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Running Title:      Reduced Asthma ED Visits in a High Risk Population 

Objective:  Asthma is a leading cause of pediatric emergency department(ED) use. Optimizing 

asthma outcomes is a goal of Nationwide Children’s Hospital(NCH) and its affiliated 

Accountable Care Organization.  NCH’s Primary Care Network, comprised of 12 offices serving 

a predominantly Medicaid population, sought to determine whether an Asthma Specialty Clinic 

(ASC) operated within a single primary care office could reduce ED asthma rates and improve 

quality measures, relative to all other network offices. 

Methods:  An ASC was piloted with four components: patient monitoring, provider continuity, 

standardized assessment, and multi-disciplinary education. A registry was established to contact 

patients at recommended intervals. At extended-length visits, a general pediatrician evaluated 

patients and a multi-disciplinary team provided education. Novel educational tools, were utilized, 

guideline-based templates recorded and spirometry obtained. ED asthma rate, spirometry 

utilization, and controller fills by intervention office patients were compared to all other network 

offices before and after ASC initiation.  

Results:  At baseline, asthma ED visits by intervention and usual care populations were 

similar(p=0.43).  After, rates were significantly lower for intervention office patients versus 

usual care office patients(p <0.001), declining in the intervention population by 26.2%, 25.2% 

and 31.8% in 2013, 2014, and 2015, respectively, from 2012 baseline, versus increases of 3.8%, 

16.2%, and 9.5% in the usual care population.  Spirometry completion, controller fills, and 

patients with favorable Asthma Medication Ratios significantly increased for intervention office 
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patient relative to the usual care population. 

Conclusions:  A primary care-based asthma clinic was associated with a significant and 

sustainable reduction in ED utilization versus usual care. 

 

What’s new:  This study describes a comprehensive, multi-disciplinary and innovative model 

for an asthma management program within the medical home that demonstrated a significant 

reduction in emergency department visits, an increase in spirometry utilization and an increase in 

controller fills in a high-risk asthma population versus comparison group. 

 

 

 

Abbreviations:  

ED—Emergency Department 

NCH—Nationwide Children’s Hospital 

ACO—Accountable Care Organization 

ASC—Asthma Specialty Clinic 

EMR—Electronic Medical Record 

YTD—Year to Date 

RCT—Randomized Controlled Trial 

AMR—Asthma Medication Ratio 
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Background 

Asthma is a leading cause of pediatric emergency department (ED) visits in the United States, 

and its prevalence is increasing
1
.  Nationally, more than 10 million children (14%) have been 

diagnosed with asthma, and nearly 7 million children (9%) have a current diagnosis
2
.  Families 

living in urban areas and those with lower income and education levels have a higher prevalence 

of asthma and are more likely to utilize the ED for asthma care
2-4

.    Moreover, enrollment in 

Medicaid has been shown to be an independent predictor of increased asthma risk
5
.  Poor asthma 

control has been linked to increased patient morbidity, more missed school and work days, and 

impaired academic performance
5
.  Despite organized efforts within our state, asthma ED rates in 

Ohio’s children increased nearly 15% from 2005-2009
3
.  Nationwide Children’s Hospital 

(NCH), a large freestanding pediatric hospital in Columbus, Ohio, has responded to this trend 

with initiatives to reduce ED visits by its asthma patients.  The NCH Primary Care Network, a 

system of 12 primary care offices, serves an at-risk, urban, largely Medicaid population of more 

than 70,000 patients. 

NCH and its affiliated Accountable Care Organization (ACO), Partners for Kids, aim to optimize 

asthma care and strive for best outcomes for their patients.  Through its relationship with the 

ACO, NCH utilizes full-risk capitation with all regional pediatric members enrolled in Medicaid-

managed plans.  The ACO, established in 1994, currently manages approximately 330,000 

Medicaid-eligible members within the state of Ohio, tasked with increasing value of care by 

maintaining or improving quality while reducing cost.  Approximately ninety-five percent of the 

Primary Care Network population is Medicaid-enrolled; thus, nearly all patients in the network 

are attributed to the ACO.  This provides great incentive to decrease ED visits in network 
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patients.  Historically, ACO patients managed by the NCH Primary Care Network have visited 

the ED for asthma at a more frequent rate than ACO patients cared for by independent practices.  

The Primary Care Network trialed an Asthma Specialty Clinic (ASC) within a primary care 

office in an attempt to improve this pattern.  ASCs located in the medical home are not a new 

concept; however, relatively little has been published regarding their impact on outcomes
6
.  

Given our network’s large, demographically at-risk, almost exclusively ACO-attributed 

population and the institution’s unique relationship with the ACO, our network provided an ideal 

setting to study the impact of an ASC on an entire population. 

The primary objective of our study was to determine if this model improved outcomes in our 

entire at-risk patient population.  Specifically, we analyzed whether our multi-disciplinary 

ASC—one embedded in the primary care office and led by a general pediatrician—reduced 

asthma-related ED visits and improved quality measures of the intervention office population to 

a greater extent than usual care provided by all other network offices.   

 

Methods 

In December 2011, the intervention office established the ASC.  This pilot employed four key 

components:  (1) proactive patient monitoring, (2) physician continuity, (3) standardized 

assessment, and (4) multi-disciplinary education.   All model components have been individually 

supported by past literature
7-22

. 

The ASC sessions were initially held one half-day per week and increased to twice weekly in 

October 2014.  Compared to routine half-day office sessions in our network, which can include 

up to 21 patients, the ASC sessions consisted of nine extended-length appointments in a four-
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hour time period.  Team members originally included a general pediatrician, pharmacy student, 

medical assistant, and registration specialist.  A respiratory therapist and spirometry was added 

in July 2012.  A registered nurse health coach replaced the medical assistant role in June 2015.  

Four patient rooms were provided to the ASC for use during each session, and office encounters 

followed a pre-established flow [Figure 1].  Ideally, patients were scheduled for their subsequent 

appointment prior to leaving the office.  All other asthma quality improvement initiatives and 

processes incorporated by the Primary Care Network during the entire study period were 

embedded at all offices, and this ASC was the only initiative unique to the intervention office.  

The intervention office was selected due to the general pediatrician’s interest in the pilot project, 

available physical room space within the office, and availability of a respiratory therapist during 

the proposed half-day session. 

 

Proactive patient monitoring 

We generated a list from the hospital’s data warehouse system that included patients meeting the 

following criteria: age 2-18, physician diagnosis of asthma in the previous 24 months, and a 

patient of the intervention office.  In December 2011, office registration staff began contacting 

patients via telephone and scheduled appointments in the ASC.  We established a spreadsheet 

registry for patients successfully scheduled in the ASC that included the following:  patient 

name, medical record number, last visit in the ASC, and next recommended ASC visit, which 

was updated after each visit based upon ASC physician disposition. Patient appointments were 

recommended at the following intervals:  well-controlled intermittent asthma—6 months; well-

controlled persistent asthma—3 months; poorly-controlled asthma—4 weeks. Referrals from 
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other intervention office physicians for patients seen in regular intervention office sessions were 

also accepted.  No patients from usual care offices were seen in the ASC.  Common reasons for 

referral were patients seen for asthma ED or urgent care (UC) follow-up, those assessed to have 

poorly-controlled asthma, or patients without recent spirometry. Registration staff called patients 

from a monthly registry list to schedule appointments.  The registry was comprised of patients 

due for a follow-up appointment but not yet scheduled.  Priority was given to patients with a 

diagnosis of persistent asthma or a recent asthma visit to the ED or UC. 

Provider Continuity 

The same general pediatrician attended all patients at every ASC session.  The physician had 

been in practice at the office for the previous four years and attended patients full-time at the 

intervention office for other routine office sessions.   

Standardized Assessment 

A guideline-based template was completed at each visit.  Assessment and documentation of the 

patient’s asthma impairment and risk, severity classification, level of control, medication 

management, and spirometry utilization followed EPR-3 guidelines
7
.  A pediatric respiratory 

therapist performed spirometry that was interpreted by the general pediatrician during the 

patient’s visit.  Prior to ASC initiation, Primary Care Network patients would be referred to NCH 

pulmonary specialists at a different location to obtain spirometry.  Travelling to these off-site 

appointments created barriers for many of our patients.  

Multi-disciplinary Education 

During ASC encounters, patients received electronic instruction with tablet technology, and face-

to-face education from a variety of health care professionals, including the physician, respiratory 

D
ow

nl
oa

de
d 

by
 [

U
ni

ve
rs

ity
 o

f 
L

iv
er

po
ol

] 
at

 1
0:

59
 1

4 
Se

pt
em

be
r 

20
17

 



ACCEPTED MANUSCRIPT 

ACCEPTED MANUSCRIPT 8 

therapist, pharmacy student, and/or health coach.  The pediatrician interacted with the patient 

initially, ordered spirometry if indicated, and formulated an impression and plan.  After this 

assessment, patients and caregivers were given access to a handheld interactive tablet containing 

asthma information, the content of which was created by NCH asthma specialists and 

specifically targeted for this population. The tablet utilized several methods to display content, 

including videos, quizzes and literature regarding symptom recognition, inhaler technique, 

asthma triggers, controller medications, and home management. Patients chose educational 

content, repeated modules at their discretion, and worked at their preferred pace.  

Based on the encounter, educational objectives were individually tailored to the patient, and 

delivered via one or more members of the multi-disciplinary team, following EPR-3 suggested 

topics
7
 [Figure 2].  An individualized written asthma action plan was provided.

  
Educational 

content delivered by pharmacy students was developed by an NCH-affiliated doctor of 

pharmacy, and approved by NCH, the ACO, and the Ohio State University College of Pharmacy.   

Outcome Analysis 

We reviewed coding data from the hospital’s electronic medical record (EMR) data warehouse 

system.  As a primary outcome, we examined visits to NCH ED with a primary diagnosis of 

asthma (493.xx/J45.xx) in the entire intervention office patient population from 2012-2015 and 

compared this with ED asthma utilization during the same time period by the entire patient 

population of the other Primary Care Network offices that continued to receive usual care.  

Asthma-related ED visits were chosen as the primary outcome to align most closely with hospital 

and ACO goals to reduce ED visits in asthma patients.  ED visits were included for patients age 

2-18 who had a completed Primary Care Network visit for any reason within the previous 13 
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months.  Patients were assigned to a particular office based on EMR record at the time of ED 

visit.  We analyzed the data on both a rolling 12-month year-to-date (YTD) average, as well as 

on an annual basis of ED visits/100,000 patients.  For the rolling 12-month YTD analysis, each 

point on the graph represents the mean of the prior 12 months YTD ED visits/100,000 patients.  

For example, the January 2012 data point represents the average of February 2011 to January 

2012.  Statistical significance was determined using two-sample Poisson rate calculation.  As of 

January 1, 2015, we replicated this model at one other office; as a result, this office was excluded 

from usual care data.   

As secondary outcomes, we analyzed quality measures—completed spirometry, claims for 

controller fills, and Asthma Medication Ratio (AMR)—the ratio of controller fills to total asthma 

medication fills.  We calculated the percent increase in the number of completed spirometry tests 

and controller fills per patient, as well as the percentage of patients with persistent asthma who 

had an AMR ≥ 0.5, for intervention office and usual care office populations, from 2012 to 2015. 

The NCH Institutional Review Board deemed this study exempt. 

 

Results 

On a monthly rolling basis, in 2012, the intervention office and usual care office populations had 

statistically similar ED usage amongst its patients (p=0.43)[Figure 3].  From 2013-2015, after 

ASC implementation, ED visit rate by the intervention office population was significantly less 

than the ED visit rate by the patient population managed by network offices providing usual care 

(p <0.001).  Full monthly results are shown in Table 1. 
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Displayed on an annual basis, ED asthma visits for the intervention office patient population 

were below the 2012 baseline each year after implementation of the ASC.  In 2012, intervention 

office patients visited the ED at a rate of 1065.4 ED visits/100,000 patients, similar to the usual 

care rate of 1046.5 ED visits/100,000 patients.  In 2013, 2014, and 2015, the intervention office 

patient ED asthma rate declined to 794.4, 804.9, and 734.3 ED visits/100,000 patients, 

respectively.   These represent declines of 26.2%, 25.2% and 31.8% versus the 2012 baseline.  

Conversely, the ED asthma rate for all other office patient populations receiving usual care 

increased to 1085.8, 1225, and 1145.5 ED asthma visits/100,000 patients in 2013, 2014, and 

2015, respectively. This represents increases of 3.8%, 16.2%, and 9.5% from the 2012 baseline 

[Figure 4].  

In 2012, 84 patients of the intervention office had completed spirometry.  This increased to 210 

patients in 2015, representing a 127.3% increase in completed spirometry per patient, versus an 

increase of 10.1% in usual care offices[Figure 5]. 

Claims for controller fills were obtained in both 2012 and 2015 and compared in intervention 

office and usual care office patient populations.  In 2015, compared to 2012, intervention office 

patients had a 23.3% increase in controller fills per patient versus an increase of 8.1% in usual 

care patients [Figure 5]. 

AMR was calculated for each patient with at least one controller fill in 2012 and 2015.  In 2012, 

49.8% of intervention office patients had an AMR ≥ 0.5, which increased to 60.3% in 2015, 

representing a 21.1% improvement.  This compared to an increase from 45.0% in 2012 to 45.6% 

in 2015 in the usual care population, a 1.3% improvement [Figure 5].   
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Intervention and usual care office population demographics are shown in Figure 6.  The 

percentage of patients attributed to the ACO was similar in intervention and usual care offices, 

and the proportion of the Primary Care Network’s entire population attributed to the intervention 

office remained similar throughout the entire study period.   

 

Discussion 

After ASC implementation, the intervention office patient population demonstrated a significant 

and sustained reduction in ED asthma utilization rates, and diverged significantly from the 

population managed by the eleven network offices delivering usual care.  To our knowledge, this 

is the first such comparative decline associated with a medical home-based ASC.  In addition, 

intervention office patients were significantly more likely to complete spirometry and fill 

controller medications versus patients receiving usual care.   

Despite their existence for nearly 30 years, the effectiveness of ASCs has not been well studied
6
.
 
 

A 2012 Cochrane review suggested there was insufficient evidence to conclude that ASCs based 

in primary care offices influenced outcomes. This was based on several measures, including ED 

asthma visits.  However, there are several differences between our study and those reviewed.   

Foremost, these trials involved adult populations, and were led by registered nurses with varying 

amounts of physician support
6,23-25

.  Our ASC model was physician-led with multi-disciplinary 

support.  This variation may have contributed to the improved outcomes we observed, consistent 

with previous studies examining the benefits of the doctor-patient relationship
8,9,20-22

.  One study 

mentioned in the Cochrane review, a pediatric trial and most similar to ours, was conducted in an 
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HMO-affiliated multi-office primary care network. They also demonstrated an increased 

frequency of controller medication dispenses, but no improvement in ED utilization
26

.  

Each component of the ASC is supported by past research.  Clinic-initiated monitoring and a 

greater number of asthma-specific outpatient visits has previously been shown to improve 

outcomes
8,9

.  By maintaining this proactive registry process, we hoped to increase the frequency 

of asthma-centric appointments in our population. 

Ensuring continuity was prioritized due to many studies that have concluded that continuity of 

care is an effective component of chronic disease management
8-12

. This feature of medical care 

has been shown to improve outcomes in chronic disease and enhance patient satisfaction
10,11

.  

Furthermore, national guidelines recommend assessment by a consistent physician
7,12

; however, 

this model of continuity is not standard in our network. In the NCH Primary Care Network, 

individual providers do not have a panel of patients, but rather patients are assigned to a primary 

care office, at which multiple providers practice.  Appointments are most frequently scheduled 

via a centralized scheduling service, which does not have access to a preferred individual 

provider; therefore, continuity is preserved for the office and not the provider. While other 

dynamics have likely influenced the historically higher rate of ED visits by ACO patients 

managed by our network versus other area practices, we considered that our system’s challenge 

to maintain continuity for our patients may have contributed as well.  

A standard approach to asthma management and following spirometry guidelines have both been 

shown to improve outcomes
13,14

.  The increased utilization of spirometry by intervention office 

patients may have influenced the improved outcomes seen in this study as well.  Despite this past 

evidence, only 20% of outpatient pediatric offices routinely utilize spirometry
15

.  Physicians 
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frequently overestimate asthma control without the procedure
16

; in fact, one study demonstrated 

that 1/3 of children are categorized to a more severe asthma classification when spirometry is 

used
17

.  The availability of on-site, same day spirometry, removing a potential barrier to 

procedure access, likely improved our patient’s completion of the procedure.  Additionally, by 

utilizing spirometry more frequently in our patients, we likely were able to more accurately 

classify asthma severity and control and, as a result, provide pharmacotherapy in line with the 

patient’s true asthma classification. 

Our education program mirrors others that have demonstrated improved asthma outcomes 

associated with structured education, those that utilized written action plans, and studies that 

have described a correlation between enhanced health literacy and better outcomes
13,18,19

. 

Moreover, EPR-3 guidelines advise that pharmacist involvement should be considered in the 

treatment of asthma and recommended further study to support their use
7
.   

The increase in controller fills and improvement in patient AMR may have contributed to the 

overall outcome improvement seen as well.  Andrews, et al reported that patients with an AMR ≥ 

0.5 were less likely to have future asthma-related ED visits
27

.  A higher AMR has also been 

previously associated with improved controller adherence
28

. 

Other asthma programs have shown improvement in various patient outcomes, many without a 

proper comparison group
13,25,29-33

.  Ko, et al showed that asthma symptoms naturally improve 

over time, which can lead to overestimating the significance of a population’s asthma 

improvement.  The authors demonstrated the importance of a control group when evaluating 

asthma outcomes
34

.  As such, the presence of a comparison group in this study with similar 

baseline asthma outcome patterns was vital.   
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There are several limitations to the study.  While not randomized, our trial did demonstrate 

significant positive outcomes versus a control group; nevertheless, we cannot definitively state 

that one intervention had a greater effect than others.  Future attempts to differentiate the most 

effective components of this model may prove beneficial.   

Our baseline populations were similar demographically with the exception of race, as 

intervention office patients were more likely to be Caucasian; however, both the intervention and 

usual care populations remained similar from 2012 to 2015 relative to themselves.  Despite this 

difference, the two populations had similar baseline ED utilization and quality measures; 

therefore, this is unlikely to have had an impact in the improved outcomes we observed solely in 

the intervention group. 

Lastly, this study may be limited by its generalizability.  This study involved a single general 

pediatrician in the intervention office, and took place in a single primary care office serving an 

urban, predominantly Medicaid population.  As previously described, this model was 

replicated—in another larger office within our Primary Care Network with similar initial results 

(data not displayed).  This office was demographically similar to usual care offices as a whole, 

and utilized a different general pediatrician trained in this model.  While this addressed 

generalizability from the provider standpoint, it did not address the ability to potentially replicate 

this model in a demographically different patient population. 

Incorporating all model components may be challenging.  Utilizing a multi-disciplinary team, 

spirometry equipment and tablet technology requires increased resources.  One could argue that 

these resources are justified by a decrease in acute care utilization, if improving overall 

population health is the ultimate aim.  Ohio’s asthma hospitalization rate for children is much 
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lower than adults; however, the ED rate is much higher
3
.  This discordance may suggest that ED 

asthma care for children is sought for less severe exacerbations.   A comprehensive asthma 

program with extended-length interactions like our ASC provided may be necessary for a higher 

risk pediatric population to show improvement in ED usage.  

We chose to also represent data using a rolling 12-month average to limit the seasonal variability 

that occurs with asthma morbidity.  For example, patients of our network experienced a 

significant increase in ED asthma visits in 2014, likely influenced by the enterovirus D68 

outbreak described in populations around the country
35

.  However, patients of the intervention 

office did not see an annual increase in asthma ED visits during 2014.  Our model was able to 

minimize the overall effects of this outbreak, diverging from patterns observed in our network 

and other locales nationwide.   

We chose to examine outcomes for the entire office population versus only asthma patients.  This 

eliminated potential skewing of data through higher numbers of asthma patients with less severe 

symptoms, who would be less likely to visit the ED for care.  This assumes that asthma 

prevalence within a population stays relatively constant over time.  Moreover, it reflects more 

closely the focus of NCH and the ACO on population health.  Within the ACO’s patient 

population, asthma remains the most common chronic condition leading to ED visits.  Improving 

this remains a key focus at our institution and the ACO, while simultaneously attempting to 

enhance quality of care and lower costs.  Costs per patient with poorly-controlled asthma are 

estimated to be more than double that of well-controlled patients
36

.
 
 Kelleher, et al. demonstrated 

relative cost containment achieved by the ACO’s business model compared to traditional fee-for-

service plans.  In their report, however, asthma ED visits by ACO-attributed members, as a 
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whole, did not improve
37

.  This comprehensive ASC model may provide a solution to influence 

this data on a broader scale, and may be potentially valuable for other institutions affiliated with 

ACOs, those striving to improve population health, or providers who manage at-risk patient 

populations.  

 

 

Conclusion 

Using a comprehensive, multi-disciplinary and innovative approach to asthma care in a primary 

care-based asthma specialty clinic, we demonstrated a significant and sustained reduction in ED 

visits, and a significant improvement in asthma quality measures in a high-risk, urban pediatric 

population.  This may serve as a suitable model for others attempting to optimize asthma care 

within the patient-centered medical home. 

Acknowledgements 

The authors acknowledge Cheryl A. Laubacher, Pharm.D.: Dr. Laubacher designed the 

pharmacy student curriculum and supervised all pharmacy students during their participation in 

the asthma specialty clinic. 

 

The authors acknowledge Bob Feeney and Tricia Montgomery.  Mr. Feeney and Ms. 

Montgomery aided with chart and graphic design. 

The authors acknowledge The Hamilton Parker Foundation.  The foundation provided a donation 

for the iPad application used in the asthma specialty clinic. 

 

D
ow

nl
oa

de
d 

by
 [

U
ni

ve
rs

ity
 o

f 
L

iv
er

po
ol

] 
at

 1
0:

59
 1

4 
Se

pt
em

be
r 

20
17

 



ACCEPTED MANUSCRIPT 

ACCEPTED MANUSCRIPT 17 

Declaration of Interest 

The authors report no conflicts of interest.   The authors alone are responsible for the content and 

writing of this paper. 

 

References 

1. Masoli M, Fabian D, Holt S, Beasley R.  The global burden of asthma: executive 

summary of the GINA Dissemination Committee report.  Allergy. 2004; 59 (5): 469-78 

2. http://www.cdc.gov/nchs/data/series/sr_10/sr10_258.pdf , Accessed January 11, 2016 

3. http://www.odh.ohio.gov/odhPrograms/eh/asthma/asthma1.aspx, Accessed January 28, 

2016 

4. Rand C, Butz A, Kolodner K, et al. Emergency department visits by urban African 

American children with asthma. J Allergy Clin Immunol 2000;105:83-90 

5. Vargas PA, Simpson PM, Bushmiaer M, et al. Symptom profile and asthma control in 

school-aged children. Ann Allergy Asth Imm. 2006;96(6):787-93. 

6. Baishnab E, Karner C  Primary care based clinics for asthma. Cochrane Database of 

Systematic Reviews. 2012; 4: CD003533. 

7. National Asthma Education and Prevention Program.  Expert Panel Report 3: Guidelines 

for the Diagnosis and Management of Asthma; National Heart, Blood, and Lung Institute. 

2007.  

8. Schatz M, Rachelefsky G, Krishnan J Follow-up after acute asthma episodes: What 

improves future outcomes? Journal of Emergency Medicine. 2009; 37: S42-50. 

D
ow

nl
oa

de
d 

by
 [

U
ni

ve
rs

ity
 o

f 
L

iv
er

po
ol

] 
at

 1
0:

59
 1

4 
Se

pt
em

be
r 

20
17

 

http://www.cdc.gov/nchs/data/series/sr_10/sr10_258.pdf
http://www.odh.ohio.gov/odhPrograms/eh/asthma/asthma1.aspx


ACCEPTED MANUSCRIPT 

ACCEPTED MANUSCRIPT 18 

9. Smith SR, Wakefield DB, Cloutier MM. Relationship between pediatric primary provider 

visits and acute asthma ED visits. Ped Pulmonology. 2007;42:1041-1047. 

 

10. Fan VS, Burman M, McDonell MB, Fihn SD. Continuity of care and other determinants 

of patient satisfaction with primary care.  J. Gen Intern Med 2005; 20:226-233 

11. Hulka BS, Cassel JC, Kupper LL, Burdette JA. Communication, compliance, and 

concordance between physicians and patients with prescribed medications. Am J Public 

Health. 1976; 66:847-853. 

12. Bateman Ed, Hurd SS, Barnes PJ, et al.  Global strategy for asthma management and 

prevention: GINA executive summary. European Respiratory Journal.  2008; 31(1):143-

78. 

13. Cloutier MM, Hall CB, Wakefield DB, Bailit H.  Use of asthma guidelines by primary 

care physicians to reduce hospitalizations and emergency department visits in poor, 

minority, urban children.  J Pediatrics 2005; 146: 591-597. 

14. Moth G, Schiotz PO, Parner E, Vedsted P. Use of lung function tests in asthmatic 

children is associated with lower risk of hospitalization.  A Danish population-based 

follow-up study. J Asthma. 2010; 47(9): 1022-30. 

15. Dombrowski KJ, Hassan F, Wasilevich EA, Clark SJ. Spirometry use among primary 

care physicians Pediatrics. 2010; 126(4): 682-687 

16. Nair SJ, Daigle KL, DeCuir P, et al. The influence of pulmonary function testing on the 

management of children with asthma. J Pediatr. 2005; 147(6): 797. 

D
ow

nl
oa

de
d 

by
 [

U
ni

ve
rs

ity
 o

f 
L

iv
er

po
ol

] 
at

 1
0:

59
 1

4 
Se

pt
em

be
r 

20
17

 



ACCEPTED MANUSCRIPT 

ACCEPTED MANUSCRIPT 19 

17. Stout JW, Visness CM, Enright P, et al. Classification of asthma severity in children: the 

contribution of pulmonary function testing. Ach Pediatr Adolesc Med. 2006;160(8):844-

50. 

18. Gibson PG, Powell H, Coughlan J, et al. Self-management education and regular 

practitioner review for adults with asthma. Cochrane Database Syst Rev. 2003; (1): 

CD001117. 

19. Coffman JM, Cabana MD, Halpin HA, Yelin EH. Effects of asthma education on 

children’s use of acute care services: a meta-analysis.  Pediatrics 2008; 121(3):575-86. 

20. Christakis DA, Mell L, Koepsell TD, et al. Association of lower continuity of care with 

greater risk of emergency department use and hospitalization in children.  Pediatrics. 

2001; 107: 524-529. 

21. Gill JM, Mainous AG III, Nsereko M. The effect of continuity of care on emergency 

department use. Arch Fam Med. 2000;9:333-338. 

22. Mainous AG III, Gill JM. The importance of continuity of care in the likelihood of future 

hospitalization; is site of care equivalent to a primary clinician? Am J Public Health. 

1998;88: 1539-1541 

23. Heard AR, Richards IJ, Alpers JH, et al.  Randomized controlled trial of general practice 

based asthma clinics.  Med Journ of Australia. 1999;171:68-71. 

24. Pilotto LS, Smith BJ, Heard AR, et al.  Trial of nurse-run asthma clinics based in general 

practice versus usual medical care. Respirology. 2004;9(3):356-62. 

25. Cave AJ, Wright A, Dorrett J, McErlain M.  Evaluation of a nurse-run asthma clinic in 

general practice. Prim Care Resp Journ. 2001;10(3):65-8. 

D
ow

nl
oa

de
d 

by
 [

U
ni

ve
rs

ity
 o

f 
L

iv
er

po
ol

] 
at

 1
0:

59
 1

4 
Se

pt
em

be
r 

20
17

 



ACCEPTED MANUSCRIPT 

ACCEPTED MANUSCRIPT 20 

26. Lukacs SL, France EK, Baron AE, Crane LA. Effectiveness of an asthma management 

program for pediatric members of a large health maintenance organization. Arch Ped & 

Adol Med. 2002; 156(9): 872-6.  

27. Andrews AL, Simpson AN, Basco WT, Teufel RJ.  Asthma Medication Ratio Predicts 

Emergency Department Visits and Hospitalizations in Children with Asthma. MMRR. 

2013; 3(4):E1-10. 

28. Broder MA, Gutierrez B, Chang E, Meddis D, Schatz M.  Ratio of Controller to Total 

Asthma Medications: Determinants of the Measure.  Am J Manag Care. 2010; 16(3);170-

8. 

29. Fontes MJ, Affonso AG, Calazans GM, et al. Impact of an asthma management program 

on hospitalizations and emergency department visits J Pediatr 2011; 87(5):412-8. 

30. Cook KA, Modena BD, Simon RA. Improvement in Asthma Control Using a Minimally 

Burdensome and Proactive Smartphone Application.  J Allergy Clin Immunol Pract. 2016 

Apr 20. pii: S2213-2198(16)30014-9.  

31. Nkoy F, Fassl B, Stone B, et al.  Improving Pediatric Asthma Care and Outcomes Across 

Multiple Hospitals. Pediatrics 2015:136(6):e1602-10 

32. Buchner DA, Butt LT, De Stefano A, et al. Effects of an asthma management program on 

the asthmatic member: patient-centered results of a 2-year study in a managed care 

organization. Am J Manag Care. 1998 Sep;4(9):1288-97. 

33. Dickinson J, Hutton S, Atkin A, Jones K. Reducing asthma morbidity in the community: 

the effect of a targeted nurse-run asthma clinic in an English general practice. Respiratory 

Medicine 1997;91:634-40. 

D
ow

nl
oa

de
d 

by
 [

U
ni

ve
rs

ity
 o

f 
L

iv
er

po
ol

] 
at

 1
0:

59
 1

4 
Se

pt
em

be
r 

20
17

 

http://www.ncbi.nlm.nih.gov/pubmed/?term=Cook%20KA%5BAuthor%5D&cauthor=true&cauthor_uid=27107690
http://www.ncbi.nlm.nih.gov/pubmed/?term=Modena%20BD%5BAuthor%5D&cauthor=true&cauthor_uid=27107690
http://www.ncbi.nlm.nih.gov/pubmed/?term=Simon%20RA%5BAuthor%5D&cauthor=true&cauthor_uid=27107690
http://www.ncbi.nlm.nih.gov/pubmed/27107690
http://www.ncbi.nlm.nih.gov/pubmed/10185979


ACCEPTED MANUSCRIPT 

ACCEPTED MANUSCRIPT 21 

34. Ko Y, Song PX, Clark NM.  Declines with Age in Childhood Asthma Symptoms and 

Health Care Use.  Ann Am Thorac Soc 2014; 11(1):54-62. 

35. Midgley CM, Watson JT, Nix WA, et al. Severe Respiratory Illness Associated with a 

Nationwide Outbreak of Enterovirus D68 in the USA: a descriptive epidemiological 

investigation. Lancet Respir Med 2015; 3(11):879-87. 

36. Chipps, Zeiger RS, Borish L, et al. Key findings and clinical implications for the 

epidemiology and natural history of asthma: Outcomes and treatment regimens(TENOR) 

study.  J Allergy Clin Immunol. 2012;130:332-342. 

37. Kelleher KJ, Cooper J, Deans K, et al.  Cost Saving and Quality of Care in a Pediatric 

Accountable Care Organization.  Pediatrics 2015;135(3):582-589. 

 

D
ow

nl
oa

de
d 

by
 [

U
ni

ve
rs

ity
 o

f 
L

iv
er

po
ol

] 
at

 1
0:

59
 1

4 
Se

pt
em

be
r 

20
17

 



ACCEPTED MANUSCRIPT 

ACCEPTED MANUSCRIPT 22 

 

Figure 1. Asthma Specialty Clinic Flowchart. 
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Figure 2. Education Topics. 

 

D
ow

nl
oa

de
d 

by
 [

U
ni

ve
rs

ity
 o

f 
L

iv
er

po
ol

] 
at

 1
0:

59
 1

4 
Se

pt
em

be
r 

20
17

 



ACCEPTED MANUSCRIPT 

ACCEPTED MANUSCRIPT 24 

 

Figure 3. ED Visits/100,000 patients, Intervention versus Usual Care Offices, Rolling 12 Month 

Average, 2012-2015. 
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Figure 4. ED Visits/100,000 patients, Intervention versus Usual Care, Annually, 2012-2015. 
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Figure 5. Improvement in Quality Markers, 2012 to 2015. 
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Figure 6. Demographics. 
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Table 1. Patient population and ED visits, Intervention and Usual Care Offices, 2012-2015. 
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