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Background: During the COVID-19 pandemic, telemedicine plays a critical role in

providing safe, effective healthcare services, while reinforcing social distancing and

optimizing the use of personal protective equipment. In this context, the Oklahoma

Children’s Hospital implemented virtual neonatology prenatal visits for pregnant women

with a diagnosis of fetal anomalies. While tele-consultations have been broadly used

with a high degree of acceptance in rural and remote areas, satisfaction has not been

assessed in this particular scenario, where patients and physicians discussing sensitive

healthcare information had to rapidly adjust to this new modality.

Objectives: To evaluate patients’ and neonatologists’ satisfaction with virtual prenatal

consultations in the context of the COVID-19 pandemic and to compare satisfaction

levels of patients receiving virtual consultation with those receiving in-person consults.

Methods: This cross-sectional study evaluated patients’ and neonatologists’

satisfaction with virtual consultations. Participants included pregnant women with

diagnosis of fetal anomalies who received neonatology prenatal consultations at

Oklahoma Children’s Hospital, either in-person or through telemedicine, from May to

mid-November 2020, and neonatologists providing virtual prenatal consultations in the

same period. Virtual visits were delivered via Zoom ProTM. Patients and physicians who

agreed to participate rated acceptability completing an anonymous 5-point Likert scale

survey. Item frequencies and means for categories of items were computed by group

(video-consult patients, in-person patients, physicians) and analyzed, using Welch’s t for

unequal sample size.

Results: Overall consultation quality was rated good or excellent by 35 (100%)

video-consult patients and 12 (100%) in-person patients. Patient groupmeans computed

on six 5-point Likert items about patient-physician communication did not differ

significantly, video-consult: M = 28.71 (2.22); in-person consult: M = 28.92 (1.78)

(p = 0.753263). All eight physicians (100%) agreed or strongly agreed that telemedicine

was effective, using a 5-point Likert scale, and their combined consultation quality score

computed on 10 survey questions was high: M = 46.4 (3.11).
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Conclusion: Despite patient inexperience with tele-consultations, the quick

implementation of telemedicine, and the sensitive reason for the visit, patients and

physicians were highly satisfied with virtual visits. Telemedicine is a safe, effective

alternative for providing neonatology prenatal consultations for pregnant women with

diagnosis of fetal anomalies during the pandemic.

Keywords: telemedecine, neonatology prenatal consultation, satisfaction survey, virtual prenatal visits, COVID-19

pandemic

INTRODUCTION

The use of telecommunication technologies for medical purposes
in the US date to the late 1950s (1). In the last three decades,
with the proliferation of personal computers in the 1990s and
more recently with smartphones, telemedicine became more
popular. Research has found a high degree of acceptance among
patients and providers, especially in rural and remote areas where
access to specialists is limited (2–5). Virtual consultations have
already been applied across different medical fields and have been
shown to be effective and safe when used in appropriate clinical
scenarios (6, 7).

The emergence of the novel coronavirus pandemic led to
rapid and substantial changes in the way ambulatory care is
delivered. The scope of telehealth abruptly grew worldwide
(8) as a strategy for preventing patients’ and providers’ viral
exposure and preserving personal protective equipment (PPE)
while continuing to provide outpatient services. In April 2020,
43.5% of Medicare primary care visits were performed via
telemedicine, compared with 0.1% reported in February same
year, before the arrival of the COVID-19 pandemic (9). With
unprecedented rapidity, all medical specialties adopted telehealth
services, which have been shown to be a safe and effective solution
to assure continuity of outpatient care, in a massive transition
from in-person to virtual visits (10).

On these bases, the Section of Neonatal and Perinatal
Medicine at Oklahoma Children’s Hospital in Oklahoma
City initiated virtual neonatology prenatal consultations for
pregnant women with diagnosis of fetal anomalies, beginning
in March 2020 (Figure 1). In ideal conditions, establishing
a valid patient-physician relationship before the provision
of telemedicine services is recommended (11). However,
the current circumstances make this difficult. The transition
to teleconsultations has been particularly challenging for
neonatologists since the prenatal consult is typically the
first encounter with these patients, and the reason for the
visit is to communicate the diagnosis and prognosis of a
congenital anomaly.

Delivering bad news is one of a physician’s hardest tasks, and
empathy and communication skills are essential (12). Since this
was our first experience using telemedicine for these complex and
sensitive consults and satisfaction has not been addressed in this
context, we developed a survey to explore acceptability among

Abbreviations: PPE, personal protective equipment; PDC, prenatal diagnostic

clinic; IRB, institutional review board; CQ, consultation quality.

users and providers. The purpose of this study was to assess
patients’ and neonatologists’ satisfaction with virtual prenatal
consultations during the COVID-19 pandemic.

METHODS

This cross-sectional study assessed satisfaction levels of patients
and physicians using telemedicine for prenatal consultations
during the COVID-19 pandemic in the Prenatal Diagnostic
Clinic (PDC) at Oklahoma Children’s Hospital in Oklahoma
City. Prior to the project initiation, our research team submitted
a plan of study to the Institutional Review Board (IRB) at
the University of Oklahoma Medical Center. It was approved
and granted a waiver of informed consent (IRB#12187), since
no personal identifiers or medical information were to be
collected as part of the study. Participation of both patients and
professionals was anonymous and voluntary.

Pregnant patients with prenatally diagnosed fetal anomalies
and who were seen at the PDC were offered and provided
prenatal consultations by neonatologists concerning their baby’s
diagnosis and anticipated plan of care. Due to the COVID-
19 pandemic, neonatologists had the option to provide the
visits virtually, using the Zoom ProTM platform, beginning in
March 2020. Physicians received online training on how to
use the platform before providing the service. In addition to
familiarizing themselves with technology use, physicians were
educated about specific requirements with virtual consultations,
such as including verbal consent and platform used for the
consultation in documentation and using modifier codes for
billing. Of the 26 neonatologists within the Section of Neonatal
and Perinatal Medicine, eight provided prenatal outpatient
consultation service during the study period, having the majority
of them performed both virtual and in-person visits. The
decision whether or not to participate in virtual, was a matter
of individual preference. Although we coordinated efforts for
patients to be evaluated by the whole multidisciplinary team
on the day they had their regularly-scheduled ultrasound, other
specialists (neurosurgeons, obstetricians, pediatric cardiologists,
etc.) provided consultation in person at the PDC as they have not
implemented tele-consultations at the moment.

Inclusion Criteria
The patient population included pregnant women with fetal
anomalies who received prenatal visits with a neonatologist at
Oklahoma Children’s Hospital from May 1st to November 15th
of 2020. Participating providers included neonatologists who
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FIGURE 1 | Neonatology prenatal consultations provided at Oklahoma Children’s Hospital from March to mid-November 2020.

delivered virtual prenatal consultations in the same time frame.
Patients who received in-person consults were considered eligible
to participate as a control group.

Virtual Consultation Procedure
Tele-consultations were provided in a dedicated room ensuring
patients’ privacy and confidentiality via Zoom ProTM. After a
patient’s regularly-scheduled prenatal ultrasonography imaging,
the patient was guided to the consultation room where she
and the accompanying spouse or guest were requested to wait.
At the time of the consultation, the PDC nurse navigator
initiated a Zoom session with the consulting neonatologist and
introduced the patient to her/him. Once the communication
was established, the nurse navigator provided patients with a
plain white envelope containing the anonymous satisfaction
survey (Supplementary Figure A). Those willing to participate
were asked to place the completed survey in a sealed envelope
and leave it in a designated drop-box inside the room. At this
time, the nurse navigator exited the room. Upon beginning the
consultation, the neonatologist verbally consented for the virtual
visit via Zoom. At the end of the consultation, the consulting
physician notified the nurse navigator via text message that
the appointment was over and instructed the patient to return
to the waiting room. Then, the PDC nurse navigator wiped down
the room and the computer and let the clinic staff know that the
patient had returned to the waiting room.

In a similar fashion, patients receiving in-person consultations
were given a questionnaire (Supplementary Figure B), identical
to the one offered to virtual patients but without the questions
relating to the telemedicine equipment and experience. This
survey was provided to them in a plain white envelope and they
were given the opportunity to complete the form and leave it in
a designated drop-box in the consultation room. Physicians who

provided virtual consultation during the study period received
a survey (Supplementary Figure C) to be voluntarily filled and
placed in a designated drop box.

All patients who received outpatient consultation got to meet
their baby’s neonatologist as inpatient once they were admitted
to the hospital before delivery. At that time, the plan of care that
was given to them during their outpatient prenatal consultation
visit was reviewed and discussed.

Satisfaction Survey
To address patients’ satisfaction, we developed a survey using
5-point Likert scale items addressing perceived quality of care,
physician’s professional and communication skills, and the
technology involved in the consultation. Physicians’ satisfaction
was measured on 5-point Likert scale items assessing previous
experience with telemedicine, overall perception of the quality of
healthcare provided, and technical aspects of the communication.
Due to the anonymous nature of our survey and the small
sample involved, we were not able to identify those physicians,
if any, who solely provided virtual consultations or determine
the overall demographic characteristics of the physician sample
as a whole. We collected surveys from patients and providers
involved in virtual visits from May 1st to November 15th of
2020.We obtained surveys from a convenience sample of patients
who received in-person prenatal visits in the same time frame.
Although no questions were asked about participants’ ethnicity,
a Spanish language version of the survey, translated by a certified
translator, was available.

Statistical Analysis
Frequencies and percentages were computed on all responses
from virtual and in-person patients and providers. A composite
consultation quality (CQ) score was created by summing
participant responses from questions related to patient-physician
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TABLE 1 | Patients’ demographic variables.

Parameter In-person

N = 12

n (%)

Telemedicine

N = 35

n (%)

P-value

Age in Years 0.261547

Under 20 0 1 (2.86)

20 to 39 10 (100) 32 (91.42)

Over 40 0 1 (2.86)

Did not answer 2 1 (2.86)

Education 0.618918

Some school 4 (40) 4 (11.43)

High school graduate 4 (40) 17 (48.57)

Advanced education 2 (20) 12 (34.26)

Did not answer 2 2 (5.71)

English Fluency 0.171628

Yes 8 (66.67) 31 (88.57)

No (Spanish-speakers) 4 (33.33) 4 (11.43)

communication. The CQ score included the six questions
common to both the virtual and in-person surveys (Questions
2, 3, 4, 5, 6 and 7. See Supplementary Figure A). Each question
had a possible range of 1 to 5, creating a possible composite score
range of 1 to 30. A CQ score was also calculated for physicians;
however, it was not statistically compared with the patients’ CQ
score as the physician survey consisted of different questions. The
combined CQ score for physicians was calculated on ten 5-point
Likert scale survey questions. Between-group comparisons were
made on individual question responses and the composite CQ
scores where appropriate, usingWelch’s t for unequal sample size.

RESULTS

Participants
From May to mid-November, 81 patients received outpatient
neonatology prenatal consultations. During that period, 50
patients completed and returned the satisfaction survey, being
the overall response rate 61.7% (50/81). As the surveys were
anonymous, we do not know the reasons why 31 patients
decided not to participate. We speculate that after receiving
unfavorable news, the willingness to participate in the study was
understandably diminished. Of the 50 patients who completed
the survey, 38 received virtual visits and 12 in-person visits.
Three of the virtual patients’ surveys were incomplete so only
35 were included in the final analysis. As this was a cross-
sectional study using an anonymous questionnaire, participant
demographic information was limited to age and level of
education (Table 1). Eight consults were conducted in Spanish
by a certified, Spanish-speaking physician. Four (11.43%) virtual
consultation respondents and four in-person controls (33.33%)
completed the survey in Spanish. English-speaking and Spanish-
speaking participants were compared in both virtual and in-
person patient groups on all survey questions and the composite
CQ score. No statistically significant differences were found on
any of these measures (Tables 2, 3).

TABLE 2 | Comparison of English-speaking vs. Spanish-speaking virtual patients

(Welch’s t-test for unequal N’s).

Comparison of English-speaking vs. Spanish-speaking virtual patients

English N = 31 Spanish N = 4 t value P-value

Question 1 Mean = 4.65 Mean =4.75 0.389950 0.716434

Question 2 Mean = 4.65 Mean =4.50 −0.475708 0.660722

Question 3 Mean = 4.84 Mean = 4.75 −0.342693 0.751686

Question 4 Mean = 4.77 Mean = 4.75 −0.0925573 0.931196

Question 5 Mean = 4.867 Mean = 4.75 −0.452467 0.678318

Question 6 Mean = 4.84 Mean = 4.50 −1.142815 0.328521

Question 7 Mean = 4.84 Mean = 4.75 −0.342693 0.751686

Question 8 Mean = 4.84 Mean = 4.75 −0.321251 0.766393

Question 9 Mean = 4.77 Mean = 4.75 −0.0925573 0.931196

Question 10 Mean = 4.71 Mean = 4.50 −0.689967 0.531244

Question 11 Mean = 4.84 Mean = 4.50 −1.12907 0.330325

Satisfaction score Mean = 28.81 Mean = 28.25 −0.373977 0.730217

TABLE 3 | Comparison of English-speaking vs. Spanish-speaking in-person

patients (Welch’s t-test for unequal N’s).

Comparison of English-speaking vs. Spanish-speaking in-person patients

English N = 8 Spanish N = 4 T-value P-value

Question 2 Mean = 4.75 Mean =4.75 0.000000 1.000

Question 3 Mean = 4.88 Mean = 5.00 1.000001 0.350616

Question 4 Mean = 4.88 Mean = 5.00 1.000001 0.350616

Question 5 Mean = 4.75 Mean = 5.00 1.527525 0.170471

Question 6 Mean = 4.63 Mean = 4.50 −0.320061 0.757371

Question 7 Mean = 4.88 Mean = 5.00 1.000001 0.350616

Question 8 Mean = 4.88 Mean = 4.75 −0.447214 0.675132

Satisfaction score Mean = 29.00 Mean = 29.75 0.941979 0.94197

Over the study period, eight neonatologists provided virtual
prenatal consultations, and all completed and returned the
anonymous survey. No demographic information was collected
as the small sample size would have likely identified participants.

Telemedicine-Related Issues
For 24 of the 35 patients who participated in tele-consultations, it
was the first time they had received a virtual doctor’s visit. All but
one (97.14%) agreed or strongly agreed that they had been told
in advance that the meeting with their doctor would take place
through a videocall. One survey respondent was unsure whether
or not they had been told before the visit. Thirty-four survey
respondents (97.14%) reported feeling satisfied about talking
with their baby’s doctor through a videocall, with one survey
completer reporting feeling neutral about the videocall.

All eight physicians agreed or strongly agreed that they had
received adequate training in use of the telemedicine system for
providing virtual neonatal visits (N = 8, 100%). All strongly
agreed that the telemedicine system was both reliable and
adequate for providing neonatal consults. Further, all agreed and
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strongly agreed that telemedicine is an effective way of delivering
healthcare information to patients, and most agreed or strongly
agreed that it is comparable in quality with in-person care (N = 7,
87.5%). The physician who felt neutral in that response explained
in the comments’ section that it would have been nice to be able
to hand a tissue to the patient after communicating the news.

All agreed or strongly agreed that they felt comfortable providing
advice to patients via telemedicine, and all believed that it allowed
for good patient interaction. As the primary reason for moving
to virtual prenatal consults was due to the emergent COVID-19
pandemic, doctors were asked and all agreed or strongly agreed
with feeling relieved delivering consults through telemedicine

FIGURE 2 | Patients’ and physicians’ satisfaction with the videocall quality.

FIGURE 3 | Patients’ satisfaction with prenatal consultations in both groups (virtual and in-person visits).
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because it protected themselves and their patients from COVID-
19 exposure. Finally, all eight neonatologists agreed or strongly
agreed that their overall feeling about the use of telemedicine for
prenatal consultations was good.

When inquiring about the technological aspects of the
communication, both patients and physicians reported a high
level of satisfactionwith the audio, video and overall quality of the
videocall (Figure 2). Among survey respondents who answered
the question, 98.7% indicated that they would participate in
virtual doctor visits in the future.

Prenatal Consultation Quality of Care
Questions
The overall quality of the consultation, as well as satisfaction
with individual components of the visit regarding physicians’
professional and communicational skills, were highly rated
among patients in both groups. The items included in the
satisfaction survey and the percentage of patients who agreed and
strongly agreed in their responses are represented in Figure 3.
Virtual patients agreed or strongly agreed that it was easy to talk
to their baby’s doctor through the videocall (N = 34, 97.14%),
while all (100%) control patients agreed or strongly agreed that it
was easy to talk to their baby’s doctor during the in-person visit.
Similarly, all 35 virtual and 11 of 12 (91.68%) in-person patients
agreed or strongly agreed that their baby’s doctor was polite and
caring. All virtual (N = 35) and in-person (N = 12) patients
agreed or strongly agreed that their baby’s doctor’s accent was
easy to understand.

Consultation Quality Scores
Statistical comparison of virtual vs. in-person groups on the
survey question rating overall consultation quality and the
combined CQ score revealed no significant difference on either
measure (Table 4). The combined CQ score for physicians
showed a high mean across all items (M = 46.4± 3.11) (Table 5).

TABLE 4 | Patients’ perceptions of the overall consult quality and composite CQ

score group means computed on six 5-point Likert items about patient-doctor

communication.

Virtual

(N = 35)

In-person

(N = 12)

P-value

Overall consult quality Mean = 4.83

SD = 0.38

Mean = 4.83

SD = 0.40

0.971083

Composite CQ score Mean = 28.71

SD = 2.22

Mean = 28.92

SD = 1.78

0.753263

TABLE 5 | Physicians’ perceptions of the overall consult quality and composite

CQ score group means computed on ten 5-point Likert scale survey questions.

Mean (SD) Lowest Highest

Overall consult quality 4.63 (0.52) 4 5

Composite CQ score 46.38 (3.11) 42 50

DISCUSSION

After evaluating different components of satisfaction among
patients and neonatologists with the use of telemedicine for
prenatal consultations, we found a similar degree of fulfillment
with virtual visits when compared with in-person consultation.
Despite the rapid implementation of telemedicine and the limited
training physicians received, virtual consultations met users’ and
providers’ expectations. A reasonable interpretation of the results
is that these consults do not require physical examination and the
success depends on good patient-physician communication.

The ability to listen and empathize with patients while
providing information in a lay language is important in any
medical consultation (13), but is essential when delivering bad
news. It was our concern that the use of telemedicine would
make it more difficult for patients and physicians to understand
each other due to differences in regional dialects and cultures.
Patients receiving virtual visits, regardless of the language they
spoke, agreed that talking to the doctor was easy, the accent was
understandable and that they felt content (the doctor was polite
and caring). Ironically, in pandemic days, non-verbal cues are
easier to detect through a videocall where patients and physicians
are allowed to remove their face masks than in “traditional” visits
in which masks and a six-foot-distance are required.

Although all physicians agreed that telemedicine was a
reliable, effective tool for providing prenatal consultations, one
was not sure about its quality being equal to in-person visits,
arguing that it would have been nice to be able to hand
a tissue to the patient. That is not a minor comment; as
virtual visits rise in number, so does the need to develop new
techniques to emotionally support our patients through distance
technologies (14).

Even though two thirds of virtual patients were participating
in a tele-consultation for the first time, most were satisfied
about talking to their baby’s doctor through telemedicine
and would participate in a virtual visit in the future. Based
on these results, we are considering providing virtual
visits to patients in their homes, respecting patients’ times
and reducing transport costs while allowing them to
connect more frequently and easily. Bishop et al. recently
demonstrated the feasibility of providing prenatal consultation
where the patient was located at home, but they did not
evaluate patient and provider satisfaction with telemedicine
use (15).

To our knowledge, this is the first study showing the
satisfaction component of prenatal consultations for patients
with fetal anomalies. In accordance with previous studies
conducted in related fields, telemedicine was shown to be
a safe and effective tool with which to provide ambulatory
consultations with a high satisfaction rate among users and
providers (16–18).

Our study may have important economic implications.
Although we did not calculate the reduction in healthcare costs,
we optimized the use of PPE and reduced potential exposures
of both patients and staff, since some neonatologists provided
the visits from their homes. Also, telemedicine consultations
during the pandemic have allowed us to efficiently manage
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our workforce, which was reduced due to staff illness and
quarantine requirements.

Limitations include the small sample size, the fact that
patients’ acceptability of tele-consultations could have been
influenced by the COVID-19 pandemic context, and that
participating physicians had elected to conduct virtual visits.
While physicians had the option to provide virtual or in-
person visits, patients did not have the opportunity to choose.
However, none refused to receive a virtual visit, and all reported
a high-quality perception of the visit. Because of the anonymous
nature of the survey, we did not attempt to link diagnosis with
degree of satisfaction reported by patients. However, we do not
believe that this variable influenced their responses as the overall
parental satisfaction, either with virtual or in-person prenatal
consultations, was very high.

Prior to the pandemic, telemedicine was mostly used in rural
and remote areas for patients with limited access to specialized
care (19, 20). With the outbreak of COVID-19, the flexibilization
of federal and state regulations and reimbursement policies
allowed for telemedicine expansion. We are experiencing an
unprecedented shift in the way we deliver outpatient care.
While face-to-face visits are the best-known model with which
to provide healthcare and are irreplaceable in many cases,
new technologies emerged and are changing the paradigm of
outpatient care delivery. The pandemic brought the opportunity
to implement telemedicine in almost all medical fields and was
shown to be safe, efficient and cost-effective when appropriately
used. Once the COVID-19 restrictions are released, video-
consultations may be a suitable option for selected patients,
reducing the need for face-to-face visits without decreasing
healthcare quality or patient satisfaction. Additionally, offering
a consultation with the whole multidisciplinary team in same
room, either virtual or in-person, would result in a significant
improvement in the quality of care provided to these patients.

In conclusion, after exploring satisfaction with the use
of telemedicine for prenatal consultations during the current
pandemic, we found a high degree of acceptance from both
patients and neonatologists. When comparing satisfaction levels
of patients receiving virtual visits with those receiving in-person

visits, we found telemedicine to be non-inferior to traditional
consultations in terms of perceived quality of care. Despite the
rapid implementation of the new platform and the scarce training
neonatologists received, they were able to establish a good
patient-physician communication, clarify patients concerns, and
convey empathy, which is particularly important in these
sensitive consults. Based on our findings, we anticipate that
telemedicine could be effectively used in the future to provide
neonatology prenatal consultations to patients not only within
the hospital, but also in their homes.
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Healthcare providers were rapidly forced to modify the way they practiced medicine

during the coronavirus disease 2019 (COVID-19) pandemic. Many providers transitioned

from seeing their patients in person to virtually using telemedicine platforms with

limited training and experience using this medium. In pediatric rheumatology, this was

further complicated as musculoskeletal exams typically require hands-on assessment

of patients. The objective of this study was to examine the adoption of telemedicine

into pediatric rheumatology practices, to assess its benefits and challenges, and to

gather opinions on its continued use. A survey was sent to the lead representatives of

each Pediatric Rheumatology Care and Outcomes Improvement Network (PR-COIN) site

to collect data about their center’s experience with telemedicine during the COVID-19

pandemic. Quantitative data were analyzed using descriptive statistics, and qualitative

data were thematically analyzed. Responses were received from the majority [19/21

(90%)] of PR-COIN sites. All respondents reported transitioning from in-person to

primarily virtual patient visits during the COVID-19 pandemic. All centers reported seeing

both new consultations and follow-up patients over telemedicine. Most centers reported

using both audio and video conferencing systems to conduct their telemedicine visits.

The majority of respondents [13/19 (68%)] indicated that at least 50% of their site’s

providers consistently used pediatric Gait Arms Legs and Spine (pGALS) to perform

active joint count assessments over telemedicine. Over half of the centers [11/19

(58%)] reported collecting patient-reported outcomes (PROs), but the rate of reliably

documenting clinical components varied. A few sites [7/19 (37%)] reported performing

research-related activity during telemedicine visits. All centers thought that telemedicine
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visits were able to meet providers’ needs and support their continued use when the

pandemic ends. Benefits reported with telemedicine visits included convenience and

continuity of care for families. Conversely, challenges included limited ability to perform

physical exams and varying access to technology. Pediatric rheumatology providers were

able to transition to conducting virtual visits during the COVID-19 pandemic. Healthcare

providers recognize how telemedicine can enhance their practice, but challenges

need to be overcome in order to ensure equitable, sustainable delivery of quality and

patient-centered care.

Keywords: telemedicine, pediatric rheumatology, telehealth, COVID-19, virtual platform, digital health (eHealth),

health services research, virtual care

INTRODUCTION

The coronavirus disease 2019 (COVID-19) pandemic triggered
an international call for physical distancing, which limited
patients’ access to healthcare. As a result, healthcare providers
explored telemedicine as an alternative or complementary
method of delivering medical care (1, 2). The pediatric
population, specifically those with chronic diseases, have higher
medical needs, necessitating frequent visits to their medical
provider (3). Due to the nature of their underlying diseases
and treatment with immunosuppressive medications, children
with rheumatic conditions require ongoing medical care for both
physical exam assessment and laboratory studies (3).

Limited access to pediatric rheumatology care is an established
issue, which is further exacerbated by the shortage of providers
(4). Although there was little infrastructure to support virtual
visits, telemedicine was proposed as a solution to improving
access to pediatric rheumatologists prior to the COVID-19
pandemic (5–7). While previous telemedicine studies in other
areas of medicine including adult rheumatology have shown

promise, there are limited published reports regarding its use

in the pediatric rheumatology setting (8–12). Piga et al.’s
(13) systematic review on feasibility, effectiveness, and patient
satisfaction with telemedicine for patients with rheumatic disease
identified three studies involving patients with juvenile idiopathic
arthritis (JIA). Two of the studies were self-management studies
and onewas an education study; therefore, remote disease activity
assessment was not performed on these studies (14–16). An
abstract published in 2014 surveying 77 pediatric rheumatology
practices reported that seven sites had telemedicine capabilities,
but only three sites actively used telemedicine to see patients (17).
Another study at one center reported that families preferred in-
person to telemedicine visits, though most of the respondents
were unfamiliar with telemedicine (9). The rate of telemedicine
acceptance appeared to increase with greater familiarity with this
medium (9). Despite the evidence suggesting telemedicine could
result in potential cost savings, the adoption of telemedicine
remained low for the reasons mentioned above (8). An abstract
published in 2018 reported on the experience of providing
pediatric rheumatology care over telemedicine using a mixed
model (10). Patients traveled to a site close to their home with
telemedicine capabilities, where they connected virtually with
their pediatric rheumatologist while having a hands-on joint

disease activity assessment performed by their local Advanced
Clinician Practitioner in Arthritis Care (ACPAC) practitioner
(10, 18). Decreased cost and burden associated with travel, as
well as increased access to care and patient satisfaction, were
noted (10).

The COVID-19 pandemic forced healthcare providers,
including pediatric rheumatology providers, to rapidly shift to
virtual care. Many of the previous barriers to telemedicine,
such as reimbursement and regulatory concerns, were abruptly
lifted to allow for its accelerated adoption (19). The practice of
telemedicine facilitated uninterrupted medical care while abiding
by physical distancing requirements. The forced, expedited
adoption of telemedicine across pediatric rheumatology clinics
came with its challenges. The recognition of these challenges
and barriers prompts the identification of potential solutions
that will improve future delivery of care over telemedicine.
The objective of this study was to examine the adoption of
telemedicine into pediatric rheumatology practices during the
COVID-19 pandemic, to assess its benefits and challenges, and
to gather opinions on its continued use.

MATERIALS AND METHODS

The Pediatric Rheumatology Care and Outcomes Improvement
Network (PR-COIN) is a quality improvement collaborative
learning network of 21 pediatric rheumatology medical centers
and parent/patient stakeholders across the United States and
Canada (20). Together, they partner to identify and close gaps
in healthcare for children with rheumatic diseases by leveraging
quality improvement science and to bring research discoveries
to patient care promptly (20). In addition, the Network strives
to disseminate the knowledge gained to the wider community
through education and publication of results (21). Participating
sites are focused on improving the outcomes of care for children
with rheumatic diseases (21).

In light of the rapid adoption of telemedicine in pediatric
rheumatology, members of the PR-COIN Tele-Rheumatology
Workgroup conducted an electronic survey. The main goal of
this survey was to gather information reflecting each center’s
experiences during the COVID-19 pandemic, specifically related
to telemedicine, including their rates of adoption, how visits were
being conducted, and their opinions of seeing patients using this
medium (see Supplementary Material for survey).
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TABLE 1 | Composition of Healthcare Team at PR-COIN Sites.

Type of Members on Healthcare Team Number

of Sites

Pediatric rheumatologists, trainees, nurses, practitioners

(nurse/ACPAC)

3

Pediatric rheumatologists 2

Pediatric rheumatologists, trainees, nurses, allied health

(medical assistants)

2

Pediatric rheumatologists, nurses, practitioners

(nurse/ACPAC), allied health (medical assistants)

2

Pediatric rheumatologists, nurses, allied health (physical

therapist/practical nurse/social worker)

2

Pediatric rheumatologists, trainees, nurses 2

Pediatric rheumatologists, nurses 1

Pediatric rheumatologists, trainees 1

Pediatric rheumatologists, nurses, allied health (social

worker, physical therapist), specialists from other

departments

1

Pediatric rheumatologists, trainees, practitioners

(nurse/ACPAC), allied health (medical assistant)

1

Pediatric rheumatologists, trainees, nurses, practitioners

(nurse/ACPAC), allied health (medical assistant/physical

therapist/occupational therapist/social worker)

1

Pediatric rheumatologists, trainees, practitioners

(nurse/ACPAC), nurses, allied health (physical

therapist/social worker/dietitian), specialists from other

departments

1

ACPAC, Advanced Clinician Practitioner in Arthritis Care; PR-COIN, Pediatric

Rheumatology Care and Outcomes Improvement Network.

The survey was sent to the lead investigator at each PR-COIN
center. They were requested to complete the survey within a
1 week period during June 2020. Survey data were collected
and managed using REDCap R© electronic data capture tool
(22, 23). REDCap R© is a secure, web-based software platform
designed to support data capture for research studies, providing
(1) an intuitive interface for validated data capture, (2) audit
trails for tracking data manipulation and export procedures,
(3) automated export procedures for seamless data downloads
to common statistical packages, and (4) procedures for data
integration and interoperability with external sources (22, 23).

Quantitative data were analyzed using descriptive statistics.
Two independent reviewers analyzed the qualitative data using
grounded theory to provide understanding of concepts and ideas
emerging from the survey.

PR-COIN collaborative activities are covered under
an umbrella Institutional Review Board (IRB) protocol,
including member surveys that are used as part of continuing
quality improvement.

RESULTS

Center Demographics
The survey was completed by 19 of 21 (90%) PR-COIN centers,
but only 18 of the surveys had complete responses. Centers varied
in the size and composition of their team (range: 4–33 members

at each site) (Table 1). Teams included pediatric rheumatologists,
trainees, nurses, practitioners (nurse/ACPAC), allied health
professionals (e.g., medical assistant, social workers, dietitian,
physical therapist, occupational therapist), and physicians
from other subspecialties such as adolescent medicine and
dermatology. The smallest site was composed of four pediatric
rheumatologists, whereas the largest site was composed of 11
pediatric rheumatologists, one nurse practitioner, two medical
assistants, six nurses, six fellows, four physical therapists, two
occupational therapists, and one social worker.

Telemedicine Adoption and Utilization
Of the 18 centers with completed responses, only four centers
(21%) reported conducting telemedicine visits prior to the
COVID-19 pandemic. However, telemedicine was previously
utilized to service <10% of the four center’s population. All 18
responding sites indicated that they were able to successfully
adopt telemedicine visits during the COVID-19 pandemic. The
switch from in-person to telemedicine services occurred mid-
March for 10/18 (55%) of the centers, while the remaining
centers switched mid to late March (Figure 1). At its peak, 16/18
(89%) reported seeing 75–100% of visits were conducted using
telemedicine. As some sites began phased reopening (seeing
patients in person) during late spring of 2020, the use of
telemedicine subsequently decreased. All sites reported using
telemedicine to see both new referrals and follow-up patients.

Telemedicine Platforms
The most commonly reported platform used to conduct
telemedicine visits was Zoom (7/19), followed by American
Well (5/19). Sites also indicated that they used Microsoft
Teams, FaceTime, Doximity, and Ontario Telemedicine Network
(OTN) (2/19). Other rarely reported platforms included Jabber,
WhatsApp, SBR Health, Bluejeans, and WebEx (1/19). The
majority of sites (11/19) reported using MyChart as their patient
portal. This was followed byHealthELife (3/19), FollowMyHealth
(2/19), and one unspecified patient portal.

Type of Telemedicine Visits
All sites reported their ability to conduct virtual visits with both
audio and visual features (Figure 2). Here, 12/19 (63%) sites
reported using videoconferencing systems, 5/19 (26%) reported
using a combination of both videoconferencing systems and
electronic health record (EHR) patient portals, while 2/19 (11%)
sites reported using only their EHR patient portal. Moreover,
13/19 (68%) sites reported also conducting audio-only visits.
Also, 3/19 (16%) sites reported using mixed models where
patients traveled to a site close to their homewith audio and video
telemedicine capabilities. These three sites were using this mixed
model prior to the COVID-19 pandemic.

In-Person vs. Telemedicine Visit
When providers were asked about reasons to see a patient
in person vs. using telemedicine, respondents indicated a
patient having active or worsening disease and requiring
additional medical care such as hospitalization or joint
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FIGURE 1 | Use of Telemedicine Prior to and During the COVID-19 Pandemic. Each color represents a different center.

injections, coordinating collaborative care, or upon patient
request (Table 2).

Effect on Patient Volume
The majority of centers [14/19 (74%)] reported that their patient
volumes had decreased as a result of switching to telemedicine
during COVID-19, while 4/19 (21%) reported that their volumes
were about the same. One site was not certain about whether their
patient volumes had been affected.

Assessment of Joint Disease Activity
Most centers [13/19 (68%)] reported that at least 50% of their
providers consistently used the pediatric Gait, Arms, Legs, Spine
tool (pGALS) to perform joint activity assessments in patients
with JIA (Figure 3). The pGALS is a structured musculoskeletal
exam that has been used and validated in multiple languages
to identify musculoskeletal abnormalities in children during in-
person assessments (24).

Patient-Reported Outcomes
Patient-reported outcomes (PROs) were collected by most
sites (Table 3). Here, 15/19 (79%) sites reported collecting
duration of morning stiffness. Multi-item PROs questionnaires,
e.g., Child Health Assessment Questionnaire (CHAQ), or
Patient-Reported Outcomes Measurement Information System
(PROMIS) measures were collected by a small minority of
centers (5–11%). Themajority of sites reported verbally collecting
PROs during the telemedicine appointment [16/19 (84%)]. In
addition, 3/19 (16%) sites reported collecting PROs using their
patient portals, 2/19 (11%) sites reported collecting PROs using
e-mail, and 1/19 (5%) sites indicated they also had a custom
system built during the COVID-19 pandemic to collect PROs.
The PRO completion rate varied widely, with 5/19 (26%) sites

reporting <50% completion, 5/19 (26%) sites reporting 50–75%
completion, 5/19 (25%) sites reporting 76–100% completion,
and the four remaining sites did not respond to this question.
PROs that were able to be obtained verbally, such as morning
stiffness or patient global assessment, weremore reliably collected
than Patient-Reported Outcome Measures (PROMs), which are
generally longer validated questionnaires.

Documentation
The reliability of providers documenting items is described in
Table 4. Medication reconciliation, medication refills, and date
of last eye examination were the items that were the most
frequently documented. Conversely, height and weight were the
least documented items.

Items Patients Received Prior to the
Telemedicine Visit
The instructions provided to patients to prepare for their
telemedicine visit varied from site to site. Consent was also
obtained by some sites prior to their appointment. Patient
instructions were e-mailed, mailed, or provided verbally. Patients
would receive an e-mail link for the telemedicine appointment or
notification by their patient portal. Two sites offered mock visits
to ensure that patients knew how to connect. Some nurses and
medical assistants are connected with patients prior to their visit
to gather pre-visit information.

Items Patient Received After the
Telemedicine Visit
The majority of respondents indicated that patients received
prescriptions 18/19 (95%), referrals 16/19 (84%), and after-
visit summary 13/19 (68%) at the end of their telemedicine
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FIGURE 2 | Mediums Used to Perform Telemedicine Visits. (A) Medium Usage

by Sites. (B) Sites Usage of Mediums. Note: Bar graph answers are not

mutually exclusive.

TABLE 2 | Reasons for In-Person Visit Preferred Over Telemedicine Visit.

Joint injection 89%

Anticipate hospitalization 74%

Worsening condition 68%

Evidence of new rheumatic disease 63%

Active disease 58%

Parent request/desire 53%

New patient 47%

Other 16%

Need for laboratory visits 5%

appointment. Additional items that were provided included
requisitions for external labs [4/19 (21%)], physiotherapy
resources [2/19 (11%)], requisition for external diagnostic
imaging [1/19 (5%)], and disease-specific information
[1/19 (5%)].

Patients generally received these materials through their
patient portal [12/19 (63%)] or by mail [12/19 (63%)]. Also, 8/19
(42%) sites reported sending this information by e-mail, and 3/19

(16%) indicated that they provided it by fax. One respondent
indicated that pertinent items were faxed directly to the recipient,
e.g., pharmacy or other clinics.

Research During Telemedicine Visits
With respect to conduct of research activities over telemedicine,
7/19 (36%) sites reported conducting research activity during
this period, while 8/19 (42%) reported that they were unable to
conduct research. Of the sites reporting the ability to conduct
research during the COVID-19 pandemic, only 2/7 (14%) sites
reported being able to obtain consent over telemedicine. Most
of the research that continued was follow-up visits for registries
where information could be abstracted from charts or clinical
personnel were able to assist with a portion of the research
process. Coordinating research during this time relied more
heavily on communication with the clinical team and the clinical
team’s willingness to assist with activities.

Benefits and Challenges to Use of
Telemedicine
Benefits noted with telemedicine included improved
convenience, no need to travel, continuity of care for families
who were hesitant to have in-person appointments, and the
ability to see patients in their natural environment (Table 5).
Challenges noted with telemedicine included limited ability to
perform physical exams, difficulties assessing disease activity,
and difficulties accessing and utilizing technology (Table 6).

All respondents agreed telemedicine visits met both provider
and patient needs. All respondents also indicated that they
believed that the use of telemedicine visits should continue
following the resolution of the COVID-19 state of emergency. At
the time of survey, most centers 14/19 (74%) felt that <50% of
established patients and 15/19 (79%) new patients could be safely
and effectively seen over telemedicine moving forward.

DISCUSSION

Telemedicine has facilitated the continuity of care to pediatric
rheumatology patients while reducing the risk of transmission of
COVID-19 among healthcare providers, patients, and caregivers.
To our knowledge, this is the first survey assessing the
change in telemedicine practices in pediatric rheumatology
due to the COVID-19 pandemic. Not only has telemedicine
facilitated the continuity of care in pediatric rheumatology,
but it has also been successfully adapted by other pediatric
subspecialties including adolescent medicine, otolaryngology,
and sleep medicine (25–27).

In light of the need to quickly respond during the pandemic,
a variety of platforms were used to conduct telemedicine visits.
With the adaptation and normalization of telemedicine into
clinical practice, healthcare teams have since moved toward
ensuring that telemedicine visits are conducted using private and
secure [e.g., Health Insurance Portability and Accountability Act
(HIPAA)/Personal Health Information Protection Act (PHIPA)
compliant] healthcare information exchange platforms. Some
institutions have invested in infrastructure to conduct these
visits such as webcams and software that integrate virtual visits
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FIGURE 3 | Percentage of Providers from Each Site Using pGALS to Assess Joint Disease Activity during Telemedicine Visits.

TABLE 3 | Patient-Reported Outcomes Documented During Telemedicine Visit.

Morning stiffness 79%

Patient global assessment 68%

Pain intensity 58%

Patient self-reported joint count 26%

Do not collect any patient-reported outcomes (PROs) 11%

Child Health Assessment Questionnaire (CHAQ) 11%

Other 11%

Patient-Reported Outcomes Measurement Information

System (PROMIS)

5%

Juvenile Arthritis Multidimensional Assessment Report

(JAMAR)

5%

Pediatric Quality of Life InventoryTM (PedsQL) 0%

into patients’ EHRs. Although the enactment of the National
Emergencies Act in the United States and telehealth expansion
in Canada helped overcome some barriers of reimbursement
and HIPAA, it did not address the issue of reimbursement and
providing telemedicine services to patients residing in another
state (interstate licensure) or another country (28, 29).

Although our results indicated that all sites had the ability
to conduct visits with audio and video capability, we do not
know what proportion of visits were conducted audio-only
consultations vs. audio and video consults.

Despite the availability of telemedicine, providers recognized
circumstances where patients should be seen in person,
suggesting that there may be a need to systematically triage
patients to determine whether they should be seen in person

TABLE 4 | Items Documented During a Telemedicine Visit.

Medication reconciliation 95%

Medication refills 95%

Date of last eye examination 95%

Visit conducted using telemedicine 79%

Allergy review 79%

Laboratory results 79%

Physician Global Assessment 74%

Patient Global Assessment 74%

Joint count 68%

Patient-Reported Outcomes 53%

Disease activity (e.g., JADAS) 42%

Treatment target(s) 37%

Weight 26%

Height 0%

or over telemedicine. This process may require additional time
and preparation of the healthcare and administrative team. To
our knowledge, there currently are no recommendations or
guidelines on how to best triage pediatric rheumatology patients,
which may warrant future investigations.

The reasons for changes in patient volumes during the
COVID-19 pandemic are not specifically known. Possible
explanations for decreased volumes include family reluctance
to leave home during the pandemic, declined visit bookings,
limited access or resources of families to conduct telemedicine
visits, and caregiver’s occupation and changes in work schedule.
It is also not clear whether telemedicine visits are longer in
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TABLE 5 | Benefit of Telemedicine Visits.

No travel 95%

More convenient 84%

Continuity of care for families who are hesitant to come

for in-person visits

84%

Less cancellations/no shows 58%

Decreased patient wait times (i.e., shorter time to

schedule an appointment)

53%

Decreased clinic visit length (i.e., time spent with

healthcare provider)

42%

Other (e.g., opportunity to observe a patient’s home

environment)

5%

TABLE 6 | Challenges of Telemedicine Visits.

Limited ability to perform physical exams 89%

Assessing disease activity 84%

Access to technology 68%

Safety labs being performed at recommended interval 53%

Adequate Internet bandwidth 47%

Providing multidisciplinary care 42%

Patient education 32%

Communicating after-visit instructions/making follow-up

visits

26%

Licensure 11%

Reimbursement 5%

Other-Miscellaneous technological issues for the

patients/providers

5%

duration or if the learning curve of conducting telemedicine visits
affected scheduling volumes. Furthermore, patients may have
limited ability to be seen over telemedicine because they might
not have the bandwidth, resources, or knowledge of how to access
telemedicine visits. We do not know how many new referrals
each site receives annually or how many patients with JIA are
serviced annually, therefore we cannot predict how large of a
clinical volume is seen by healthcare providers at each site, which
may affect their comfort level with using telemedicine.

Although most centers reported that some of their providers
used the pGALS to assess joint activity, this tool has not been
validated for use over telemedicine. As a result, healthcare
providers may not be confident in the accuracy of active joint
activity assessment when utilizing this tool over this telemedicine.
The instrument also may not be able to identify small effusions
or detect active joints in young children when used over
telemedicine. Recently, Shenoi et al. (30) proposed the Video-
pGALS (an adapted version of the pGALS), but this has not
been validated and was created using input from a small group
of pediatric rheumatologists. Additional research needs to be
undertaken to determine whether this tool can accurately assess
joint disease activity in a virtual setting. If it is determined that
this tool is valid, it could enable the standardization of care over
telemedicine. Conversely, if it is not valid, pediatric healthcare
providers will need to seek other means of performing accurate
joint disease activity assessments.

Given that our survey found that about half of the sites’
teams used pGALS to assess their patients over telemedicine,
it is possible that not all healthcare providers are aware of or
trained in the use of the pGALS joint activity assessment tool.
As such, there is an opportunity to train providers so they
are aware of tools that may assist them during their physical
assessment of patients. Similarly, should a tool be validated for
performing assessment over telemedicine, it is important that
the knowledge be disseminated to educate providers, which will,
in turn, standardize care among pediatric rheumatology patients
over telemedicine.

PROs are an integral part of routine clinical practice and
contribute to a myriad of studies (31). The documentation of
patient global assessments was reportedly low. This may be
due to several factors including the reliance of the healthcare
provider to ask the patients to rank the state of their rheumatic
condition on a scale of 0–10 and then documenting the response.
During the initial adoption of telemedicine, healthcare providers
may have prioritized learning how to provide care using this
medium and, therefore, may have elected to focus on completing
items that they deemed to be a higher priority. With increased
familiarity of delivering care over telemedicine platforms, it is
possible that PRO collection and documentation have increased.
Furthermore, as a proportion of patients will continue being
seen over telemedicine after the pandemic is over, it would be
worthwhile to implement a method to reliably collect PROMs for
these visits.

The variability in the documentation of items during
telemedicine visits compared to in-person visits may be due
to several factors. Some variations may be accounted for by
local billing, compliance, and/or institutional requirements. It
appeared that information that the providers had more ease
and control of obtaining, such as medication reconciliation, was
more reliably documented, whereas other pieces of information
that required some effort of patients and their caregivers (e.g.,
measuring height) or other measuring tools (e.g., weight scale)
were less reliably documented. As telemedicine will continue
to serve a proportion of patients, healthcare providers should
consider how to equip families that may not have a scale
or, less commonly, a stadiometer, on how to reliably collect
these measurements. Providing educational resources to patients
and families as well as communicating alternative methods to
accomplish these measurements might be a feasible option. Most
families have access to smartphones where they could download
applications that may help them perform measurements or
access websites, such as the Centers for Disease Control and
Prevention (CDC), which have instructional guidelines (32, 33).
Clinical support tools (such as Smart Phrases, note templates,
and billing templates) embedded in the EHR may assist in
reminding healthcare providers to document exam elements
during telemedicine visits.

Given that everyone was expected to adapt to telemedicine
rapidly and the lack of guidance documents at the outset of
the pandemic, instructions provided to patients (if any were
provided) varied in everyone’s practice (even within sites). Since
then, some guidance documents have been developed, but there
are none specific to pediatric rheumatology (34). It would be
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worthwhile to look at the current practices among different
sites to collectively learn from each other and create a best
practice document. Surprisingly, some caregivers do not realize
that patients needed to be present for telemedicine appointments
or understand the importance of creating an environment to
conduct the visit. The development of a best practice document
with unified expectations and instructionsmay assist patients and
caregivers to better prepare for their appointment.

Providing requisitions for external laboratory and
diagnostic testing after the telemedicine visit offers patients
more convenience as they can maintain continuity of
care while not traveling too far from their home. Only
one site reported providing patients with disease-specific
information. It is not clear whether this was because it was
an open-ended question and respondents did not think
of this answer, or whether other providers did not have
digitized resources to send to their patients. With the shift
to telemedicine, healthcare teams should consider amassing
digital resources that they can provide to their patients
and families.

Many institutions limited research activities during the
COVID-19 pandemic to reduce the number of staff entering their
facilities as well as prioritize the ethical approval of COVID-19-
related research activities (35). To ensure that scholarly work
continues, it is important to establish mechanisms in which
research can be performed over telemedicine (36). This will
require developing and operationalizing a plan that is amenable
to both healthcare and research teams. In addition, using virtual
workflows such as digital consent forms and electronic case
report forms will facilitate research activities over telemedicine.
Naturally, there will be additional costs associated with these
changes, and funders of research will need to avail additional
funding to facilitate this transition (35). Researchers will need
to include a telemedicine/virtual visit component within their
future research budgets. Furthermore, to ensure diversity and
inclusiveness, researchers will also need to consider ways to
facilitate the participation of individuals who do not have access
to technological tools.

Given that patients did not have to travel to attend their
telemedicine visit, households saved time and money associated
with traveling to see their healthcare provider. Not much is
about the cost of pediatric rheumatology telemedicine visits,
e.g., Internet data compared to in-person visits, e.g., traveling.
It would be worthwhile to explore the economic impacts of
these visits. Telemedicine visits offer an alternative solution to
overcoming clinician shortages, especially in rural and other
underserved populations. In pediatric rheumatology, where there
is a clear workforce shortage and states without providers, there
is a distinct opportunity to reduce travel-associated costs (8, 37)
and ensure regularity of follow-up for patients, which is critical
in pediatric chronic care. The convenience of telemedicine could
have potentially brought back patients who were not seen in
a long time because they were in remission and did not want
to lose time and money to travel to their healthcare provider
only to be told they were fine. As such, the use of telemedicine
can improve the outcomes of patients with pediatric rheumatic

conditions, as it increases access to, as well as facilitates,
continuity of care.

The challenge of telemedicine is that it may be not be
equally accessible to everyone. There remain certain regions
with poor bandwidth and minimal Internet services (38). Due
to socioeconomic circumstances, some families may not be able
to afford the cost associated with these types of appointments.
Further work is needed to elucidate the effect of socioeconomic
status, language, broadband availability, and technologic literacy
on patient access.

Although all respondents indicated that telemedicine met
their needs, future work should consider assessing their
satisfaction with telemedicine visits. Another item worth
assessing is the learning curve associated with telemedicine
visits or any additional stress associated with the switch to
this medium.

The limitations of our study include that the participants were
North American pediatric rheumatologists who weremembers of
PR-COIN, therefore limiting the generalizability of our findings.
PR-COIN sites are generally large pediatric research centers
that have extensive experience conducting collaborative research.
Future studies could be conducted on an international level to
assist with the generalizability of the results. In addition, since
this was distributed to PR-COIN site leaders, we are uncertain
whether the results accurately reflect the opinions of all the
providers at their site or whether they were responding based on
personal experience. For sites reporting the use of telemedicine
prior to the COVID-19 pandemic, we do not know whether
this prior experience was equal among all staff members and
whether this facilitated a quicker transition to telemedicine for
the remainder of their practice. Furthermore, as this survey
asked providers to reflect at a single point in time, opinions may
have shifted over time with increased experience with the use
of telemedicine. We are currently developing a follow-up survey
to see whether healthcare providers’ opinions have changed with
time and experience and identify what novel ideas and tools have
emerged ∼1 year after mass the adoption of telemedicine. This
will enable us to identify best practices. With the identification
and implementation of best practices, future studies will be able
to observe how disease monitoring over telemedicine changes
over time.

Our survey only asked about the use of pGALS as an
assessment tool and did not inquire about other tools providers
used to assess joint disease activity over telemedicine. We plan to
identify other tools that healthcare providers are using to assess
joint disease activity, so that if a reliable method is uncovered,
the knowledge can be shared with pediatric rheumatology
healthcare providers.

Finally, this survey was only administered to healthcare
providers and not patients and caregivers. Therefore, we
do not have an understanding of telemedicine visits from
their perspective. Future projects should include patients’
and caregivers’ perspectives in order to help understand
their needs and barriers and what influences their decisions
when selecting appointment mediums. It would also be
informative to know how comfortable caregivers would
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feel if they were asked to actively assist in the physical
examination process.

CONCLUSIONS

The COVID-19 pandemic accelerated the change to delivering
care over telemedicine. This survey indicates that rapid
adaptations occurred to facilitate the implementation of pediatric
rheumatology clinical care and research over telemedicine in
response to the COVID-19 pandemic. In doing so, they were able
to continue providing medical care to pediatric rheumatology
patients despite the physical distancing requirements. Given
that all sites were able to transition to providing care over
telemedicine, the prospect of continuing this practice in the
future is highly likely given that most institutions have added
resources and infrastructure during the COVID-19 pandemic.
We identified specific challenges healthcare providers faced
when conducting visits over telemedicine, such as the limited
number of available tools to reliably perform assessments,
the lack of certainty with these evaluations, and ensuring
that patients had access to technology in order to conduct
telemedicine visits. Further research is needed to identify and
validate tools that can reliably be used to perform assessments
over telemedicine, identify mechanisms to improve provider
documentation, identify ways to improve the collection of PROs,
create standardized instructions to better prepare patients for a
successful telemedicine visit, and identify ways to best integrate
research visits along with telemedicine visits. Most importantly,
we need to ensure that telemedicine can be delivered in a safe,
supportive, and accessible way to pediatric rheumatology patients
and their families.
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Background: COVID-19 has brought to the fore an urgent need for secure information

and communication technology (ICT) supported healthcare delivery, as the pertinence

of infection control and social distancing continues. Telemedicine for paediatric care

warrants special consideration around logistics, consent and assent, child welfare and

communication that may differ to adult services. There is no systematic evidence

synthesis available that outlines the implementation issues for incorporating telemedicine

to paediatric services generally, or how users perceive these issues.

Methods: We conducted a rapid mixed-methods evidence synthesis to identify barriers,

facilitators, and documented stakeholder experiences of implementing paediatric

telemedicine, to inform the pandemic response. A systematic search was undertaken

by a research librarian in MEDLINE for relevant studies. All identified records were

blind double-screened by two reviewers. Implementation-related data were extracted,

and studies quality appraised using the Mixed-Methods Appraisal Tool. Qualitative

findings were analysed thematically and then mapped to the Consolidated Framework

for Implementation Research. Quantitative findings about barriers and facilitators for

implementation were narratively synthesised.

Results: We identified 27 eligible studies (19 quantitative; 5 mixed-methods, 3

qualitative). Important challenges highlighted from the perspective of the healthcare

providers included issues with ICT proficiency, lack of confidence in the quality/reliability

of the technology, connectivity issues, concerns around legal issues, increased

administrative burden and/or fear of inability to conduct thorough examinations with

reliance on subjective descriptions. Facilitators included clear dissemination of the

aims of ICT services, involvement of staff throughout planning and implementation,

sufficient training, and cultivation of telemedicine champions. Families often expressed

preference for in-person visits but those who had tried tele-consultations, lived

far from clinics, or perceived increased convenience with technology considered

telemedicine more favourably. Concerns from parents included the responsibility

of describing their child’s condition in the absence of an in-person examination.
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Discussion: Healthcare providers and families who have experienced tele-consultations

generally report high satisfaction and usability for such services. The use of ICT to facilitate

paediatric healthcare consultations is feasible for certain clinical encounters and can work

well with appropriate planning and quality facilities in place.

Keywords: telemedicine, telehealth, e-health, digital health, paediatrics, implementation

INTRODUCTION

Telemedicine is an umbrella term for the use of information
and communication technologies (ICTs) to facilitate remote
consultations and deliver healthcare using computers and
smart devices such as smart phones and tablet computers.
Whilst the potential applications of telemedicine are all-
encompassing, particularly in remote and underserved regions or
for populations living with medical conditions for whom travel
to healthcare appointments may be particularly burdensome,
the emergence of the COVID-19 pandemic has significantly
emphasised the need for secure ICT-supported healthcare. For
healthcare delivery in particular, a need for safe alternatives to
in-person care has rapidly come to the fore. During periods
of rapid transmission of the virus, emergency department
visits have sharply declined (1, 2) and routine screening and
consultations have been virtually non-existent in many regions
for long periods since the COVID-19 pandemic (3–5). This
has resulted in a rapid and widespread increase in use of
telemedicine and expansion of electronic healthcare to meet
demand (6). It is likely that the need for infection control
and social distancing measures will continue and may increase
throughout the influenza and respiratory syncytial virus seasons.
Reliable, secure, high-quality telemedicine will be vital for
the continuation of healthcare services, particularly for those
most vulnerable.

Telemedicine for paediatric care warrants special
consideration around logistics, consent and assent, child
welfare and communication issues that may differ to adult
services (Figure 1) (7). There is no systematic evidence
synthesis available that outlines the implementation issues for
incorporating telemedicine to paediatric services generally, or
how users perceive these issues. We sought to identify factors
that affect the establishment of virtual paediatric care in order
to inform and equip those that need to urgently implement
telemedicine (8), and assist paediatric service delivery in the
longer term. Indeed, as noted by Ross et al. implementation does
not stop with “go live” and therefore this review also informs
those that have already implemented telemedicine (9). We
aimed to achieve this by synthesising scientific studies that have
documented barriers, facilitators, user attitudes and experiences
of implementing paediatric telemedicine.

Abbreviations: HCP, Healthcare Professional; ICT, Information and

Communication Technology; MMAT, Mixed-Methods Appraisal Tool; CFIR,

Consolidated Framework for Implementation Research.

METHODS

We conducted a rapid systematic review (10, 11), using a
concurrent mixed-methods evidence synthesis methodology
(12). This review was registered on PROSPERO (registration
number CRD42020184115).

A search strategy was developed and run in the MEDLINE
database by a research librarian (Supplementary Image 1).
We included any study examining aspects of implementing
telemedicine for paediatric care, published in English
between 2005 and 2020. This included studies whereby the
technology facilitated paediatric consultations for patients
and their caring adults. Studies were included if they assessed
telemedicine undertaken in a clinical setting by healthcare
professionals (HCPs) including physicians, surgeons, allied
health professionals and nurses. References of relevant articles
were also reviewed for eligibility. Full inclusion and exclusion
criteria are available in the Supplementary Table 1.

All titles/abstracts and all potentially eligible full texts were
screened by two of the three reviewers (LT and LC/NA).
The reviewers discussed all conflicts and a consensus decision
was made regarding inclusion. Data (study and participant
characteristics, methods, findings consistent with the aims of
this review) were extracted to Microsoft Excel and the Mixed-
Methods Appraisal Tool (MMAT) (13) was used to assess
the quality of included studies and risk of bias at outcome
level. A randomly selected 20% portion of the extraction
and assessment were independently verified (by LC/NA) to
ensure quality.

Qualitative findings were coded (by LT) and analysed by
the analytical themes identified from the developed code
structure. We used thematic analysis, with guidance from
Thomas and Harden (14). This process involves adding
descriptive codes to the data and combining these to categorise
the findings into themes using an iterative process. The
identified barriers and facilitators were mapped to the constructs
within the Consolidated Framework for Implementation
Research (CFIR) (15), which involved categorising findings
according to whether they are intervention-, individual-,
setting- or process-specific (Table 1). Quantitative findings were
summarised narratively.

RESULTS

Eligible Studies
We identified 207 records in total from database searching
and one additional title while scanning the references
of the articles (Figure 2). Title and abstract screening
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FIGURE 1 | Special considerations for extending telemedicine to paediatric care.
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TABLE 1 | Summary of barriers and facilitators for implementation of telemedicine assessed qualitatively.

CFIR construct Barriers/challenges Facilitators

Intervention characteristics:

Source

Evidence strength and quality

Relative advantage

Adaptability

Trialability

Complexity

Design quality and packaging

Cost

• Lack of buy-in for need

• Perception of additional work, complex,

onerous

• Uncertainty legality/credentialing

• Fear of litigation

• Lack of insurance coverage

• Lack of confidence in the technology to be

reliable

• Fear of embarrassment (unreliable technology)

• Outsider implementing programmes out-with

perceived needs

• Perceived convenience, time & money savings

for families

• Perceived opportunity for learning

• Straight-forward technology

• “Plan B” protocols e.g., photos to

complement poor video image

Outer setting:

Patient needs and resources

Cosmopolitanism

Peer pressure

External policies and incentives

• Misaligned incentives: loss of patients = loss of

earnings

• Perception that management get to “fly the flag”

at any cost to staff

• Trust in providers ensures privacy

Inner setting:

Structural characteristics

Networks and communication

Culture

Implementation climate

Readiness for implementation

• Implementation climate: perception of being

tested or monitored

• Fear of being replaced

• Insufficient time/staff

• Inadequate/no compensation

• Paternalistic tone of remote colleagues

• Clear dissemination of telemedicine aims to all

users

• Reallocating administrative tasks away from

those expected to use technology

• Ability to offer wider services and thus better

care

• Calm and supportive tone among remote

specialists

• Equipment that fit into the environment

• Strengthened relationships with outside teams

Individual characteristics:

Knowledge and beliefs about the

intervention

Self-efficacy

Individual stage of change

Individual identification with the

organisation

Other personal attributes

• Lack of familiarity between clinician and family

• Lack of proficiency with technology

• Working alone at home preventing interaction

with colleagues

• Reliance on subjective descriptions by parents

& non-medical factors

• Having the option (for families)

• Values: valuing effective care over

reimbursement

• Acknowledgement of cognitive bias which

may influence decision-making

Process:

Planning

Engaging

Executing

Reflecting and evaluating

• Unclear aims goals of telemedicine service-

inappropriate use

• Early comprehensive training, including

communication training

• Communication of the value of telemedicine—

“selling it”

• Allocated team time for debrief/reflecting with

colleagues

• Clarity on when to use telemedicine

• Champions for telemedicine (for each

discipline)

• Accessible technical support

• Appropriate triaging and referrals

• Designating a suitable area for

tele-consultations

• Thorough planning and involvement of end

users at all stages of planning

and implementation

excluded 110 records, while full text screening excluded
71. We identified 27 eligible studies; 19 quantitative studies
(16 quantitative descriptive, two RCTs and one non-
randomised trial); five mixed-methods studies, and three
qualitative studies. All studies and their characteristics
are listed in Supplementary Table 2. There was initially
86.4% agreement on screening decisions between reviewers
(179/207 decisions), which increased to 100% agreement
after discussion.

Quality Appraisal
The full quality appraisal results, as presented according to the
MMAT items, can be seen in Supplementary Table 3. To briefly
summarise the quality of included studies, most quantitative
descriptive studies (which represented 16/27, 59% of the included
studies) were generally moderate to low quality. The primary
reason for low scores was ambiguity or low quality relating
to the instrument used for assessing attitudes/experiences
among participants (i.e., the tool used, its development, validity
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FIGURE 2 | PRISMA flow diagram.

or reliability, appropriateness within the specific setting), in
addition to unclear reporting of response rates or whether
the samples surveyed were representative. Three trials (16–18)
were of high quality. However, the study by Cady et al. (16)
only assessed the outcomes of interest for this review as open-
ended feedback post-intervention. The mixed-methods studies
consisted of two high quality papers and three lower quality. One
study scored low based on an unclear research question and thus
inability to assess whether the design was best placed to answer
it, while two scored low due to insufficient detail presented for
assessment of the qualitative components. The three qualitative
studies were generally of high quality.

Qualitative Synthesis
The themes identified from the qualitative and mixed-methods
data are described below. Table 1 summarises the barriers and
facilitators for implementation of telemedicine as presented
within these themes, according to the domains of the
CFIR framework.

Buy-In
Several issues were described relating to participant buy-in for
the use of telemedicine as an alternative for in-person paediatric

care, or as a tool for accessing specialist care remotely. Among
HCPs, buy-in to the benefits of and need for telemedicine was

an important facilitator for its uptake and use (19), and there was

apprehension expressed by some providers about its introduction

to paediatric services (20). Uscher-Pines et al. reported that HCPs

believed that video conferencing was being proposed for cases

whereby a “phone call would suffice,” adding additional work

and unnecessary complexity (19). Other barriers were related

to the perception that they were being tested or monitored, or

that it would increase the potential for having their decisions

questioned (19, 20), specifically whereby the telemedicine service
was between a remote site and a specialist hub. Participants in
one study (20) proposed increased reassurance to staff that these
were not the aims of the telemedicine service, in order to increase
uptake and buy-in (21).

If providers suspected that the use of telemedicine would be
onerous, complex or that the technology would be unreliable,
they were less likely to use it according to one study (21).
Initiating care through telemedicine without previous familiarity
of a family/case was also cited as a concern among providers
(22). Participants suggested various strategies for facilitating buy-
in including early comprehensive training in the technology
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to increase comfort with its use, accommodating time for
implementation by redirecting other time-consuming tasks away
from busy providers (19), and communicating the value and
potential benefits widely to potential users in advance (19,
23). Some patients and families had reservations about tele-
consultations with unfamiliar clinicians, or those with whom they
did not have a relationship. Choice between telemedicine and
face-to-face care was a suggested facilitator for buy-in among
families (24).

“I would like to think that this is something that is going to be a part

of the care, not is going to become the norm. So that would bother

me, because I think it’s still important to be able to have that option

to come in and have your child seen, vs. ‘Oh, I think if we just do

a conference call we’re fine.’ I don’t. . . I’d like to see, you know—I

don’t know. That would just be a concern of mine” (24).

Financial, Regulatory, and Legal Considerations
Concerns were raised by HCPs across multiple studies around
the legality of care using telemedicine. One study reported that
providers had serious reservations about telemedicine due to
their inability to assess risk in paediatric patients the same way
they could during an in-person visit, in addition to the risk of a
misdiagnosis, resulting in a fear of litigation arising from its use
(22). This fear influenced HCPs’ decisions made via telemedicine.

“Everything was documented since I had more concern in this

work about lawsuits. The documentation was very detailed and

meticulous. There were those I would return to after a few hours...

the inability to examine closely certainly influenced, and it is

difficult to make decisions in this consultation. I did not feel

confident enough to make decisions. . . ” (22).

The issue of credentialing, the process of ensuring legitimacy
of care through the medium of telemedicine, was discussed in
detail and described as onerous and time-consuming (19). A
variety of interpretations of the need for specific credentialing
for telemedicine was reported across different sites, which varied
from this being a barrier for uptake due to local laws, to some sites
concluding that no additional credentialing was necessary (19).

Karlsudd et al. reported that, where families waived their
right to confidentiality, it facilitated a more open exchange
of information and allowed for efficiency in terms of multi-
disciplinary care (25). From the perspective of the patient/family,
parents had little concern related to privacy, though did report
hoping it was well-managed by the healthcare organisation (24).

Uptake of telemedicine among families was found to depend
heavily on whether insurance companies were willing to
reimburse care by this means (24). One study found that the
administrative time spent organising billing for telemedicine was
reported to be too time consuming, and that lack of insurance
coverage in addition to inadequate reimbursement for tele-
consultations were perceived to be major barriers for the long-
term sustainability of telemedicine (19).

Relative Advantages vs. Opportunity Costs
The advantages of telemedicine for patients and families were
widely recognised to include time saved by avoiding travelling

to appointments (25), with the consequential effect of reduced
absenteeism from school for patients and work for parents/carers
(24, 26), reducing stress and burden for families (19, 24). This
was reported to result in financial savings for families also,
related to travel and associated expenses (26). Some observed
benefits went much further than convenience however, with
the implementation of telemedicine allowing for access to
appropriate and timely specialist care for children far beyond
what had previously been available, particularly in remote areas
(19, 20, 24, 26). HCPs who participated in one study expressed
relief at the enhanced capacity that telemedicine allowed for (26).

The same study found that rural families saw the ability to
connect with tele-psychiatry and its benefits as an opportunity
to become active members of their community again. Families
expressed a sense of hope as a direct result of the implementation
of this service, with a suggestion that this could even contribute
to the stability of rural communities. For children with chronic
illnesses, it was reported that telemedicine was viewed by families
as offering the potential to streamline access to multi-disciplinary
care and also reduce the risk of cancellation of appointments due
to illness.

“There are times when she’s too weak to get up, and I’ve had to

cancel appointments. Instead of cancelling, I would have loved to

have had the ability to say, ‘Hey, she can’t get up today. I don’t want

to cancel. Here you know, let’s video-conference and discuss what’s

going on’. . . ” (24).

Ray et al. also reported that families expressed feeling that
telemedicine would allow for reassurance and reduced anxiety
about a child’s condition between in-person hospital visits,
and could also allow for more logical/efficient scheduling for
healthcare, one example given being a screening/triage system to
assess need for an in-person visit, and therefore increase the value
of in-person care (24).

Change Management
In contrast, however, telemedicine was widely reported to be
additional work on a practical level from the perspective of HCPs,
and in particular its implementation tended to involve what staff
perceived as excess paperwork/administrative tasks (19, 20, 27).
This was compounded in cases by ICT illiteracy resulting in
tasks being completed manually by those not proficient with the
software (27). Some HCPs added that using telemedicine, which
often meant working out of their own homes, was sometimes
isolating and that the inability to run cases, issues and ideas
past colleagues in the clinical environment was a drawback
(22). In some cases, these issues were expressed with frustration
that this work came without additional compensation, although
other providers acknowledged feeling that the ability to provide
effective care was more valuable than reimbursement (19).

On a more profound level, providers also expressed concerns
around the broader pathways associated with implementation of
telemedicine, whereby offering a one-time consultation would
not be a solution to patients for whom there was a dearth
of access options (26). Participants in another study expressed
apprehension around misaligned incentives also, within a
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jurisdiction whereby healthcare provision is often for-profit, and
therefore losing patients equated to loss of earnings/income and
so, introducing telemedicine for remote care was not always in
the interests of everyone involved (19). Haimi et al. on the other
hand found that in some cases providers did not view saving
money for the healthcare service/system to be a priority when
considering the use of telemedicine (22).

Impact on Quality of Care
The use of telemedicine was reported to both positively influence,
and at times hinder clinical decision-making among providers.
The support of specialist input to satellite healthcare providers
for instance, was found to instil confidence and reassurance in
the ability of local providers to give appropriate care (20, 26). In
some cases however, the fear of having their clinical judgement
questioned or having a decision overturned as a result of using the
telemedicine service was a barrier to uptake of the service (19).

Some clinicians discussed how telemedicine could not replace
in-person consultations with families, and this was a source
of apprehension about its use. Others were reassured that
video allowed for an opportunity to provide care rather than
nothing/only a phone call, despite being seen as inferior to
in-person care (22). Among those who were less confident in
their ability to make judgements via telemedicine, the worry
of children’s inability to express symptoms, in addition to
frustration at being unable to gather sufficient information whilst
under time pressure given the acute nature of paediatrics, was
described as being a primary source of worry. Many participants
discussed their need to rely on subjective descriptions provided
by parents (22). This was echoed by parents in another study
who felt under pressure to provide accurate descriptions of
their child’s condition and feared they would not convey all the
necessary information, which increased their anxiety about the
process (24).

“I suppose the fact that they can’t really see him, I guess, and if I can’t

really say for sure what’s wrong with him. . . if I couldn’t explain

what’s going on with him, I might make it sound not as bad as it

actually is or I might make it sound worse” (24).

In contrast, other parents saw telemedicine as an opportunity
for better access to care and timely diagnoses (24), though
from a provider perspective, some talked about the conflict
of “good service vs. proper medicine,” whereby they felt the
need to oblige parents who misused the telemedicine service for
convenience (22).

Healthcare providers interviewed by Haimi et al. discussed
the non-medical factors they relied on to help guide decisions
where needed, and these included parents’ tone of voice,
perceived health literacy of the parent and their perceived ability
to make shared decisions with the family. Some participants
acknowledged the need for awareness of their own cognitive
biases that may affect judgement in such circumstances, an
example of this being the perception of a family’s socioeconomic
status, which participants cited as one factor considered when
making decisions using telemedicine (22). The same study found
that younger physicians, and those who had studied medicine in

less “conservative or patriarchal” cultures tended to be better able
and more open to shared decision-making with families.

Reliability and Usability of Technology
Issues with the usability and complexity of the technical
platforms for facilitating telemedicine were widespread across
studies. Their quality, reliability and the proficiency of clinical
users were major factors in determining its acceptance and
uptake among staff (19, 22, 27, 28), and some families
(24). Participants discussed connectivity issues reducing their
utilisation of telemedicine (27), with long setup times, audio-
visual issues (21, 22), and “background fears” of something going
wrong constantly affecting the quality of a consultation (20).
Some clinicians described feeling embarrassed by these issues,
which were often beyond their control. This issue was not unique
to older studies, with the issue observed in those published up
to 2018.

“Equipment can be hard to use and it looks like you don’t know

what you are doing to the person on the other end. It is an ongoing

challenge to keep people competent when volume is low” (19).

Insufficient training on the telemedicine equipment/technology
was a reported source of technical problems in the same studies
where ICT illiteracy was a cited major barrier to uptake of
telemedicine (19, 27). Other interviewees however noted that
confidence with the technology grew with increased use and
experience of tele-consultations (22). Some clinical staff made
suggestions for potential facilitators for smooth implementation,
including having the facility for families to send photos when
video quality was insufficient (22) and ensuring access to
all necessary medical records via the telemedicine software
(28). Participants also suggested investment in user-friendly
equipment that fit well with the existing clinic, in addition to
continued staff training (19, 20), availability of technical support
(28), and frequent testing of the equipment by staff outside of
scheduled consultations (19). It should be noted that among
participants who found their telemedicine platform to work
well, improved communication between families and clinical
staff was reported, in addition to allowance for “genuine further
education” (25).

Integration to the Organisation
Healthcare providers described the implementation of
telemedicine as having allowed for streamlining of care
processes, which had a positive impact on care (20). Appropriate
triaging, appropriate referrals for telemedicine consultations and
practicalities such as having a suitable area for staff to carry out
tele-consultations comfortably were all cited as facilitators for its
use (28).

Where clinical staff reported feeling less satisfied with
the integration of telemedicine to the local workflow, these
issues tended to be around how expectations and logistics
had been managed (19). Participants conveyed dissonance
between management and staff, describing the impression that
telemedicine was implemented as a tick-box activity for the
organisation, without careful planning.
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“The [hub] hospital gets to wave the flag that they offer this

service, but the [hub] doc just has to work harder for no additional

compensation” (19).

Insufficient staff numbers with capacity to engage with patients
via telemedicine was a problem encountered by others (20, 22),
which prevented use of the service.

Beyond individual settings, the implementation of
telemedicine was also described by some to facilitate
strengthening of relationships between clinical sites (19) and
disciplines (25), and where calm and supporting communication
was used for tele-support between sites, this facilitated acceptance
of this service (20). In contrast however, the use of overly
paternalistic tone of communication by remote specialists was a
barrier to engagement cited by satellite staff (20).

Suggestions for facilitating integration of telemedicine
services to existing organisations arising from these discussions
were common. Thorough planning with consideration for
each aspect of implementation, logistics and administration
as well as cultivation of clinical champions across the relevant
disciplines within the healthcare setting were suggested
(19). Additional suggestions included allocation of staff to
coordinate and support telemedicine and its various tasks
(20, 28), involvement of frontline staff within the organisation
throughout the implementation process (20), a designated
clinician to accompany patients at remote facilities (28), and
additional support for ensuring follow-up and adherence to
patient recommendations arising from the tele-consultation
(26). Finally, need for clear dissemination of the purpose of
telemedicine to ensure appropriate use, and allocated time online
with peers for those working in isolation to reflect, debrief and
discuss their experiences were described (22).

Quantitative Synthesis
Attitudes to Telemedicine vs. Usual Care
Four studies assessed attitudes to telemedicine as an alternative
to in-person visits, among families who had not yet experienced
telemedicine and found high (95%, 151/159) (29) to moderately
high (58% 148/256; 57%, 588/1032) (30, 31) preference for in-
person visits, despite openness to trying telemedicine (30, 32).
For studies whereby telemedicine had been tested (18, 33–37),
acceptability of tele-consultations ranged from 79 to 100%. Qubty
et al. also reported feedback that telemedicine is useful if the child
is doing well, otherwise face-to-face is preferable (34). Marconi
et al. examined physician tele-presence during an emergency
triage and found that 59% of parents and 83% of children would
prefer this type of visit (18).

Time/distance spent travelling to appointments (29–31),
perceived cost of in-person appointments (31), familiarity with
telemedicine (31), and number of missed work hours (38) were
all significantly correlated with positive attitudes to telemedicine.

Usability
Of the five studies that reported usability from the perspective of
HCPs, the majority found the technology easy to use (90%; 95%)
(20, 39) or rated it highly (9.3/10.0; 4.2/5.0) (25, 40). Zachariah

et al. reported all clinicians to be competent with independent use
of telemedicine following training on use of the equipment (35).

Among patients and families (n = 1,032), one study found
participants to be comfortable communicating about medical
issues through email (69.9%, n = 721), telephone (82.9%, n =

856), and video conferencing (52.9%, n = 546) (31). Others
reported unanimous satisfaction and comfort with the experience
of using telemedicine (98%; 100%) (33, 34), and high ratings for
user-friendliness of the telemedicine platform (4.8/5.0) (25).

Challenges Encountered
Table 2 presents the main barriers to initiating use of
telemedicine that were reported across six quantitative studies.
The challenges encountered with the use of telemedicine that
were reported quantitatively by seven studies are shown in
Table 3.

Participants within some studies offered suggestions for
improvements of telemedicine services. These included the need
for training and education (17%, 7/41; 100%, 7/7), and suggested
investment in higher quality equipment with higher resolution
imaging (7%, 3/41; 100%, 7/7) (35, 41). Fefferman (40) reported
no negative feedback, while Brova et al. reported 39% (42/107) to
have experienced no significant implementation challenges. No
studies reported whether any adverse events related to the use
of telemedicine occurred and no detail was provided within the
included trials about whether this was monitored (16–18).

Perceived Benefits of Telemedicine
Table 4 outlines the perceived benefits of telemedicine. Time-
savings were cited across more studies than any other beneficial
factor, with eight papers reporting that it was mentioned. One
additional study (32) found that most respondents thought
that time-saving was moderately/very important (88%), followed
by cost-saving (85%) among those who had not yet tested
telemedicine.

Satisfaction With the Telemedicine Service
Overall satisfaction with telemedicine was reported among six
studies that assessed the patient/family perspective (16, 17, 25, 33,
34, 36), with two of these as part of randomised controlled trials
(16, 17). Coker et al. (17) found that parents reported significantly
higher satisfaction with a tele-referral system and with care
overall compared with usual care. Cady et al. (16) reported
significantly higher “adequacy of coordination of care” among
participants within the intervention group of a three armed
trial testing phone, video and usual care, compared to baseline.
No significant differences were observed between groups. Four
studies reported high satisfaction with telemedicine care received
(25, 33, 34, 36).

HCPs’ satisfaction with telemedicine was reported
quantitatively by eight studies (20, 25, 35, 36, 39, 40, 42, 43), with
generally high satisfaction ranging from 91-100% among those
whereby the telemedicine was used for communication with
patients/families (20, 35, 36, 39). McConnochie (42) found that
46%were at least as confident of diagnoses made via telemedicine
as face-to-face. This increased to 83% among providers who had
carried out over 50 tele-consultations. High satisfaction with
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TABLE 2 | Reported barriers to initiating the use of telemedicine.

Author Perspective Barrier Frequency reported

Fieleke Healthcare provider Lack of need

Billing/reimbursement issues

Concerns about medico-legal

ramifications

Lack of trust in telemedicine accuracy

Lack of direct patient contact

Cost

Time constraints

Twice or more

Fang Healthcare provider Lack of clinical need 65·5% (36/55)

McCrossan Healthcare provider Insufficient training in relevant specialty 87% (13/15) of those using telemedicine

infrequently (37% in total, 13/35)

Inexperience with the equipment 31% (11/35), (73% in total, 11/15)

Seckeler Healthcare provider Patient privacy concerns 60% (27/46)

Cost of implementation 10% (4/46)

Ease of access in the catheterization

laboratory

10% (4/46)

Image quality 10% (4/46)

Time constraints 10% (4/46)

Trust of advisor (technology for

communication with mentors)

10% (4/46)

Russo Patient/family Lack of trust toward telemedicine tools 30%

Fear of excessive responsibilities for the

family

28% (of those who expressed non-interest

in telemedicine; n = unclear)

Marconi Patient/family Child too sick to take part Most common reason for declining to

participate; % not reported

technology for communication between professionals was also
reported (40, 43). Karlsudd et al. reported greater satisfaction
among parents (4.8/5.0) than HCPs (3.9/5.0) (25).

DISCUSSION

Summary of Findings
We aimed to identify and describe the scientific literature
related to implementing telemedicine in paediatrics. This
study is essential as it informs and supports the response
of paediatric health services to the COVID-19 pandemic and
the efforts needed to maintain clinical services while adhering
to pandemic-response guidelines. We present a synthesis of
evidence for factors affecting implementation of paediatric
telemedicine from the perspectives of end-users, including HCPs
and patients/families. In addition, we map the findings to
the CFIR (Table 1) to facilitate systematic identification of
multi-level factors reported to influence implementation of
telemedicine in paediatrics. The use of CFIR provides readers
with a practical guide allowing stakeholders to apply relevant
findings to their own paediatric setting. Our review provides
an outline of the broad issues that have been identified within
a set of studies of variable quality, settings and clinic types,
informing actionable considerations for current implementation
plans whilst also providing evidence to inform further primary
research and focused evidence syntheses. This review also collates
evidence for both paediatric patient/family and HCP acceptance
of telemedicine for the first time.

The quantitative studies assessed demonstrate that among
those who have not yet tried telemedicine, there was a tendency
to favour in-person care, however among those who had
tested tele-consultations, acceptance and satisfaction was high,
increasing also with experience. Families who lived further away
from healthcare facilities, and who therefore had greater costs
(both monetary and opportunity costs) for attending in-person
appointments, were more open to tele-consultations. This is of
particular importance in paediatrics whereby both school and
workdays are potentially missed due to healthcare appointments.

Several barriers to uptake and challenges were identified
within the quantitative literature specific to paediatric care and
telemedicine generally, and scepticism about the reliability of
the technology was a key barrier expressed by both providers
and families. Telemedicine was perceived as inappropriate for
various types of examinations logistically, and often could
not replace in-person visits, while other common challenges
included connectivity and quality issues, specifically inadequate
audio/visual quality. Many of these issues were echoed by
the qualitative studies, where it was also clear that HCPs
experienced a great deal more practical issues and concerns
around the use of telemedicine than patients and their families,
who valued the convenience it allowed. Thorough planning
before implementation commencement and involving frontline
staff in order to identify practical concerns within a specific
setting and to increase buy-in, is a key finding. Investment
in quality, reliable technology that staff can trust to overcome
the communication considerations for working with families,
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TABLE 3 | Reported challenges encountered during use of telemedicine.

Author Perspective Issues reported Frequency reported

Brova Healthcare provider Process concerns 39% (42/107)

Technology concerns 14% (15/107)

Fieleke Healthcare provider Poor image quality

Patient movement leading to blurred images

Inability to perform necessary examination/treatment

Billing/reimbursement issues

Twice or more

Hopper Patient/family Perception that telemedicine examination was insufficient 10% (1/10)

Child distracted/bothered by screen 10% (1/10)

McConnochie Healthcare provider (Reasons for incomplete visits)

Inability to perform necessary examination/ treatment

remotely

64% (51/79)

Further test or imaging needed 14% (11/79)

Child site or parent decision prevented clinician from seeing

child

4% (3/79)

Technical failure/inadequacy 17% (14/79)

(Reasons for cancelled/refused visits)

Designated clinicians for tele-consultations out of office

without cover

40% (96/243)

Practise indicated being too busy to accommodate tele-visit 19% (47/243)

Insurance did not cover telemedicine/no insurance 18% (43/243)

Visit requested too late 11% (27/243)

Administrative error/issue unrelated to the technology 3% (7/243)

Practise unable to complete visit within available time 2% (4/243)

Practise refused visit due to unpaid bill <1% (1/243)

(Reasons for abandoned visits)

Parent picked up child before information capture was

complete

25% (23/90)

Unable to acquire necessary information (e.g., child

uncooperative)

15% (14/90)

Administrative problem (e.g., unable to contact parent for

consent)

20% (18/90)

Technical problem 12% (11/90)

Problem was beyond capacity of model 10% (9/90)

Other (not specified) 18% (15/90)

Qubty Patient/family (from open feedback)

Sub-optimal audio/video

Connectivity issues due to capacity of home internet service

Not optimised for tablet PC

Insufficient troubleshooting resources for families

Telemedicine calendar not open early enough to find

available slots

Administrative burden

No sign interpreter

26% (13/51)

8% (4/51)

2% (1/51)

4% (2/51)

2% (1/51)

4% (2/51)

2% (1/51)

Seckeler Healthcare provider Encountered inadequate imaging to provide advice 42% (8/19)

Zachariah Healthcare provider Temporary disruptions in audio (sound distortion) and video

(image streaking) quality requiring widening bandwidth of the

internet provider.

86% (6/7)

in addition to appropriate reallocation of resources to allow
the service to run and comprehensive training are also
necessary. For paediatric care specifically, a key consideration
is the importance of triaging patients for the suitability
of telemedicine (e.g., whether a tele-medical consult might
expedite access to specialist care, whether a physical assessment
can feasibly be undertaken without physical examination or

whether physical rehabilitation can occur without therapeutic
handling). Secondly, the inability of children to describe and
express symptoms depending on age/development should be
considered and is of particular importance in situations where
child welfare may be at risk. Thirdly, with young children,
there can be difficulty in capturing images electronically,
which in addition to general anxiety among staff using
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TABLE 4 | Benefits of telemedicine as perceived by participants.

Benefit cited Study % (n)

Time savings Feffermana -

Fielekea -

Laib 24% (5/21)

Qubtyb 85% (4/51)

Seckeler 82% mentors (16/19);

65% (30/46) mentees

McConnochie 91% (207/227) (mean

saving 4·5 h; SD 2·2)

Cadyb 1% (2/139)

Karlsuddc -

Increased efficiency Feffermana -

Fielekea -

Cadyb 4% (5/139)

Convenience Feffermana -

Laib 10% (2/21)

Qubty 100% (51/51)

Cadyb 2% (3/139)

Lower cost Lai 10% (2/21)

Qubty 100% (51/51)

Increased

communication/

familiarity/

solidarity between

staff/services

Feffermana

Seckeler

Zachariah

Fang

Karlsuddc

–

82% (16/19) mentors

71% (5/7)

90% (84/93)

–

Improved

workflow/patient

management/protocols

Fefferman

Fielekea

Zachariah

Fang

Karlsuddc

100% (16/16)

–

86% (6/7)

85% (79/93)

–

Increased learning

opportunities

Feffermana

Fielekea

Zachariah

–

–

100% (7/7)

Improved enjoyment

of visits for paediatric

patients

Fielekea –

Reassurance (for

professional or

parent)

Lai

Cadyb
14% (3/21)

1% (1/139)

Reduced stress Qubtyb 2% (1/51)

Cadyb 1% (1/139)

Reduced risk of

infection

Cadyb 1% (1/139)

aOpen-ended feedback, frequency not reported.
bOpen-ended feedback.
cPresented as average scores out of 5.0 (parents/staff): time savings (4.6/3.5); synergy

effects (4.6/3.4); increased quality of contact and information (4.5/3.5).

telemedicine, impacts decision making and can result in
additional caution.

Previous Literature
Many of our findings are consistent with those outlined by
reviews of telemedicine in broader populations, for many of
the aspects of implementing telemedicine generally (9, 44).

Concerns about liability and reimbursement were also raised
in a review of statutes and regulations for telemedicine for
stroke care in the U.S. (45) and this was prominent with our
review, particularly among clinicians in the U.S.. Costs and
reimbursement issues were further highlighted by Helleman et al.
in a review of tele-care for amyotrophic lateral sclerosis (46),
who also reported evidence of perceived benefits that were closely
aligned with the findings of this review; continuity of care,
convenience, time-savings and reduced travel burden. Concerns
among clinicians about lack of opportunity to conduct a physical
examination and the resulting limitations on care were also
emphasised (46). Our review, however, is the first to synthesise
the evidence for barriers and facilitators for implementing
telemedicine in paediatric settings and highlights additional
considerations pertinent to paediatric care. For example, the
inability of younger children or those with communication
difficulties to describe their symptoms requires interpretation
by carers and HCPs. Such assessment and interpretation may
not be as easily conducted through tele-consultations. Secondly,
taking informed parental consent and child assent using tele-
consultations may be challenging. This adds additional pressure
to both parents/carers and clinicians to accurately assess the
level of risk associated with the child’s condition and act
accordingly, and may result in decreased confidence in the use
of the telemedicine medium for paediatric care compared with
adult care.

Considerations and Future Research
In addition to the findings of this review, further considerations
for the context of urgent implementation of telemedicine as a
response to a global pandemic are needed. The absence of in-
person care may greatly infringe upon the ability of HCPs to
identify issues relating to child protection such as compliance
with immunisation schedules or evidence of potential harm,
particularly in regions whereby schools may close during the
COVID-19 pandemic and the opportunities to flag such issues
are greatly reduced. Concerns about assessment of risk were
highlighted within this review (22). However, the broader
assessment of risk within the context of child welfare in the home
is another role of the healthcare provider (47, 48) and emphasises
the balance needed between maintaining care via telemedicine
while no alternative is available, while monitoring and evaluating
its feasibility as a long-term replacement for in-person care. Our
review also highlights the dearth of data related to the reporting
of adverse events in tele-medical interventions and future studies
should ensure such data is collected and reported.

In many cases the planning, staff consultations, time, and
funding necessary for gold standard implementation will simply
not be available, while additional necessities such as staff working
from their own homes and related privacy issues must also
be considered. From the perspective of families, the need for
quality technology and connectivity may contribute to issues of
inequity and could increase socioeconomic disparities. Recently
documented issues have emphasised security concerns however
(49) and particularly in Europe, compliance with General Data
Protection Regulations (GDPR) is the primary criterion for
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selecting appropriate platforms. Monitoring and evaluation of
implementation that occurs, over the course of the pandemic and
beyond, will offer insight into barriers and facilitators of rapid
implementation in the context of a pandemic. It is important
that well-designed process evaluations and assessments of user-
experiences are undertaken, with meaningful data captured in
order to inform future service design and optimise the capacity
for using telemedicine safely and effectively.

Strengths and Limitations
This study had several strengths and limitations due to its nature
as a rapid evidence synthesis. We searched one database due to
time constraints, in the interest of producing a review of the
key issues in a timely manner to be of maximum use. As a
result, we have not assessed the breadth of the available literature
on this topic for this review. Additionally, this review covers
a variety of studies, which are heterogeneous in terms of the
technology used, the clinical setting observed, a mix of high,
low and middle income countries, and having been undertaken
over a period of 15 years. Technological issues described by older
studies may no longer have relevance in countries where IT
infrastructure has rapidly evolved. However, many of the articles
identified for inclusion still produced insightful comparable data
on implementation. This article provides an overview of aspects
of implementation of paediatric telemedicine that future research
can build upon through carefully planned, robust and exhaustive
reviews with more tightly focussed inclusion criteria.

Our inclusion of multiple research methods however, allowed
for a comprehensive and rich overview of the factors involved
in paediatric telemedicine. We undertook steps to minimise
risks of bias, including double screening of records and
verification of quality appraisal and data extraction by additional
members of the review team. While the quality of the included
quantitative literature was not consistently high, this highlighted
a need for comprehensive feasibility studies that incorporate
implementation fully into their design.

Conclusion
To conclude, the use of telemedicine to facilitate and augment
paediatric healthcare consultations is feasible and, in many
cases, can work well with appropriate planning and quality
facilities in place. HCPs and families who have experienced
tele-consultations generally report high satisfaction and usability
for such services. However, telemedicine is not practical for
every clinical situation (such as cases where complex physical
examinations or specific physical therapies are needed or a parent
cannot articulate a child’s condition), and its implementation can
create an array of obstacles for healthcare workers in providing
care to their full potential. Well-designed studies, undertaken
throughout the implementation process are needed, in addition

to a comprehensive systematic review of academic databases and
grey literature, to establish the evidence base for user experiences
of implementing paediatric telemedicine. Notwithstanding, our
review will assist HCPs with the knowledge and information
necessary to optimise clinical care safely through telemedicine
in situations where normal clinical services are interrupted or
reduced. Further reviews with more refined and focused research
settings and exhaustive literature searches are warranted. A
visual summary of our findings and conclusions is available in
Supplementary Image 2.
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Purpose: Following the start of the COVID-19 pandemic, much of clinical care rapidly

transitioned to telehealth, shifting the clinical training milieu for most trainees. In the

wake of this shift, educators have attempted to keep learners engaged in patient

care and optimize medical education as much as possible. There is, however, limited

understanding of the effect of telehealth on clinical education. The aim of our study was

to better understand the educational experience of pediatric and Adolescent Medicine

trainees participating in clinical encounters via telehealth in a specialty consultation

Adolescent Medicine Clinic at a quaternary pediatric care hospital.

Methods: Using a web-based anonymous questionnaire, we surveyed trainees rotating

through the Adolescent Medicine Clinic between March and June 2020. We used

descriptive statistics to evaluate their experiences with telehealth and identify techniques

that were effective to facilitate learning during a telehealth visit.

Results: Surveys from 12 pediatric and Adolescent Medicine trainees were received, a

75% response rate. Most trainees (83.3%) reported no prior experience with telehealth

before the onset of the pandemic. By the end of their rotation, trainees identified

techniques that helped facilitate learning during a telehealth visit. The majority of trainees

(83.3%) rated their experience as effective or very effective, and all reported interest in

incorporating telehealth into their future practice.

Conclusions: Pediatric and Adolescent Medicine trainees reported overall positive

experiences with telehealth in clinical education and an interest in incorporating this

tool into future practice. Additional research is needed to refine techniques in engaging

learners through telehealth.

Keywords: telehealth, COVID-19, pandemic, adolescent medicine, clinical education, medical education
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INTRODUCTION

The onset of the COVID-19 pandemic propelled into motion a
rapid transition of many aspects of society across the globe, as life
as we once knew it transformed over a period of weeks. While
telehealth has been a well-established means of providing clinical
services for over a decade, the global pandemic has brought it to
the forefront as a crucial means of providing continued access to
care while minimizing disease transmission (1, 2).

Existing literature has shown that many components of
adolescent health care can be provided effectively through
telehealth (3–5). In the past year, several academic institutions
in the United States have also published on the challenges,
opportunities, and impact of a rapid scale-up of telehealth use
in Adolescent Medicine in the setting of the pandemic (6–9).
However, with academic medical centers worldwide converting
much of their clinical care to telehealth, the educational
opportunities and roles of medical trainees have shifted as well.
Given the extraordinary nature of the pandemic, there have been
varied approaches to managing trainees, ranging from complete
discouragement of participation in clinical care to throwing
trainees into action or fast-tracking students to graduate early to
enable their participation in clinical care (10).

Keeping trainees engaged and on the frontline is viewed
by some as a great teaching opportunity despite the fact
that their participation potentially increases their exposure to
disease. Many would argue that it promotes critical thinking
skills essential for growth. On the other hand, trainees left at
home on the sideline may feel excluded, wondering how they
could meaningfully contribute to clinical care and further their
education (11). Telehealth, however, has thus far proven to be
a solution in bridging this gap, enabling medical trainees to
safely observe and participate in patient care remotely during
the COVID-19 pandemic (12). In some cases, medical trainees
have also served as “digital natives” and helped play a role in the
expansion and delivery of healthcare in the setting of COVID-
19 (10). Through various frameworks, medical educators have
proposed methods to ensure inclusion of learners; however,
balancing safety for patients and staff, while keeping trainees
engaged, has proven to be a difficult task (13).

Despite the growing body of relevant literature describing
the importance of including learners in the virtual setting,
there is a dearth of evidence regarding the efficacy of the
telehealth platform in how it specifically affects clinical education.
In addition, many of these publications have focused on
medical student education and not on residents or clinical
fellows, and none have explored Adolescent Medicine trainees’
perspectives (1, 14–16). The aim of our study was to assess the
educational experience of pediatric and Adolescent Medicine
trainees participating in clinical encounters via telehealth in a
specialty Adolescent Medicine Clinic.

METHODS

We developed a brief, web-based survey to gather responses from
residents and fellows rotating through the Adolescent Medicine
Clinic at Seattle Children’s Hospital (SCH). Participants included

pediatric residents in their 3rd year of training during a
required 4-week rotation concentrated on adolescent health.
In addition, Adolescent Medicine fellows who had previously
completed residency training prior to pursuing subspecialty
training in Adolescent Medicine were also included. We have
3–4 Adolescent Medicine fellows and 2–4 pediatric residents
working in our clinic each month. This clinic provides multiple
consultative services including gender-affirming care, eating
disorders, reproductive healthcare, behavioral health services,
and biofeedback therapy. Each clinic half-day session is
4 h. The setting includes unique educational opportunities
to participate in multidisciplinary care while navigating
adolescent confidentiality.

This anonymous questionnaire consisted of 11 discrete items
which elicited learners’ feedback regarding their experiences
using telemedicine. Items included multiple choice, Likert-scale,
and free-text responses. The survey was administered between
March and June 2020. Initial request to complete the survey was
sent out by email, followed by a reminder email 1 week later. We
used simple descriptive statistics to analyze quantitative survey
results. The current paper presents the quantitative component
of a mixed-methods study; free-text responses were analyzed
qualitatively and were described in our previous work. We
received approval from the SCH Institutional Review Board
(IRB) to conduct this study.

RESULTS

We received completed surveys from 12 trainees (a 75%
response rate) that consisted of 9 third-year pediatric residents
and 3 Adolescent Medicine fellows. At the time of survey
administration, our Division supported 4 clinical fellows, and up
to 4 pediatric residents per 4-week block. Table 1 summarizes
participants’ level of training, post-graduate career plans, and
experience with telehealth prior to and after the onset of
the pandemic. Prior to the rotation, <20% of trainees had
previous experience with telehealth. By the end of the study, the
majority of trainees (66.7%) had attendedmore than 10 telehealth
clinic sessions.

Participants identified several techniques, some of which were
unique to the telehealth setting, that facilitated their clinical
education during the rotation (Figure 1). Secure texting or
private chat function during the appointment, where a trainee
and attending physician sent direct messages to one another
through the telehealth platform, was identified by 50% of trainees
to be effective. Moving a patient to a virtual waiting room in
the telehealth platform to facilitate direct discussion between
the preceptor and trainee was reported by 58.3% of trainees
to be effective. Many attendings also sent an electronic huddle
(hereafter referred to as an e-huddle) to trainees and clinical
staff prior to clinic. E-huddles allow attendings to provide a brief
summary of patients scheduled for the purpose of designating
clinical tasks to medical assistants, nurses and social workers,
and to outline a presumptive plan for each patient. Attendings
email these huddles to appropriate members of the clinic team
and their assigned trainee prior to their scheduled clinics in order
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TABLE 1 | Characteristics of trainees and experience with telehealth.

N (%)

Level of training

Pediatric resident 9 (75)

Fellow 3 (25)

Post-graduate career plans*

Primary care 5 (41.7)

Subspecialty care 6 (50)

Hospital medicine 2 (16.7)

Career in research 1 (8.3)

Previous experience with telehealth

Yes 2 (16.7)

No 10 (83.3)

Number of telehealth clinic sessions attended**

1–5 3 (25)

6–10 1 (8.3)

11–15 5 (41.7)

>15 3 (25)

*Categories are not mutually exclusive.

**Refers to the total number of sessions attended in the Adolescent Medicine clinic. One

clinic session refers to a half-day of clinic (4 h).

to facilitate patient care. Fellows were responsible for preparing
and sending their own e-huddles, as patients are scheduled on
their own clinic templates (while residents see patients on the
attending physician’s template). Although not unique to the
telehealth platform, e-huddles sent out by the preceptor and
pre-visit case discussions with preceptor were additional ways
to facilitate clinical education through telehealth. E-huddles and
pre-visit case discussions were reported as effective by 41.7%
and 83.3% of trainees, respectively. Pre-visit case discussions
were opportunities where the attending and trainee could
discuss a clinical case prior to the medical visit and facilitated
direct conversations between the attending and trainee. When
reviewing perceived efficacy of e-huddles reported by residents
and fellows separately, a greater proportion of residents (66.7%)
reported this tool as effective compared to fellows (0%).

The majority of trainees (83.3%) rated their experience with
telehealth as either effective or very effective. Among those who
had more than 5 telehealth sessions, all reported that telehealth
was effective or very effective in clinical education. All 12 trainees,
regardless of frequency of telehealth clinics, reported interest in
incorporating telehealth into their future practice.

DISCUSSION

Despite the abrupt changes brought on by the pandemic and
the swift transition to telehealth, our study suggests that trainees
have found telehealth to be an effective and positive aspect of
their clinical education and training in the Adolescent Medicine
Clinic. This study expands on our previous work, which included
a qualitative analysis exploring Adolescent Medicine trainees’
perspectives on the educational impact of telehealth (work
in submission). The current manuscript adds by identifying

and evaluating the utility of specific educational techniques
that have been employed to enhance the clinical experience
for trainees.

In the months since the onset of the pandemic, literature on
the myriad challenges of medical education during COVID-19
has increased, though few prior studies have explored or targeted
specific strategies used for clinical teaching in the virtual space.
Of these studies, the vast majority have focused on education
not involving direct patient care. Theoret et al. mentions the
concept of a virtual anatomy dissection for medical students, by
means of utilizing the screen-sharing function (17). In addition,
Dedeilia et al. reviews various innovations for surgical and
medical trainees including flipped online learning classrooms,
simulation models and even oral examinations performed via
teleconferences (18). Chick et al. outlines in detail the precepting
model used in telehealth clinics for surgical residents, with
trainees initially gathering history, formulating a plan, and
then reviewing the case with the attending surgeon by phone
before a final wrap-up via video conference, followed by a
post-visit discussion of the case after the patient has signed
off (19). Pourmand et al. also suggests that in considering
future curricula involving telemedicine for medical trainees, it
may be important to develop a consensus of which skills or
milestones should be required at each stage of training (20).
None of these studies, however, provide recommendations or
feedback regarding mechanisms to support trainee education
through telehealth encounters. In addition, to our knowledge, at
the time of this manuscript preparation, there were no studies
focusing on the educational experience of telehealth from the
perspective of trainees in a pediatric hospital, or trainees caring
for adolescents.

Strengths of the study include a high response rate of 75%.
Additionally, responses were gathered from trainees shortly
after the completion of their rotation, limiting recall bias.
Given the anonymous nature of the survey and the fact
that responses were elicited after completion of the rotation,
there was little concern for trainees feeling influenced by
faculty when providing their feedback. Our study has several
limitations, one of which is the small sample size of trainees.
In addition, given that supervising providers were learning and
adapting to a relatively new modality of healthcare delivery,
the educational experiences of trainees may have varied over
time; it is likely that trainees rotating in June may have had a
different educational experience than those rotating in March,
at the very start of the pandemic. As healthcare providers
and institutions continue to refine delivery of healthcare in
the virtual setting, we anticipate that these improvements
will allow preceptors to continue to enhance their teaching
skills and thus, further education of trainees in this setting
as well.

This small study was carried out with the goal of hypothesis
development for further larger-scale studies of similar
nature in the future. In the months since initial survey
administration, in efforts to limit disease transmission, our
Division has begun to expand telehealth services in order to
reach vulnerable youth. Examples of these settings include
juvenile detention center, transitional housing centers, and
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FIGURE 1 | Effective techniques to facilitate clinical education through telehealth.

emergency shelters for adolescents experiencing homelessness.
We aim to consistently involve learners in these areas and
subsequently hope to evaluate the quality of their educational
experiences in these unique spaces. While this preliminary
study has identified some tools and strategies to provide clinical
education via telehealth, more research is needed to refine
these techniques.

In summary, our study implies that with utilization
of appropriate teaching strategies, telehealth can be a
valuable tool in the clinical education of pediatric and
Adolescent Medicine trainees. The abrupt transformation
to widespread use of telehealth in clinical care has forced
educators to reexamine their approaches to clinical teaching,
while upholding their duty to support trainees during this
unprecedented time in history. While disruptive, this forced
overhaul of medical curricula may push us to explore novel
approaches to education to benefit the next generation of
medical providers.
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Shi-Jian Liu 2, Yu-Fen Wu 1, Shu-Hua Yuan 1, Ming-Yu Tang 1, Wen-Fang Dong 1, Jie Lin 1,

Ming Chen 1, Xing Tong 1, Lie-Bin Zhao 2,3* and Yong Yin 1*

1Department of Respiratory Medicine, Shanghai Children’s Medical Center, Shanghai Jiao Tong University School of

Medicine, Shanghai, China, 2 Paediatric AI Clinical Application and Research Center, Shanghai Children’s Medical Center,

Shanghai, China, 3Child Health Advocacy Institute, China Hospital Development Institute of Shanghai Jiao Tong University,

Shanghai, China, 4 Tuoxiao Intelligent Technology Company, Shanghai, China

Objective: Lung auscultation plays an important role in the diagnosis of pulmonary

diseases in children. The objective of this study was to evaluate the use of an artificial

intelligence (AI) algorithm for the detection of breath sounds in a real clinical environment

among children with pulmonary diseases.

Method: The auscultations of breath sounds were collected in the respiratory

department of Shanghai Children’s Medical Center (SCMC) by using an electronic

stethoscope. The discrimination results for all chest locations with respect to a gold

standard (GS) established by 2 experienced pediatric pulmonologists from SCMC and

6 general pediatricians were recorded. The accuracy, sensitivity, specificity, precision,

and F1-score of the AI algorithm and general pediatricians with respect to the GS were

evaluated. Meanwhile, the performance of the AI algorithm for different patient ages and

recording locations was evaluated.

Result: A total of 112 hospitalized children with pulmonary diseases were recruited for

the study from May to December 2019. A total of 672 breath sounds were collected,

and 627 (93.3%) breath sounds, including 159 crackles (23.1%), 264 wheeze (38.4%),

and 264 normal breath sounds (38.4%), were fully analyzed by the AI algorithm. The

accuracy of the detection of adventitious breath sounds by the AI algorithm and

general pediatricians with respect to the GS were 77.7% and 59.9% (p < 0.001),

respectively. The sensitivity, specificity, and F1-score in the detection of crackles and

wheeze from the AI algorithm were higher than those from the general pediatricians

(crackles 81.1 vs. 47.8%, 94.1 vs. 77.1%, and 80.9 vs. 42.74%, respectively; wheeze

86.4 vs. 82.2%, 83.0 vs. 72.1%, and 80.9 vs. 72.5%, respectively; p < 0.001).

Performance varied according to the age of the patient, with patients younger than

12 months yielding the highest accuracy (81.3%, p < 0.001) among the age groups.
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Conclusion: In a real clinical environment, children’s breath sounds were collected

and transmitted remotely by an electronic stethoscope; these breath sounds could be

recognized by both pediatricians and an AI algorithm. The ability of the AI algorithm to

analyze adventitious breath sounds was better than that of the general pediatricians.

Keywords: auscultation, breath sound, electronic stethoscope, artificial intelligence, children

INTRODUCTION

Although non-invasive methods for the diagnosis and follow-
up of lung diseases have undergone rapid development, the
auscultation of breath sounds with a stethoscope remains a key
part of the initial examination of lung diseases. The stethoscope
has the advantages of being non-invasive, easy to use, affordable,
and non-radioactive, and stethoscope-based examinations can be
repeated quickly, making the device especially suitable for use for
pediatric patients. It is well-known that the results of traditional
auscultation are subjective and depend on the clinical experience
and auditory perception ability of the physician; additional
limitations of traditional auscultation include the inability to save
or share the sound signal, its poor repeatability, and the inability
to continuously monitor the breath sounds, among others.

To compensate for the above shortcomings of the traditional
stethoscope, we used an electronic stethoscope to collect the
breath sounds of children with pulmonary diseases in a real
respiratory ward environment and used an AI algorithm
to automatically identify the collected breath sounds. The
breath sounds were distinguished into crackles, wheeze and
normal sounds. Our study found that the results of the AI
algorithmwere substantially consistent with those of experienced
pediatric pulmonologists.

China has a vast territory and a large population; however,
the distribution of health resources throughout the country
is not evenly distributed and differing pediatricians have
variable clinical abilities. The combination of an electronic
stethoscope and an AI algorithm may aid in conducting
telemedicine sessions, improve the lung auscultation skills of
general pediatricians, and become an important tool for child
health management and chronic disease follow-up for families in
the future.

Although non-invasive methods such as chest X-ray, chest
computed tomography (CT) scan, and chest ultrasound have
developed rapidly in the diagnosis and follow-up of pulmonary
diseases, the auscultation of breath sounds with a stethoscope is
still a key part of any initial examination. Following the invention
of the stethoscope by Laennec in 1861, auscultation has become
an important part of the diagnostic process, and the stethoscope
has gradually evolved into the most commonly used instrument
in the medical and healthcare industry.

The stethoscope has the advantages of being non-invasive,
easy to use, affordable, and non-radioactive, and stethoscope
examinations can be repeated quickly, making this tool especially
suitable for children with respiratory symptoms. Among its
benefits, lung auscultation can improve the sensitivity of the
diagnosis of pneumonia in children (1), help in building a

discrimination model of admission signs for drowning children
(2), and be applied to recognizing wheezing and judging the
presence of an asthma attack (3), and changes in breathing sound
parameters can indirectly reflect the clinical scenario, such as
limited airflow in the lung (4). However, traditional auscultation
technology has obvious limitations in clinical application,
including the dependence of the auscultation results on the
clinical experience and auditory perception ability of physicians,
which is strongly subjective; the inability to save and share the
auscultated sound signal; poor repeatability; and the inability to
continuously monitor breath sounds. Especially in terms of the
subjective aspect of the auscultation results, a previous study
confirmed that the accuracy of lung auscultation of physicians
with different levels of experience or different specialties was
significantly different; the accuracy of the respiratory specialists
was the highest, while that of family doctors and medical
students was generally lower (5), potentially reducing the value
of auscultation in making clinical diagnoses.

Faced with the above situation, scientists invented the
electronic stethoscope and have attempted to apply it to
the real clinical environment. To some extent, the electronic
stethoscope overcomes some of the shortcomings of the
traditional stethoscope in sound data storage and sharing, but
it does not improve the accuracy and efficiency of breath
sound recognition (6). In recent years, artificial intelligence (AI)
algorithms have been applied to the processing and recognition
of breath sounds, among which the most commonly used
algorithms include artificial neural networks, Gaussian mixture
models and support vector machines, and some promising
achievements have been reported (7).

The purpose of this study is to quantitatively evaluate the
recognizability of adventitious breath sounds according to an AI
algorithm in a real pediatric clinical environment.

MATERIALS AND METHODS

Study Population
The study was carried out from May to December 2019 at
the pediatric respiratory department in Shanghai Children’s
Medical Center (SCMC). This study was based in a hospital
environment, and the auscultation recordings were collected
in a real inpatient department. The inclusion criteria were as
follows: (1) pediatric inpatients of either sex who were between
28 days and 18 years of age; (2) patients whose auscultations
were described as normal, crackles or wheeze by a pediatric
pulmonologist with at least 10 years of work experience in SCMC;
(3) patients whose parent or guardian provided consent; and
(4) patients who could cooperate with the process and keep
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FIGURE 1 | Order and localization of lung auscultation points for pediatric patients. Points 1 to 4 are on the posterior side of the chest, and points 5 and 6 are on the

anterior side of the chest.

quiet during the auscultation recording collection. Auscultation
results described as both crackles and wheeze by the pediatric
pulmonologist were excluded. For each patient, auscultation
recordings were collected by an electronic stethoscope from
different points on the chest. In addition to the breath sound
recordings, we also recorded clinical data, including patient
demographic characteristics and diagnosis.

Auscultation Recording Procedure
We trained three respiratory specialist nurses from SCMC to
collect breath sounds with a Class II CE-marked electronic
stethoscope (Yunting model II, Tuoxiao, Shanghai, China) prior
to the study. The training included the recording and uploading
processes and supervised practice. We collected a set of 6
recordings that included each child’s chest (two) and back (four)
and covered all parts of the lung (Figure 1). Auscultation was
recorded for 9 s to obtain at least two breathing cycles per location
(8). The electronic stethoscope and a smartphone were connected
by a data wire, and the recordings were uploaded to the cloud
through a smartphone app (Figure 2). Children’s breath sounds
were collected in a relatively quiet environment in the ward while
the child was in either a sitting or supine/prone position. During
the collection process, the children and their parents were asked
to remain quiet; the children did not need to breathe deeply.

Description of the Auscultation Recordings
and Gold Standard Establishment
We asked experienced pediatric pulmonologists from SCMC,
general pediatricians from various communities and the AI
algorithm to describe the recordings as crackles, wheeze or
normal breath sounds. Before the study began, all the participants
were trained and assessed according to the nomenclature advised
by the Europe Respiratory Society (9). At the same time, we
provided both the age and sex of the patients with every
recording to the participants for analysis. We recruited six
general pediatricians from various communities with more than
5 years of work experience to mark all of the auscultation
recordings independently.

The classification of adventitious sounds is subjective, and
the results depend on the clinical experience of the physician.
Therefore, it was necessary to establish a gold standard (GS)
of breath sounds for this study. We selected eight pediatric
pulmonologists with at least 10 years of work experience at
SCMC to take part in establishing the GS. Among them, two
pulmonologists with more than 20 years of experience composed
the expert group, and the other six pulmonologists constituted
the specialist group. Meanwhile, we randomly separated the
collected auscultation recordings into two parts, each of which
was marked by any three pulmonologists in the specialist group;
in other words, each breath sound was marked three times
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FIGURE 2 | The electronic stethoscope connects to the smartphone and uploads the lung auscultation recordings to the cloud.

independently by different pulmonologists. If the opinions of the
three pulmonologists in the specialist group were consistent, the
recordings were directly qualified as the GS. When two or more
pulmonologists in the specialist group were unable to distinguish
the recording or if the results of all three pulmonologists were
inconsistent, the specialists directly rejected using the recordings
as the GS. If two of the three pulmonologists’ opinions in
the specialist group were inconsistent, the expert group would
discuss the findings for further verification and decide if the
recording meets the requirement for the GS. The steps of the
establishment process of the GS are shown in Figure 3. The
study protocol was approved by the Institutional Review Board
of SCMC (approval No. SCMCIRB-K2019056-1).

Artificial Intelligence Algorithm
The breath sound detection algorithm was developed by Tuoxiao
Intelligent Technology Company, Shanghai, China, without the
use of the recordings in the current study for training. It

is designed with a record-upload-analyse mode and uses a
cloud server. First, analysis of the characteristics of clinical
crackle audio data revealed that the crackle was a pertinent
discontinuous signal, with a duration of <20ms and a peak
magnitude more than two times the average magnitude. Analysis
of the wheeze revealed that its average duration was usually
more than 500ms, and the peak portion of the ringing sound
fragment over a 160ms window was greater than the average
of the filtered signal after performing low-pass filtering with
a 200ms Hamming window (10). The obtained clinical breath
sound recordings were pre-processed according to the above
features, and then the features were extracted using wavelet
packet decomposition (11, 12). Finally, a support vector machine
(SVM)was trained, and the parameters were obtained to establish
an AI algorithm model. The algorithm comprises several major
components in this study (Figure 4). The SVM had been trained
and validated on a set of 6,234 and 6,423 real recordings,
respectively. The performance of the AI algorithm showed an
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FIGURE 3 | Flow chart of the establishment of the gold standard. Expert group: 2 pediatric pulmonologists with more than 20 years of work experience. Specialist

group: 6 pediatric pulmonologists with at least 10 years of work experience.

accuracy, sensitivity and specificity of 90.3, 88.3, and 92.3% in the
detection of crackles and 87.1%, 86.7% and 87.5% in the detection
of wheeze, respectively.

Statistical Analysis
A confusion matrix was used to measure the performance of the
AI algorithm, in which the values of accuracy, recall, precision,
specificity, and F1-score were included as important evaluation
parameters. Accuracy is the ratio of the correct samples predicted
to the total number of samples and was used to represent the
predictive ability of all the classification models. Recall is the
proportion of correctly recognized true positives, also known as
sensitivity. Precision quantifies the proportion of true positive-
class predictions made from all positive predicted samples in
the database. Specificity is the proportion of correctly recognized
true negatives. The F1-score is the harmonic mean of recall
and precision.

One-way ANOVA (chi-square test) was used to calculate
whether there was a significant difference between the AI
algorithm and each general pediatrician. The agreement levels

between the AI algorithm and GS and between the AI algorithm
and the individual general pediatricians were compared by
the weighted kappa (κ) test and the corresponding 95%
confidence intervals (CIs). Agreement among the general
pediatricians across all the breath sound recordings was evaluated
using Kendall’s coefficient of concordance (Kendall’s W). The
parameters including accuracy, recall, precision, specificity, and
F1-score of the breath sound recordings discrimination were
calculated for the AI algorithm and the general pediatricians for
the different locations on the chest and for different age groups.

RESULTS

Demographics
A total of 112 patients were recruited for this study. The median
age at the time of visit was 12.5 months (P25-P75, 5 to 41.8
months), and 82 patients were male (73.2%). The patients’ ages
were distributed as follows: ≤ 12 months, 56 (50%); between 13
and 60 months, 43 (38.4%) and > 60 months, 13 (11.6%). The
patients’ recordings were classified into crackles (159, 25.4%),
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FIGURE 4 | Major components of the automated adventitious breath sound detection performed by the AI algorithm.

TABLE 1 | Participant demographics.

Characteristics Study group (n = 112)

Sex, n (%)

Male 82 (73.2)

Female 30 (26.8)

Age group, months* 12.5 (5, 41.8)

<12, n (%) 56 (50.0)

12–60, n (%) 43 (38.4)

> 60, n (%) 13 (11.6)

Weight, kg* 9.6 (7.0, 15.8)

Height, cm* 75.0 (63.3, 100.0)

Primary diagnosis, n (%)

Pneumonia 75 (67.0)

Bronchitis 15 (13.4)

Bronchiolitis 15 (13.4)

Asthma attack 5 (4.5)

Foreign body aspiration 1 (0.9)

Bronchiolitis obliterans 1 (0.9)

*Median and quartiles [median (25%,75%)].

wheeze (204, 32.5%) and normal breath sounds (264, 42.1%). The
primary diagnoses were pneumonia (67%), bronchitis (13.4%),
bronchiolitis (13.4%) and asthma attack (4.5%) (Table 1).

Agreement
A total of 672 auscultation recordings were collected, and
627 (93.3%) were analyzed by the AI algorithm. Recordings
were rejected if the duration of the recording was <9 s, the
signal was of low quality, or the recording did not meet the
GS requirements. There was a significant difference between
the GS and the AI algorithm results (c2 = 675.49, p <

0.001) and between the results of the AI algorithm and of
each general pediatrician (p < 0.001). The weighted κ was
0.687 between the GS established by the experienced pediatric
pulmonologists and the AI algorithm, indicating substantial
agreement. However, the values of the weighted κ between each
of the general pediatricians and theGSwere significantly different
(general pediatricians 0.537–0.308), most of which indicated fair
to moderate agreement (Table 2). Kendall’s W for interrater
agreement among the general pediatricians was 0.39 (p < 0.001).

Accuracy, Sensitivity, Precision, Specificity,
and F1-Score
The accuracy of the detection of adventitious breath sounds
by the AI algorithm and the general pediatricians with respect

to the GS were 77.7% and 59.9% (p < 0.001), respectively.
Table 3 summarizes the performance of the AI algorithm and
the general pediatricians in classifying the recordings. Analysis of
the performance of the AI algorithm showed that the sensitivity
and specificity in the detection of crackles were 81.3 and
94.1%, respectively, with an F1-score of 80.9%. However, when
marked by the general pediatricians, the sensitivity and specificity
decreased to 47.8 and 77.1%, respectively, while the F1-score
was 42.7%. The sensitivity, specificity and F1-score of the AI
algorithm in stratifying wheeze were, respectively, 86.4, 83.0, and
80.9%, which were higher than those of the general pediatricians
(82.2, 72.1, and 72.5%).

When the collection points on the chest were compared,
there was no significant difference in the accuracy of the AI
algorithm in the recognition of breath sounds collected from
different locations (χ2

= 1.178, P = 0.947), and the overall
accuracy was approximately 75% (Table 4). The results of the AI
algorithm analysis were compared for the different patient age
groups. The accuracy of the AI algorithm was highest among
children younger than 12 months; additionally, the F1-score was
highest in the recognition of crackles and wheeze in this age
group (Table 5).

DISCUSSION

In this study, breath sound recordings were collected in a real
clinical environment, with the typical noises, crying, speaking
voices and child movements inherent therein. The AI algorithm
was able to fully analyze 93.3% of the recordings, with an accuracy
mostly similar to that of the GS established by experienced
pediatric pulmonologists. In another verified clinical study of 552
auscultatory sounds from 50 pediatric patients with an average
age of 8 years old, the sensitivity, specificity and F1-score of the
AI algorithm in distinguishing crackles and wheeze were 83.9
and 78.2%, 79.3 and 57.5%, and 64.6 and 66.4%, respectively.
The sensitivity of the AI algorithm was similar to that of the
present study, but both the specificity and F1-score were lower
than our results. This may be associated with the different feature
extraction methods and AI algorithms employed in the two
studies (13). Furthermore, our research found that the F1-score
decreased with increasing age, so the age differences in the studies
may be related to the differences in the evaluation parameters of
the models.

There is no doubt that the recognition of adventitious lung
sounds is subjective, and the accuracy of the results is highly
associated with the specialty and clinical experience of the
physician. The lack of an objective standard for evaluating breath
sounds restricts the development of relevant clinical research.
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TABLE 2 | Cohen’s kappa between GS and AI algorithm and general pediatricians.

AI General pediatricians

Listener 1 Listener 2 Listener 3 Listener 4 Listener 5 Listener 6

24 years* 19 years* 22 years* 7 years* 7 years* 6 years*

Cohen’s kappa 0.687 0.537 0.429 0.308 0.670 0.439 0.306

(95%CI) (0.640–0.734) (0.486–0.588) (0.380–0.478) (0.257–0.359) (0.625–0.715) (0.390–0.488) (0.255–0.357)

*Years of work experience.

TABLE 3 | Sensitivity, precision, specificity, and F1-score for the AI algorithm and the general pediatricians.

Sensitivity % Precision (%) Specificity (%) F1-score (%)

AI General

pediatricians

P AI General

pediatricians

P AI General

pediatricians

P AI General

pediatricians

P

Crackles 81.1 47.8 <0.001 80.6 38.6 <0.001 94.1 77.1 <0.001 80.9 42.7 <0.001

Wheeze 86.4 82.2 >0.05 76.0 64.9 <0.001 83.0 72.1 <0.001 80.9 72.5 <0.001

Mean 83.8 65.0 <0.001 78.3 51.8 <0.001 88.6 74.6 <0.001 80.9 57.6 <0.001

In the field of heart auscultation, one study implemented the
findings of three cardiologists as the GS to quantify the utility of
electronic stethoscopes and hand-held echoes in the evaluation
of heart murmurs (14). In a study that used breath sounds to
validate the diagnostic accuracy of an AI algorithm for interstitial
lung disease for rheumatoid arthritis patients, high-resolution CT
was used as the gold standard (15). This would have been the best
way to produce an objective indicator for use as the standard
for the present research; the most closely related examination
for lung auscultation is radiological examination, but it is
inappropriate to use the results of radiology as the GS for children
with common pulmonary disease. The ideal way to establish a
gold standard is to have an experienced pediatric pulmonologist
at the bedside to immediately analyze and judge the breath
sounds collected by the electronic stethoscope. However, the
number of experienced pediatric pulmonologists in our hospital
is very limited and was unable to meet the needs of our study;
therefore, we ultimately chose the current method. In this study,
we recruited pediatric respiratory specialists with at least 10
years of work experience to form an expert group. The inclusion
criterion for the recordings for entry into the GS database was a
consistent evaluation of the result by at least 3 pulmonologists,
which is more stringent than previous studies (13). Finally, the
GS was used to test the ability of the AI algorithm and general
pediatricians to detect adventitious breath sounds. Through the
establishment of a GS, we have solved the difficulties in evaluating
and comparing different methods or physicians in terms of
breath sound detection.

It was found that the recognizability of children’s adventitious
breath sounds, including crackles and wheeze, of the AI
algorithm was higher than that of the general pediatricians.
The above results show that even after completing pediatric
resident training and achieving more than 5 years of pediatric
clinical experience, the pediatricians were unable to match the

performance of the AI. Another study consistently found that
pulmonologists performed better than other specializations, and
interns and pediatricians performed second only to medical
students and other specializations. In general, physicians, except
for pulmonologists, were no better than medical students (5). A
study evaluating the discrimination of breath sound recordings
found that the ability to detect stridor was inversely related to
work experience (16). Breath sounds, as one the most important
physical signs, play an important role in identifying pulmonary
disorders in children. It has been found that adventitious sounds,
especially crackles and wheeze, have a suggestive effect for many
diseases; for example, wheeze can indicate an asthma attack (17),
crackles are related to the presence of pneumonia (1), and so
on. Therefore, failure to recognize breath sounds correctly will
have adverse effects on pediatric clinical work, which may lead
to incorrect or delayed diagnosis and treatment of a disease
and excessive dependence on radiological examination, including
chest X-ray or CT, resulting in the waste of medical resources and
other issues.

In terms of medical education and training, a study on
training auscultation skills through the use of simulations found
that short individual training sessions on a patient simulator
significantly improved heart auscultation skills but not lung
auscultation skills (18). It is unrealistic to expect that short-
term training will improve pediatricians’ auscultation skills, so
we need to find other, faster, and more direct and convenient
ways to help them. A digital stethoscope can collect breath
sounds and convert the sound signals into digital signals for
saving, sharing, or remote transmission (19). In China, given the
very large number of patients, it is impossible to transmit data
to specialized hospitals and then have a specialized physician
manually discriminate the data one by one; consequently,
the needs of community health institutions cannot be met.
Therefore, in this study, we use an AI algorithm to train a
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TABLE 4 | Analysis of the performance of the algorithm by chest location.

Chest location Recordings

(n)

Accuracy

(%)

Crackles Wheeze

Sensitivity

(%)

Precision

(%)

Specificity

(%)

F1-score

(%)

Sensitivity

(%)

Precision

(%)

Specificity

(%)

F1-score

(%)

Posterior

Upper left 104 74.7 92.9 76.5 93.4 83.9 83.3 62.5 76.5 71.4

Upper right 110 77.8 77.3 81.0 93.2 79.1 85.7 72.7 83.0 78.7

Lower left 100 76.0 88.9 84.2 94.7 86.5 68.4 54.2 80.4 60.5

Lower right 101 80.0 68.8 78.6 94.4 73.3 93.1 75.0 78.0 83.1

Anterior

Upper left 105 78.4 73.7 83.4 94.5 77.8 82.6 73.1 86.3 77.6

Upper right 107 79.8 77.3 85.0 94.7 81.0 85.7 77.4 86.3 81.4

TABLE 5 | Analysis of the performance of the algorithm by patient age group.

Patient age (months) Recordings (n) Accuracy

(%)

Sensitivity

(%)

Precision

(%)

Specificity

(%)

F1-score

(%)

<12 321 81.3

Crackles 86.5 85.7 93.1 86.1

Wheeze 84.1 84.7 86.5 84.4

12–60 234 74.4

Crackles 78.0 45.3 93.3 74.4

Wheeze 70.7 45.3 81.9 55.2

>60 72 72.2

Crackles 50.0 70.0 94.8 58.3

Wheeze 100.0 46.2 76.7 63.2

model to distinguish adventitious sounds and improve diagnostic
efficiency. Although the AI algorithm we used is not perfect at
present, its performance was at least superior to that of junior
residents and general pediatricians with many years of work
experience and is consistent with other studies (13). The AI
algorithm, as an element of clinical intelligent assistance, can
help general pediatricians improve their diagnostic ability and
treatment decision making in the future.

The breath sounds were collected in a real clinical
environment, and 88.4% of the patients were preschool
children in this study. The prevalence of pulmonary diseases in
preschool children is relatively high, so it was of great clinical
value to verify the AI algorithm for identifying the adventitious
breath sounds of children at this stage. Previous studies tended
to be limited to school-age children, even adolescents (20), or
used standard breath sounds downloaded from a website (21) to
evaluate the AI algorithm, which can result in limited research
conclusions that cannot be generalized to other pediatric clinics.

By comparing the performance of the AI algorithm at different
points on the chest wall, we found no significant differences in the
accuracy and F1-score. These results may be useful in developing
an optimized clinical panel of breathing sound collection for
children. The AI algorithm was designed to perform remote
analysis; data were uploaded to the cloud server only by nurses
who underwent brief training and took part in this programme.

This suggests that the remote analysis can be realized in the
clinical process in the future.

This study has some limitations. Among real pediatric
respiratory inpatients, the percentage of children over 60 months
of age tends to be the lowest; consequently, the fewest number
of breath sounds was collected from that group in the study,
which may have led to the low accuracy from the algorithm
for this age group. The sample population could be expanded,
especially to children who are older than 60 months. The
pediatricians participating in the study were limited to those
practicing in Shanghai and do not reflect the auscultation ability
of pediatricians in other regions of China. Therefore, a multi-
center study should be carried out in the future, and more
experienced pediatric pulmonologists can become involved in
the project, at which time the idealized gold standard may
be feasibly established. Due to the limitations of our current
AI algorithm, we were unable to recognize the crackles and
wheezes in the breathing sounds simultaneously, which may
have affected the judgment of certain pediatric lung diseases.
In future research, we will further improve the AI algorithm
to meet the clinical requirements. The study focuses on the
accuracy of general breath sound detection; one of our future
research directions will combine breath sound detection with a
specific pediatric pulmonary disease to build a model for disease
diagnosis or follow-up.
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In conclusion, it is possible to use an electronic stethoscope
to collect breath sounds from children with lung diseases in
a real clinical environment and transmit them to specialists
for further identification. The accuracy of the AI algorithm
in discriminating breath sounds collected at different locations
on the chest wall is approximately 75%, which can provide
a basis for the design of breath sound acquisition panels for
other studies. The ability of the AI algorithm to recognize
breath sounds in children is similar to that of a group of
experienced pediatric pulmonologists and better than that of
general pediatricians from community health service centers,
especially in infants younger than 12 months. We will further
explore the AI algorithms to recognize crackles and wheezes
that occur simultaneously, distinguish between monotonic and
polyphonic wheezes, and locate the breathing sounds in the
respiratory cycle to ensure that the algorithms are more suitable
for real-world clinical application in the future. The combination
of an electronic stethoscope with an AI algorithm can potentially
be implemented in community health service centers and clinics
in the future and may improve the lung auscultation ability of
general pediatricians.
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Introduction: Formalized training in telemedicine addresses barriers to provider

adoption and engagement and assures a level of competence for independent practice.

We previously developed a blended-model training program, customizable according to

role and specialty; this method of training was not feasible in the pandemic response.

We describe the development and implementation of a multi- and interdisciplinary

telemedicine provider training program enabling the rapid scaling of telemedicine at

our institution.

Methods: An existing curriculum was pared down to a 1-h session delivered

synchronously, covering the foundational components of telemedicine practice.

Supplemental materials were available for asynchronous learning via the hospital intranet.

Completion of training was required of all clinicians who practice telemedicine.

Results: We conducted 35 sessions for 1,070 providers over 12 weeks. Attendees

included clinicians across numerous roles and specialties. Additional resources were

created and available through the Telemedicine Virtual Handbook and housed in

specific toolkits.

Discussion: Telemedicine training is necessary for consistent, competent practice of

telemedicine in pediatrics. We describe a training process that can be easily replicated

and rapidly deployed to providers of telemedicine across roles and disciplines. Combining

a mandatory and brief synchronous provider training session with a repository of

online resources creates a foundation for consistent practice, while allowing for more

individualized resources accessible on demand. Standardized telemedicine training

followed by mechanisms for ongoing professional practice evaluation allow institutions

to ensure consistent and competent practice of telemedicine. Further study is needed

to determine the best modality for training, and optimal assessment tools according to

professional role.

Keywords: telemedicine, telehealth, COVID-19, training, education
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INTRODUCTION

Formalized training of providers in telemedicine is endorsed
by the American Telemedicine Association (1), though is not

yet standardized nor consistent across institutions. A formalized
training program has the potential to address key issues
previously cited as barriers to provider adoption and engagement
in telemedicine, including ease of use and perceived usefulness
of this modality of care delivery (2–5). Additionally, providers
familiar with technology are more inclined to use telemedicine
(6), a barrier which is overcome with exposure and hands-on
training (7, 8). Health care providers tend to be reluctant to
accept change (9), and the formal opportunity to have questions
answered and concerns addressed by program leaders in real
time through synchronous training may be a valuable means
to overcome this. Additionally, training allows consistency in
adherence to federal, state, and local standards, and ensures
that providers are compliant in their practice. Finally, formal
telemedicine training can be a pre-requisite to assignment of
hospital telemedicine privileges; it has been our experience that
formal telemedicine privileges help to expedite credentialing of
our telemedicine providers externally with partner hospitals. Still,
there are several deterrents to formal training in telemedicine:
training requires specific resources in the form of time, personnel,
and financial commitment, which may deter organizations from
developing required, formalized programs.

There are currently over 30 training and certificate programs
in telemedicine in the United States (10–12), with varying
content and without standardization. Presently, academic

programs lack guidelines for training, certification, and
accreditation, although the American Association of Medical

Colleges published its Telehealth Competencies (13) in
September 2020, signaling an important step in the right
direction. Development of a core set of competencies and
standards is also underway at various health care organizations
and national collaboratives. Still, with the recognition that
webside delivery of care differs from care delivered in-person
at the bedside, there are foundational components that each
telemedicine provider should have a basic knowledge of and
demonstrate competence in. These foundational components
were determined based on our institutional experience and
informed by existing literature (1), and include: local context and
programmatic goals; legal and risk considerations; workflows;
clinical considerations, including physical examination
techniques and charting requirements; virtual presence,
including webside manner overview; and technology overview,
including hardware, software, and troubleshooting.

Adults learn best by experiential learning modalities,
including small groups, hands-on practice, role-play,
and simulation. These blended learning approaches have
been increasingly employed in medical education, using a
combination of face-to-face and online learning, augmented
with other experiential modalities for education (14, 15). At
Ann & Robert H. Lurie Children’s Hospital of Chicago, medical
educators and telemedicine program leaders collaborated to
develop a comprehensive blended model training program,
incorporating small group work, online content, and

simulation-based training. This curriculum is customizable
according to provider role and specialty, and its successful
completion is a requirement for Telemedicine Privileges through
our Medical Staff Office (MSO).

This method of training in telemedicine was not feasible
during the pandemic response. COVID-19 necessitated
widespread rapid deployment of a telemedicine curriculum to
enable competent and independent practice of telemedicine, a
modality of care that had not been widely practiced by pediatric
providers at our institution previously. As we endeavored
to rapidly train hundreds of providers during the pandemic
response, we needed to adapt our existing training requirements
to meet their basic educational and operational needs. Here,
we describe the development and implementation of an easily
reproducible and scalable telemedicine provider training
curriculum reaching across the numerous specialties, roles, and
practice settings at our children’s hospital.

Curriculum Development and Deployment
The existing customizable Telemedicine Provider Training
curriculum was developed following Kern’s six-step model for
curriculum development: (1) problem identification and general
needs assessment, (2) targeted needs assessment, (3) goals
and objectives, (4) educational strategies, (5) implementation,
and (6) concepts for evaluating the effectiveness of the
curriculum (16). The educational effectiveness of this curriculum
was assessed using checklists for observed simulations and
anonymous web-based surveys for self-reported knowledge and
attitudes assessment, finding improvement in knowledge
and attitudes following training, specifically regarding workflow
and processes, provider roles, and medicolegal issues; these
results are yet unpublished.

Given the large scale and abbreviated timeframe to deploy
telemedicine in response to the COVID-19 pandemic, we
needed to adapt our existing training requirements to meet
their basic educational and operational needs. Our approach
in paring down the targeted training to a 1-h session covering
key foundational components delivered synchronously to all
clinicians regardless of role, discipline, or setting started with
areview of each of the previous curricula utilized for existing
programs, peeling away their specific workflows and clinical
considerations. Through this exercise, we honed in on the
foundational components relevant to all disciplines, roles, and
practice settings, and used these to scaffold the 1-h Telemedicine
Provider Training. We then layered in updated regulations,
technology standards, and workflows related to our institutional
ramp-up in response to the pandemic. Individual hands-on
practice and additional role-specific workflow and operational
discussions were at the discretion of individual service lines,
based on their telemedicine utilization and plans. We then
developed an institutional “Telemedicine Virtual Handbook” and
published it on the Lurie Children’s intranet as a dynamic,
asynchronous resource with further detail on topics introduced
in the structured training. In-person training was offered in
the hospital conference center, where in-person attendance
was capped to ensure compliance with safe social distancing
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recommendations. A virtual attendance option was available for
those who were unable to safely attend in-person.

Synchronous Training
We conducted 35 sessions and trained 1,070 providers over
12 weeks; 27 sessions were conducted with 791 providers
trained in the first 4 weeks following the declaration of the
national emergency. Those in attendance included a mix of
physicians, advanced practice providers, psychologists, social
workers, clinical nutritionists, genetic counselors, case managers,
and more. They spanned the departments of Pediatrics (general
and subspecialty), Surgery (general and subspecialty), Psychiatry,
Rehabilitation Services (physical, occupational, and speech
therapy), and Radiology. As resident and fellow trainees re-joined
the clinical workforce, they, too, received formal telemedicine
training. In total, 595 providers received Disaster Telemedicine
Privileges through the MSO, which were immediately released,
and lasted 120 days.

Specific content included within each of the foundational
components of the synchronous telemedicine training are
reviewed here. First, definitions and local context are provided,
along with the sharing of institutional telehealth vision and
programmatic goals. Federal, state, and local legal considerations
are reviewed next to ensure that telemedicine providers are
up to date on current policies and standards on provision
of care and reimbursement for telemedicine services. Risk
management is a previously cited concern to provider adoption
of telemedicine; it is an essential component of training as it
relates to scope of practice, malpractice coverage, limitations
of physical assessment, and a review of resources or policies
for action in the event of witnessing a situation concerning for
child maltreatment. A review of clinical considerations includes
an introduction to the observational physical examination,
an overview of workflows, and an introduction of charting
requirements. The virtual presence component reviews
best practices for webside manner, introduces privacy and
confidentiality as it relates to telemedicine, and conveys
standards for professional appearance during an encounter.
Regardless of specific technology (hardware and software)
investment, the basic principles of telemedicine technology
training are the same. These include an overview of equipment
sanctioned for use; software platform(s) for video visit, image-
sharing, and communication; discussion of network connections;
and introduction of troubleshooting tips and resources.

Asynchronous Training
Additional resources were created on the hospital SharePoint
site, a customizable cloud-based content collaboration and
management platform that houses the Lurie Children’s intranet
(17). These resources are located in the Telemedicine Virtual
Handbook page of the intranet and are housed in specific
toolkits. The Provider Toolkit includes electronic health record
guides and tip sheets, a physical examination tip sheet, a
library of videos developed by local colleagues on various
telemedicine physical examination components, a visit checklist,
guides for accessing interpreting services, as well as sample
materials (e.g., patient/family pre-visit letter). The Technical

Toolkit includes guides and tip sheets for troubleshooting
hardware and software. The Scheduling Toolkit includes training
videos for appointment schedulers as well as guides for
helping patients and families prepare for their visit, including
obtaining and troubleshooting internet access. The Webside
Manner Toolkit houses best practices for on-camera presentation
and overall virtual experience. Additional resources housed
on the Telemedicine Virtual Handbook include mechanisms
for support, important announcements, opportunities for
information sharing, as well as a repository for resources for
program evaluation and quality improvement. The Telemedicine
Virtual Handbook remains a dynamic resource, easily accessible
through the hospital intranet, with updates and additional
content added as needed.

Ongoing Quality Assessment
Telemedicine is an additional modality to support and augment
clinical practice; as such, measures to assess the quality of care
delivered should align with those quality measures for in-person
practice. This can be readily accomplished in concert with an
assignment of distinct Telemedicine Privileges through the
MSO. In accordance with Joint Commission requirements, once
privileges are attained, telemedicine providers enter the Focused
Professional Practice Evaluation (FPPE) process, to assure the
privilege-specific competence of the individual practitioner (18);
at our institution, this entails a discrete number of encounters
reviewed by the division head or medical director. Once the
FPPE requirements are satisfied for telemedicine, the Ongoing
Professional Practice Evaluation (OPPE) is overseen by the
individual department or division clinical leadership, according
to their usual practice. Additional measures for evaluation of
quality were suggested according to established frameworks
for telemedicine evaluation and measurement (19, 20), and
are incorporated at the discretion of clinical leadership.
Domains include activity data, medical/clinical knowledge,
interpersonal/communication skills, professionalism, and
systems-based practice. Ongoing evaluation is paramount to
ensure that telemedicine programs reach patients equitably, are
high-quality, and cost-effective.

DISCUSSION

Telemedicine training is necessary for consistent, competent
practice of telemedicine in pediatrics. We describe a training
process that can be easily replicated and rapidly deployed to
telemedicine providers across roles and specialties. Combining a
mandatory and brief synchronous provider training session with
a growing repository of online resources creates a foundation of
consistent practice, while also allowing for more detailed and
individualized resources that can be accessed on-demand. In
our experience, standardized telemedicine training followed by
mechanisms for ongoing evaluation has allowed our institution
to ensure consistent and competent practice of telemedicine;
collection of data geared toward evaluation of the curriculum
is warranted and is an area of future research. While further
study is needed to determine the best modality for training and
the optimal assessment tools according to professional role, a
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workforce trained in telemedicine is best poised to advocate for
meaningful and lasting changes to improve access to care for our
patients and families.
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Introduction: Expansion of telemedicine enabled healthcare access during the

COVID-19 pandemic. In response to in-person visit restrictions, our institution trained

>1,000 clinicians in telemedicine. Little is known about telemedicine-naïve pediatric

healthcare provider’s perceptions as they adopted telemedicine practice.

Methods: We conducted a cross-sectional survey of clinicians after expanding

telemedicine practice at an independent children’s hospital. The survey assessed

experience with, concerns about, and intentions to continue telemedicine. Outpatient

providers were included if they were first trained for telemedicine in response to COVID-19

and conducted at least one video visit, 3/21/2020–6/30/2020. Descriptive statistics

were calculated; perceptions were compared across telemedicine activity level quartiles

(based on proportions of visits delivered by video in June 2020) using Fisher’s exact tests.

Results: Of 609 survey responses, 305 (50.1%) met inclusion criteria, representing

various roles and disciplines. Over half (54.1%) conducted >20 video visits

3/21/2020–6/30/2020. More than 75% of providers found telemedicine easy to learn.

Providers with greater proportions of video visits in a typical week in June reported

greater ease of incorporating telemedicine into clinical practice and greater intention to

continue telemedicine practice in 6 months. Nearly all providers endorsed concerns.

Patient care experiences reinforced technology-related concerns and alleviated liability

and privacy concerns. Payer reimbursement was the leading influencer of anticipated

future use of telemedicine.

Discussion: Providers who conducted more telemedicine encounters reported greater

ease of incorporating telemedicine into practice. Provider concerns were influenced

by patient care experiences. Targeted training and quality improvement strategies are

needed to sustain a robust post-pandemic telemedicine program.

Keywords: telemedicine, telehealth, COVID-19, pediatric, children’s hospital, healthcare provider
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INTRODUCTION

Few pediatric providers had telemedicine experience prior to
2020 (1, 2). The COVID-19 pandemic forced clinicians to
reconsider how to safely deliver care. The declaration of a
national emergency in March 2020 resulted in loosening of
national privacy policies and easing of state-level restrictions
around provision of care and reimbursement for telemedicine
(4–6). Stay-at-home orders issued to mitigate spread of COVID-
19 necessitated widespread rapid deployment of telemedicine
services throughout the U.S healthcare system (3). Beginning on
March 21, 2020, the stay-at-home order in Illinois (7) fueled
demand for telemedicine as an alternative to in-person care.
Our institutional experience prior to COVID-19 aligns with
previously reported barriers to telehealth adoption, including
insufficient payment, inability to bill for services (2), lack
of training, cost of equipment, and concerns about potential
liability (8).

While Ann & Robert H. Lurie Children’s Hospital of
Chicago has had a dedicated telemedicine department since
2014, fewer than sixty providers had completed the required
formal training to deliver care via telemedicine by the start
of 2020. Telemedicine services were contained in dedicated
programs that serviced unique patient populations such as
neurocritical care, infectious diseases, and emergency care. The
required Telemedicine Provider Training curriculum covered
the foundational components of telemedicine and was tailored
to provider-specific needs within each program. Before the
COVID-19 pandemic, telemedicine service lines had been of
limited interest to most specialties due to poor reimbursement
and restrictions related to provision of telemedicine, such
as the state requirement for another healthcare provider to
be present at the patient site to serve as a tele-presenter.
Therefore, most clinicians practicing in the outpatient settings
affiliated with Lurie Children’s were telemedicine-naïve, with
no prior experience in this model of care delivery before the
pandemic. The gubernatorial Executive Order enacted on March
19, 2020 in response to the public health emergency eased
reimbursement regulations for telemedicine video and telephone
visits alike.

Prior surveys of pediatric clinician attitudes on telemedicine
have been conducted in similar pre-COVID settings where actual
telemedicine use among providers was low. Results of a 2016
national survey on pediatricians’ experiences with and attitudes
toward telehealth found that 15% of pediatricians reported any
telehealth use in the 12 months prior to the survey (2). With this
study, we sought to examine attitudes and perceptions of those
clinicians who had experience delivering care via newly adopted
telemedicine practice in response to the COVID-19 pandemic.
In this brief research report, we present results of a survey of
telemedicine providers at our institution conducted within 3
months of their Telemedicine Provider Training and compare
their attitudes relative to their self-reported telemedicine visit
activity levels in June 2020. We hypothesized that attitudes
and perceptions of telemedicine in the new “COVID-era”
may be different as more pediatric providers have experience
with telemedicine.

METHODS

Study Design
We conducted a brief cross-sectional survey to assess perceptions
of telemedicine among clinicians who completed their
Telemedicine Provider Training and delivered outpatient
care via video visits between March 21 and June 30, 2020. This
study was deemed exempt by our Institutional Review Board.

Setting
Ann & Robert H. Lurie Children’s Hospital of Chicago is the
largest independent quaternary care children’s hospital in Illinois
with more than 1,665 physicians and allied health professionals
in 70 pediatric specialties (9). More than 220,000 children
receive medical care at Lurie Children’s each year, across the
emergency department (ED), ambulatory, and inpatient settings.
Lurie Children’s Emergency Care Center is a Level 1 Pediatric
Trauma Center, serving more than 56,000 ill and injured children
per year. The hospital has 365 total pediatric beds, including 64
in the neonatal intensive care unit, 60 in the pediatric intensive
care unit, and 12 in inpatient psychiatry.

Telemedicine Training
Prior to being credentialed in telemedicine, all clinicians
providing patient care or family support via telemedicine
at our institution are required to complete formal training.
Resident physicians at our institution did not participate in
telemedicine during the study period. For those physicians
in fellowship training, the decision to include them in
their divisional telemedicine response was at the discretion
of individual program leadership. Certain divisions required
each of their providers to complete Telemedicine Provider
Training in anticipation of use, regardless of whether explicit
plans for telemedicine were yet in place. The training was
delivered as a 1-h session delivered synchronously and was an
institutional requirement for Telemedicine Privileges through
our Medical Staff Office. Within the first 12 weeks following the
declaration of national emergency, synchronous Telemedicine
Provider Training was completed by 1,069 physicians, advanced
practice providers, social workers, therapists, counselors, and
other clinicians at Lurie Children’s. The training covered
foundational components of telemedicine including: local
context and program goals; legal and risk considerations;
high-level workflows; clinical considerations, including physical
examination tips and charting requirements; virtual presence,
including webside manner overview; technology overview,
including hardware, software, and troubleshooting.

Survey Development
Survey items were developed by a team experienced in
telemedicine and health services research. The survey was
designed to gather information about provider experiences
with telemedicine, their attitudes toward telemedicine, and
their intentions to continue delivering care via telemedicine.
Responses from a pilot survey administered in March 2020 to
previously naïve telemedicine providers at our institution were
used to inform the content of this survey. The survey questions
were entered into the Qualtrics XM survey platform (Qualtrics,
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Provo, UT). This survey was pilot tested with five individuals with
expertise in evaluation and refined based on their feedback.

In the survey, “telemedicine” was defined for respondents as
“real-time, face-to-face video encounter between a patient/family
and a healthcare provider using a secure, HIPAA-compliant
platform.” To capture outpatient clinic activity and telemedicine
experience, the survey asked respondents “how many total
outpatient visits did you complete in a typical week before the
COVID-19 stay-at-home order,” “how many total outpatient
visits did you complete in a typical week in June 2020,” and
“provide your best estimate of the percentage of your outpatient
visits in a typical week in June 2020 within each of the following
categories”: “telephone consults,” “telemedicine (video) visits”
and “in-person visits.” Respondents were asked to enter numbers
totaling 100%.

To identify attitudes toward adoption of telemedicine, the
survey asked “how easy or difficult it was to: (1) learn how
to conduct a visit using telemedicine, and (2) incorporate
telemedicine into my clinical practice;” responses were captured
according to a 5-point Likert scale (“extremely easy” to
“extremely difficult”). Clinicians were also queried on their
intention to continue to use telemedicine in the future.

A series of questions related to concerns about telemedicine
began by asking providers to select all items that cause them
at least some concern from a list generated by providers at
the start of the telemedicine COVID-19 response. The list of
concerns included: “(1) patient privacy, (2) liability associated
with telemedicine, (3) reliability of internet connections to
support telemedicine, (4) families won’t be able to access video
services due to lack of digital devices, cellular data, or Wi-Fi, (5)
limitations in the physical assessment of a patient by video, and
(6) quality of audio or video will be poor.” A free-response option
was also provided. For each selected item, a subsequent question
asked respondents to indicate how concerned they are about each
item today: “a little concerned,” “somewhat concerned,” “very
concerned,” or “extremely concerned.” Respondents were also
asked to indicate whether or not a patient care experience has
influenced their level of concern. For each of the concerns they
had selected they were provided the following response options:
“I had a patient care experience that decreased this concern,”
“I have not had any patient care experiences that change my
concern,” and “I had a patient care experience that increased
this concern.”

Providers then were asked “How did the 1-h Telemedicine
Provider Training impact your overall level of concern about
delivery care via telemedicine, if at all?” We also queried
providers about their desire for additional training on (1) how
to use the telemedicine technology, (2) webside manner or how
to conduct a telemedicine visit generally, (3) how to help patient
families connect through telemedicine, (4) something else with a
free-text response option.

Providers were asked if they anticipated providing patient
care via telemedicine in 6 months. Response options included
“definitely yes,” “probably yes,” “might or might not,” “probably
not,” and “definitely not;” affirmative responses (definitely or
probably yes) and negative responses (definitely or probably
not) were grouped for analysis. Providers were asked to rank

four influencers of the continued provision of patient care via
telemedicine in 6 months: division continues to offer, payers
continue to reimburse, family interest, and personal preference;
another response was also available. We created a categorical
variable of the top influencer based on the item each provider
selected as most influential. Demographic characteristics
included years in clinical practice (categorical) and their area
of practice/clinical background. Area of clinical practice was
aggregated into the following categories: pediatric subspecialist
including all medial subspecialties, general pediatrics, pediatric
surgery including general surgery and surgical subspecialties,
psychiatry/psychology, habilitation/rehabilitation services,
clinical nutrition, genetic counseling, and other/no response.

Survey Distribution
Anonymous survey links were distributed via email on July 8,
2020 through the hospital distribution list; reminders were sent
on July 15, 2020 and targeted requests were made via email to
division leadership and providers who had completed a feedback
form prior to their initial training. The survey was closed to
responses on August 8, 2020.

Study Population
All 1,069 clinicians who completed formal training at our
institution were considered eligible for this study. Screening
questions were used to identify providers who practiced in the
ambulatory setting, had not provided telemedicine care prior
to March 2020 (telemedicine-naïve), and who had conducted at
least one video visit in response to the COVID-19 pandemic. We
excluded responses from individuals who did not provide service
to patients via video visits during the period between March 21,
2020 and June 30, 2020 and those who did not progress through
the entire survey.

Analysis
Descriptive statistics were calculated including medians and
interquartile ranges (IQR) for continuous data and proportions
for categorical data. We characterized respondents by their
telemedicine activity and categorized each provider into quartiles
based on their self-reported percentage of care delivered by
video visits in a typical week in June 2020. We then compared
perceptions of telehealth across telemedicine activity quartiles
using Fisher’s exact tests. We report on perceived concerns
and the change in concern based on clinical experiences,
desire for additional training, intentions to continue to provide
telemedicine care in 6 months, and influencers of continued
provision of telemedicine. Responses were downloaded from
Qualtrics and entered into Stata version 15.1 (StataCorp LLC,
College Station, TX) for analysis. Free text responses to the desire
for additional training were reviewed and thematically coded by
one investigator (MM) and affirmed by another investigator (DS).
Discrepancies were resolved through discussion.

RESULTS

Surveys were distributed via institution-wide and division-
specific email lists. Survey links were opened by 609 staff
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members; 126 respondents were not eligible (93 respondents did
not provide ambulatory care and 33 did not complete training).
There were 483 eligible responses from 1,069 trained providers
(response rate 45%). We excluded 178 surveys from our analyses
(42 from providers who reported completing no video visits,
89 from providers who did not respond to the question about
the number of completed telemedicine video visits, and 47
with incomplete responses to other questions relevant to our
analyses). Characteristics of the 305 respondents included in the
analysis and their clinical practice are presented in Table 1. The
analyzed respondents represented a variety of disciplines and
roles including physicians; advanced practice nurses (n = 43);
physical therapists, occupational therapists, speech therapists (n
= 37); social workers (n = 7); clinical nutritionists (n = 9);
genetic counselors (n = 6); and nurses (n = 5). Twenty-one
respondents reported that they did not complete any outpatient
visits prior to the stay at home order, and 3 reported that they
did not complete any visits during a typical week in June; these
include academic clinicians who spend the majority of their
time in research, surgeons, and other specialists who provide a
mix of inpatient and outpatient care. The largest numbers of
respondents reported being in practice for 15 years or more
(45.3%) and conducting >20 video visits (54.1%).

Respondent attitudes toward telemedicine relative to percent
of visits conducted via video in a typical week in June
2020 are shown in Table 2. There were similar perceptions
of ease of learning to conduct a telemedicine visit across the
different quartiles of video visit activity during a typical week
(p= 0.51). However, there was an association between the ease
of incorporating telemedicine into clinical practice and the
quartiles of video visit activity with 53.3% in the lowest activity
quartile, 67.1 and 68.8% in the middle quartiles, and 82.9% in
the highest activity quartile reporting it was very easy or easy
to incorporate telemedicine into clinical practice (p = 0.006).
Providers’ intention to continue to provide care via telemedicine
into the next 6 months increased incrementally by video visit
activity quartile, ranging from 60.0% for the lowest activity
quartile to 92.1% for the highest activity quartile (p < 0.0001).

The median number of concerns selected was 4 (IQR 3, 4)
out of 7 possible listed concerns. Six of the 305 respondents
(2.0%) selected no telemedicine concerns. Of the 299 providers
indicating at least one concern, 68 (22.7%) reported that a
patient care experience with telemedicine decreased their level
of concern, whereas 225 (75.3%) reported that a patient care
experience with telemedicine increased their level of concern.
The telemedicine training curriculum decreased concerns for 101
(33.8%), increased concerns for 5 (1.7%), and had no change on
concerns for 193 (64.5%).

The number of providers selecting each telemedicine-specific
concern from the list of fixed-choice responses is presented in
Table 3. The greatest numbers of providers selected technology-
related concerns including: reliability of internet (n = 250,
82.0%), limitations to physical assessment by video (n = 225,
73.8%), family access to video services (n = 217, 71.1%), and
poor quality of audio or video (n= 191, 62.6%). Less than half of
responding providers reported concerns about liability (n= 111,
36.4%) and patient privacy (n = 52, 17.0%). More than half of

TABLE 1 | Respondent characteristics.

N = 305

Clinical role/Training

Pediatric subspecialist 101 33.1%

Nursing/APN 48 15.7%

PT/OT/Speech therapist 37 12.1%

Pediatric surgery 27 8.9%

Psychology 26 8.5%

General pediatrics 25 8.2%

Psychiatry 16 5.2%

Clinical nutrition 9 3.0%

Social work 7 2.3%

Other/No response 9 3.0%

Years in practice

<5 61 20.0%

5–9 51 16.7%

10–14 53 17.4%

>14 138 45.3%

Missing 2 1%

Median number of visits in a typical week prior to Stay at Home order

(March 21, 2020) (IQR) (n = 275) 15 (8, 30)

Median number of visits in a typical week in June, 2020

Including in-person, telephone, and video (IQR)

(n = 273)

15 (7, 25)

Total number of video visits since Stay at Home order

(March 21, 2020–June 30, 2020)

1–5 47 15.4%

6–20 93 30.5%

>20 165 54.1%

Total number of telephone visits since Stay at Home order

(March 21, 2020–June 30, 2020)

0 60 19.7%

1–5 89 29.2%

6–20 93 30.5%

>20 62 20.3%

Missing 1 <1%

Proportion visits by video in a typical week in June, 2020

1st Quartile: <10% 75 24.6%

2nd Quartile: 10–23% 76 24.9%

3rd Quartile: 24–70% 78 25.6%

4th Quartile: >70% 76 24.9%

providers who selected a technology-related concern indicated
that concern had been increased by a patient care experience.
Approximately 15% of providers had patient care experiences
that alleviated their concerns about reliability of internet and
family access to video services. Most providers had no patient
care experiences that changed their liability and privacy concerns.
Additional training was desired on how to help patients’ families
connect through telemedicine (n = 124), webside manner or
how to conduct a telemedicine visit in generally (n = 48),
how to use the telemedicine technology (n = 42), and how to
document a telemedicine encounter (n= 41). Other training was
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TABLE 2 | Attitudes toward telemedicine relative to percent of visits conducted by video in a typical week in June.

Quartile 1:

<10% of visits were

video

Quartile 2:

10–23% of visits were

video

Quartile 3:

24–70% of visits were

video

Quartile 4:

71–100% of visits

were video

In your experience, how easy or difficult was it to learn how to conduct a visit using telemedicine?

Easy or very easy 57 (76.0%) 57 (75.0%) 62 (79.5%) 66 (86.8%) P = 0.51

Neither easy nor difficult 12 (16.0%) 11 (14.5%) 12 (15.4%) 7 (9.2%)

Difficult or very difficult 6 (8.0%) 8 (10.5%) 4 (5.1%) 3 (4.0%)

In your experience, how easy or difficult was it to incorporate telemedicine into your clinical practice?

Easy or very easy 40 (53.3%) 51 (67.1%) 53 (68.8%) 63 (82.9%) P = 0.006

Neither easy nor difficult 12 (16.0%) 9 (11.8%) 10 (13.0%) 2 (2.6%)

Difficult or very difficult 23 (30.7%) 16 (21.1%) 14 (18.2%) 11 (14.5%)

Thinking ahead 6 months, do you anticipate you will provide patient care via telemedicine?

Yes 45 (60.0%) 61 (80.3%) 71 (91.0%) 70 (92.1%) P < 0.001

Unsure 18 (24.0%) 9 (11.8%) 4 (5.1%) 5 (6.6%)

No 12 (16.0%) 6 (7.9%) 3 (3.9%) 1 (1.3%)

selected by 27 and free responses included a desire for training of
administrative staff to schedule telemedicine visits (n= 7), billing
(n = 6), and sharing of patient education materials (n= 6).
Free-text responses that related to technology (n = 10), webside
manner (n = 5), and family support (n = 9) are included in
the presentation of the fixed choice response results related to
additional training above.

Most respondents (n = 247, 81.0%) anticipated continued
practice of telemedicine 6 months after the survey, 36
respondents (11.8%) indicated they may or may not and 22
respondents (7.2%) indicated they did not anticipate continued
practice of telemedicine in 6 months. Payer reimbursement was
most commonly selected influencer of plans to continue the
practice of telehealth (n = 120, 45.5%), followed by offering of
telemedicine by the respondent’s specialty and family preference
(n= 62, 23.5% for each), and provider preference (n= 20, 7.6%).
The relationship between anticipated continued telemedicine
practice and selected influencers of continued practice are
presented in Table 4.

DISCUSSION

Pediatric providers previously naïve to telemedicine
overwhelmingly found it easy to learn and many found
telemedicine easy to incorporate into clinical practice. We
found more overall positive perceptions toward telemedicine
with increasing percentage of ambulatory visits conducted by
video conferencing. This may signal that telemedicine becomes
easier with greater use or that those who had an easier time
adopting telemedicine were more likely to incorporate it into
their practice. However, within this same group of providers,
we identified specific ongoing concerns about telemedicine
use. Specifically, providers continued to have concerns about
the reliability of internet connection, the quality of video, and
the limitations of physical assessment following actual patient
care experiences. We also found that some providers’ concerns
were ameliorated through training, and that additional targeted

training was desired on how to help patients’ families connect
through telemedicine. As a result of these findings, these areas
of telemedicine delivery have become targets for education and
improvement by our institution. Addressing these concerns is
crucial to assuring that we provide on-going high-quality care
experiences for patients and providers alike. It is important to
note that the pandemic has exposed gaps in internet connectivity
nationwide (10), a priority for the Federal Communications
Commission to address as they strive to ensure equitable access
to health care and education for all Americans.

We also found that providers who were higher utilizers of
telemedicine reported greater ease of incorporating telemedicine
into practice, and indicated they plan to continue its use.
It is possible that some of the providers who anticipated
that it would be easy to learn telemedicine were those who
conducted a higher proportion of visits via telemedicine. The
diffusion of innovation theory suggests that organizational
structure and culture will affect health care providers’ perceptions
of telemedicine, thereby influencing adoption and utilization
(11, 12). Similarly, the Technology Acceptance Model (TAM)
connects perceived usefulness with ease of use in adoption of
new technology (13). TAM is an information systems theory
developed to identify how individuals begin to accept and use
technological advancements, and within health care provides
a better understanding of clinician technology acceptance,
informing health care organizations about barriers to embracing
new technologies (14). A relationship between telemedicine
experience and acceptability has been previously described in
providers who care for children with special health care needs
(15), as well as in the tele-hospice and tele-psychiatry populations
(16). Still, despite the identified relationship between technology
acceptance and adoption by health care providers, there is
a need to better understand the various factors contributing
to this relationship (17). As such, our survey results support
the need for a more targeted framework to better define this
relationship. Numerous medical education frameworks already
exist for achieving mastery of essential clinical skills (18, 19), and

Frontiers in Pediatrics | www.frontiersin.org 5 April 2021 | Volume 9 | Article 64793760

https://www.frontiersin.org/journals/pediatrics
https://www.frontiersin.org
https://www.frontiersin.org/journals/pediatrics#articles


Schinasi et al. Naïve Telemedicine Provider Use and Experience

TABLE 3 | Impact of patient care experience on telemedicine concerns.

Question stem: Please indicate whether or not a patient care experience has

influenced your level of concern for each of the concerns

you selected.

Below are a list of several concerns of providers

prior to our deployment of telemedicine in

response to COVID-19 at Lurie Children’s in

mid-March, 2020. Please select the all of items that

cause you at least some concern.

N* selecting concern Concern decreased

because of patient

care experience

No change in

concern based on

patient care

experience

Concern increased

because of patient

care experience

Reliability of internet connections to support telemedicine 250 36 (14.5%) 51 (20.5%) 162 (65.0%)

Limitations in the physical assessment of patient by video 225 23 (10.3%) 84 (37.5%) 117 (52.2%)

Families won’t be able to access video services due to

lack of digital devices, cellular data, or WiFi

217 33 (15.3%) 72 (33.3%) 111 (51.4%)

Quality of audio or video will be poor 191 9 (4.8%) 39 (20.6%) 141 (74.6%)

Liability associated with telemedicine 111 11 (9.9%) 91 (82.0%) 9 (8.1%)

Patient privacy (e.g., HIPAA and Protected Health

Information)

52 10 (19.2%) 34 (65.4%) 8 (15.4%)

Other concern not listed 40 1 (2.5%) 5 (12.5%) 34 (85.0%)

*one to two respondents did not provide responses to the change in concern based on clinical experience, resulting in a difference between the total sample size, and the sample

reported in the change in concern columns.

TABLE 4 | Top-ranked factors influencing provider intention to continue practicing telemedicine in 6 months.

Thinking ahead 6 months, do you anticipate you will provide care via

telemedicine?

Top-ranked factor influencing if you

will continue to provide patient care

via telemedicine 6-months from now.

N = 305 % Definitely

yes or

probably yes

N = 244

% Might or

Might not

N = 34

% Probably not

or definitely

not N = 20

%

Whether payers continue to reimburse for

telemedicine visits

120 39.3% 104 46.4% 14 41.2% 2 10.0%

Whether my division continues to offer

telemedicine visits

62 20.3% 56 25.0% 6 17.7% 0 0

Whether patients’ families are interested in

telemedicine visits

62 20.3% 46 20.5% 10 29.4% 6 30.0%

My own preference to use telemedicine in

my practice

20 6.6% 10 4.5% 3 8.8% 7 35.0%

Other 14 4.6% 8 3.6% 1 2.9% 5 25.0%

No response 27 8.9% n/a n/a n/a

the field of telemedicine is poised for the merging of technology
and education frameworks to achieve this.

Our study has several limitations. Our survey was conducted
at a single center; therefore, findings may not be generalizable
to settings with different telemedicine training or platforms.
Surveys were distributed via mass communication channels to
all staff members, including those who do not provide clinical
care and those who were not trained in the telehealth pandemic
response. We also distributed surveys with anonymous links.
Responses represent a subset of individuals who completed
telemedicine training and there is potential for response bias.
We did not have a mechanism to obtain information from
non-respondents and therefore cannot determine if respondents
differ from non-respondents. It is possible that providers who
completed the survey were representative of the full population.
It is also possible that respondents had stronger opinions, either

positive or negative, toward telemedicine than non-respondents,
but we do not have a way to quantify the impact of response
bias on our results. Because of skip and display logic, we do not
have a way to compare providers who completed video visits to
those who did not. Surveys are also subject to social desirability
bias. This bias is minimized by allowing providers to provide
anonymous survey responses. Additionally, while all providers
were uniformly trained in telemedicine with consistency in
standards and technology platforms, integration of telemedicine
into ambulatory workflows was at the discretion of individual
divisions, some of whom have a medical assistant or nurse to help
the provider and others who do not. This data was not collected in
our study and is thus a limitation. There are myriad unmeasured
factors that could have influenced the ease with which a provider
was able to incorporate telemedicine into their practice. This is
an area for future research.
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The global pandemic exposed providers and patients to
telemedicine, many of whom were previously naïve to this
modality of care delivery. Our findings support the acceptability
of telemedicine in outpatient pediatric care and suggest that with
increased experience telemedicine becomes easier to incorporate
into practice. Targeted training and quality improvement
strategies are needed to sustain a robust post-pandemic
telemedicine program. Provider concerns about telemedicine
were both reinforced and alleviated by patient care experiences;
this lack of distinct directionality is a precursor for future
qualitative work, to better describe how provider concerns with
telemedicine are either reinforced or alleviated in relation to
the patient experience in order to identify areas for additional
support. Telehealth programs further can address provider
concerns through advocacy for policy change and investment in
resources to ensure patients have access to technology needed to
utilize telemedicine services.
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Telemedicine has rapidly expanded in many aspects of pediatric care as a result

of the COVID-19 pandemic. However, little is known about what factors may make

pediatric subspeciality care more apt to long-term adoption of telemedicine. To better

delineate the potential patient, provider, and subspecialty factors which may influence

subspecialty adoption of telemedicine, we reviewed our institutional experience. The

top 36 pediatric subspecialties at Stanford Children’s Health were classified into high

telemedicine adopters, low telemedicine adopters, and telemedicine reverters. Distance

from the patient’s home, primary language, insurance type, institutional factors such as

wait times, and subspecialty-specific clinical differences correlated with differing patterns

of telemedicine adoption. With greater awareness of these factors, institutions and

providers can better guide patients in determining which care may be best suited for

telemedicine and develop sustainable long-term telemedicine programming.

Keywords: telemedicine, telehealth, pediatric, subspecialty, access, COVID-19

INTRODUCTION

The COVID-19 pandemic has fueled the rapid implementation and adoption of telemedicine (TM)
in pediatric care. In a pandemic, TM offers a unique venue to preserve patient access to care,
while also providing a real-time benefit to public health via infection control by limiting patients’
exposure to one another and providers (1, 2). Policymakers recognized the need and deregulated
TM, accelerating its adoption and resulting in a national “telemedicine test case” (3). However,
little is known about what kinds of pediatric patients are best served by digital modalities, which
pediatric subspecialties are best suited to the adoption of TM, and what barriers might exist in the
perpetuation of TM in pediatric subspecialty care. The rapid implementation of TM in response
to the COVID-19 pandemic has provided a unique situation to study barriers, facilitators, and
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operational processes of TM in various pediatric subspecialties
(4). As such, there have been a number of publications
summarizing the experiences in various pediatric subspecialties
such as endocrinology, medical genetics, and orthopedics (5–7).
It is assumed that the effectiveness and durability of a TM
program varies widely by pediatric specialty, patient population,
and the preferences of patients and providers. To our knowledge,
there have not been any publications summarizing a single
institution’s experiences across different pediatric subspecialties.

It is also known that differences in patient demographics such
as race, language, insurance status, and neighborhood broadband
status may impact the use of health-related technologies
including patient portals and TM (8, 9). Inequities in accessing
TM have also been reported in adult patients during the
COVID-19 pandemic, with poorer, non-English-speaking, and
Latinx patients having less TM use (10). To better delineate the
potential patient, provider, and subspecialty factors influencing
subspecialty adoption of TM, we studied a single institution’s
experience during the COVID-19 pandemic. We hypothesized
that because subspecialties differ in the nature of the clinical
encounter and needs, subspecialities within a single institution
may have different TM adoption rates, and these differences may
continue and evolve throughout the pandemic. Secondarily, we
hypothesized that TM use may be driven by non-specialty factors
including patient factors such as patient’s preferred language
(English speaking patients may be more likely to adopt to TM),
insurance type (patients with non-public insurance may be more
likely to adopt TM), and distance to the clinic (patients living
farther away may be more likely to adopt TM), as well as
institutional factors such as wait times to make appointments
(subspecialties with long appointment wait times may be more
likely to adopt TM).

MATERIALS AND METHODS

Setting
Lucile Packard Children’s Hospital/Stanford Children’s Health is
located in the San Francisco Bay Area, California. The quaternary
academic teaching hospital, Lucile Packard Children’s Hospital
(LPCH), is located in Palo Alto, California, and is associated
with Stanford School of Medicine. Stanford Children’s Health
(SCH) is comprised of more than 65 affiliated outpatient clinics
and locations. Our institution was fortunate to have an existing
TM platform, which although it had not previously been widely
adopted, was quickly able to scale up and to have clinicians
trained to use the platform in a short period of time. This led
to a consistent adoption model across our institution.

Since our institution is in the San Francisco Bay Area, a local
Shelter-in-Place (SIP) order went into effect on March 16, 2020,
followed by a California SIP on March 19, 2020. An institution-
wide request to convert appropriate in-person encounters to TM
encounters was issued starting March 15, 2020. The hospital and
providers opted to limit in-person visits when not necessary,
and many patients and families did not want to be exposed
unnecessarily. For the majority of the study period, Santa Clara
County, the county in which Stanford is situated, remained at
the highest risk tier of purple with only a brief decrease to the

second highest tier in September, 2020. No specific restrictions
were imposed on patients and families desiring to seek medical
care during the study period.

Data Acquisition
Data for outpatient clinical encounters was queried from the
electronic medical record, ambulatory access dashboards, and
billing databases at LPCH/SCH. TM encounter data from
ambulatory clinic visits from January 1, 2020, through November
15, 2020, was obtained with associated data on each patient’s
primary language, home zip code, insurance type, clinic specialty,
and provider identification number. Of note, a pediatric patient’s
language is recorded with the parent or caregiver’s preferred
language. A linear distance from the center of the patient’s home
zip code to the Stanford, CA zip code (94305) was calculated
to estimate proximity to SCH, where the majority of clinics are
located. Wait times for clinic appointments were averaged over
the study period to account for changes in wait times during
the pandemic.

Statistical Analysis
To compare TM adoption patterns across subspecialties, three
groups were defined by using a “simple majority” cutoff of 50%
of visits being telehealth: (1) Low TM adopters (clinics that never
increased share of TM > 50% vs. in-person visits in 2020); (2)
High TM adopters (clinics that increased share of TM > 50% vs.
in-person and remained > 50% for the rest of the year); and (3)
TM reverters (clinics that increased TM > 50% vs. in-person but
fell back to < 50% TM shortly thereafter).

Demographic and clinical characteristics were statistically
analyzed. Analysis was performed on a visit-level basis (i.e.,
each TM visit was weighted the same even if the same patient
had multiple visits). Descriptive statistics were used to examine
and highlight trends. Numerical data was expressed as mean
and standard deviation, and categorical variables were expressed
as absolute frequencies and percentages. The proportion of
patients with public vs. managed care insurance was compared
for the top four language groups of our patients. In order
to compare TM adoption groups, we applied paired t-test for
numerical parameters and Chi Square test with Yates’ continuity
correction for categorical variables. One-way ANOVA with
Tukey’s Honestly Significant Difference (HSD) post-hoc test was
used when the means of more than two groups were being
analyzed. A p < 0.05 was considered statistically significant.

RESULTS

Subspecialties With TM Visits
Across our institution, TM visits increased in quantity for every
subspecialty during 2020. A summary of in-person vs. TM visits
for 36 subspecialties and general pediatrics at SCH in 2020 is
depicted in Figure 1. Prior to March 2020, there were very few
TM visits at our institution (i.e., <1% of all clinic encounters,
from January 2016 to February 2020 there were 6,305 TM visits
from 2,344 unique patients). From March 2020 to November
2020, there were 123,416 TM visits from 72,819 unique patients.
April 2020 saw the highest total number of TM visits at 14,938;
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FIGURE 1 | Percentage of In-person vs. TM visits at Stanford Children’s Health in 2020.

April 2020 was also unique in that TM visits exceeded in-person
visits (n = 12,302) across our institution. Peak TM monthly
percentages ranged from 18.2% (Cardiology, April 2020) to 100%
(Weight Management, April 2020).

There were 28 subspecialties with >50% TM visits in
March/April/May 2020. Of these, 12 subspecialties maintained
>50% TM visits for the remainder of 2020. These subspecialties
were considered “high TM adopters.” There were nine
subspecialties with <50% TM visits in March/April/May
2020 and beyond; these were considered “low TM adopters.”
There were 16 subspecialties that returned to <50% TM visits
after May 2020; these subspecialties were considered “TM
reverters.” These subspecialties are listed in Table 1.

Patient Insurance Among Subspecialty TM
Visits
The proportion of visits with public insurance for low TM
adopters, high TM adopters, and TM reverters is shown in
Table 2. Low TM adopters had a lower percentage (21.7%) of
public insurance compared to high TM adopters (25.7%), χ2

=

165.3, p < 0.01, Odds ratio (OR) of 1.25 (95% CI: 1.21–1.30)
of having managed care if a patient was in the low TM adopter
group relative to high TMgroup, and a lower percentage of public
insurance compared to TM reverters (33.3%), χ

2
= 900.4, p <

0.01, OR= 1.80 (95%CI: 1.73–1.87). The difference between high
TM adopters and TM reverters was also significant χ2

= 468.9, p
< 0.01, OR= 1.44 (95% CI: 1.39–1.49).

Primary Language Among Subspecialty TM
Visits
There were statistically different rates of English-preferred
language patients vs. non-English-preferred language patients
among the three groups of subspecialty TM adoption. The largest
differences were seen between the low TM adopters and high
TM adopters and the low TM adopters and TM reverters. Low
TM adoption was associated with a higher percentage (95.1%) of
English-preferred language patients when compared to high TM

adopters (90.4%),χ2(1, N = 53,258) = 563.17, p < 0.01, OR =

2.06 (95% CI: 1.93–2.19), and TM reverters (87.7%), χ2(1, N =

24,838)= 961.79, p < 0.01, OR= 2.72 (95% CI: 2.55–2.91).

Primary Language by Insurance Type
Across TM use at our institution, insurance type differs by
preferred language as summarized in Table 3. 97.5% of managed
care patients were English-preferred language patients while
70.8% of public insurance patients were English-preferred
language patients. Spanish-preferred language patients had a
significantly higher percentage of patients with public health
insurance (90.8% with public insurance) compared to English-
preferred language patients (20.2% with public insurance), χ2[(1,
N = 92,280)= 22,200, p < 0.001].

Distance to Home Comparison Among
Subspecialty TM Visits
The linear distance from patient’s home zip code to Stanford,
CA was used as an approximation of travel burden. The average
distances had a right-skewed distribution: low TM adopters had
a mean distance of 39.1 miles, median 24.2 miles, SD 127.5 miles;
high TM adopters had a mean distance of 53.1 miles, median
21.0 miles, SD 157.5 miles; TM reverters had a mean distance
of 64.9 miles, median 27.1 miles, SD = 213.5 miles. A one-way
ANOVA showed the differences in mean distance traveled from
home to clinic was significant [F(2) = 165.74, p < 0.001]. Post-
hoc analyses using the Tukey HSD post-hoc test indicated that
the mean distance traveled from home to clinic was significantly
lower in the low TM adopters (M = 39.07) than in the high TM
adopters (M = 53.09) and the TM reverters (M = 64.92).

Clinic Wait Time Among Subspecialties
When compared to low TM adopters (M= 5.31 days, SD= 4.91),
high TM adopters (M = 18.33 days, SD = 15.06) had a longer
average number of days from referral to first visit scheduled
[t(15) = 2.33, p= 0.03].
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TABLE 1 | Pediatric subspecialty telemedicine use by adoption pattern.

Subspecialty Peak TM % Peak TM month

Low TM adopters: Subspecialties with <50% TM visits March/April/May 2020 and beyond

Adolescent medicine 20.7% May-20

Cardiology 18.2% April-20

Hand surgery 28.6% May-20

Hematology 27.4% April-20

Oncology 25.1% April-20

Ophthalmology 28.0% April-20

General pediatrics 46.3% April-20

Plastic surgery 46.8% April-20

Stem cell transplant 26.7% April-20

Subspecialty Peak TM % Peak TM month

High TM adopters: Subspecialties which maintained >50% TM visits for rest of 2020

Developmental behavioral pediatrics 98.3% May-20

Diabetes 95.1% April-20

Eating disorders 97.7% April-20

Gastroenterology 80.7% April-20

Gender 98.4% April-20

Genetics 84.6% April-20

Immune behavioral health 95.4% April-20

Liver transplant 73.6% May-20

Neurology 96.4% April-20

Pain medicine 98.6% April-20

Psychiatry 99.0% July-20

Subspecialty Peak TM % Peak TM month Month when TM

returned to <50%

TM reverters: Subspecialties that returned to <50% TM visits beyond May 2020

Allergy and immunology 57.0% April-20 May-20

Cardiovascular transplant 71.2% April-20 May-20

Cystic fibrosis 75.7% April-20 May-20

Dermatology 98.2% April-20 August-20

Endocrinology 91.3% April-20 November-20

General surgery 75.0% April-20 May-20

Gynecology 71.6% April-20 June-20

Infectious diseases 72.2% April-20 June-20

Nephrology 96.6% April-20 June-20

Neuro-oncology 57.1% April-20 May-20

Neurosurgery 68.6% April-20 September-20

Orthopedics and sports medicine 63.2% April-20 May-20

Otolaryngology 71.5% April-20 May-20

Pulmonology 94.7% April-20 June-20

Rheumatology 94.8% April-20 July-20

Urology 57.8% April-20 May-20

There were 36 subspecialities examined across our institution. The subspecialties were divided into three cohorts based on rate of TM adoption. Subspecialties which maintained >50%

TM visits for the remainder of 2020 were considered “high TM adopters.” Subspecialties which did not reach >50% TM visits during any month in 2020 were considered “low TM

adopters.” There were 16 subspecialties that initially had >50% TM visits in early 2020, but then returned to <50% TM visits beyond May 2020; these subspecialties were considered

“TM reverters”.

DISCUSSION

The COVID-19 pandemic forced the use of TM in many

pediatric subspecialties during the early months of the pandemic,

including some subspecialties for which TM was previously seen

as unviable. The proportion of TM visits in clinics with pre-
pandemic adoption of TM also rose rapidly. However, some
subspecialties were low utilizers of TM, and others shifted back
to majority in-person visits relatively quickly. Understanding the
patient factors, provider/institutional factors, and subspecialty
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TABLE 2 | Patient factors among pediatric subspecialty TM visits.

Low TM adopters High TM adopters TM reverters

n (%) n (%) n (%)

Managed Care 22,467 (78.3) 38,845 (74.3) 16,344 (66.7)

Public Insurance 6,222 (21.7), (a) p < 0.01 13,466 (25.7) 8,154 (33.3), (a) p < 0.01

English Language 27,563 (95.1), (b) p < 0.01 48,145 (90.4) 21,776 (87.7), (b) p < 0.01

Non-English Language 1,424 (4.9) 5,113 (9.6) 3,062 (12.3)

Mean (miles) Mean (miles) Mean (miles)

Distance to home 39.07, (c) p < 0.001 53.09, (c) p < 0.001 64.92, (c) p < 0.001

(a) Low TM adopters were more likely to have managed care insurance than high TM adopters [OR = 1.25 (95% CI: 1.21–1.30), p < 0.01], or TM reverters [OR = 1.80 (95% CI:

1.73–1.87], p < 0.01]. (b) Low TM adopters were more likely to be English speaking than high TM adopters [OR = 2.06 (95% CI: 1.93–2.19), p < 0.01] or TM reverters [OR = 2.72

(95% CI: 2.55–2.91), p < 0.01]. (c) There was a significant difference among the three groups (low TM adoption, sustained high TM adoption, and TM adopters that reverted back to

>50% in-person visits) for linear distance between the patient’s zip code and Stanford, CA, p < 0.001, with low TM adopters having the shortest mean distance.

TABLE 3 | Preferred language and insurance type.

Patient’s preferred language Managed care Public insurance

n (%) n (%)

English 91,433 (80%) 23,245 (20%)

Spanish 847 (9%) (a) p < 0.001 8,318 (91%)

Chinese (Mandarin or Cantonese) 654 (57%) (b) p < 0.001 498 (43%)

Other language 800 (51%) (c) p < 0.001 771 (49%)

Insurance type English Spanish Chinese (Mandarin or Cantonese) Other language

n (%) n (%) n (%) n (%)

Managed care 91,433 (97.5%) 847 (0.9%) 654 (0.7%) 800 (0.9%)

Public insurance 23,245 (70.8%) 8,318 (25.3%) 498 (1.5%) 771 (2.4%)

Patient’s preferred language relative to patient’s insurance type for all telemedicine encounters. (a) Primarily English-speaking patients have a significantly higher percentage of patients

with managed care insurance than Spanish-speaking patients [χ2 (1, N = 92,280) = 22,200, p < 0.001], (b) Mandarin/Cantonese-speaking patients [χ2 (1, N = 92,087) = 367.5, p <

0.001], or (c) those patients speaking other languages [χ2 (1, N = 92,233) = 782.9, p < 0.001].

clinical factors which may drive TM use will enable institutions
to develop more effective digital health programs. Our data
demonstrates there are multiple factors which correlate with
whether a subspecialty adopts and sustains high rates of
TM encounters.

Overall, there was an initial reduction in total visit numbers
at our institution, as reflected in Figure 1. The decrease in visits,
especially in March/April 2020, is likely multifactorial and likely
includes a combination of: (1) families not wanting to be exposed
to COVID-19, (2) less exposure to common infections requiring
care, (3) SIP/social distancing protocols, and (4) downstream
effects of decreased referrals from community providers as fewer
patients were being seen by general practitioners.

Patient factors, including insurance type, preferred language,
and distance from home to clinic, were different between low TM
adopter subspecialties and other subspecialties. For insurance
type, although there are statistically significant differences among
the three TM adoption pattern groups, none of the odds ratios are
>2, suggesting a relatively weak association. Of note, California
has had payor parity for telemedicine since 2019 following
the signing of AB744 which mandates that payors reimburse
healthcare providers for telehealth services “on the same basis

and to the same extent” as they cover in-person services (11). This
may explain why the proportion of patients with public insurance
remained approximately consistent with our institution’s internal
data on payor mix prior to the COVID-19 pandemic.

While it is not possible to directly attribute TM adoption
rates to patients’ preferred language, our findings showed a lower
percentage of non-English-preferred language patients in clinics
with low TM adoption. Only 4.9% of TM visits in low adoption
specialties were with non-English-preferred language patients.
This is lower than expected compared to the pre-pandemic
language mix in those clinics. This may indicate that when given
the option for in-person visits or TM, non-English-preferred
language patients chose in-person. This finding may also be
related to the need for TM-enabled interpreter services and the
need to set up a third-party interpreter during a TM visit. In-
person visits have a more established interpreter workflow and
thus perhaps fewer non-English-preferred language patients were
being seen via TM in the low TM adoption group. Equitable
accessibility for all patients is challenging (12, 13). Families need
solutions in their preferred language, at their level of health
literacy, and digital literacy. Patients experiencing healthcare
disparities show less engagement in telehealth, including use of
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patient portals and TM visits (14, 15). Despite being situated
in the Silicon Valley, our institution still sees some of the most
explicit examples of the “digital divide” in our families (16).

Similarly, low TM adoption was associated with a shorter
mean distance from home to the clinic. This finding could reflect
that subspecialties with a regional catchment (e.g., cardiology,
hematology, and oncology) remained low TM adopters due to
the inherent proximity of their patients. Clinics that maintained
high TM rates were able to see more patients farther away.
For the clinics that reverted back to >50% in-person visits, the
visits that remained TM may have been for patients who live
farther away. This may suggest that patients were more willing
to travel to an in-person encounter when the distance, and
corresponding burdens of travel and time, was less. Conversely,
in the high TM adopters and remaining TM visits in the
reverter group, the potential disadvantages of TM (unfamiliarity,
technology, and accessibility needs) may have been outweighed
by the convenience and option to not travel. Patients in rural
counties have been shown to be more likely than their urban
counterparts to use TM for pediatric rheumatology care (17),
high risk obstetrics (18), and otolaryngology (19); similarly, TM
for pediatric neurosurgery care has been shown to be feasible
and save families substantial travel time, travel cost, and time
away from work (20). Among pediatric Medicaid beneficiaries,
TM use is more likely in rural children (12). In addition, rural
pediatricians have also expressed enthusiasm about telehealth
strategies to improve access to subspecialty care (21).

Provider/institutional factors, such as wait time, also may
influence long-term TM adoption (22). As we embarked on
evaluating the changes in TM adoption in our subspecialty
clinics, we hypothesized that clinics with longer wait times may
be more likely to continue with TM to help improve access to
care. In our data, subspecialties that were high TM adopters had
longer times between referral to first visit than low TM adopters.
This suggests that subspecialties with a longer average wait time
to be seen were more inclined to transition to TM and sustain
TM appointments beyondMay 2020. As TM can maximize usage
of physical space and provider productivity, it is logical that
institutions may prioritize digital health as an avenue to increase
access, especially in those subspecialties with more constrained
schedules. Alternatively, the finding that high TM adopters had
longer times between referral to first visit may indicate that
patients were willing to transition to TM rather than cancel or
reschedule a long-awaited appointment in these subspecialties.

Provider willingness to adopt and sustain TM, providers’
comfort with resuming in-person visits, adaptability of
scheduling algorithms, technical readiness, and other factors
not captured in the presented data should also be considered
(23). Our institution was fortunate to deploy a multi-lingual
TM platform within our EHR-embedded patient portal across
subspecialties and had institutional on-demand technical
support and training for TM encounters. The method by
which appointments were converted from in-person to TM
was variable by pediatric specialty. Scheduling algorithms and
call centers differ between subspecialties at our institution,
making access a significant potential confounder to TM adoption
between subspecialties.

There are likely inherent differences in the clinical encounters
of different subspecialties which strongly influenced TM
adoption. These include visits with a linked or connected
service or study, specific physical examination techniques or
perceived reliance upon the physical examination (e.g., slit
lamp exam for ophthalmology, joint exam for rheumatology),
proportion of patients with high-risk diagnoses (oncology,
stem cell transplant), and the appropriateness and ratio of
new vs. established encounters. At our institution, high TM
adopters were non-surgical subspecialties with the exception
of liver transplant (which includes a large number of pre-
transplant and post-transplant medical visits and has a long-
standing TM program for patients, local physicians, and
transplant coordinators). In our early experience, those patients
needing a linked or connected service, such as the cardiology
patient needing an echocardiogram or the hand surgery patient
needing an x-ray, had lower utilization of TM appointments.
In addition, those specialties that rely heavily on the physical
examination were slower to adopt the TM platform. Adoption
in rheumatology and otolaryngology TM visits were seemingly
born out of necessity—both specialties had very few or no
TM encounters prior to the COVID-19 pandemic, because
the physical exam is crucial to decision making. Within
otolaryngology, there may be subspecialties that are more
amenable to TM, such as the evaluation of tonsillar hypertrophy
which can be visualized with basic video tools, rather than
middle ear pathology, which requires specialized equipment
for examination.

There are several limitations to the presented data, most
notably in aspects of healthcare delivery which are not included
in our dataset. Analysis of the in-person visits before and
during the study period, as well as the visit types (new vs.
established) would be helpful to provide granularity and examine
the influence of encounter types on TM adoption. There may
be a baseline difference between subspecialties in the proportion
of new vs. established visits offered via TM. Unfortunately,
subspecialty clinics have significant variability in differentiating
between new and follow-up encounters, so we were unable
to account for these differences. Moreover, by using visit-level
data in our analysis, there will be a natural representation
bias, skewing the demographic data toward patients who had
multiple visits via TM (although as we show in our results,
the 123,416 TM visits from March 2020 to November 2020
represented 72,819 unique patients). Our categorization schema
for low vs. high TM adoption relies on a simple majority,
as definitions of operationally or clinically significant rates of
TM adoption are currently lacking. In the analysis of distance
to clinic, a linear distance was used between the patient’s
zip code and Stanford, CA. This approach should be treated
as a rough approximation as it does not reflect estimated
driving time and is calculated by zip codes which cover larger
geographies in rural areas. Importantly, we do not discuss any
patient preference or patient experience data, and how that may
have influenced TM rates over the course of the year. Early
data from our institution suggests there are novel concerns in
patient acceptability of pediatric TM experiences, such as the
role for the caregiver (24). Similarly, provider experience data
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and no-show/late cancellation data by subspecialty would be
necessary in developing a robust TM program. With regards to
clinical appropriateness, we do not have any data on conversions
to in-person visit or admission within an interval of the TM visit,
which could be indicative of duplicative care or an inappropriate
initial triage to TM. In some instances, TM was used in
triage to determine if an in-person visit was necessary despite
shelter-in-place guidance. In short, the data presented may be
beneficial in delineating which subspecialties are best suited to
developing sustained TM programs and exploring factors driving
TM persistence, but it cannot robustly determine whether the
clinical goals of patient care and patient/provider experiences are
being met.

There has undoubtedly been progress in TM and digital
health in pediatric subspecialty care driven by adaptation to the
constraints of the COVID-19 pandemic. To solidify this progress,
institutions must further define goals for TM adoption for each
subspecialty to address. Some aspects may be consistent across
subspecialties, such as ensuring equity in access for patients of all
languages and socioeconomic backgrounds or defining criteria
for essential in-person visits. Other aspects of TM adoption
may be subspecialty specific, such as how to handle reliance
upon physical examination or the need for a connected services
(25). Subspecialty programs with low TM adoption may look
toward innovations to help overcome barriers, such as a digital
stethoscope in cardiology, but this should be done in the context
of overall appropriateness of TM to the subspecialty and the
patients it serves. High TM adopters may also benefit from re-
evaluating the patient populations, diagnoses, and experiences of
their patients to better design workflows and fine-tune clinical
encounters for TM. Overall, clinical appropriateness criteria for
TM and in-person visits will need to be validated prospectively.

This could help guide an institutions’ approach to ambulatory
care models for pediatric subspecialty care models. By looking at
these characteristics, a model could be created to predict volume
and using some of these factors that may drive resource allocation
for program development. By continually analyzing patient-
based and systems-based data, we can optimize the positive
impact of TM across pediatric subspecialty care.
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Background: Intermountain Healthcare, an early adopter and champion for newborn

video-assisted resuscitation (VAR), identified a reduction in facility-level transfers and an

estimated savings of $1. 2 million in potentially avoided transfers in a 2018 study. This

study was conducted to increase understanding of VAR at the individual, newborn level.

Study Aim: To compare transfers to a newborn intensive care unit (NICU), length of

stay (LOS), and days of life on oxygen between newborns managed by neonatal VAR

and those receiving standard care (SC).

Methods: This retrospective, nonequivalent group study includes infants born in an

Intermountain hospital between 2013 and 2017, 34 weeks gestation or greater, and

requiring oxygen support in the first 15 minutes of life. Data came from billing and clinical

records from Intermountain’s enterprise data warehouse and chart reviews. We used

logistic regression to estimate neonatal VAR’s impact on transfers. Negative binomial

regression estimated the impact on LOS and days of life on supplemental oxygen.

Results: The VAR intervention was used in 46.2 percent of post-implementation cases

and is associated with (1) a 12 percentage points reduction in the transfer rate, p= 0.02,

(2) a reduction in spoke hospital (SH) LOS of 8.33 h (p < 0.01) for all transfers; (3)

a reduction in SH LOS of 2.21 h (p < 0.01) for newborns transferred within 24 h; (4)

a reduction in SH LOS of 17.85 h (p = 0.06) among non-transferred newborns; (5)

a reduction in days of life on supplemental oxygen of 1.4 days (p = 0.08) among all

transferred newborns, and (6) a reduction in days of life on supplemental oxygen of 0.41

days (p = 0.04) among non-transferred newborns.

Conclusion: This study provides evidence that neonatal VAR improves care quality

and increases local hospitals’ capabilities to keep patients close to home. There is

an ongoing demand for support to rural and community hospitals for urgent newborn

resuscitations, and complex, mandatory NICU transfers. Efforts may be necessary to

encourage neonatal VAR since the intervention was only used in 46.2 percent of this

study’s potential cases. Additional work is needed to understand the short- and long-term

impacts of Neonatal VAR on health outcomes.

Keywords: telehealth, newborn, resuscitation, implementation, telemedicine, transfers, length of stay,

video-assisted resuscitation
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INTRODUCTION

Over 40 years ago, video technology was used to reduce newborn
mortality and morbidity in high-risk maternal-newborn
populations geographically separated from neonatologists
(1). Over the past decade, the use and effectiveness of
synchronous audio-video communications in pediatric care,
newborn care, and support for newborn resuscitations has
increased (2–4). Consumer demand, medical need, and federal
reimbursement represent an acceptance of telemedicine and
telehealth services (5–7). In the face of the overwhelming
demand for telehealth services during the global pandemic,
program evaluation becomes increasingly important despite the
challenges of rapid cycle development, implementation, and
success measures.

Telehealth video-assisted resuscitation (VAR) programs vary
in implementation, and there is limited evidence of the impact
of these programs. Three of the earliest VAR programs began
in 2013. Randall Children’s Hospital supported five low-risk
maternity centers and participated in about two percent of
all births (8, 9). The Mayo clinic also began using telehealth
technology to support six spoke sites (10). Intermountain
Healthcare conducted its first neonatal video consult in 2013. By
early 2016, it had deployed the neonatal video consult service to
over 16 hospitals in the Intermountain West.

Early in the implementation, NICU hub neonatologists
and spoke sites shared anecdotal stories of successful VAR,
preventing transfers, and increasing confidence in their ability
to conduct a newborn resuscitation. This study was informed
from early implementation success stories, Intermountain and
UC Davis studies on reduced transfer rates, and improved
resuscitation quality reported by Randall Children’s Hospital
and the Mayo Clinic (9, 11–13). This study’s primary aim
was to determine the influence of a neonatologist VAR
on transfers to a NICU, birth facility length of stay, This
study’s primary aim was to determine the influence of a
neonatologist VAR on transfers to a newborn intensive care
unit (NICU), birth facility length of stay, and days of life on
supplemental oxygen.

MATERIALS AND METHODS

In 2013, Intermountain piloted an innovative program to provide
neonatal VAR to remote hospitals in Southwest Utah 54 and
118 miles away from the hub neonatal intensive care unit
(NICU) in St. George, Utah. Over the next 3 years, this
program was expanded to four NICU hubs and 16 spoke sites
in Utah and its immediate borders. The Utah neonatal VAR
project developed technical solutions, assessed clinical feasibility,
conducted the implementation, and evaluated operational and
clinical solutions. Two individuals on this paper were part of
the implementation team, LM as operations manager and SM as
neonatal telemedicine medical director.

Telehealth systems often operate with a “hub and spoke”
model. In the case of Intermountain’s newborn VAR program,
the neonatologist staffed tertiary NICUs as the hub providing
care via telehealth to smaller regional or community hospitals,

the spokes. The newborn and family receive in-person care at the
spoke facility. A single NICU hub will support multiple spoke
hospitals as part of their regionalized maternal-newborn care
system (14). This manuscript will refer to the NICUs as hubs, and
local nursery’s as the spokes.

Telehealth Equipment
Design considerations for the neonatal environment include
the diversity of newborn warmers, incubator designs, and
the limited space around a warmer–approximately 48 inches
deep and 25 inches wide. No telehealth equipment could be
permanently attached to newborn warmers since warmers are
FDA-regulated devices and are frequently moved throughout
nurseries and hospitals.

Telehealth equipment was internally developed by the
Intermountain telehealth technology team using currently
available technology. The telehealth equipment included a
palm-size Axis pan-tilt-zoom camera, a dedicated computer,
and a monitor secured to the newborn area headwall or
used as a mobile telehealth workstation (Figure 1). Microsoft
video conferencing applications were customized to allow
room selection, remote audio-video controls, and role-based
access. Synchronous audio-video consults were conducted on
Intermountain’s intranet and approved by compliance and
information systems security teams.

Each NICU hub had at least two telehealth-enabled
workstations. Hardwired synchronous audio-video conferencing
equipment was installed in delivery rooms, cesarean section
operating rooms, and nursery locations in spoke hospitals.
A mobile solution involved a palm-sized Axis camera, a Dell
All-In-One computer, and Intermountain’s customized video
conferencing software. This allowed clinicians at spoke sites
to access neonatologists for telehealth consults for at-risk
neonates anywhere in their facility. Once the neonatologist
was notified about the baby’s location, the neonatologist could
initiate a video connection, remotely control the camera using
pan-tilt-zoom features, and adjust the audio for the spoke site
hospital and themselves. These design features allowed the spoke
site clinicians to focus on the newborn resuscitation, not the
telehealth technology solution.

Clinical Usability
Telehealth technologies were used to help spoke sites with
simulation training, consults, and VAR, developing an early
version of newborn resuscitation telemedicine program (NRTP)
(5, 14–17). Clinical staff at spoke sites were asked to notify
the neonatologists as early as possible, often before delivery,
to allow time to establish a video connection. Indications for
early notification for neonatologists were drawn from obstetrical
high-risk categorization for mothers and fetuses (17, 18). Early
notification provided time for neonatologists at the hub site to
establish a video connection with the spoke site, discuss, and
prepare clinical staff for the neonate’s birth just as they would in
an in-person delivery.

Systemwide implementation began after clinical feasibility,
standardized telehealth equipment, and workflows had been
established. At the end of 2016, there were 126 newborn
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FIGURE 1 | Sample collection.
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telehealth in-room solutions and 14 mobile carts for newborn
VAR; consults were being conducted at 16 spoke site locations.
Hub site NICUs had at least two telehealth workstations to ensure
that neonatologists had easy access to support emergent events.

STUDY DESIGN

In this retrospective, non-equivalent, pre-post telehealth
implementation study, we analyzed a subset of newborns with
no mandatory previously determined transport requirements.
The study sample includes newborns with a gestational age
of at least 34 weeks with oxygen administered within the first
15min of life, born between 2013 and 2017. The newborns had
a telephone or video neonatology consult or were transferred
to a tertiary and quaternary NICU. Records obtained from the
enterprise data warehouse (EDW) did not always include a
scanned document indicating “resuscitation,” so manual chart
review was completed. Chart reviews included minutes of life to
oxygen administration, VAR or standard care, and days of life on
supplemental oxygen.

Initiation of oxygen, resuscitation measures, or transfers
were based upon medical necessity. These are clinical
decisions not based on parental concern or ability to pay
for services. Therefore, randomization to a control group is not
possible. Intermountain Healthcare and the University of Utah
Institutional Review Board approved this study.

Data Collection and Analysis
Three groups were identified during data abstraction and
initial analysis. Group 1 (n = 183) includes VAR conducted
by the neonatologist after program implementation. Group
2 (n = 213) consisted of post-implementation standard care
(SC) when neonatology consults were via telephone. Group 3
(n = 249), consisted of SC pre-implementation period. Two
of the 16 spoke sites were excluded due to low telehealth
and transfer rates. A third spoke site was excluded because
newborns were transferred to an out-of-state NICU where
follow-up chart review is not possible. Newborn diagnoses
codes were used to exclude newborns with conditions requiring
a mandatory transport to a quaternary or tertiary NICU.
Additional exclusion criteria include newborns deceased during
the study period, newborns transferred for maternal transports,
newborns managed by in-person neonatology advanced practice
practitioners, neonatologists, or transport team present at
delivery, or mandatory transfers for service or procedure not
available at the birthing hospital (Figure 2). Exclusion criteria
were applied to generate a more homogenous population for this
study. Additionally, we excluded cases (n = 50) where the VAR
began more than 15min after birth; in these cases, it was decided
that it was unlikely that the neonatologist would have a significant
impact on the resuscitation event. We conducted a sensitivity
analysis to test the results and included cases with VAR >15min
of life.

All newborns were born in an Intermountain facility.
Therefore, data from maternal and neonatal billing codes,
diagnoses, clinical event data, and newborn gestational age,
weight, gender, and Apgar scores were available to the researchers

from the electronic medical record (EMR) and the EDW.Data on
type of neonatology consult, minutes of life oxygen administered,
and days of life on supplemental oxygen were abstracted from
chart reviews, recorded in REDCap, and stored in a password-
protected database. Consult types were determined from billing
data and verified during chart review. Transfers and LOS data
was determined from clinical events recorded in the EDW.
Data discrepancies between billing data and chart review were
reconciled after reviewing with the research team. A master data
set combined all data sources.

Statistical Analysis
We summarized characteristics for newborns with oxygen
initiated in the first 15min of life (n = 645) and the maternal
and newborn diagnoses for the study population. All t-tests and
p values are bivariate and presented for informational purposes
only. There was no statistical difference in gestational age, weight,
and gender for the newborns between the study groups. All
newborns in this study had a 1-min Apgar score of <7. The
mean 1-min Apgar score was 4.1 with a standard deviation of
2.4 in the VAR group and was significantly lower than the post-
implementation SC group (mean = 5.0, SD 2.6), p < 0.001, and
pre-implementation SC group (mean = 4.7, SD = 2.9) p = 0.03
(Table 1 Newborn sample characteristics and Table 2 Maternal
and newborn diagnoses).

We used logistic regression to identify factors associated
with a neonatology consult (Table 3 Factors associated with
neonatology consult before or within 15min of birth). In
this study, it was vital to parse neonatology VAR’s effect, the
independent variable, from the pre-and post-implementation
period and confounding variables. Thus, in the main analyses,
we controlled for factors significantly associated with early
notification and other variables deemed important based
on clinical expertise. Control variables included time (pre
or post-implementation period, newborn gestational age,
gender, multiple gestation, 1-min Apgar scores, maternal
chorioamnionitis, pregnancy-induced hypertension, eclampsia,
pre-eclampsia, hemorrhage, intrapartum abnormal fetal
heart tones, newborn meconium, umbilical cord or placenta
complications, and nursery level. All statistical tests are
conducting with Microsoft ExcelPro 16.0 and Stata 15.1.

We used regression analyses to evaluate the impact of VAR
on key outcomes. Because of the emphasis on the first few
minutes, hours, and days of life, the data collected to evaluate
clinical outcomes are not normally distributed. We used logistic
regression to estimate the impact of VAR on transfer rates. Count
variables were overdispersed, meaning the variance in the data is
greater than the mean. Thus, we used negative linear regression
to determine the neonatology VAR program’s effects on newborn
LOS and days of life on supplemental oxygen.

A pre-study statistical power analysis was performed for
sample size estimation. The power analysis was based on data
from an internal pilot study comparing the overall length of stay
rates between pre-and post-implementation of the VAR program.
The pilot study’s effect size was 0.19, considered a small effect size,
and was based on nursery level and newborns’ gestational age but
did not account for maternal or newborn risk factors. The sample
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FIGURE 2 | Wall mounted newborn telehealth station at spoke site.
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TABLE 1 | Newborn sample characteristics.

Post-implementation Pre-implementation

Video assisted resuscitation

(n = 183)

Standard care

(n = 213)

P Standard care

(n = 249)

P

Gestational age, mean (SD) 38.2 (2.01) 38.1 (2.0) 0.58 38.4 (1.8) 0.40

Gestational age category, n (%)A 0.36 0.07

34 0/7–35 6/7 weeks 32 (17.5) 40 (15.2) 26 (10.4)

36 0/7–37 6/7 weeks 39 (21.3) 73 (27.8) 75 (30.1)

38 0/7–39 6/7 weeks 73 (39.9) 90 (34.2) 95 (38.2)

40 weeks or greater 39 (21.3) 60 (22.8) 53 (21.3)

Birth weight (grams)

Mean (SD) 3,145 (599) 3,116 (587) 0.62 3,211 (510) 0.23

Gender 0.51 0.11

Female 62 (33.9) 97 (36.9) 103 (41.4)

Male 121 (66.1) 166 (63.1) 146 (58.6)

APGAR, mean (SD)

1 minB 4.1 (2.4) 5.0 (2.6) <0.001 4.7 (2.9) 0.03

5 minB 6.7 (1.8) 6.8 (1.9) 0.75 6.7 (2.2) 0.99

10 minC 7.4 (1.4) 7.4 (1.6) 0.64 7.3 (2.0) 0.85

Results from t-tests with the assumption of unequal variances unless otherwise specified.
AFishers exact test for categorical variables.
BVC, n = 180, Pre-UC, n = 246.
CVC, n = 74, Post-UC, n = 95, Pre-UC n = 132.

size for this study was determined to be 565 cases with an alpha
= 0.05, power= 0.80, a two-sided t-test.

RESULTS

In the logistic regression model, the VAR group had a significant
decrease in the transfer rate of 12 percentage points, p = 0.02,
SE = 0.05. For all transfers, the neonatology VAR intervention
was associated with decreased LOS of 8.33 h, p < 0.001, SE= 1.3.
For newborns remaining at the spoke facility, VARwas associated
with a LOS reduction of 17.9 h, p= 0.06, SE= 9.5. For newborns
transferred within 24 h, VAR was associated with a reduced LOS
by 2.21 h, p < 0.01, SE= 0.60.

Neonatal VAR influenced days of life on supplemental
oxygen. For newborns transferred to a NICU, neonatal VAR
was associated with a reduction in days of life on supplemental
oxygen by 1.41 days, p= 0.08, SE= 0.80. Newborns that were not
transferred spent an average of 9.84 h less (0.41 days), p = 0.04,
SE= 0.20, than the standard care groups.

(Table 4 VAR influence on transfers, birth facility length of
stay, and days on supplemental oxygen).

The sensitivity analysis, including 50 additional cases with
VAR conducted later than 15-min of life, produced similar results
to those just reported. The VAR group transfer rate increased
to 14 percentage points, p < 0.01, SE = 0.04. For all transfers,
the neonatology VAR intervention was associated with decreased
LOS of 7.03 h, p < 0.001, SE = 1.24. For newborns remaining at
the spoke facility, VAR was associated with a LOS reduction of
16.71 h, p = 0.07, SE = 9.05. For newborns transferred within
24 h, VAR was associated with a reduced LOS by 1.74 h, p < 0.01,
SE= 0.58.

For newborns transferred to a NICU, neonatal VAR was
associated with reduced days of life on supplemental oxygen by
1.39 days, p = 0.76, SE = 0.07. There was no change in days
of life on supplemental oxygen for newborns remaining at the
spoke site.

DISCUSSION

Intermountain Healthcare’s neonatology service was an early
adopter and champion for VAR. This program was implemented
to provide expert support for high-risk births and post-delivery
care to reduce unnecessary transfers (15). Guidelines to request
additional medical assistance from an on-call pediatrician or
another qualified medical provider were in place before the
neonatology VAR program. During program implementation,
spoke sites were encouraged to follow existing guidelines to
request on-call medical attendance. Once the on-call provider
was notified, the neonatologists would be called for an anticipated
VAR. Frequently, the neonatology video consult would be
established before the in-person medical provider’s arrival.
Establishing a video connection before birth allowed the
neonatologist to receive a report, anticipate clinical scenarios,
review resuscitation protocols, and emergency resuscitation
equipment with the spoke site team (5, 15, 19).

In this study, acute maternal diagnoses of chorioamnionitis,
pregnancy-induced hypertension, eclampsia, pre-eclampsia,
hemorrhage, intrapartum abnormal fetal heart tones, and fetal
meconium, umbilical cord, or placenta complications were
most frequently associated with a request for a neonatology VAR
before or within 15min of birth. An acute maternal, intrapartum,
or fetal event’s urgency may explain the higher frequency of these
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TABLE 2 | Maternal and newborn diagnoses.

Post-implementation Pre-implementation

VAR SC P SC P

(n = 183) (n = 213) (n = 249)

Maternal diagnoses, n (%)

Chorioamnionitis 59 (32.2) 39 (18.3) <0.001 58 (23.3) 0.04

Infection 24 (13.1) 26 (12.2) 0.95 9 (3.6) <0.001

Hypertension, Pregnancy induced, Pre-eclampsia, eclampsia 45 (24.6) 30 (14.1) <0.01 42 (16.9) 0.05

Mood and anxiety disorders 24 (13.1) 34 (16.0) 0.69 31 (12.5) 0.84

Diabetes mellitus (gestational, type 1 and 2) 17 (9.3) 30 (14.1) 0.56 29 (11.7) 0.05

Metabolic disorders other than diabetes 21 (11.5) 27 (12.7) 0.82 95 (38.2) <0.001

Anemia or blood disorders 17 (9.3) 13 (6.1) 0.28 21 (8.4) 0.76

Obesity 8 (4.4) 18 (8.5) 0.15 17 (6.8) 0.27

Respiratory Disorders 6 (3.3) 12 (5.6) 0.49 20 (8.0) 0.03

Substance Abuse 5 (2.7) 9 (4.2) 0.30 5 (2.0) 0.63

Uterine bleeding, complications of labor 11 (6.0) 4 (1.9) 0.04 8 (3.2) 0.18

Fetal diagnosis, n (%)

Multiple Gestation 27 (14.8) 20 (9.4) 0.11 8 (3.2) <0.001

Small for dates 13 (7.1) 22 (10.3) 0.25 68 (27.3) <0.001

Large for dates 14 (7.7) 15 (7.0) 0.82 6 (2.4) 0.09

Polyhydramnios 7 (3.8) 7 (3.3) 0.81 4 (1.6) 0.30

Oliogohydramnios 1 (0.6) 4 (1.9) 0.22 5 (2.0) 0.38

Intrapartum diagnosis, n (%)

Abnormal fetal heart tracings 67 (36.6) 53 (24.9) 0.01 66 (26.5) 0.03

Abnormal presentation 57 (31.2) 46 (21.6) 0.03 42 (16.9) 0.00

Nuchal cord 50 (27.3) 44 (20.7) 0.12 54 (21.7) 0.18

Meconium associated with birth 40 (21.9) 28 (13.2) 0.02 43 (17.3) 0.24

Umbilical cord complications 18 (9.8) 17 (8.0) 0.52 59 (23.7) 0.00

Instrumental delivery 8 (4.4) 6 (2.8) 0.41 12 (4.8) 0.83

Placenta Previa, abruption, hemorrhage 16 (8.7) 8 (3.8) 0.04 16 (6.4) 0.38

General anesthesia 1 (0.6) 2 (0.9) 0.65 1 (0.4) 0.83

Narcotic use within four hours of delivery 1 (0.6) 3 (1.4) 0.38 3 (1.2) 0.46

Newborn diagnosis, n (%)

Respiratory 146 (79.8) 166 (77.9) 0.65 181 (72.7) 0.09

Sepsis, actual, and rule-out 71 (38.8) 66 (31.0) 0.11 71 (28.5) 0.03

Fluid, electrolyte, and metabolic imbalances 58 (31.7) 59 (27.7) 0.39 63 (25.3) 0.15

Hypoxia 46 (25.1) 57 (26.8) 0.71 50 (20.1) 0.22

Pneumothorax 14 (7.7) 13 (6.1) 0.54 34 (13.7) 0.04

Cardiovascular disorders – other than congenital 17 (9.3) 18 (8.5) 0.77 36 (14.5) 0.09

Emphysema – 2 (0.9) 0.15 34 (13.7) <0.001

Abnormal movements, seizure assessment 6 (3.3) 9 (4.2) 0.62 31 (12.4) 0.001

Pneumonia 7 (3.8) 13 (6.1) 0.30 22 (8.8) 0.03

Hypoglycemia 18 (9.8) 24 (11.3) 0.64 20 (8.0) 0.52

Hypovolemia 22 (12.0) 17 (8.0) 0.19 14 (5.6) 0.02

diagnoses in the VAR group. Ideally, these mothers would be
transferred before birth to a regional maternity center equipped
to manage these high-risk patients. However, maternal transfers
are not possible when mothers with these conditions present to
community and rural hospitals in advanced labor. Neonatal VAR
acts as a safety net for these high-risk newborns by providing
similar standards of care as the NICU hub (15, 20). Chronic
maternal conditions such as hypertension, diabetes, or mood

and anxiety disorders were higher in the post-implementation,
standard care group. Pediatricians and family practice clinicians
may feel more comfortable managing these patients without
neonatal expert support at birth.

Outcomes
Transfers, spoke site LOS, and days on supplemental oxygen
were used as outcome measures to evaluate this neonatal VAR
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TABLE 3 | Control factors for regression analyses.

AMEA SEB 95% CI P

LL UL

Post implementation (Time period) 0.48 0.03 3.38 5.48 <0.001

Maternal factors

Chorioamnionitis 0.11 0.04 0.29 1.29 <0.01

Infection −0.03 0.33 −0.69 0.63 0.93

Hypertension, Pregnancy-induced, Pre-eclampsia, eclampsia 0.11 0.04 0.23 1.34 <0.01

Uterine bleeding, complications of labor 0.97 0.63 −0.25 2.20 0.12

Fetal factors

Multiple gestation 0.11 0.05 0.10 1.46 0.02

Intrapartum factors

Abnormal fetal heart tracing 0.05 0.03 −0.14 0.79 0.18

Meconium associated with birth 0.06 0.04 −0.17 0.99 0.17

Umbilical cord complications 0.06 0.05 −0.28 1.13 0.23

Placenta Previa, abruption, hemorrhage 0.09 0.06 −0.24 1.57 0.14

Newborn factors

Gestational age 0.01 0.01 −0.08 0.18 0.47

Apgar, 1 min −0.02 0.01 −0.24 −0.06 <0.01

Number of observations = 639.
AAverage marginal effects.
BStandard error.

TABLE 4 | VAR influence on transfers, birth facility length of stay, and days on supplemental oxygen.

Outcome metrics Number of observations AME SE P

Percentage point reduction in transfers* 639 −0.12 0.05 0.02

Reduced LOS in hours for all transferred newborns 311 −8.33 1.33 <0.01

Reduced LOS in hours for newborns remaining at the birthing facility 328 −17.85 9.47 0.06

Reduced LOS in hours for newborns transferred within 24 h 273 −2.21 0.60 <0.01

Reduced days on supplemental oxygen, transferred 216 −1.41 0.80 0.08

Reduced days on supplemental oxygen, not transferred 303 −0.41 0.20 0.04

Linear regression was used to assess the effect of the VAR intervention on these outcomes unless noted otherwise.

All models used the same control factors listed in Table 3.

*Logistic regression analysis was used to determine transfer rates.

program (19). Direct measurements of resuscitation quality were
not available in the newborn record. We identified a relatively
homogenous group of newborns and chose transfers, LOS, and
days on supplemental oxygen outcomes as indirect measures of
the influence of VAR on resuscitation quality. This study is one
of the earliest to report LOS and days on supplemental oxygen
for neonatal VAR interventions at spoke sites.

In this study, neonatal experts were called to assist with the
most acute maternal, fetal, and newborn conditions. Although
higher-risk newborns are represented in the VAR group, VAR is
associated with fewer transfers and supports prior studies that
telehealth consults are associated with reduced transfer rates
(11, 13). Additionally, VAR newborns transferred within the first
24 h of life had a LOS reduction of 2.21 h. A benefit of telehealth
is that patients can be more efficiently triaged to the appropriate
level of care when specialists are involved with their care (15, 21).

Reductions in days of life on supplemental oxygen were
also associated with VAR. Results from a simulation study
using video consults for pre-transport evaluation found that

neonatologists used less invasive respiratory support, i.e.,
continuous positive airway pressure (CPAP) vs. intubation,
for transport (22). Neonatologists’ tendency to use non-
invasive ventilation techniques may contribute to fewer days on
supplemental oxygen in the VAR group. Neonatology support
for pre-transport stabilization and preference for CPAP vs.
intubation for mild to moderate respiratory distress may also
account for shorter LOS at spoke sites.

The sensitivity analysis we conducted suggests that neonatal
VAR gains are the most beneficial when the VAR occurs at
birth or within the first 15min of life. When the neonatal
expert is waiting for birth, they can receive a report and prepare
bedside teams for a high-risk birth. The benefits of an early VAR
intervention and the opportunity for “just in time” education
offset the 20 percent of all medical attendance requests at birth
that did not require NRP interventions.

The informal training spoke sites receive from ongoing
communication and relationships with neonatal experts helps
build knowledge and skills acquired during NRP certification.
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These ongoing synchronous audio-video interactions build upon
existing telehealth-based simulation education and NRTP to
improve clinical outcomes (11, 23–25). We were encouraged
that our VAR rate was 46.2 percent, higher than the expected
34.5 percent rate reported by Fang et al. (26), reporting that
65.5 percent of users “did not use service because they did not
have a clinical need.” This study was not designed to explain
why the spoke site chose (1) not to contact a neontologist for a
VAR, (2) delay the consult until a transfer was required, or (3)
why the NICU hub and spoke sites used the telephone. These
questions deserve future study, especially in the post COVID-
19 period, when telehealth is the only plausible alternative
to in-person care. The rapid adoption and implementation
of telehealth during the COVID-19 pandemic and improved
outcomes demonstrated in this study may persuade medical
providers to increase telemedicine usage (27).

Paradoxically, the combination of increased neonatal video
consults and steady transfer rates in the UC group led
to an overall increase in neonatal consults in the post-
implementation period. When establishing a neonatal VC
program for newborn resuscitation and initial stabilization,
there may be a period of increased neonatology workload. A
telehealth service introduces new technology, workflows, and
uncertain demand. Sample selection for this study provides
a guideline for estimating demand for future neonatal video
consult programs. Considerations for estimating the frequency
of neonatal VC include:

1. Pre-transport stabilization cases for all premature and
required newborn transfers.

2. Cases in which medical attendance at birth was requested or
newborn resuscitation measures were performed.

3. Current transfer rates.

Estimates for neonatal video consult programs should allow
for a period of technology deployment, testing, education, and
early program adoption when both standard care transfers and
VAR overlap.

Limitations and Future Directions
This study’s retrospective design limits this study with sample
selection from a single healthcare system and newborns >34
weeks gestation requiring oxygen within the first 15min of life.
Differences in spoke sites were controlled by nursery level, not
by the implementation date. Since implementation occurred
over a 16-month timeline, early spoke sites had more time to
use telehealth during this study period. We used regression
modeling to control for confounding variables associated with
non-randomized studies.

Due to technology limitations and retrospective chart review,
it was not feasible to determine each video consult’s length of
time. We may be missing data in the pre-implementation period
since neonatology consults were not always documented. In
some instances, resuscitation events were reconstructed during
chart review. VAR within 15min of life was chosen as the cut-
off period, with approximately 80 percent of all VAR occurring
before or within the first 15min of life. We recognize that there
may not be a difference between a VAR at 14 or 16min but had to
establish the study population. Newborns with a VAR>15min of

life were not included in this study. However, they were included
in the sensitivity analysis which produced similar results.

Randomized controlled trials are challenging in real-world
clinical settings, especially when an intervention, VAR, reduces
transfers, facilitates timely triage, reduces LOS, and reduces days
on supplemental oxygen. When and where VAR is available, we
must ensure equitable access to high-quality neonatology care
regardless of geographical location (15). Future studies should
include prospective, observational, and ethnographic studies that
emphasize decision-making to activate neonatology support in
the delivery room. Team building and communication skills
are critical areas of decision-making and can be studied in a
simulated or clinical setting. Telehealth fundamentally changes
communication styles and perceptions when the specialist
is visible to the entire spoke site team, parents, and loved
ones in the delivery room. Video recording of newborn
resuscitation events affords clinicians the opportunity for an
objective review of their performance like an elite athletes’
review of their performance and provides an opportunity
for coaching. In addition to using outcomes for quality
improvement, transfer, LOS, and days of life on supplemental
oxygen can be quantified for payers, hospitals, patients, and
communities to describe a comprehensive neonatal VAR and
NRTP valuation.

CONCLUSION

Improvements in care processes and outcomes provide evidence
that neonatal VAR improves care quality. Neonatal VAR also
helps increase the capabilities of local hospitals and keeps
patients in their communities. There is an ongoing demand for
support to rural and community hospitals for urgent newborn
resuscitation, and complex, mandatory NICU transfers. Still,
efforts may be necessary to encourage the use of neonatal
VAR as the intervention was only used in 46.2 percent of
potential cases in this study. Additional work is needed to
understand the short- and long-term impacts of Neonatal VAR
on health outcomes.
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Introduction: Adoption of virtual health (VH) solutions in healthcare has been

challenging; this changed rapidly after implementation of physical distancing measures

due to the COVID-19 pandemic. In response to the pandemic, British Columbia’s

Children’s and Women’s sub-specialty hospitals rapidly trained and scaled up support to

equip staff and clinicians to use VH.

Methods: Ninety-minute live online training workshops and frequently updated online

support materials were offered for 6 weeks. Training was monitored via feedback

collected at training sessions and a brief post-training survey. After training completion, a

second survey was circulated to measure utilization outcomes and experiences with VH.

Results: Eight hundred and ninety-five participants representing 82% of staff requiring

support were trained through 101 sessions; 348 (38.9%) and 272 (30.4%) responses

were collected for the monitoring and outcome surveys, respectively. Overall, 89%

agreed that training was relevant to their needs; participants indicated average

58.1% (SD = 26.6) and 60.6% (SD = 25.2) increase in knowledge and confidence

in VH after training; 90.1% had booked or conducted VH sessions. Increase in

confidence was more pronounced in participants with lesser previous exposure to

VH, but number of sessions conducted post-training and percentage of successful

sessions were independent of previous exposure. For future training and support,

participants suggested subject-tailored trainings, asynchronous trainings, and availability

of experienced users.

Discussion: Training is key to success of VH implementation. Moving forward,

core competencies in VH should be developed to support standardization and allow

for evaluation and quality improvement. Incorporation of VH training in continuous

professional development and onboarding is also highly recommended.

Keywords: implementation, evaluation, telehealth, training, capacity building, virtual health
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INTRODUCTION

Despite a global movement toward digital technologies, adoption
of virtual health (VH) solutions has been challenging and slow
(1–4). This trend changed rapidly after the implementation of
physical distancing measures due to the COVID-19 pandemic.
VH became necessary for safe and timely patient care, and many
barriers to its scale-up were overcome (5–8).

VH, also referred to as virtual care, telehealth, or telemedicine,
is any non-face-to-face activity to deliver care. It encompasses
both patient–provider and provider–provider encounters. The
benefits of VH are especially pronounced during infectious
disease outbreaks such as the COVID-19 pandemic, e.g., remote
triaging, remote diagnosis, and consultations (7, 9, 10). However,
the promise of VH includes opportunities such as (1) innovative
health service delivery through virtual care technologies, e.g.,
virtual visits, digital messaging, remote or real-time monitoring;
(2) providing care closer to home, e.g., local and regional
health care teams, continuing education; and (3) increasing
children’s access to the output of research and technology. VH
is considered a more patient-centered model, increasing access,
offering comfort and convenience of being in the community,
and reducing the cost and burden of travel to receive care (11, 12).

Implementing VH can pose numerous challenges. The
health system’s inertia toward new models of care, lack of
technology infrastructure, regulatory and legal issues, lack of
financial incentives, and low tech-literacy have historically
slowed implementation of VH (2). Furthermore, despite
recommendations for VH training and core competencies (13,
14), formal VH training programs are not widely established or
studied (4, 9, 11, 15). For patients, lack of access to technology
and connectivity, privacy and security concerns, and low tech-
literacy hinder utilization of VH (11, 12, 16). Some of these
challenges, such as reluctance and inertia, and to some extent
financial incentives, have been overcome due to the necessity
created by COVID-19; others remain, particularly addressing
training and education needs (16).

In response to the COVID-19 pandemic and the British
Columbia (BC) public health officer’s call to stay at home, BC’s
Children’s and Women’s (C&W) hospitals rapidly implemented
VH solutions and training across clinics and programs. Non-
emergency patient visits ceased, while clinics rapidly trained and
scaled up support to equip the staff and clinicians to use VH. This
paper explores the development, implementation, and evaluation
of the training module designed to support staff to use VH and
offers lessons learned on development and implementation of
VH for healthcare providers.

METHODS

Training Content
The live online training workshop included the following
content: (1) introduction to VH, including definition, types,
and advantages and disadvantages; (2) clinical requirements for
conducting virtual sessions, such as confirming patient identity,
ensuring privacy, appropriate etiquette, and documentation; (3)
the operational procedures for scheduling a VH visit, including

collecting informed consent before the visit; (4) equipment
required and available, and how to test before a visit; (5) an
introduction to the two VH platforms Skype for Business and
Zoom for Healthcare, including how to schedule a visit, how
to use the software platforms on desktop and mobile devices,
and how to troubleshoot common audio and video issues during
a visit. Training slides and online resource documents were
available to the participants before the training. Content was
updated during implementation as per feedback by participants,
input from collaborators, or evolving context (e.g., software
updates, new operational procedures).

Train-the-Trainer Model
Fifteen Child Health BC staff members, including 10 trainers,
were redeployed from their primary roles and were trained
to facilitate the live-online modules by the Child Health BC
Manager of VH. Redeployed Child Health BC staff included
provincial leads, research associates, and program coordinators
and managers. All redeployed staff had 1–5 years previous
experience in using VH platforms, although not necessarily for
VH visits. Trainers practiced offering the training to one another.
Those who joined the team later were trained by shadowing the
live sessions followed by practice, and all had access to a training
module lesson plan.

Training Implementation
The training initiative’s format was (1) 90-min live-online
training workshops including question-and-answer sessions and
post-session follow-up when required, and (2) online support
materials such as Frequently Asked Questions (FAQs) and How
To’s for various topics and audiences.

Training was delivered via Skype for Business. Several sessions
were scheduled for each day. Each session had a maximum
class size of 12, later increased to 18, to encourage opportunity
for interaction and ensure that support could be provided.
Participants needed to take the training session only once. Each
session included a lead trainer who delivered the content, a
technical support trainer who assisted participants with technical
issues and monitored the chat box, and a scheduled on-call
trainer who would step in in case of technical difficulties or
sudden change in the schedule of one of the trainers.

The project was managed through an Agile approach (17)
and the training team met daily to discuss progress, logistics,
and to incorporate the recently collected feedback into the
training content.

Recruitment
All C&W staff and clinicians who needed VH to continue patient
care were encouraged to participate in the training; this included
but was not limited to booking clerks, physicians, nurses, allied
health staff, and nursing and administrative leads. Participants
were invited to register via emails and reminders from their
group leads and institutional communications.
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Monitoring and Evaluation
Monitoring
Training quality was monitored through informal feedback
collected from participants by trainers during the session and a
short post-training survey administered to participants through
REDCap (18). Feedback collected during the session included
suggestions for improvement in terms of training scheduling,
content, and delivery, and questions not already addressed in
the training. The post-training survey included two Likert-scale
statements “The training was RELEVANT to my learning needs”
and “I have the KNOWLEDGE and SKILLS to be successful in
supporting or conducting a virtual health visit,” followed by two
open-ended questions “What can we do to improve the training?”
and “Please tell us of any additional support you need to support
or conduct virtual health visits.” Data collection took place from
March 27 to May 8, 2020 inclusive and feedback was added to
a master list to provide project coordinators with quick access.
The training leadership team reviewed the feedback weekly and
incorporated the needed changes. Urgent feedback was raised
and discussed at daily team meetings.

Outcome Evaluation
Two weeks after training program completion, a follow-up
REDCap survey was sent to all participants. Focusing on short-
term outcomes after the training initiative, the survey asked
about changes in knowledge and confidence in VH, frequency
of engagement in VH activities since the training, barriers and
facilitators of conducting virtual sessions, and perspectives for the
future. Specifically, participants were asked “How much did your
SKILLS/CONFIDENCE for utilizing Virtual Health for patient
visits increase following the training?” and responded using a
visual analog scale (VAS) ranging from 0 to 100 with response
anchors including not at all (0), moderately (50), and greatly
(100). The survey remained open for 2 weeks and one reminder
was sent via email after the first week.

Data Analysis
Both quantitative and qualitative data were collected and
analyzed. Quantitative data included responses to multiple-
choice and VAS survey questions as well as overall administrative
data. Quantitative data were analyzed using basic descriptive and
inferential statistics in RStudio (19). Qualitative data included
responses to open-ended questions in the monitoring and
outcome surveys. To analyze the qualitative data, thematic
analysis was applied to the dataset manually.

Privacy Statement
As their primary purpose was monitoring and evaluation of an
ongoing initiative, the study was exempted from Research Ethics
Board review. Both surveys were reviewed and approved by the
Provincial Health Services Authority Privacy Office.

RESULTS

Live-Online Training
The training was live for 6 weeks. During this time, 10 trainers
trained 895 participants through 101 training sessions; this
represented 82% of C&W staff who required a VH solution to

maintain care for patients. Class size varied between 1 and 20
(average = 8.8, SD = 4.5) with 2–6 daily sessions provided
on weekdays.

Supporting Materials
The project team created a landing page on the Child Health
BC website to consolidate resources for learners, which allowed
one-stop access to resources.

Eighteen supporting documents were produced and uploaded
to Child Health BC website categorized by platform and
audience. Overall, the page was viewed 1,049 times over the
training period and the documents were downloaded 544 times.

Monitoring
A total of 348 responses to the monitoring survey were collected
throughout the training (38.9% response rate). Overall, 89.0% of
the participants agreed or strongly agreed that the training was
relevant to their learning needs and 84.4% indicated they had
the knowledge and skills to successfully support or conduct a
VH visit.

When possible, feedback was integrated in real time, e.g.,
updating content and FAQs for both platforms. Other feedback,
such as the request for recorded sessions, was addressed over time
or referred to partner organizations.

Results of the Short-Term Outcomes
Survey
Demographics
A total of 272 responses were collected for the follow-up survey
(response rate 30.4%). The participants came from diverse clinics
on the C&W campus and included a range of roles, such as
nursing leadership, direct care staff, allied health members, and
physicians. The majority (75.5%) had used VH zero to five
times in the year before training, and 40.6% had no previous
experience. Less than 10% had previously used VH frequently (21
times or more).

Changes in Knowledge and Confidence in Using VH
Overall, the participants self-reported an average increase of
58.1% (SD = 26.6) in knowledge and 60.6% (SD = 25.2) in
confidence after the training. Figure 1 shows the self-assessed
changes in knowledge and confidence for setting up and
conducting VH sessions, separated by their previous use of
VH in the year before the training. As can be seen in the
boxplots, the increase was higher for participants with lesser
previous exposure. This was more pronounced for confidence,
compared with knowledge. Further analysis of the groups using
one-way ANOVA shows that the difference in knowledge gained
between groups was not statistically significant [F(2,213) = 2.879,
p = 0.058], but difference in confidence gained was significant
[F(3,217) = 5.738, p= 0.00373].

Training Usefulness and Future Directions
Overall, most participants found instructions on how to set up
and conduct Zoom meetings helpful (75%), followed by clinical
requirements for conducting VH sessions (44.5%). Suggestions
for future training mirrored findings of the post-training
monitoring survey, with top suggestions including trainings
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FIGURE 1 | Self-assessed changes in knowledge and confidence post-training, separated by frequency of use in the year before. Changes in knowledge and

confidence were more pronounced in those who had had lesser exposure to VH.

tailored by subject (e.g., specific to Zoom, Skype for Business,
or other foci like clinical requirements and procedures, booking,
and how to use breakout rooms), trainings offered through
differing learning modalities, identified super users who could
provide continuous support, and live hands-on demonstrations.
This was followed closely by asynchronous learning options,
such as videos and online courses. In addition, when asked
what support was helpful following the trainings, a number
of participants mentioned in-person support and access to
educational materials.

How the Participants had Used VH After the Training
In response to whether they had used VH in the past few
weeks since the training, over 90% of the participants responded
positively. This included booking (38.6%) or participating
(72.8%) in virtual team meetings, and booking (38.6%) or
conducting VH sessions (52.9%). Reasons for not using VH
(9.9%) included not having technology or programs set up in
clinic, or not being applicable (e.g., bedside nurse).

Among those who had used VH, Zoom was the most
commonly used platform, followed by Skype for Business.
Other platforms or systems used included telehealth, telephone,
Microsoft Teams, doxy.me, and Blue Jeans.

Of the participants who had conducted VH sessions, the
majority mentioned that most to all of their sessions were

successful (Table 1). This was independent of the participants’
previous exposure to VH (Fisher’s exact test: p= 0.8563). Success
was defined in the survey as the clinical goals of the session
being achieved.

Majority (57.9%) of participants who had used VH post-
training had booked or conducted between 10 and 100
sessions (Table 2). A smaller percentage (4.1%), including
mostly participants who had taken the earlier training,
had booked or conducted over 100. The interval between
the training and the survey was between 2 and 8 weeks,
depending on when the participants had taken the training.
This therefore translates to 1–10+ weekly sessions. Previous
exposure to VH did not have a significant relationship with
number of sessions booked post-training (Fisher’s exact test:
p= 0.1606).

Success of the Sessions: Barriers and Facilitators
Most common facilitators and barriers to the success of the VH
sessions are shown in Figure 2. Effective platforms, functioning
devices, and buy-in from patients were the choices most
commonly selected as reasons for success.

“Families weremore available via video call than to come here from,

for example, [remote town]. We reached families that we normally

would not.”—Nurse
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TABLE 1 | Estimated percentage of successful VH sessions for participants with different previous exposures to VH.

Estimated percentage of successful VH sessions

Frequency of using VH before training 0–40% 41–80% 81–100% Not applicable

0–5 times 5 (2.8%) 48 (27.1%) 106 (59.9%) 18 (10.2%)

6–20 times 2 (4.7%) 15 (34.9%) 22 (51.2%) 4 (9.3%)

21+ times 0 (0%) 6 (27.3%) 13 (59.1%) 3 (13.6%)

Overall 7 (2.9%) 69 (28.5%) 141 (58.3%) 25 (10.3%)

Overall, participants mentioned that the majority of their sessions were successful. There was no statistically significant difference between the groups (Fisher’s exact test: p = 0.8563,

alternative hypothesis: two-sided).

TABLE 2 | Estimated number of sessions booked or conducted in the weeks following the training.

Estimated number of sessions conducted or booked since the training

Frequency of using VH before training 0–9 10–100 100+ Many, I don’t know

1–5 times 50 (34.5%) 87 (60%) 5 (3.4%) 3 (2.1%)

6–20 times 11 (32.4%) 17 (50%) 2 (5.9%) 4 (11.8%)

21+ times 5 (33.3%) 8 (53.3%) 1 (6.7%) 1 (6.7%)

Overall 66 (33.8%) 112 (57.9%) 8 (4.1%) 8 (4.1%)

Previous exposure to VH did not have a significant relationship with number of sessions booked post-training (Fisher’s exact test: p = 0.1606, alternative hypothesis: two-sided).

FIGURE 2 | Facilitators and barriers to the success of the VH sessions, as indicated by the participants.
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Connection and technology problems were also the main
challenges of the sessions. A number of participants also
mentioned not having access to equipment, e.g., headphones.

“Not having phone/computer speakers available in all the

clinic rooms.”—Nurse

A number of practitioners mentioned patient behavioral
challenges, which made the session less effective.

“Client walking around, not staying in view, children sitting in front

of camera even though it was an appointment to interview parents,

no one wearing headsets in the house so tinny sounding sound. . .

made for long and frustrating 90-minute experiences for me and

added no value to my clinical work.”—Physician

Using VH in the Coming Six Months
Over half of the participants indicated that they expect to
regularly use VH in the next six months. This was the case for
all participants, regardless of how often they had used VH before
(Fisher’s exact test: p= 0.1474).

“It has been very positive for families and me. I think the training

provided a good foundation. After that you just have to do it and

learn as you go.”—Physician

DISCUSSION

Necessity is a powerful change agent. While the benefits of
VH were known before the COVID-19 pandemic (11, 12), the
pandemic prompted a rapid shift to VH that would have been
highly unlikely in typical circumstances (5, 6, 16). In our context
of a Children’s and Women’s health center, more than half of
participants surveyed indicated they would use VH regularly
in the next six months despite limited to no exposure to VH
before the pandemic. VH became a necessity for the continuation
of care.

Lack of provider and staff education has been a key barrier
to large-scale adoption of VH (4, 9, 11, 15), and it needed
to be addressed rapidly; therefore, our team developed and
implemented a training program to support a new virtual
model of care. Through its evaluation, opportunities were
identified to optimize VH training moving forward. Training
options tailored to user needs was a notable theme in the
evaluation and should be factored in during curriculum
development for continuing professional development (CPD).
While we were unable to provide tailored training in the rapid
implementation necessitated by the pandemic, it is a promising
strategy to maximize efficiency and outcomes of training
in time-restrained clinical contexts. The recommendations
included platform-specific learning (e.g., Skype for Business
vs. Zoom for Healthcare), function-focused (booking vs.
clinical use), and skill level (entry vs. follow-up for experienced
practitioners). It was also suggested that diverse approaches
to training be offered—both synchronous (e.g., webinars,
hands-on training with superusers) and asynchronous (e.g.,
videos, handouts, FAQs) to address differing needs, learning

styles, and time availability. Embedding these trainings
into the workplace and garnering leadership to support the
necessity of CPD in VH were important factors for the high
rates of training completion, which should be considered
by planners.

One of the significant and immediate outcomes of training
was the increase in confidence, a finding also noted by others
(11, 20, 21). As might be expected, this was more pronounced
with participants who had no previous exposure to VH.
However, many indicated that despite gains in knowledge
and confidence, they needed further practice. The pandemic
context meant that the majority of the participants booked
or conducted VH sessions in the relatively short period after
the training. Knowledge and confidence were solidified by
inevitably practicing through sessions, using the platforms,
technical trouble-shooting, and in-house support. This practice
has been shown to be important for developing specific skills
in VH (4, 20, 22). This learning through direct experience in
clinical sessions was perhaps more acceptable in the context of
the pandemic, where it was widely acknowledged that everyone
was navigating new territory to the best of their ability. Moving
forward, building hands-on practice opportunities into CPD is
highly recommended.

Most VH sessions post-training were rated as successful.
The most prominent facilitators related to success included
effectiveness of platforms, devices that functioned well, and
buy-in from patients and families. Challenges were most often
related to connectivity and technology, either on the provider
or the patient end, matters that were beyond control of the
parties. These findings regarding barriers and facilitators are not
new (11, 12) but compared with former studies, there was a
notable shift: fewer structural barriers such as access to platforms,
security, leadership support, and reimbursement were noted.
This is likely because these barriers were being addressed with
an unprecedented speed by leadership and technical teams, a
finding noted by other teams who implemented VH during the
pandemic (6). Further, there were fewer attitudinal or provider-
specific barriers (12); the pandemic context pushed acceptance as
there was a wide practical recognition that VHwas now necessary
for patient care to safely continue.

This Quality Improvement (QI)–focused evaluation
highlighted the importance of monitoring and evaluation
of the transition to VH. Barriers were quickly identified and
were addressed when possible. Future evaluation should include
more objective measurements of training effectiveness and
monitoring VH usage trends and “success” rates. Success of VH
sessions requires definition. In our survey, we used “goals of the
session were met;” this definition could become more elaborate
to capture different dimensions of a VH visit, such as clinical
goals, technological issues, communication, and importantly
patient perspectives. Documentation of failed sessions provides
foundation for QI. There is also a need for more research focused
on effective approaches to VH training and education (4, 9).

Offering more support for patients and families was another
important theme; this could include more accessible equipment
(e.g., loan programs), working with stakeholders to improve
connectivity for remote or vulnerable families, and training
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and support (e.g., phone-in support line) (16). Patient support
resources have been shown to decrease preparation burden for
practitioners (11, 13, 14). As part of core competencies, VH
training should include how to familiarize patients with VH
technology, such as through basic guidelines or checklists, and
in addition, techniques to empower patients.

Future training should incorporate core competencies to
standardize care delivery through VH and allow for QI (4, 8,
9, 11, 13–15). Such core competencies have been developed in
fields such as nursing (8, 13), emergency medicine (14), and
behavioral health (23). Core competencies were not covered
in detail in our training due to the rapid nature of the
project, but should be included in future work. Others have
also pointed out the need for curriculum development on
regulation of VH, such as policies, procedures, protocols,
etiquette, and ethics (8, 13, 15, 22). It is recommended that
these curricula should be based on existing competency-based
outcome-oriented frameworks such as CanMEDS (24). We also
need to consider how to effectively assess VH competency in
staff (25), and then provide tailored education and support
as part of onboarding and maintenance. This ensures that
practice continues to develop and evolve alongside our rapidly
changing world.

LIMITATIONS

Data used in this evaluation were from cross-sectional self-report
surveys, and therefore are subject to common biases of survey
data, such as response bias and confirmation bias.We believe that
due to the relatively high response rate (30%), the risk of non-
response bias is low. The data are a snapshot in time and have not
measured any across-time changes and trends. Finally, the results
have not been substantiated with objective data such as number
of VH sessions booked and the input from patients and families
has not been captured. We aim to address these measurement
limitations in future work.

CONCLUSION

The initiative was successful in rapidly preparing staff and
providers to provide VH at the onset of the COVID-19
pandemic, where VH use became a necessity. Next steps
should include focus on the development of core competencies,
diversifying training modalities, incorporation of VH education
into onboarding and continuous professional development, and
rigorous evaluation.
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Background: Concussion is common, and up to 30% of youth develop persistent

symptoms. Preliminary data suggests treatment with rehabilitative exercise is beneficial,

but most programs require frequent in-person visits, which is challenging for youth in rural

areas, and has been made more difficult for all youth during the COVID-19 pandemic.

We have adapted an exercise intervention to be delivered via telehealth using Zoom and

personal fitness devices, which could ensure access to this type of treatment.

Objective: The goal of this study was to assess feasibility and acceptability of

a telehealth delivered exercise intervention for concussion, the Mobile Subthreshold

Exercise Program (MSTEP), and collect pilot data regarding efficacy.

Materials and Methods: All youth received the 6-week MSTEP intervention which

included wearing a Fitbit and setting exercise heartrate and duration goals weekly

over Zoom with the research assistant. Youth completed standardized measures

of concussive symptoms (Health Behavior Inventory, HBI), fear-avoidance (Fear of

Pain Questionnaire, FOPQ) and health-related quality of life (Pediatric Quality of life

Assessment, PedsQL), as well as a structured qualitative exit interview. We examined

change in measures over time using mixed effects modeling, controlling for age, sex,

prior concussion and duration of symptoms. We coded qualitative interviews using

Thematic analysis.

Results: We recruited 19 subjects, 79% female with average age 14.3 (SD

2.2) and mean duration of symptoms 75.6 days (SD 33.7). Participants wore

the Fitbit on 80% of days, and completed 94% of surveys and 96% of

Zoom calls. Concussive symptoms (HBI) decreased significantly over the 6 week

intervention (−10.6, 95%CI: −16.0 to −5.1) as did fear-avoidance (−21.6, 95%CI:

−29.8 to −13.5). PedsQL improved significantly during the same time period

(+15.1, 95%CI: 8.6–21.6). Approximately three-quarters (76%) of youth rated

their care as “excellent.” Participants appreciated the structure of the guided
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exercise program and the support of the RA. They also enjoyed being able to track their

progress with the Fitbit.

Conclusion: This study provides evidence for the feasibility and acceptability of a

telehealth delivered rehabilitative exercise intervention for youth with concussion. Further

research utilizing a randomized controlled trial is needed to assess efficacy.

Clinical Trial Registration: https://clinicaltrials.gov, identifier: NCT03691363.

https://clinicaltrials.gov/ct2/show/NCT03691363

Keywords: brain concussion, child, fear-avoidance, pain, exercise, physical activity, traumatic brain injury, sport

INTRODUCTION

Estimates suggest up to 1.9 million youth sustain a concussion
annually in the United States (1). While concussion normally
resolves within days to weeks following injury, an estimated
15–30% of youth experience symptoms such as headache,
fatigue, dizziness, and difficulty concentrating lasting more
than 4 weeks (2, 3), currently referred to as Persistent
Post-Concussive Symptoms (PPCS) (3). PPCS can confer
marked functional impairment, interfering with academic
performance and social interaction, and resulting in negative
outcomes such as depression and school failure (4–6).
Individuals who develop PPCS represent a small proportion
of those injured, yet a disproportionate number of those
requiring more intensive interventions and accruing medical
expenses (6).

Research suggests a rehabilitative approach with sub-
symptom threshold aerobic exercise may provide benefit for
PPCS (7–16). Individuals with PPCS tend to have increased
symptoms when engaging in physical activity (PA), and these
symptoms can lead to avoidance of PA and subsequent disability
(17). Studies have reported benefit of rehabilitative exercise for
youth with concussion, thought due to retraining the autonomic
nervous system, thereby facilitating more rapid recovery (8, 11,
13). Our prior study of an intervention using two in-person
visits (Subthreshold Exercise Program, STEP) found benefit
for aerobic exercise compared to an active control (stretching)
(18). However, requiring in-person visits was challenging for
youth who lived far from our urban location, and appeared to
impede access.

Interventions delivered via telehealth improve access,
generalizability and scalability of care (19). With technology-
based interventions, treatment can be offered to youth in their
homes, obviating the need to travel to distant clinical locations
to receive subspecialty care. During the current COVID-19
pandemic there are additional advantages to delivering an
intervention via telehealth, given that being seen in-person
confers risk (20). As internet and mobile capacities have
expanded, remotely administered telehealth interventions have
proved efficacious for treating a broad array of medical issues,
and encouraging health promotion (21). Telehealth treatment
delivery has been particularly effective for increasing PA when
paired with PA trackers (22, 23), and can improve adherence by
utilizing more frequent touchpoints with participants (24).

Prior research on exercise as a treatment for PPCS has been
grounded in the theory that physiologic change is responsible
for treatment effects (8). We propose that positive outcomes
associated with encouraging youth to exercise may also be
mediated by psychologic change (18). In other words, youth
with PPCS may have developed a fear-avoidance response to
physical activity, similar to what has been described in youth with
chronic pain (25–27). Other researchers have confirmed elevated
levels of fear-avoidance in individuals with PPCS (28, 29), and
our pilot study of an in-person delivered exercise program
for concussion (the Subthreshold Exercise Program, or STEP)
(18), demonstrated that fear-avoidance decreased in parallel with
concussive symptoms (18). Interventions that encourage youth to
exercise despite fears of exacerbating symptoms have been shown
to be an effective approach to improving function in individuals
with chronic pain (30).

Building from our in-person intervention (STEP), the goal
of this study was to adapt the intervention to be delivered
via telehealth (the Mobile Subthreshold Exercise Program,
MSTEP) and to use mixed methods to assess the feasibility
and acceptability of this approach. We also collected pilot data
regarding treatment effects on primary outcomes (concussive
symptoms and health-related quality of life) and impact
on fear-avoidance.

MATERIALS AND METHODS

Overview of Study
Methods were very similar to our previous study (18), but with
the transition of all visits to telehealth. Subjects completed on-
line surveys at baseline, 3 and 6 weeks via REDCap (31). The
6-week aerobic exercise program was delivered via weekly video
conference calls with a research assistant (RA), advancing activity
goals weekly. All subjects wore a Fitbit Charge 2 to allow them
to track whether they were meeting activity goals. Youth and
parents were provided incentives for participation, which were
delivered after each task was completed.

Sample
Youth were recruited during 2018–2019 through subspecialty
concussion clinics (SportsMedicine and RehabilitativeMedicine)
at Seattle Children’s Hospital and the University of Washington
by contacting families through a variety of means (texting,
phone calls, and letters) to invite them to participate, as well
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as emailing providers in advance of a visit. Inclusion criteria
included: (1) age 9–25 years old, (2) concussion occurring
1–9 months prior to the start of the study diagnosed by a
clinician trained in concussion management consistent with
the 2017 Berlin consensus definition of concussion (32), (3)
PPCS as defined by the presence of at least three concussive
symptoms rated at least 2 or greater on the Health and Behavior
Inventory (HBI) (33), and a total score of 10 or greater.
Exclusion criteria included: (1) parent and/or youth not fluent
in English, (2) other injuries or medical conditions in addition
to concussion that prompted a clinician to recommend against
physical activity, (3) daily average of 30min or greater of
moderate to vigorous physical activity at time of enrollment,
and (4) already completed a physical therapy intervention to
increase aerobic exercise. Youth who chose to engage in the study
continued to work with their concussion provider to receive usual
care. The study was approved by the Institutional Review Board
of Seattle Children’s Research Institute. All youth and parents
completed written informed consent. This study was registered
at Clinicaltrials.gov #NCT03691363.

Mobile Sub-threshold Exercise Program
(MSTEP) Intervention
Subjects were asked to complete a home aerobic exercise
program daily for 6 weeks. The exercise prescription included
recommendations for frequency, duration and intensity in
accordance with best practice (7). The initial goal was set at
10min at a heart rate (HR) of 120 with an expectation that
youth would attempt to exercise daily, but might miss 1–2 days
per week. Individuals could choose the type of exercise they
completed. If symptoms worsened during exercise, youth were
instructed to take a break and decrease the heart rate goal utilized
until they were able to tolerate 10min of exercise. Goals were
advanced weekly as tolerated to a maximum of 60min of physical
activity per day at a HR of 140. The HR of 140 was chosen as
this approximates MVPA for youth (34, 35). The duration of 60
min/day was chosen as this is theUS federally recommended level
of MVPA for youth (36). Subjects were provided a Fitbit Charge
2 to monitor HR during their home exercise program and met
with an RA weekly via video conference (Zoom) to discuss the
progress of exercise that week, and advance goals for the next
week. Zoommeetings took∼15min andwere scheduled at a time
convenient for the participant.

Assessments
Primary Outcome
The primary goal of the study was to assess feasibility and
acceptability of the MSTEP intervention. Parents and youth
completed an online survey using a standardized scale of
patient satisfaction, the Satisfaction with Study questionnaire,
consisting of 8 items such as “How would you rate the quality
of care you have received?” and “Would you recommend
this study to a friend.” They also completed structured
qualitative interviews at the end of the study (via phone or
video conference), in order to elucidate which parts of the
study were most appealing and which could be improved.

Interview questions were framed in an open-ended fashion
and focused on participant experience with Fitbits, video
conference calls and overall study procedures. Interviews
were conducted by one of the RAs on the study using a
standardized script, and were digitally recorded to allow for
review and coding.

Secondary Outcomes
We collected pilot efficacy data regarding outcomes targeted
by the intervention, including concussive symptoms, health-
related quality of life, sleep, and symptoms of anxiety and
depression. All scales were completed by youth via online self-
report and included:

◦ Health and Behavior Inventory: The HBI is a component of

the NIH Common Data Elements for research on concussion
(37, 38), and is a 20-item instrument that measures the
frequency of post-concussive symptoms on a four-point likert
scale with higher scores indicating greater symptom severity.
The scale yields scores in somatic and cognitive domains
demonstrated by factor analysis to be robust across raters
and time (Cronbach’s alpha = 0.85–0.94) (33). This scale has
demonstrated validity and reliability among adolescents and
individuals with mild TBI (33, 39–42). Higher scores indicate
worse concussion symptoms.

◦ Pediatric Quality of Life Inventory: The PedsQL is a 23-item

5-point questionnaire that assesses physical, emotional, social,
and school functioning, including number of school days
missed with established validity and reliability (43). Higher
scores indicate better health-related quality of life.

◦ Fear of pain questionnaire, adapted for concussive symptoms:

The FOPQ-C is a 24-item questionnaire, that has been
shown to reliably and validly measure pain-related fear in
youth (Cronbach’s alpha 0.92) (44). Fear of pain is thought
to arise from pain catastrophizing in the fear-avoidance
model (25, 45). We adapted this measure to be specific
to concussive symptoms, changing “pain” in each item to
“concussive symptoms.” Higher scores indicate more fear
and/or avoidance of concussive symptoms.

◦ Patient Health Questionnire-9: The PHQ-9 is a component of
the NIH Common Data Elements for research on concussion.
It is a 9-item instrument that measures depressive symptoms
on a 4-point likert scale with higher scores indicating greater
severity. This scale has demonstrated validity and reliability
among adolescents and individuals with concussion (46–50).

◦ Generalized Anxiety Disorder Scale-7: The GAD-7 is a 7-item

standardized anxietymeasure that asks youth to rate how often
they have been bothered by anxiety symptoms using a 0–3
scale (from “Not at all” to “Nearly every day”), with higher
score indicatingmore severe anxiety. It has been shown to have
good reliability, as well as criterion, construct, factorial, and
procedural validity for assessing anxiety (51, 52).

◦ Adolescent Sleep Wake Scale-10 item: The ASWS is a 10-item
scale regarding sleep quality that has been shown to have good
internal consistency and construct validity (53). Higher scores
indicate improved sleep quality.
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Covariates
Parents and youth completed additional surveys at the start of the
study regarding demographic characteristics including: age, sex,
race, ethnicity, parental education, and history of prior mental
health diagnoses in youth and family members. Information
was also collected regarding injury characteristics: date of injury
(used to calculate duration of symptoms), mechanism of injury,
primary symptoms experienced, and history of prior concussion.

Analysis
Data were examined for distribution and completeness. Data
regarding satisfaction with the intervention were reported
descriptively. Recordings of qualitative exit interviews were
reviewed and coded iteratively using Thematic analysis to
identify parts of the MSTEP intervention that were particularly
liked or disliked (54). Changes in quantitative outcomes over
time were examined using linear mixed effects regression models
with time modeled as a discrete variable, while controlling for
covariates of age, sex, duration of symptoms, and history of prior
concussion. Subject-specific random intercept was included to
account for clustering due to repeated measures within subjects.
Fixed effect coefficients were tested using F-tests with Kenward–
Roger methods for denominator degrees of freedom (55). All
analyses were conducted using R statistical software (56).

RESULTS

Sample
We approached 130 individuals, 78 were eligible, 16 declined,
16 were interested but did not follow through and 27 did not
respond, leaving 19 who enrolled in the study. One individual
withdrew from the study at 3 weeks due to increasing headaches.
The sample was three-quarters female, average age 14.5 years (SD
= 2.3 years), and majority white (63%, see Table 1). Duration
of symptoms was about 2 months (average = 75.2 days, SD
= 33.7) and all individuals reported headache, with difficulty
concentrating and fatigue as the next most common symptoms.

Feasibility and Acceptability
Participants wore the Fitbit on 80% of days and completed 94% of
surveys and 96% of Zoom calls. Both youth and parents expressed
a high level of satisfaction with the study (see Table 2). More
than three-quarters of youth and 69% of parents rated the study
as “excellent,” and the remaining chose “good.” All parents and
youth expressed that they would recommend the study to a
friend. One parent and one youth expressed indifference or mild
dissatisfaction on a few of the ratings.

Qualitative Interviews Regarding MSTEP
Intervention
Exit interviews were completed by 79% of participants.
Dominant themes suggested subjects overall had very positive
experiences with the MSTEP intervention, particularly
mentioning enjoying wearing the Fitbit, liking the structure
of a gradual increase in exercise supported by an RA, and
appreciating being able to get back to their sports and other
activities (see Table 3). A fair number of youth mentioned that

TABLE 1 | Demographics of youth participating in the Mobile Subthreshold

Exercise Program (MSTEP) for concussion, Seattle, WA 2018–2019.

Baseline characteristics (N = 19) N (%)

Age

10–13 y.o. 9 (47.37)

14–20 y.o. 10 (52.63)

Female 14 (73.68)

BMIa (kg/m2) Mean 23.17 SD (4.56)

Race

White 12 (63.16)

African–American or Black 3 (15.79)

Asian 3 (15.79)

American Indian or Alaskan Native 1 (5.26)

Native Hawaiian or other Pacific Islander 0 –

Unknown 1 (5.26)

Ethnicity

Hispanic 0

Non-Hispanic 18 (94.74)

Unknown 1 (5.26)

Education of consenting parent

HS or less 0 –

Some college 5 (26.32)

College degree 5 (26.32)

Masters or professional degree 8 (42.11)

Missing 1 (5.26)

Education of other parent

HS or less 2 (10.53)

Some college 5 (26.32)

College degree 8 (42.11)

Masters or professional degree 3 (15.79)

Family history (parent or sibling)

Headaches/ migraine 8 (42.11)

Neck/back pain 15 (78.95)

Joint pain 6 (31.58)

ADHD 5 (26.32)

Anxiety 8 (42.11)

Depression 4 (21.05)

Other mental health 2 (10.53)

Drug use/abuse 2 (10.53)

Alcoholism 1 (5.26)

Concussion or other brain injury 3 (15.79)

Duration of symptoms

<60 days 7 (36.84)

61–95 days 7 (36.84)

96–150 days 5 (26.32)

Mechanism of injury

MVCb 2 (10.53)

Fight/ hit by someone (i.e., assault) 0 –

Fell, not in sports 6 (31.58)

Sport or recreation related 11 (57.90)

+LOCc 4 (21.05)

+Memory issues 10 (52.63)

(Continued)
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TABLE 1 | Continued

Baseline characteristics (N = 19) N (%)

Symptoms most problematic

a. Headache 19 (100)

b. Difficulty concentrating 14 (73.68)

c. Fatigue 12 (63.16)

d. Sensitivity to sound 12 (63.16)

e. Sensitivity to light 11 (57.89)

f. Memory issues 11 (57.89)

g. Dizziness 11 (57.89)

h. Balance problems 10 (52.63)

i. Irritability 9 (47.37)

j. Problems sleeping 8 (42.11)

k. Nausea 7 (36.84)

Prior concussion

0 10 (52.63)

1 3 (15.79)

2 1 (5.26)

3+ 5 (26.32)

aBMI, Body mass index = weight in kg/ (height in m)2.
bMVC, Motor vehicle crash.
cLOC, Loss of consciousness.

their symptoms had improved. A few youth had difficulties with
syncing and charging the Fitbit, and a few discussed challenges
in determining how many minutes they had achieved at their
goal heart rate. Two youth mentioned symptoms worsening.

Outcome Data
Mixed effects regression models indicated concussive symptoms
(HBI) improved significantly from baseline to weeks 3 and 6
while health-related quality of life (PedsQL) improved (Figure 1,
and see Appendix for table). Fear-avoidance of concussive
symptoms (FOPQ-C) declined significantly over the same
time period (Figure 1), as did symptoms of anxiety (GAD7)
and depression (PHQ9) (Figure 2). Sleep (ASWS) significantly
improved at 6 weeks compared to baseline (Figure 2). Covariates
were included in all models (age, sex, history of prior concussion,
and duration of symptoms), but they did not affect model fit
significantly (in the HBI model, likelihood ratio test comparing
models with and without covariate adjustment had p= 0.22).

DISCUSSION

Research indicates that exercise is beneficial for treating youth
with persistent post-concussive symptoms (PPCS), but prior
studies have required multiple in-person visits (7–16). This is
the first study to show that a rehabilitative exercise program for
concussion (MSTEP) can be feasibly delivered via telehealth, a
useful adaptation during a pandemic when in-person care is both
challenging to access and higher risk (20). Youth and parents
expressed high satisfaction with MSTEP, and would recommend
this program to others. Youth in particular enjoyed the structured
approach to returning to physical activity and the weekly video

TABLE 2 | Satisfaction with Study ratings for youth and parents participating in

the Mobile Subthreshold Exercise Program (MSTEP) for concussion, Seattle, WA

2018–2019.

Satisfaction with study (Youth n =

17, Parent n = 16)

Youth Parent

How would you rate the quality of care you have received?

Excellent 13 (76%) 11 (69%)

Good 4 (24%) 5 (31%)

Did you get the kind of care you wanted?

Yes, definitely 8 (47%) 12 (75%)

Yes, generally 9 (53%) 6 (25%)

To what extent did these services meet

your needs?

Almost all of my

needs met

11 (65%) 11 (69%)

Most of my needs

met

5 (29%) 4 (25%)

Only a few of my

needs met

1 (6%) 1 (6%)

Would you recommend these services to

a friend?

Yes, definitely 11 (65%) 14 (88%)

Yes, I think so 6 (35%) 22 (13%)

How satisfied are you with the amount of

help you have received?

Very satisfied 12 (71%) 13 (81%)

Mostly satisfied 4 (24%) 2 (13%)

Indifferent or

mildly dissatisfied

1 (6%) 1 (6%)

Has the care you received helped you?

Yes, it has helped

a great deal

11 (65%) 5 (31%)

Yes, it has helped 6 (35%) 9 (56%)

It didn’t really

help

1 (6%)

I do not wish to

answer

1 (6%)

In an overall general sense, how satisfied

are you with the care you have received?

Very satisfied 14 (82%) 12 (75%)

Mostly satisfied 3 (18%) 4 (25%)

Would you come back to this program?

Yes, definitely 11 (65%) 13 (81%)

Yes, I think so 5 (29%) 3 (19%)

I do not wish to

answer

1 (6%)

conference support from the RA. They also liked wearing the
Fitbit, as it provided a means to assess whether they were meeting
their activity goals. Technical difficulties were minimal and all
were resolved during the study.

In order to adapt the study to be delivered via telehealth,
we had to derive an alternate means for providing a tailored
exercise program. Most in-person programs utilize a fitness test
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TABLE 3 | Qualitative data from exit interviews with youth and parents participating in the Mobile Subthreshold Exercise Program (MSTEP) for concussion, Seattle WA

2018–2019.

Qualitative themes from exit interviews

(Number in parentheses represents the

number of interviews in which this theme

was identified)

Representative quotes

Fitbit

1. Positive experiences with the Fitbit (n = 14) • “It was really cool to see how many steps I could get in a day, and just like challenging myself with all of it.”

• “Super easy to wear, just like a watch.”

• “Easy to use, charged really fast.”

• “Nice being able to see distance and pacing.”

2. Negative experiences with the Fitbit

a. Need to sync manually (n = 5) • “The automatic syncing didn’t really seem to be working. …for the first couple weeks I always forgot that I had to

open the app.”

• “Syncing is poor, doesn’t automatically sync.”

b. Hard to visualize heart rate (n = 5) • “Liked being able to track heart rate, but hard to see it graphed in the app.”

• “Doesn’t display heart rate information in a way that is easy, hard to see how many minutes, have to kind of ‘eyeball

it.”’

c. Trouble charging (n = 3) • “Hung up by the way it had to charge, needed to have a certain direction.”

• “Sometimes it would die in the middle of exercise.”

d. Difficulty measuring heart rate (n = 2) • “Heart rate didn’t seem very accurate, would say it was 100 when it was 150, but most of the time it was pretty

close.”

• “Had to make it tighter to get it to register the HR correctly.”

Zoom

3. Positive experiences with Zoom (n = 7) • “Liked everything about the weekly calls, it always connected and worked.”

• “Calls were really easy to do, just click the link.”

4. Trouble connecting with Zoom (n = 4) • “…The first two calls I was having a lot of problems figuring out how to work Zoom…after that I was able to get it

down.”

• “Originally getting the Zoom app to work was a little complicated, because I don’t think it’s something that anyone

ever uses except for conference calls for work.”

Overall

5. Liked having structure (n = 8) • “It was helpful to have a plan instead of just trying to ‘wing it.”’

• “Before…people told me to exercise, but I didn’t know how much or where to start. This made it an easy process,

like it was all laid out for me.”

• “…Before entering into the study I was doing as much exercise as I could until I crashed, which wasn’t the best way

of doing it. The study kind of helped me get back to the basics and slow down so that I could go up and still feel

good.”

6. Able to return to usual activities (n = 8) • “Got me back to track practice, really accessible working around my schedule.”

• “A couple of months ago I couldn’t even go to school without headaches, now I can go to school, go to dance

without symptoms.”

7. Symptom improvement (n = 6) • “…It was a really fun experience, and it helped me get better in some ways…now I never really get blurred vision or

dizziness anymore and headaches don’t last as long and they’re not as painful. “

• “Helped me get rid of my concussion symptoms. For 2 months I wasn’t getting any better, and then I started seeing

results like 2 weeks in.”

8. Simplicity of the methods (n = 6) • “Pretty much everything worked pretty well.”

• “I feel like this is really nice and simple.”

• “Appreciated how short the calls were (10–15min).”

9. Appreciated RA support (n = 4) • “I liked that I had someone to talk to.”

• “Good that we could clarify stuff like if I had a question I could just ask.”

10. Advancing science (n = 3) • “I liked the study a lot, I liked being a part of it and doing something that was good for other people, I liked how it all

worked and it was just a fun experience.”

• “Finding out more about concussions could definitely be a step in the right direction because I go to doctors all the

time and they’re like “Well-concussions are pretty unclear and we don’t really know very much about them” and

that’s not very helpful.”

11. Increase in symptoms (n = 2) • “Every time I do activity, the next day or two or three I feel really dizzy”

• “Once we got to 150 beats, I started getting more headaches.”
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FIGURE 1 | Trajectories of concussive symptoms, health-related quality of life and fear-avoidance for youth participating in a Mobile Subthreshold Exercise Program

(MSTEP) for concussion, Seattle, WA 2018–2019.

such as the Buffalo Concussion Treadmill Test to determine a
target heart rate (57), which would be challenging to complete
remotely as it requires a treadmill that can achieve a high
level of grade. To replace this assessment, we designed a
program that would target the approximate MVPA for a youth
of the average age in the study (HR 140), and then asked
participants to adjust the intensity based on their symptoms.
Subjects tolerated this level of MVPA well and were comfortable
making these adjustments. Only one participant ended up

withdrawing from the study, supporting the acceptability of
this approach.

Our preliminary analysis of quantitative outcomes suggested
significant declines in concussive symptoms (HBI) during
the 6-week intervention. Given that youth participants were
enrolled following an injury, some level of improvement would
be expected during the 6-week study, and the lack of a
control group limits interpretation of declines in concussive
symptoms. Future research with a randomized controlled trial
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FIGURE 2 | Trajectories of mental health symptoms and sleep for youth participating in a Mobile Subthreshold Exercise Program (MSTEP) for concussion, Seattle, WA

2018–2019.

is needed to ensure improvement in symptoms is not due
to the passage of time. The MSTEP intervention effect (i.e.,
decline in concussive symptoms) was similar to an in-person
exercise program (STEP) at 3 weeks, but slightly less strong
at 6 weeks (18). We also noted improvements in depression,
anxiety, sleep, and health-related quality of life, all of which
paralleled declines in concussive symptoms. Future research will
be needed to determine whether such improvements are due
to resolution of concussive symptoms, or represent secondary
endpoints. Fear-avoidance of concussive symptoms declined as

it did in our previous pilot work (18), again suggesting that
rehabilitative exercise addresses not only physiologic symptoms,
but psychologic issues (such as fear of concussive symptoms) that
may be responsible for symptom perpetuation.

This was a pilot study, and as such the sample size was small
limiting generalizability. We note that the rate of recruitment
appears low, which could introduce bias. However, in truth only
20% of youth declined participation. The remaining individuals
either never responded to outreach (passive decline) or stopped
responding. We suspect that many of these individuals recovered
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and therefore were no longer eligible, but this is difficult to verify.
In any case, our recruitment numbers were comparable to a study
by another group using in-person exercise to treat youth with
PPCS (13). We also note that we did not have a concurrent
control group for comparison and thus we cannot assess efficacy.
Our next step is to conduct a larger randomized controlled trial
of the MSTEP approach using an active control comparator (a
stretching intervention) to assess the effect of the intervention
on concussive symptoms and health-related quality of life, and
examine potential mediators of the intervention effect such as
fear-avoidance of concussive symptoms.We also plan to measure
MVPA objectively using hip-mounted accelerometry, to assess
whether increases in MVPA mediate recovery.

CONCLUSIONS

A telehealth-delivered rehabilitative exercise program for youth
with concussion (MSTEP) is both feasible and acceptable. A
larger randomized controlled trial is needed to assess efficacy for
this approach.
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APPENDIX

Table A1 | Output from mixed effects regression modeling examining trajectory of concussive symptoms, mental health symptoms, sleep, health-related quality of life,

and fear-avoidance during the Mobile Subthreshold Exercise Program (MSTEP) for concussion, Seattle, WA 2018–2019.

Outcome 3 Weeks vs. Baselineg 6 Weeks vs. Baselineg

β (95% CI) P-value β (95% CI) P-value

HBIa −7.12 (−12.50, −1.77) 0.01 −10.60 (−16.00, −5.10) 0.0002

GAD-7b −2.61 (−4.78, −0.45) 0.019 −4.28 (−6.54, −2.02) 0.0003

PHQ-9c −3.97 (−6.05, −1.89) 0.0002 −5.97 (−8.10, −3.85) <0.0001

ASWSd 3.06 (−0.15, 6.27) 0.06 7.67 (4.40, 11.00) <0.0001

PedsQLe 9.33 (2.85, 15.80) 0.005 15.10 (8.56, 21.60) <0.0001

FOPQf
−12.40 (−20.40, −4.42) 0.003 −21.60 (−29.80, −13.50) <0.0001

aHBI, Health and Behavior Inventory (concussive symptoms); bGAD-7, Generalized Anxiety Disorder-7 item; cPHQ9, Patient Health Questionnaire-9 item; dASWS, Adolescent Sleep

Wake Scale; ePedsQL, Pediatric Quality of Life Survey (youth self-report); fFOPQ, Fear of Pain Questionnaire (youth self-report, adapted for concussive symptoms); gAll models controlled

for child age, sex, duration of symptoms, and prior concussion history.
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Objectives: The use of telemedicine has grown exponentially as an alternative to

providing care to patients with epilepsy during the pandemic. We investigated the impact

of the current pandemic among children with epilepsy from two distinct pediatric epilepsy

centers. We also compared perceptions among those who received telemedicine against

those who did not.

Methods: We developed a questionnaire and invited families followed in Freiburg,

Germany, and Calgary, Alberta, Canada, to participate during the initial 9 months of the

pandemic. The survey contained 32 questions, 10 of which were stratified according to

telemedicine exposure.

Results: One hundred twenty-six families (80 in Freiburg, 46 in Calgary) participated,

and 40.3% received telemedicine care. Most children (mean age 10.4 years, SD 5.1)

had chronic epilepsy but poorly controlled seizures. Negative impacts were reported by

36 and 65% of families who had to reschedule appointments for visits and diagnostics,

respectively. Nearly two-thirds of families reported no change in seizure frequency, while

18.2% reported either worsening or improvement of seizures. Although most families did

not note behavioral changes, 28.2% reported behavior worsening. Families who received

telemedicine care had a statistically significant reduction of parental self-reported anxiety

level after virtual visits compared to those who did not experience telemedicine. Families

with telemedicine consultations were more likely to consider future virtual care (84 vs.

65.2% of those without), even after the pandemic. Patient data safety, easy access to

specialized services, and consistency with the same healthcare provider were graded as

important in both centers, while a shorter waiting time was most relevant in Calgary.

Conclusion: In our cohort, some children with epilepsy experienced increased seizures

and worsening behavior during the first 9 months of the current pandemic. In addition,

our data suggest that telemedicine might reduce parental anxiety symptoms, and families

who experienced telehealth were more positive and open to similar appointments in

the future.

Keywords: epilepsy, telehealth, anxiety, COVID pandemic, seizures, health system
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INTRODUCTION

The coronavirus disease 2019 (COVID-19) pandemic has had
a substantial impact on the way healthcare providers and
institutions deliver care worldwide. Face-to-face outpatient
services were abruptly closed, and many families of chronically
ill children were left without the expected support. Indeed,
among children with epilepsy, regular medical support is of
paramount importance given the unpredictability of seizures
and the complex care many of these patients require, including
developmental and behavioral challenges (1).

Telemedicine use has grown exponentially as an option for
epilepsy care and decreases the risk of COVID-19 exposure
for families and healthcare providers. Even though telemedicine
has been successfully used to provide epilepsy care for over
a decade in some centers (2, 3), it was underutilized in
epilepsy care before the pandemic (4). Initially designed
to provide care in rural and remote areas, telemedicine
effectiveness and patients’ and providers’ high satisfaction rates
have encouraged its implementation in several centers (3, 5–
7). In addition, virtual visits may also save costs for patients
(3). Furthermore, with communication tools becoming easily
accessible throughout the world, many patients and providers
have expressed their willingness to incorporate both in-person
and virtual appointments (7, 8).

Although recent studies have shown that telemedicine is
feasible and effective in child neurology and epilepsy care (3,
5, 9), scattered data are available for the current pandemic,
including how parents of children with epilepsy perceive the
pandemic is impacting their child’s overall health, seizures, and
behavior and parental anxiety levels and whether direct exposure
to telemedicine impacts these perceptions.

The objectives of this study were (i) to investigate the
consequences of the pandemic as reported by families followed
in two pediatric epilepsy centers, one in Canada and one in
Germany; (ii) to compare families with and without telemedicine
experience during the first 9months of the pandemic; and, finally;
(iii) to learn what families consider important when it comes
to telemedicine.

MATERIALS AND METHODS

We developed a structured and stratified questionnaire using
an online survey tool and invited families with outpatient
appointments scheduled between February and October 2020
to participate. Our questionnaire was developed to obtain an
overview of parents’ perception in the way we had to adapt
delivery of care during the pandemic and their feelings about
the pandemic-related acute measures, rather than assessing
specific intervention effects of telemedicine. For participating,
patients must have been diagnosed with epilepsy by a pediatric
neurologist, according to the International League Against
Epilepsy (ILAE) criteria (10). A short introduction explained
the term “telehealth” to all participants. The survey contained
32 questions with the last 10 modified depending on whether
the patient had or had not participated in a telemedicine
consultation. The survey started with questions about the

patient’s age and epilepsy history, including age at first seizure,
current treatment, seizure frequency, and routine epilepsy-care
schedule. The second part included questions about scheduled
appointments and diagnostics during the pandemic, the impact
of changed or canceled appointments on the child’s health,
and the impact of pandemic-related restrictions on the child’s
health. The third part focused on telemedicine, including
what technical equipment was available in their household.
Depending on whether the patients had telemedicine care
during the pandemic, the questions were stratified. From those
participants reporting previous telemedicine appointments,
information about the following topics were asked: provider
specialty using telemedicine, type of medium used, and whether
the appointment was considered helpful regarding several
aspects of the child’s epilepsy. For families without previous
telemedicine appointments during the pandemic, the survey
included questions about their media preferences, expectations,
and whom they would prefer to conduct a virtual health
consultation. Finally, all participants were asked about the
importance of data protection, accessibility, other aspects
of telehealth consultations, preferred media, and reasons to
consider telehealth in the future even after the pandemic.
This survey was approved by the ethics committees from both
Albert-Ludwigs-Universität Freiburg (No. 68/18) in Germany
and Alberta Children’s Hospital Research Institute (REB20-0670)
in Canada. The English and German versions of the survey
are available in the Supplementary Material (Survey Telehealth
English version and Survey Telehealth German version).

Descriptive statistical analysis was performed with GraphPad
Prism (V. 9.0, GraphPad Software, San Diego, CA, USA).
Categorical variables are presented in absolute numbers and
percentages and quantitative data as means and standard
deviations. Percentages apply to the number of answers for
any given question. A Fisher exact test was used for group
comparisons of categorical and ordinal values and a Mann–
Whitney U test for comparison of numerical values. P-values
≤0.05 were regarded as statistically significant.

RESULTS

Demographics, Cancelations, and Impact
of the Pandemic in the Study Population
Overall, 80 families in Freiburg and 46 families in Calgary
answered the questionnaire. The response rate was 41.5%
(126/303). Of those, 119 questionnaires were complete and
could be included for analysis. For details about patients’
epilepsy and routine epilepsy care, see Table 1. Most participants
reported more than one available technical equipment for
telemedicine in their household, and the following devices
were available: phone 94.6% (n = 106), Wi-Fi 93.8% (n
= 105), tablet with camera 86.8% (n = 97), personal
computer with camera 83.0% (n = 93), and chat programs
80.4% (n= 90).

At the onset of the pandemic, 63.8% (n = 76/119) had
an outpatient appointment scheduled or were waiting for an
appointment. In 32.9% (n = 25/76) of those, the appointment
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TABLE 1 | Patient characteristics.

All Freiburg Calgary

(n = 126) (n = 80) (n = 46) P-value

Age in years mean (SD) 10.4 (5.1) 10.0 (5.2) 11.2 (4.8) 0.08

First seizure n (%)

Within 1 month 14 (11.3) 10 (12.8) 4 (8.7) 0.57

Within 1 year 9 (7.3) 2 (2.6) 7 (15.2) 0.01

Within 1–5 years 40 (32.3) 31 (39.7) 9 (19.6) 0.03

>5 Years ago 61 (49.1) 35 (44.9) 26 (56.5) 0.27

Seizures within 12 months 93 (74.4) 57 (73.1) 36 (76.6) 0.53

Currently on any ASM 118 (95.2) 75 (96.2) 43 (93.5) 1.0

Change of therapy within the last 12 months 67 (54.0) 41 (52.6) 26 (56.2) 0.58

Seizure frequency

Daily 33 (37.1) 20 (37.0) 13 (37.2) 0.26

Weekly 14 (15.7) 8 (14.8) 6 (17.1) 0.36

Monthly 22 (24.7) 15 (27.8) 7 (20.0) 1.0

Less than monthly 20 (22.5) 11 (20.4) 9 (25.7) 0.18

Tonic–clonic seizures n (%)

Never 39 (32.2) 25 (32.9) 14 (31.1) 1.0

Past only 47 (38.8) 29 (38.2) 18 (40.0) 0.57

Recently 35 (28.9) 22 (28.9) 13 (28.9) 1.0

History of prolonged seizures n (%) 49 (40.2) 36 (47.4) 13 (28.3) 0.09

Epilepsy care

By pediatric neurologist 114 (94.2) 71 (93.4) 43 (95.6) 1.0

By pediatrician 6 (5.0) 4 (5.3) 2 (4.4) 1.0

By family physician 1 (0.8) 1 (1.3) 0 1.0

Scheduled outpatient appointments

Monthly 6 (5.0) 6 (8.0) 0 0.08

3–4 Times per year 48 (39.7) 30 (40.0) 18 (39.1) 1.0

Twice per year 49 (40.4) 33 (44.0) 16 (34.8) 0.35

Annually or less 18 (14.9) 6 (8.0) 12 (26.1) 0.009

Percentages calculated by number of responses for each question. ASM, anti-seizure medication.

could take place as scheduled, in 40.8%, it was canceled and
replaced by a virtual consultation; in 14.5%, it was canceled
and replaced by a later appointment; and in 11.8%, it was
canceled without an alternative appointment. For those 51
cases that a scheduled appointment had to be changed, the
majority (62%) felt that it did not impact their child’s health,
but 36% felt a negative impact either because treatment or
planning of further diagnostics was delayed (28%) or because
important questions were not addressed (8%). Diagnostic tests
were scheduled in 26.9% of patients (n= 32/119) at the beginning
of the pandemic, including electroencephalogram (EEG; n =

11), video-EEG monitoring (n = 8), MRI (n = 3), PET (n
= 1), and others (renal ultrasound, n = 1; sleep study, n =

1; ophthalmologist appointment, n = 1). Of those, diagnostic
tests took place as scheduled in 37.5%, but in 43.8%, these
investigations were canceled with a postponed appointment; in
18.8%, canceled tests were left without an alternative. In most
cases (65%), parents were concerned about a negative impact on
their child’s health if diagnostic appointments were canceled or
postponed mainly because diagnostics were necessary to change

or initiate a certain treatment (69%). During the pandemic-
related restrictions, the majority of parents observed no change
in overall health (59.5%, n = 47/79), seizure frequency (63.6%, n
= 49/77), or behavior (52.6%, n = 41/78); whereas 25.3% (n =

20/79) observed an improvement in overall health, 18.2% (n =

14/77) in seizure frequency, and 19.2% (n = 15/78) in behavior.
Worsening of overall health was reported in 15.2% (n = 12/79),
of seizure frequency in 18.2% (n = 14/77), and of behavior in
28.2% (n = 22/79). Nearly one-third of parents reported anxiety
that their child’s epilepsy would worsen during the pandemic
(30.7%, 35/114).

Telemedicine Experience Vs. No
Telemedicine Experience
Overall, 40.3% (n= 48/119) of participants received telemedicine
care, and some of these patients were seen more than once
and used different media. Appointments regarding the epilepsy
were mainly with pediatric neurologists (76.6%, n = 36), and
in some cases, with their pediatrician (23.4%), family physician
(12.8%), a registered nurse (12.8%), or other subspecialties
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including neurosurgeons or metabolic clinics (19.1%). Phone was
the medium used in most telehealth appointments (83%, n =

39), whereas Internet services (specialized telemedicine platform,
email, etc.) were used by 57.4%. Almost all families perceived
the virtual consultation as helpful (95.5%, n = 42/44). Within
the comments, parents stated that it was helpful because “many
aspects, e.g., adapting the medication or counseling can be easily
done over the phone.” Others stated that it was not helpful because
“telehealth is less personal and it is hard to build a relationship,
especially for autistic or severely impaired children.” Compared to
in-person appointments, 47.7% (n = 21/44) found telemedicine
efficient, 38.6% (n = 17) nearly as efficient, and 13.6% (n = 6)
found it only partially helpful. Thirty-two percent (n = 14/44)
had to come to the hospital despite virtual visits because (i) it
was recommended during the telemedicine consultation (42.8%),
(ii) acute deterioration (28.6%), or (iii) unrelated to epilepsy
(28.6%). For further telemedicine consultations, most families
would prefer phone calls (46.5%, n = 20) or online video chats
(41.9%); only 7.0% would prefer a telehealth platform, and none
would prefer the consultation to be via email.

At the time of the survey, 59.6% (n = 71/119) of all families
had not experienced telemedicine. If this modality was needed
and available in the near future, most families expected it to be
with a pediatric neurologist (89.8%, n = 62) and via Internet
services (58.5%) or via phone (48.6%). Sixty-seven percent
expected it to be helpful, and reasons stated were that “telehealth
is an option during quarantine and lockdown to get in contact with
a medical professional.” Of those expecting telehealth not to be
helpful, comments included “no diagnostics possible” and the fact
that “contact would be mainly between parents and physician, not
so much with the child.” Virtual appointments were expected to
be as efficient in 17.1% (n = 12/70), nearly as efficient in 38.6%,
partially helpful in 35.7%, and not helpful in 8.6%.

Parental Self-Reported Anxiety Levels,
Differences Between the Two Centers, and
Other Relevant Aspects of Telemedicine
Related to parental anxiety levels, relevant differences were
seen between families with and without previous telemedicine
experience. In both groups, roughly 30% expected that anxiety
symptoms could worsen during the pandemic. However,
parents with telemedicine experience reported a reduction
of anxiety after a telemedicine consultation, while the great
majority of parents with no experience would not believe
that their anxiety levels would reduce very much after a
virtual consultation (Figure 1). Also, 84% of families with
previous telemedicine consultations (vs. 65.2% of those with
no telemedicine experience) would be more likely to consider
changing all or some of their appointments to telemedicine in
the future, even after the pandemic. Conversely, 34.8% of families
who did not experience virtual appointments (vs. only 15.9% of
those who did, P= 0.03) would not consider changing all or most
of their future appointments (Table 2).

There were a few differences between families from Freiburg
and families from Calgary. From the patient characteristics
(Table 1), there were statistically significant differences in regard

to scheduled outpatient appointments with neurology. Monthly
outpatient visits were reported only in Freiburg (8 vs. 0%, P
= 0.08), while 26% of Calgary families reported annual or less
frequent visits (vs. 8% in Freiburg, P = 0.009). When asked
how long they felt they could handle their child’s disease with
virtual appointments only before presenting to an emergency
department, 8.7% of families from Freiburg reported a time frame
of <1 month, 44.9% between 2 and 6 months, 34.8% between
6 and 12 months, and 11.6% more than 12 months. In Calgary,
2.4% of families reported a time frame of <1 month, 9.5%
between 2 and 6 months, 45.2% between 6 and 12 months, and
42.9%more than 12 months. There were also differences between
the two centers regarding the importance of health consultations
and reasons to consider telemedicine even after the pandemic
(Figures 2A,B).

DISCUSSION

Our study gathered 126 responses from two distinct pediatric
epilepsy centers during the first 9 months of the COVID-
19 pandemic. Although geographically apart, the patient
populations studied were similar in the two centers consisting
of children (mean age 10.4 years, SD 5.1) with chronic epilepsy
but poorly controlled seizures in the past 12 months, many
of whom required recent medication changes. In keeping with
another survey carried out in North America, technology access
telemedicine was not a limitation to our patients (7). However,
one should consider limited access to Internet as a relevant
barrier for virtual clinics in underdeveloped countries, and
telephone contact should be prioritized (11).

One small difference we noted between the two centers was
the frequency patients are seen by their neurologists (Table 1).
In Calgary, 26.1% of children are seen yearly or less frequently
compared to 8% of children in Freiburg. This finding purely
reflects the wait-list aspects from both centers, showing that
follow-up visits are usually more frequent in Germany. One
explanation for this could be that registered nurses and family
practitioners are often involved in epilepsy patient care in
Calgary. Also, this slight difference reflects families’ perception
about their ability to manage their child’s disease only virtually
before having to come to the emergency department. In Freiburg,
most responders felt that they could handle it for 2–6 months,
and only 11.6% responded more than 12 months. On the other
hand, the majority of families from Calgary responded 6–12
months, closely followed by a time frame of 12 months reported
by more than 40%. Considering similar patient populations,
this difference might suggest that because of longer wait times
to see a neurologist regularly, families may develop more
autonomy and confidence over time, as well as less need to visit
emergency services.

For families that had to cancel or reschedule outpatient visits,
more than a third were concerned about negative impacts on
their child’s health. Furthermore, for those who had diagnostic
tests rescheduled or canceled, nearly two-thirds felt the same
way. Another study from Germany (12) has also pointed to
epilepsy patient frustrations and concerns after the latest changes
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FIGURE 1 | Perceived reduction of anxiety because of telehealth consultation (parents who received telemedicine care) and expected reduction of anxiety in case of a

future telehealth consultation (parents with no telemedicine experience). *P-value ≤ 0.05; ns, not significant.

TABLE 2 | Consideration of future telemedicine consultations.

Would you consider changing all or most of your appointments to this form if possible, even after the pandemic?

Previous use of telemedicine

(n = 44)

No previous use of telemedicine

(n = 69)

P-value

Yes, all 4 (9.1) 8 (11.6) 0.76

Yes, some 33 (75.0) 37 (53.6) 0.03

No, I prefer personal appointments 7 (15.9) 24 (34.8) 0.03

in the way care is currently delivered. Only a minority of patients
(12.5%) followed in a tertiary epilepsy center in Frankfurt showed
lack of understanding or reacted with anger after having their
in-person visits canceled. As our patients stated, some of their
concerns were also related to diagnostic and potential treatment
delays. We believe that under normal circumstances, perhaps
these abrupt visit cancelations would not impact the majority
of people; however, given all the psychological distress caused
by the current outbreak (13), services might consider offering
coping mechanism strategies for families should future abrupt
cancelations be required.

Even though one-third of parents revealed anxiety with the
possibility of increased seizures during the pandemic, overall,
this was not commonly noted. While worsening of behavior was
reported by 28.2% of families, increased seizures and worsening

of overall health were, respectively, noted in 18.2 and 15.2%.
Similarly, from 109 telemedicine appointments in Frankfurt,
14.7% also reported increased seizure frequency (12). At this
point, it is unclear whether these reported symptoms can be
truly related to stress or any other pandemic-related cause,
given the fluctuations usually seen in patients with chronic
and uncontrolled epilepsies. Ideally, a baseline standardized
assessment (including seizure frequency, emergency department
visits, and rescue medication utilization) prior and during the
pandemic would be necessary to evaluate whether an association
exists between restrictive measures and seizure burden. However,
consistent with our study, among 255 adult epilepsy patients
studied during the first month of confinement in Spain, only 10%
reported an increase in seizure frequency (14). These authors
noted a higher risk of increased seizures due to tumor-related

Frontiers in Pediatrics | www.frontiersin.org 5 June 2021 | Volume 9 | Article 642381105

https://www.frontiersin.org/journals/pediatrics
https://www.frontiersin.org
https://www.frontiersin.org/journals/pediatrics#articles


Klotz et al. Telehealth for Children With Epilepsy

FIGURE 2 | Importance of health consultations in general (A) and reasons to consider telehealth beyond the time of the pandemic (B) reported by families in Freiburg,

Germany (n = 72) and Calgary, Alberta, Canada (n = 42).

seizures, medically refractory epilepsy, insomnia, fear of epilepsy,
and income reduction.

After comparing families with and without telemedicine
experience, we have found statistically significant differences
related to self-reported parental anxiety after experiencing
virtual visits, albeit no objective scales were used. While only
9% of parents who have not tried telemedicine expected
anxiety to decrease “very much,” 20% of those who had tried
telemedicine declared that their anxiety levels were reduced
“very much.” These data reinforce the efficacy of telemedicine
in epilepsy care compared to face-to-face visits not only
by epilepsy parameters such as seizure frequency, emergency

room visits, and hospital admissions (2) but also addressing
parental concerns.

Further analyses of data comparison from families with and
without telemedicine experience have shown that while the
former group would be willing to switch all ormost of their future
appointments to virtual visits, the latter group was opposed
to this change. This reluctance observed in families without
prior telemedicine experience also reflects their impression that
virtual visits are only partially (35.7%) or not (8.6%) helpful,
as opposed to nearly 90% of families who have experienced
telemedicine and reported this modality as nearly or as efficient
as face-to-face visits. The impression from our families who have
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been exposed to telemedicine supports several other research
data. Twelve years before the current outbreak, a pilot study
investigated the satisfaction with telemedicine among epilepsy
patients from rural areas of Alberta (3). Aside from being very
satisfied with telemedicine, more than 90% of these patients
were willing to have their follow-up appointments through
the same method. Moreover, all patients in the telemedicine
group agreed that telemedicine saved money compared to
in-person visits.

Over the past year, many epilepsy centers worldwide have
shared their experience in regard to patients’ or families’
perception of telemedicine usefulness either in adults and
pediatrics. High levels of satisfaction over 85% have been
consistently noted in all studies (6, 8, 14, 15). Given the
elevated satisfaction level noted among healthcare providers
as well (9, 16), we believe that even after the pandemic,
most epilepsy centers will implement telemedicine as part
of their routine care. However, some limitations related
to telemedicine should be recognized, including unexpected
technical issues, lack of an appropriate reimbursement policy,
impossibility to perform a full neurological exam, and lack of
privacy for teenagers when attending visits from their parents’
house (17).

Finally, when it comes to what families consider relevant
in telemedicine, families from both centers agreed upon data
safety, easy access to services, and consistency of services
offered by the same familiar healthcare provider. A shorter
waiting time was most relevant in Calgary, where longer
waiting times exist. Likewise, timely appointments were nearly
100% rated as important or very important in Calgary for
families to consider telehealth beyond the pandemic. Another
relevant aspect consistently graded as important in both centers
was their access to specialized care, while economic aspects
were not seen as important for most families. Given the
complexity of patients seen in both centers, these data suggest
that families would prioritize telemedicine in order to keep
their children’s follow-up linked to epilepsy specialists and
specialized centers.

Our study has some limitations. The patient samples from
both centers may not represent newly diagnosed children
with epilepsy, given that more than 80% of our families
reported seizures for more than 12 months. Therefore, it
is uncertain whether the level of parental anxiety in newly
diagnosed cases changed with telemedicine, as our sample
size did not allow us to explore this further. Furthermore,
patient symptom evaluation consisted of a pure description of
parental perception rather than objective measures or scales.
In order to confirm our findings, future studies should use
standardized methods to measure anxiety levels in parents
and patients before and after telemedicine experience. Among
several tools, the State–Trait Anxiety Inventory (STAI) has
been translated and adapted in 48 languages (18). In addition,
the Epilepsy Anxiety Survey Instrument (EASI) can be used
specifically for people with epilepsy (19). One intrinsic issue
from survey studies is the non-response bias. Our study

might have a nearly 60% non-response bias if the opinions of
non-responders differ substantially from those of responders.
In addition, there is also a potential selection bias, given
that the families who agreed to participate in an online
survey are likely to have better knowledge and acceptance of
telemedicine overall.

CONCLUSIONS

Some children with epilepsy and their families have been
negatively impacted by the pandemic, including worsening of
overall health and behavior, and increased seizures. Independent
of healthcare system and cultural surroundings, our data suggest
that telemedicine can be helpful in managing epilepsy, and it
might reduce parental anxiety levels. In our experience, families
who used telemedicine were more positive toward similar future
appointments. Despite potential barriers, telemedicine use in
pediatric epilepsy is a valuable care alternative for patients and
healthcare providers, and it is likely to continue post pandemic.
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the COVID-19 Pandemic: A
Mixed-Methods Study
Jennifer L. Rosenthal*, Christina O’Neal, April Sanders and Erik Fernandez y Garcia

Department of Pediatrics, University of California, Davis, Sacramento, CA, United States

Objective: To describe and explore pediatric ambulatory video visit use by patient

characteristics during the coronavirus disease 2019 (COVID-19) pandemic.

Methods: We conducted an explanatory sequential mixed methods study with

integration at the design and methods level. Phase 1 was a cross-sectional analysis of

general and specialty pediatric ambulatory encounters to profile the use of video visits by

patient characteristics. We performed descriptive analyses for each variable of interest

and estimated a multivariable logistic regression model to analyze factors associated

with the odds of having a video visit. Phase 2 was a qualitative exploration using

semi-structured interviews with healthcare team members to understand the contextual

factors influencing video visit usage. We used an interview guide to solicit information

related to general perceptions about ambulatory video visits, reactions to the quantitative

phase data, and strategies for optimizing equitable reach of video visits. Data were

analyzed using a combination of deductive and inductive analysis.

Results: Among the 5,464 pediatric ambulatory encounters completed between

March 11 and June 30, 2020, 2,127 were video visits. Patient factors associated

with lower odds of having a video visit rather than an in-person visit included being

Spanish-speaking (aOR 0.27, 95% CI 0.20–0.37) and other non-English-speaking (aOR

0.50, 95% CI 0.34–0.75) in comparison to English-speaking. Patients with public

insurance also had a lower odds of having a video visit in comparison to privately

insured patients (aOR 0.77, 95% CI 0.67–0.88). Qualitative interviews identified five

solution-based themes: (1) Promoting video visits in a way that reaches all patient families;

(2) Offering video visits to all patient families; (3) Mitigating digital literacy barriers; (4)

Expanding health system resources to support families’ specific needs; and (5) Engaging

and empowering health system personnel to expand video visit access.

Conclusion: We identified differences in pediatric ambulatory video visit use by patient

characteristics, with lower odds of video visit use among non-English-speaking and

publicly insured patients. The mixed-methods approach allowed for the perspectives

of our interview participants to contextualize the finding and lead to suggestions for

improvement. Both our findings and the approach can be used by other health systems

to ensure that all patients and families receive equal video visit access.

Keywords: telemedicine, COVID-19, pediatrics, ambulatory care, health equity
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INTRODUCTION

Telehealth is defined as the use ofmedical information exchanged
via electronic communications to support and provide health
care (1). Live encounters that involve real-time, synchronous, bi-
directional audio and videoconferencing between patients and
their health care providers (hereafter known as “video visits”) are
a form of telehealth. Recognized benefits of video visits include
mitigating healthcare access barriers related to geography, time,
finances, and unique circumstances such as travel burdens for
technology-dependent children (2–4). The American Academy
of Pediatrics promotes telehealth as a strategy to increase
continuity, efficiency, and quality in pediatric healthcare (5).

The coronavirus disease 2019 (COVID-19) pandemic has
accelerated the adoption of video visit use for ambulatory
patient care encounters (6–10), in great part to preserve personal
protective equipment and minimize the transmission risk of
infection to healthcare providers, patients, and families. In
order to facilitate the adoption of video visits during this
unprecedented time, changes in reimbursement, HIPAA (Health
Insurance Portability and Accountability Act), and licensure
regulations have been implemented (11–13).

Experts have raised concerns that the expanded use of
healthcare-related technology during COVID-19 can exacerbate
healthcare disparities for vulnerable populations despite the
promise for improving healthcare outcomes overall (14–16).
There has been limited but important work describing the aspects
of video visits that may limit their use in specific populations
including low digital health literacy, cultural preference for
in-person visits, and limited access to reliable internet or
technological devices (e.g., smartphones, tablets, computers) that
are required to conduct a video visit (17). However, research is
necessary to better understand the patterns of video visit use
by patient characteristics during this important time in history.
Our objective was therefore to describe and explore pediatric
ambulatory video visit use by patient characteristics during
COVID-19. The overarching question that guided this mixed
methods study was: How does video visit use during COVID-19
for pediatric ambulatory encounters differ depending on patient
characteristics, and what are the contextual factors that influence
video visit usage?

MATERIALS AND METHODS

Mixed Methods Integration
We conducted an explanatory sequential mixed methods study.
This two-phase design began with a cross-sectional analysis of
pediatric ambulatory encounters using electronic health records
to profile the use of video visits (i.e., quantitative phase). The
second phase was a qualitative exploration using semi-structured
interviews and a combination of inductive and deductive
methods to generate contextualized understanding of video visit
usage (i.e., qualitative phase).

In addition to implementing integration at the design level,
we integrated at the methods level through connecting (18),
whereby the results from the quantitative phase informed the
sampling criteria regarding the types of providers recruited for

the qualitative phase. Furthermore, we implemented integration
through building; (18) we used the quantitative data to refine our
interview guide and develop our deductive codes. Figure 1 shows
an overview of the study methodology.

Setting
This study took place at a quaternary care academic health
system with an integrated primary and specialty ambulatory
clinic network in Northern California. This medical center is the
referral center for children across a 33-county region covering
65,000 square miles and serving over 1 million children. More
than 120 physicians provide ambulatory care to our pediatric
patients and families.

Our health system began offering pediatric ambulatory
video visits in March 2019. Prior to COVID-19, the use of
pediatric ambulatory video visits represented 1% of all pediatric
ambulatory visits. We used the telehealth platform Epic MyChart
(Epic Systems, Verona, WI) to conduct video visits. Parent or
guardian (referred to as “parents” hereafter) requirements to
conduct a video visit included establishing a MyChart account
for the child and having a video-enabled smart device with WiFi
or cellular access. The clinician requirements to conduct a video
visit included having an iOS smart device with WiFi or cellular
access. Clinicians could not use a desktop computer nor Android
device, as these equipment types were not supported by our
telehealth platform.

The quantitative phase of this study began during the
initiation of a statewide COVID-19 shelter-in-place order.
Initially, the general pediatric clinic tried to restrict in-person
visits to children 2 years and younger. This policy was lifted
after 2 months and did not occur in specialty clinics. General
and specialty clinic physicians reviewed their scheduled patients
to determine which appointments could convert to video; this
decision was at the discretion of the physician. Two months
into the study, safety protocols were implemented (e.g., universal
masking with face shields, isolation rooms), and the pediatric
clinics began scheduling new appointments as in-person visits
again. Visitation restrictions permitted one parent to attend the
in-person visits with the child.

Quantitative Phase
Patient Population
For this cross-sectional analysis, we included all patients age
0–25 years who completed an ambulatory encounter with a
Department of Pediatrics physician between March 11 and June
30, 2020.We included both in-person and video visits. All general
and specialty ambulatory pediatric clinics located on the medical
center campus were included; we excluded satellite and outreach
clinics. Ambulatory encounters for procedures were excluded.
We included patients up to age 25 years in order to include the
young adults seen by pediatric physicians.

Data Source and Variables
We obtained patient-level data from the electronic health record.
Patient characteristics included age, gender, race/ethnicity,
language, insurance status, clinic type (surgical specialty, non-
surgical specialty, general), and driving distance from residence
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FIGURE 1 | Study methodology.

to clinic (determined using the Google Cloud Platform’s Distance
Matrix API).

Analysis
We performed descriptive analyses for each variable of interest.
For each categorical characteristic, we compared data between
in-person visits vs. video visits using Pearson’s chi-square tests.
For each category, we calculated the proportion of video visits
as a ratio of the number of video visit encounters (numerator)
to the number of video visit plus in-person visit encounters
(denominator). We estimated a multivariable logistic regression
model to analyze factors associated with the odds of having a
video visit, including covariates from the univariate analyses.

Qualitative Phase
Interview Participants and Data Collection
We initially used purposive sampling (19) to identify clinicians
and staff working in roles that would provide unique insights

into the contextual factors influencing the video visit usage
patterns observed from our quantitative data. Initial recruitment
targeted telehealth program staff, information technology (IT)
staff, professional medical interpreters, and physicians. We
subsequently purposively sampled marketing staff to further

explore marketing-related topics that arose in the initial

interviews. We additionally used snowball sampling (20) to

identify other potential contributory roles including triage

nurses, clinic nurses, clinic managers, and medical office

service coordinators.
One-on-one interviews were conducted from August through

November 2020. Participants were recruited via e-mail. Eligible

participants were aged 18 years and older and English-speaking.

We collected demographic information during the interviews,

including age, gender, race, ethnicity, clinical role, and years’

experience. All interviews were conducted via videoconference

and audio recorded and transcribed. Interviewers used an
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TABLE 1 | Profile of patient-level characteristics for ambulatory video visits and in-person visits.

Patient characteristics Video visit In-Person visit Proportion as

video visits, %

P

(N = 2,127) (N = 3,337)

Age, years, n (%) <0.001

0–1 348 (16.4) 775 (23.2) 31.0

2–5 418 (19.7) 705 (21.1) 37.2

6–11 539 (25.3) 832 (24.9) 39.3

12–18 752 (35.4) 952 (28.5) 44.1

19+ 70 (3.3) 73 (2.2) 49.0

Gender, n (%) 0.015

Male 1,121 (52.7) 1,871 (56.1) 37.5

Female 1,006 (47.3) 1,466 (43.9) 40.7

Race & Ethnicity, n (%) <0.001

Non-Hispanic White 1,030 (48.4) 1,283 (38.5) 44.5

Latinx or Hispanic 466 (21.9) 976 (29.3) 32.3

African American or Black 159 (7.5) 233 (7.0) 40.6

Asian 212 (10.0) 280 (8.4) 43.1

Pacific Islander 18 (0.9) 26 (0.8) 40.9

American Indian or Alaska Native 13 (0.6) 8 (0.2) 61.9

Other 41 (1.9) 178 (5.3) 18.7

Missing 188 (8.8) 353 (10.6) 34.8

Language, n (%) <0.001

English 2,023 (95.1) 2,843 (85.2) 41.6

Spanish 61 (2.9) 346 (10.4) 15.0

Other 40 (1.9) 146 (4.4) 21.5

Missing 3 (0.1) 2 (0.1) 60.0

Insurance, n (%) <0.001

Private 1,155 (54.3) 1,531 (45.9) 43.0

Public 971 (45.6) 1,803 (54.0) 35.0

Other 1 (0.1) 3 (0.1) 25.0

Clinic Type, n (%) <0.001

Non-Surgical Specialty 1,161 (54.6) 1,414 (42.4) 45.1

Surgical Specialty 118 (5.6) 325 (9.7) 26.6

General Pediatrics 848 (39.9) 1,598 (47.9) 34.7

Distance, miles, median (25–75% IQR) 55.4 (27.2–155.7) 44.9 (21.4–112.6)

P-value determined using Pearson’s chi-square test to compare data between in-person vs. video visits. IQR, inter-quartile range.

interview guide to structure the interview. The guide included
questions to solicit information related to the following three
topics: (1) general experiences with and perceptions about
ambulatory video visits, (2) reactions to the video visits usage
data from the quantitative phase, and (3) strategies for optimizing
equitable reach of video visits. Interviewers maintained field
notes with contextual observations. Each participant provided
verbal informed consent and received a $50 gift card. Interviews
were conducted until thematic saturation was reached.

Analysis
We used a combination of deductive and inductive analysis (21).
Data were analyzed in an iterative process using a constant
comparative approach (22, 23).We applied the quantitative phase
results to develop an initial codebook of a priori codes related

to the patterns identified in the data. Three team members
(JR, AS, and EFG) independently conducted memo writing
and coding of the initial five transcripts using the a priori
codes while simultaneously identifying emergent codes. The team
met virtually to discuss the relevance and definitions of the
coding structure and new topics from inductive coding. Any
team member who could not attend the meetings shared their
memos and codes electronically; those memos and codes were
reviewed at the team meetings and included in the discussions.
We adapted the interview guide based on the initial codes. We
then resumed independent memo writing and coding followed
by team meetings to ensure consensus on application of codes,
refine dimensions of existing codes, add new codes, develop
categories, and identify theoretical direction. This iterative
process was repeated with every 2–3 transcripts. We revisited

Frontiers in Pediatrics | www.frontiersin.org 4 July 2021 | Volume 9 | Article 645236112

https://www.frontiersin.org/journals/pediatrics
https://www.frontiersin.org
https://www.frontiersin.org/journals/pediatrics#articles


Rosenthal et al. Pediatric Video Visits During COVID-19

prior transcripts as new codes were identified. We identified
linkages and patterns between the codes, which became our
analytic themes. Once data coalesced around similar themes
across the participants’ roles, we concluded that saturation of
themes was met.

Data validation occurred through investigator triangulation
(24). The qualitative analysis team consisted of a general pediatric
attending (EFG), a telehealthmedical director (JR), and a patient-
centered care research coordinator with ambulatory clinical
experience (AS). Two of the investigators (JR and EFG) had
extensive qualitative research experience. An additional measure
taken to enhance validity was the purposeful selection of the
qualitative sample using the quantitative results to identify
participants who could provide the best explanations (25). We
used ATLAS.ti to organize and store coding and data analysis
(26). This study was approved as exempt by the University of
California Davis Institutional Review Board.

RESULTS

Quantitative Phase
During the 16-week study period, there were 5,464 pediatric
ambulatory encounters, of which 3,337 were in person and 2,127
were video visits. As shown in Table 1, Latinx/Hispanic patients
were less likely to complete their ambulatory encounter by video
(32.3%) than patients in other race/ethnicity categories (40.6–
44.5%). For Spanish-speaking families, a greater percentage of
them completed in-person visits (10.4%) than video visits (2.9%).
Patients with private insurance were more likely to complete
video visits (43.0%) than patients with public insurance (35.0%).

Characteristics Associated With Having a Video Visit
In multivariable analysis, patient factors associated with higher
odds of having a video visit rather than an in-person visit
included age> 18 years, English-speaking, private insurance, and
non-surgical specialty clinic (Table 2). Latinx/Hispanic patients
had lower odds (based on the point estimate) of having a
video visit in comparison to non-Latinx/Hispanic White patients
(adjusted odds ratio [aOR] 0.86, 95% confidence interval [CI]
0.73–1.00). In comparison to English-speaking patients, Spanish-
speaking patients (aOR 0.27, 95% CI 0.20–0.37) and other non-
English-speaking patients (aOR 0.50, 95% CI 0.34–0.75) had
lower odds of having a video visit. Patients with public insurance
had lower odds of having a video visit in comparison to patients
with private insurance (aOR 0.77, 95% CI 0.67–0.88). Regarding
distance from the patient’s home to the clinic, for every 100-mile
increase in distance, the adjusted odds of having a video visit
increased 1.25-fold (95% CI 1.19–1.32).

Qualitative Phase
We conducted sixteen ∼30–45-min interviews with individuals
representing the telehealth program (n = 3), IT (n = 2),
professional medical interpreting (n = 1), physicians (n = 2),
marketing (n = 1), triage nurses (n = 1), clinic nurses or
managers (n = 2), and medical office service coordinators (n =

4). Characteristics of participants are provided in Table 3.

TABLE 2 | Patient characteristics associated with having a video visit rather than

an in-person visit.

Unadjusted OR,

95% CI

Adjusted OR,

95% CI

Age, years

0–1 0.47, 0.33–0.67 0.56, 0.38–0.83

2–5 0.62, 0.44–0.88 0.78, 0.53–1.14

6–11 0.68, 0.48–0.95 0.77, 0.53–1.13

12–18 0.82, 0.59–1.16 0.89, 0.61–1.30

19+ Ref Ref

Gender

Male Ref Ref

Female 1.15, 1.03–1.28 1.08, 0.96–1.22

Race & Ethnicity

Non-Hispanic White Ref Ref

Latinx or Hispanic 0.59, 0.52–0.68 0.86, 0.73–1.00

African American or Black 0.85, 0.68–1.06 1.02, 0.81–1.29

Asian 0.94, 0.77–1.15 1.21, 0.98–1.49

Pacific Islander 0.86, 0.47–1.58 0.94, 0.50–1.74

American Indian or Alaska

Native

2.02, 0.84–4.90 2.11, 0.84–5.30

Other 0.29, 0.20–0.41 0.41, 0.29–0.59

Language

English Ref Ref

Spanish 0.25, 0.19–0.33 0.27, 0.20–0.37

Other 0.39, 0.27–0.55 0.50, 0.34–0.75

Insurance

Private Ref Ref

Public 0.71, 0.64–0.80 0.77, 0.67–0.88

Other 0.44, 0.05–4.25 [—]

Clinic Type

Non-Surgical Specialty Ref Ref

Surgical Specialty 0.44, 0.35–0.55 0.40, 0.32–0.52

General Pediatrics 0.65, 0.58–0.72 0.67, 0.59–0.76

Distance, 100 miles 1.22, 1.16–1.28 1.25, 1.19–1.32

Associations with pediatric ambulatory encounters conducted as a video visit were

compared with in-person visits. The multivariable logistic regression model included the

covariates that are listed in this table. OR, odds ratio; Ref, reference.

We identified five overarching analytic themes across the
transcripts that pertained to the contextual factors that influence
video visit usage. Major themes were developed to be solution-
based and included: (1) Promoting video visits in a way
that reaches all patient families; (2) Offering video visits to
all patient families; (3) Mitigating digital literacy barriers;
(4) Expanding health system resources to support families’
specific needs; (5) Engaging and empowering health system
personnel to expand video visit access. These themes are
explored in more detail below with representative quotes
in Table 4.

Theme 1—Promoting Video Visits in a Way That

Reaches All Patient Families
Multiple participants across different roles reported that the
awareness of video visits was not necessarily known by all of
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TABLE 3 | Interview participant characteristics.

n (%)

Age, years

25–34 5 (31.2%)

35–44 6 (37.5%)

45–54 4 (25.0%)

55+ 1 (6.2%)

Gender

Male 2 (12.5%)

Female 14 (87.5%)

Race & Ethnicity

Non-Hispanic White 9 (56.2%)

Latinx or Hispanic 1 (6.2%)

African American or Black 1 (6.2%)

Asian 2 (12.5%)

Pacific Islander 1 (6.2%)

American Indian or Alaska Native 2 (12.5%)

Role

Telehealth program staff 3 (18.8%)

Information technology staff 2 (12.5%)

Professional medical interpreter 1 (6.2%)

Marketing staff 1 (6.2%)

Physician 2 (12.5%)

Triage nurse 1 (6.2%)

Clinic nurse or manager 2 (12.5%)

Medical office service coordinator 4 (25.0%)

Years in profession

<5 3 (18.8%)

6–10 5 (31.2%)

11–20 7 (43.8%)

21+ 1 (6.2%)

our diverse groups of patient families. Specifically, participants
shared that lower-income, publicly-insured, and non-English-
speaking patients were frequently less aware of the video visits
option. This lack of awareness was thought to be a contributing
factor for the quantitative results regarding lower odds of video
visit usage among non-English-speaking and publicly-insured
patients. Participants stated that limited awareness existed in part
due to marketing mostly being in English and via the medical
center’s website or social media platforms, which thus may not
reach those populations noted in the quantitative data of having
lower use.

Another aspect highlighted by participants was the
need to address parents’ skepticism about video visits.
They perceived that parents of publicly-insured children
sometimes misunderstood their insurance coverage and
feared that a video visit was more costly than the in-person
charges (or lack thereof) to which they were accustomed.
Participants also mentioned that non-English-speaking
parents did not always know that a professional medical
interpreter was available for video visits. These factors
were thought to drive certain parents to preferentially use
in-person visits.

Theme 2—Offering Video Visits to All Patient Families
Many of the participants shared that clinical providers and staff
offered video visits less frequently to certain groups of patient
families. Participants explained that inconsistent workflows and
training on to whom to offer video visits resulted in this
practice. In addition, almost every participant commented that
navigating the video visit process was challenging. Therefore,
any additional element that could make the process even more
difficult—whether it be a real or perceived element—exacerbated
the selective offering of video visits. Participants said that biases
about a family influenced the perceptions on who was more or
less likely to navigate the process. In particular, English-speaking
parents and those profiled as “tech savvy” were often categorized
as people who would be successful in navigating video visits.
Additionally, video visits for patients in foster care required the
foster parent to complete additional paperwork and this may
lead to video visit failure. Thus, video visits were almost never
offered to children in foster care. Some participants emphasized
the need to standardize the video visit scheduling process in order
to overcome the practice of selectively offering video visits to the
patient families deemed most likely to successfully navigate the
video visit process.

Theme 3—Mitigating Digital Literacy Barriers
The most recurring topic discussed by all participants was that
the video visit platform, MyChart, was very “difficult” and
“cumbersome” to navigate. The most challenging aspect of using
MyChart in the context of setting up video visits was parents’
creating the account. As a result, patients whose parents could
not set-up MyChart were unable to conduct their ambulatory
encounter as a video visit and defaulted to in-person visits.
Furthermore, the MyChart platform was only available to our
patient families in English, and assistance in navigating the
process for non-English-speaking parents was variable. This
language limitation was thought to be a primary driver of
the language gap identified in the quantitative data. Numerous
participants stated that a multi-language platform is a necessary
investment that should be prioritized.

Theme 4—Expanding Health System Resources to

Support Families’ Specific Needs
The need to expand video visit resources to better support
our patients and families was consistently expressed among
all participants. First, the video visit written instructions were
perceived to be overly complicated and not useful for those with
low health and digital literacy. Additionally, the instructions were
almost exclusively in English. Participants reported that some
fliers were translated into Spanish but not into other languages.
However, again, they emphasized that language appropriate
instructions have limited effect when the MyChart platform was
only in English.

Second, participants across various roles shared that they
needed more clinical staff and IT personnel than was provided
to assist patients and their families with the video visit process.
In the setting of COVID, the exponential growth of video visits
has surpassed their ability to address every patient family’s needs.
Participants stated that, for certain patients such as those who did
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TABLE 4 | Exemplary quotes organized by theme.

Theme Exemplary Quote

Promoting video

visits in a way that

reaches all patient

families

“Low income like Medi-Cal families who maybe just aren’t aware of the services are not potentially health literate in a way that they would

advocate on behalf of themselves… I would assume that those types of families were under-served by the [video visit] service line… If you

don’t even know that there’s services available to you, then you’re in a position where you’re not even making that decision on your own

behalf.”—Telehealth Program Staff

“Privately insured patients, usually that means [their parents] have a job. So, that’s where their insurance is coming from. So, they are probably

a little more assimilated or acculturated to the environment… Our low-income populations and populations with little information, they may not

know that any of this is available and that this is easy and that this is just as good as your normal visit in the clinic. So, more education through

Medi-Cal? That would be good too.”—Professional Medical Interpreter

“I will just say that I do not think I’ve had a video visit with a non-English-speaking family. And I know that we have families who are signed up

for MyChart whose parents are primarily Spanish-speaking or non-English-speaking, and even those families that have a MyChart account for

their child, I have not had video visits with them. And my guess would be that the information that we provide, as an institution, all the way from

the website level down to the information we provide in clinic, in person, that would help a family learn about video visits and about MyChart

and accessing all of the capabilities it has, that we do not convey that as effectively to our non-English-speaking families.”—Physician

“We have a lot of opportunity within our public affairs and marketing team to partner much more closely with our equity and inclusion

department… We have really, really gorgeous, beautiful marketing, but how far is it reaching? And is it targeted enough?”—Telehealth Program

Staff

“There was some media push, I think, and this is all with COVID… ‘Hey, everyone should still get care, and you can get care in these different

ways.’ But I don’t know if that extended beyond things like local news or local radio. I don’t know if they went on Spanish language

programming to try to help get that word out. So, it’s always one of those things where you wonder, are we only talking to one subset of the

population? Are we just skipping over a whole group of folks who would probably benefit from this?”—Physician

“There is also a cultural reason for that, that the relationship with the provider is so important, because to them video visit doesn’t feel like a full

in-person—it’s not the same. It’s not the same experience, not the same feeling that you have established a relationship with the provider and

that you’re getting everything out of the visit that you would normally get when you showed up in the clinic… I don’t see a wider outreach effort

in order to normalize this and make this an option that is equal in quality to an in-person visit.”—Professional Medical Interpreter

“…It scares them. It’s a technology issue, language issue, the app is in English. Then when they are in the clinic, they know that an interpreter

will show up in one way or another, whether phone, video or in person they will be there. With video visits they don’t know. Will there be

language support? What is going to happen? Yeah. It’s a little unsettling to them. A cultural issue comes into play also, that this is not a real

doctor visit, it’s just all on TV, right?”—Professional Medical Interpreter

“It seems like [video visits are] something that could cost more money, and there should probably be some kind of thought and research as to

how we promote that cost point, and how we communicate that cost point.”—Marketing

Offering video

visits to all patient

families

“We should have a systematic approach across the board… it’s not selectively sharing information. It’s sharing information by default. So every

person that walks into a clinic or every person that calls our nurse line is asked the same exact questions… ‘Do you have access to the

portal?’ Right? It removes all possible bias… Certain biases are just going to play out. So the more you can automate it and the more than you

can put it actually in the—in the hands of the patient, the better your uptake.”—Telehealth Program Staff

“First, unfortunately, people were actually told that only English-speaking patients could do video visits because there was not a great way to

get interpreters involved. They did change that, and then there were multiple iterations of having interpreters involved… And now they can be

ideally, easily in part of the visit.”—Telehealth Program Staff

“I’ve heard anecdotally from providers, which makes total sense… they want a successful encounter. They want to feel comfortable. They are

so busy, so trying something new is stressful… They think, ‘Oh, gosh, if the interpreter’s not there, or they don’t understand me, of if the

connection drops,’ then I mean there are just so many things that can go wrong… Connection is dropping, or the provider or clinician not

knowing what to do or how to unmute themselves, or all these sort of like technology stressful things that they have to think about… So just

wanting it to be in their control—that makes total sense to me that it wouldn’t be the most comfortable thing to try something new or add onto

their plate with the non-English-speaking family.”—Telehealth Program Staff

“Also, ‘Are you biological mom?’ Because if you’re foster, or a guardian, then that’s another hurdle to for Video Visit. So, as we’re talking, even

before I say, ‘Video Visit,’ because I don’t want to offer it to a foster mom who doesn’t have all the paperwork.”—MOSC

“There were people—potentially significant number of people that were hesitant at failure of a video visit, and that just creates some bias,

whether subconscious or not of saying, ‘I’m not even going to offer it to you because I don’t think you’re going to be able to handle

it.”’—Telehealth Program Staff

“People of course have biases in their mind of who’s going to follow through with the video visit. So Dr. X doesn’t get mad at the person that

scheduled it. You know? There are just so many ways on both sides that people want it to go well. So, they’re going to lean toward the family

that’s probably there early. And maybe looks a certain way. And maybe has a certain type of insurance.”—Telehealth Program Staff

“It seems like commercial patients are just, they’re more responsible with MyChart. And following up with stuff like that, than Medi-Cal… And

sometimes I’ll skip that step [of enrolling them in MyChart], and that tends to be more Medi-Cal patients than commercial patients.”—MOSC

“Clinic staff and people who know these patients probably have a good idea or sense, or even maybe a little bit of bias, in their mind in terms of

do they no-show a lot? Do they maybe not follow through with things?… I heard doctors saying they wanted their patients and themselves to

be set up for success. So if there’s a family that maybe doesn’t have great technology, they’ve said that before. Maybe they don’t have phones

or emails. They’ve said that before. I don’t think they’re going to try something new out, or something stressful with that particular

family.”—Telehealth Program Staff

Mitigating digital

literacy barriers

“The majority of the patients I think that I’ve seen who have done video visits have been those with private insurance. Again, those with higher

SES, more medically sophisticated, so not necessarily patients whose parents have graduate degrees or other things, but people who have

navigated the system well.”—Physician

(Continued)
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TABLE 4 | Continued

Theme Exemplary Quote

“Our experience is that with populations who are limited English proficient, or deaf populations it was a learning curve when the pandemic

started and the video visits became the new normal. The instructions on how to log on, how to set it up were difficult,

cumbersome.”—Professional Medical Interpreter

“If you have a parent who’s really technical and they can get on and they know how to do that, it’s a walk in the park for them. But then, we

might have our older folks—we have a lot of grandparents raising their grandkids nowadays, you know? So, that’s a big one for them. I’ve had

a couple of families that just, no matter how many times we’ve walked through it or we’ve showed them, or we’ve talked to them, they just still

sometimes struggle, and I think that just is age and their savviness of technology.”—Clinic Nurse/Manager

“Either they don’t have the right technology, meaning their phone isn’t up to date, or they don’t have the right thing, or they just get so

frustrated because they don’t understand that they just want to give up, which is totally fine. So, then we usually just call the clinics, let them

know what’s going on, and then they’ll change it to a telephone appointment.”—IT

“Everything is in English. To sign up all of the terms and conditions that you’re accepting are in English. So unless they have someone with

them, or on the phone translating, that’s tough. Of course, I mean we have now video visit instructions translated into Spanish, and working on

other languages. But you still need—the whole system isn’t translated. So, buttons are in English when you press ‘Begin Visit,’ so that’s

tough.”—Telehealth Program Staff

“Because the app is only offered in English, that’s probably the biggest driving factor. I mean, I can promote it in Russian, but frankly, that’s a

little misleading if we’re not actually offering it in Russian. So, I wouldn’t suggest that we publish materials in other languages unless the end

result is going to also be offered in other languages… I wouldn’t want someone to be encouraged to sign up and download something, and

then get in there and realize, ‘Oh, this isn’t what I thought.”’—Marketing

“I know some of our families that I think definitely would benefit, but… I think it’s unfair because of the language barrier. So, we’re asking them

to sign up for this things that’s completely in English and it’s like, that would be like them telling us to sign something, for me, I don’t speak

Chinese. So, it would be like, ‘Okay, all this is in Chinese, but sign up for it.’ And you’re looking at it like it’s completely foreign, so I wish and

hope that it would be in other languages, just to make it more user friendly for our people, our patients, our families.”—Clinic Nurse/Manager

Expanding health

system resources

to support families’

specific needs

“We’ll have to do a better way of identifying why those gaps are there, and trying to meet them. But I think updating your website to be more

clear, and maybe use bullets instead of paragraphs to communicate. And making sure we’re translating.”—Telehealth Program Staff

“Having more extensive social work and care coordination that’s culturally competent around specialty and primary care and really

understanding who our populations are and targeting—targeting interventions that meet those people where they need to be

met.”—Telehealth Program Staff

“I’d still say that video visits where I use an interpreter are still in the minority of what I do, and I think a lot of it is just like, I think a lot of it goes

to the amount of time our nurses will spend…. They will look at the clinic schedule and they will make it a point to contact the family… But it’s

very time consuming, and in the past few months, they haven’t been able to do that as much, because now it’s just super

overwhelming.”—Physician

“Parents usually would spend a good amount of time with the interpreter on the phone just trying to get them through the steps of getting into

the video visit. So, very frustrating on all sides… It was so frustrating and they would just rather come into the clinic… So, some gave up and

started coming in when the clinic’s opened again.”—Professional Medical Interpreter

“[With COVID] our workload has just gone through the roof. So, it’s like we can’t spend as much time with these patients to get them 100

percent comfortable if they’re not already tech savvy or they’re not comfortable resolving issues on the fly as they go… It’s that balancing act of

how do I make sure the patient’s good and how do I make sure my team’s good so we’re meeting our daily numbers.”—IT

“We need more [IT Help Desk] people. We are hiring more people, so I’m optimistic. Here’s the thing. With hiring more people, even still, I

mean, what we’ve been told to do, the quality is suffering… Yes, [the patients’ families are] getting a call, but it’s in one ear and out the other. I

hope that maybe having more people will help that, but still it’s so much volume. There’s so many people that I don’t know if they’re going to

be getting the experience that I would personally want them to have.”—IT

“They’ll say, ‘Well, the kid doesn’t have a cell phone… Can we use mine?’ It says no; it’s gotta be the child’s… [The teens] have to have their

own email or cell phone, because it’s the kid’s medical record. Because they have to have full access to have a Video Visit to

MyChart.”—MOSC

“I have a patient yesterday who specifically said that they live in a rural setting and they do not have a very reliable high-speed internet

connection.”—Physician

“Big hurdles that I’ve heard from families are like, ‘I’d love to do a video visit, but the thing is, we only have one computer for the whole

household. If the other sibling is using the computer for school, then I can’t use it for this.’ In some of our families that live in really rural areas, I

have to admit, it was very educational for me. Internet access is not as ubiquitous as I would have imagined, and so that was a

huge challenge.”—Physician

Engaging and

empowering

health system

personnel to

expand video visit

access

“And then I think sort of calling out the data, too, so people know that this is happening. Like, ‘Did you know that we as a department only saw

X percent of non-English-speaking patients through video visit?’ I think without people sort of showing this disparity and this gap in care to

people, then having that awareness will hopefully help people to change.”—Telehealth Program Staff

“How do you turn this situation around? It takes the individualized approach, it takes patience, it takes working, putting resources into it. So, if

we are looking for volume, then yes, they’ll come back. They’re back in clinics in high numbers. But that’s not what we are looking at, right?

That’s not the goal. The goal is maybe triage and handle appointments that can be done through video, do them that way. But, for LEP [limited

English proficiency] populations they were just sitting tight and waiting for once the clinics would open back up.”—Professional Medical

Interpreter

“I would love to have more metrics and data around who’s using it, and then within that, what demographics are using it, so that we can better

identify who isn’t using it, and hopefully find ways to advance this program amongst that population group… I would want to see age, race,

language spoken, household income, things like that.”—Marketing

(Continued)
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TABLE 4 | Continued

Theme Exemplary Quote

“We made the impossible happen. Going from 100 video visits a week to 5,000 a week for COVID. So we can do even better now. I think

smaller groups, showing the data, showing research to people, and then like what you’re doing. Asking them, the people who are on the

ground and part of it every day, of what would make it easier for everyone, to open up the access.”—Telehealth Program Staff

“As far as the staff, I don’t think that they feel that they have a big, powerful voice… For instance, my phone bank, my MOSC who’s answering

the phone, she might not feel like, ‘Hey, who do I even go to let them know this issue?’… So, you know, having somebody at the higher level

who can make that decision understand that this is a real issue at the patient level.”—Clinic Nurse/Manager

“I think that we need more dedicated effort to specifically reaching out to those groups that are underrepresented when it comes to MyChart

enrollment, and in addition, those groups that are underrepresented for having a video visit done… It would be great to hear from the families

themselves about what the barriers are so that whatever outreach we provide can be most effective. So, rather than offering a solution that we

think will work, finding what solutions will work for those families, probably not going to be one size fits all.”—Physician

“I think that it would be in our best interest to partner with the Office for Health Equity very frequently… That overall plan [to address video visit

equity issues] needs to be built… The health equity group and communications would all be good to have at the table when that plan is being

put together.”—Marketing

MOSC, medical office service coordinator; IT, information technology.

TABLE 5 | Local actions taken to address identified factors contributing to differential use of video visits and the theme(s) each action targets.

Action Description Theme alignment

Quality improvement team Multidisciplinary quality improvement team organized to decrease the difference between English vs.

non-English-speaking patients for the percentage of video visits among all ambulatory visits.

(1) (2) (3) (4) (5)

IT help desk outreach IT help desk has a targeted patient outreach workqueue (which includes non-English-speaking patient

families); they proactively call these patient families when a video visit is scheduled to offer their

assistance.

(2) (3) (4)

Language-appropriate

materials for low-literacy

audiences

IT Education and interpreting services are creating language-appropriate video visit materials designed

for low health literacy patient families.

(1) (2) (3) (4)

Integration with video

interpreting services

Video interpreting services platform now integrates into the video visit encounters; interpreters can be

scheduled or invited to join the video visit on demand.

(4)

Patient navigators The health system is hiring patient navigators to assist patient families with their additional needs in

navigating the video visit process.

(2) (3) (4)

IT, information technology.

(1) Promoting video visits in a way that reaches all patient families; (2) Offering video visits to all patient families; (3) Mitigating digital literacy barriers; (4) Expanding health system

resources to support families’ specific needs; (5) Engaging and empowering health system personnel to expand video visit access.

not speak English, video visits requiredmore time and effort from
the health system in comparison to in-person visits. As a result,
participants stated that “it’s too much work” to do a video visit
for certain patients. Additionally, video visits required extra steps
on the family’s end. Some parents who wanted to have a video
visit for their child were left feeling frustrated and ultimately
gave up despite assistance from the health system. Others could
not have a video visit due to lack of equipment or insufficient
internet access.

Theme 5—Engaging and Empowering Health System

Personnel to Expand Video Visit Access
Some participants articulated the need to raise awareness about
the differential uptake of video visits by certain groups of
patient families. They explained that frontline providers and
administrators were likely not aware of the differences in
video visit access in certain populations. Very few of our
participants responded that there were differences in uptake
of video visits by groups of patients defined by insurance or
language status when asked the open-ended question about their
observations of any differences in video visit use depending on

patient or family characteristics. However, upon being presented
with the quantitative analyses of this current study, almost
every participant said, “I’m not surprised.” They requested that
these analyses be disseminated so that data transparency could
influence individual- and systems-level changes. In addition to
increasing awareness, participants recommended empowering all
providers to advocate for their patients’ needs and to provide
providers with the necessary resources to best support their
patient families.

DISCUSSION

This mixed methods study profiled pediatric ambulatory
encounters during COVID-19 and identified that being non-
English-speaking and having public insurance were independent
risk factors for lower odds of having a video visit rather than an
in-person visit. The subsequent qualitative exploration provided
a contextualized understanding of video visit usage and identified
various factors perceived to contribute to the video visit access
inequities. Our solution-based themes identified that strategies to
improve equitable access include expanding the reach of video
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visit promotions, standardizing the process of offering video
visits, enhancing resources to support all patient families, and
engaging all health system personnel to address inequities.

The data from our present study adds to the growing body
of evidence suggesting that the expanded adoption of telehealth
during COVID-19 may be taken up by some groups of patients
more than others. Our findings, that insurance and language
are predictors of video visit use, are consistent with previous
non-pediatric research highlighting this differential use. Data
from one study examining internal medicine primary care visits
suggested decreased video visit access among patients who
were publicly-insured, non-English-speaking, and non-Hispanic
White (14). Furthermore, Spanish-speaking patients and those
enrolled in Medicaid have been found to be less likely to have
access to technology that enables video visits (27). Qualitative
research highlights that medical providers report seeing fewer
patients with limited English proficiency than usual in the setting
of increased video visits during COVID-19; low digital literacy
and English-only telehealth platform instructions are described
as factors contributing to low video visit usage among this
population (28). Regarding our finding that the 0–1-year-old age
group had the lowest odds of video visit use, this differential use
is likely explained by the relatively high proportion of visits in
this age group that involve immunizations and thus require an in
person visit.

The limited pediatric-specific research on video visits during
COVID-19 has examined video visit utilization among single
specialties and has mixed results. One study of pediatric
neurology encounters found video visits to be less frequent
among patients in racial or ethnic minority groups (29). Another
study of pediatric otolaryngology encounters demonstrated no
change in the proportion of Spanish-speaking and Medi-Cal
patients seen by the clinic when they transitioned from in-person
visits to exclusively video visits; however, Spanish-speaking
families were more likely to require rescheduling of their video
visits, which the authors used as a proxy measure for barriers
to access (30). This context of exclusively offering video visits is
one potential explanation for why this pediatric otolaryngology
study had different results than our present study. Nevertheless,
the authors similarly concluded that increased staff support is a
necessary investment to provide a sustainable level of video visits
to patient families with language barriers.

Findings from our current mixed-methods study were
presented internally and activated immediate actions to begin
addressing the identified differential uptake of video visits
by certain groups (Table 5). First, a multidisciplinary quality
improvement team convened to decrease the difference between
English vs. non-English-speaking patients for the percentage
of video visits among all ambulatory visits. The improvement
project used the study analyses to inform their key driver
diagram and initial tests of change. As part of this improvement
project, real-time data on video visit usage by language
will be disseminated to telehealth program leadership and
clinics. Second, the IT help desk received training on how to
use interpreter services when assisting non-English-speaking
patients and families. The help desk also has a targeted patient
outreach workqueue. They proactively call patient families
when a video visit is scheduled to offer their assistance;

non-English-speaking patient families are on that list. Third, the
telehealth program leadership began investigating the potential
use of the multi-lingual MyChart platform. Simultaneously, IT
Education and interpreting services are working to simplify
patient family-facing video visit materials in order to ensure that
resources are not only language-appropriate but also effective
for those with low health literacy. Fourth, we implemented a
streamlined workflow whereby our video interpreting services
platform,Martti (Cloudbreak Health, Columbus, OH), integrates
into the video visit encounters. Providers can either schedule an
interpreter ahead of time, or providers can invite the interpreter
to join the video visit on demand. Fifth, the health system is
hiring patient navigators to assist patient families with their
additional needs in navigating the video visit process. We will
apply continuous improvement processes to identify how to
optimize this new resource. Finally, recognizing that similar or
additional differences in video visit use may exist in the adult
population, a team began applying our approach with pediatric
data to the adult ambulatory video visit data. We believe that
a similar approach to internal analysis of video visit use by
patient characteristics, reporting, and action would be valuable
to other health systems and is reflective of quality improvement
best practices.

As our process of disseminating our findings internally reflects
best practices, the strategies identified by our study participants
to improve video visit use by all of the patient families reflected
in our study are consistent with strategies being promoted
by national public agencies. The Centers for Disease Control
and Prevention COVID-19 Response Health Equity Strategy
emphasizes the importance of disseminating materials that are
tailored to be culturally relevant and linguistically relevant for
diverse groups (31). Similarly, a recent publication on disparities
in telehealth access for vulnerable populations recommended key
actions that are similar to the solution-based themes from our
present study (14). These recommendations included identifying
potential disparities in access (e.g., monitor data), mitigating
digital literacy and resource barriers (e.g., educate and train
patients in digital skills), removing health system-created barriers
(e.g., offer video visits to every patients), and advocating for
changes to support sustained and equitable access (e.g., expanded
low-cost or free broadband).

The findings in our study were specific to our medical center
and may reflect circumstances and contextual factors that were
unique to our setting. Other medical centers might not identify
the same patterns that we found in our study. Nevertheless,
many of the findings are likely transferable to other pediatric
ambulatory practices, and our study highlights the importance of
conducting such investigations that explore potential disparities
in video visit access and areas for improvement. Another
limitation in our study was that the appropriateness of the type
of visit was not assessed. We thus could not determine if a video
visit vs. in-person visit was warranted for a particular encounter.
The qualitative findings represent only the perceptions from our
group of participants. However, we interviewed a diverse group
with respect to their clinical roles and experiences. Interview
participants shared their perceptions of patient and parent
experiences; however, we did not include patients or parents in
this study. Gathering data from the perspectives of patients and
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parents was beyond the scope of this present study but should be
explored in future research. Addressing patient families’ unique
needs requires their input and perspectives. Importantly, future
research that gathers data from patients and parents should
ensure diversity in participants in order to understand how
to best support diverse populations with telehealth services.
Furthermore, participants who agreed to participate could
also have extreme perceptions. Despite these limitations, this
mixed methods study provided useful information to inform
interventions to improve the pediatric video visit program and
mitigate access inequities.

In conclusion, our profile of pediatric ambulatory video
visit use by patient characteristics during COVID-19 identified
differences, with lower odds of video visit use among non-
English-speaking and publicly insured patients. Our mixed-
methods approach allowed for the perspectives of our interview
participants to contextualize the finding and lead to suggestions
for improvement. We found that expanded reach of video
visit promotions, standardized offering of video visits, enhanced
resources to overcome digital literacy barriers, expanded
resources to support all patient families, and engagement of
providers to address inequities are potential strategies that may
be incorporated to improve equal access to video visits among
our diverse patient population. Therefore, both our findings
and the approach to obtaining them present models for other
health systems to ensure that all patients and families receive
equal opportunity to reap the benefits of video visits, during the
COVID-19 pandemic and thereafter.
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Objectives: With the evolving COVID-19 pandemic and the emphasis on social

distancing to decrease the spread of SARS-CoV-2 among healthcare workers (HCWs),

our pediatric intensive care unit (PICU) piloted the integration of Zoom meetings into

clinical rounds. We aimed to explore the feasibility of these hybrid virtual and physical

clinical rounds for PICU patients.

Design: Mixed quantitative and qualitative deductive thematic content analysis of

narrative responses.

Setting: PICU, single tertiary-care academic center.

Participants: Multidisciplinary PICU HCWs.

Interventions: Integration of Zoom meeting into clinical daily PICU rounds.

Measurements: For the quantitative part, we gathered the details of daily PICU hybrid

rounds in terms of times, number of HCWs, and type of files shared through Zoom. For

the qualitative part, open-ended questions were used.

Main Results: The physical round took statistically significantly less time

(34.68 ± 14.842min) as compared with the Zoom round (72.45 ± 22.59min),

p < 0.001. The most shared component in the virtual round was chest X-rays

(93.5%). Thirty-one HCWs participated in focus group discussions and were included

in the analysis. Some of the HCWs’ perceived advantages of the hybrid rounds were

enablingmultidisciplinary discussions, fewer round interruptions, and practicality of virtual

discussions. The perceived challenges were the difficulty of the bedside nurse attending

the virtual round, decreased teaching opportunities for the trainees, and decreased

interactions among the team members, especially if video streaming was not utilized.
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Conclusions: Multidisciplinary hybrid virtual and physical clinical rounds in the PICU

were perceived as feasible by HCWs. The virtual rounds decreased the physical contact

between the HCWs, which could decrease the possibility of SARS-CoV-2 spread among

the treating team. Still, several components of the hybrid round should be optimized to

facilitate the virtual team-members’ interactions and enhance the teaching experience.

Keywords: PICU hybrid rounds, PICU videoconferencing through Zoom, PICU Zoom teleconferencing, PICU

multidisciplinary virtual round, Zoom clinical rounds

INTRODUCTION

SARS-CoV-2 infections continue to surge with more than 140
million confirmed cases of COVID-19, including more than 2
million deaths, as reported to theWorld Health Organization (1).
With the second and third waves surging in multiple countries
and several SARS-CoV-2 variants posing more challenges, the
healthcare system needs more innovations to mitigate the surge
in cases and protect the healthcare workers (HCWs) on the front
lines (2, 3). Some healthcare systems emphasize the importance
of infection prevention for the HCWs even outside the clinical
areas due to their vital value (4).

Social distancing is one of the pillars of infection control
measures, which may seem difficult to apply in daily hospital
rounds, during which the whole healthcare team meets at the
bedside, discussing the new clinical developments and best
management approach for each patient. Previous research shows
that most activities on attending rounds do not actually need
to take place at the bedside (5). Another similarly important
aspect of these bedside rounds is the clinical teaching and
multidisciplinary interactions that are vital to the ongoing
process of perfecting the healthcare professionals of the future
with better utilization of healthcare resources, which also does
not necessarily require close gathering at the bedside (6).

After successfully implementing the virtual handover process
of our pediatric intensive care unit (PICU) patients during the
COVID-19 crisis (7), we planned to explore the feasibility of
a hybrid morning daily clinical round in the PICU that was
implemented in September 2020 (Appendix 1). This pilot study
explores whether this hybrid round style decreased the timing
of the physical proximity between the HCWs. Another aim was
to facilitate multidisciplinary team discussions, especially when
several team members were not attending the hospital daily
during the pandemic crisis.

METHOD

Study Design
This study is a mixed quantitative and qualitative deductive
thematic content analysis of the narrative responses from various
HCWs in the PICU. The main aim of the qualitative component

Abbreviations: CDC, Centers for Disease Control and Prevention; COVID-

19, coronavirus disease 2019; EHR, electronic health records; ePPE, electronic

personal protective equipment; KSUMC, King Saud University Medical City;

PICU, Pediatric Intensive Care Unit; RT, respiratory therapist; WHO, World

Health Organization.

is to seek future potentials for this novel, hybrid-style PICU
round application. We choose the focus group (F.G.) method
to clarify issues that may be difficult to raise in one-to-one
interviews, such as dissatisfaction with services provided (8).

Setting
The HCWs of the PICU at King Saud University Medical City
(KSUMC) include six consultants, eight registrars, four to six
training residents, two PICU fellows, 45 nurses, one pharmacist,
one clinical dietician, one social worker, and rotating respiratory
therapists. The PICU team serves 15 ventilated beds.

The hybrid rounds were newly implemented onMay 15, 2020.
Their structure consisted of starting the daily clinical round
with a Zoom R© meeting involving all the members of the PICU,
including the physicians, bedside nurses, pharmacist, dietician,
respiratory therapist, and social worker. The Zoom R© meeting
was mainly devoted to discussing all the patients, including all
the clinical data from all involved disciplines; the suggested
management plan; and the educational aspect needed for specific
clinical issues. After the virtual meeting, the on-call team, bedside
nurses, and whoever is needed in the PICU attends the physical
rounds at the bedside for the issues requiring addressing there
and counseling the parents about their child’s status.

Sampling and Recruitment
HCWs from various PICU backgrounds were invited to
participate in this F.G. on November 12, 2020.

Data Collection
Open-ended questions were used as per Appendix 2.

Data Analysis
The first step in the analysis involved reading and familiarization
with the participants’ range of responses. Categories were
established, and two authors (NA and MT) developed codes
independently. NA, an expert in qualitative methodology
working in family and community medicine, introduced an etic
perspective of the topic, and MT, a PICU consultant, introduced
an emic perspective.

The developed codes were similar and were discussed before
a consensus on the coding frame was established. All themes
were a priori themes; however, the range of responses under
each subtheme was derived from the data. Qualitative data
management was conducted using NVivo 10 R©.

After obtaining institutional review board approval, we
invited PICU physicians of KSUMC, who had been working in
a hybrid manner using Zoom R©, to describe their experience
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through a qualitative F.G. virtual meeting. Content analysis was
used to analyze the participants’ responses. The results were used
as a part of the quality improvement project and shared with the
pediatric department quality committee.

Statistical Analysis
Descriptive statistics were used to summarize the data. For the
categorical data, we used frequencies and descriptive procedures
(minimum, maximum, mean, and S.D). A line chart connecting
a series of data points with a continuous line is used to show the
trend over time.

RESULTS

Quantitative Part
Our analysis shows a clear difference between the time spent
during the Zoom R© rounds and physical rounds as shown in
Table 1. Additionally, over the 1-month pilot study period, the
time spent during zoom rounds has dropped from around
60min in the beginning to around 40min at the end of the
month although the number of patients was almost consistent
throughout the month. This trend was also observed for the
physical rounds as time spent dropped from 38 to 18min
(Figure 1).

The paired-samples t-test was used to compare the duration
of the round (minutes) between physical and virtual rounds; the
analysis shows that the physical rounds required significantly less
time (M = 34.68, SD = 14.84) than the virtual Zoom part (M =

72.45, SD= 22.6), p < 0.001.
Regarding the number of staff who attended the hybrid

rounds, our results show that the number of HCWs attending the
Zoom R© part increased steadily over the study period, from seven
in the beginning to more than 15 at the end of the month, and the
number of the staff who attended the physical (in-hospital) part
remained somewhat stable over the study period (five to seven) as
shown in Figure 2 and Table 2. During the Zoom meetings, the
most commonly shared files were chest X-rays that were shared
almost daily (Figure 3).

Qualitative Part
Twelve PICU HCWs joined the F.G.: three consultants, three
specialists, two training residents, two nurses, a pharmacist, and a
dietician. During the meeting, participants discussed factors that
affected their practice as a result of online rounds. The following
presents the themes that were discussed during the F.G.

PERCEIVED ADVANTAGES OF HYBRID
ROUND

Besides lowering the chances of being infected with COVID-
19, participants mentioned other advantages they perceived
as a result of using hybrid rounds. The following represents
subthemes of perceived advantages.

Multidisciplinary Meeting
All participants believed that one of the most significant
advantages of Zoom meetings is the opportunity to assemble

people from different specialties at the same time to discuss
patients’ conditions.

“The only thing that I think Zoom probably has an advantage
in is for the multidisciplinary meetings regarding patients with
different subspecialties joining. Otherwise, we do have difficulty
arranging a meeting that suits everybody” P10.

The participants appreciated the convenience of inviting
colleagues from other disciplines to discuss PICU cases. “You can
invite any subspecialty, who could attend with us. . . if we need to
discuss a specific patient for a specific concern” P1.

Family Involvement
All participants appreciated the benefits they encountered
regarding online communication between the PICU team and
families. According to them, not having several family members
at the bedside made them better focus on their clinical rounds,
finish on time, and give families their undivided attention when
discussing their children’s medical status.

One participant remarked, “Now we focus more and avoid
distractions from overcrowding areas. . . just avoid noisy areas
with families gathering or interrupting the round” P8.

Another one added, “We have a special link for the
families. Also, that is really very helpful for us because
otherwise the families are coming during COVID crisis and
interrupting the team dynamics, it is helpful for the PICU
workflow” P2.

The Practicality of Online Meetings
Participants mentioned many points related to the practicality
of online rounds. All participants agreed that having online
meetings from their offices was more convenient. “It’s very
convenient that you could be sitting all the time discussing things
you could have your cup of tea or coffee in your officewhile you’re
in the round” P10.

Four of them also expressed being more efficient after the
introduction of online rounds. For example, “My computer is
in front of me, so I’m checking the patient during the Zoom
round. I can check the labs, check the literature while they discuss
the patient’s condition. . .When we finished the rounds, I can
promptly put the orders in the EHR. Previously, with the physical
rounds, I had to wait until we finish, and then I would go to my
office and start doing the orders for the patients, which is more
time-consuming” P5.

Another participant added, “For us, Zoom meetings are
effective: we can finish our task during the rounds. We can finish
the orders swiftly” P11.

PERCEIVED CHALLENGES OF HYBRID
ROUND

Participants in the F.G. addressed some challenges that they faced
during hybrid rounds. The following presents the subthemes that
emerged from the discussion.

Nursing Duties
During the F.G., both nurses agreed on the difficulty of keeping
up with online rounds and patient care at the same time.
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TABLE 1 | PICU Zoom round and physical round times (in minutes).

N Minimum Maximum Mean Median Std. Deviation Sum

Zoom time 31 45 122 72.45 65 22.590 2,246

Physical round time 31 10 70 34.68 33 14.842 1,075

FIGURE 1 | Zoom time and physical round time in minutes per day. *ECG, electrocardiogram; EHR Electronic Health Records; CXR, chest X-rays.

FIGURE 2 | Total number HCWs who joined both the Zoom and the physical (in-hospital) part of hybrid rounds per day.

TABLE 2 | Total number of HCWs who joined the Zoom part of the hybrid PICU round and the actual HCWs who joined the subsequent physical round.

Minimum Maximum Mean Median Std. Deviation

Total number of HCWs who joined Zoom part of hybrid rounds 6 23 14 15 4.224

Actual in-hospital HCWs attending the physical part of hybrid rounds 3 21 6 5 2.053

However, this is similar to the previous PICU rounds, when the
nurses used to attend frequently to the patient’s needs while the
charge nurse would continue with the round. This was explained
by one of the participants: “The charge nurse should be present
throughout the hybrid round. . .And the assigned nurse for each
patient before the pandemic will be involved in the rounds when

her assigned patient is being discussed. Now, if we are asking
nurses to attend the whole Zoom rounds, that could be less time
attending their patients?” P5.

A head nurse added, “Sometimes while we attend the Zoom
round, something may happen to the patient, and the bedside
nurse has to go inside the room immediately. . . so, when not
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FIGURE 3 | Total views per type shared on the Zoom round over the month. EHR, electronic health records; CXR, chest x-rays.

discussing their cases, there is no point in attending the whole
Zoom round” P3.

The time nurses spent on online rounds was sometimes
lengthy yet justified from their perspective: “It’s different from
day to day, but it’s around one or one and a half hours. According
to the number of patients we have and the severity of the cases
and if theymay need a lot of discussions or havemultiple teaching
points” P3.

This challenge experienced by the nurses made some other
participants look for a solution to overcome it. A resident
commented, “I suggest that we can have sequence numbering of
patients that we are discussing. Number one would be the first
patient to discuss, can be the sickest one. Number two, the less
sick. . . and like that. The nurse would be able to know the order
of when they are discussing her patient and be prepared to log in
on time” P6.

Another consultant noted, “So, if they can share with the
nurses through one dedicated device with the charge nurse
handing it to each assignment nurse. So when we are discussing
patient X, the device will be with the nurse assigned to patient X.
They would attend for 15–20min, then they will be focusing on
patient care” P12.

Teaching Opportunities
Both residents within the F.G. were concerned about learning
and commented on the effect of hybrid rounds on teaching
opportunities. “Previously, there was more discussion and more
teaching points to be addressed. I lost that sense in the hybrid
rounds” P11.

One participant compared the discussions held at the bedside
with those online; she explained, “Usually, bedside teachings were

better. There’s more discussion and more brainstorming and
motivates me. . . ” P8.

She continued, “When things occurred during the round, the
whole team is involved, to reflect on what happened. . . and how
wemanage it. . . This aspect of the teaching: we lost because we are
sitting away from the patients during the round, just to be able to
focus more and avoid all distractions” P8.

Furthermore, residents commented on the effect of
hybrid rounds on “X-ray rounds,” one participant explained,
“Previously, we used to start our PICU rounds with X-ray
rounds, for 20min discussing only all radiological exams of
PICU patients. Nowadays, during COVID, we’re having Zoom
rounds, we will show some X-rays, we will share the screen for
the X-ray and sometimes pass it quickly” P5.

Participating consultants approved their residents’ concerns

and explained their point of view on teaching using online

methods. One of the consultants noted, “Sometimes, I don’t feel

motivated enough to teach during the rounds compared to the

usual rounds. You can easily change your tone. You see the facial

expressions you see who want to get more of your teaching. So

that would all motivate you to give more” P10.
Another consultant added, “It [bedside rounds] used to be

much more interactive with the application of knowledge rather

than just didactic lecturing online or just answer the questions

rather than building confidence into the solid background of

the theoretical and practical approaches. . . people get “pulled

away” from teaching if they are just facing a screen instead of
reflecting on a patient look or patient monitor or ventilator or
even something in the equipment has changed our approach to
the medications. It’s [face-to-face teaching] totally much more
engaging” P9.
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Furthermore, teaching was affected by the number of residents
attending during the pandemic: “During COVID, it’s really
affected bedside teaching, especially for the residents. Daily, the
hospital decreased the number of residents attending daily to
enhance social distancing. Only three residents (from six or
seven) attending inside the PICU. So, the clinical teaching is
really compromised during this time” P12.

Another participant added, “Still, some residents outside the

hospital had the chance to participate in the Zoom round, so that
could be a chance for more educational interactions even when
they were not there in the physical rounds” P9.

Discussions and Interactions
Although it was recommended that participants use their
cameras during virtual rounds, they mostly did not.

According to a consultant, “We tell people inside the hospital:
please turn on your camera to make more interactions, especially
for teaching or discussions. But mostly, they are not listening;
they just open their mics when they decide to talk” P4.

During the rounds, proper engagement and interactions from
the team members were limited for reasons related to not seeing
the speakers. A participant noted, “The engagement and reading
people body languages, getting people attention, focusing on
what people need, reflecting on and building on ideas gradually as
a group. This is usually done much better face-to-face, compared
to just online. . . The online style maybe limiting the team’s
interactions” P9.

A consultant noted, “I think this sometimes may compromise
a patient’s care if the nurse doesn’t speak up during the online
meeting. During most of the online meetings, the nurses’
interaction seemed less compared as to the face-to-face or
physical rounds” P9.

Another participant added, “The Zoom becomes sometimes
boring. Sorry to say that because, as with lectures, hearing is
not like hearing and seeing, so you cannot fully concentrate and
interact like when you are in physical rounds. You will also feel
distracted since you are in your office; you can do other things
while you are attending the round” P7.

The Need to See Patients in the PICU by All
Team Members
There were different opinions among the care team members
about the utility of the virtual rounds as relates to the patient care.
Physicians within the group thought that online meetings could
not be blamed for compromising patient care as explained in the
following quotes:

“Physicians who are assigned with the patients, they are
coming to the bedside” P3.

“There are several physicians who are already available in the
unit for the patients, so their care is not affected at all” P2.

On the other hand, the nutritionist thought that she needs to
see the patient to provide a better service. She illustrated, “I go
look at the patient and see if he/she is wasted or overweight and
well-nourished. Now I miss those things because I don’t go to
the PICU as before COVID. So, I depend on the numbers, like
height and weight, which are sometimes not accurate, so I must

check with the doctors and nurses about the patient’s physical
appearance” P5.

Role of R.T.s in the Online Rounds
Despite participants’ acknowledgment of the convenience of
multidisciplinary meetings using online methods, this did not
facilitate involving R.T.s, whose roles were perceived as crucial
for patient care quality in the PICU. One of the consultants
clarified, “Before we are having dedicated R.T. to the PICU. Yeah.
Now, during the COVID crisis, the R.T.s are shared with two
or three other units, there is more demand for their services
during the pandemic. It’s mainly a respiratory pandemic. So that’s
a problem. . . it was another challenge to invite them because the
R.T. has very valid points to raise when we talk about mechanical
ventilation.We need them for the full respiratory management of
these children” P9.

DISCUSSION

In this pilot study, the physical PICU clinical round time was
significantly less than the Zoom component. Close contact
with SARS-COV-2 carriers becomes riskier as more time is
spent in such encounters. The Center for Disease Control and
Prevention (CDC) reported in its Morbidity and Mortality
Weekly Report (MMWR) on April 14, 2020, about HCWs who
developed COVID-19 after having longer durations of exposure
to the index COVID-19 patient (9). These findings underscore
the heightened COVID-19 transmission risk associated with
prolonged, unprotected patient contact. The CDC recently
reported that recurring brief encounters could lead to COVID-
19 transmission (9). This could be an additional risk for HCWs
in the acute care areas who manage COVID-19 suspected
patients. Furthermore, asymptomatic SARS-COV-2 infection
was reported in 14.3% of HCWs, implying that strict infection
measures among HCWs are needed to reduce transmission risks
to other HCWs and patients (10).

The implementation of the Zoom hybrid round was feasible
yet challenging in our PICU setting. The utilization of technology
as a novel communication tool during the pandemic and tele-
ICU was advocated in recent literature (7, 11, 12). During
times of physical distancing, HCWs may find it helpful to
use videoconferencing services to sustain professional meetings
and continue educational activities using online platforms (11).
Recent policy changes in telemedicine during the COVID-
19 pandemic have generated technology-based clinical tool
opportunities, which could help conserve personal protective
equipment (PPE) and protect HCWs (13). Such a new approach
was labeled electronic PPE (ePPE), which wouldmaintain clinical
services, preserve the actual PPE, and keep HCWs safe (13).

Virtual rounds in our pilot period replaced 60% of the physical
round. The estimated time saved was utilized to enhance and
augment the discussion about the patients’ conditions, laboratory
findings, and teaching. Such rounds are essential aspects of
the education and teaching of medical students, interns, and
residents, allowing them to understand key information and
develop clinical reasoning (14). Virtual rounds may also decrease
the embarrassment that students may have due to the presence
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of patients. However, one drawback is the lack of patient–
learner interactions (14, 15). Other studies show that virtual
rounds specifically designed to manage COVID-19 patients had
a favorable assessment by patients and learners (16). It is also
shown that virtual teaching is effective and may further enhance
education by the availability of different specialties (17).

Our hybrid clinical round setting allowed multidisciplinary
teams, reaching up to 23 HCW at the same time while
maintaining social distancing. In a perspective piece on remote
pediatric healthcare delivery during the pandemic, researchers
highlighted the different variations and innovations in adaptation
and called for integrating telemedicine and virtual health (18).
Our hybrid approach can be adapted and validated by other
PICUs in which the number of HCWsmay exceed ours and when
physical distancing may not be feasible. Although vaccination
of HCWs is being rolled out with excellent efficacy (19, 20), the
emergence of mutant variants (21–23) will continue to challenge
HCWs and still imply continued universal masking and physical
distancing (24).

Our study participants commented about the need for
flexibility in the hybrid round to allow for patient care as needed.
ICU nursing staff are under unprecedented pressure during
the pandemic and show resilience and continued patient care
despite all stresses and pressure (25); this type of hybrid round
would help alleviate some of that pressure without compromising
patient care.

Some overwhelmed clinical services, such as R.T.s, were
unable to join the Zoom part of the rounds in our setting.
With the overwhelming number of critical care patients requiring
respiratory support, a surge in demand for respiratory therapists
was seen with safety, treatment, and staffing recommendations
published (26) and evaluating tools on R.T. extended comfort
with mechanical ventilation during the pandemic, a hybrid type
of round may help alleviate such pressure on R.T.s allowing them
to have more time to tend to their patients (27).

This study shows that the most shared items during the virtual
clinical round were radiography, EHR vitals, and laboratory data.
The ability to share radiographs is an essential aspect of the Zoom
clinical rounds. In one study, radiology residents could transition
the teaching conference and educational lectures entirely to
a virtual format (28). Of course, as indicated previously, one
possible extension of this feature is that trainees may seek
input from more senior physicians using Zoom methods (28).
This feature was highly appreciated by the residents who were
involved in our study. In addition, it is very convenient to read
out or share screens to discuss other patients’ related data, such
as laboratory data and vital signs either as data points or utilizing
any graphic presentations, provided the patient’s confidentiality
is maintained with Zoom’s end-to-end encryption (29).

Although telehealth has multiple advantages, it also has its
pitfalls. One such pitfall is that physical examination might
not be optimal, especially for new physicians. In one study,
telemedicine demonstrated poor agreement with an in-person
examination of patients with tonsilitis (30). Few studies are
addressing the validity of virtual examinations (31). Because
it is likely that telemedicine for examination will continue
beyond the pandemic, some studies are looking at proposals for

such examinations (32). This requires additional skills of the
individuals using telemedicine, including robust communication
skills and the ability to perform such examinations remotely
and accurately.

Participants suggest that clinical teaching for the training
residents was compromised during COVID-19, especially for
those outside the hospital. The Zoom round seemed to have
both negative and positive impacts on the teachings but needs
to be optimized. It is crucial to build telemedicine into the
residency program’s curriculum and to expose medical students
to the advantages and disadvantages of telemedicine (33).
In addition, it is essential to address technical proficiency,
history taking, examination skills, and communication (34). In
addition, it is important to combine both telemedicine and
in-person clinical rounds as a hybrid activity. A pilot study
of the use of telemedicine in primary care shows general
acceptability with logistics and other concerns. It is important
to note the exposure to telemedicine by medical students,
and 17.4% of students had prior telemedicine exposure (35).
Such integration of telemedicine into medical education is of
paramount importance (36).

The presence of the family during rounds and sharing
decisions will increase family satisfaction during admission and
may enhance the communication between the treating team
and parents (37). However, frequent parental interruptions of
the PICU round increases the round time and affects the team
dynamics (37, 38). Hybrid rounds started initially before in-
person rounds, and this can gather information about the patient
and sharing decisions among medical team, providing a teaching
opportunity for the rotators without interruption from the family
(39). Still, the possibility of a decrease in the quality of face-to-
face interactions between the residents could affect the interactive
family scenarios in the PICU (40).

LIMITATIONS

This single-center experience needs to be validated in other
settings. Training may be more challenging in other hospitals as
our PICU teamwas already using videoconferencing by Zoom for
patient handover. Although we did notice a decrease in the time
of the hybrid round over the 1-month study period for the same
number of PICU patients, this observation might still point to
the team’s learning curve, which has improved over time with the
new hybrid system of daily rounds. However, this study was not
designed to examine the HCWs’ learning curve, and reporting
learning curves in health profession research is deficient and
often underutilizes their desired properties (41). Also, in our
F.G., representativeness was not a goal for the qualitative part of
this study. Therefore, further research could benefit from getting
more nurses’ input on the nature of their involvement with their
PICU patients and families.

In addition, further research is required to focus on predefined
patient outcomes in a multicenter prospective trial. The current
pilot study was intended to check the feasibility of this hybrid
style, and the PICU rounds’ time depends on multiple factors,
such as the number and complexity of the PICU patients and the
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interdisciplinary team dynamics, and other factors that may be
different from day to day. Thus, it could be best to examine the
direct effect of a virtual clinical round on reducing the duration
of the physical rounds in future research.

CONCLUSION

Hybrid-style rounds in the PICU were feasible and decreased
the timing of the physical round. The virtual component of
the daily hospital rounds facilitated multidisciplinary discussions
and trainees’ interactions both inside and out of the hospital
setting. However, there were concerns about the quality of
teaching and team members’ interactions, especially when the
cameras were not used. More studies are needed to explore if the
virtual part of the clinical round is best suited for the patients’
management and HCWs’ experience.
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Introduction: Telehealth utilization has been steadily increasing for the past two decades

and has been recognized for its ability to access rural and underserved populations. The

advent of COVID-19 in March 2020 limited the feasibility of in-person healthcare visits

which in turn increased telehealth demand and use. However, the long-term impacts of

COVID-19 on the telehealth sector of the healthcare industry, and particularly on pediatric

healthcare volume demand and subsequent expansion, are yet to be determined.

Objective and Methods: To understand the impact of COVID-19 on telehealth

utilization, volume demand, and expansion in one large pediatric healthcare system

serving greater Dallas-Fort Worth, Texas, data on telehealth clinic visits by month,

pre-COVID and post/current-COVID were compared. A quasi-experimental pretest-

posttest design analysis compared telehealth visit counts from 54 ambulatory pediatric

health specialties. Pre-post new patient counts were also analyzed via chi square.

Results: Total telehealth visit counts significantly increased between March–October

2019 (2,033 visits) compared to March-October 2020 (54,276 visits). Mean monthly

telehealth visits increased by 6,530 visits, or 2,569.75% over the same time period (p <

0.0001). In October 2020, total telehealth visits were still 1,194.78% above 2019 levels

(345 visits in 2019 vs. 4467 visits in 2020).

Discussion: Results here show a substantial volume increase in telehealth-delivered

pediatric healthcare and resource utilization as a response to COVID-19. This provides a

template for permanent adoption of pediatric telehealth delivery post pandemic. Further

investigation is needed to determine impacts upon resource allocation, processes, and

general models and standard of care to assist facilities and programs to better address

the needs of the pediatric populations they serve in the post-COVID era.

Keywords: telehealth, pediatric, expansion, COVID-19, healthcare, children, adolescents

INTRODUCTION

Telehealth is the use of telecommunication technology to provide long distance health care
services. In the past decade, there has been a dramatic expansion of telehealth services in the
United States (1). Generally, telehealth services are delivered using technological tools such as
live video teleconferencing, store-and-forward technology, remote patient monitoring, telephone,
mobile health applications, text, and email (2, 3). These tools enable providers to deliver clinical
services and treatment to patients remotely in an efficient manner.
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Telehealth has proven to be effective in managing acute
infections, rapid pediatric triage in the emergency department,
and providing positive mental health, primary care, cardiology,
and dermatology outcomes (4). According to Polinski et al.
(4), many patients are satisfied with the quality of care they
receive through telehealth and find that their quality of care
is comparable to that of traditional in-person care. Many
patients prefer the convenience of telehealth services to those of
traditional hospital care (4). Consequently, telehealth utilization
by hospital systems in the United States has increased from 35%
to 76% from 2010 to 2017 (5). Additionally, telehealth insurance
claims increased by 53% from 2016 to 2017 (5). Studies indicate
that telehealth care is cost-effective, especially when used for
psychiatric care, radiology, and home healthcare services (2). It is
also effective in reducing cost of travel and time for medical care,
hospital utilization, improved patient compliance, satisfaction,
and chronic disease management (6).

The efficacy and effectiveness of telehealth has consequently
facilitated the implementation of telehealth programs in many
pediatric hospitals, child care centers, and schools (7, 8). The
incorporation of telemedicine in pediatric settings and school-
based programs has been shown to reduce absenteeism, improve
patient satisfaction, provide cost savings, reduce emergency
department visits, and offer time savings for parents (9).
Currently, medical subspecialties such as pediatric dermatology,
emergency medicine, intensive care, neonatology, cardiology,
surgery, and psychiatry are commonly known to utilize
telemedicine (7).

Despite the many advantages and the growing use of
telehealth in pediatric health, several studies have suggested that
pediatric healthcare volume demand and expansion have been
stifled by restrictive laws and regulations, payment structures,
and reimbursement issues (10–12). Only 15% of pediatricians
in a 2016 study reported having used telehealth (12). The
most commonly reported barriers to telehealth adoption were
insufficient payments and billing issues.

With the advent and spread of the novel coronavirus
disease 2019 (COVID-19) in March 2020—which has
limited the feasibility of in-person healthcare visits across
the United States—telehealth demand and use has become
increasingly important to meeting pediatric health care needs
nationwide. School closures have given telehealth particular
relevance for the pediatric population. Indeed, in a guidance
issued on March 18, 2020, by the American Academy of
Pediatrics, pediatricians were directed to increase telehealth care
services to meet health care demands. This recommendation
facilitated coverage expansion and relaxation of telehealth
regulations in many states, and the expansion of Medicaid
programs and other insurance payers which previously were
barriers to telehealth expansion for pediatricians (11, 12). Thus,
this guidance has opened opportunities for a potential rapid
surge in telehealth utilization in pediatric health care delivery.

Though many recent studies and reports have alluded to the
reduction in barriers to telehealth, and its general increased usage
due to COVID-19 restrictions, an estimate of telehealth volume
demand pre-post COVID-19 for pediatric health delivery has
not been widely reported. The goal of this study is to assess

pediatric healthcare volume demand and subsequent expansion
before and after the advent of COVID-19 within one large
pediatric healthcare system serving greater Dallas-Fort Worth,
Texas. Findings from this study could provide evidence and
direction for extent of adoption of pediatric telehealth delivery
post the COVID-19 pandemic.

METHODS

Study Design
In March 2020, as COVID-19 spread quickly across the world,
leaders at Children’s Health System of Texas acknowledged the
benefit telehealth could bring to the thousands of children and
families that are served locally and regionally. It was decided
to expand telehealth offerings beyond the previous 15 service
areas to include most, if not all, of the 70 ambulatory service
lines within the health system. To understand the implications
and impact of the COVID-19 pandemic on telehealth utilization
within a major pediatric health care system, we performed a
quasi-experimental pretest-posttest design analysis in which the
number of telehealth visits and the number of pediatric specialties
performing these visits were reviewed and compared.

Procedure
To expand telehealth services rapidly, we had to quickly make
assessments of existing resources including technology needs,
staffing—both clinical and non-clinical—and training materials,
and align those with the policy/credentialing, regulatory, and
management needs of the system. Prior to COVID-19, there
were 15 service lines already able to use telemedicine. During the
pandemic, that number extended to 54 individual service lines
(Table 1). A systematic approach was utilized to ensure that the
individual physicians and staff received the appropriate training
and credentialing they needed to use the technology to provide
telemedicine care. This approach utilized teams of hospital
managers and clinical advisors that worked to prioritize which
service lines would receive the training and credentialing, and
in what order. Staff in multiple departments worked around the
clock to compress the work activities necessary to get physicians
and frontline staff ready to use telemedicine.

Working along with clinical leadership in the ambulatory
clinics, a prioritized list was drafted for the development of
each virtual clinic. Prioritization was determined by clinical care
severity levels. Using this method, cardiology, neurology, and
solid organ transplant were among the first clinics implemented.
During this rapid deployment, there were no exclusion criteria
for telehealth visits implemented as federal and state mandates
were in place to open visits to both audio and video-based
visits. In addition, all telehealth visits could be billed under
the emergency status which broadened the visit type allowance.
Generally, visits would need to be via video for billing and
reimbursement to occur in the ambulatory clinical setting.

During the expansion and rollout of the telehealth clinics,
monitoring was put in place to track metrics such as number
of telehealth visits, visit type, length of video/audio consult, and
connection issues (dropped calls, platform disconnects, inability
to use video, etc.). Daily and weekly meetings were convened to
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TABLE 1 | Ambulatory telemedicine groups/clinics, Children’s Health System of Texas.

Group or Clinic Group or Clinic

Allergy and Immunology Nephrology

Andrews Institute Orthopedics and Sports Medicine Neuroimmunology

Clinic for At Risk Children Neuropsychology

Clinic for At Risk Children—Psychology Nutrition

Audiology Our Children’s House Therapy Services

Autism and Developmental Disabilities Orthopedic Surgery

Autism and Developmental Disabilities—Neurology Orthopedics

Autism and Developmental Disabilities—Psychology Pediatric (General) Surgery

Cardiology Pediatric Cardio Surgery

Cardiology—Pediatric Cardiology Associates of Houston Pediatric Neurology

Cardiology—Pediatric Health Specialists Pediatric Neurosurgery

Cityville Neurology Pediatric Urology

Complex Care Plano Allergy/Ear, Nose and Throat

Dermatology Plastic Surgery

Developmental and Behavioral Pediatrics Pre-Operative

Dallas Physicians Medical Services for Children Psychiatry

Endocrinology Psychology

Ear, Nose and Throat Physical/Occupational/Speech Therapy

Emergency Room Center Pulmonology

The FETAL (Fetal Evaluation and Treatment Alliance) Center Rheumatology

General Pediatrics Sleep Clinic

Genetics Solid Organ Transplant

Gastrointestinal Speech Language Pathology—Cityville

Gynecology Surgery Specialty Center

Hematology and Oncology Foster Care Clinic

Infectious Diseases Thrive Post-NICU Clinic

Medical District Primary Care Virtual Health

discuss recent trends and to implement any necessary changes
quickly as the need arose. These data were analyzed in this
study to provide insight on the impact of COVID-19 on
telehealth utilization.

Statistical Analysis
Descriptive analysis was performed for patients’ characteristics
including age, sex, race/ethnicities (non-Hispanic white [NHW],
non-Hispanic black [NHB], Hispanic, and other), preferred
languages (English, Spanish, and other), insurance (government,
commercial, and self-pay) and major diagnostic categories.

Pre-COVID vs. post-COVID visit counts were analyzed
via chi square using Stata (copyright 2020, StataCorp LLC).
Telehealth visit counts were grouped bimonthly (January-
February, March-April, etc.). Bimonthly counts were compared
from January 2019 through October 2020 (the final month with
data available at time of manuscript writing). The primary results
were taken from the comparison of the telehealth visit counts
at the same time of year between 2019 and 2020, in order to
account for possible fluctuations independent of the influence of
the pandemic in healthcare and/or telehealth usage due to time of
year, which might skew results. March 2020 marked the advent of

COVID-19 in the areas served by the Children’s Health System of
Texas, and the period of marked increase for pediatric telehealth
visits; therefore, focus was given to March-October of 2020 as
compared with the same period in 2019, to show the full impact
of the telehealth expansion pre- and post-COVID onset.

RESULTS

Table 2 shows the telehealth patients’ sociodemographic
information and major diagnostic categories where available.
There were 1,779 and 43,997 telehealth visits between January
and October of 2019 and 2020, respectively (total n= 45,772) for
which demographic data were collected. Mean age was 11.8 years
(standard deviation 9.3), 50.7% of the population were male,
and the majority were non-Hispanic White (32.8%) or Hispanic
(31.8%). Most patients preferred to speak English (79.3%),
lived in Texas (98.5%), and were covered by either government
insurance (54.8%) or commercial insurance (44.5%). In 2019,
all patients had urgent care telehealth visits, so the diagnostic
information were not available. In 2020, from the onset of
the pandemic onward, the primary diagnoses were mental or
neurodevelopmental disorders (22.2%), followed by endocrine,
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TABLE 2 | Characteristics of patients based on telehealth visits, Jan–Oct 2019 and 2020.

2019 (n = 1,775) 2020 (n = 43,997) Total (n = 45,772)a

Age at visit, years, mean (SD) 31.2 (11.7) 11.0 (8.1) 11.8 (9.3)

Sex, n (%)

Female 1,353 (76.2) 21,200 (48.2) 22,553 (49.3)

Male 422 (23.8) 22,790 (51.8) 23,212 (50.7)

Unknown 0 (0) 7 (0.02) 7 (0.02)

Race/ethnicity, n (%)

Non-Hispanic white 158 (8.9) 14,859 (33.8) 15,017 (32.8)

Non-Hispanic black 31 (1.8) 8,703 (19.8) 8,734 (19.1)

Hispanic 83 (4.7) 14,456 (32.9) 14,539 (31.8)

Other/unknown 1,503 (84.7) 5,979 (13.6) 7,482 (16.4)

Parent preferred language, n (%)

English 333 (18.8) 35,977 (81.8) 36,310 (79.3)

Spanish 5 (0.3) 5,543 (12.6) 5,548 (12.1)

Other 1,437 (81.0) 2,477 (5.6) 3,914 (8.6)

State, n (%)

Texas 1,761 (99.2) 43,341 (98.5) 45,102 (98.5)

Other 14 (0.8) 656 (1.5) 670 (1.5)

Insurance, n (%)

Government 1 (0) 25,066 (56.9) 25,067 (54.8)

Commercial 1,769 (99.7) 18,584 (42.2) 20,353 (44.5)

Self-pay/unknown 5 (0.3) 347 (0.8) 352 (0.8)

Primary diagnosis, n (%)

Infectious disease N/Ab 322 (0.7) 322 (0.7)

Neoplasms 339 (0.8) 339 (0.8)

Diseases of the blood and blood-forming organs 695 (1.6) 695 (1.5)

Endocrine, nutritional, and metabolic disease 6,776 (15.4) 6,776 (14.8)

Mental and neurodevelopmental disorders 9,782 (22.2) 9,782 (21.4)

Disease of eye and ear 1,173 (2.7) 1,173 (2.6)

Circulatory system disease 1,049 (2.4) 1,049 (2.3)

Respiratory system disease 4,070 (9.3) 4,070 (8.9)

Digestive system disease 4,415 (9.6) 4,415(9.6)

aThe total visits in this table do not include telehealth urgent care patient visits from 2019 and 2020.
bThe primary diagnosis for telehealth visits in 2019 is not available in the electronic health record.

nutritional, and metabolic disorders (15.4%), digestive disease
(9.6%), and respiratory disease (9.3%).

Total telehealth visit counts significantly increased in the
eight-month periods between March-October 2019 (2,033 total
telehealth visits) compared to March-October 2020 (54,276 total
telehealth visits). Mean monthly telehealth visits increased by
6,530 visits, or 2,569.75% when comparing the same two time
periods (p <0.0001). In October 2020, total telehealth visits were
still 1,194.78% above 2019 levels (345 visits in 2019 vs. 4,467 visits
in 2019). Telehealth visit counts for January-October of both
years are shown in Table 3 and Figure 1.

Telehealth visit counts in 2019 were also compared in two-
month groupings via Chi-square against the same 2 months in
2020. Differences were not significant between January/February
2019 and January/February 2020 (both periods pre-COVID; Chi-
square value 0.3231, p-value = 0.570). However, differences
were stark from March/April 2019 compared to March/April
2020 (Chi-square value 791.7409, p-value < 0.0001). This trend

continued for all 2-month groups excepting July/August 2019 vs.
July/August 2020 (Chi-square value 0.3240, p-value 0.569). Full
results of these comparisons are shown in Table 4.

DISCUSSION

Results here show a substantial volume increase in telehealth-
delivered pediatric healthcare and resource utilization as a
response to COVID-19. The differences are not explained
purely by year upon year increases in telehealth usage, as seen
by the lack of statistical difference between January/February
2019 and January/February 2020 periods (both unimpacted by
COVID-19) as opposed to the distinctions seen between the
remainder of 2019 and the corresponding months in 2020.
Trends in utilization of telehealth in pediatric care pre-COVID,
already on the rise, have been accelerated dramatically by the
pandemic (13, 14). Healthcare providers may benefit from a
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TABLE 3 | Telehealth visit counts in 2019 vs. 2020.

Month 2019 2020 % change

Jan 298 343 15.10

Feb 301 369 22.59

Mar 322 1,094 239.75

Apr 283 8,163 2,784.45

May 275 10,751 3,809.45

Jun 168 8,823 5,151.79

Jul 217 8,086 3,626.27

Aug 188 6,614 3,418.09

Sep 235 6,278 2,571.49

Oct 345 4,467 1,194.78

template for permanent adoption of pediatric telehealth delivery
post pandemic.

Children’s Health System of Texas has a long history of
providing telehealth services. Beginning in 2013 with its tele-
neonatology and tele-emergency programs that focused on
providing doctor-to-doctor e-consults to referring hospitals, and
a robust school-based telehealth program that has served over
15,000 patients in North Texas since its inception, the focus of the
telehealth offerings were aimed at strategic priorities—reducing
unnecessary patient transfers and emergency department visits.
In 2015, telehealth services expanded to include direct-to-
consumer telehealth visits, first to employees then for community
pediatric and adult patients within the state of Texas, providing
both urgent care and behavioral health consults. It was
during this time that telemedicine services were offered to
various subspecialties within the health system, while facing
the ever-evolving reimbursement and regulatory challenges that
were common across the country. With these challenges, the
uptake of telemedicine throughout the health system was less
than ideal.

The COVID-19 pandemic increased patient demand for
telehealth services dramatically, as well as our health system’s
need to shift our paradigm in order to help keep our patients
and staff safe. Swift rollout of the telehealth service lines was
crucial in this period. Typically, the training process for telehealth
rollout takes 2–3 weeks to complete per service line. In the
face of the pandemic, this timeline was shortened to <1 week
for each service line. One of the changes in procedure which
allowed this rapid ramp-up was to train and credential the
providers by department, as opposed to individual physicians
on a first-come, first-served basis. Additionally, virtual training
courses were developed to shorten the training cycle and could be
completed by the providers around the clock. Training occurred
separately for each provider and included a virtual mock visit
with a qualified staff member. As many as 2000 providers
were trained in total during this period across the 54 clinical
departments involved.

The need and demand for telehealth in our health system
mimics that of myriad health centers throughout the country
which have had to adapt to the ever-changing and uncertain
environment brought about by the pandemic. The long-term

impact on telehealth utilization across the country is yet to
be seen, but given the shifts in infrastructure, process, and
resourcing that have occurred, it is likely that our system, and
many others nationwide, will be utilizing telehealth at much
higher rates than pre-pandemic in the coming months and years.

Further investigation is needed to determine long-term
impacts upon resource allocation, processes, and general models
and standard of care that COVID-19 has wrought in pediatric
healthcare in the relatively short period since March 2020, as
well as upon patient outcomes and management of pediatric
care, as patients and practitioners alike adjust to the positive
and negative aspects of telehealth as opposed to in-clinic visits.
Better understanding of these impacts and models of rapid
change such as those described above may assist facilities and
programs nationwide to better address the needs of the pediatric
populations they serve through telehealth in the coming months,
and beyond in the post-COVID era.

Study Limitations and Strengths
Analysis was generated from a single pediatric healthcare system
and therefore may not be generalizable to all others. However,
Children’s Health System of Texas covers a very populous area,
with pediatric population over 60% Medicaid and primarily
ethnic minorities (non-Hispanic black and Hispanic patients
combined). Other pediatric healthcare systems with similarly
socioeconomically and racially diverse makeup may benefit from
observation of the model described here. Detailed information
on socioeconomic status of patients were not available for this
analysis, nor were information on other clinical characteristics of
the patient population. The results of the study were captured in
the short term over just a few months. Long-term ramifications
of this drastic increase in pediatric telehealth services will be
observed over the coming months and years in our system
as well as others. Needed adaptations to the model described
here will undoubtedly surface over that period in the changing
environment.

Although the primary diagnosis information from 2019 are
not available to compare by service line against that from 2020
for the purposes of this study, it is nonetheless noteworthy
that the telehealth program instituted across all service lines
used video only, without peripheral devices that can aid in
diagnostic capabilities. This limits the types of diagnoses that
can be adequately assessed and treated remotely. For example,
mental and neurological diseases make up a large proportion
of all visits due to the feasibility of diagnosing over video
and discussing through counseling via telehealth, as opposed
to diseases in in which a hands-on physical exam is needed.
As healthcare systems, including our own, assess the long-
term impacts of COVID-19 on their telehealth programs, the
technologies utilized may adapt to better address these current
functional limitations and may lead to areas of future study.

A result of the study that may become clearer when
summer 2021 data are available to compare against is
related to the difference between July/August 2019 and
July/August 2020, which lacks statistical significance as per
Table 4. Although the reason for the lapse during these
months is unknown, potential contributing factors include
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FIGURE 1 | Telehealth visits by month, 2019 and 2020.

TABLE 4 | Telehealth visit counts in 2019 and 2020*.

Month Jan–Feb 2020 Mar–Apr 2020 May–Jun 2020 Jul–Aug 2020 Sep–Oct 2020

Chi-square

statistics

p-values Chi-square

statistics

p-values Chi-square

statistics

p-values Chi-square

statistics

p-values Chi-square

statistics

p-values

Jan–Feb 2019 0.3231 0.570 667.3949 0.000 6.2841 0.012 6.4221 0.011 17.5348 0.000

Mar–Apr 2019 3.3355 0.068 791.7409 0.000 0.6863 0.407 0.7468 0.388 6.3738 0.012

May–Jun 2019 21.2175 0.000 880.9820 0.000 8.9556 0.003 8.6926 0.003 2.3354 0.126

Jul–Aug 2019 3.0179 0.082 577.0549 0.000 0.2898 0.590 0.3240 0.569 3.7703 0.052

Sep–Oct 2019 7.5797 0.006 384.7218 0.000 47.1565 0.000 47.2342 0.000 72.2360 0.000

*Chi-square statistics and p-values for the difference between bimonthly visit counts in 2019 and 2020.

seasonal downtick in telemedicine usage generally and downtick
in COVID-19 transmission during the warmer months of
summer 2020.

Future potential areas of study outside the scope and
reach of this project include analyses of the utilization and
impact on condition control between separate specialty
clinics employing telehealth; vaccination rates of telehealth
patients vs. those among in-clinic patients; and relevant
prescription information related to these telehealth visits
as compared with in-clinic visits. In addition, long-
term diagnosis and demographic patterns tracked as the
telehealth program continues to expand may be illustrative
of areas for further study within the patient population
addressed here.

CONCLUSIONS

Results here show a substantial volume increase in telehealth-
delivered pediatric healthcare and resource utilization as a
response to COVID-19 in one of the largest pediatric health
care systems in the United States. This provides a template
for permanent adoption of pediatric telehealth delivery post
pandemic. Further investigation is needed to determine impacts
upon resource allocation, processes, and general models and
standard of care to assist facilities and programs to better address
the needs of the pediatric populations they serve in the post-
COVID era. New models of care, including expanded telehealth,
arising as the result of the pandemic should be evaluated for
effectiveness, return on investment, and impact on quality, in
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order to determine standards for the new paradigm that best
protect the interests of patients and other stakeholders involved
in pediatric healthcare.
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Background: Pediatrician workforce shortages have aroused great attention from

health authorities in China. Telemedicine services have been known to enhance the

management of children’s health, yet the rate of adoption and usage in Chinese hospitals

still at a quite low level, and the factors influencing the acceptance of telemedicine

services remains unclear.

Objective: The purpose of this empirical study was to evaluate the reliability and validity

of a technology acceptancemeasurement instrument applied in healthcare, to investigate

the perception of telemedicine services on the provider-side and demand-side, and to

determine the factors that may drive individuals to adopt telemedicine services.

Methods: A cross-sectional survey study based at Shanghai Children’s Hospital,

Shanghai Jiao Tong University, was conducted in March 2020. A total of 456 valid

responses were obtained by convenience sampling. The internal consistency of items

was assessed by Cronbach’s alpha (α), composite reliability (CR) and average variance

extracted (AVE) to evaluate both the reliability and validity of the questionnaire. Structural

equation modeling analysis was used to test and verify the interrelationships among

relevant variables.

Results: Price value is the strongest predictor (β = 0.30, p= 0.02), facilitating conditions

(β = 0.28, p = 0.01) and hedonic motivation (β = 0.13, p = 0.04) also have significantly

positive direct effects on telemedicine acceptance. The results showed the perception

of child patients’ families were significantly more acceptable to telemedicine services

than pediatricians (t = −2.99, p < 0.01). Participants with no prior experience and lower

education may be more willing to adopt telemedicine.

Conclusion: Telemedicine will likely continue to have an integral role in pediatric health

care delivery, and the findings can assist policy makers and hospital administrators in

determining the more valued characteristics of telemedicine services from a behavioral

perspective. Future attention will be paid to the pricing, training and service quality of

telemedicine in China.

Keywords: telemedicine, acceptance, influencing factor, pediatric hospital, China
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INTRODUCTION

Telemedicine refers to the use of health information exchanged
from one site to another via information and communications
technology (ICT) for the health and education of the patient or
medical personnel with the intention of evaluating, diagnosing,
treating, educating or managing patients (1, 2). With the rapid
development of ICT, telemedicine has been used widely around
the world as a new mode of medical service (3). As the largest
developing country with a large population, medical resources
in China are distributed with imbalanced and uneven quality,
especially in pediatric medical resources (4). Facing a serious
situation of high demand for medical resources and shortage
of pediatricians, telemedicine has been considered a crucial
solution by Chinese health authorities to alleviate healthcare
disparities and to improve the accessibility, affordability and
quality of medical resources in urban and rural areas. To date,
telemedicine has a history of more than 30 years in China since
it began to develop in the 1980s. The outbreak of the COVID-
19 epidemic has enhanced and accelerated the worldwide
development of telemedicine, which has helped reduce the
chances of cross-infection and overcome the geographical
limitations of medical treatment (5). It is disappointing that
the adoption of telemedicine has not been consistent with its
technological advancements (6). There has been a growing need,
but few studies have explored factors affecting the willingness
to use telemedicine services in pediatric hospitals. To achieve
this goal, the measurement instrument based on the unified
theory of the acceptance and use of technology 2 (UTAUT
2), which is recognized as the most comprehensive theory in
measuring individual technology acceptance (7, 8), was employed
to investigate the interrelationships between the constructs and
behavioral intention and to estimate the significance of path
coefficients so that we could better understand the factors that
may influence the willingness to accept telemedicine services.

Theoretical Background and Hypothesis
Development
UTAUT 2 provides a more thorough understanding of the factors
that influence users’ willingness to use new technology than is
possible with other technology acceptance models. A systematic
review has shown that UTAUT 2 is an efficient theory, with
the minimum explained variance of behavioral intention being
35% and the maximum value being 94% (9). Although the
UTAUT 2 model was not specifically developed for healthcare, it
is perceived to be a robust integrative theory focused on medical
providers and users (10). Through induction and summary, we
have defined the model variables; the measurement items and
model construction of each research variable in the model have

Abbreviations: AVE, average variance extracted; BI, behavioral intention; CR,

composite reliability coefficient; EE, effort expectancy; FC, facilitating condition;

H1, hypothesis 1; H2, hypothesis 2; H3, hypothesis 3, H4, hypothesis 4; H5,

hypothesis 5; H6, hypothesis 6; HM, hedonic motivation; ICT, information and

communication technology; ns, non-significant; PE, performance expectancy; PV,

price value; UTAUT, unified theory of the acceptance and use of technology;

UTAUT2, unified theory of the acceptance and use of technology 2; SD, standard

deviation; SI, social influence.

also been proposed, as seen inTable 1. The hypothesized research
model is depicted in Figure 1.

METHODS

Study Design and Sampling
This is a cross-sectional study investigating hospital users’
willingness to use telemedicine services. At present, telemedicine
service centers are mainly situated in the most developed cities in
China, such as Beijing, Shanghai, and Guangzhou (23). Similar
facilities are not available in many less developed cities and
regions. This research setting was a tertiary pediatric specialized
hospital in Shanghai, a mega-city with the largest population
(nearly 25 million) in China. This survey was initiated in March
and concluded in May 2020 at Shanghai Children’s Hospital,
which is the first established specialized children hospital in
China. The target population are the end-users of telemedicine
system, such as pediatricians and family members of pediatric
patients. Family member refers to the parent or guardian of the
child patient. Considering the low awareness and utilization rate
of telemedicine services, the target group participants filled out
the electronic questionnaire by scanning the code on their mobile
phones through posted flyers on the nurse stations of Shanghai
Children Hospital. The electronic questionnaires were answered
anonymously and were collected on the spot. The inclusion
criteria for participants included the following: (1) ability to fill
out the questionnaire independently, with clear consciousness
and no obvious cognitive impairment; (2) willingness to
voluntarily participate in this study; and (3) age range of 18–60
years. The exclusion criteria included the following: (1) having
a mental disorder that prevented normal communication and
(2) refusing to participate in this investigation. Prior to the
survey, trained investigators explained telemedicine services to
the respondents to assist them in understanding the meaning
of the survey questions. A sample of 456 valid questionnaires
was eventually collected. This study was approved by the Ethics
Review Committee, Shanghai Children’s Hospital, Shanghai Jiao
Tong University (file number 2021R077-E01).

Measurements
All of the items were based on the UTAUT 2model measuring the
acceptance of new information technologies, which was adopted
from Venkatesh et al. (18) and Gao et al. (22) with necessary
validation and wording changes tailored to the telemedicine
service and healthcare context. The items are shown in
Supplementary Material. The questionnaire was administered
in Chinese through a web hosting service after being translated
by a professional translator. To ensure that the content did not
lose its original meaning, a back-translation was made from
the Chinese instrument to English, again by a professional
translator, and compared to the original (24). All questions were
measured using a 7-point Likert scale ranging from 1 (completely
disagree) to 7 (completely agree). A draft set of survey questions
was refined by employing cognitive interviews and a pretest.
Interviewees (n = 5) who were postgraduates majoring in health
informatics or end users of telemedicine services were asked to
verbalize the mental process entailed in providing answers. The
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TABLE 1 | Construct definitions and model assumptions.

Model variable Definition Model assumptions References

Performance expectancy Refers to the degree to which an individual believes that

using a specific technological application will help him or

her to improve job performance

Performance expectancy has a positive direct effect on

hospital users’ willingness to use telemedicine services

(11, 12)

Effort expectancy Refers to the degree of simplicity associated with an

individual’s perception of a given system

Effort expectancy has a positive direct effect on hospital

users’ willingness to use telemedicine services

(13)

Social influence Refers to how an individual perceives that “important

others” view them in affecting whether they should use the

technology

Social influence has a positive direct effect on hospital

users’ willingness to use telemedicine services

(14, 15)

Facilitating conditions Refers to the degree to which an individual believes that an

organizational and technical infrastructure supports the

implementation of a technology

Facilitating conditions have a positive direct effect on

hospital users’ willingness to use telemedicine services

(16–18)

Hedonic motivation Refers to the fun or pleasure derived from using a

technology

Hedonic motivation has a positive direct effect on hospital

users’ willingness to use telemedicine services

(19)

Price value Refers to the cognitive tradeoff between the perceived

benefits of a given system and the monetary cost of using

them

Price value has a positive direct effect on hospital users’

willingness to use telemedicine services

(20–22)

FIGURE 1 | Research framework.
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wording of the questions that were difficult to understand or
that generated ambiguity was subsequentlymodified based on the
feedback from 50 respondents in the pretest.

Statistical Analysis
Once the primary collection was completed through a structured
electronic questionnaire, the data were coded, cleaned, labeled,
and verified with regard to missing values. A two-step approach
was employed for structural equation modeling (25). The
reliability and validity of the measurement model was examined
in the first step, and the structural model was tested in step
two. Confirmatory factor analysis was performed to validate the
measurement model, and the hypothesized paths were examined
using structural equation modeling. The moderating effects of
three end-user traits among the hypothesized paths within the
core research model were tested using logistic regression analysis
and multiple group analysis. Additionally, independent t-tests
were conducted to test differences in perception and intention
to use between physicians and family members of patients.
According to the degree of consistency between the theoretical
model and the actual data, the theoretical model is evaluated to
achieve the goals of quantitative research on actual problems.
Structural equation modeling overcomes the shortcomings of
multiple regression analysis method. It not only explains the
relationship between variables but also allows the existence of
measurement error of the variables. It can realize the estimation
of factor structure and relationship as well as the simultaneous
estimation of the degree of model fitting. All analyses were
conducted using SPSS Statistics, version 24.0 (IBM Corp), and
SPSS Amos, version 24.0 (IBM Corp) software.

RESULTS

Study Population
In this study, a total of 456 respondents completed the survey,
including physicians (53.5%) and family members of patients
(46.5%). As shown in Table 2, 18% of the respondents were
men, and 82% were women. The largest age group was 30–40
years (42.3%). The group with the highest level of education had
bachelor’s degrees (51.3%).

Reliability and Validity of Measurement
Instrument
The 23-item scale appeared to be internally consistent. The
Cronbach α for the 7 subscales ranged from 0.890 to 0.957,
indicating that the measurement scale had good reliability
(see Supplementary Table 1). Convergent validity was adequate
when the factor loading and the composite reliability (CR) were
above the recommended threshold of 0.7 and the AVE was
greater than 0.5 (26) (see Supplementary Table 2). Discriminant
validity was also confirmed when the square root of the AVE
for each construct was larger than the corresponding inter-
construct correlations (27). Hence, this measurement model
achieved acceptable levels of reliability and validity. Additionally,
confirmatory factor analysis indicated a good fit, as the fit indices
for the measurement model exceeded the critical level of 0.80,
and the chi-square/degree of freedom equals to 2.714, which

TABLE 2 | Demographics of the respondents (N = 456).

Measure Items Frequency Percentage (%)

Gender Male 82 18.0

Female 374 82.0

Age 20–30 127 27.9

31–40 193 42.3

41–50 90 19.7

51–60 46 10.1

Status Pediatricians 244 53.5

Family member of

pediatric patients

212 46.5

Level of education High school or

below

72 15.8

College 89 19.5

Bachelor 234 51.3

Master 51 11.2

Doctor 10 2.2

was below the suggested value of 3.0 (28). The indicators were
as follows: goodness-of-fit index (GFI) = 0.904, normed fit
index (NFI) = 0.957, comparative fit index (CFI) = 0.972, root
mean square residual (RMR) = 0.062, root mean square error
of approximation (RMSEA) = 0.061. It can be seen that the
variables had good discriminant validity. According to the degree
of consistency between the theoretical model and the actual
data, the theoretical model was evaluated to achieve the goals
of quantitative research on actual problems. In sum, our results
indicated the appropriateness of the measurement model.

Perceptions of Telemedicine Services
A two-independent samples t-test was carried out focused
on physicians and family members of patients in relation to
the perception of influencing factors on the acceptance of
telemedicine services. Overall, there was a positive perception
of telemedicine services in a Chinese pediatric hospital among
the participants with all mean scores larger than 5. The findings
indicate that family member of pediatric patients reported a
more positive and optimistic perception toward telemedicine
services vs. pediatricians in all subscales of measurement. Table 3
reported on the means and standard deviations of perception of
telemedicine services. The mean scores of facilitating conditions
(t = −2.19, p = 0.03), hedonic motivation (t = −2.65, p <

0.01), price value (t = −3.26, p < 0.01) and intention to use
telemedicine (t = −2.99, p < 0.01) were significantly higher on
the demand-side than on the provider-side. Respondents were
the most positive about the performance expectancy (mean =

6.09, SD= 1.08). However, respondents reported the lowestmean
score (mean= 5.24, SD= 1.48) on the hedonic motivation.

Hypothesis Testing
In this study, model verification of the parameters of the initial
hypothetical model was carried out to analyse the relationship
between the variables and the mechanisms of influence (see
Table 4). A P value <0.05 was considered statistically significant.
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TABLE 3 | Perception of telemedicine services by pediatricians and family members of patients.

UTAUT 2 constructs All Pediatricians Family member of

pediatric patients

t-test P-value

Mean (SD) Mean (SD) Mean (SD)

PE 6.09 (1.08) 6.01 (1.08) 6.19 (1.07) −1.76 0.08

EE 5.89 (1.25) 5.78 (1.18) 6.01 (1.31) −1.96 0.05

SI 5.42 (1.50) 5.35 (1.35) 5.49 (1.67) −1.01 0.31

FC 5.69 (1.31) 5.56 (1.23) 5.83 (1.38) −2.19 0.03

HM 5.24 (1.48) 5.07 (1.33) 5.44 (1.61) −2.65 <0.01

PV 5.68 (1.24) 5.51 (1.22) 5.89 (1.25) −3.26 <0.01

BI 5.51 (1.38) 5.33 (1.28) 5.72 (1.47) −2.99 <0.01

PE, performance expectancy; EE, effort expectancy; SI, social influence; FC, facilitating condition; HM, hedonic motivation; PV, price value; BI, behavior intention; SD, standard deviation.

TABLE 4 | Results of hypothesis testing.

Hypotheses Path Estimate Standard error P-value Findings

H1 PE→ BI 0.09 0.07 0.09 n.s.

H2 EE→ BI 0.08 0.08 0.32 n.s.

H3 SI→ BI 0.04 0.07 0.58 n.s.

H4 FC→ BI 0.28 0.11 0.01 Supported

H5 HM→ BI 0.13 0.07 0.04 Supported

H6 PV→ BI 0.30 0.13 0.02 Supported

PE, performance expectancy; EE, effort expectancy; SI, social influence; FC, facilitating condition; HM, hedonic motivation; PV, price value; BI, behavior intention. n.s., not significant.

To explain the variance of the constructs, the R2 values were
examined. With an R2 value of 0.737, our model explains 73.7%
of the variance in behavioral intention determined by three
variables: facilitating conditions (H4: β = 0.280, p = 0.008),
hedonic motivation (H5: β = 0.131, p = 0.040) and price value
(H6: β = 0.302, p = 0.016). Given the significance of the model
path coefficient (β), H4, H5, and H6 are accepted, while the
other variables of the model, such as performance expectancy
(H1), effort expectancy (H2), and social influence (H3), are
rejected. Table 6 clearly shows that facilitating conditions,
hedonic motivation, and price value are the three main factors
affecting pediatric hospital users’ behavioral intention to adopt
telemedicine services. They all had a positive impact on
behavioral intention, and among the three factors, price value
seems to be the most powerful influencing factor.

Moderating Effects of Age, Gender and
Experience
First, we conducted a separate test by establishing a logistic
regression model to measure the relationship between gender,
age, education level, experience, and willingness to use
telemedicine service (Table 5). Participants with no prior
experience and lower education may be more willing to
adopt telemedicine service. Second, we performed an individual
estimation for age (younger or older), gender (male or female)
and experience (none or experienced), education level (lower
or higher) and then conducted a multi-group analysis to
determine whether the moderating effects of hypothesized paths

were different between sub-groups. The chi-square differences
between the unconstrained model and constrained model are
presented in Table 6. In the unconstrained model, all paths were
unconstrained between the two sub-groups. In the constrained
model, each path was constrained as equal and was hypothesized
to be moderated across two sub-groups. We found that the path
between PE and BI was significantly stronger for males than
for females (1χ

2
= 3.82, p = 0.05) and for older than for

younger individuals (1χ
2
= 8.63, p < 0.001). The moderating

effect of age and gender on the relationship between FC and
BI was not significant, but the results for individuals who were
younger (β = 0.35, p = 0.01) and female (β = 0.30, p =

0.02) showed a statistically stronger relationship between FC
and BI. The moderating effect of experience on the relationship
between FC and BI (1χ

2
= 6.02, p = 0.01) was significant,

and the path coefficient for not experienced participants (β
= 0.45, p < 0.001) was larger than that for those who had
already used telemedicine services (β = −0.03, p = 0.83). In
the age results, although the path from PV to BI was stronger
for the younger group, the standardized path coefficient was
not statistically significant. In the gender results, the path from
EE and HM to BI was stronger for the female group, and
the standardized path coefficient was statistically significant. In
addition, the multi-group analysis indicated that the difference
in chi-square values was statistically significant between EE and
BI (1χ

2
= 4.67, p = 0.03) but not between FC, HM and

BI. With respect to the new moderator, the moderating effect
of education level on the relationship between PE (1χ

2
=
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TABLE 5 | The relationship between demographic characteristics and behavior intention to use telemedicine.

Variable B SE Wald value P-value Odds ratio (95%CI)

Gendera −0.08 0.27 0.09 0.76 0.92 (0.55–1.56)

Age −0.07 0.11 0.43 0.51 0.93 (0.75–1.15)

Experience −0.74 0.20 13.20 <0.001 0.48 (0.32–0.71)

Education level −0.25 0.12 4.05 0.04 0.78 (0.62–0.99)

aMale as the reference group.

TABLE 6 | Results for moderating effects models.

Moderator Path X2(df) 1X2 Standardized path coefficient

Age Younger (<40 years) Older (>40 years)

Unconstrained model 932.27(414)

Constrained model: PE→ BI 936.09(415) 3.82* 0.001 0.24*

Constrained model: EE→ BI 933.27(415) 1.00 0.15 −0.04

Constrained model: FC→ BI 932.65(415) 0.38 0.35* 0.25

Constrained model: HM→ BI 932.43(415) 0.16 0.09 0.15

Constrained model: PV→ BI 932.57(415) 0.30 0.36* 0.20

Gender Male Female

Unconstrained model 980.11(414)

Constrained model: PE→ BI 988.74(415) 8.63** 0.40** 0.001

Constrained model: EE→ BI 984.78(415) 4.67* −0.65 0.23*

Constrained model: FC→ BI 980.12(415) 0.01 0.27 0.30*

Constrained model: HM→ BI 980.17(415) 0.06 0.13 0.16*

Constrained model: PV→ BI 980.79(415) 0.68 0.52 0.20

Experience Experienced No experience

Unconstrained model 912.65(414)

Constrained model: PE→ BI 912.69(415) 0.05 0.16 0.09

Constrained model: EE→ BI 912.70(415) 0.06 0.14 0.06

Constrained model: FC→ BI 918.66(415) 6.02** −0.03 0.45**

Constrained model: HM→ BI 912.74(415) 0.09 0.23 0.10

Constrained model: PV→ BI 912.75(415) 0.10 0.16 0.18

Education level Lower Higher

Unconstrained model 1104.94(414)

Constrained model: PE→ BI 1110.18(415) 5.24* −0.18 0.14*

Constrained model: EE→ BI 1111.21(415) 6.27** 0.41** 0.001

Constrained model: FC→ BI 1105.19(415) 0.25 0.33 0.23*

Constrained model: HM→ BI 1110.30(415) 5.36* 0.40** 0.04

Constrained model: PV→ BI 1106.29(415) 1.35 0.03 0.42*

PE, performance expectancy; EE, effort expectancy; FC, facilitating condition; HM, hedonic motivation; PV, price value; BI, behavior intention.

*p < 0.05.

**p < 0.01.

5.24, p=0.02), EE (1χ
2
= 6.27, p = 0.01), and HM (1χ

2

= 5.36, p = 0.02) toward adopting telemedcine service was
significant and participants with lower education showed a
stronger relationship.

DISCUSSION

Telemedicine has the potential to benefit pediatric care by
increasing access to pediatric specialists and remotely delivering

high-quality health services, including radiology, mental health,
dermatology, cardiology, pathology, patient education, chronic
diseases, pediatric dentistry, and neonatal ophthalmology (29,
30). In China, the current operational mode of telemedicine is
limited in the business-to-business context and for common and
chronic diseases (4, 31); therefore, the functions of telemedicine
services are not yet fully used. This study aimed to determine
which factors influence the acceptance of telemedicine services
in a Chinese pediatric specialized hospital.
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Price Value
In our study, price value is the most important influential
factor, particularly for younger users, which aligns with previous
research on the same topics (32, 33). However, some studies
based on the UTAUT 2 model did not include PV as a predictor
for the acceptance of a new technology (22, 34). Meanwhile,
it is noteworthy that the path coefficient between PV and
behavioral intention had some differences among countries.
Comparing the path coefficients of 0.130 in the United States
(33), 0.147 in France (12), 0.320 in Iran (32), and 0.302 in
China, one may conclude that price value may have a greater
impact in less developed countries. Payer reimbursement was
the leading influencer of anticipated future use of telemedicine
(35). To date, telemedicine services have not been covered by
medical insurance payments in China, and the prices vary from
province to province. However, insurers in the United States have
expanded their coverage and reimbursement of various types of
telemedicine services. Scholars believe that if the price of certain
technological services is very low or free of charge, it probably
will not have a strong influence on behavioral intention (4, 36).
Physicians and patients are more likely to take advantage of

telemedicine if their perception of its value is higher, such as
saving them money and time by avoiding an out-of-town trip
to the hospital (11). Telemedicine charges and reimbursement
standards should be constructed to meet the actual local needs,
and the labor value of telemedicine service providers should
be reasonably compensated, including material and spiritual,
monetary and non-monetary compensation incentive strategies.

Facilitating Conditions
Facilitating conditions were also a significant predictor of
the intention to use telemedicine in this study, which was
consistent with previous studies (37). Training can not only
increase the confidence of telemedicine users but also strengthen
collaboration between patients and physicians. In terms of
external conditions, the infrastructure, system interface, image
quality, network signal and transmission speed of telemedicine
systems all need to be ready and periodically maintained,
especially in rural areas. In terms of internal conditions, the
service process should be optimized to shorten the waiting
time. The content of cooperation, service processes, rights
and obligations, risks and responsibilities between medical

FIGURE 2 | Telemedicine benefits for patients, pediatricians and healthcare system.
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institutions should be determined in a formal agreement
before the launch of telemedicine services. Considering the
moderating effects of age, gender and experience, female
and young users without experience had more positive
behavior intention of adopting telemedicine services. Male
and older experienced users need more organizational and
technical infrastructure supports for the implementation of
telemedicine services.

Hedonic Motivation
Hedonic motivation also had a positive impact on behavioral
intention (38). The adoption of a product based on hedonic
motivation is not long term. Once adopters acquire experience
with it, its effectiveness outweighs all its other attributes (18).
Telemedicine has just taken off in China in recent years.
Early adopters pay more attention to its convenience but
easily overlook the importance of medical quality. However,
telemedicine cannot be merely considered a pleasure-oriented
service but is perceived as more of a utilitarian solution (18).
Hospitals should provide telemedicine services on the premise of
ensuring medical safety and being closely connected with offline
medical treatment.

Performance Expectancy, Effort
Expectancy, Social Influence and
Moderators
From our results, pediatricians and family members of patients
were consistently agreed performance expectancy and effort
expectancy as important factors of adopting telemedicine service.
Even though these positive effects on behavior intention have
not been validated in this study. This may be because users
have not yet changed their traditional perceptions and are not
fully aware of the usefulness of telemedicine services. Pediatric
patients have difficulty operating the system and communicating
with physicians due to their limited understanding. In a tertiary
hospital in China, clinicians are often constrained by their
busy work schedules and therefore have limited energy for
learning how to work with new technologies. To solve this
problem, hospitals could equip technical assistants responsible
for communication and system operation. Individuals could also
be impacted by people who are important to themwhen adopting
a new technological product (39). We speculate that healthcare
and medical treatment for minors is a very personal and private
issue; therefore, SI had limited impact in our study, and previous
studies found the same results (40).

In addition, certain attributes may influence users’ decisions.
In healthcare studies, gender and age were found to be
moderators of acceptance (41, 42). Regarding experience, users
and non-users showed significant differences regarding PE, EE,
SI and FC in the acceptance of mobile health monitoring services
(1, 43). The results of moderating effects of age, gender and
experience deepen our understanding of underlying differences
in telemedicine services adoption behavior. We found that
gender moderates the relationships of PE→ BI and EE→ BI.
This finding is similar to what Duyck et al. (44) suggested: PE
is a stronger factor for males than for females. The relation
between EE and BI is stronger for women, which is consistent
with previous research (15). Participants with no prior experience

and lower education with telemedicine may be more willing to
try this new type of technology. The results suggest that hospital
administrators should focus more on increasing publicity
to enhance user awareness of telemedicine, strengthening
homogeneous management of online and offline medical quality,
so that acquiring positive feedback from respondents who have
used it.

Limitations and Future Research
The study has some limitations that can be regarded as
opportunities for future research. First, this study recruited
a cross-sectional sample of participants in Shanghai; it may
not universally reflect the willingness of all users to adopt
telemedicine services in Chinese pediatric hospitals, especially
in rural areas. Further research in different regions will
provide more accurate evidence if the results depend on
socioeconomic factors. Second, telemedicine involves the privacy
protection and information security of personal health data,
and future research should incorporate perceived risk and
trust factors to further extend the theoretical model. Third,
females were over-represented in the respondent groups, and
respondents younger than 40 years old accounting for 70%
in the context of pediatric hospital. Further studies should
collect data following the gender and age ratios of the
general population.

CONCLUSION

Price value was the strongest factor influencing telemedicine
acceptance in a Chinese pediatric hospital. Higher-quality service
should be provided relative to its perceived cost in order to price
offerings appropriately to acquire and retain users. There is no
doubt that now more than ever, is underscoring the importance
of leveraging telemedicine service to optimize pediatric health
care delivery in the current global COVID-19 pandemic. The
finding of this study was to identify variables that may affect
the adoption of telemedicine in order to determine actions and
regulations that can be enacted to benefit all patients, healthcare
providers and policymakers (Figure 2). Allied with relevant
stakeholders in addressing ongoing and future challenges as well
as cultural, logistical, technological, and financial barriers will be
key for success. To guarantee the best experience possible for
children, pediatricians, child patients, and their families, hospital
administrators will have to take a leadership role in creating a
standardized workflow, provide required technical support, and
pay careful attention to integrating the training into workflows,
enhancing service quality, durability, and user satisfaction of
telemedicine services.
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Background: During the COVID-19 pandemic, telemedicine use has increased within

community pediatrics. This trend runs counter to reluctance to adaptation of the new

mode of healthcare that existed prior to the pandemic. Little is known about what we

can expect after the pandemic: if physicians will opt for telemedicine modalities and if

tele-pediatrics will continue to be a significant mode of community pediatric care.

Objective: The goal of this study was to survey primary pediatric care providers as to

their experiences and clinical decision making with telemedicine modalities prior to and

during the COVID-19 pandemic, as well as their projected use after the pandemic ends.

Material and methods: Using the EAPRASnet database we surveyed pediatricians

throughout Europe, using a web-based questionnaire. The survey was performed

during the COVID-19 pandemic (June–July 2020), assessed telemedicine use for

several modalities, prior to and during the pandemic as well as predicted use after

the pandemic will have resolved. Participants were also surveyed regarding clinical

decision making in two hypothetical clinical scenarios managed by telemedicine.
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Results: A total of 710 physicians participated, 76%were pediatricians. The percentage

of respondents who reported daily use for at least 50% of all encounters via telemedicine

modalities increased during the pandemic: phone calls (4% prior to the pandemic

to 52% during the pandemic), emails (2–9%), text messages (1–6%), social media

(3–11%), cell-phone pictures/video (1–9%), and video conferencing (1–7%) (p < 0.005).

The predicted post-pandemic use of these modalities partially declined to 19, 4, 3,

6, 9, and 4%, respectively (p < 0.005), yet demonstrating a prospectively sustained

use of pictures/videos after the pandemic. Reported high likelihood of remotely

treating suspected pneumonia and acute otitis media with antibiotics decreased from

8 to 16% during the pandemic to an assumed 2 and 4% after the pandemic,

respectively (p < 0.005).

Conclusions: This study demonstrates an increased utilization of telemedicine by

pediatric providers during the COVID-19 pandemic, as well as a partially sustained effect

that will promote telemedicine use as part of a hybrid care provision after the pandemic

will have resolved.

Keywords: pediatrics, telemedicine, COVID-19, tele-pediatrics, hybrid medicine

INTRODUCTION

Telehealth is the delivery of medical care by remote technology.
Telemedicine refers particularly to the patient-physician clinical
encounter via remote technology (1). Prior to 2020, these
modalities of medical care have been slowly developing, with
limited application and use in community pediatrics (2).

During the COVID-19 pandemic, unprecedented changes
were made in the delivery of care in the ambulatory setting.
Telehealth has proven its utility, as the use of telemedicine
modalities increased during times of social distancing
(3). In-person visits to the physician’s office declined due
to social distancing measures, and as such, telehealth
practiced increased. Cautious of in-person interactions,
many physicians and patients gravitated to the burgeoning
telemedicine options as an alternative to in-office visits
(4–6). National guidelines supported this trend, promoting
telehealth to mitigate the pandemic while maintaining
medical services (7–9).

The European Pediatric Association, Union of National
European Pediatric Societies and Associations, demonstrated
that pediatric care was sustained during the pandemic
through the compensatory use of telemedicine. However,
periodic health screening visits and screening programs were
significantly reduced (10).

Telemedicine modalities, such as telephone calls, text
messages, image or video transfers, video conferencing, or
tele-diagnostic devices, are not identical to the traditional
“hands-on” approach that physicians were trained to practice.
Resistance to change is prevalent among physicians, as is
controversy regarding the accuracy of telediagnosis. Previous
reports describe overmedication with remote prescribing and
raise concern of the deterioration of the physician-patient
relationship and the service-oriented nature of medicine that
may ensue (11–14).

Prior to the COVID-19 pandemic, telehealth has been
promoted globally, at the very least, to provide care to improve
accessibility to medical care, and at the most, to ultimately usher
in a newmodel for ideal medical care (15). However, during 2020,
telehealth has nevertheless “thrown down the gauntlet,” as it may,
challenging today’s physicians to accept new technology here and
now, in providing primary care.

This change may alter physician’s attitudes toward these new
modalities to provide medical care and lead to greater utilization
of telemedicine modalities in the future (16). Published results
of a survey among Israeli physicians demonstrate a limited,
albeit significant change in physician’s willingness to adapt
to telemedicine (17). Previous reports state that clinicians’
acceptance of change is the pivotal factor to adaptation (18).
The question remains, what lasting effect will the telemedicine
experience during this pandemic have on physician behavior and
the way care is delivered.

In this study we ascertain physician’s impression of
telemedicine, inquiring as to their use of telemedicine prior
to and during the pandemic, as well as to what extent they expect
telemedicine to remain part of their medical practice in the
future, after the pandemic.

METHODS

Study Sample
During the early phases of the pandemic, we utilized the
EAPRAS network to conduct a survey of primary care
pediatric care providers throughout the continent. The European
Academy of Pediatrics Research in Ambulatory Settings Network
(EAPRASnet), established in 2009, is a practice-based research
network of primary care pediatricians affiliated with the
European Academy of Pediatrics. The network has previously
been involved in studies performed in primary care (19–22).
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Data Collection
Data were collected using a web-based questionnaire that was
posted on the home page of the EAPRASnet during June-July
2020. Only registered physicians were permitted to participate.
Respondents were invited to participate via email using a mailing
list that had been created for previous EAPRASnet projects.
Pediatric care providers not belonging to the network were
invited by national EAPRASnet coordinators to complete the
questionnaire. Three reminders were sent out via email, and data
were collected till the end of July 2020.

Socio-Demographic Details
Participants were asked for their gender, age, years in practice,
medical specialty, and place of work.

Use of Telemedicine Modalities
The first part of the survey inquired about frequency of use of
various telemedicinemodalities prior to and during the epidemic,
as well-expected use after the epidemic. Participants were asked
specifically regarding phone calls, text messages, photo/video,
email, and video conferencing.

Clinical Scenarios
The latter part of the survey consisted of two hypothetical
scenarios and evaluated the decision to manage remotely.

Case 1, a suspected pneumonia, was presented as:

“The parents of a 7-year-old girl contact you and report that the

child has had 4 days of high fever, cough, and nasal congestion. The

child is not in distress, has mild anorexia, no vomiting and passed

two loose stools today.”

Respondents were asked to rate the likelihood of making an
empiric diagnosis, prescribing antibiotic treatment, prescribing
symptomatic treatment, referring for a chest X-ray, referring
to an emergency room, and in the case of wheezing,
prescribing corticosteroids.

Case 2, a suspected otitis media, was presented as:

“The parents of a 2-year-old boy contact you and report that the

child has had fever for 2 days, mild upper respiratory symptoms and

left ear pain. The child is vigorous, eating well, had one loose stool,

but slept poorly last night.”

Respondents were asked to rate the likelihood of making
an empiric diagnosis, prescribing antibiotic treatment, and
prescribing symptomatic treatment.

In both scenarios, respondents were to assume that the patient
is known to the respondent and that there is no suspicion
of COVID-19 for the case. Participants were asked to answer
each question as if they would have practiced prior to the
pandemic, currently practice during the pandemic and how they
foresee themselves practicing after the pandemic. Responses were
evaluated using a 5-point Likert scale ranging from “certainly
not” to “certainly will.”

TABLE 1 | Demographic characteristics of participant physicians.

N = 710 %

Age

<40 198 28

41–50 141 20

51–60 218 31

61–70 136 19

>70 17 2.4

Gender

Male 165 23

Female 545 77

Years of experience

<10 166 23

11–20 146 21

21–30 206 29

>30 192 27

Specialty

Pediatrics 537 76

Family practice/GP 123 17

Internal medicine 6 0.8

Other 44 6.2

Data Analysis
Demographic data were presented as percentages of the
total responses. Evaluation of the answers to the use of
telemedicine technologies and responses to the two clinical
scenarios between pre-, during and post-COVID-19 periods
were compared using chi-square tests. Statistical significance was
considered if the p-value was <0.05. Analyses were performed
using R statistical software. The raw data is available in the
Supplementary Material.

RESULTS

Demographic Data
A total of 710 physicians responded to the survey, 77% were
female, 76% were pediatricians, and 17% were family or general
practitioners. Details regarding age, specialty and years of
experience are presented on Table 1. Geographic distribution of
respondents is presented on Figure 1.

Use of Telemedicine Modalities
Table 2 represents the use of telemedicine modalities for at
least 50% of all daily encounters, including phone calls, emails,
text messages, social media, cell-phone picture/video, and video
conferencing. Usage is reported for prior to the pandemic and
during the pandemic, as well as projected use after the pandemic.

Reported use of all telemedicine modalities increased
significantly during the pandemic. For all modalities except for
pictures/video, the degree of use is predicted to decrease after
the pandemic yet remain significantly greater than prior to the
pandemic. Post-pandemic predicted picture/video use is not only
higher than pre-pandemic use but is predicted to remain at the
same level as pandemic era use.
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FIGURE 1 | Distribution of participants per country.

Scenario 1
Table 3 demonstrates clinical decision-making patterns for
Scenario 1, the high-likelihood (likely to or certainly will) to
manage remotely, and more specifically, to provide antibiotics,
provide symptomatic care, refer for chest X-ray, refer to the
ED, or prescribe steroids, all without having seen the patient in-
person. All management options via telemedicine increased in
frequency during the pandemic and yet all are predicted to reduce
in frequency after the pandemic. The option to manage remotely
is predicted to return to near pre-pandemic frequency, as are
most management options. Only referrals to X-ray and the ED
are predicted to have any increase in frequency sustained after
the pandemic, when compared to pre-pandemic levels.

Scenario 2
Table 4 demonstrates clinical decision-making patterns for
Scenario 2, the high-likelihood (likely to or certainly will) to

manage remotely, and more specifically, to provide antibiotics
or symptomatic care without an in-person visit. Managing
and treating via telemedicine increased significantly during the
pandemic when compared to the pre-pandemic rates. Predicted
use of telemedicine to manage and provide symptomatic
care after the pandemic dropped significantly; however, when
compared to pre-pandemic patterns, a significant increase
in frequency is still sustained. Yet, post-pandemic antibiotic
prescribing via telemedicine is predicted to return to near pre-
pandemic levels, with no significant change predicted for the time
after the pandemic, when compared to the pre-pandemic period.

DISCUSSION

Our study demonstrates increased utilization of telemedicine for
outpatient pediatric care during the COVID-19 pandemic. This
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TABLE 2 | Use of telemedicine modalities for at least 50% of daily encounters.

Modality Respondents N = 710

Before COVID-19 During COVID-19 After COVID-19

N % N % N %

Phone calls 28 4 371 52*,+ 135 19#

Emails 11 2 65 9*,+ 31 4#

Text messages 8 1 46 6*,+ 19 3#

Social media 21 3 78 11*,+ 46 6#

Cell-phone pictures/video 10 1 64 9* 64 9#

Video conference 7 1 53 7*,+ 25 4#

*During vs. before, p < 0.05.
+During vs. after, p < 0.05.
#After vs. before, p < 0.05.

TABLE 3 | High likelihood pattern of clinical decision making in scenario 1.

Clinical decision making Respondents N = 710

Before COVID-19 During COVID-19 After COVID-19

N % N % N %

Manage remotely 130 18 258 36*,+ 159 22

Provide antibiotics without examination 10 1.4 56 8*,+ 16 2

Provide symptomatic care without examination 172 24 320 45*,+ 205 29

Ask for an X-ray without examination 11 1.6 70 10*,+ 30 4.2#

Refer to ED without examination 34 4.8 164 23*,+ 61 8.6#

Prescribe steroids without examination 62 8.7 169 24*,+ 84 12

*During vs. before, p < 0.05.
+During vs. after, p < 0.05.
#After vs. before, p < 0.05.

increase was reported for all modalities considered: telephone
calls, text messages, photo/video clips, and video calls, both
when considering overall use, as well as when applied to specific
clinical scenarios. These findings are consistent with other
studies demonstrating physician’s willingness to quickly adapt to
telemedicine practices during the pandemic (3–6). However, for
the first time, according to our knowledge, we could demonstrate
that the use of all telemedicinemodalities was predicted to remain
in increased use after the pandemic, when compared to pre-
pandemic levels. Experience during the pandemic has brought
primary pediatric care to the forefront of telemedicine use.

A similar survey was previously used in a study of Israeli
participants demonstrating a similar adaptation to telemedicine
during the pandemic, yet it could not demonstrate similar
willingness to adopt such practices after the pandemic (17). The
difference between the studies may be the result of population
variances. Additionally, the smaller sample size of the Israeli
study (170 pediatricians) may not have had the power to detect
significant changes for the post-pandemic phase. However, there
may be more at hand. This European study was performed in
June and July 2020, immediately after the completion of the
Israeli study (May 2020). Though only 2 months following, we

surmise that as physicians continued to use telemedicine, they
became more comfortable with the modality thereby increasing
their willingness to use it under “normal” circumstances.

As medical care advances during the twenty-first century, a
hybrid of physician-patient interactions is developing, consisting
of both in-person and telemedicine visits. However, whereas
previous goals may have been created to utilize telemedicine
to access hard to reach patients, crossing distances or physical
barriers, current COVID-19 era use has forged a new ideal.
Current telemedicine use has demonstrated that a significant
percentage of physician-patient encounters does not require an
in-person visit. The convenience of interacting remotely may
increase efficiency for certain aspects of primary pediatric care.

Prior to the COVID-19 pandemic, strides in telemedicine
were lagging for community pediatrics. Previous studies
demonstrate physician’s resistance to telemedicine utilization
for reasons that include: lack of reimbursement, lack of
infrastructure, non-familiarity with new modalities, discomfort
with adopting new technologies, lack of confidence in the
accuracy of tele-diagnosis, ease of missing or delaying
critical diagnoses (such as medical emergencies or cancer),
predisposition to ancillary testing and antibiotic prescribing
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TABLE 4 | High likelihood pattern of clinical decision making in scenario 2.

Clinical decision making Respondents N = 710

Before COVID-19 During COVID-19 After COVID-19

N % N % N %

Manage remotely 71 10 284 40*,+ 119 17#

Provide antibiotics without examination 17 2 113 16*,+ 31 4

Provide symptomatic care without examination 220 31 388 55*,+ 144 20#

*During vs. before, p < 0.05.
+During vs. after, p < 0.05.
#After vs. before, p < 0.05.

with telemedicine use, lack of human interaction and impaired
interpersonal dialogue that is critical to the physician-patient
relationship (23–26).

The current COVID-19 pandemic has forced the primary care
pediatrician’s hand in utilization of telemedicine for a lack of a
better alternative. We predict that this recent use will engender
favorable attitudes toward the modality and lead to sustained use
after the pandemic resolves.

We suggest that increased use during this era has increased
familiarity, reduced “techno-phobia,” allowed for the learning
of meaningful use, as well as demonstrated telemedicine’s
opportunities for efficiency and convenience. Experience during
the pandemic allows for the development of meaningful use
both on the individual and on the institutional level with the
development of protocols and guidelines (27, 28).

Clinical scenarios that require the elucidation of physical
findings for diagnostic accuracy pose a unique challenge to
telemedicine. In the clinical scenarios we presented, physicians
were willing to diagnose and prescribe empirically and without
a physical exam only during the pandemic era and expect
to return to in-patient visits after the pandemic. However,
as new technologies offer “telediagnostics,” whereby part of
the physical exam may be performed remotely, expectations
are likely to change. New devices allow for auscultation,
otoscopy, and visualization of the oropharynx via a remote
device. Such devices have recently proven to provide high
quality sound and images, on par with traditional medical
devices (29, 30).

External physical findings, such as dermatologic exams have
demonstrated increased utility for telemedicine use. Of all
modalities surveyed in our study, images/video clips is the only
modality to have predicted future use to remain sustained at
pandemic levels. Advanced cell-phone camera technology has
made it easy for taking and sending quality photographs. Studies
have demonstrated that most skin lesions in pediatric primary
care attention could be managed by tele-dermatology (31, 32).

However, increased utilization of telemedicine during
COVID-19 for the clinical scenarios presented elucidate a
particular need for caution with telemedicine: over-prescription.
Previous studies have shown an increased frequency in antibiotic
prescribing via telemedicine as compared to in-person visits (26).
This tendency was confirmed by our presented case scenarios,

with an increase in tele-prescribing during the pandemic. One
may counter-argue, however, that our study of pandemic era
practices presents a unique phenomenon during necessary social
distancing, one that would not necessarily hold true during
“normal” circumstances.

Our study has several limitations. Subjective and predictive
reporting of use does not reflect the same accuracy as objective
measures. Those who responded may not actually represent
the opinions of all physicians in pediatric primary care.
Participation was not proportional across all countries, and
this may alter the study’s ability to represent all of Europe.
However, the limitation of the sample representativeness should
be considered in the context of a first study of its kind,
bringing data originating from primary care pediatricians. The
pandemic spread varied in different countries, which may have
influenced survey results. Future use are predictions made
in the earlier part of the pandemic. Predictions may not be
entirely accurate as attitudes may change as the pandemic
persists and use of telemedicine (now for almost 2 years)
is prolonged.

Our study did not explore chronic care, preventive care,
or behavioral and developmental pediatrics. Unlike the clinical
acute care scenarios presented, chronic care, preventive care and
behavioral and developmental management may have greater
utility for telemedicine (33, 34).

Our study did not explore the “other side of the examination
table,” or how patients feel about telemedicine. Initial studies in
pediatric telemedicine are optimistic, demonstrating significant
patient satisfaction (35). This may drive pressure on physicians
to provide a service that patients demand. Health maintenance
organizations and other healthcare organizations may require
such practice from their providers to save costs, improve quality
of care, increase patient compliance or simply as a means to
attract patients. The ethics of utilization must also be explored.

We suggest further studies that (1) assess via objective
measures (2), differentiate between visits that focus more on
a physical exam vs. those that relate to preventive, behavioral,
developmental, or administrative issues, as well as chronic care
(3), assess the use of pediatric telediagnostics, and (4) reassess
over time.

Additional studies will be needed to assess the cost of
telemedicine as well as physician and patient satisfaction with its
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use. Ethical use, the quality of its care and liability issues must be
further explored, so that evidence-based guidelines and protocols
can be developed to guide further telemedicine use (36, 37).

In conclusion, our study demonstrates an increased use of
telemedicine in primary care pediatrics during the COVID-19
epidemic, as well as its predicted effect of greater telemedicine
use in the future after the pandemic, compared to the pre-
pandemic situation.
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