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Telemedicine (TM) involves the use of technology to provide
medical services to patients who live at a distance. It can be used
asynchronously for interpretation of test results (spirometry,
skin tests imaging studies), and for communication of
information when the simultaneous presence of provider and
patient is unnecessary. Synchronous encounters can either be
unscheduled and initiated on demand by patients or be
facilitated substitutes for in-person visits. The latter results in
asthma outcomes that are as good as those for in-person visits
while reducing the cost and inconvenience of travel from rural
communities to urban centers. Facilitated visits can be done in
the ambulatory and emergency department settings, and they
can be used for inpatient consults when allergy specialists are not
readily available. Both patients and providers experience high
degrees of satisfaction with this type of visit. In addition, virtual
visits performed using TM are cost-effective. TM offers a
solution to the shortage of specialty care that is present in rural
communities. � 2019 American Academy of Allergy, Asthma
& Immunology (J Allergy Clin Immunol Pract 2019;7:2554-9)
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INTRODUCTION
According to the US Census Bureau, the term rural refers to

areas that are not urban. There are 2 kinds of urban areas: ur-
banized areas and urban clusters. Urbanized areas have a core
population of at least 50,000 people, and urban clusters have a
core population of 2,500 to 50,000 people.1 Urbanized areas
tend to have a population density of at least 500 people per
square mile, or fewer than 1 person per acre.

Ever since 1900, the proportion of the US population that
lives in rural areas has been steadily declining. Between 2000 and
2010, most of the population growth in the United States has
been in urban areas. According to the 2010 Census, less than
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20% of the US population resides in rural areas.2 Although more
than 80% of the US population lives on less than 5% of the total
land area, about 60 million people still live in rural areas.

A significant challenge facing these rural residents is the un-
even distribution and relative shortage of health care providers
and, in particular, specialists.3 In addition, residents of rural
communities tend to be older, have lower incomes, and have
higher rates of certain chronic diseases. In response, programs
have been developed specifically to address the issue of provider
shortage in rural communities.4 By reducing the geographical
distance barrier, telemedicine (TM) has the potential to aid in
addressing this challenge. Although it is likely that TM will be
most helpful for patients who live in large rural states, under-
served urban areas may also benefit from the technology.

Although many patients are willing to be seen by TM, others
are not so sure. In a survey of 3512 rural patients, 5% were
interested in being seen by TM regardless of circumstance and
23% were comfortable with TM if its use improved convenience.
Another 29% who were uncomfortable using TM would see a
provider using the technology if it provided a significant benefit.
Interestingly, 43% were equivocal toward TM even if it were
more convenient than an in-person visit. The best indicators of
willingness to be seen by TM in this survey were previous
internet use, rural residence, and higher education.5

The use of TM has been shown to improve the efficiency of
care by providing treatment in locations that are more conve-
nient for patients such as local medical offices and community
hospitals.6 Patients who are seen by specialists using TM are
more likely to receive care that adheres to evidence-based
guidelines.7 In addition, both providers and patients are more
satisfied with the care, its quality is measurably improved, and
overall costs are reduced.8 By providing allergy care to rural
communities using TM, health inequities that occur because of
geographic maldistribution of specialists can be overcome.

For management of adult patients with allergy, TM has been
suggested as a way to reduce the distance needed to travel to see
an allergy specialist. Although the lack of physical presence can
limit procedures that can be done, it is possible to take an
extensive history, perform a physical examination, perform al-
lergy testing (using in vitro tests) to determine whether allergy
immunotherapy is indicated, and follow a patient’s response to
treatment. The use of TM also can improve access for those with
limited mobility or who live far away from a specialist.9
TYPES OF TM
TM has the potential to connect providers with patients who

are separated both by distance and by time. Temporal distance
can be bridged using either asynchronous visits (provider and
patient are not online at the same time) or synchronous visits
(provider and patient are together in real time). Geographic
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Abbreviations used

DTC- D
irect-to-consumer

ED- E
mergency department

TM- T
elemedicine
distance can be bridged using 2-way digital and video commu-
nications in ambulatory, emergency, and inpatient settings
(Table I).

Asynchronous TM
Asynchronous TM consists of interactions in which the pro-

vider and patient are not online simultaneously (Table II). An
example of this type of interaction is store and forward, in which
information about a patient (eg, imaging studies, laboratory
results, and pictures of rashes) is captured and forwarded to the
provider for subsequent review.10 A common use of this in
allergy is when pulmonary function tests are performed in a
laboratory and the results are forwarded for interpretation.
Allergy skin or blood tests can be performed, and the results can
be subsequently interpreted by an allergist. Because test result
interpretation does not necessarily occur when the patient is
present, the results can be forwarded to the patient via patient
portals. The advantage of this is that it eliminates the need for
simultaneous availability of patients and providers. In addition,
unlike unscheduled telephone calls that are ad hoc, both sides of
the interaction have time to think about the information, leading
to a more thoughtful exchange of ideas.

Another example of asynchronous TM is remote monitoring.
Although this has become common for chronic conditions such
as congestive heart failure and diabetes, remote monitoring can
also be done with patients who have asthma or allergic rhinitis.11

One study evaluated a smartphone-based app to optimize asthma
outcomes in 72 pregnant women.12 The app consisted of an
interactive asthma action plan combined with a handheld res-
piratory device. After 6 months, the intervention group had
significantly better asthma control and quality of life though
other outcomes such as lung function, unscheduled visits, and
use of oral steroids did not differ.

Access to high-quality pediatric spirometry can also be
improved in rural communities using TM. One study in
Arkansas involved the use of respiratory therapists in rural areas
to improve the quality of spirometry. Patients were able to
complete the maneuver with an 84% rate of interpretation by a
pulmonologist to whom the results were forwarded. This was an
improvement over the 25% to 50% interpretation rate reported
in rural primary care settings and was similar to the 80%
interpretation performance of spirometry at the tertiary center.13

Although the use of respiratory therapists using store and
forward is one approach to improving spirometry in rural areas,
another approach would be to train primary care providers to do
the procedure correctly. In a study, 36 nurses and medical
assistants from 14 rural primary care practices were trained to
perform spirometry using a series of interactive webinars.
Initially, 15% of spirometry procedures performed were inter-
pretable. After the intervention, the interpretable rate improved
significantly to 45%. In addition, the practices were more likely
to categorize asthma severity and to prescribe controller medi-
cations to patients with persistent asthma.14
Synchronous TM in the ambulatory setting

Synchronous interactions occur when the provider and patient
are online at the same time. This can be done with audio-only
(telephone) communication or with a 2-way video interaction.
Both types of interaction have current procedural terminology
codes that permit reimbursement by health plans. Although
coordination is necessary to set up a real-time connection, the
advantage of this type of visit is that it helps to establish a
provider-patient relationship and is helpful when addressing
sensitive issues. Synchronous TM can be divided into direct-to-
consumer (DTC) and facilitated visits.

DTC visits. Synchronous DTC encounters usually are initi-
ated by patients on demand when they want to speak with a
health care provider (see Table II and review by Elliott and Yopes
in this issue).15 For that reason, this type of visit usually is not
scheduled in advance because it requires a provider to be avail-
able on-call. The patient can be located almost anywhere when
they initiate this type of visit including their home, school, or
workplace or even when they are traveling. The only requirement
is that the patient needs to have access to digital equipment that
permits real-time videoconferencing such as a smartphone,
tablet, or computer that has internet capability. Although some
DTC services permit telephone encounters, current reimburse-
ment requirements are more favorable if videoconferencing is
used. The use of video also improves the quality of the interac-
tion because body language can be seen and visible signs such as
rashes can be examined if necessary. The primary requirements
for the internet connection are that it needs to have sufficient
bandwidth to avoid latency issues and that it should be secure
enough to protect confidentiality.16

DTC visits are commonly used for evaluation of conditions
that do not require a physical examination, or that can be eval-
uated using the low-quality imaging that is available using de-
vices that the patient has. Disorders that are appropriate for DTC
care include rashes and respiratory infections. DTC care also
includes consultations regarding issues that are not currently
active such as a history of food allergy, urticaria, allergic rhinitis,
and asthma. In addition, common tasks such as preseason
checkups, medication refills, review of laboratory results, and
interval discussion of immunotherapy are ideal candidates for a
DTC visit. DTC also could be offered to patients who simply do
not want or physically cannot come to a medical office and who
have uncomplicated conditions. Because procedures such as
spirometry and allergy tests cannot be performed using DTC,
patients who need them generally require a referral to a center
where the procedures can be performed.

Because of the lack of a physical examination, most health
plans do not reimburse for DTC visits. For that reason, a
common model is for patients to pay a flat fee before being
connected to the provider. In some cases, health plans will
subsidize the cost of these visits to encourage covered individuals
to use this less expensive health care option. Patients should be
encouraged to check with their health plan to determine whether
DTC services are covered. Some practices use DTC platforms to
provide night call. This can be done using providers from the
practice, or providers who work for the DTC platform also can
serve this function.

Facilitated visits. Synchronous facilitated encounters require
a patient to travel to a medical facility where they can see the



TABLE I. Features of TM visit types in the ambulatory, emergency, and inpatient settings

Clinical setting Application Example(s)

Ambulatory care Facilitated visits Live, synchronous scheduled virtual visits

DTC Live, synchronous patient-initiated videoconferencing visits

Chronic disease monitoring Serial monitoring of PFTs, weight, glucose, blood pressure

Community care visits School-based multipresence visits for conditions such as
asthma, food allergy, and rhinitis

Personal health management Activity trackers, ACT and symptom tracking apps

Reminder systems SMS (text) and smartphone apps

Professional development Distance education, project ECHO, case conferencing

Emergency/urgent care Live emergency consults Outpatient consultation to treat patients in the ED

Inpatient care Remote specialty consults Remote specialty evaluation and treatment of hospitalized patients
including high-risk patients with asthma

Efficient use of tertiary care resources Reduced need for tranfers to obtain specialty services

Other Asynchronous store and forward Interpretation of PFT results, other test results

ACT, Asthma control test; ECHO, Extension for Community Healthcare Outcomes; PFT, pulmonary function test.
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provider from a TM room with the help of a facilitator (usually a
nurse or respiratory therapist) (Table II). In a sense, this type of
visit serves as a substitute for an in-person encounter. The
advantage to the patient of this type of visit over an in-person
visit with the provider is that the facility is usually closer to
where they live than where the provider is located, which reduces
their travel time. Rural residents can avoid long drives to urban
centers. To enable a facilitated visit, the clinic should have a TM
cart with 2-way video capability and an adequate internet
connection. A physical examination can be performed using
digital examination equipment including a stethoscope, oto-
scope, and high-resolution camera. Clinics also should be
equipped with the ability to perform spirometry and
venipuncture.

Facilitated visits permit evaluation of almost any condition
that could be managed with an in-person visit including rashes
and rhinitis, asthma, and food allergy. Common low-risk pro-
cedures can be performed including spirometry and allergy
testing (using in vitro tests); however, procedures that require the
physical presence of a provider such as skin tests, allergy shots,
and drug, food, or bronchial challenges should be performed
only if a provider who is willing to be responsible for treating a
systemic reaction is available to supervise them. When one of
these procedures is indicated in a facility that does not offer it, a
new visit can serve to triage patients for testing at another facility.
Because a physical examination can be performed, a facilitated
visit usually is reimbursable by health plans using current pro-
cedural terminology codes with appropriate TM modifiers. The
extent of this depends on the TM laws governing the state in
which the patient is seen.

Although the primary advantage of a facilitated visit is prox-
imity, the patient still needs to travel to a clinic and facilitators
need to be trained to operate the equipment and perform the
physical examination using digital equipment. Scheduling of
patients is similar to that for in-person visits; however, the
schedule should consider that it usually takes slightly less time to
see a patient by TM. This is because documentation in the
electronic medical record can be done at the same time as other
tasks such as doing a physical examination and because patients
tend to ask fewer questions during a TM visit. In addition, there
tends to be less “chit-chat” during a TM visit.17 Despite the
shorter more problem-oriented visits, satisfaction surveys show
that patients report 95% to 100% satisfaction rate in comparison
to traditional, in-person appointments.18 Patients seen by TM
can be scheduled in half- or full-day blocks or they can be
intermixed with in-person visits. Our experience has been that
the former works better because otherwise scheduling of re-
sources become unpredictable in different locations.

Factors influencing the adoption of TM in the emergency
department (ED) include perceived usefulness of the service, ease
of use, and whether the user believed that TM offered an
advantage over an in-person visit. Strategies to improve adoption
of TM include the availability of patient-specific education,
clinical protocols for use of TM, reduced response times, and
simplification of the technology.19
AMBULATORY USES OF TM

A growing use of TM has been in the military where bases are
often located distant from access to specialists. In a series of
studies by Waibel et al,20 facilitated TM care was provided to
423 patients with allergy located at 13 military bases across
Europe. This represented 13% of all new and 10% of all follow-
up ambulatory visits at these facilities during a 2-year interval.
The most common diagnoses were allergic rhinitis, asthma, and
food allergy. After the TM visits, 23% of new and 10% of
follow-up patients needed an in-person visit. In addition, new
patients were more likely to have medication prescribed than
follow-ups (64% vs 49%). The authors estimated that patients
saved an average of $485 in travel expenses, 438 driving miles,
and 2.3 days of work or school per visit.20 Anonymous surveys of
patients who completed a TM visit found an average satisfaction
of 4.8 on a 5-point scale.21

Because patients are reimbursed for travel expenses, the Vet-
erans Affairs health care system evaluated savings with TM due
to avoidance of travel between 2005 and 2013. On average, TM
saved 145 miles of travel and 142 minutes per visit. By the final
year, TM resulted in savings of more than $63,000 per year.22

Perhaps the ideal location for children with asthma to be seen
would be their school. In a school-based program that was
developed in Rochester, NY, Halterman et al23 showed that
patients with asthma who were seen by TM had better outcomes
than those seen in-person. In this study, 300 children were
assigned to a control group or an active group in which controller
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medications were given at the school and children were moni-
tored with 3 TM visits for prescriptions and follow-up care.
Facilitators at the school site obtained histories and performed
examinations. A provider reviewed this information and provided
instructions to the facilitators regarding each patient. After
4 years, 400 children participated in the study (196 in the active
group). Although both groups were similar at baseline, children
in the active group had more symptom-free days (11.6 vs 11.0)
and were less likely to have an ED visit or hospitalization (7% vs
15%).23

In another prospective cohort study in 3 urban California
schools, students seen virtually by an asthma expert experienced a
significant improvement in family social activities and in the
number of asthma exacerbations. In addition, more than 90% of
the students rated the program as good or excellent.24
INPATIENT TM SERVICES
Another area that TM can facilitate access to allergy specialists

is inpatient consults (Table I). The utility of this was demon-
strated in a study of 50 patients with a history of penicillin allergy
who were admitted to a community hospital.25 Allergy skin tests
were performed by a physician assistant, with subsequent review
of an allergy specialist using TM. The average time to complete
the consultation was 82 minutes plus 46 minutes required for the
physician assistant to travel to the hospital. Physician time
averaged 5 minutes. Of the 46 patients with negative skin test
results, 33 could be treated with a b-lactam, reducing the cost of
care by $30,000.

Because most allergists practice outside of the hospital setting,
they have a limited ability to see a hospitalized patient during the
day because of the need to leave a busy practice and travel to the
hospital. Consequently, most inpatient consults are performed
before or after the workday. Hospitals that provide an origination
site for TM could permit an allergist to see a patient during the
workday, leading to faster treatment and possibly to earlier
discharge. In a study, rural hospitals were found to be more likely
than urban hospitals to report higher rates of TM knowledge and
many were planning for or implementing TM services.26
OTHER CONSIDERATIONS

Because it is a relatively new technology, TM has been sub-
jected to various regulatory issues that vary by state. Early on, the
Center for Medicaid & Medicare Services required patients to
live a certain distance (usually 50 miles) from the provider before
they could be seen using TM. In addition, restrictions were
placed on where patients could be when seen. More recently
these restrictions have been removed. Currently, TM visits
originating at home are legally permitted in all 50 states. In
addition, most health plans cover TM services, though not all
reimburse at the same rate as in-person services. Although 29
states and the District of Columbia have laws requiring insurance
companies to reimburse for TM services, the amount of reim-
bursement differs by state and medical specialty.27
LICENSURE
With few exceptions, a provider needs to be licensed in the

state where the patient is located to see a patient either by TM or
in-person. This can create significant barriers for TM because the
technology permits care to be provided independent of distance.
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Providers generally are unwilling to apply for and maintain
medical licensure in numerous states.

To address this issue, the Interstate Medical Licensure
Compact has been formed.28 The Interstate Medical Licensure
Compact is an agreement between 29 states, 1 territory, and 39
medical and osteopathic boards to permit physicians (other
advanced practice professionals have different requirements) to
practice medicine across state lines in states that are members of
the compact if they meet agreed-upon eligibility requirements.
The compact used the “driver’s license” model in that if a pro-
vider is qualified to practice in one member-state, the other states
would agree to allow that provider also to practice in their state
using TM.

CONSIDERATIONS FOR TM PROVIDERS

Advances in TM technology have important implications both
for the cost of health care services and for the availability of
health care providers in remote areas. Such advances also create a
need for training of health care providers so that they can acquire
proficiency in deploying and using the new technology.29

When setting up a TM service, it is important to ensure that
providers and facilitators are properly trained to use the software
and equipment. In addition, providers should practice connect-
ing to the origination site and using the software to control the
camera and digital equipment before seeing patients. It is also
helpful to have a backup plan in case there is a technology failure.
Providers should also connect with enough time before the first
visit to address connectivity issues should they occur.

Among general practitioners, barriers to adoption of TM
include ignorance of the technology, concerns about payment,
legal issues, and a resistance to changing medical practice.
Despite these concerns, TM is increasingly recognized as a so-
lution for provision of specialty care in medically underserved
areas.30

TM visits tend to be more efficient than in-person ones. In a
study of 14 rural hospitals and 128,000 ED visits, the time to be
seen by a provider was 6 minutes less for patients seen by TM
and the length of stay in the ED was 22 minutes shorter. This
was because 42% of the time the TM provider was the first
person who saw the patient as opposed to in-person visits in
which other personnel spent time with the patient first.31

DOES IT WORK?
Although TM has been shown to improve access to allergy

care in rural communities, it is important that this does not come
at the cost of worse outcomes. To compare asthma control be-
tween patients seen by TM and those seen in-person, children
with asthma residing in 2 rural communities were offered the
choice of an in-person visit or a facilitated TM visit in a
controlled study.32 Both groups were assessed initially, after 30
days, and at 6 months using validated tools. A total of 34 in-
person and 40 TM patients completed all 3 visits. Patients in
both groups experienced a small improvement in asthma control
over time. TM was found to be noninferior to in-person visits
with an 80% confidence.

In addition to providing access without sacrificing quality,
TM is a cost-effective alternative to in-person visits for rural
populations. In a study of TM at a Wisconsin Veterans Affairs
hospital among pulmonary patients, physicians were able to rely
on medical history and radiology to manage various patients with
complex pulmonary conditions by using a facilitator at the
remote site.33 In this study, TM was found to be more cost-
effective ($335 per patient/y) when compared with in-person
care ($585 per patient/y) and care delivered on site if the
specialist traveled ($1166 per patient/y). This was related to 3
major factors: sharing of TM infrastructure among various
clinical users, effectiveness of TM to achieve successful clinical
consultations, and decreasing indirect cost of lost productivity.34

An economic evaluation of the cost, effectiveness, and return
on investment of TM consultations for acutely ill and injured
children in rural EDs found that the average cost for a TM
consultation was $3641 per child/ED/y in 2013 US dollars. TM
consultations resulted in 31% fewer patient transfers when
compared with telephone consultations, leading to a cost
reduction of $4662 per child/ED/y. TM consultations were less
costly than telephone consultations in 57% of simulation itera-
tions. The authors estimated that treatment of 10 acutely ill and
injured children with TM resulted in an annual cost-saving of
$46,620 per ED.35 In addition to reducing transfers, the overall
admission rate among children who have consults by TM has
been found to be lower than that of children who have telephone
consultations (59.5% vs 87.5% in a study).36

TM also has the potential of reducing medication errors. A
chart review of 234 seriously ill children presenting to 8 rural
EDs found that 73 received TM consultations, 85 received
telephone consultations, and 76 received no specialist consulta-
tions. Patients who received care by TM had significantly fewer
physician-related medication errors than patients who received
telephone consultations or no consultations (3.4% vs 10.8% and
12.5%, respectively).37

The University of California-Davis health system found that
TM reduced patient travel distance by more than 4 million miles
during a 7-year interval, saving 8.9 years of driving and $2.8
million.38 On average, patients drove 278 miles less per visit,
saving 245 minutes and $156. The overall reduced travel was
estimated to have decreased CO2 emissions by 50 metric tons,
which is equivalent to the amount produced by 271 four-
member households.39

PATIENT AND PROVIDER SATISFACTION
A 2016 study of adult patients seen by TM in a MinuteClinic

found that 98%of patients were very satisfiedwith TMvisits, 95%
would useTMagain, and 95%would recommendTMto others.18

Predictors of liking TM included female sex, quality of care
received, convenience, and liking the technology. Patients without
medical insurance tended to prefer TM because of its lower cost.

Another study of patient satisfaction in an academic center
found that most patients who completed an encounter by TM
were satisfied and most would continue to use video visits as an
alternative to in-person ones. The most common benefits
included convenience and reduced cost. Some patients felt more
comfortable being seen by TM because they could be in their
own environment when seen, which was perceived as more
supportive than a provider office. They were concerned about the
possibility of coworkers overhearing the visit and the lack of a
physical examination.40

CONCLUSIONS
TM offers a solution to the shortage of specialty care for

allergic conditions and management of asthma that is present in
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rural communities. By receiving a combination of asynchronous
and synchronous DTC and facilitated visits, residents of rural
communities can benefit from specialty care that is as effective as
in-person care at a lower cost and greater convenience. Hospitals
in rural areas are already preparing to facilitate inpatient con-
sultations. With continued advances in the technology along
with updates in regulations, TM can bridge the gap and reduce
the medical inequality that rural residents currently experience.
Allergy/asthma specialists also can benefit from easier access to
patients and payers can benefit from lower costs. It is a win-win
situation for everyone concerned.
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