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Addressing health disparities in rural communities using

telehealth

James P. Marcin', Ulfat Shaikh' and Robin H. Steinhorn’

The regionalization of pediatric services has resulted in differ-
ential access to care, sometimes creating barriers to those living
in underserved, rural communities. These disparities in access
contribute to inferior healthcare outcomes among infants and
children. We review the medical literature on telemedicine and
its use to improve access and the quality of care provided to
pediatric patients with otherwise limited access to pediatric
subspecialty care. We review the use of telemedicine for the
provision of pediatric subspecialty consultations in the settings
of ambulatory care, acute and inpatient care, and perinatal and
newborn care. Studies demonstrate the feasibility and efficien-
cies gained with models of care that use telemedicine. By pro-
viding pediatric subspecialty care in more convenient settings
such as local primary care offices and community hospitals,
pediatric patients are more likely to receive care that adheres
to evidence-based guidelines. In many cases, telemedicine can
significantly improve provider, patient, and family satisfaction,
increase measures of quality of care and patient safety, and
reduce overall costs of care. Models of care that use telemedi-
cine have the potential to address pediatric specialists’ geo-
graphic misdistribution and address disparities in the quality of
care delivered to children in underserved communities.

INTRODUCTION

According to the 2010 Census, rural areas of the United States
are home to nearly 20% of the population. As a result, many
children face significant access barriers to important pediatric
health services (1,2). These barriers include geographic chal-
lenges for families living in rural communities, a relative short-
age and maldistribution of general pediatricians and pediatric
subspecialists, as well as social and economic barriers that
make it difficult to travel to locations where pediatric health
services are provided. Primary care pediatricians working in
rural communities also report greater barriers in accessing
subspeciality care compared to other providers (3). These bar-
riers and differential access to pediatric care are at least partly
to blame for disparities in health outcomes, particularly for
children with special healthcare needs living in underserved,
rural communities (4). Children with suboptimal access to
care have been shown to more frequently forgo visits to pedi-
atric subspecialists and to rely more heavily on the emergency
department for care (5,6).

A growing body of literature demonstrates that many of these
access barriers can be partly addressed with the use of telemed-
icine (7). Models of care that use telemedicine can introduce
otherwise regionalized pediatric subspecialty expertise into the
most remote communities as well as nontraditional settings
such as childcare centers, school, or home (8,9). Services pro-
vided using telemedicine can simultaneously minimize burdens
of parents and other caregivers missing work, children missing
school, and costs and risks associated with travel (7,10-13).

In this review, we discuss how telemedicine can be uti-
lized to improve the quality of care provided to children with
geographically limited access to pediatric expertise and sub-
specialty care. After a brief overview of the different types of
telemedicine and key technical aspects, we focus on successful
examples and the potential for telemedicine in three clinical
settings—ambulatory care, acute and inpatient care, and peri-
natal and newborn care (Table 1).

OVERVIEW OF TELEMEDICINE

Telemedicine is defined as the “use of electronic information
and communications technologies to provide and support
healthcare when distance separates the participants” (14).
The term “telemedicine” is typically limited to the use of these
technologies for delivery of direct patient health services. The
term “telehealth,” while often used interchangeably with tele-
medicine, is a broader term that includes telemedicine, as well
as other health-related services using electronic information
and communications technologies, such as health information
sharing, health profession and patient education, and remote
or mobile patient monitoring.

Telemedicine generally encompasses three distinct types of
applications, including live interactive videoconferencing (syn-
chronous), store-and-forward (asynchronous) transmission of
medical images and/or information, and remote patient moni-
toring. Live telemedicine involves real-time, two-way transmis-
sion between a patient and provider and is most commonly used
for ambulatory subspecialty consultations. Several studies have
demonstrated that this type of care results in high-quality care,
with high satisfaction rates reported by providers, patients, and
caregivers (15-19). Store-and-forward telemedicine involves
a specialist’s review of a recorded health history with digital
images or video. Common examples in pediatrics are the use
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Table 1. Examples of telemedicine applications in pediatrics

Clinical

setting Telemedicine applications Examples

Ambulatory  Remote consultation and Remote patient monitoring; direct to patient videoconferencing encounters.

care monitoring
Second opinions and subspecialty Live synchronous interactive consultations by subspecialists to primary care offices;
consultations asynchronous store-and-forward transmission of medical information, data, and/or images.
Acute and chronic disease School-based clinics addressing conditions such as asthma and diabetes; management of
management chronic conditions (e.g., obesity) by remote multispecialty clinical teams.
Community-based care for acute Childcare and school-based visits for acute and/or chronic conditions.
and chronic conditions
Continuing professional Distance education, live multispecialty case conferencing. Team-based education and
development. Primary care standardization of treatments and referrals.
workforce development
Clinical quality improvement Quality improvement collaboratives or learning communities using telemedicine to increase

implementation of evidence-based guidelines

Acute and Live, intermittent bedside Primary, subspecialty, and consulting providers using telemedicine to evaluate and treat

inpatient encounters using telemedicine patients in the emergency department or inpatient ward.

care

Perinatal and
newborn
care

Continuous oversight with monitors
and videoconferencing

Enhancing shared decision making
and family-centered care

Direct consultations for high-risk
mothers and fetuses

Consultations during
hospitalization, labor, and delivery

Continuing professional
development

Assistance in care of newborn and
determining need for transfer

Monitoring of critically ill neonates and children in community hospitals by neonatal and critical
care specialists.

Connecting families and community members to patient, family, bedside caregivers.

Outpatient and inpatient antenatal consultations to assist in management of high-risk
pregnancies, such as for mothers with diabetes, hypertensive disorders, or fetuses with
suspected anomalies.

Remote participation of subspecialist in obstetrical and/or neonatal rounds; monitoring and
care of high-risk mothers during delivery; support of neonatal resuscitation, stabilization, and
management of newborns with complications such as preterm birth, perinatal asphyxia, or
congenital heart disease.

Interactive video education conferences for obstetrical and pediatric staff and providers.

Subspecialty consultations at bedside of newborns including those in minor distress (e.g.,
hypoglycemia and low-grade fever); assistance in evaluating newborns who fail critical

congenital heart disease screening, review of echocardiographic studies.

More efficient use of tertiary care
resources

Earlier back transfer to newborn nurseries with follow-up by subspecialist, continued evaluation
and screening for specific conditions such as retinopathy of prematurity.

of tele-echocardiography (20-22), tele-dermatology (23,24),
and tele-retinal screening (25). Remote patient monitoring
involves the transmission of personal health and medical data
allowing a provider to track healthcare data, such as symptoms,
vital signs, and/or laboratory data. Remote patient monitoring
often utilizes mobile technologies and has also been shown to
successfully result in care with outcomes similar to in-person
outcomes for several chronic pediatric conditions, including
asthma (26), diabetes (27), and obesity (28). All three of these
telemedicine modalities have been used in caring for children
with a variety of conditions in a variety of settings (8,16,29-31).

AMBULATORY CARE

Rural populations face significant health disparities compared
to urban populations (32-37). Rural residents report less
access to general and specialty pediatric care, greater travel
time to healthcare providers, less commercial insurance, lower
likelihood of exercising, and higher rates of chronic conditions
such as obesity, heart disease, and diabetes than their urban
counterparts (38-41). Families living in rural areas are also at
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risk for low health literacy due to overall lower educational lev-
els compared to residents in urban areas. Lower health literacy
is associated with a lower likelihood of using preventive health
services and overall poorer health status.

Approximately 60% of Primary Medical Health Professional
Shortage Areas in the United States are located in nonmet-
ropolitan areas. There are 40 subspecialists for every 100,000
patients in rural areas compared to 134 for every 100,000
patients in urban areas (42). These workforce shortages not
only result in greater challenges for primary care providers in
rural areas to providing high-quality care but also significantly
limit overall access to needed healthcare services for rural resi-
dents. Unique challenges faced by rural healthcare providers
include professional isolation, reduced access to medical infor-
mation and continuing education, and lack of communication
with subspecialists and ancillary support services (43,44).

Telemedicine is taking on an increasing role in addressing
these gaps in pediatric ambulatory care. Telemedicine has been
successfully used in pediatric subspecialties such as dermatology,
psychiatry, otolaryngology, endocrinology, pulmonary medicine,
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and cardiology and has consistently led to strong patient, care-
giver, and provider satisfaction (21,24,45-48). Telemedicine has
also successfully reduced the costs of healthcare and time related
to physician travel in addition to reducing the time and out of
pocket expenses for patients and families who may need to travel
from remote or hard-to-reach locations for their care (49-51).
In many cases, the use of telemedicine in the ambulatory set-
ting has reduced the need for office visits and hospitalizations,
mitigated the use of emergency department for nonemergency
problems, increased parent satisfaction, and enhanced effective
population health management (52). Evolving reimbursement
models that emphasize value-based instead of volume-based
care have the potential to further contribute to the adoption of
telemedicine in the ambulatory setting.

Subspecialty Care

Telemedicine can enhance access to subspecialty care for chil-
dren with special healthcare needs in rural underserved areas
and result in high parent and local healthcare provider satis-
faction with these services (7). For example, store-and-forward
and live interactive teledermatology consultations result in sig-
nificant changes in diagnosis, treatment plans, and clinical out-
comes. In an analysis of 1,500 live interactive teledermatology
consultations in California, changes in diagnoses were made
in 70% of patients and changes in management were made in
98% of patients. Among patients with more than one teleder-
matology visit, ~70% improved clinically (53). In a study in
the United Kingdom, pediatric otolaryngology consultations
by telemedicine were shown to be feasible and to reduce costs
by 30% when compared to face-to-face visits (54). A child tele-
psychiatry consult system serving publicly insured children
as well as children in foster care in Wyoming reduced outli-
ers in psychotropic medication prescribing, was well accepted
by community clinicians, prevented admissions to residential
treatment facilities, and reduced costs of care (19).

Another model of care that uses telehealth is one which
encompasses provider education and case reviews as
opposed to direct patient care. Project ECHO (Extension for
Community Healthcare Outcomes) was formed to employ
telemedicine more broadly to enhance chronic disease man-
agement in rural New Mexico (55). This model uses telemedi-
cine technology to link expert specialist teams at an academic
hub with primary care clinicians in local communities. Weekly
teleECHO clinics combine patient case presentations with
mentoring to elevate the level of care provided in remote areas.
While Project ECHO was originally described in the care of
patients with hepatitis C, it has expanded to allow primary care
providers and specialists to work collaboratively as a team to
address a variety of chronic conditions (56).

Childcare and School Settings

Acute illness places a substantial burden on families with
young children. In a recent study in upstate New York, pedi-
atric telemedicine visits to childcare and elementary school
settings significantly reduced school absence and emergency
department overuse (12). Remotely connecting children with

Copyright © 2015 International Pediatric Research Foundation, Inc.

their primary care provider has the potential to enhance conti-
nuity and safety and conveniently deliver care within medical
homes. In addition, parental absence from work due to their
child’s illness can be minimized.

Team-based management of chronic conditions can also
be enhanced through school-based telemedicine. Asthma is
the most prevalent pediatric chronic condition in the United
States, and quality of care for asthma is increased when gener-
alists and subspecialists work together to deliver collaborative
care. Children with persistent asthma at a rural school-based
health clinic treated by telemedicine visits to an asthma spe-
cialty program showed improvements in control of symptoms
and quality of life that were similar to face-to-face encounters
with subspecialists (57). Telemedicine has also improved care
of children with type 1 diabetes within school nurse offices. In
a study of school-centered telemedicine for children in grades
kindergarten through eighth grade, school nurses, children,
and the clinical diabetes team engaged in monthly videocon-
ferencing using a telemedicine unit in the school nurse’s office.
The intervention showed improvements in hemoglobin Alc as
well as pediatric quality of life. There were fewer urgent calls
for diabetes care by the school nurse, as well as reductions in
emergency department visits and hospital admissions (58).

Primary Care Workforce Development
Rural areas have fewer physicians, nurses, and specialists, and
it is projected that rural workforce shortages will increase even
more in the future (59). In California, the number of pediat-
ric subspecialists in rural areas is 80-90% lower than that for
urban areas such as San Francisco and Los Angeles. Given
lower access to specialists, rural primary care clinicians per-
form a higher volume and variety of procedures compared
to clinicians in urban areas. Despite their need for a broader
range of competencies, rural clinicians face several challenges
related to continuing professional development, including
travel time, expense, and geographic isolation. Distance edu-
cation delivered using telehealth technologies can overcome
several of these barriers. Delivery methods for continuing
education may include videoconferencing with subspecialists,
web-based education, and live Internet case conferencing (60).
In addition to providing individual-level education, telemed-
icine can connect rural clinics and hospitals for collaborative
quality improvement and extend educational opportunities
to bring in evidence-based guidelines into practice within the
rural medical home (61). Over the past three decades, the prev-
alence of obesity has more than doubled for children aged 2 to
5y and has tripled for children aged 6-11 y (62). Participation
in a virtual professional community, the Healthy Eating Active
Living Telehealth Community of Practice (HEALTH COP),
increased assessment of weight status and counseling for diet
and physical activity by clinicians in rural clinics and improved
children’s health behaviors (63).

ACUTE AND INPATIENT CARE
The use of telemedicine to provide pediatric specialty consul-

tations and assistance in the care of seriously ill children in
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emergency departments and inpatient hospital units is on the
rise. Recent studies suggest that the use of live videoconfer-
encing can result in higher quality of care than the current
standard of case discussion using the telephone. In general, the
benefit of using telemedicine instead of traditional telephone
communication is that the pediatric specialist can have a vir-
tual presence at the patient’s bedside. The consultant has direct
access to high-definition patient views, the team of treating
providers, the family, as well as monitors and equipment.

Emergency Department

There is increased acceptance and evidence that the use of
telemedicine to provide pediatric consultations to remote
emergency departments results in similar diagnoses, treat-
ment plans, and plans for disposition as in-person pediatric
consultations (64-70). Published literature from two programs
describes how pediatric subspecialists, primarily pediatric crit-
ical care physicians, use telemedicine to provide consultations
to critically ill children presenting to a network of rural emer-
gency departments (66,70). Heath et al. (66), at the University
of Vermont, reviewed 2 y of data where a program provides
virtual consultations to 10 rural emergency departments
and concluded that use of telemedicine was associated with
improved patient care compared to telephone consultations.

Several analyses of consultations to rural emergency depart-
ments from the University of California, Davis, have found
that parents and remote providers are more satisfied and more
frequently modify diagnoses and/or therapeutic interventions
when telemedicine is used compared to the telephone (71,72).
Using a structured implicit review process, these researchers
also found that patients receiving telemedicine consultations
in remote emergency departments received higher overall
quality of care compared to similar patients receiving tele-
phone consultations (71,72). In addition, in a separate analy-
sis of different emergency departments participating in this
telemedicine network, researchers found that the frequency of
medication errors was significantly lower (3.4%) than the rate
of medication errors among children receiving telephone con-
sultations (10.8%) and when no consultations were obtained
(12.5%) (73). Finally, when the appropriateness of interfacility
transfers were evaluated using previously validated pediatric
emergency medicine prediction models, researchers found
that the use of telemedicine resulted in more appropriate rates
of admissions, specifically reducing the frequency of admis-
sion for children who could be managed in an ambulatory or
local hospital setting (74).

In summary, there is mounting evidence that pediatric
subspecialty consultations to underserved, rural emergency
departments using telemedicine can be used to help address
disparities in access to specialists, and in doing so, improve the
overall satisfaction, safety, quality, and effectiveness of care.

Inpatient Care Units

Clinicians caring for moderately ill children in rural com-
munities must often decide whether or not to admit locally
to keep patients and families in their own community or to
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transfer to a regional pediatric hospital. Sometimes, pediatric
patients and their families are subjected to lengthy and risky
transports because of a systematic tendency to “over-triage”
children because of the potential need for pediatric specialty
services (75). In fact, the transfer of some pediatric patients
to a pediatric referral center is often not necessary if there is a
closer hospital with adequate pediatric capabilities, such as a
pediatric ward or intermediate pediatric or neonatal intensive
care unit (NICU) with pediatric expertise (76,77).

There is mounting evidence that caring for less severely ill
children in local or nonregional children’s hospital centers
can still result in high quality of care and can be done so with
shorter length of stays, less resource utilization, and lower
costs (78-80). It is therefore logical that some of these chil-
dren can be cared for in community hospitals under the care
of local pediatric nurses and physicians with supervision using
telemedicine from pediatric specialists at a regionalized pedi-
atric referral center.

Examples of this model of care include programs where
pediatric subspecialists provide consultations and supervi-
sion of care to hospitalized children in a variety of clinical
scenarios, including inpatient wards and neonatal and general
intensive care units (81-85). Physician consultations, nurse
and physician monitoring, and medical oversight can range
from a simple model of intermittent, need-based consulta-
tions (consultative model), to a model that integrates con-
tinuous monitoring and proactive medical decision making
(continuous oversight model) (86). In the consultative model,
pediatric subspecialists are able to provide intermittent, bed-
side telemedicine consultations to a patient hospitalized in a
remote inpatient ward, high-acuity unit, or general intensive
care unit. Such consultations could prompt a variety of clinical
interventions, including recommendations on diagnostic stud-
ies, medications, or other therapies. The consultation may also
conclude with a timely transport of the patient to the regional
Pediatric intensive care unit.

This telemedicine model has also been used to assist in the
care of critically ill children hospitalized in other countries
(87-89). The Children’s Hospital of Pittsburgh has had a long-
standing relationship with four hospitals in Latin America,
including a cardiac intensive care unit (88). Similar to study
findings from the United States, the use of telemedicine has
contributed to very high perceptions of satisfaction, useful-
ness, and impact on medical practice (89), as well as reduc-
tions in length of stay (87).

PERINATAL AND NEWBORN CARE

Telemedicine has begun to emerge as a strategy to enhance
the quality and efficiency of care for perinatal and newborn
care in the rural setting. Approximately 10 to 12% of all new-
born infants are admitted to NICUs for specialized care. While
regionalized perinatal and neonatal intensive care has been
shown to reduce neonatal mortality, birth at a regional cen-
ter is often difficult to achieve because complications of preg-
nancy and delivery such as preterm birth, hypoxic-ischemic
encephalopathy, and genetic anomalies often present suddenly

Copyright © 2015 International Pediatric Research Foundation, Inc.
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without warning. Telemedicine can be used by maternal-fetal
medicine specialists to direct care of high-risk mothers and
fetuses, assist in the monitoring and care of the delivery, and
help in the immediate management of newborns.

Antenatal management of high-risk pregnancies from a
distance has been accomplished for conditions ranging from
maternal diabetes, hypertensive disorders, cervical insuffi-
ciency, and suspected fetal anomalies, including congenital
heart disease (90-92). In Arkansas, telemedicine-supported
care in the rural setting has been shown to reduce the need for
in-person visits (where the mother would have to travel to the
tertiary center) by nearly 50%, while maintaining the appro-
priate utilization of maternal-fetal medicine subspecialty
consultations (91). Studies evaluating the use of antenatal
management using telemedicine have found that collabora-
tions between a subspecialty perinatal referral hospital, and
hospitals lacking neonatologists successfully reduced the num-
ber and proportion of very-low-birth-weight births at these
facilities (93,94). With regard to fetal telecardiology, other
researchers have demonstrated that remote diagnostic evalu-
ations and parental counseling can be done accurately and are
well accepted by providers and families (95-97).

Another program from the University of Arkansas uses tele-
medicine to conduct twice weekly obstetrical census rounds,
provide 24/7 access to obstetrical and neonatal telemedicine
consultations, thrice weekly neonatal rounds, and thrice
weekly interactive video education conferences for obstetrics
and pediatrics. This resource-intensive model, relying on vid-
eoconferencing between obstetrical and neonatal teams, signif-
icantly reduced the deliveries of very-low-birth-weight infants
in nine participating hospitals without NICUs from 13.1 to
7.0% (94). This finding is important because the researchers
simultaneously found a concurrent and statistically significant
reduction in statewide infant mortality. The authors conclude
that use of a telemedicine program to improve perinatal out-
comes led to a decrease in very-low-birth-weight births in
hospitals without NICUs and was associated with an overall
decrease in statewide infant mortality.

In addition to elevating the level of antenatal care, telemedi-
cine has begun to emerge as a mechanism to support neo-
natal resuscitation in remote sites and to improve the care,
transfer times, and initiation of neuroprotective cooling after
perinatal asphyxia (98). In a rural setting, neonatal resuscita-
tions are typically attended by general pediatricians or family
practitioners. Telemedicine-supported education can be used
to complete standard Neonatal Resuscitation Program train-
ing and has been reported to produce comparable gains in
knowledge and skills relative to in-person training (99). While
Neonatal Resuscitation Program is a highly reliable method to
gain initial competency in delivery room resuscitation, knowl-
edge and technical competency rates decline within 6 mo if
the skills are not used (100). Furthermore, delivery volumes
are low in small hospitals, and the need for advanced neonatal
resuscitation is a rare event, occurring in less than 1% of all
births. Because of this need to maintain high proficiency in the
face of low volumes, rural providers face inevitable challenges

Copyright © 2015 International Pediatric Research Foundation, Inc.

in maintaining competence in resuscitation. A program in
Oregon recently reported the use of telemedicine units in the
delivery room to provide immediate, direct access to skilled
resuscitators as needed. This system connects a rural physician
or nurse with a nurse practitioner or physician in the central
site and has been activated in ~2% of the births at the remote
sites (98). Event tracking has revealed that the remote provid-
ers are able to maintain a calmer environment, and additional
benefits may include reducing the time to initiation of transfer
and therapeutic hypothermia.

Telemedicine can also provide the subspecialty expertise
needed to determine whether a baby can remain at the rural
hospital or whether transfer is necessary to accomplish addi-
tional evaluation. For example, critical congenital heart disease
(CCHD) was added to the Recommended Uniform Screening
Panel for Newborns in the United States in 2011 (101), and
more than 80% of states now require universal CCHD screen-
ing by pulse oximetry in the birth hospital. Current literature
predicts that 2-3 out of every 1,000 newborns will have a posi-
tive CCHD screen, which introduces special challenges in the
rural setting. While the false-positive rate for pulse oximetry
testing is high, particularly when the screening is done prior to
24h of age, a positive test requires rapid access to a diagnostic
echocardiogram and, in some cases, evaluation by a pediatric
cardiologist. For those newborns delivered at rural hospitals
that fail CCHD screening, telemedicine could improve diag-
nostic accuracy following a positive screen through training
of echocardiography technicians, asynchronous or concurrent
review of echo images, and remote viewing of the infant.

Finally, although delivery in a centralized regional NICU
has been shown to improve outcomes for critically ill neonates
(102), families pay a personal cost when their infant is hospital-
ized far from home. As telemedicine becomes easier to imple-
ment using personal computers, pilot studies in California
and Utah have reported linking families by remote access to
bedside rounds and nursing caregivers. Telemedicine may also
allow for earlier transfer back to a rural step-down nursery by
providing telemedicine screening for specific conditions such
as retinopathy of prematurity (25).

CONCLUSIONS

Regionalization of pediatric services not only is associated
with increased efficiency and improved outcomes for some
conditions but has also resulted in differential access to care,
creating barriers for many children, particularly those living in
rural and underserved communities. The use of telemedicine
to provide acute ambulatory and subspecialty care, acute inpa-
tient care, and perinatal and newborn care is now emerging
as a feasible and efficient strategy that results in high-quality
cost-effective care. Several studies have demonstrated that by
using telemedicine to provide direct patient care or support
the care of children in local primary care and hospital settings,
pediatric patients are more likely to receive care consistent
with evidence-based guidelines, as well as more appropriate
referrals to subspecialists. Telemedicine is increasingly becom-
ing integrated into standard practice across a broad range of
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healthcare services, particularly in states that serve large
rural populations. Given the growth of telemedicine, a broad
research agenda that focuses on metrics and includes transla-
tional research, community-based participatory research, and
public health research is needed. As the technologies continue
to evolve, telemedicine has the potential to address pediatric
specialists’ geographic misdistribution, and the associated
disparities in the access to care for children in underserved
communities.
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