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Abstract: There is a widespread shortage of physicians worldwide, especially in rural areas. This shortage is

more prevalent when it comes to subspecialty care, even in developed countries. One way to provide access to specialty
care is using technology via telemedicine. Telemedicine has evolved over the last two decades, and its use is becoming

widespread in developed countries. However, its use in the neonatal population is still limited and practiced only in some

centers. It is now apparent that telemedicine can be successfully used in the neonatal population for screening premature

infants for retinopathy of prematurity, congenital heart disease, bedside clinical rounds, neonatal resuscitation with

the support of a tertiary care hospital, and family support. This avoids unnecessary transfer and appears to provide the

same quality of care that the baby would have received at the tertiary care facility. This approach also improves family

satisfaction, as the baby and the mother are kept together, and reduces the cost of care. This review focuses on the use of

telemedicine in neonatal care, concentrating on the main areas where telemedicine has been shown to be successful and

effective, including the status of telemedicine in China.
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Physician shortage is a worldwide concern due
to a growing demand for physicians that outmatches
the supply. Recently, the World Health Organization
(WHO) reported a global shortage of 4.3 million
physicians, nurses, and other healthcare professionals.
The shortage is worse in developing nations due to
the limited number and capacity of medical schools.
Many developed nations, including the United States,
Canada, New Zealand, United Kingdom, Australia,
and Germany, report similar problems'"’.

The Association of American Medical Colleges
estimates that demand for physicians in the United
States will exceed supply anywhere from 46 900 to
121900 by the year 2032". This shortage will result
in both urban and rural areas being underserved with
physician support. Currently, there are two times the
numbers of physicians per ten thousand in urban areas
compared with rural areas. For subspecialty care, there

are nine times more physicians per 10 000 population
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in urban areas than in rural areas”’. At present, we
utilize available resources based on regionalized
health care, with the goal to improve patient outcomes
by directing patients to facilities with expertise for a
given type of illness. The major disadvantage of this
necessity is that it involves the transfer of patients
away from home to obtain required care. In addition,
this approach can overwhelm the resources at the
specialty hospitals.

One of the most prominent alternatives to patient
transfer can be use of technology, such as telemedicine
to deliver the physician, albeit virtually, to the patient,
especially when the reason for transfer is a lack of
subspecialists at the local hospital. Telemedicine
has evolved from an initial definition as healing at a
distance to the current definition of remote delivery
of health care services and clinical information using
telecommunications technology'. Telemedicine is

considered to occur in “real time” when there is live
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interaction between the patient and the provider at a
remote end, whereas the “store and forward” type of
telemedicine involves acquiring medical data and then
transmitting this data to a physician at another site
for assessment'”. Since the year 2000, telemedicine
has gained popularity, with more than 50% of US
hospitals now using some form of telemedicine;
there are about 200 telemedicine programs serving
3000 sites”. Telemedicine has been utilized in adult
and pediatric populations for the last few decades to
extend health care to medically underserved areas.
The use of telemedicine in the neonatal population
is relatively new and is understudied. During the
last decade, telemedicine has been increasingly used
in the neonatal population to provide consultation,
tele-echocardiography, retinopathy of prematurity
screening, neonatal resuscitation program (NRP)
education, post-discharge follow-up, and care at
neonatal intensive care units (NICUs)'". The growing
need for telemedicine use in neonatal and pediatric
populations has created an opportunity for the
American Academy of Pediatrics to create guidelines
and promote research through a group called
Supporting Pediatric Research on Outcomes and
Utilization of Telehealth (SPROUT)".

In this review, we discuss the evidence behind
the five most common applications of telemedicine
in neonatology as follows: tele-retinopathy of
prematurity screening; tele-echocardiography; tele-

resuscitation; tele-rounding; and family support.

1 Retinopathy of prematurity screening

There are several factors that have converged
to place telemedicine at the forefront of evaluation of
infants to detect retinopathy of prematurity (ROP).
The increasing survival of extremely low birth weight
infants has led to an increase in the incidence and
severity of this disease. Currently, ROP screening
requires a real-time fundus examination by a qualified
pediatric ophthalmologist. At the same time, the

increasing medicolegal burden and psychological

stress on physicians who diagnose and treat ROP has
led to a decrease in trained providers who are willing
to keep this service among their clinical duties. Finally,
the success of telemedicine in diagnosing diabetic
retinopathy and the advent of computer analysis of
retinal vascular characteristics has become much more
sophisticated over the past several decades.

Although both are retinal diseases, there are
important differences in the use of telemedicine for
ROP vs. diabetic retinopathy. The temporal profile
of ROP is much more compressed and the treatment
window to prevent poor visual outcomes is measured
in days rather than months. In addition, different
equipment and higher levels of technical expertise are
required to image the fundus of premature infants to
obtain images for accurate reading by either trained
humans or computer analysis. Given the high stakes
of the potential outcome of a blind infant from
inadequately diagnosed or treated ROP, the use of
telemedicine for ROP requires substantial and rigorous
scientific study.

Although a number of studies have evaluated
the use of telemedicine in ROP, the Evaluating Acute-
Phase Retinopathy of Prematurity Study (eROP study)
is considered the landmark work™”. This multi-
center collaborative effort developed the concept of
Referral-Warranted ROP (RW-ROP), based on the
fact that fewer than 10% of infants who undergo
ophthalmic evaluations for disease require treatment
to prevent poor visual outcomes. Thus, in a highly
functioning telemedicine system, only a clear minority
of infants would require an in vivo exam with indirect
ophthalmoscopy by a trained ophthalmologist. In the
eROP study, only 9.4% of 1257 infants developed
RW-ROP. When both of the infant's eyes were
considered for the diagnosis or RW-ROP, as would
occur in a clinical setting, a negative predictive value
of 97.3% was obtained.

The eROP study demonstrated the feasibility
of a number of entities required for a successful
telemedicine program. First, high image reading

accuracy could be obtained from trained non-
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physician graders™. Second, previously naive
imagers could be trained to obtain high-quality,
readable images"®”. Third, reading results could be
returned to physicians within 24 hours in over 95%
of cases!"”. Other developments since completion of
the eROP study also support continued development
of telemedicine systems for ROP. Coupling the eROP
findings with computer analysis of retinal images,
as well as tiering of infants selected for evaluation
based on the Postnatal Growth and Retinopathy of
Prematurity Study, could further reduce the number of
infants screened while still maintaining high-quality
safety parameters' . In addition, the development of
more user-friendly cameras, identification of specific
high-risk fundus imaging findings, and more targeted
algorithms for image grading could move us closer to
a consistent diagnostic accuracy of RW-ROP of near
100%™,

Finally, preliminary studies have demonstrated
the potential for notable cost savings from
implementation of a telemedicine system for ROP ',
Much of the savings results from removal of a need
to hold infants in or transfer infants to higher level
NICUs solely for ROP exams. Daily cost savings in
such instances may be several hundred dollars. Of
course, there are notable startup costs in developing a
new system, including training and validating imagers,
purchasing a fundus camera, developing IT systems
and protocols, compensation for imagers and image
readers, and potentially higher malpractice coverage
costs. Nevertheless, great potential exists.

At the University of Oklahoma Health Sciences
Center, we have demonstrated that telemedicine can
be safely utilized for ROP examination in a Level II
NICU. No case of worsening ROP was missed, and
this approach allowed more infants to get intensive
care closer to home!™"'*.

In summary, the last decade has seen tremendous
advances in the use of telemedicine for ROP. It is
likely that telemedicine use will continue to increase,
and that it will become a standard of care over the

next two decades. Telemedicine will move us closer to

the goal that no infant, anywhere in the world, should

become blind from undiagnosed or untreated ROP.

2 Tele-echocardiography

The prevalence of congenital heart disease (CHD)
has increased significantly over the last decade''”. The
current prevalence estimate for CHD is 9.410/1 000
live births. American Heart Association (AHA) and
American Academy of Pediatrics (AAP) guidelines
recommend routine neonatal pulse oximetry to rule
out CHD prior to discharge'®. Research has shown
that one-year survival rates of neonates with CHD
significantly increase with early diagnosis''”. When
CHD is suspected, echocardiography is immediately
needed on both asymptomatic newborns and those
with respiratory symptoms or heart murmurs.
Unfortunately, this procedure typically requires
transfer to a tertiary care center.

Telemedicine use has grown significantly in
recent years, particularly among cardiologists””.
Though initially adopted as a way of extending
pediatric emergency care to rural hospitals, the value
of telemedicine in assessing cardiac conditions
in Level II NICUs quickly became evident.
Echocardiography (store and forward and real-time)
is among the top five most common uses of pediatric
telemedicine'”. This technology is increasingly being
used to evaluate neonatal CHD without transferring
the patients to better-equipped tertiary care centers
located in distant cities.

A review of 60 echocardiography sessions on
48 patients, done in real-time using teleconferencing
software, found that interpretations and diagnoses
performed by pediatric cardiologists who were not
present were accurate, as confirmed by critically
reviewing video recordings of the procedures"'’.
This early study was later replicated with a much
larger population of neonates (n=364) residing
in rural hospitals. The researchers utilized more
advanced sonographic and teleconferencing

equipment and found that not only were diagnoses
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and recommendations as accurate as in-person
echocardiography, but the approach also resulted in
significantly improved patient care. Increased patient
referrals, fewer patient transfers, and better utilization of
medical staff and hospital resources were observed .

Similar results were reported by Grant et al™’,
who found that real-time tele-echocardiography
performed on 124 infants in the United Kingdom
achieved 96% accuracy and reduced medically
unnecessary transfers by 75%. In 2013, Webb et al*"
conducted a 36-month prospective multi-center trial
of infants identified as needing echocardiography.
Infants received this procedure with either in-person
or remote administration, depending on whether
cardiologists were available at the institution. The
findings demonstrated, again, that telemedicine use
reduced time to diagnosis and reduced transfer rates.
Moreover, the use of this technology reduced length
of hospitalization, use of indomethacin, and length of
NICU stay.

In the roughly 19 years since these studies were
undertaken, improvements in telecommunication
infrastructure (i.e., high-speed internet, wireless
communication networks), higher resolution and faster
imaging technologies, and improved hardware and
software systems have made the use of telemedicine
both more reliable and better accepted by medical
providers'®. Currently, real-time telemedicine is the
preferred modality for conducting echocardiographic
evaluations. Cardiologists able to interpret the results
of these tests are rarely available at regional medical
centers. This technology allows them to not only
request additional viewings in real-time, but it also
allows these regional centers to provide quality service
despite increased difficulties in hiring and maintaining
medical staff who are trained and experienced in
using this equipment. At the University of Oklahoma
Health Sciences Center, we have been performing
this modality and have been very successful in
safely screening infants for CHD at a Level II NICU,
resulting in reducing the number of unnecessary

transfers to a regional Level IV NICU™,

Recently, another technology has evolved
using tele-echocardiography with a portable hand-
held device, such as a tablet (iPad). Colombo et al”®
compared 50 studies performed with both modalities
and found a high correlation, making this alternative
a promising option to reduce costs and increase

portability.
3 Telemedicine use in newborn resuscitation

A few decades ago, perinatal regionalization was
introduced. The goal was to provide high-quality, risk-
appropriate care to the mother-infant dyad. Several
studies have demonstrated decreased mortality
rates among very low birth weight infants who are
delivered and treated at centers with higher levels of
neonatal care”™ ", Therefore, the American Academy
of Pediatrics has recommended that infants <32 weeks
of gestation should be delivered at Level III NICUs™.
Despite strong evidence, there is regional variation
across the U.S. in the delivery location of high-risk
infants. In certain cases, maternal transfer to a facility
with expertise in neonatal care is not safe, perhaps due
to maternal medical conditions making the mother not
stable for transport or mothers who are in an advanced
stage of labor. In these cases, infants who require
advanced resuscitation have poorer outcomes when
delivered at hospitals with lower levels of neonatal
care””. Lack of exposure to high-risk deliveries by
providers at community hospital settings could explain
this outcome disparity. Unfortunately, there are a
large number of U.S. states in which less than 80% of
women of reproductive age have easy access, defined
as living within 50 miles of the facility, to a NICU"".
The unavailability of neonatologists in medically
underserved areas has prompted an innovative solution
to address this problem. The use of technology, like
telemedicine, can address the rural-urban disparity in
access to subspecialty care by providing patients at
less specialized centers with access to a physician with
subspecialty expertise.

Telemedicine has been shown to decrease
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the time needed to establish effective ventilation
in simulation settings””. This simple finding could
have great impact, as the neonatal resuscitation
program identifies ventilation as the most effective
intervention in most neonatal resuscitations. Although
most providers at community settings are Neonatal
Resuscitation Program (NRP) certified, the lack of
continued exposure to newborn resuscitation could
lead to a decay in the knowledge and skills needed to
provide effective newborn resuscitation. A recent study
demonstrated the feasibility and safety of a newborn
resuscitation telemedicine program (NRTP) to
remotely support local providers with resuscitation”.
Fang et al™” compared the outcomes of infants who
received a consultation using telemedicine during
resuscitation with controls who did not. A two-
person expert panel blinded to intervention assigned a
resuscitation quality rating using a descriptive rating
scale. Neonates who received a tele-neonatology
consult had a higher median quality rating of 7
compared with a median quality rating of 4 for the

control group. Albritton et al”"

reported that access
to a specialist via telemedicine improves the quality
of resuscitation and creates educational opportunities
that generate a halo effect that improves overall
care quality. In addition, the author reported that
implementation of telemedicine resulted in significant
cost savings by preventing the unnecessary transfer of
patients to higher level NICUs.

One of the basic requirements to implement a
telemedicine program is the equipment that is utilized
for the audio-visual connection between the consultant
at the remote site and the local provider. Both wired
and wireless devices have been tested in emergency
telemedicine clinical settings. There are pros and cons
associated with both of these options. Wireless devices,
such as tablets, have the advantages of being mobile,
readily available, and affordable. However, video and
audio connectivity can deteriorate when mobilizing
these devices. In comparison, wired devices have
more reliable audio and visual connections, but restrict

mobility and are expensive. A recent study reported a

comparison between the two technologies. The NRP
algorithm contains assessments and interventions
to be performed at 30-to-60-second intervals during
resuscitation. Therefore, a highly reliable connection
is key for NRTP. A wired connection device may
be considered the more reliable option to safely
provide consultation in emergent settings””. Another
recently conducted study comparing two technologies
demonstrated improved audio quality and reliability
with wireless connections in comparison to wired cart.
Therefore, each program should consider connection
reliability and available infrastructure before selecting
a NRTP technology™".

NRTP implementation could have some
challenges, as it is quite different from the conven-
tional method of providing neonatal resuscitation””.
Further, inclusion of local stakeholders in planning
clinical workflow is vital to successful implementation
of telemedicine. The workflows must include
technology that is rapid, reliable, and simple to use.
Clear guidelines regarding indications for service
activation and the process to communicate with
remote neonatologists should be defined. Establishing
and maintaining a professional relationship with
team members is crucial; in particular, the remote
neonatologist should be calm and supportive during
consultation. Additionally, regular NRP education and
periodic mock codes utilizing telemedicine are key

supportive tools for maintaining successful NRTP.

4 Tele-rounding in neonatal intensive care
unit

Use of telemedicine in intensive care settings is
mostly limited to pediatric and adult populations”.
Nadar et al”” recently published a meta-analysis on
the use of telemedicine in pediatric acute care settings.
About 24 studies were included in final analysis. Of
those, 11 took place in emergency department settings,
7 took place in pediatric ICU, 2 took place in trauma
ICU, and only 4 were conducted in neonatal ICU

settings. Two of those studies addressed tele-rounding
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in the NICU™"*", conventional care. This telemedicine model is feasible

Garingo et al'™! demonstrated the feasibility of
using a tele-rounding model in an academic hospital's
Level IV NICU. The researchers demonstrated that
physical examination done using telemedicine is
quite reliable, as excellent or intermediate-to-good
agreements were noted for all but a few physical
examination assessments between both the on-site
neonatologist and off-site neonatologists and the
two on-site neonatologists. In 2013, McCoy et al*’!
demonstrated the use of an innovative telemedicine
model, “hybrid telemedicine,” in Level II settings.
This hybrid telemedicine model consists of 24/7
neonatal nurse practitioner (NNP) coverage with
neonatologists physically present three days a
week, and use of telemedicine to round for the
remaining four days. Since then, Makkar et al"*"*.,
have evaluated the use of hybrid telemedicine in
Level II NICU settings through a retrospective study
and a prospective study. In the retrospective study,
patient outcome measures, such as hospital length of
stay, time to full enteral feeds, days on oxygen and
noninvasive ventilation for premature infants (32-35
weeks), managed by the hybrid telemedicine system
at a satellite Level II NICU were not inferior to
conventional management provided to similar infants
at a referral Level IV NICU. Some of the patient
outcome measures were even better for infants who
were managed at the satellite Level II NICU utilizing
telemedicine.

Higher family participation and prevention of
stress due to avoiding transport could be one possible
reason for favorable outcomes in infants who received
telemedicine™. In 2019, Makkar et al* reported
similar favorable patient outcome measures from
patients in a prospective study with telemedicine use.
This study also evaluated parental satisfaction with
telemedicine use. Parents reported a high level of
satisfaction with the technical aspects of telemedicine.
There were no differences noted in the degree of
parental satisfaction with the other aspects of care

when the care was provided using telemedicine versus

and safe in Level 2 NICU settings, in which patient
acuity is usually low.

The potential use of telemedicine in Level III/
IV NICUs needs evaluation, as the current evidence
only supports its feasibility based on a research
study by Garingo et al™”. This study was conducted
at an academic institution where there was 24/7
access to a resident and neonatologist, if needed.
This feasibility study demonstrated that telemedicine
rounds are effective. There were no significant
differences in outcome measures when telemedicine
care was utilized instead of conventional care. The
authors concluded that although they do not envision
the use of this system in academic settings where
neonatologists are present 24/7, the technology has
clear potential in settings where there is a lack of
access to neonatologists in person.

In summary, the use of innovative models, such
as hybrid telemedicine, appears to be a promising
solution for providing intensive care in late premature
infants in Level II NICUs, thus allowing for more
infants to get intensive care closer to home. Initial
research has shown some promise for this technology
even in Level IV settings, but the use of telemedicine

in high-acuity patients' needs further evaluation.

5 Family support

Telemedicine has been successfully utilized to
support parents of high-risk newborns'*”. Gray et al*”
compared the use of telemedicine (Baby Carelink)
for families of infants in the NICU with a control
group without access to telemedicine, and assessed
the length of hospital stay for the infants and family
satisfaction in multiple components of infant care.
The researchers demonstrated that telemedicine use
significantly improved family satisfaction with the
care of inpatient very low birth weight infants and
lowered costs associated with hospital to hospital
transfer.

Additionally, telemedicine has been
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demonstrated as an alternative means to provide in-
home care in preterm infants. Neonatal tele-homecare
allowed parents of clinically stable preterm infants
to manage tube feeding and establish oral feeding
at home'"”. This study showed that neonatal tele-
homecare is an alternative model for the management
of preterm infants outside of the hospital environment,
with the added benefit of higher rates of breastfeeding
at the time of discharge for very preterm infants.

Garne Holm et al™*®

recently published a qualitative
study to share parents' perspectives about neonatal
tele-homecare. Parents of premature infants had
a very positive experience with telemedicine use
for in-home care. They felt it was a personalized
method for linking to specialist staff in the NICU and
enhanced their role as the primary care provider, thus

strengthening the parent-infant relationship.

6 Telemedicine use in the neonatal popula-
tion: Chinese experience

Telemedicine implementation in China began in
the 1980 s, when most applications were based on the
store and forward technique, as the telecommunication
infrastructure required for live telemedicine was not
available®”. Telemedicine use in China has been
rapidly developing in last decade. Currently, China has
three major telemedicine networks: the Golden Health
Network (GHN), the People's Liberation Army (PLA)
telemedicine network, and the International MedioNet
of China (IMNC) network. However, research and
applications of telemedicine are at a fairly early
stage’®”. Telemedicine applications in China are
mostly limited to adult and pediatric populations.

The use of telemedicine in the neonatal
population in China is understudied. Pan et al®"!
showed the value of using long-distance fetal heart
rate monitoring in reducing neonatal asphyxia and the
outside hospital fetal death rate, without increasing the
incidence of caesarean section. Similar findings were
reported in other studies™ .

Telemedicine can be especially impactful in

areas where expertise in subspecialty care, such as
ophthalmologists with ROP screening expertise, is
lacking. In 2018, Xu et al®” conducted a systematic
study to report current ROP screening practices.
The researchers reported that ROP screening in
China has obvious regional specificity, with better
implementation in the eastern region due to the
uneven distribution of medical resources in China.
Telemedicine was identified as a potential solution to
expand ROP prevention and management platforms in

areas with limited resources. Zhang et al*”

reported
on the utility of telemedicine in evaluation of ROP.
Telemedicine was instrumental in accurate diagnosis
of ROP, where it was a supplemental tool to provide
support to less experienced and professionally isolated
ROP examiners. This study reported that expert support
through telemedicine changed or corrected diagnosis
in 4/21 (19%) of ROP cases that was previously
diagnosed clinically. Despite some of the encouraging
results reported with telemedicine applications, it is
evident that telemedicine research and applications of
telemedicine are at a relatively early stage in China,

and are potential areas of growth.

7 Summary

Recent advances in technology and the shortage
of healthcare providers has resulted in increasing
uses of telemedicine in neonatology. Telemedicine
implementation is instrumental in reducing rural urban
disparity to health care access without compromising
quality of care, reducing unnecessary patient
transport and allowing more infants to get needed
care closer to home. Current evidence in support of
telemedicine is mostly based on case-control studies,
but development of networks, such as SPROUT,
will promote multicenter trials in order to strengthen
research-based evidence in favor of telemedicine
use. Additionally, barriers like high equipment costs
and poor reimbursement rates for services provided
through telemedicine may prohibit widespread use of

telemedicine.
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