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Abstract 

Objective: To describe and compare the treatment of acute asthma exacerbations in children seen 

in the emergency department (ED) and admitted to acute care floor in the hospital or intensive 

care unit (ICU). 

Methods: Retrospective chart review of visits for acute exacerbation of asthma treated at Phoenix 

Children’s Hospital between January 1, 2014 and December 31, 2016. 

Results: A total of 287 asthma exacerbation cases were identified including 106 (37%) ED visits, 

134 (47%) hospital floor and 47 (16%) ICU admissions. History of a previous ED visit (ED 88%, 

Floor 60% and ICU 68%; p<0.0001) and prior pulmonology inpatient consult (ED 30%, Floor 

19% and ICU 15%; p = 0.05) varied significantly. Pulmonology inpatient consults were 

performed more frequently in the ICU than on hospital floor (54% vs 8%; p<0.0001). Although 

overall 145 (51%) of cases were already on inhaled corticosteroids (ICS) at time of visit with no 

differences across locations, ICS initiation/step-up was greater in the ICU (72%) than hospital 

floor (54%) and ED (2%) (p<0.0001). A recommendation given to the family for follow-up with 

pulmonology was more frequent for patients who had been admitted to the ICU (68%) as 

compared to those only admitted to the floor (31%) or ED (4%) (p<0.0001). Readmission rates 
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were similar for patients previously admitted to hospital (Floor 42%, ICU 40%), but significantly 

higher for previous ED visits (77%) (p<0.0001). 

Conclusions: Physicians in the ED have an opportunity to provide preventative care in the acute 

care setting and should be encouraged to initiate treatment with ICS. Consideration should be 

given to developing a program or clinical pathway focused on long-term asthma management 

and maintenance to reduce readmissions and long hospital stays. 
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Introduction: 

Asthma is a leading chronic illness of childhood, with significant morbidity and substantial 

impact on health resources utilization
1,2

. Presently, asthma is the third leading cause of 

hospitalization among children in the United States
3
. In 2011, there were 1.8 million emergency 

department (ED) visits for children and adults with asthma as the primary diagnosis
4
. The cost to 

society including medical expenses, loss of productivity resulting from missed school or work 

days, and/or premature death in 2007 was estimated at $56 billion dollars
5
. 

The prevalence of asthma continues to increase despite a variety of investigations, proposed 

interventions and well-established clinical guidelines for acute care management and 

maintenance therapy. It is believed with maintenance therapies and aggressive early intervention, 

severe exacerbations of asthma can be ameliorated lessening the impact on resource utilization 

and lost productivity. Inhaled corticosteroids (ICS) are the mainstay of treatment for control of 

asthma in the acute setting and or maintenance therapy following exacerbation.
8
 The long-term 

benefits of ICS are well established
9,10,11

 and there is evidence supporting the safety of these 

medications.
12

 The National Asthma Education and Prevention Program (NAEPP) guidelines 

(published by the National Heart Lung and Blood Institute) advocates for the use of ICS, 

however, most children with persistent asthma do not use ICS on a daily basis
13

. Quality 

improvement measures have been developed and include use of the asthma action plan, self-

assessment tools such as the asthma control test (ACT), and the asthma medication ratio
6,7

. 

However, these aids are believed to not being used routinely in primary care or the ED setting 

and may be a contributor to the lack of progress in this disease. As a result, despite aggressive 
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attempts to disperse recommended guidelines and quality improvement metrics, asthma 

treatment remains variable with limited impact on overall clinical outcomes. 

To begin to address this problem, it is important to identify the role of the quaternary/ tertiary 

center to advocate for these guidelines and quality improvement measures. The objective of this 

study was to describe and compare the management of pediatric acute asthma exacerbations 

treated in the ED or as inpatient on the hospital floor and intensive care unit (ICU) in a busy. 

Specifically, we wanted to examine the differences in ICS prescription, subspecialty referral to 

pulmonology, and readmission rates for acute exacerbation of asthma treated by ED, hospital 

floor and ICU physicians. 

Methods 

A retrospective chart review was conducted for patients with acute exacerbation of asthma 

(ICD10: J45.901), ages 5-18 presenting to the ED (and discharged following evaluation and 

treatment) or requiring admission to the hospital floor or ICU at Phoenix Children’s Hospital 

between January 1, 2014 and December 31, 2016. Subjects with comorbid conditions, including 

developmental delay, bronchopulmonary dysplasia due to prematurity, cystic fibrosis, sickle cell 

disease, and/or interstitial lung disease, were excluded. 

Providers in the ED consisted of board certified pediatric ED specialists or nurse practitioners. 

Providers on the inpatient unit consisted of board certified pediatricians and board certified 

pediatric intensivists. Approval for this study was granted by Institutional Review Board of 

Phoenix Children’s Hospital. 

Data collection included date of birth, gender, insurance type, ethnicity, previous ED visit for 

asthma (if visits occurred prior to the collection period of 2014, they were also included), prior 
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pulmonology consult, on ICS at presentation, ICS initiation by physician, recommended 

pulmonology follow-up, readmission, and performance of spirometry. 

Statistical Analyses 

Demographic and clinical factors were summarized for ED visits and admissions to the hospital 

floor and ICU, using counts and percent for categorical variables, and the mean and standard 

deviation or median and interquartile range for continuous measures. Treatment, follow-up 

recommendations and outcomes were similarly estimated. Comparisons between treatment 

locations were made using the Fisher exact test, or the Kruskal-Wallis test, as appropriate for the 

data distribution. The unit of analyses was the patient visit without any patient-specific 

correlation adjustment, as each visit represents an independent treatment occasion with likely 

variation in treating physician and inter-visit variation in clinical course. Statistical analyses were 

performed using SAS software (Version 9.4 Copyright© 2002-2012 SAS Institute Inc. Cary, NC, 

USA), and all statistical tests were 2-sided with significance evaluated at the 5% level (p-value 

of <0.05 was considered statistically significant). 

Results 

Among a total of 809 cases of acute exacerbation of asthma seen in the ED or hospital, chart 

reviews were completed for the first 427 patient visits (based on date of visit), due to time 

constraints.. After excluding 140 unique patients due to age <5, or comorbid condition (cystic 

fibrosis, chronic respiratory failure, sickle cell disease), study subjects comprised of 126 unique 

patients and 287 corresponding patient visits. There were 68 (54%), 24 (19%), 13 (10%) and 21 

(17%) patients with 1, 2, 3 and >4 visits, respectively). Patient visits included 106 (37%) to ED, 

134 (47%) to hospital floor and 47 (16%) to the ICU. All cases admitted to the hospital (floor 
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and ICU) were seen in the ED but not counted as an ED visit. All ED visits resulted in the patient 

being discharged directly from the ED to home. 

Among the total 287 patient visits, the average age of the patients was 8.4 (SD = 2.8) years, and 

the age distribution was similar for visits to the ED, hospital floor or ICU locations (Table 1). A 

larger percentage of males were admitted to the ICU (76%) compared to hospital floor (58%) 

(Fisher p-value = 0.03). Overall, in our population, 187 (65% of 287) patient visits were 

Hispanic with a significantly higher percentage of Hispanics seen and discharged from the ED 

(72%) than admitted to hospital floor (64%) or ICU (53%) (Table 1). In contrast, African 

Americans were more likely to be admitted to the ICU (34%) compared to ED (21%) or hospital 

floor (16%). 

Patients presenting to the ED were significantly more likely to have had a previous ED visit 

(88%) than those admitted to the hospital floor (60%) or ICU (68%) (Table 2). ED cases were 

also more likely to have had a previous pulmonology consult (30%) compared to those admitted 

to the hospital floor (19%) or ICU (15%) with borderline significance (Table 2). ICS had been 

prescribed in 51% of all patients’ visits for asthma exacerbations with no differences in the 

percentage of prior ICS detected by care area (Table 2). 

Inpatient pulmonology consults, ICS initiation/step-up and recommended follow-up with 

pulmonology were significantly more frequent in the ICU compared to the hospital floor or ED 

(Table 2). Inpatient pulmonology consults were performed for 54% of ICU cases, but only for 

8% of those admitted to the floor, and for none of the ED visits. Physicians in the ICU initiated 

or stepped-up ICS for 72% of patients, but treatment was significantly lower for those admitted 

to the floor (54%) or seen in the ED (2%). Similarly, pulmonology follow-up was recommended 
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for a significantly higher percentage of patients in the ICU (68%) compared to hospital floor 

(31%) or ED (4%). 

Among all 77 recommendations to follow-up with pulmonology only 28 (36%) attended a 

pulmonology follow-up. For the 36 inpatient pulmonology consults, the majority 34 (92%) were 

recommended to follow-up in pulmonology clinic but only 8 (24% of 34) attended their 

scheduled appointments. A larger percentage of ED (75%) patients attended follow-up 

pulmonology consult compared to floor (39%) and ICU (28%) patients though these differences 

were not statistically significant (Table 2). 

The percentage of subsequent re-admissions (to ED or as inpatient) was significantly higher for 

those discharged from the ED to home (77%) as compared to patients that had been admitted and 

treated on the hospital floor (42%) or ICU (40%). No differences in re-admission rates were 

detected between those with and without a pulmonology inpatient consult (p = 0.6), or those who 

did and did not follow-up with a pulmonology visit (p = 1.0). 

Spirometry was performed (either before or after presenting for the asthma exacerbation) for 100 

(35% of 287) patient visits with no significant differences across location visits (Table 2). 

Discussion 

This study demonstrated significant variations and gaps in the management of acute asthma 

within the acute care setting in the ED as well as inpatient care in the ICU and floor. Consistent 

with previous studies, we found that ED physicians rarely initiated ICS therapy
14 

and follow-up 

in outpatient clinics was poor
15,16

, though it remains unclear as to the reasons for poor follow-up 

in this setting. Furthermore, rates of requests for a subspecialist pulmonology consult, referrals to 

outpatient pulmonology upon discharge, and orders of spirometry were low, despite standard 
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recommendations for the diagnosis and treatment of acute exacerbations of asthma. Similarly, it 

is unclear why those who were seen by a pediatric pulmonologist in clinic or for consultation 

while in the hospital had a similar rate of readmission within a one year period as compared to 

those who were not seen by a pulmonologist. 

ED Utilization 

It is well reported that ED utilization by patients with acute exacerbation of asthma and other 

chronic medical conditions is often a consequence of poor access to primary preventative care 
17, 

18, 19
. In 2012, the National Health Interview Survey found that almost 80 percent of adults who 

visited EDs over a 12-month period said they did so because of a lack of access to other 

healthcare providers
20

. A Harris Interactive survey reported that ED physicians felt that waiting 

times for appointments with primary care providers (PCPs) and limited access to physicians on 

weekends were the leading reasons for non-urgent ED use
21

.
 
Although assessing severity and 

acuity of onset of the asthma exacerbation in the ED was not part of our data collection, it 

remains to be studied whether some ED visits for acute exacerbation could have been prevented 

by improved access to a PCP. 

Role of PCP after discharge 

Although recent initiatives to improve attendance at follow-up appointments with the child’s 

PCP after asthma exacerbation have reduced ED utilization and readmission
22

, pediatric asthma 

patients continue to underutilize preventative care in the ambulatory setting through their PCP, 

and some in fact, never use it. The Global Initiative for Asthma (GINA) 2008 guidelines 

recommends initiation or continuation of controller medications for all patients before discharge 

from the acute care setting
23

. To ensure adherence to ICS therapy, patient education including 

D
ow

nl
oa

de
d 

by
 [

U
ni

ve
rs

ity
 o

f 
L

iv
er

po
ol

] 
at

 0
7:

19
 0

3 
Se

pt
em

be
r 

20
17

 



ACCEPTED MANUSCRIPT 

ACCEPTED MANUSCRIPT 9 

providing strong evidence of its efficacy is vital. Teaching ICS inhaler technique, environmental 

control and giving a written action plan are essential and should be reiterated at time of discharge 

from the inpatient setting and should be reiterated/ reinforced at each PCP visit as well as any 

acute exacerbations. 

Responsibility for outpatient asthma care is currently dispersed amongst pediatricians, family 

practitioners, pediatric pulmonologists, and allergists. Amongst this spectrum, there is a 

discrepancy in knowledge base, treatment plans, and referral patterns. In a survey completed by 

202 inner-city PCPs, Wisnivesky and colleagues found that adherence to the NAEPP guidelines 

was 62% for ICS use, 9% for asthma action plan use, and 10% for allergy testing. The most 

common adherence barrier for health care providers was a lack of outcome expectancy and poor 

provider self-efficacy
24

. There has also been a widely reported concern by general pediatricians 

about side effects of ICS
25

. For these reasons, many PCPs often feel more comfortable referring 

children to an allergist or pediatric pulmonologist for the diagnosis and management of asthma. 

When the patient presents to the ED who has not been utilizing preventative care or ICS, 

physicians in the ED have an important role to reiterate asthma education utilizing the well 

established guidelines. In the interest of an ED physician’s time, respiratory therapists or asthma 

educators could be utilized in the ED to educate families about asthma control. It is important to 

study and show the efficacy of this intensive and repeated education on reducing acute 

exacerbations and ultimately PCP and ED burden. Nevertheless, to achieve optimal care, it is 

important to advocate for timely follow-up in the ambulatory setting with the PCP, as well as 

provide ongoing preventative care and education. Similarly, a clinical pathway could be 
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developed for the appropriate referral to a subspecialist pulmonology for further complex care 

reducing the impact on a stretched resource. 

Pulmonology Referral 

The impact of subspecialty care in reducing the rate of asthma readmission is sparsely reported 

in the literature. Schatz
26

 reported a reduction in ED visits for asthma with Allergy specialist 

care, although statistical significance was borderline. Bucknall et. al demonstrated significant 

decline in readmission rate between patients seen by a physician with special interest in 

respiratory medicine versus without this interest
27

. Kelly et al demonstrated a significant benefit 

when patients were seen at an allergy clinic versus general pediatric clinic in terms of 

hospitalizations and ED visits
28

. In our study, there was no significant difference in the 

readmission rate after seeing a pulmonologist on the ambulatory side. There was also no 

difference in readmission rate after consultation by a pulmonologist during hospitalization. The 

reason for this can vary but still remains unclear. It is possible the lack of efficacy demonstrated 

in this study is due to the small sample size. It is also possible that the lack of difference was due 

to a higher rate of severe persistent asthmatics referred to the subspecialist and issues of 

prescription and compliance with recommendations for preventative care. Further study of this is 

required to better define and improve the quality role of the subspecialist pulmonologist in this 

patient population. 

Since we speculate that referral patterns to the pediatric pulmonologist were a more severe subset 

of asthmatics, it seems reasonable to assume there is a benefit to subspecialty evaluation. 

Pediatric pulmonologists are valuable resources not only to treat and educate about asthma, but 

also to exclude a diagnosis which can mimic asthma. Younger kids especially have a greater 
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possibility of an alternative diagnosis such as gastroesophageal reflux, cystic fibrosis, aspiration 

syndrome, immune deficiency, congenital heart disease and bronchopulmonary dysplasia. 

Spirometry which is a valuable tool recommended by NAEPP, oftentimes, can be performed in a 

pulmonologists office but is generally not found in the PCP office. Subspecialists are more likely 

to monitor the clinical course rather than seeing the patient only when symptomatic. They are 

more likely to be familiar with the various medication options and devices used for aerosol 

delivery and counsel patients and families appropriately. They also are likely to be supported by 

experienced respiratory therapists and asthma educators. The challenge is adequately 

categorizing and then triaging patients appropriately to maximize the efficiency and efficacy of 

this resource. 

Unfortunately, since there is a national shortage of pediatric pulmonologists
29

, there has to be a 

push not only for ED initiation of standard guidelines for controllers and appropriate 

subspecialty evaluation, but also strong PCP involvement. It would be helpful to create an 

evidence-based asthma program intended to provide PCPs with decision aids to support best 

practice regarding asthma assessment, diagnosis, and early management as well as education for 

patient self-management. 

Since there is a considerable time investment, learning curve, and questionable adherence to 

asthma guidelines by PCPs, asthma targeted programs have been proposed as a useful method to 

improve outcomes. At the Royal Victoria Hospital of Barrie, Ontario, the best practice model for 

pediatric asthma involves actively encouraging primary care physicians and ED physicians to 

refer children with asthma to the Pediatric Asthma clinic (PAC). Quarterly visits are scheduled 

with a pediatrician and asthma educator. This practice resulted in a two thirds decrease in asthma 

D
ow

nl
oa

de
d 

by
 [

U
ni

ve
rs

ity
 o

f 
L

iv
er

po
ol

] 
at

 0
7:

19
 0

3 
Se

pt
em

be
r 

20
17

 



ACCEPTED MANUSCRIPT 

ACCEPTED MANUSCRIPT 12 

related ED visits and 85% decrease in admissions
30

. Although PCP provided education has been 

well received and has shown to improve outcomes short term, it is unclear whether this is 

sustainable over many years. In addition, few PCPs seem to have the time to devote to this effort, 

and incorporate teaching in a chronic care model of practice. Networked models of 

communication and care, the medical home, new web based educational tools, and telemedicine 

have the potential to help fill these roles but further study is needed to show efficiency and 

efficacy. 

Conclusion 

Many opportunities remain to improve long term asthma control through collaborative 

partnerships between the patient, ED physician, inpatient pediatric hospitalist, PCP and 

subspecialty pulmonologist. Integration of care should yield the best patient outcomes while 

minimizing resource utilization. These goals require institution of preventative care and 

education to ensure compliance with the recommendations. Physicians in the ED have an 

important opportunity to provide preventative care and education in the acute care setting and 

should be encouraged to initiate treatment with ICS. They should actively coordinate care by 

encouraging follow up with the PCP and also informing the PCP of the ED visit to ensure 

adequate follow-up in the ambulatory setting. Referrals to the subspecialty pulmonologist should 

be considered when appropriate, but consideration should be given to creating collaborative 

preventative and educational programs focusing on asthma care to be utilized in the ambulatory 

setting. Furthermore, accountability of asthma management extends beyond the patient and 

healthcare provider and requires a supply chain integration model based on supply and demand 

forecasting, standardized work, and readiness for change. 
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Table 1. Distribution of demographic factors for asthma patients visits to the Emergency 

department, and admissions to the hospital floor and ICU. 

Factor 
Emergency 

N=106 
Admitted to Floor 

N=134 
Admitted to ICU 

N=47 
P-value 

Age, Mean (SD) 
Median (Q1, Q3) 

8.0 (2.4) 
7 (6,10) 

8.7 (3.2) 
8 (6,11) 

8.6 (2.7) 
9 (6,10) 

0.39
1 

Sex, N(%) 
     Male 
     Female 

 
70 (66) 
36 (34) 

 
78 (58) 
56 (42) 

 
36 (76) 
11 (24) 

0.07
2 

Ethnicity, N(%) 
     African American 
     Native American 
    Hispanic 
    Caucasian 

 
23 (21) 
4 (4) 

76 (72) 
3 (3) 

 
22 (16) 
8 (6) 

86 (64) 
18 (14) 

 
16 (34) 

3 (6) 
25 (53) 

3 (6) 

0.01
2
 

Insurance, N(%) 
     Medicaid 
    Non-medicaid 

 
95 (90) 
11 (10) 

 
111 (83) 
23 (17) 

 
41 (87) 
6 (13) 

0.33
2
 

Abbreviations SD = standard deviation, Q = quartile 

1
Kruskall-Wallis test p-value 

2
Fisher-exact p-value 
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Table 2. Distribution of clinical factors among asthma patients visits to the Emergency 

department and admissions to the hospital floor and ICU. 

Outcome 
Emergency 

N=106 
Admitted to Floor 

N=134 
Admitted to ICU 

N=47 
P-value

1 

Previous ED visit, N (%) 93 (88) 81 (60) 32 (68) <0.0001 

Previous Pulm consult, N (%) 32 (30) 25 (19) 7 (15) 0.05 

On ICS, N (%) 52 (49) 70 (52) 23 (50) 0.88 

ICS initiation/step-up, N (%) 2 (1.9) 72 (54) 34 (72) <0.0001 

Inpatient Pulm consult, N (%) 0(0) 11 (8) 25 (54) <0.0001 

Pulm follow-up, 
     Recommeded, N (%) 
     Attended, n/N (%) 

4 (4) 
3/4 (75) 

41 (31) 
16/41 (39) 

32 (68) 
9/32 (28) 

<0.0001 
0.17 

Readmission, N (%) 82 (77) 56 (42) 19 (40) <0.0001 

Spirometry, N (%) 44 (42) 40 (30) 16 (34) 0.17 
1
Fisher-exact test p-value 
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