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Asthma affects 10% of school-age children in the United States.
These numbers nearly double in high-risk populations such as
low-income and minority populations. Patients in these
populations frequently live in communities that are medically
underserved, with limited resources to implement
comprehensive asthma interventions. It is important for
researchers and clinicians to explore avenues to reduce the
burden of illness in this population. Incorporating innovative
strategies such as school-based telemedicine programs can
potentially reduce morbidity, health care utilization, work
absenteeism for caregivers, and school absenteeism for children
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with asthma. The aim of this review is to discuss the potential
benefits of school-based asthma telemedicine programs, explore
potential implementation models, and provide a comprehensive
review of the literature including programs that use telemedicine
in schools to assist with the management of asthma.
Telemedicine is a feasible approach to increasing access to
primary and specialty asthma care; however, there is a need for
future randomized trials to establish best practices for
implementation of telemedicine programs to aid in the care for
children in school settings. © 2019 American Academy of
Allergy, Asthma & Immunology (J Allergy Clin Immunol Pract
201957:2524-32)
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INTRODUCTION

Asthma affects 10% of school-age children in the United
States.”” In high-risk populations such as low-income and mi-
nority children, prevalence rates are nearly double the reported
national rates.” Thus, the burden of asthma for school-age
children, especially children in high-risk communities, is signif-
icant. Uncontrolled asthma contributes substantially to costs
associated with health care utilization, work absenteeism for
caregivers, and school absenteeism for students.”® Rartes of
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Abbreviations used
ED- Emergency department
PCP- Primary care provider
SB-TEAM- School-Based Telemedicine Enhanced Asthma
Management
SBTM- School-based telemedicine
SFD- Symptom-free day
QOL- Quality of life
UC- Usual care

school absenteeism have been reported to be as high as 59% for
children with asthma, and asthma-related absenteeism has been
linked to poorer academic performance and significant achieve-
ment gaps especially among minority children.”” Improving
school attendance and academic achievement are inherently
shared objectives of parents, clinicians, and school officials, and
this common goal should serve as motivation for implementation
of innovative strategies to improve asthma outcomes. School-
based telemedicine (SBTM) programs have the potential to
assist in the management of asthma care while allowing students
to remain in school. The purpose of this review was to explore
the use of telemedicine for asthma management in school-based
settings. This review will discuss the rationale for the use of
telemedicine in a school-based setting. The review will examine
outcomes such as increased school or work absenteeism and
inadequate provider access. Implementation models and tools to
successfully execute an asthma SBTM program will be explored.
Finally, a review of current research on the use of telemedicine in
school-based settings will be explored.

SCHOOL AND WORK ABSENTEEISM DUE TO
ASTHMA
School absenteeism

More than 13 million school days were missed because of
asthma-related illness among US children in 2013."" Children
with asthma miss school because of acute illness, chronically
uncontrolled symptoms, and regularly scheduled doctor’s ap-
pointments. Hsu et al'" reported modifiable factors for asthma-
related school absenteeism in a nationally representative sample
of Behavioral Risk Factor Surveillance Child Asthma Call-back
respondents. This national sample included only children with
current asthma who attended school in the past 12 months. One
of the key modifiable factors associated with missed school due to
asthma was the child’s inability to see a provider. Missed school
was associated with the inability to see a primary care doctor
(prevalence ratio, 2.05; 95% CI, 1.26-3.19) and inability to see an
asthma specialist (prevalence ratio, 2.97; 95% CI, 1.68-5.24).
School absenteeism among pediatric asthma populations has also
been associated with lower income and uncontrolled asthma.'*"?
Children spend most of their wakeful hours at school. Thus, it is
not only reasonable but also practical to implement school-based
interventions for one of the most common childhood illnesses
that significantly contributes to student absenteeism.”*” Using a
chronic disease management model, an asthma SBTM program
has the potential to improve asthma outcomes as a result of
improved access to care. SBTM could also reduce school
absenteeism for both acute and chronic care by allowing the child
to stay in school for acute and regularly scheduled appointments,
respectively.
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Work absenteeism

In addition to school absenteeism for children with asthma,
caregivers often miss work as a result of their child’s asthma-
related illness and routine health care visits. In a nationally
representative sample, Sullivan et al’ reported that caregivers of
school-age children with asthma missed 1.16 times more work-
days annually compared to caregivers of school-age children
without asthma. For children with poorly controlled asthma,
parental annual work absenteeism increased by 1.2 days for
parents of children with an exacerbation in the previous 12
months and by 1.8 days for parents of children who had an
emergency department (ED) or inpatient visit for asthma.® An
asthma SBTM program has the potential to reduce caregiver
work absenteeism, particularly for nonemergency and chronic
asthma management. By providing pediatric primary or specialty
care for asthma, SBTM programs using a chronic disease man-
agement model can offer caregivers the option of joining
remotely' “'” from their workplace, thus eliminating the need for
missed work for routine or nonurgent asthma care. The eco-
nomic impact of caregiver missed workdays due to pediatric
asthma is substantial,’ and a school-based asthma telemedicine
program could potentially alleviate this significant burden on
caregivers.

ACCESS TO ASTHMA PROVIDERS

Several barriers to optimal asthma care can potentially be
addressed through an integrated SBTM program. Barriers have
been reported, especially among high-risk pediatric asthma
populations, such as disparities in the number of asthma visits
per year,'® receipt of a written asthma plan,'® and use of pre-
ventive asthma medications."” These known disparities are
further compounded in rural environments by inadequate access
to primary and specialty care, transportation limitations, and lack
of tailored interventions for rural children.'**" Although it is
commonly thought of as a problem that primarily impacts inner-
city youth, Keet et al’ revealed in a national survey that race,
ethnicity, and lower household income were predictive of asthma
prevalence, not residence in an inner-city. Telemedicine offers
the potential to overcome many barriers to asthma care, partic-
ularly those related to provider access and travel/transportation,
especially if done in a place where children are inherently present
such as schools.

CAN TELEMEDICINE BE INTEGRATED INTO
SCHOOL-BASED INTERVENTIONS?

There have been a number of programs and resources created
to assist schools and providers in implementation of school-based
asthma programs.”'® These school-based programs have been
endorsed by patient advocacy groups as well as national nursing
and provider organizations such as the American Academy of
Allergy, Asthma & Immunology, the American College of Al-
lergy, Asthma, and Immunology, the American Lung Associa-
tion, and the National Association of School Nurses. These
programs use various elements including education, medication
management, directly observed therapy (DOT), and care coor-
dination. Investigations of school-based asthma programs have
suggested that school-based asthma interventions are effective in
improving outcomes and quality of life (QOL) for children with
persistent asthma.”’ On-site asthma care through school-based
health been fewer

centers  has associated  with
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hospitalizations,zx’z() school absences,”” and ED visits.”® The
Breathmobile program was one of the first comprehensive mobile
programs delivering specialty asthma care directly to students
through the use of a van that traveled to their schools.””***" The
program, implemented in urban schools, improved asthma
symptoms and reduced health care uiilization and school
absenteeism by shifting asthma care from acute and episodic to
preventive.””" Although cost-effectiveness has been demon-
strated in the inner-city Breathmobile programs in Los Angeles”'
and Baltimore,”® programs rely heavily on philanthropic support
and long-term sustainability is difficult. Furthermore, demon-
strating feasibility and cost-effectiveness of mobile clinics outside
of inner-city environments will require additional investigation
because it is anticipated that additional travel expenses and added
resources would be needed to reach children in sparsely popu-
lated rural regions.

Although telemedicine is not widely integrated in school-
based programs at this time, it could be incorporated in new
and existing programs such as Breathmobile or school-based
health centers for at-risk populations. Providing specialty care
in schools via telemedicine has the potential to mitigate or reduce
the impact of modifiable risk factors such as access to providers
and financial constraints related to travel/transportation on
families in rural regions.”” Similarly, telemedicine can be used in
urban regions where at-risk children often overuse emergency
and acute care settings, underuse asthma specialists, or have social
hardships (ie, lack of transportation) that interfere with optimal

33,34
asthma management.

ASTHMA MANAGEMENT AND EDUCATION VIA
TELEMEDICINE

In a recent study, an outpatient telemedicine clinic was found
to be as effective as in-person visits for asthma follow-up care.”
Telemedicine has also been shown to be useful in conducting
remote spirometry testing for pediatric patients with asthma.”®
Both clinical visits and spirometry testing conducted via tele-
medicine have the capability of delivering pediatric-trained
personnel and specialty services to areas where pediatric spe-
cialty care is scarce. The methods used in these studies can
potentially be replicated in the school environment to improve
access in rural and underserved areas as well as areas with high
concentrations of atrisk children with asthma. A recent
Cochrane review”’ examined methods of 21 randomized
controlled trials using telemedicine interventions for asthma.
Although the meta-analysis did not show improved QOL or
reduction in ED visits, it did show a reduction in hospital
admissions. If an effective SBTM asthma program achieved
reductions in health care utilization, the intervention would
prove meaningful to parents, clinicians, and school personnel
because this potential benefit could translate into fewer school
days missed and potentially improved academic performance.

Acute and chronic asthma care

SBTM offers potential models of asthma care for both acute
and chronic asthma management. Both models offer favorable
opportunities for students, caregivers, and school personnel.
Schools are often faced with limited nursing coverage and few
resources to assist in the management of acute asthma.”®”” An
SBTM clinic offering acute asthma visits would provide an
opportunity for school nurses and/or staff to receive real-time
advice from the child’s provider, thus preventing inappropriate

J ALLERGY CLIN IMMUNOL PRACT
NOVEMBER/DECEMBER 2019

triage to the ED or other acute health care se:ttir1gs.4()’41 Likewise,
acute advice during an exacerbation could potentially expedite
appropriate initiation of Emergency Medical Services and/or
transfer to the ED when necessary.

For chronic management of asthma, telemedicine offers an
opportunity to improve access to both primary and specialty
asthma care. In particular, children in high-risk communities
often lack convenient access to specialists or lack transportation
or have other barriers to care.'®?*7*%> A SBTM asthma program
has the potential to alleviate some of these important barriers. In
addition to chronic asthma management, an SBTM model could
support better educational opportunities for school nurses
through interactions with asthma providers as well as encour-
aging participation in educational resources such as webinars,
videoconferences focused on asthma care in schools, and other
continuing education opportunities.'* These opportunities are
important because urban-rural differences in school nurse
training have been identified as a barrier, with rural nurses
receiving fewer opportunities for engagement in asthma educa-
tion programs.’

Both synchronous and asynchronous telemedicine™ can be
used in the school setting. Synchronous telemedicine uses a live,
interactive audiovisual connection between a patient at an orig-
inating site such as a school or clinic and the provider at a distant
site. Synchronous telemedicine is used most frequently in the
school setting™”**** and for other acute pediatric health care
models."**® Asynchronous telemedicine uses recorded video,
often accompanied by a detailed medical history form and
imaging when appropriate. Asynchronous telemedicine is more
appropriate for chronic disease management and has been suc-
cessfully used by Halterman et al”’ for asthma in the school
setting. Both synchronous and asynchronous telemedicine visits
typically use trained personnel, often referred to as telepresenters,
to facilitate the visit. The telepresenter provides assistance to the
patient during the visit, ensures lighting and telemedicine
equipment are functioning properly, and facilitates the patient
examination with the use of peripheral devices such as the

2

. 48
€xamine camera, stethoscope, and otoscope.

Education

Education delivered via videoconference, often referred to as
teleeducation, is commonly used in school settings for academic
purposes. It has also been found to be a feasible method of
providing chronic disease education and training,””" including
asthma education for high-risk populations.”"”” Patients, care-
givers, and school health care professionals can benefit from
health care education via distance learning. This is particularly
valuable in rural areas where providers and patients have few
opportunities to attend chronic disease management programs
locally or attend continuing education professional conferences
or have limited funds and/or time to travel to conferences. In
addition to continuing education opportunities, school-based
programs may potentially use a teleconsultation model to pro-
vide asthma education and case management. One such tele-
medicine model, the project Extension for Community
Healthcare Outcomes (ECHO) program, has been used to
connect rural primary care providers (PCPs) to specialists at ac-
ademic health centers.”””® An ECHO style model has been used
for a number of chronic diseases in community settings including
school-based models.”” This innovative model could potentially
be used to provide asthma education and teleconsultation to rural
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health care providers at school-based health centers and school
nurses.

SPECIAL CONSIDERATIONS FOR SBTM

With the exception of school-based health centers, schools are
not usually considered health care centers, and any provider or
health care system offering SBTM services has to consider several
regulatory and legal factors before implementation. Because the
legal and other regulatory aspects of an SBTM program vary on
the basis of state laws and school district regulations, a full dis-
cussion regarding these aspects of an SBTM program is beyond
the scope of this review. However, there are a few universal
guidelines that should be applied to any SBTM program. All
programs must comply with the Health Insurance Portability and
Accountability Act and Family Educational Rights and Privacy
Act regulations for all telehealth encounters.” Specific policies
and contractual agreements between the provider and the local
school system should be developed to comply with state regula-
tions and school policies regarding confidentiality and privacy.
Parity in coverage and reimbursement is not currently mandated,
so reimbursement rules and state laws regarding telemedicine vary
significantly from state to state. This is further complicated by the
fact that some state laws and insurance policies may not recognize
schools as health care sites or may have specific limitations on
reimbursement of telehealth services at schools. Because of this
variability and inconsistency among payers, stakeholders of
SBTM programs must be well versed in their current state laws
and regulations for telemedicine care. The American Academy of
Allergy, Asthma & Immunology recently published a toolkit
specifically aimed to aid the practicing allergist/immunologist in
learning about the complexities of providing care via telemedi-
cine.”® Also, the Center for Connected Health Policy has an
interactive state map that will help providers stay informed about
telehealth laws and regulations in their state.”

Administrative support, telepresenter personnel, equipment,
and funding are program specific and can be directly or indirectly
impacted by state and/or school regulations and policies. Tele-
medicine implementation is contingent on the availability of
these factors as well as stakeholder buy-in. In a national survey of
pediatric telemedicine programs, it was demonstrated that most
telemedicine programs in the United States are currently funded
by philanthropy, grants, or institutional support, and lack of
reimbursement was cited as one of the main barriers to program
expansion.”® If long-term feasibility and cost-effectiveness are
proven, stakeholders will need to secure sources of funding,
including reimbursement by payers, to ensure long-term sus-
tainability of SBTM programs to support equipment, operational
costs, and staffing needs.

Other practical considerations for the implementation of an
asthma SBTM program include involvement and collaboration
with caregivers, PCPs, and schools. All children seen and treated
via telemedicine in the school setting should have the written
informed consent of their caregiver/legal guardian before the
telehealth encounter, and caregivers should be invited to join the
telemedicine visit either remotely or onsite at the child’s school
when feasible. In an attempt to avoid fragmentation of the pa-
tient’s care, telehealth encounters not conducted by the child’s
PCP should include documentation of the visit in the patient’s
medical record with direct communication shared between the
telemedicine provider and the pPCp.'#"° Finally, infrastructural
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needs add to the complexity of implementation of SBTM pro-
grams. Significant investment in infrastructure include costs for
telemedicine equipment with peripheral devices that allow for
physical examinations, reliable Wi-Fi and adequate internet
bandwidth to support live audiovisual connectivity, and staffing
such as a telepresenter to facilitate the visit and troubleshoot any
technical difficulties during the telemedicine encounter. In
addition to financial investment, SBTM programs require
coordination with schools to ensure that there is no interference
with the school’s primary objective of educating children. Thus,
it is imperative that SBTM activities be coordinated with the
school’s schedule and major activities such as standardized testing
and student holidays.

REVIEW OF SBTM ASTHMA PROGRAMS

SBTM programs designed for pediatric asthma management
are limited, and only a few trials have been conducted to examine
the effectiveness of SBTM for asthma management (Table I).
Opverall, findings of available literature supports telemedicine as a
feasible method to connect children with primary care and spe-
cialists in the school setting; however, findings suggestive of
improved asthma outcomes were variable.

Rural schools

Perry et al’' conducted a cluster randomized trial comparing a
telemedicine asthma education intervention to usual care (UC).
The trial included 393 children aged 7 to 14 years with provider-
diagnosed asthma in the Arkansas Delta, a rural and impov-
erished region of the state. The intervention included
5 age-appropriate asthma education sessions conducted via tele-
medicine, and recommendations for asthma treatment and
management were sent to the child’s PCP from an asthma
specialist. Recommendations were based on National Asthma
Education and Prevention Program guidelines”’ in response to
caregiver- and child-reported symptoms, medication use, and
lung function testing. In addition, asthma education was deliv-
ered via telemedicine to the caregivers of enrolled participants
(2 sessions) and school nurses (1 session) at participating inter-
vention schools. All telemedicine sessions were conducted via
live, interactive video and followed a standardized format. The
sessions were completed over a 5- to 9-week period with an
asthma specialist, a respiratory therapist, and a trained asthma
educator. Eighty-eight percent of children and 61% of caregivers
completed the education sessions. The primary outcome was
change in the number of symptom-free days (SFDs) compared
with baseline. Secondary outcomes included Children’s Health
Survey for Asthma score, QOL, asthma knowledge, medication
use, self-efficacy, and prescription refills for preventive and rescue
asthma medications. Investigators found no significant difference
in SFDs for the intervention group or the UC group. Inter-
vention participants had some evidence of behavior change
including higher use of peak flow meters to monitor asthma and
reported medication use but there were no other significant
differences in secondary outcomes between groups. Investigators
concluded that the education intervention was inadequate to
overcome the significant morbidity experienced by participants
and that an intervention encouraging better engagement with
caregivers and PCPs may be more effective.

Romano et al®' conducted a longitudinal assessment of 17
rural children aged 5 to 18 years with persistent asthma who
received specialty follow-up care via telemedicine at weeks 4, 12,
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TABLE I. Use of telemedicine in school-based asthma programs
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Author, Rural or
year N urban Study population Intervention Main outcomes Limitations
Halterman et al,*’ 400 Urban  3-10-y-olds with Randomized controlled trial ~ Primary outcome: Feasibility of supervised
2018 physician-diagnosed with participants stratified Increase in the mean DOT by school nurses
persistent asthma; by preventive medication number of SFDs among  may not be
enrolled in Rochester use at baseline. DOT of intervention participants  generalizable to smaller
City School District, preventive asthma compared with or resource- limited
Rochester, New York; medications plus 3 enhanced UC schools
57.5% blacks telemedicine assessments
with PCP for asthma
management and follow-up
care
Secondary outcomes: 18% of the intervention
Reduced activity limits,  group did not receive
reduced airway DOT
inflammation, and
fewer ED visits and
hospitalizations.
Intervention
participants were more
likely to be prescribed a
preventive medication
The comparison group had
modest improvement in
SFDs, suggesting
possible bias through
study participation
Perry et al,”' 393 Rural  7-14-y-olds with Clustered randomized trial Primary outcome: No Specialist provided
2018 physician-diagnosed with child, caregiver, and change in SFDs among  treatment

Bergman et al,’” 2008 83 Urban

asthma; enrolled in
public schools in the
rural Delta region of
Arkansas; 81% blacks

5-12-y-olds with reported
asthma diagnosis or
positive ISAAC;
enrolled in 3 inner-city
elementary schools in
San Francisco,
California; 71% blacks

school nurse education
delivered via telemedicine
by asthma specialist,
respiratory therapist, and
asthma educator. PCP
notified of asthma
assessment and provided
with treatment
recommendations based on
caregiver- and child-
reported asthma symptoms,
medication use, and health
care use

Single-arm, prospective trial
with 4 telemedicine visits
with an asthma specialist
(weeks 0, 8, 16, and 32).
PCP notified of asthma
assessment and provided
with treatment
recommendations from the
specialist. In-person asthma
education at week 16 using
the Open Airways for
Schools curriculum

intervention participants
compared with UC

Secondary outcomes:
Improved peak flow
monitoring and reported
medication use. No
changes in QOL, self-
efficiency, asthma
knowledge, or lung
functioning

Outcomes: Significant
improvement in the
physical and social
domains of the CHSA,
child knowledge, and
parent knowledge. No
spirometry or health
care use. Reported
parent satisfaction was
high

recommendations to
PCP but compliance
with recommendations
was not required to
participate in the
intervention

Low participation rate,
with 61% of caregivers
attending all sessions
and 27% failing to
complete any sessions

Specialist provided
treatment
recommendations to
PCP but compliance
with recommendations
was not required to
participate in the
intervention.

Small sample size

No comparison group

(continued)
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TABLE I. (Continued)
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Author, Rural or
year N urban Study population Intervention Main outcomes Limitations
Romano et al,®’ 17 Rural  5-18-y-olds with persistent Single-arm, prospective trial Outcomes: Significant Intervention included

2001

asthma enrolled in Hart
Independent School
District, Hart, Texas;
71% Hispanic

with an initial in-person
visit followed by
telemedicine follow-up care
with an asthma specialist at
4, 12, and 24 wk.
Participants received in-
person asthma education,
vinyl mattress and pillow
covers, and spacer devices
as a part of the intervention

improvement in SFD at
24 wk compared with
baseline. Improved
symptom scores,
spirometry, and QOL
were reported

extensive in-person
education and tools to
assist with home
allergen reduction and
medication delivery
(spacers); thus, impact
of telemedicine aspects
of the intervention is
difficult to determine

Lowe et al.®*
2016

234 Urban Elementary age children
with asthma; enrolled in
Tucson Unified School

Prospective randomized trial
evaluating the effectiveness
of DOT. Telemedicine was

Small sample size
No comparison group
Outcomes: Clinician and Telemedicine was not
staff report that used as an intervention
telemedicine system tool but was used to

District, Tucson,
Arizona: predominantly
Hispanic

not considered part of the
primary intervention but
was used to conduct
assessment of some

was easy to use and that
they felt confident in
their ability to make a
diagnosis. The average

complete asthma
assessments in the
context of a primary
DOT intervention

enrolled participants
throughout the DOT
intervention

clinic visit time was

12.9 min, and clinicians

did not feel that the visit

was longer than an in-

person visit. Inadequate

internet connectivity

was reported at some

schools

Unclear how many visits

were completed via
telemedicine vs in-
person

CHSA, Children’s Health Survey for Asthma; ISAAC, International Survey of Allergy and Asthma in Children.

and 24 after an initial in-person visit at a rural school-based
health clinic. Patient outcomes included SFDs (primary),
spirometry, and caregiver and patient QOL. At the initial in-
person visit, all participants received prescriptions for preven-
tive asthma medications, asthma and allergy trigger reduction
education, vinyl mattress and pillow covers as well as spacer
devices if they were prescribed a meter-dose inhaler. Follow-up
telemedicne visits were conducted to reassess the asthma, and
outcomes were measured at week 24. Investigators found an
83% improvement in SFD per week (2.35 days vs 4.31 days) at
week 24 compared with baseline. A significant reduction in mean
symptoms scores and improvements in spirometry and QOL
were reported. The in-person intervention components were
quite extensive, so it is difficult to determine the treatment effects
related to telemedicine versus the other intervention compo-
nents. The small sample size and lack of a comparison group
were additional limitations.

Urban schools

In the School-Based Telemedicine Enhanced Asthma Man-
agement (SB-TEAM) trial, Halterman et al”” randomized 400
urban children aged 3 to 10 years with poorly controlled or
persistent asthma to receive DOT with preventive medications

at school and telemedicine visits for asthma management.
SB-TEAM trial’s intervention included 3 SBTM visits and used

a combination of synchronous and asynchronous telemedicine
visits. All 3 virtual visits were conducted with the aid of a tel-
epresenter who either assisted with the completion of a live
telemedicine visit with the PCP (synchronous) or recorded a
standardized asthma assessment including a physical examina-
tion that was later (within 3 days) viewed by the PCP (asyn-
chronous). During the first telemedicine visit, participants had
an initial asthma assessment and the preventive medication dose
to be given as DOT was determined by the PCP. Two sub-
sequent follow-up telemedicine visits were conducted for
medication management. Students were enrolled in SB-TEAM
for 1 school year, and the primary outcome measure was the
number of SFDs compared between the intervention group and
an enhanced UC group. Secondary outcomes included day and
nocturnal symptoms, school absence, airway inflammation,
rescue medication use, and health care utilization. SB-TEAM
intervention participants had significantly fewer SFDs, with a
difference of 0.85 SFD per 2 weeks compared with enhanced
UC. Intervention participants also had less activity limits,
reduced airway inflammation, and fewer ED and hospitaliza-
tions. Notably, children in the intervention group were more
likely to be prescribed a preventive asthma medication (odds
ratio, 8.67). This increase was likely due to the intervention’s
design that connected the participants with his or her
PCP and allowed for longitudinal assessment and medication
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management through the use of telemedicine. One study lim-
itation included the fact that 18% of intervention participants
did not receive DOT. Also, the comparison group had a modest
improvement in SFD, thus suggesting bias related to study
participation.

A study by Bergman et al®® examined the effectiveness of
telemedicine consultation with an asthma specialist among urban
children aged 5 to 12 years with an asthma diagnosis or positive
International Survey of Allergy and Asthma in Children. This
single-arm, prospective intervention included 83 children who
participated in 4 telemedicine encounters with an asthma
specialist at baseline (week 0), and weeks 8, 16, and 32. The
asthma specialist assessed each participant via live, interactive
video. The baseline visit, facilitated by a telepresenter, included
an interview between the specialist and patient/family as well as a
physical examination. At the conclusion of the baseline visit, an
asthma action plan and treatment recommendations were sent to
each participant’s PCP. Follow-up visits included reassessment
for any needed changes in the treatment at 8 weeks, in-person
asthma education using the American Lung Association’s Open
Airways for Schools curriculum at 16 weeks, and a final visit for
data collection at 32 weeks. The outcomes of the study included
the Children’s Health Survey for Asthma, child and parent
knowledge, spirometry, visit length, and parental satisfaction. At
the end of the intervention, investigators found a significant
improvement in the physical and social domains of the Chil-
dren’s Health Survey for Asthma, child knowledge, and parent
knowledge. There were no other significant changes in asthma
outcomes including spirometry or health care use. Parental
satisfaction with the program was high, and specialists were able
to assess 3.5 patients/h via telemedicine. Investigators concluded
that only making medication recommendations to PCPs without
effective partnerships between the PCP and specialists likely
impacted the effectiveness of the program. This study also lacked
a comparison group, so interpreting the significant changes from
baseline may be attributed to factors other than the intervention
itself.

In Tucson, Arizona, investigators used telemedicine in the
Supervised Asthma Medicines in Schools study to facilitate
clinical evaluations of participants. Details regarding the fre-
quency of telemedicine visits versus in-person visits were not
included in the primary study findings; however, the Supervised
Asthma Medicines in Schools intervention included DOT of
daily preventive asthma medication in children aged 6 to 10 years
enrolled in Tucson Unified School District.”” For the main study
outcomes, investigators did not find differences in asthma con-
trol among students receiving DOT compared with UC. In a
separate report, investigators described outcomes of accuracy,
efficiency, and satisfaction with the telemedicine encounters of
234 children evaluated by 5 clinicians during the DOT inter-
vention period.®* On a 6-point Likert scale (range 1 = strongly
disagree to 6 = strongly agree), findings suggested an overall
satisfaction with the telemedicine visits. Clinicians and staff re-
ported that the system was easy to use (4.69 £ 1.06 and 4.71
+ 1.37, respectively). The average visit time for a telemedicine
encounter was 12.9 minutes (range, 5.7-25 minutes). Clinicians
reported feeling confident in their ability to make a diagnosis via
telemedicine, with a score of 4.81 £ 0.69, but they were less
confident about the impact of telemedicine on patient rapport,
3.78 + 1.04. Inadequate connectivity was also reported at some
schools during this study.
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CONCLUSIONS AND FUTURE DIRECTIONS

The currently available literature reveals a wide range of
variability in study design and outcomes measured. Although the
reported studies all included children with asthma, the severity
classification and level of control at enrollment varied. Further-
more, only 2 large-scale randomized controlled trials using tele-
medicine for asthma management have been reported.”””" The
urban study reported by Halterman et al*’ included DOT plus
telemedicine visits with the child’s PCP and showed improve-
ments in SFDs; however, the rural asthma education telemedicne
trial reported by Perry et al’' did not show improvement in
SEDs. Differences in study design and lack of engagement with
PCPs likely significantly impacted the negative findings in the
rural study. Some weaknesses of the other trials include small
sample size of participants and lack of inclusion of a comparison
group; therefore, the overall impact of these interventions on
asthma outcomes is difficult to determine. Thus, larger scale
interventions will better assess the benefits of telemedicine for
asthma management in children. One weakness cited in 2 of the
studies with negative outcomes included lack of PCP engage-
ment in the intervention. To maximize the impact of future
SBTM programs, there should be collaboration between the PCP
and the specialist. Engagement with the PCP will not only ensure
continuity of care but also maximize effectiveness of the pro-
gram. In the report assessing telemedicine efficiency and satis-
faction,®® the necessity for adequate internet connection was
highlighted as an important factor for provider satisfaction with
the SBTM program.

Second only to their homes, children spend most of their
wakeful hours at school; therefore, opportunities exist to use
telemedicine in school-based settings to aid in pediatric asthma
management. Additional research, particularly randomized
controlled trials, is needed. In addition to trials taking place in
both rural and urban settings, trials conducted through collab-
orative networks such as Supporting Pediatric Research on
Outcomes and Utilization of Telehealth”®®” will be important in
establishing best practices for implementation of telehealth in
various health care settings, including schools. Currently avail-
able literature suggests telemedicine as a feasible way to increase
access to primary and specialty asthma care. Telemedicine pro-
viders will need to understand the available resources in their
respective school systems, comply with state regulations and
school policies, and be attentive to the need for collaboration
between school personnel, specialists, and PCPs. Similar to other
successful asthma interventions, SBTM asthma programs will
need to provide coordinated care for the child with asthma to
deliver a successful program.

REFERENCES

1. Akinbami L, Centers for Disease Control and Prevention, National Center for
Health Statistics. The state of childhood asthma, United States, 1980-2005. Adv
Data 2006:1-24.

2. Akinbami LJ, Simon AE, Rossen LM. Changing trends in asthma prevalence
among children. Pediatrics 2016;137.

3. Keet CA, McCormack MC, Pollack CE, Peng RD, McGowan E, Matsui EC.
Neighborhood poverty, urban residence, race/ethnicity, and asthma: rethinking
the inner-city asthma epidemic. J Allergy Clin Immunol 2015;135:655-62.

4. Akinbami LJ, Sullivan SD, Campbell JD, Grundmeier RW, Hartert TV, Lee TA,
et al. Asthma outcomes: healthcare utilization and costs. J Allergy Clin Immunol
2012;129:549-64.

5. Sullivan P, Ghushchyan VG, Navaratnam P, Friedman HS, Kavati A, Ortiz B,
et al. School absence and productivity outcomes associated with childhood
asthma in the USA. J Asthma 2018;55:161-8.


http://refhub.elsevier.com/S2213-2198(19)30715-9/sref1
http://refhub.elsevier.com/S2213-2198(19)30715-9/sref1
http://refhub.elsevier.com/S2213-2198(19)30715-9/sref1
http://refhub.elsevier.com/S2213-2198(19)30715-9/sref2
http://refhub.elsevier.com/S2213-2198(19)30715-9/sref2
http://refhub.elsevier.com/S2213-2198(19)30715-9/sref3
http://refhub.elsevier.com/S2213-2198(19)30715-9/sref3
http://refhub.elsevier.com/S2213-2198(19)30715-9/sref3
http://refhub.elsevier.com/S2213-2198(19)30715-9/sref4
http://refhub.elsevier.com/S2213-2198(19)30715-9/sref4
http://refhub.elsevier.com/S2213-2198(19)30715-9/sref4
http://refhub.elsevier.com/S2213-2198(19)30715-9/sref5
http://refhub.elsevier.com/S2213-2198(19)30715-9/sref5
http://refhub.elsevier.com/S2213-2198(19)30715-9/sref5

J ALLERGY CLIN IMMUNOL PRACT
VOLUME 7, NUMBER 8

6.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

Sullivan PW, Ghushchyan V, Navaratnam P, Friedman HS, Kavati A, Ortiz B,
et al. The national burden of poorly controlled asthma, school absence and
parental work loss among school-aged children in the United States. J Asthma
2018;55:659-67.

. Basch CE. Asthma and the achievement gap among urban minority youth. J Sch

Health 2011;81:606-13.

. Moonie S, Sterling DA, Figgs LW, Castro M. The relationship between school

absence, academic performance, and asthma status. J Sch Health 2008;78:140-8.

. Moonie SA, Sterling DA, Figgs L, Castro M. Asthma status and severity affects

missed school days. J Sch Health 2006;76:18-24.

Centers for Disease Control and Prevention. Child Missed Days and Activity
Limitation. Available from: www.cdc.gov/asthma/asthmadata/child_missed_
school.html. Accessed April 3, 2019.

Hsu J, Qin X, Beavers SF, Mirabelli MC. Asthma-related school absenteeism,
morbidity, and modifiable factors. Am J Prev Med 2016;51:23-32.

Meng YY, Babey SH, Hastert TA, Lombardi C, Brown ER. Uncontrolled
asthma means missed work and school, emergency department visits for many
Californians. Policy Brief UCLA Cent Health Policy Res 2008:1-8.

Meng YY, Babey SH, Wolstein J. Asthma-related school absenteeism and
school concentration of low-income students in California. Prev Chronic Dis
2012;9:E98.

Burke BL Jr, Hall RW. Section on Telehealth Care. Telemedicine: pediatric
applications. Pediatrics 2015;136:293-308.

McSwain SD, Bernard J, Burke BL Jr, Cole SL, Dharmar M, Hall-Barrow J,
et al. American Telemedicine Association Operating Procedures for Pediatric
Telehealth. Telemed J E Health 2017;23:699-706.

Trivedi M, Fung V, Kharbanda EO, Larkin EK, Butler MG, Horan K, et al.
Racial disparities in family-provider interactions for pediatric asthma care.
J Asthma 2018;55:424-9.

Kit BK, Simon AE, Ogden CL, Akinbami LJ. Trends in preventive asthma
medication use among children and adolescents, 1988-2008. Pediatrics 2012;
129:62-9.

Estrada RD, Ownby DR. Rural asthma: current understanding of prevalence,
patterns, and interventions for children and adolescents. Curr Allergy Asthma
Rep 2017;17:37.

Valet RS, Gebretsadik T, Carroll KN, Wu P, Dupont WD, Mitchel EF, et al.
High asthma prevalence and increased morbidity among rural children in a
Medicaid cohort. Ann Allergy Asthma Immunol 2011;106:467-73.

Valet RS, Perry TT, Hartert TV. Rural health disparities in asthma care and
outcomes. J Allergy Clin Immunol 2009;123:1220-5.

Lemanske RF Jr, Kakumanu S, Shanovich K, Antos N, Cloutier MM,
Mazyck D, et al. Creation and implementation of SAMPRO: a school-based
asthma management program. J Allergy Clin Immunol 2016;138:711-23.
Szefler SJ, Cloutier MM, Villarreal M, Hollenbach JP, Gleason M, Haas-
Howard C, et al. Building bridges for asthma care: reducing school absence for
inner-city children with health disparities. J Allergy Clin Immunol 2019;143:
746-754. e2.

National Asthma Education and Prevention Program. Expert Panel Report 3:
Guidelines for the Diagnosis and Management of Asthma. NIH Publication No.
07-4051. Bethesda, MD: National Heart Lung and Blood Institute; 2012.
Centers for Disease Control and Prevention. Initiating change: creating an
asthma-friendly school. Atlanta, GA: Centers for Disease Control and Preven-
tion; 2008.

Jones CA, Morphew T, Clement LT, Kimia T, Dyer M, Li M, et al. A school-
based case identification process for identifying inner city children with asthma:
the Breathmobile program. Chest 2004;125:924-34.

Bollinger ME, Morphew T, Mullins CD. The Breathmobile program: a good
investment for underserved children with asthma. Ann Allergy Asthma
Immunol 2010;105:274-81.

Bruzzese JM, Evans D, Kattan M. School-based asthma programs. J Allergy
Clin Immunol 2009;124:195-200.

Guo JJ, Jang R, Keller KN, McCracken AL, Pan W, Cluxton RJ. Impact of
school-based health centers on children with asthma. J Adolesc Health 2005;37:
266-74.

Webber MP, Carpiniello KE, Oruwariye T, Lo Y, Burton WB, Appel DK.
Burden of asthma in inner-city elementary schoolchildren: do school-based
health centers make a difference? Arch Pediatr Adolesc Med 2003;157:125-9.
Liao O, Morphew T, Amaro S, Galant SP. The Breathmobile: a novel
comprehensive school-based mobile asthma care clinic for urban underprivi-
leged children. J Sch Health 2006;76:313-9.

Morphew T, Scott L, Li M, Galant SP, Wong W, Garcia Lloret MI, et al. Mobile
health care operations and return on investment in predominantly underserved
children with asthma: the Breathmobile program. Popul Health Manag 2013;16:
261-9.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

PERRY AND TURNER 2531

Ownby DR, Tingen MS, Havstad S, Waller JL, Johnson CC, Joseph CL.
Comparison of asthma prevalence among African American teenage youth
attending public high schools in rural Georgia and urban Detroit. J Allergy Clin
Immunol 2015;136:595-600.e3.

Flores G, Snowden-Bridon C, Torres S, Perez R, Walter T, Brotanek J, et al.
Urban minority children with asthma: substantial morbidity, compromised
quality and access to specialists, and the importance of poverty and specialty
care. J Asthma 2009;46:392-8.

Beck AF, Huang B, Simmons JM, Moncrief T, Sauers HS, Chen C, et al. Role
of financial and social hardships in asthma racial disparities. Pediatrics 2014;
133:431-9.

Portnoy JM, Waller M, De Lurgio S, Dinakar C. Telemedicine is as effective as
in-person visits for patients with asthma. Ann Allergy Asthma Immunol 2016;
117:241-5.

Perry TT, Marshall A, Berlinski A, Rettiganti M, Brown RH, Randle SM, et al.
Smartphone-based vs paper-based asthma action plans for adolescents. Ann
Allergy Asthma Immunol 2017;118:298-303.

McLean S, Chandler D, Nurmatov U, Liu J, Pagliari C, Car J, et al. Tele-
healthcare for asthma: a Cochrane review. CMAJ 2011;183:E733-42.
Carpenter DM, Estrada RD, Roberts CA, Elio A, Prendergast M, Durbin K,
et al. Urban-rural differences in school nurses’asthma training needs and access
to asthma resources. J Pediatr Nurs 2017;36:157-62.

Hanley Nadeau E, Toronto CE. Barriers to asthma management for school
nurses: an integrative review. J Sch Nurs 2016;32:86-98.

Ronis SD, McConnochie KM, Wang H, Wood NE. Urban telemedicine enables
equity in access to acute illness care. Telemed J E Health 2017;23:105-12.
McConnochie KM, Wood NE, Herendeen NE, Ng PK, Noyes K, Wang H, et al.
Acute illness care patterns change with use of telemedicine. Pediatrics 2009;
123:¢989-95.

Ozuah PO, Reznik M. The role of telemedicine in the care of children in under-
served communities. J Telemed Telecare 2004;10:78-80.

Allely EB. Synchronous and asynchronous telemedicine. J Med Syst 1995;19:
207-12.

Young TL, Ireson C. Effectiveness of school-based telehealth care in urban and
rural elementary schools. Pediatrics 2003;112:1088-94.

North S, Parker C. North Carolina’s school-based and school-linked health
centers. N C Med J 2010;71:380-2.

Olson CA, McSwain SD, Curfman AL, Chuo J. The current pediatric telehealth
landscape. Pediatrics 2018;141:¢20172334.

Halterman JS, Fagnano M, Tajon RS, Tremblay P, Wang H, Butz A, et al. Effect
of the School-Based Telemedicine Enhanced Asthma Management (SB-TEAM)
program on asthma morbidity: a randomized clinical trial. JAMA Pediatr 2018;
172:e174938.

American Telemedicine Association. Expert consensus recommendations for
videoconferencing based telepresenting. Available from: https://mytelemedico.
com/wp-content/uploads/2015/12/expert-consensus-recommendations-for-
videoconferencing-based-telepresenting-1.pdf. Accessed April 25, 2019.

de Godoy S, Costa Mendes IA, Hayashida M, Nogueira MS, Marchi Alves LM.
In-service nursing education delivered by videoconference. J Telemed Telecare
2004;10:303-5.

Chipps J, Brysiewicz P, Mars M. A systematic review of the effectiveness of
videoconference-based tele-education for medical and nursing education.
Worldviews Evid Based Nurs 2012;9:78-87.

Perry TT, Halterman JS, Brown RH, Luo C, Randle SM, Hunter CR, et al.
Results of an asthma education program delivered via telemedicine in rural
schools. Ann Allergy Asthma Immunol 2018;120:401-8.

Reznik M, Sharif I, Ozuah PO. Use of interactive videoconferencing to deliver
asthma education to inner-city immigrants. J Telemed Telecare 2004;10:118-20.
Arora S, Thornton K, Jenkusky SM, Parish B, Scaletti JV. Project ECHO:
linking university specialists with rural and prison-based clinicians to improve
care for people with chronic hepatitis C in New Mexico. Public Health Rep
2007;122:74-7.

Arora S, Kalishman S, Dion D, Som D, Thornton K, Bankhurst A, et al.
Partnering urban academic medical centers and rural primary care clinicians to
provide complex chronic disease care. Health Aff (Millwood) 2011;30:1176-84.
Arora S, Geppert CM, Kalishman S, Dion D, Pullara F, Bjeletich B, et al.
Academic health center management of chronic diseases through knowledge
networks: Project ECHO. Acad Med 2007;82:154-60.

Zhou C, Crawford A, Serhal E, Kurdyak P, Sockalingam S. The impact of
project ECHO on participant and patient outcomes: a systematic review. Acad
Med 2016;91:1439-61.

School-based Health Alliance. Adolescent HIV prevention ECHO. Available
from: https://www.sbh4all.org/current_initiatives/the-adolescent-hiv-
prevention-echo/. Accessed May 1, 2019.


http://refhub.elsevier.com/S2213-2198(19)30715-9/sref6
http://refhub.elsevier.com/S2213-2198(19)30715-9/sref6
http://refhub.elsevier.com/S2213-2198(19)30715-9/sref6
http://refhub.elsevier.com/S2213-2198(19)30715-9/sref6
http://refhub.elsevier.com/S2213-2198(19)30715-9/sref7
http://refhub.elsevier.com/S2213-2198(19)30715-9/sref7
http://refhub.elsevier.com/S2213-2198(19)30715-9/sref8
http://refhub.elsevier.com/S2213-2198(19)30715-9/sref8
http://refhub.elsevier.com/S2213-2198(19)30715-9/sref9
http://refhub.elsevier.com/S2213-2198(19)30715-9/sref9
http://www.cdc.gov/asthma/asthmadata/child_missed_school.html
http://www.cdc.gov/asthma/asthmadata/child_missed_school.html
http://refhub.elsevier.com/S2213-2198(19)30715-9/sref11
http://refhub.elsevier.com/S2213-2198(19)30715-9/sref11
http://refhub.elsevier.com/S2213-2198(19)30715-9/sref12
http://refhub.elsevier.com/S2213-2198(19)30715-9/sref12
http://refhub.elsevier.com/S2213-2198(19)30715-9/sref12
http://refhub.elsevier.com/S2213-2198(19)30715-9/sref13
http://refhub.elsevier.com/S2213-2198(19)30715-9/sref13
http://refhub.elsevier.com/S2213-2198(19)30715-9/sref13
http://refhub.elsevier.com/S2213-2198(19)30715-9/sref14
http://refhub.elsevier.com/S2213-2198(19)30715-9/sref14
http://refhub.elsevier.com/S2213-2198(19)30715-9/sref15
http://refhub.elsevier.com/S2213-2198(19)30715-9/sref15
http://refhub.elsevier.com/S2213-2198(19)30715-9/sref15
http://refhub.elsevier.com/S2213-2198(19)30715-9/sref16
http://refhub.elsevier.com/S2213-2198(19)30715-9/sref16
http://refhub.elsevier.com/S2213-2198(19)30715-9/sref16
http://refhub.elsevier.com/S2213-2198(19)30715-9/sref17
http://refhub.elsevier.com/S2213-2198(19)30715-9/sref17
http://refhub.elsevier.com/S2213-2198(19)30715-9/sref17
http://refhub.elsevier.com/S2213-2198(19)30715-9/sref18
http://refhub.elsevier.com/S2213-2198(19)30715-9/sref18
http://refhub.elsevier.com/S2213-2198(19)30715-9/sref18
http://refhub.elsevier.com/S2213-2198(19)30715-9/sref19
http://refhub.elsevier.com/S2213-2198(19)30715-9/sref19
http://refhub.elsevier.com/S2213-2198(19)30715-9/sref19
http://refhub.elsevier.com/S2213-2198(19)30715-9/sref20
http://refhub.elsevier.com/S2213-2198(19)30715-9/sref20
http://refhub.elsevier.com/S2213-2198(19)30715-9/sref21
http://refhub.elsevier.com/S2213-2198(19)30715-9/sref21
http://refhub.elsevier.com/S2213-2198(19)30715-9/sref21
http://refhub.elsevier.com/S2213-2198(19)30715-9/sref22
http://refhub.elsevier.com/S2213-2198(19)30715-9/sref22
http://refhub.elsevier.com/S2213-2198(19)30715-9/sref22
http://refhub.elsevier.com/S2213-2198(19)30715-9/sref22
http://refhub.elsevier.com/S2213-2198(19)30715-9/sref23
http://refhub.elsevier.com/S2213-2198(19)30715-9/sref23
http://refhub.elsevier.com/S2213-2198(19)30715-9/sref23
http://refhub.elsevier.com/S2213-2198(19)30715-9/sref24
http://refhub.elsevier.com/S2213-2198(19)30715-9/sref24
http://refhub.elsevier.com/S2213-2198(19)30715-9/sref24
http://refhub.elsevier.com/S2213-2198(19)30715-9/sref25
http://refhub.elsevier.com/S2213-2198(19)30715-9/sref25
http://refhub.elsevier.com/S2213-2198(19)30715-9/sref25
http://refhub.elsevier.com/S2213-2198(19)30715-9/sref26
http://refhub.elsevier.com/S2213-2198(19)30715-9/sref26
http://refhub.elsevier.com/S2213-2198(19)30715-9/sref26
http://refhub.elsevier.com/S2213-2198(19)30715-9/sref27
http://refhub.elsevier.com/S2213-2198(19)30715-9/sref27
http://refhub.elsevier.com/S2213-2198(19)30715-9/sref28
http://refhub.elsevier.com/S2213-2198(19)30715-9/sref28
http://refhub.elsevier.com/S2213-2198(19)30715-9/sref28
http://refhub.elsevier.com/S2213-2198(19)30715-9/sref29
http://refhub.elsevier.com/S2213-2198(19)30715-9/sref29
http://refhub.elsevier.com/S2213-2198(19)30715-9/sref29
http://refhub.elsevier.com/S2213-2198(19)30715-9/sref30
http://refhub.elsevier.com/S2213-2198(19)30715-9/sref30
http://refhub.elsevier.com/S2213-2198(19)30715-9/sref30
http://refhub.elsevier.com/S2213-2198(19)30715-9/sref31
http://refhub.elsevier.com/S2213-2198(19)30715-9/sref31
http://refhub.elsevier.com/S2213-2198(19)30715-9/sref31
http://refhub.elsevier.com/S2213-2198(19)30715-9/sref31
http://refhub.elsevier.com/S2213-2198(19)30715-9/sref32
http://refhub.elsevier.com/S2213-2198(19)30715-9/sref32
http://refhub.elsevier.com/S2213-2198(19)30715-9/sref32
http://refhub.elsevier.com/S2213-2198(19)30715-9/sref32
http://refhub.elsevier.com/S2213-2198(19)30715-9/sref33
http://refhub.elsevier.com/S2213-2198(19)30715-9/sref33
http://refhub.elsevier.com/S2213-2198(19)30715-9/sref33
http://refhub.elsevier.com/S2213-2198(19)30715-9/sref33
http://refhub.elsevier.com/S2213-2198(19)30715-9/sref34
http://refhub.elsevier.com/S2213-2198(19)30715-9/sref34
http://refhub.elsevier.com/S2213-2198(19)30715-9/sref34
http://refhub.elsevier.com/S2213-2198(19)30715-9/sref35
http://refhub.elsevier.com/S2213-2198(19)30715-9/sref35
http://refhub.elsevier.com/S2213-2198(19)30715-9/sref35
http://refhub.elsevier.com/S2213-2198(19)30715-9/sref36
http://refhub.elsevier.com/S2213-2198(19)30715-9/sref36
http://refhub.elsevier.com/S2213-2198(19)30715-9/sref36
http://refhub.elsevier.com/S2213-2198(19)30715-9/sref37
http://refhub.elsevier.com/S2213-2198(19)30715-9/sref37
http://refhub.elsevier.com/S2213-2198(19)30715-9/sref38
http://refhub.elsevier.com/S2213-2198(19)30715-9/sref38
http://refhub.elsevier.com/S2213-2198(19)30715-9/sref38
http://refhub.elsevier.com/S2213-2198(19)30715-9/sref39
http://refhub.elsevier.com/S2213-2198(19)30715-9/sref39
http://refhub.elsevier.com/S2213-2198(19)30715-9/sref40
http://refhub.elsevier.com/S2213-2198(19)30715-9/sref40
http://refhub.elsevier.com/S2213-2198(19)30715-9/sref41
http://refhub.elsevier.com/S2213-2198(19)30715-9/sref41
http://refhub.elsevier.com/S2213-2198(19)30715-9/sref41
http://refhub.elsevier.com/S2213-2198(19)30715-9/sref42
http://refhub.elsevier.com/S2213-2198(19)30715-9/sref42
http://refhub.elsevier.com/S2213-2198(19)30715-9/sref43
http://refhub.elsevier.com/S2213-2198(19)30715-9/sref43
http://refhub.elsevier.com/S2213-2198(19)30715-9/sref44
http://refhub.elsevier.com/S2213-2198(19)30715-9/sref44
http://refhub.elsevier.com/S2213-2198(19)30715-9/sref45
http://refhub.elsevier.com/S2213-2198(19)30715-9/sref45
http://refhub.elsevier.com/S2213-2198(19)30715-9/sref46
http://refhub.elsevier.com/S2213-2198(19)30715-9/sref46
http://refhub.elsevier.com/S2213-2198(19)30715-9/sref47
http://refhub.elsevier.com/S2213-2198(19)30715-9/sref47
http://refhub.elsevier.com/S2213-2198(19)30715-9/sref47
http://refhub.elsevier.com/S2213-2198(19)30715-9/sref47
https://mytelemedico.com/wp-content/uploads/2015/12/expert-consensus-recommendations-for-videoconferencing-based-telepresenting-1.pdf
https://mytelemedico.com/wp-content/uploads/2015/12/expert-consensus-recommendations-for-videoconferencing-based-telepresenting-1.pdf
https://mytelemedico.com/wp-content/uploads/2015/12/expert-consensus-recommendations-for-videoconferencing-based-telepresenting-1.pdf
http://refhub.elsevier.com/S2213-2198(19)30715-9/sref49
http://refhub.elsevier.com/S2213-2198(19)30715-9/sref49
http://refhub.elsevier.com/S2213-2198(19)30715-9/sref49
http://refhub.elsevier.com/S2213-2198(19)30715-9/sref50
http://refhub.elsevier.com/S2213-2198(19)30715-9/sref50
http://refhub.elsevier.com/S2213-2198(19)30715-9/sref50
http://refhub.elsevier.com/S2213-2198(19)30715-9/sref51
http://refhub.elsevier.com/S2213-2198(19)30715-9/sref51
http://refhub.elsevier.com/S2213-2198(19)30715-9/sref51
http://refhub.elsevier.com/S2213-2198(19)30715-9/sref52
http://refhub.elsevier.com/S2213-2198(19)30715-9/sref52
http://refhub.elsevier.com/S2213-2198(19)30715-9/sref53
http://refhub.elsevier.com/S2213-2198(19)30715-9/sref53
http://refhub.elsevier.com/S2213-2198(19)30715-9/sref53
http://refhub.elsevier.com/S2213-2198(19)30715-9/sref53
http://refhub.elsevier.com/S2213-2198(19)30715-9/sref54
http://refhub.elsevier.com/S2213-2198(19)30715-9/sref54
http://refhub.elsevier.com/S2213-2198(19)30715-9/sref54
http://refhub.elsevier.com/S2213-2198(19)30715-9/sref55
http://refhub.elsevier.com/S2213-2198(19)30715-9/sref55
http://refhub.elsevier.com/S2213-2198(19)30715-9/sref55
http://refhub.elsevier.com/S2213-2198(19)30715-9/sref56
http://refhub.elsevier.com/S2213-2198(19)30715-9/sref56
http://refhub.elsevier.com/S2213-2198(19)30715-9/sref56
https://www.sbh4all.org/current_initiatives/the-adolescent-hiv-prevention-echo/
https://www.sbh4all.org/current_initiatives/the-adolescent-hiv-prevention-echo/

2532

58.

59.

60.

61.

PERRY AND TURNER

American Academy of Allergy, Asthma & Immunology. Billing and reim-
bursement. Available from: https://www.aaaai.org/practice-resources/running-
your-practice/practice-management-resources/Telemedicine/billing. ~ Accessed
July 20, 2019.

Center for Connected Health Policy. Current state laws and reimbursement
policies. Available from: https://www.cchpca.org/telehealth-policy/current-
state-laws-and-reimbursement-policies#. Accessed July 20, 2019.

National Asthma Education and Prevention Program. Expert Panel
Report 3 (EPR-3): Guidelines for the Diagnosis and Management of
Asthma-Summary Report 2007. J Allergy Clin Immunol 2007;120:
S94-138.

Romano MJ, Hernandez J, Gaylor A, Howard S, Knox R. Improvement in
asthma symptoms and quality of life in pediatric patients through specialty care
delivered via telemedicine. Telemed J E Health 2001;7:281-6.

62.

63.

64.

65.

J ALLERGY CLIN IMMUNOL PRACT
NOVEMBER/DECEMBER 2019

Bergman DA, Sharek PJ, Ekegren K, Thyne S, Mayer M, Saunders M. The use
of telemedicine access to schools to facilitate expert assessment of children with
asthma. Int J Telemed Appl 2008:159276.

Gerald JK, Fisher JM, Brown MA, Clemens CJ, Moore MA, Carvajal SC, et al.
School-supervised use of a once-daily inhaled corticosteroid regimen: a cluster
randomized trial. J Allergy Clin Immunol 2019;143:755-64.

Lowe AA, Gerald JK, Clemens C, Brown MA, Moore M, Carr TF, et al. Mobile
telemedicine programs in school could increase clinician efficiency and improve
access to health care among children with asthma. Am J Respir Crit Care Med
2016;193:A6427.

American Academy of Pediatrics. Supporting Pediatric Research on Outcomes
and Utilization of Telehealth. Available from: https://www.aap.org/en-us/about-
the-aap/Sections/Section-on-Telehealth-Care/Pages/SPROUT.aspx.  Accessed
May 2, 2019.


https://www.aaaai.org/practice-resources/running-your-practice/practice-management-resources/Telemedicine/billing
https://www.aaaai.org/practice-resources/running-your-practice/practice-management-resources/Telemedicine/billing
https://www.cchpca.org/telehealth-policy/current-state-laws-and-reimbursement-policies#
https://www.cchpca.org/telehealth-policy/current-state-laws-and-reimbursement-policies#
http://refhub.elsevier.com/S2213-2198(19)30715-9/sref61
http://refhub.elsevier.com/S2213-2198(19)30715-9/sref61
http://refhub.elsevier.com/S2213-2198(19)30715-9/sref61
http://refhub.elsevier.com/S2213-2198(19)30715-9/sref61
http://refhub.elsevier.com/S2213-2198(19)30715-9/sref62
http://refhub.elsevier.com/S2213-2198(19)30715-9/sref62
http://refhub.elsevier.com/S2213-2198(19)30715-9/sref62
http://refhub.elsevier.com/S2213-2198(19)30715-9/sref63
http://refhub.elsevier.com/S2213-2198(19)30715-9/sref63
http://refhub.elsevier.com/S2213-2198(19)30715-9/sref63
http://refhub.elsevier.com/S2213-2198(19)30715-9/sref64
http://refhub.elsevier.com/S2213-2198(19)30715-9/sref64
http://refhub.elsevier.com/S2213-2198(19)30715-9/sref64
http://refhub.elsevier.com/S2213-2198(19)30715-9/sref65
http://refhub.elsevier.com/S2213-2198(19)30715-9/sref65
http://refhub.elsevier.com/S2213-2198(19)30715-9/sref65
http://refhub.elsevier.com/S2213-2198(19)30715-9/sref65
https://www.aap.org/en-us/about-the-aap/Sections/Section-on-Telehealth-Care/Pages/SPROUT.aspx
https://www.aap.org/en-us/about-the-aap/Sections/Section-on-Telehealth-Care/Pages/SPROUT.aspx

	School-Based Telemedicine for Asthma Management
	Introduction
	School and Work Absenteeism Due to Asthma
	School absenteeism
	Work absenteeism

	Access to Asthma Providers
	Can Telemedicine be Integrated into School-Based Interventions?
	Asthma Management and Education Via Telemedicine
	Acute and chronic asthma care
	Education

	Special Considerations for SBTM
	Review of SBTM Asthma Programs
	Rural schools
	Urban schools

	Conclusions and Future Directions
	References


