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ABSTRACT
Background Within the last decade, the use of
telemedicine within in primary care in the USA has greatly
expanded; however, use remains uncommon in surgical
specialties. The spread of Coronavirus disease 2019
(COVID-19) prompted healthcare institutions to limit in-
person contact, resulting in an increase in telemedicine
across all specialties, including pediatric surgery. The
aims of this review were to evaluate potential barriers that
limited the use of telemedicine in pediatric surgery prior to
the COVID-19 period and to define how best to incorporate
its use into a pediatric surgical practice going forward.
Methods A scoping review was performed to identify
gaps in the literature pertaining to the use of telemedicine
within general pediatric surgery in the USA prior to the
outbreak of COVID-19. Next, a focused evaluation of the
legislative and organizational policies on telemedicine
was performed. Lastly, findings were summarized and
recommendations for future research developed in the
context of understanding and overcoming barriers that
have plagued widespread adoption in the past.
Results Despite evidence of telemedicine being safe
and well received by adult surgical patients, a total of
only three studies representing original research on
the use of telemedicine within pediatric surgery were
identified. Legislative and organizational policies regarding
telemedicine have been altered in response to COVID-19,
likely resulting in an increase in the use of telemedicine
among pediatric surgeons.
Conclusions Telemedicine offers a safe and effective
option for patients seeking an alternative to the in-
person clinic appointment. The increased utilization
of telemedicine during the COVID-19 pandemic will
provide an opportunity to learn how best to leverage
the technology to decrease disparities and to overcome
previous barriers.

INTRODUCTION
The potential to remotely evaluate patients
dates to the early 1900s when Dutch physiologist Willem Einthoven was able to demonstrate the ability to send and receive cardiac
signals over a distance of 1.5 km.1 The term
‘telemedicine’ came into existence in the

1970s, but early attempts to incorporate it
into medical practices failed due in large
part to inefficiencies and cost. In the 1990s,
the internet provided a more reliable means
to remotely connect patient and provider,
and the use of telemedicine began to gain
traction.2 3 However, inconsistencies in reimbursement practices and uncertainty among
the public contributed to a lack of support,
and widespread adoption in the USA stalled.
Throughout the 2000s, a growth in the technology sector coincided with an increase
in telemedicine use in the USA. In 2016,
a report by the Department of Health and
Human Services (HHS) estimated that more
than 60% of institutions in the USA had a telemedicine program.4 In 2014, only 8% of telemedicine appointments were completed by
specialists, including surgeons, and research
on the topic remains rare and is often limited
to single-
institution pilot studies exploring
postdischarge care in adults.5–7 Telemedicine
remains underused within surgical fields,
with limited application by some programs
for postoperative visits.8
On 20 January 2020, the first reported case
of infection in the USA by the SARS-CoV-2
virus was reported. The disease that results,
Coronavirus disease 2019 (COVID-19),
quickly spread throughout the country, necessitating that measures be taken to reduce the
rate of transmission, including: suspension
of elective procedures, postponement of
in-person clinic appointments, and reduction
of hospital staffing. These drastic measures
forced the expedited adoption of telemedicine across specialties. Policy changes implemented in response increased access to
telehealth for patients and lessened institutional barriers by providing clear guidelines
for compensation.9 At our institution and
others, the use of telemedicine during the
COVID-19 period increased; however, its role
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The impact of COVID-19
The policies pertaining to the use of telemedicine
at our institution were reviewed and used to provide
context. A search engine was used to identify state and
federal legislation related to telemedicine in relation to
the COVID-19 pandemic. Additionally, a review of the
recent literature on the use of telemedicine in adult
surgical patients as well as a review of studies performed
outside of the USA was conducted to provide context
for understanding the scope of research in children in
the USA.
Reviewers met as a group to discuss the full text of all
publications and determined the relevancy and quality
of these studies by consensus. Data charting was accomplished using Microsoft Excel, and article references
were housed in EndNote.

Figure 1 Article selection. A comprehensive search of the
literature was undertaken to identify original research on the
use of telemedicine within pediatric surgery in the USA prior
to the onset of COVID-19. In total, three articles met the
criteria and were reviewed in their entirety.

beyond this period remains undefined. The aims of this
review were to evaluate potential barriers that limited the
use of telemedicine in pediatric surgery within the USA
prior to the COVID-19 period and to define how best
to incorporate its use into a pediatric surgical practice
going forward.
METHODS
Protocol
The protocol for this review was drafted according to the
standards established by the Preferred Reporting Items
for Systematic Reviews and Meta-Analyses extension for
Scoping Reviews.10 Scoping reviews are appropriate for
identifying gaps in the literature and for aiding the planning of future research projects. Given the paucity of
studies and the rapidly evolving landscape surrounding
telemedicine use in response to COVID-19, a review of
legislative and institutional policies was undertaken to
help guide a discussion on the potential benefits, barriers,
and solutions for adopting telemedicine into a pediatric
surgery practice.
Telemedicine in the pre-COVID era
PubMed and Scopus were queried to identify original
research articles pertaining to the topic of the use of
telemedicine in the pediatric surgery population within
the USA prior to the COVID-19 pandemic, defined as
the time before 1 December 2019. For this review, the
term telemedicine was used to define both phone and
video appointments. Two of the authors (GM, JA) independently screened the abstracts identified. Articles were
included if they met all of the following criteria: US study
population, inclusion of participants less than 21 years of
age, and inclusion of surgical patients. Exclusion criteria
included studies performed on adults, review articles or
2

TELEMEDICINE RESEARCH IN PEDIATRIC SURGERY PRIOR TO
COVID-19
Search results
The search yielded a total of 763 articles. There were 199
articles (26.1%) that were review or opinion papers, 28
articles (3.7%) that were based on adult populations,
175 articles (22.9%) that were conducted outside of the
USA, 208 studies (27.3%) that did not include surgical
patients, and 329 (43.1%) that evaluated communication
among providers but not between patient and provider.
Only three studies were found to be original studies
exploring outcomes related to the use of telemedicine in
general pediatric surgery (figure 1).
Study characteristics
A summary of the studies meeting criteria for inclusion
can be found in table 1. The three studies that explored
the use of telemedicine in a pediatric surgical population
in the USA were prospective cohort studies in the postoperative period. McVay et al11 studied the use of a phone
call as a means for postoperative follow-up after elective
surgery. Willard et al12 studied the use of telemedicine
to evaluate patients following discharge from a neonatal
intensive care unit, with 76% of their population having
undergone a surgery at some point during the admission.
DeAntonio et al13 conducted a pilot study where patients
were seen both via an electronic device and in person to
determine the feasibility of conducting remote postoperative follow-up appointments.
Patient outcomes
DeAntonio et al13 evaluated patients remotely and then
immediately completed an in-person visit. There were
no differences observed regarding physical examination
findings or treatment recommendations between the
virtual meeting and in-person encounter. Willard et al12
did not include an in-person examination for means of
comparison; however, in a cohort of 96 patients there
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Authors

Postoperative follow-up: is a McVay et al
phone call enough?

11

Study type

Patient population

Summary

Retrospective cohort

Pediatric patients
undergoing select
operative procedures
n=563

76% of patients were contacted
by phone, with 27 patients
requiring in-person clinic visits,
and a reported 90% satisfaction
rate.

Complex surgical infants
benefit from postdischarge
telemedicine visits

Willard et al12

Prospective cohort

Complex surgical
patients following
discharge from the
NICU
n=93

78 postdischarge issues were
identified, 50% reported that
an additional in-person visit
was prevented, resulting in an
accumulative 1755 of saved
mileage.

Utilization of a handheld
telemedicine device in
postoperative pediatric
surgical care

DeAntonio et al13

Prospective cohort

Pediatric patients
following discharge
after undergoing a
variety of surgical
procedures
n=24

There were no reported
changes in care for telemedicine
appointments compared with in-
person visits. 92% of caregivers
reported being comfortable with
a telemedicine-only evaluation.

NICU, neonatal intensive care unit.

were a total of 78 medical issues identified via telemedicine, with the most common being a surgical site issue
(35%).
Caregiver satisfaction
Caregiver satisfaction was high across the three studies.
Willard et al12 reported an average satisfaction and
perceived appropriateness score of 3.92 (out of 4) for
caregivers. In addition, 92% of caregivers stated that
they would have a telemedicine-
only visit for postoperative care and 79% reported that they would do the
same for preoperative evaluation. Similarly, DeAntonio
et al13 reported that 75% of caregivers preferred a telemedicine follow-up appointment over an in-person visit.
McVay et al11 found that 90% of families were satisfied
with postoperative follow-up via telephone.
Health system utilization
Each of the three studies included a measure of postoperative healthcare utilization. Willard et al12 reported
that families were able to avoid 50% of potential emergency department (ED) or primary care visits by using
telemedicine and that 12% of telemedicine visits
identified an issue that led to a recommendation to
be evaluated further via an in-
person appointment.
DeAntonio et al13 reported that in their cohort of 12
patients receiving postoperative telemedicine follow-up,
none required an ED or clinic visit within 30 days of
discharge and that two patients were able to avoid
would-be ED visits through evaluation by telemedicine.
In the study by McVay et al,11 a cohort of 563 patients
received telephone follow-up and 43 ultimately required
additional in-person evaluation.
Barriers
The three studies included in this review identified some
limitations regarding the use of telemedicine in the

evaluation of the pediatric surgery patient. The study
designs of DeAntonio and Willard required the use of
real-time videoconferencing. Willard et al12 reported that
5% of telemedicine visits could not be completed due
to technical difficulties and that caregivers reported an
average satisfaction of 91 (on a scale of 1–100) for ease of
use for the required camera. DeAntonio et al13 reported
no issues with connectivity but did have to provide several
families with 4G-equipped devices because of a lack of
access to Wi-Fi. McVay et al11 reported that 136 of 563
patients were never reached by phone, representing a
24% rate of failed contact.
DISCUSSION
During the past 15 years, there has been a dramatic
increase in the utilization of telemedicine in the USA.
Between 2004 and 2005 there were about 7000 telemedicine appointments completed by rural Medicare beneficiaries.14 By 2013, rural Medicare beneficiaries accounted
for over 107 000 telemedicine visits, and in 2017 the use
of telemedicine among privately insured individuals
included more than 200 000 visits per year.14 15 This
increased utilization of telemedicine can be attributed
to many factors, including the exponential growth in the
use of personal technology as well as the mandated use
of an electronic health record that coincided with the
implementation of the American Recovery and Reinvestment Act in 2009. However, the growth of telemedicine
was predominantly in the primary care and behavioral
health sectors, with specialists, including surgeons, only
accounting for 8% of telemedicine visits in 2017.
Telemedicine offers an opportunity to help address
disparities due to the inequity of access to pediatric
surgeons based on locale and ability to travel. A recent
survey of members of the American Pediatric Surgical
Association found that 76% of members reside in the 50
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Table 1 A Summary of original research on telemedicine use in pediatric surgery prior to COVID-19
Title

Open access

4

from 2016, the HHS postulated that inconsistencies in
reimbursement remained one of the major barriers to
increasing the prevalence of telemedicine services.4 In
2019, 42 states had telemedicine parity laws, mandating
that private insurers compensate providers for remote
visits.29 30 However, a report from Lacktman and Levine
found that in only 10 states was compensation truly
comparable between in-person and remote appointments
for most services.31 With uncertain compensation and a
lack of studies to show a clear benefit, it is not surprising
that the use of telemedicine within pediatric surgery
has failed to gain widespread support. In January 2020,
a major barrier in compensation equality was removed
with implementation of the 2018 Bipartisan Budget Act.7
Under the Act, requirements regarding physical locale of
the patient and provider were removed for those covered
under government-supported insurance, paving the way
for the increased use of telemedicine within surgery and
other specialties. Shortly after the Act went into effect,
the rapid spread of COVID-19 mandated an acute change
in the way that healthcare is delivered and provided an
opportunity to study the effects of widespread telemedicine use.
By embracing a telemedicine option for patients,
surgical specialties stand to benefit in ways that extend
beyond direct patient care. A surgeon’s effectiveness is
predicated on the number of patients treated, and when
inappropriate or mistimed referrals are made the overall
effect is a decrease in efficiency and a potential delay in
care for some patients with legitimate surgical needs.
Patients, surgeons, and primary care providers all stand
to benefit when there is common ground between the
surgeon and referring provider. A 2004 study of patients
presenting to a pediatric surgeon found that 64.7% of
referred cases were not consistent with recommended
guidelines for referral.32 The result is a large proportion
of patients presenting to clinic and requiring no treatment. Telemedicine promotes more frequent communication and can lead to an increase in satisfaction for
both surgeons and referring providers.33 Within a year
of implementing a telemedicine consult service, one
large hospital system found that the average wait time
for patients to be seen by a specialist decreased from 112
to 49 days, and the number of referrals made without a
clear question dropped by 75% for surgical patients.34
Telemedicine represents a tool for pediatric surgeons
to increase productivity by improving efficiency without
demanding an increased workload for the individual
surgeon. Similarly, a regional healthcare system can be
improved by eliminating the unnecessary transfer of
patients between facilities, a goal made feasible with the
help of telemedicine. Under most circumstances, the
decision to accept a transfer from an outside facility is
made without the receiving facility having an opportunity
to visualize the patient or access the complete medical
record. Up to 20% of transfers result in no difference in
care for the patient, but the financial implications can be
devastating, as the cost of transfer alone can add more
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largest metropolitan areas, leading to a relative shortage
in rural America.16 In 2013, 55% of surgeries performed
in North Carolina on patients less than 18 years of age
were performed by a general surgeon.17 Studies have
shown that pediatric patients requiring surgery experience fewer complications when their operation is
performed by a high-
volume pediatric surgeon.18–20
When geographic barriers or resource limitations prevent
children from having access to pediatric specialists, the
result is more frequent utilization of emergency services
and worse long-term health outcomes.21 In the case of an
emergency, the need to be seen urgently often outweighs
the benefit of traveling to a pediatric facility. However, in
the elective setting, telemedicine can offer an opportunity to increase access for patients when distance might
otherwise make an in-person appointment impractical.
In addition to increasing access for patients, telemedicine also affords the opportunity to reduce the cost of
care for patients, hospitals, and the healthcare system.
Each visit with a surgeon requires that caregivers incur
the direct cost of the services as well as the indirect
expenses associated with travel and missed time from
work. One study evaluating the burden associated with
traveling to a pediatric surgery clinic found that almost
one-third of patients spent more than 4 hours in transit
and that for 75% of families at least one adult had to miss
work.22 For patients requiring an operation, the traditional model of delivering care requires at least three
visits to see a provider—one in the preoperative phase,
one for the surgery, and one for postoperative evaluation. For some patients, there is no substitute for the
face-
to-
face interaction that accompanies a traditional
clinic visit. For others, telemedicine can offer a safe and
effective method for diagnosing many surgical conditions while eliminating the indirect costs of preoperative
in-person appointments, without compromising the care
that patients receive.23 24 In most situations, the postoperative appointment equates to a cursory view of the
operative site and provides limited benefit to the patient
despite requiring the same indirect costs and stress associated with travel. Video is an effective method for identifying wound complications, and it can also be used to
triage issues that arise prior to the scheduled appointment, preventing unnecessary utilization of emergency
services and decreasing the cost for patients.12 25–27 There
is benefit associated with the human contact that comes
with an in-
person appointment that cannot be replicated over video, but telemedicine does offer a chance to
decrease the disparities in pediatric surgery by providing
affordable and effective care for patients who chose to
take advantage of it.
While telemedicine use within pediatric surgery in
the USA has been limited, the results have been promising. At Children’s Mercy in Kansas City, a telemedicine
initiative in pediatric surgery services was started in 2014.
Within the first 2 years, over 170 telemedicine surgery
appointments were carried out, with no reported limitations in establishing the correct diagnosis.3 28 In its report

Open access
moving out of state for work or family. Telemedicine can
be an effective tool for the longitudinal evaluation of
postsurgical patients and offers an opportunity for adolescents to obtain access to a familiar provider while away
from home or when transitioning to an adult surgeon.47
In the USA, legislative changes have been made in
recognition of the need to modify healthcare delivery
options in response to COVID-19. On 6 March 2020,
an emergency government waiver went into effect
that ensured that telemedicine video appointments
for patients covered by Medicare would be paid at the
same rate as in-
person appointments.48 At the same
time, the HHS issued an official statement announcing
that enforcement of Health Insurance Portability and
Accountability Act violations related to software breaches
would be relaxed during the COVID-19 pandemic.49
These two measures have combined to provide assurance
for providers that telemedicine can be used without loss
of compensation or increased exposure to litigation.
Across many institutions, the exponential growth in the
use of telemedicine among pediatric surgeons during
the COVID-19 period has taken place over the course of
weeks—changes of this scale are typically carried out over
the course of several months. Predictably, the accelerated
transition has led to technological, logistical, and procedural challenges that will necessitate further study.
CONCLUSION
As the USA continues to navigate the challenges associated with COVID-19, the individual states and institutions
within their boundaries will be left with the question of
how best to move forward with patient care during this
unique period in healthcare. Prior to COVID-19, the
legislative landscape was evolving to promote increased
use of telemedicine. With the ongoing legislative changes
and the rapid institutional adoption of telemedicine
during COVID-19 across different specialties, there is
an opportunity to build a more robust system that offers
equal care for patients regardless of locale, insurance
status, or income. Further research will be necessary to
study the effects that changes in the delivery of healthcare via telemedicine will have on patient outcomes.
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than $11 000 to medical expenses.35 One study of neurosurgical patients found that the use of video evaluation
ultimately led to a cancellation of 33 potential transfers,
resulting in an estimated savings of over $500 000.36 The
addition of video when evaluating trauma, burn, and
neurosurgical patients being considered for transfer can
save millions of dollars and requires little to no change
in workload for providers.37–39 Given the emphasis on
decreasing the cost of care across the USA, it is prudent
that we consider the potential benefits of including telemedicine evaluations for patients requiring consultation
with a pediatric surgeon, including those where transfer
to another facility is being considered.
Telemedicine offers a way for pediatric surgeons to
embrace personalized medicine. The term is often
poorly defined, but in general personalized medicine
refers to the idea that patients benefit most when decisions are made with consideration of as many unique
characteristics as possible.40 The needs of the individual
patient presenting to a pediatric surgeon will vary, but
there are shared characteristics among the population
that make this group poised to benefit from the use of
telemedicine. For one, there is the matter of comfort in
a virtual space. Caregivers for pediatric patients are often
younger than the patients presenting to an adult hospital
and are more likely to engage with technology. A study
by the Pew Research Center in 2015 found that 97% of
the US population aged less than 30 years report having
access to the internet, compared with 54% of senior citizens.41 Similarly, in a survey of caregivers presenting to a
pediatric surgery clinic, 94% of respondents had a smartphone and 92% reported use of some form of mobile
health.42 As with any proposed change, it is important
to consider any limitations. The suitability of telemedicine appointments can vary widely by subspecialty,
as evidenced by the range of usage at our institution.
Surgeons who frequently perform office procedures or
require specialized equipment for evaluation, such as
those in ophthalmology or orthopedics, are less likely
to use video appointments for routine care. However,
many conditions requiring referral to a pediatric surgeon
require a limited physical examination and can be effectively evaluated through video—allowing the patient to
remain in the home environment and limiting the stress
for the child while reducing the aforementioned cost of
travel. Pediatric patients with complex medial conditions
benefit from multidisciplinary care that includes consideration of their emotional and physical needs and can
affect clinical outcomes and quality of life.43 44 Multidisciplinary treatment plans often require frequent visits to
a clinic, which can lead to caregiver strain.45 46 With telemedicine, providers at different locations can interact
with a patient during the same appointment, allowing for
the patient and caregiver to receive the support needed
from multiple specialists without the burden of frequent
travel. Lastly, there is the matter of continuity of care for
patients who relocate during the follow-up period, such
as those pursuing postsecondary education or patients
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