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Objective. We previously conducted the School-Based Asthma Therapy trial to improve adherence to national asthma guidelines for urban children
through directly observed administration of preventive asthma medications in school. The trial successfully improved outcomes among these
children; however, several factors limit its potential for dissemination. To enhance sustainability, we subsequently developed a new model of care
using web-based guides for efficient communications and integration within school and community systems. This article describes the development
of the School-Based Preventive Asthma Care Technology (SB-PACT) trial. Method. We developed the SB-PACT web-based system based on
stakeholder feedback, and conducted a pilot randomized trial with 100 children to establish its feasibility in facilitating preventive asthma care for
high-risk children. The SB-PACT system represents a new model of care using web-based guides for asthma symptom screening, follow-up control
assessments, and electronic communications with providers. Result. We enrolled and successfully screened all children using the web-based
system. Most providers used the electronic communication system without difficulty, and the majority of children in the intervention group
received preventive medications through school as planned and dose adjustments as needed. Several challenges to implementation also were
encountered. Conclusions. This program is designed to promote sustainability of school-based asthma care, reduce program costs, and ultimately

succeed in a real-world setting. With further refinements, it has the potential to be implemented nationally in schools.
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INTRODUCTION

Asthma is one of the most common chronic illnesses of
childhood, affecting nearly 10% of all children under the
age of 18 in the United States (1). National guidelines
established by the National Heart, Lung and Blood
Institute (NHLBI) recommend that all patients with persis-
tent asthma receive a daily preventive, anti-inflammatory
medication (2). These medications reduce symptoms and
prevent hospitalizations when used as recommended.
However, many children who should be using preventive
medications are not using them, and inadequate therapy is
most common among underserved minority populations
(3, 4). In addition, many children who are prescribed a
preventive medication have poor adherence and subse-
quently do not achieve optimal control (4). Thus, a sig-
nificant amount of asthma morbidity could be prevented.
Interventions to improve morbidity outcomes in this dis-
advantaged population are critically needed. Ease of
implementation, generalizability, and sustainability are
key to the development of such approaches.

In response to the need for improved adherence to
preventive asthma care guidelines, we previously
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conducted the School-Based Asthma Therapy (SBAT)
trial (2006-2009) with the aim of promoting guideline-
based asthma care and reducing morbidity for poor and
minority children with persistent symptoms (5). We
enrolled 530 children, aged 3—10 years, with persistent
asthma who attended a Rochester City School District
(RCSD) elementary school or preschool in Rochester,
NY. Children randomly assigned to the intervention
group received daily preventive asthma medications admi-
nistered as directly observed therapy (DOT) by school
health staff, as well as ongoing assessment of symptoms
and guideline-based adjustments in therapy, if needed.
Thus, we could assure adherence to preventive medica-
tions on the days in which the child attended school. We
found that children in the intervention group experienced
significantly more symptom-free days than children
receiving usual care. Children receiving the intervention
also experienced significantly fewer nights with asthma
symptoms and fewer days with rescue medication use (6).
Details of this study are presented elsewhere (5).

We concluded that the school-based asthma therapy
program could significantly reduce asthma symptoms
and serve as a model for improved asthma care in urban
communities in the United States. However, we found that
in its current form several facets of the research interven-
tion limit its sustainability and broad dissemination. The
program was relatively labor intensive and incurred
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significant personnel and medication costs. First, children
were screened for eligibility (persistent asthma symptoms)
by study team members and primary care providers (PCPs)
were contacted for permission for the child’s enrollment.
Despite using school-based health forms to help identify
potentially eligible students, the screening process
required many study personnel hours to make telephone
contact with families and to communicate with PCPs. With
modern technological advances, this system of screening
and notification could be automated and coordinated
through the schools.

Further, after enrollment in SBAT, we purchased med-
ications through study funds and hand-delivered them to
schools and to families’ homes for administration. When
adjustments to therapy were needed, medications were
again hand-delivered by the team. This method is labor
intensive and difficult to sustain. In an ideal setting, many
of these steps could occur with fewer resources, and med-
ication costs could be covered by the child’s medical
insurance; however, a mechanism is needed for this to
occur systematically and efficiently.

We have learned from prior work that it is not effective
to rely on families to self-identify children with persistent
symptoms without systematic screening, since many care-
givers underestimate asthma severity and overestimate
level of control (7). Further, it is difficult for families to
coordinate getting medications to the school health staff, or
even to pick up their own prescriptions for home, in part
due to the stressful and chaotic social conditions that often
accompany the lives of inner-city families. In fact, many
children in our prior studies did not even have a rescue
medication available at school, despite having significant
and recurring asthma symptoms.

In response to these program limitations, we devel-
oped and pilot tested the School-Based Preventive
Asthma Care Technology (SB-PACT) program
(IRC1HL099432) to build upon the successes of the
previous trial. The goal of this new model of care was to
use technologically simple web-based guides to over-
come barriers to sustainability in a cost-effective and
easily disseminable manner. Our unique partnership
with the RCSD provides us an ideal setting to test this
system with the potential to disseminate the program to
other school districts in similar communities. The SB-
PACT trial incorporates web-based technology to sys-
tematically assess children’s asthma symptoms and gen-
erate reports, and an Asthma Care Coordinator (ACC) to
facilitate communication between school health staff,
health-care providers, and caregivers of children with
asthma. For this new program, we have also integrated
electronic physician authorization for medications, which
are purchased through the child’s own health insurance
and delivered directly to schools and children’s homes by
the pharmacy. These measures were designed to promote
sustainability, reduce program costs, and begin to transi-
tion this program to succeed in a real-world setting. This
article describes the methodology and development of the
SB-PACT program, as well as challenges encountered
with program implementation.

METHODS

Study Design

To test the feasibility and preliminary effectiveness of this
new system of care, we conducted a pilot randomized
controlled trial with 3- to 10-year-old children from pre-
schools and elementary schools in the RCSD. Inclusion
criteria required all children to have physician-diagnosed
asthma with persistent symptoms based on NHLBI guide-
lines. Families of children with other significant medical
conditions that could interfere with the assessment of
asthma-related outcomes were excluded. After a baseline
assessment, children were randomly assigned into either
the SB-PACT intervention group or a usual care compar-
ison group. All children were followed systematically
throughout the school year to assess outcomes by research
staff, who were not involved in enrollment and were
blinded to treatment allocation. The University of
Rochester’s Institutional Review Board approved the
study protocol.

Overview of the SB-PACT Program

Figure 1 illustrates the steps included in the SB-PACT
intervention. Each step is represented as part of a cycle
with the goal of promoting guideline-based care and redu-
cing morbidity. The steps included in the SB-PACT pro-
gram are as follows:

o Identification of Children. School health staff identify
children with asthma via school health forms and enter
them into a web—based asthma registry.

o Symptom Assessment. School health staff contact the
child’s caregiver to conduct a symptom assessment
using the screening tools in the web-based system.

o Asthma Report Generation. If a child has persistent
symptoms or poor asthma control, a trained ACC
reviews a summary report of the child’s symptoms.
The ACC submits an asthma report and guideline—
based therapy recommendations through the web appli-
cation to the child’s PCP.

e Authorization of Therapy. The PCP reviews the asthma
report and authorizes therapy to be prescribed and
administered as DOT at school via the web-based
authorization tool.

o Delivery of Medications. Once authorized, the ACC
sends a prescription to a local pharmacy on the PCP’s
behalf to be delivered to the child’s home and school.
School health staff administer preventive asthma med-
ication as DOT on days the child attends school.
Caregivers are instructed to administer the medication
to their child on non-school days.

o Symptom Reassessment. According to NHLBI guide-
lines for follow-up monitoring, school health staff con-
tact the child’s caregiver to reassess symptoms using the
web-based application. If the child continues to have
symptoms that are not well controlled, the ACC recom-
mends a guideline-based step-up in therapy using the
steps described above.
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FIGURE 1.—SB-PACT flow diagram.

Note: ACC, Asthma Care Coordinator; PCP, primary care provider; DOT, directly observed therapy.

Details of the Program Components

SB-PACT Web-Based Application. We developed web-
based assessment and reporting tools for this program in
order to systematically and efficiently evaluate children’s
asthma symptoms and to obtain electronic physician
authorization for preventive medications. The SB-PACT
web application was developed in collaboration with a
local software developer, SophiTEC, in Rochester,
NY. SB-PACT includes three main communication com-
ponents: screening tools to assess severity or control,
reporting tools to relay information and provide recom-
mendations for guideline-based care, and authorization
tools to allow providers to authorize medications with
DOT at school.

Following the initial development of the program, we
held focus groups and in-depth interviews with school
health staff (n = 13), local physicians and nurse

practitioners (n = 8), pharmacists (n = 5), and caregivers
of children with asthma (n = 5), all of whom provided
feedback on user-friendliness and completeness of the
system, as well as how to best streamline communication.
These groups provided key insights that were incorporated
into the final version of the SB-PACT program. The most
common feedback from school health staff related to the
structure and content of the screening tool. They requested
the option to input free text into the system to convey notes
or observations at school. Physicians mostly discussed the
medication authorization component, with suggestions
regarding the appearance of the symptom report and the
ease of use of the authorization tool. We worked with the
software developer to design a simplified symptom report
with highlighting of important fields, and we streamlined
the process of authorizing therapy. Pharmacists were com-
fortable with the system of medication prescribing and
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delivery and were able to provide input on information
content they require in order for this to occur reliably as
requested. All groups, including caregivers, were suppor-
tive of the efforts to put this program into practice in
schools.

The symptom assessment tools primarily use radio but-
tons and function as structured, guideline-based evalua-
tions of children’s asthma symptoms. An algorithm is built
into the assessment that computes an NHLBI severity or
control classification, based on caregiver report of daytime
and nighttime symptoms, rescue medication use, and num-
ber of asthma exacerbations. We also include open text
fields in the assessment tools where users can communi-
cate observations and special instructions or comments.
SB-PACT also includes e-mail reminders to complete
open assessments. Data are housed and maintained by
SophiTEC (a local software development company) and
protected by high-level encryptions and firewalls.

School Health Staff Training. School health staff training
sessions were held at the beginning of the school year.
School nurses and health aides from participating RCSD
schools were asked to attend a single training session
where they were provided with a user manual that outlined
program procedures and common functions of the SB-
PACT web application. These sessions were led by the
ACC and members of the study team. Users were asked to
create a unique username and password and instructed on
how to access the web application. Following creation of
their accounts, they were guided through the system,
including the process of entering children with asthma
symptoms into the asthma registry and completion of the
assessment tools.

Identification of Children for Screening. The SB-PACT
assessment tools are built into the web application for
systematic screening across user groups. School nurses
and health aides are given the opportunity to identify
potentially eligible children by entering names and contact
information into the registry and completing a screening
tool. This 10-item survey is designed to capture a snapshot
of a child’s asthma symptoms in the school setting and
gathers information about asthma symptoms at school,
rescue medication use at school, and absenteeism due to
asthma.

Symptom Assessment. School health staff then contact
caregivers to complete an assessment of the child’s asthma
severity from the caregiver’s perspective. This assessment
obtains information on current asthma medications, symp-
toms, secondhand smoke exposure, PCP contact informa-
tion, and insurance status. The level of asthma severity or
control is automatically computed at the end of this ques-
tionnaire, using guideline-based algorithms.

Asthma Report Generation. The ACC reviews the symp-
tom assessments for children with persistent symptoms or
poor control. For each child randomly assigned to the
intervention group, the ACC devises a guideline-based
treatment plan based on age, level of severity, and current
medications and generates an asthma report that

summarizes the child’s asthma severity, reported medica-
tions, secondhand smoke exposure, as well as a recom-
mendation for the name, strength, dose, and schedule of a
preventive medication. This recommendation for therapy
is tailored to each child, based on age and symptom sever-
ity, according to NHLBI guidelines. When a child does not
have a rescue medication at home or school, a rescue
inhaler is also recommended. Similarly, spacers are recom-
mended, if needed, and any other relevant information is
included in open text fields. Complete asthma reports are
then transmitted electronically to the child’s PCP for
review and authorization.

Authorization of Therapy. Upon submission of an asthma
report, the web application triggers a secure e-mail
response to the PCP containing a brief summary of the
SB-PACT program, a link to his/her patient’s asthma
report, the ACC’s recommendation for therapy, and
instructions on how to authorize therapy. Providers review
this information and follow the prompts within the author-
ization tool to authorize the recommended therapy, suggest
an alternative therapy, or decline therapy at school.
Additional open text fields are included within this tool
to allow providers the ability to offer further treatment
instructions. Upon completion of the authorization tool,
an e-mail is automatically generated and sent to the ACC
indicating the PCP’s response.

Delivery of Medications. Once the PCP authorizes a med-
ication to be given at school, the ACC contacts the care-
giver to confirm the treatment plan and proceeds to send
the prescription(s) to the caregiver’s preferred pharmacy,
on the PCP’s behalf. The pharmacy delivers the medica-
tions and spacers to both the child’s home (for use on
weekend days and days absent from school) and school
(for DOT on school days). School health staff demonstrate
proper inhaler technique to the student and initiate DOT of
the medication for each day the child attends school.

Symptom Reassessments. As per guideline-based care
recommendations, school health staff complete follow-up
symptom assessments 1 month after initiating therapy and
again 4-6 weeks later to reassess asthma control. If the
child continues to have poor control despite DOT of the
preventive medication at school, the PCP receives an
updated asthma report including a recommendation to
step-up therapy (e.g., increase dose or change medication)
as outlined in the NHLBI guidelines. The steps to author-
ize and initiate therapy are then repeated, as described
above.

The ACC. Although much of the SB-PACT system is
automated, the ACC, a registered nurse trained in pediatric
asthma care, oversees all aspects of the web application to
ensure that children receive quality, guideline-based care.
Further, the ACC helps to maintain communication
between caregivers, physicians, and school health staff.
The ACC is available to answer questions from school
health staff and to help conduct the symptom assessments
with families, if necessary. In addition, the ACC maintains
contact with PCPs about authorizations and coordinates
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medication deliveries with pharmacies. Lastly, the ACC
reviews the asthma registry in the web-based system daily
to ensure timely completion of all aspects of the SB-PACT
program.

Usual Care Group

Families of children in the usual care group are encouraged
to promptly make an appointment with their PCP to dis-
cuss their child’s asthma symptoms. These families are
responsible for filling prescriptions for preventive medica-
tions and administering them daily to their child. To assure
prompt care and safety of children in both groups, any
child experiencing an exacerbation at the time of a survey
is referred immediately to the PCP.

IMPLEMENTATION OF THE PILOT STUDY

We enrolled 100 children from 19 preschools and elemen-
tary schools at the start of the 2010-2011 school year
(participation rate: 61%). We were able to successfully
screen all children using the web-based system and send
reports to the PCPs for each child in the intervention group.
Forty-four of the 49 children randomly assigned to the
intervention group (90%) were authorized by their PCP
to begin DOT at school. Among the providers for these
children, 82% used the electronic communication system
for authorization, and the remainder requested documents
by facsimile. Medications were delivered by the pharma-
cies for the majority (65%) of these subjects, or were either
delivered by the ACC or picked up by the caregiver. DOT
was successfully initiated for all of these children, and
more than one-third received a medication dose adjustment
upon reassessment.

DI1SCUSSION

Summary and Lessons Learned

Our method of web-based communication for symptom
screening and report generation was successful in the
majority of cases, and with the support of the ACC,
enhanced asthma care was provided. The majority of chil-
dren received their preventive medications through school,
and more than one-third received a medication dose adjust-
ment. This program has the potential to substantially
improve asthma care in urban schools.

This project is specifically designed to produce an
ultimately sustainable system for enhanced asthma care
for urban children. The key processes of symptom
screening, delivery of medications to the schools, and
tracking of administration during the school year were
facilitated through web-based technology and prespeci-
fied algorithms that could be applied broadly to other
systems and communities. Most city schools in the
Rochester area and around the nation have access to
computers and Internet capabilities, and the prolifera-
tion of information technology in public schools is
steadily increasing (8). Since schools already routinely

provide daily medications for other conditions such as
attention deficit disorder, the provision of daily pre-
ventive asthma medications could be a simple system
change to improve adherence and reduce morbidity.
We included the services of a district-wide ACC to
support this system of care, similar to the services
currently being provided by health-care systems around
the nation (9, 10). For this program, the ACC was a
registered nurse trained in pediatric asthma care.
However, with training, schools and communities
could utilize existing health staff to carry out this role
in a similar capacity. The ultimate goal is to promote
diffusion of an effective and efficient mechanism of
care throughout schools and maximize the health of
high-risk children in urban communities.

There are several challenges in our preliminary work to
develop the SB-PACT program that warrant comment.
First, there can be significant barriers in implementing a
new screening process in fiscally challenged and stressed
school environments. Prior to SB-PACT, a long-term col-
laborative partnership with key school system stakeholders
had been developed through work on earlier asthma initia-
tives. The credibility and trust gained through this relation-
ship contributed to the school district’s willingness to
consider SB-PACT as a practical step toward enhancing
asthma care. While some school health staff members
actively enrolled children into the program, others were
unable to do so because of constraints on their time. Thus,
the ACC assumed more of this role than originally
planned, which translates into increased program costs.
While schools typically have personnel available to admin-
ister medications at some point in the day, they may be
reluctant to do so in the context of tight budgets and limited
staff support. Further, while provider engagement was
enhanced by web-based communications and guideline-
based treatment recommendations, delays in provider
authorizations occurred. A few providers did not routinely
use e-mail communication and some were uncomfortable
with any form of electronic communication. This makes
the efficiency of communication difficult.

Pharmacy delivery was effective in many cases, but was
constrained by each pharmacy’s limited delivery hours/
days and by the requirement that families be at home at
the time of delivery to receive medications. Lastly, while
medications were obtained primarily through the child’s
health insurance, in some rare instances families were
unable to obtain insurance or lost their medical insurance
coverage. In these cases, the ACC offered assistance with
obtaining health insurance coverage, but again this repre-
sents added costs to the system.

Lessons learned include the need to engage and
support school health staff in the implementation of
new processes, providing additional resources when
possible but keeping cost and future sustainability in
mind. In addition, flexibility is required when working
with providers, since we found that providers’ will-
ingness to use electronic communication varies.
Electronic medical records may offer an additional
avenue for efficient communications within existing



400

systems. In fact, other programs have tested electronic
asthma screening and prompting in primary care to
improve the efficiency of guideline-based care delivery
(11-14). Lastly, novel methods for health-care assess-
ment and delivery, such as telemedicine (15-17), might
represent a method to enhance both efficiency and
sustainability of chronic illness care within schools.

CONCLUSIONS

We have successfully developed the SB-PACT system
and established its feasibility in providing preventive
asthma care to high-risk children in the city school
district; however, several challenges remain. Clearly,
careful planning is needed in considering each step in
the process of securing delivery of enhanced preventive
care. Our future research will focus on further refining
this system of care, integrating each component into
the schools and communities in which the children are
served, and evaluating outcomes and costs. With addi-
tional modifications to refine the system further, this
program has the potential to be implemented nationally
in schools to improve adherence to preventive asthma
care guidelines and enhance care among children with
asthma.
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