whitay incur a bias in this specific risk factor.
Nonetheless, the fact that prior coding of a pneniendiagnosis is a strong predictor of asthma
hospitalization and a key component of our predécthodel is a novel finding. In addition, we
did not look at blood pressure as an independskfaictor. Our data on parental smoking status

was sparse, so it was not incorporated into outystu

We have developed and internally validated an Afel-thildren with asthma exacerbation in
the ED. The APIH is simple and straightforward wihr variables: hypoxemia, tachypnea,
history of pneumonia, and prior ED visits. Withteoag predictive power, the APIH can be used
as a clinical adjunct for providers in their initevaluation. This prediction index has the
capacity to expedite triage, enhance resourceatiitin, and improve clinical management.
Prospective studies would be recommended to extenadidate this hospitalization predictive

model before implementation into clinical practice.
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Figure Legend

Figure 1: Diagram of patients included in the study population.



Table 1: Clinical characteristics of study population: patients discharged from the ED and

Tables

patients hospitalized for asthma exacerbation

ED Discharge
(n=11,199)

Hospitalization
(n=867)

Median Age (IQR)
Gender, n (%)
Male
Ethnicity, n (%)
White
African American
Hispanic
Asian
Other/Unknown
Medicaid
Past Medical History
Pneumonia
Allergic Rhinitis
Food Allergies
Eczema
Eosinophilic Esophagitis
Urticaria
Family History
Asthma
Allergic Rhinitis
Eczema
Allergies
IAl canisters in prior 12 mo
< 6 canisters
> 6 canisters
SABA canisters in prior 12 mo
< 6 canisters
> 6 canisters
PO steroids in prior 12 mo

10[7, 13]
7191 (64%)

1504 (13%)
3031 (27%)
5711 (51%)
666 (6%)
287 (3%)
4165 (37%)

1894 (17%)
2997 (27%)
499 (5%)
1942 (17%)
8 (1%)
358 (3%)

3207 (29%)
598 (5%)
1075 (10%)
887 (8%)

7813 (70%)
3386 (30%)

10836 (97%)
363 (3%)
5429 (49%)

97, 12]
558 (64%)

157 (18%)
194 (22%)
372 (43%)
77 (9%)
67 (8%)
263 (30%)

357 (41%)
201 (23%)
72 (8%)
192 (22%)
2 (0.2%)
29 (3%)

369 (43%)
58 (7%)
107 (12%)
97 (11%)

611 (71%)
256 (30%)

827 (95%)
40 (5%)
346 (40%)




Table 2: Univariate association of risk factors for asthma admission

OR 95% ClI
Ethnicity
African American vs. Caucasian 0.61 0.49- 0.76
Latino vs. Caucasian 0.62 0.51-0.76
Asian vs. Caucasian 1.11 0.83-1.48
Other/Unknown vs. Caucasian 2.24 1.64- 3.06
02 Saturation <94 vs. > 94 % 5.03 4.25-5.96
RR>31vs. <31 4.68 3.96- 5.53
Past Medical History
Pneumonia 3.44 2.98- 3.97
Allergic Rhinitis 0.83 0.70- 0.97
Food Allergies 1.95 1.51- 2.52
Eczema 1.36 1.15-1.61
Eosinophilic Esophagitis 3.81 0.87-16.74
Urticaria 1.06 0.73- 1.56
Family History
Asthma 1.85 1.61-2.13
Allergic Rhinitis 1.44 1.09- 1.90
Eczema 1.47 1.18-1.84
Allergies 1.33 1.08- 1.65
Asthma ED visit in prior 12 mo 1.81 1.57-2.09
Asthma Hospitalization in prior 12 mo 2.70 2.20-3.31
1Al canisters in prior 12 mo <6 vs. > 6 1.03 0.89-1.20
SABA canisters in prior 12 mo > 6 vs. <6 1.46 1.05-2.04

PO Steroids in prior 12 mo 0.71 0.61-0.81




Table 3: Multivariate association of risk factors for asthma admission

OR 95% ClI
Ethnicity
African American vs. Caucasian 0.58 0.43-0.77
Latino vs. Caucasian 0.68 0.53-0.88
Asian vs. Caucasian 1.06 0.74- 1.51
Other/Unknown vs. Caucasian 2.87 1.87-4.39
02 Saturation <94 vs. > 94 % 3.36 2.78- 4.06
RR>31vs. <31 2.95 2.45- 3.56
Past Medical History
Pneumonia 2.78 2.31-3.33
Allergic Rhinitis 0.82 0.66- 1.01
Food Allergies 1.84 1.33-2.55
Eczema 1.15 0.93-1.43
Eosinophilic Esophagitis 0.84 0.15-4.82
Urticaria 0.76 0.47-1.23
Family History
Asthma 1.68 0.92- 3.05
Allergic Rhinitis 0.96 0.64- 1.44
Eczema 0.86 0.62-1.19
Allergies 1.12 0.83-1.52
Asthma ED visit in prior 12 mo 1.8 1.48-2.18
Asthma Hospitalization in prior 12 mo 1.21 0.91-1.61
1Al canisters in prior 12 mo <6 vs. > 6 1.26 1.03- 1.55
SABA canisters in prior 12 mo > 6 vs. <6 1.99 1.26-3.13

PO Steroids in prior 12 mo 0.45 0.37-0.55




Table 4: Reduced asthma prediction model with internal validation using validation cohort

Asthma Hospitalization with Odds Ratio (95% Cl)

Trial Dataset Validation Dataset
Sp02 <94% 3.6 (2.9-4.4) 3(2.1-4.2)
Respiration Rate >31 2.8 (2.3-3.6) 3.7 (2.7-5.1)
Pneumonia History 2.8 (2.2-3.4) 2.5(1.8-3.4)

Asthma ED Visit in 12 mo 1.6 (1.3-2) 1.8 (1.3-2.5)




Table5: Fina reduced asthma prediction model using entire cohort population

Predictors Odds Ratio 95% CI
Sp02 <94% 3.3 2.8-4.0
Respiration Rate >31 3.1 2.6-3.7
Pneumonia History 2.7 2.2-3.2
Asthma ED Visit in 12 mo 1.6 1.4-2.0

All 4 Risk Factors vs. No Risk Factors 44.9 32.8-61.4




Figurel

Pediatric patients with asthma
exacerbation in emergency
department (n=13,488)

 —

Eligible patients
(n=12,422)

Final Inclusion (n=12,066)
ED only (n=11,199)
ED to hospital (n=867)

Excluded 0-4 years of age
(n=1,066)

Excluded:

Only urgent care/No ED (n=41)
Other chronic lung disease (n=22)
Duplicate entry (n= 144)
Outside ED or admission to
outside hospital (n=149)




