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Abstract
Objective
To assess the rapid implementation of child neurology telehealth outpatient care with the onset
of the coronavirus disease 2019 (COVID-19) pandemic in March 2020.

Methods
This was a cohort study with retrospective comparison of 14,780 in-person encounters and
2,589 telehealth encounters, including 2,093 audio-video telemedicine and 496 scheduled
telephone encounters, between October 1, 2019 and April 24, 2020. We compared in-person
and telehealth encounters for patient demographics and diagnoses. For audio-video tele-
medicine encounters, we analyzed questionnaire responses addressing provider experience,
follow-up plans, technical quality, need for in-person assessment, and parent/caregiver satis-
faction. We performed manual reviews of encounters flagged as concerning by providers.

Results
There were no differences in patient age and major ICD-10 codes before and after transition.
Clinicians considered telemedicine satisfactory in 93% (1,200 of 1,286) of encounters and
suggested telemedicine as a component for follow-up care in 89% (1,144 of 1,286) of
encounters. Technical challenges were reported in 40% (519 of 1,314) of encounters. In-person
assessment was considered warranted after 5% (65 of 1,285) of encounters. Patients/caregivers
indicated interest in telemedicine for future care in 86% (187 of 217) of encounters. Partici-
pation in telemedicine encounters compared to telephone encounters was less frequent among
patients in racial or ethnic minority groups.

Conclusions
We effectively converted most of our outpatient care to telehealth encounters, including mostly
audio-video telemedicine encounters. Providers rated the vast majority of telemedicine
encounters to be satisfactory, and only a small proportion of encounters required short-term in-
person follow-up. These findings suggest that telemedicine is feasible and effective for a large
proportion of child neurology care. Additional strategies are needed to ensure equitable tele-
medicine use.
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In response to the coronavirus disease 2019 (COVID-19)
pandemic, there was a rapid and unprecedented conversion of
outpatient clinical care delivery from in-person to remote tel-
ehealth services,1 including audio-visual telemedicine encoun-
ters and scheduled telephone encounters. Telehealth is
typically defined as the use of a broad range of tele-
communications technologies to support long-distance clinical
health care,2 whereas telemedicine refers more narrowly to
remote health care services that include audio and video
equipment.3,4 Telemedicine in neurology care has been
reported primarily in adult stroke care, rural health systems, and
specific disease populations such as epilepsy and headache.5–11

Reports of pediatric neurology telemedicine delivery have been
limited to programs for underserved populations.12,13

Here, we analyzed the implementation of telehealth services
in our large pediatric neurology care network, including scheduled
telephone encounters and newly implemented audio-video tele-
medicine encounters. Because audio-video telemedicine encoun-
ters represented a new modality of patient care, we performed
a quality improvement study to determine the effectiveness of
telemedicine encounters as assessed by the clinicians, the utility of
telemedicine for future care, the need for short-term in-person
follow-up, and patient/caregiver satisfaction with the telemedicine
experience. We expected that these data would allow us to make
quick adjustments during the crisis and to determine how to
incorporate telehealth services, including audio-video telemedicine
encounters, into postpandemic pediatric neurology care.

Methods
Standard protocol approvals, registrations,
and patient consents
This was a quality improvement initiative that did not require
review by an Internal Review Board. We applied Strength-
ening the Reporting of Observational Studies in Epidemiol-
ogy (STROBE) reporting standards.14

Setting
This study was performed by the Division of Neurology at
Children’s Hospital of Philadelphia, a pediatric specialty care
network composed of an urban quaternary care hospital, an
ambulatory center, and an additional 8 satellite locations of-
fering child neurology care. The practice includes 55 child
neurologists, 7 advanced practice providers, and 21 graduate
medical trainees. The program provides 32,000 outpatient
encounters per year across general child neurology and spe-
cialty programs in epilepsy, neuromuscular, neuroimmune
disorders, brain protection, stroke, neurocardiac care, fetal and

neonatal neurology, headache, cognitive/behavioral neurology,
leukodystrophy, and Friedreich ataxia. All clinical care is docu-
mented with the Epic (Verona, WI) electronic medical record
(EMR) system. Before the pandemic, our practice offered no
outpatient telehealth services. All providers in the practice were
licensed in the state of Pennsylvania. During the pandemic, all
providers received emergency licenses for the care of children in
New Jersey through telehealth services.

Implementation of telehealth, including audio-
video telemedicine and scheduled
telephone encounters
OnMarch 9, 2020, our institution suspended all nonurgent in-
person neurology office visits due to regional adoption of social
distancing measures at the onset of the COVID-19 pandemic.
New patient referrals were screened by a physician, and a small
number were seen in person in a dedicated urgent clinic. Most
new and all established patients were scheduled for audio-video
telemedicine encounters. Established patients who lacked ac-
cess to a smartphone or computer application required to en-
able telemedicine encounters were scheduled for structured
(audio-only) telephone encounters. Unscheduled telephone
calls by a provider in response to a patient message were not
considered telephone encounters, and they were not included
in our analyses. Providers used the telemedicine software em-
bedded in the Epic EMR to conduct telemedicine encounters.
Telephone encounters were conducted with a phone.

Coordinators instructed patients or caregivers regarding the
downloadof the patient portal smartphone application required for
telemedicine encounters when appointmentswere scheduled.One
day before the encounter, a nursing assistant called the family or
caregivers to provide additional instructions about the encounter
procedure to increase the likelihood of successfully accessing
the patient portal. Families were instructed to initiate the
encounter 15 minutes before the scheduled time to sign
consents and to verify allergies, medications, and the active
problem list. If patients did not successfully connect to the
encounter within 5 minutes of the scheduled encounter time,
then staff reached out to patients to troubleshoot. Neurology
providers designated as EMR superusers trained all providers
to perform telemedicine and telephone encounters through
a narrated slide presentation or a one-on-one tutorial that
included a simulated encounter. Providers reviewed resources
on conducting video telemedicine neurologic examinations
from the American Academy of Neurology.15

At the time of the encounter, providers accessed the system
through a smartphone (Haiku) or tablet (Canto) application
and completed documentation by accessing Epic on

Glossary
CI = confidence interval; COVID-19 = coronavirus disease 2019; EMR = electronic medical record; ICD-10 = International
Classification of Diseases, 10th revision; MHI = median household income; OR = odds ratio; STROBE = Strengthening the
Reporting of Observational Studies in Epidemiology.
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a computer with a remote desktop connection (Citrix Sys-
tems). Providers documented telemedicine and telephone
encounters within the EMR using structured documentation
templates that contained key medical data fields from typical
in-person note templates. In addition, new fields were added,
including the need for the encounter, identification of par-
ticipants within the encounter, and appointment duration.
Audio-video telemedicine encounters contained a template
for a physical examination, which was not included in tem-
plates for telephone encounters.

Design of provider questionnaires embedded
in telemedicine notes
To assess the effectiveness of telemedicine encounters, we
embedded 5 multiple choice questions in the note templates.
Because these questions were aimed at evaluating the quality of
the newly established telemedicine encounters, these questions
were not included in the telephone encounter template. The
questions assessed (question 1) provider satisfaction, (question
2) follow-up plans using telemedicine, (question 3) presence of
technical issues, (question 4) presence of concerns requiring
sooner in-patient assessment, and (question 5) caregiver eval-
uation of the telemedicine encounter assessed by the provider.
The question regarding caregiver evaluation was added to the
survey ≈4 weeks after the initial survey deployment. Providers
were asked to query families about their satisfaction with tel-
emedicine at the conclusion of the encounter.

Data abstraction
Data from the Epic EMR were accessed via the Clarity database
(Epic). We developed a dedicated EMR data extraction protocol
that identified all outpatient encounters including the 3 catego-
ries of telehealth encounters (telemedicine new, telemedicine
follow-up, and telephone follow-up). We extracted demographic
variables, including age, sex, race, and ethnicity, for all encoun-
ters. Wemapped patient zip codes to median household income
(MHI) using 2018 US Census data.16 We retrieved the primary
ICD-10 code for each encounter and used higher-level grouping
of primary ICD-10 codes for analysis (e.g., G40 instead of
G40.10). For the small minority of encounters with primary
diagnoses mapping on 2 ICD-10 codes, we used the more
common ICD-10 code for the analyses to allow grouping of
common codes. We performed data extraction and analysis
within an institutional Health Insurance Portability and Ac-
countability Act–compliant framework. We developed a Natural
Language Processing pipeline within Oracle SQL that detected
the quality improvement question text within the full text and
parsed the semistructured answers, including free-text options.
We used the R analysis framework (R Foundation for Statistical
Computing, Vienna, Austria) for data analysis and visualiza-
tion.17 For our study, the unit of analysis was a patient encounter
(not patient). We present data as descriptive statistics or com-
parisons using Fisher exact tests and Wilcoxon rank sum tests.

Analyses
We assessed all in-person encounters conducted fromOctober 1,
2019 until March 15, 2020 and all telehealth encounters,

including telemedicine encounters and telephone encounters,
from March 16, 2020 until April 24, 2020. We used the term
telemedicine to refer exclusively to patient encounters performed
through the audio and video software embedded in the Epic
EMR, while telehealth includes both telemedicine encounters
and telephone encounters. The rationale for including both en-
counter types was that the combination of both encounter types
reflects the overall care provided by our care network after ces-
sation of in-person encounters and that telephone encounters
included all components of a telemedicine encounter except vi-
sualization of the patient and remote physical examination.
However, telemedicine encounters and telephone encounters are
often considered conceptually different.2,3 Therefore, we also
compared in-person encounters with telemedicine encounters,
excluding telephone encounters. Because telephone encounters
included only follow-up encounters for established patients, we
performed a separate analysis of follow-up encounters.

First, we compared in-person encounters with telehealth
encounters to determine whether practice had changed. Second,
within the telehealth cohort for return encounters, we compared
patient and diagnosis variables between telemedicine and tele-
phone encounters. Third, we compared telemedicine encounters
for which providers did or did not complete the quality im-
provement questionnaires to determine whether the assessed
cohort was representative of the overall population. Fourth, we
assessed responses to the quality improvement questionnaire. For
the analysis of provider satisfaction (question 1), the options “very
satisfied” and “somewhat satisfied”were collapsed. For the analysis
of follow-up plans (question 2), the options “Yes, I only need to
see them in person if there is a new symptom or major change”
and “Yes, but as a mix of telemedicine and in-person encounters”
were collapsed. For the analysis of technical issues (question 3),
answers to any option were analyzed jointly and separately. A
binary choice (yes/no) was given to providers for questions re-
garding concerning features requiring in-person evaluation sooner
than if the encounter had occurred in person (visits of concern,
question 4) and provider-assessed caregiver reception of tele-
medicine encounters (question 5). Finally, a board-certified child
neurologist manually assessed all encounters flagged as concern-
ing by providers in the embedded questionnaire, including the
reason for concern, primary diagnosis, documented follow-up
plan, placement of orders, and disposition. The primary encounter
diagnosis was used to compare frequency of diagnostic subgroups
in the cohort with concerns to the full telemedicine cohort.

Data availability
Data in a deidentified format will be made available by request
to the corresponding author.

Results
Recovery of patient volume by telehealth
during the COVID-19 pandemic
Patient volume initially decreased but then recovered. Com-
pared to baseline outpatient in-person clinical volume (average
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610.75 encounters per week), patient volume during the initial 2
weeks of telehealth care decreased by 41% (average 247.5
encounters per week). However, for the next 2 weeks, the mean
volume increased to 3% over baseline (average 626.5 encoun-
ters per week). Telemedicine encounters accounted for 80% of
all telehealth encounters. Only 21 of 2,459 patient encounters
(1%) were performed in person after transition to telehealth.

Patient demographics before and after
telehealth transition
We compared patient demographics and spectrum of di-
agnoses between 14,780 in-person encounters and 2,589
telehealth encounters (including 2,093 telemedicine and 496
telephone encounters) between October 1, 2019 and April
24, 2020 (table 1 and figure 1). The median age was 11.6 and
11.4 years in the in-person and telehealth cohorts, re-
spectively. The age distribution in both cohorts was virtually
identical. Self-reported ethnicity and race were not different
between the cohorts except for a small increase in the number
of individuals self-reporting as multiple races in the telehealth
cohort. MHI was identical between the cohorts. There were
no differences in age, self-reported ethnicity, race, and MHI
when the in-person cohort was compared to only the tele-
medicine component of the telehealth cohort (excluding
telephone encounters). The ratio of new to established
patients was higher in the telemedicine cohort compared to
the broader telehealth cohort but still lower compared to the
in-person cohort (645 of 2,093 [31%] vs 5,103 of 14,780
[35%], odds ratio [OR] 1.2, 95% confidence interval [CI]
1.1–1.3).

Diagnostic spectrum before and after telehealth
The most common primary diagnoses in the in-person and
telehealth cohorts were epilepsy (G40) in 30% and migraine
(G43) in 20% (figure 2). Epilepsy diagnoses were slightly
more prevalent in the telehealth cohort than in the in-person
cohort (telehealth 30% vs in-person 27%, OR 1.2, 95% CI
1.1–1.3). The proportion of patients with migraine was 20%
in both cohorts. In an assessment of all 376 primary diagnoses
seen in the overall cohort, 16 diagnoses were significantly
different between the in-person and telehealth cohort. Di-
agnoses that were overrepresented in the telehealth cohort
included metabolic disorders (E75, OR 3.3, 95% CI 1.4–7.2),
while underrepresented diagnoses in the telehealth cohort
included back pain (M54, OR 0, 95% CI 0–0.7), malaise and
fatigue (R53, OR 0.15, 95% CI 0–0.9), and syncope (R55, OR
0.45, 95% CI 0.2–1.0). When the in-person cohort was
compared to the telemedicine cohort (excluding telephone
encounters), there were no differences in the frequency of
epilepsy or migraine diagnoses. Metabolic disorders remained
overrepresented in the telemedicine vs in-person cohort (E75,
OR 4.1, 95% CI 1.8–8.9), while back pain was un-
derrepresented (M54, OR 0, 95% CI 0–0.9).

Provider and parent/caregiver assessments of
telemedicine encounters
The provider replied to at least 1 question in the provider
questionnaire in 63% (1,314 of 2,093) of telemedicine
encounters. Questions were not included for telephone
encounters. The patient encounters with questionnaire
answers were representative of the overall telemedicine

Table 1 Demographic data of child neurology outpatient encounters before and after transition to telehealth in response
to the COVID-19 pandemic

In-person encounters (n = 14,780; n = 14,597 with race/
ethnicity data)

Telehealth encounters (n = 2,589; n = 2,559 with race/
ethnicity data)

Median age (IQR), y 11.6 (5.9–15.8) 11.4 (5.9–16.0)

Male sex, n (%) 7,282 (49.3) 1,281 (49.5)

Ethnicity, n (%)

Hispanic or Latino 1,543 (10.5) 257 (10.0)

Self-reported race, n
(%)

White 9,561 (65.5) 1,712 (66.9)

Black 2,100 (14.3) 347 (13.6)

Other 1,982 (13.6) 315 (12.3)

Asian 543 (3.7) 79 (3.1)

Multiple 389 (2.7) 104 (4.1)a

Estimated MHI by zip
code, $

78,374 78,117

Newpatient visits, n (%) 5,103 (34.5) 645 (24.9)a

Abbreviations: COVID-19 = coronavirus disease 2019; IQR = interquartile range; MHI = median household income.
a Significant difference between in-person and telehealth encounters.
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cohort (table 2). Providers indicated overall satisfaction with
the telemedicine encounters in 93% (1,200 of 1,286) of
encounters, including a subset of 60% (767 of 1,286) of
encounters for which the providers were very satisfied with
the encounters. Providers indicated that they would use tel-
emedicine for at least a component of the follow-up plan for
the patient in 89% (1,144 of 1,286) of encounters, including
38% (484 of 1,286) of patient encounters for which tele-
medicine could be used exclusively unless the patient had new
symptoms or a clinical change. In 40% (519 of 1,314) of
encounters, the technical quality was impaired, and the most
frequent single causes affecting quality were poor audio
(19%), poor video (13%), and interruption of the encounter
(9%). In 5% of encounters, providers documented additional
technical quality problems in free-text notes. After a patient/
caregiver questionnaire was implemented, responses were
provided for 217 of 559 encounters. Caregivers indicated an
interest in telemedicine as part of future care for 86% (187 of
217) of encounters.

Evaluation of visits of concern
In 5% (65 of 1,285) of telemedicine encounters, the provider
flagged the clinical scenario as concerning enough to ne-
cessitate in-person evaluation. These 65 encounters were
evaluated further by chart review (table 3). Patient age in
visits of concerns was not significantly different from that in
visits without concern. Epilepsy (G40) was the most com-
mon primary diagnosis in visits of concern, but the frequency
was not significantly different from the overall telemedicine
or telehealth cohort. Migraine (G43) was significantly un-
derrepresented in the visits of concern, while metabolic
disorders (E75), facial nerve disorders (G51), sensory

disturbance (R20), neuromuscular disorders (G71), and
abnormal movements (R25) were significantly over-
represented. In all visits of concern, manual review revealed
an adequate plan documented in the provider notes.

Comparison of telemedicine and telephone
follow-up encounters
As a result of parent/caregiver preference or feasibility, 496
follow-up encounters were conducted as telephone encoun-
ters instead of telemedicine encounters. Given that telephone
encounters were used only for follow-up of established
patients, we compared demographics and patient diagnoses of
the 496 telephone and 1,448 telemedicine follow-up
encounters.

Patients with telephone encounters weremore likely to bemale
compared to follow-up telemedicine encounters (56% male
telephone encounter, 48% follow-up telemedicine encounter,
OR 1.4, 95% CI 1.1–1.7). Age did not differ between the
cohorts. Patients in racial or ethnic minority groups were
evaluated by telephone encounters instead of telemedicine
encounters more often than patients self-identified as white.
Patients self-identified as black made up 21% of the group
opting for telephone encounters compared to 11% of the group
using telemedicine encounters (OR 2.2, 95% CI 1.7–3.0).
Hispanic/Latino patients made up of 14% of telephone
encounters compared to 9% of telemedicine encounters (OR
1.7, 95% CI 1.2–2.3). MHI was lower in patients evaluated by
telephone encounters compared to telemedicine encounters
($72,373 MHI telephone vs $79,997 MHI telemedicine
encounters, difference $10,656, 95% CI 7,509–13,723). Epi-
lepsy (G40) was overrepresented in telephone encounters

Figure 1 Transition of child neurology outpatient encounters in response to the COVID-19 pandemic

COVID-19 = coronavirus disease 2019.
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compared to telemedicine encounters (42% of telephone vs
35% of telemedicine encounters, OR 1.3, 95% 1.1–1.7). The
frequency of patients with a primary diagnosis of migraine
(G43) was 19% in both cohorts.

Given the differences in both cohorts, we also compared tele-
phone encounters with the 9,677 in-person follow-up encoun-
ters, which showed similar results. Again, we did not observe age
differences, butmale (OR 1.3, 95%CI 1.1–1.6), black (OR 1.63,
95% CI 1.3–2.1), and Hispanic/Latino (OR 1.4, 95% CI
1.1–1.8) patients were overrepresented in telephone encounters
compared to in-person follow-up encounters. In addition, we
saw similar differences in MHI ($72,373 MHI telephone vs
$78,540 MHI in-person follow-up encounters, difference
$7,915, 95% CI 5,162–10,695) and epilepsy diagnoses (42% of
telephone vs 33% of follow-up in-person encounters, OR 1.4,
95% CI 1.2–1.7). These results suggest that the differences
between telephone encounters and telemedicine follow-up
encounters can be attributed to changes in the patient pop-
ulation evaluated by telephone encounters rather than changes
in the patient group evaluated by telemedicine.

Discussion
In this quality improvement study after rapid implementation
of telehealth services for outpatient child neurology care, we
made 5 key observations. First, conversion of outpatient care to
telehealth encounters occurred across our patients with a sim-
ilar distribution of demographic and clinical characteristics
compared to prepandemic in-person encounters. Second,
when using dedicated telemedicine services, providers reported

that telemedicine was satisfactory for almost all encounters and
that they would opt for ongoing use of telemedicine for most
patients. Providers reported a high level of satisfaction despite
technical issues in about one-third of encounters, suggesting
that these issues did not substantially interfere with care de-
livery. Third, in a single basic measure, most parents/caregivers
reported satisfaction with the telemedicine encounter. Fourth,
urgent in-person evaluation was needed in a small percentage
of patients. Fifth, access to telemedicine encounters compared
to telephone encounters was lower in racial and ethnic minority
groups, highlighting an inequity that must be addressed.

In the context of the COVID-19 pandemic, telemedicine as
a subset of remote health care services that include audio and
video equipment aligns with the 6 health care quality domains
described by the Institute of Medicine.18 By providing a way
to receive care without increasing the risk of pathogen ex-
posure, telemedicine facilitates safe care. By allowing in-
formation exchange with patients and caregivers to inform
medical decision-making, providers can offer effective care.
Accessibility and convenience while maintaining high patient
and family satisfaction allow patient-centered care. Tele-
medicine provides timely care by avoiding suspension or
delays in care during a pandemic that requires social dis-
tancing, efficient care by reducing the burden on providers or
families related to travel and time required for an in-person
encounter, and equitable care by ensuring that we continue to
meet the needs of our diverse patient population.

High levels of satisfaction with the telemedicine process in
a practice where few providers had prior telemedicine expe-
rience suggest that this method of health care delivery is

Figure 2 Spectrum of diagnoses before and after transition to telehealth in response to the COVID-19 pandemic

COVID-19 = coronavirus disease 2019; ICD-10 = International Classification of Diseases, 10th revision.
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sustainable during and after the current pandemic. High levels
of satisfaction despite frequent technical issues may have been
influenced by lack of alternative methods in the setting of the
COVID-19 pandemic, and infrastructural improvements to
rapidly address technical issues are needed. These improve-
ments may include software updates and bandwidth expan-
sion given the massive increase in data traffic across the
hospital’s networks.

The vast majority of our providers indicated that they would
continue to perform telemedicine encounters beyond the
current pandemic if given the opportunity. This finding
demonstrates that remote history taking and virtual exami-
nations are effective for providing most child neurology care.
In some instances, telemedicine may be able to remove bar-
riers to care that result from in-person encounters. This
benefit may be especially true for underserved patients whose
caregivers cannot afford to miss work or travel to the clinic in
person, who live far from our facilities, or who have complex

transportation needs. However, this study uncovered dis-
parities in the delivery of telemedicine care to patients in racial
and ethnic minority groups, who received care in the same
proportion as in-person encounters but were less likely to
have access to the potentially more robust care that tele-
medicine encounters can provide compared to telephone
encounters.

The need for rapid implementation of quality assurance
measures alongside rapid implementation of telemedicine led
to some notable limitations in our study. First, the provider
questionnaire was completed in only 63% of telemedicine
encounters. While the cohort with completed questionnaires
was representative of the overall population of encounters, it
is possible that providers who did not routinely complete the
surveys in their telemedicine encounters were less technically
savvy and therefore may have had differing opinions on the
utility of telemedicine. Second, the survey questions used in
the telemedicine encounters were not validated assessments

Table 2 Responses to provider questionnaires

Question Responses, n (%)

Satisfaction with telemedicine encounter (n = 1,286)

Either very or somewhat satisfied (overall satisfaction) 1,200 (93.3)

Very satisfied 767 (59.6)

Somewhat satisfied 433 (33.7)

Not at all satisfied 13 (1.0)

Incorporating telemedicine into follow-up (n = 1,286)

Yes, suggested as component of follow-up 1,144 (89.0)

Yes, in-person only necessary with clinical change 484 (37.6)

Yes, but as mix of in-person and telemedicine encounter 660 (51.3)

No, not suggested as component of follow-up 142 (11.0)

Quality of telemedicine encounter (n = 1,314)

Any type of issues affecting encounter quality 519 (39.5)

Poor video 166 (12.6)

Poor audio 249 (18.9)

Difficulty initiating visit 88 (6.7)

Communication was interrupted 119 (9.1)

Delays due to poor familiarity with the process 48 (3.7)

Other (free-text comments) 71 (5.4)

Concerns not adequately addressed (n = 1,285)

Concerns present 65 (5.1)

Caregiver reception assessed by provider (n = 217)a

Family interested in telemedicine in the future 187 (86.2)

a Lower number of questionnaire responses given that the question was added to the survey on April 13, 20, ≈4 weeks after the initial survey deployment.
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of care effectiveness but rather offered targeted insights that
will be used to implement future systems changes. Third,
while our data suggest that most providers perceive tele-
medicine to be at least equivalent to in-person care for a va-
riety of neurologic conditions, we cannot conclude that
outcomes from telemedicine encounters are comparable to
those of in-person encounters. Prospective studies of process
measures and patient-centered outcome measures are needed
to evaluate the effectiveness of child neurology telemedicine
more robustly. Fourth, a measurement of patient satisfaction
was carried out with only a single question asked by the cli-
nician providing care, and this approach may influence
answers toward a positive reply. Using electronic survey
technology to gather anonymous satisfaction assessments
may provide a less biased view in future studies.

While telemedicine encounters are often strictly defined as
encounters with both audio and video components, we chose
to include both audio-video telemedicine encounters and
audio-only telephone encounters in our analyses. We opted
for the inclusion of telephone encounters for 2 reasons. First,
the combination of both telemedicine encounters and tele-
phone encounters represented the total scheduled patient

encounters provided by our care network. Therefore, the
combination of both encounter types reflected the outpatient
services provided more adequately than telemedicine
encounters alone. Second, scheduled telephone encounters
were structured and mirrored audio-video telemedicine
encounters in all ways except remote physical examination
and nonverbal communication. The rapid implementation of
both encounter types occurred simultaneously, and we
deemed both types of care as important within our care de-
livery model. Given the disparities among racial or ethnic
groups uncovered by our analyses, further work is ongoing to
address these differences.

Priority questions for future studies include determining
whether previously documented benefits of telemedicine such
as reduction in no-show burden,12,19 in costly emergency
department visits,6 or in miles traveled for patients20,21 occur
when telemedicine is implemented more broadly in child
neurology practice. While many of our patients travel far for
subspecialty care, those who live in our primary catchment
region may also benefit from telemedicine child neurology
services. In addition, evaluation of the impact of remote
monitoring technologies, including seizure detection devices,

Table 3 Manual chart review of encounters flagged to necessitate in-person evaluation

Visits with concern, n (%) Encounters in telemedicine cohort, n (%) OR (95% CI)

Overall visits of concern 65 (100) — —

New patient visit 37 (56.9) — —

Follow-up 28 (43.1) — —

Follow-up and disposition for visits of concern

Adequate follow-up plan 65 (100) — —

Referred to ED 2 (3.1) — —

Urgent neurology clinic 3 (4.6) —

Direct admission planned 0 (0) —

Referred to another provider 8 (12.3) — —

Diagnoses overrepresented in visits of concern

Metabolic disorders (E75) 2 (3.13) 3 (0.23) 38.7 (1.99–2,270)

Facial nerve disorders (G51) 2 (3.13) 3 (0.23) 38.7 (1.99–2,270)

Sensory disturbance (R20) 2 (3.13) 4 (0.31) 19.4 (1.39–271)

Neuromuscular (G71) 3 (4.69) 12 (0.93) 6.56 (1.12–27.2)

Abnormal movements (R25) 4 (6.25) 22 (1.70) 4.42 (1.06–14.0)

Epilepsy (G40)a 18 (28.1) 356 (27.5) 1.015 (0.55–1.81)

Diagnoses underrepresented in visits of concern

Migraine (G43) 3 (4.69) 244 (18.8) 0.20 (0.04–0.62)

Abbreviations: CI = confidence interval; ED = emergency department; OR = odds ratio.
a Comparison for epilepsy (G40) was included in table because this diagnosis code represented the largest subgroup in both the overall telemedicine cohort
and visits of concerns.
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long-term remote EEG monitoring, electronic pill boxes, and
actigraphy might further bolster the future use of telehealth
services beyond provider consultation.

We describe the successful implementation of telehealth
services across all the subspecialties of a pediatric neurology
program with a detailed evaluation of audio-video tele-
medicine encounters. We expect that further research into
optimizing these technologies will show telemedicine to be
even more valuable than demonstrated in our study. We
recognize that implementation during the COVID-19 crisis
was possible because legislators and payers quickly accom-
modated this approach, and we hope evidence of effectiveness
and benefit across all 6 Institute of Medicine health care
quality domains18 will help ensure that children with neuro-
logic conditions have continued access to telemedicine care.

Acknowledgment
The authors thank the Arcus team at Children’s Hospital of
Philadelphia for support with data analysis.

Study funding
No targeted funding reported.

Disclosure
The authors report no disclosures relevant to this manuscript.
Go to Neurology.org/N for full disclosures.

Publication history
Received by Neurology April 30, 2020. Accepted in final form
May 22, 2020.

References
1. Hollander JE, Carr BG. Virtually perfect? Telemedicine for covid-19. N Engl J Med

2020;382:1679–1681.
2. Office of the National Coordinator for Health Information Technology (ONC).

What is telehealth? How is telehealth different from telemedicine? [online]. Available
at: healthit.gov/faq/what-telehealth-how-telehealth-different-telemedicine. Accessed
May 14, 2020.

3. Medicaid.gov. Telemedicine [online]. Available at: medicaid.gov/medicaid/benefits/
telemedicine/index.html. Accessed May 14, 2020.

4. In: Field MJ, ed. Telemedicine: A Guide to Assessing Telecommunications in Health
Care. Washington, DC: National Academies Press;1996.

5. Kepplinger J, Barlinn K, Deckert S, Scheibe M, Bodechtel U, Schmitt J. Safety and
efficacy of thrombolysis in telestroke: a systematic review and meta-analysis. Neu-
rology 2016;87:1344–1351.

Appendix Authors

Name Location Contribution

Salvatore C.
Rametta, MD

University of
Pennsylvania,
Philadelphia
Children’s
Hospital of
Philadelphia

Design and conceptualized study;
drafted the manuscript for
intellectual content; performed
statistical analysis

Sara E.
Fridinger, MD

University of
Pennsylvania,
Philadelphia
Children’s
Hospital of
Philadelphia

Design and conceptualized study;
analyzed the data; drafted the
manuscript for intellectual
content; major role in the
acquisition of data; performed
statistical analysis

Alexander K.
Gonzalez, MS,
MBA

Children’s
Hospital of
Philadelphia, PA

Analyzed the data; major role in
the acquisition of data; performed
statistical analysis

Julie Xian Children’s
Hospital of
Philadelphia, PA

Analyzed the data; performed
statistical analysis

Peter D. Galer,
MS

Children’s
Hospital of
Philadelphia, PA

Analyzed the data; performed
statistical analysis

Michael
Kaufman, MS

Children’s
Hospital of
Philadelphia, PA

Analyzed the data

Appendix (continued)

Name Location Contribution

Marisa S.
Prelack, MD

University of
Pennsylvania,
Philadelphia
Children’s
Hospital of
Philadelphia

Design and conceptualized study;
analyzed the data; drafted the
manuscript for intellectual
content; major role in the
acquisition of data

Uzma Sharif,
MD

Children’s
Hospital of
Philadelphia, PA

Drafted the manuscript for
intellectual content; major role in
the acquisition of data

Mark P.
Fitzgerald,
MD, PhD

University of
Pennsylvania,
Philadelphia
Children’s
Hospital of
Philadelphia

Drafted the manuscript for
intellectual content

Susan E.
Melamed,
CRNP

Children’s
Hospital of
Philadelphia, PA

Drafted the manuscript for
intellectual content

Marissa P.
Malcolm, MBA

Children’s
Hospital of
Philadelphia, PA

Drafted the manuscript for
intellectual content; major role in
the acquisition of data

Sudha Kilaru
Kessler, MD,
MSCE

University of
Pennsylvania,
Philadelphia
Children’s
Hospital of
Philadelphia

Design and conceptualized study;
drafted the manuscript for
intellectual content; analyzed the
data

Donna J.
Stephenson,
MD

University of
Pennsylvania,
Philadelphia
Children’s
Hospital of
Philadelphia

Analyzed the data; drafted the
manuscript for intellectual
content

Brenda L.
Banwell, MD

University of
Pennsylvania,
Philadelphia
Children’s
Hospital of
Philadelphia

Drafted the manuscript for
intellectual content

Nicholas S.
Abend, MD,
MSCE

University of
Pennsylvania,
Philadelphia
Children’s
Hospital of
Philadelphia

Design and conceptualized study;
drafted the manuscript for
intellectual content

Ingo Helbig,
MD

University of
Pennsylvania,
Philadelphia
Children’s
Hospital of
Philadelphia

Design and conceptualized study;
analyzed the data; drafted the
manuscript for intellectual
content; major role in the
acquisition of data; performed
statistical analysis

Neurology.org/N Neurology | Volume 95, Number 9 | September 1, 2020 e1265

https://n.neurology.org/lookup/doi/10.1212/WNL.0000000000010010
http://healthit.gov/faq/what-telehealth-how-telehealth-different-telemedicine
http://medicaid.gov/medicaid/benefits/telemedicine/index.html
http://medicaid.gov/medicaid/benefits/telemedicine/index.html
http://neurology.org/n


6. Davis LE, Harnar J, LaChey-Barbee LA, Pirio Richardson S, Fraser A, KingMK. Using
teleneurology to deliver chronic neurologic care to rural veterans: analysis of the first
1,100 patient visits. Telemed J E Health 2019;25:274–278.

7. Patel UK, Malik P, DeMasi M, Lunagariya A, Jani VB. Multidisciplinary approach and
outcomes of tele-neurology: a review. Cureus 2019;11:e4410.

8. Berman M, Fenaughty A. Technology and managed care: patient benefits of tele-
medicine in a rural health care network. Health Econ 2005;14:559–573.

9. Timpano F, Bonanno L, Bramanti A, et al. Tele-health and neurology: what is pos-
sible? Neurol Sci 2013;34:2263–2270.

10. Muller KI, Alstadhaug KB, Bekkelund SI. Acceptability, feasibility, and cost of tele-
medicine for nonacute headaches: a randomized study comparing video and tradi-
tional consultations. J Med Internet Res 2016;18:e140.

11. Rasmusson KA, Hartshorn JC. A comparison of epilepsy patients in a traditional
ambulatory clinic and a telemedicine clinic. Epilepsia 2005;46:767–770.

12. Dayal P, Chang CH, Benko WS, et al. Appointment completion in pediatric neu-
rology telemedicine clinics serving underserved patients. Neurol Clin Pract 2019;9:
314–321.

13. Dayal P, Chang CH, Benko WS, et al. Hospital utilization among rural children
served by pediatric neurology telemedicine clinics. JAMA Netw Open 2019;2:
e199364.

14. von Elm E, Altman DG, Egger M, et al. The Strengthening the Reporting of Ob-
servational Studies in Epidemiology (STROBE) statement: guidelines for reporting
observational studies. J Clin Epidemiol 2008;61:344–349.

15. American Academy of Neurology. Telemedicine and COVID-19 implementation
guide [online]. Available at: aan.com/tools-and-resources/practicing-neurologists-
administrators/telemedicine-and-remote-care/. Accessed May 14, 2020.

16. United States Census Bureau. B19013 Median household income in the past 12
months (in 2018 inflation-adjusted dollars). 2018 American Community Survey 5-
Year Estimates. U.S. Census Bureau’s American Community Survey. Available at:
ftp.census.gov/. Accessed December 19, 2019.

17. R Core Team. R: A language and environment for statistical computing [online].
Available at: R-project.org/. Accessed May 14, 2020.

18. Institute of Medicine. Crossing the Quality Chasm: ANewHealth System for the 21st
Century: Washington, DC: National Academies Press; 2001.

19. Schreiber SS. Teleneurology for veterans in a major metropolitan area. Telemed J E
Health 2018;24:698–701.

20. Ben-Pazi H, Browne P, Chan P, et al. The promise of telemedicine for movement
disorders: an interdisciplinary approach. Curr Neurol Neurosci Rep 2018;18:26.

21. Wilson AM, Jamal NI, Cheng EM, et al. Teleneurology clinics for polyneuropathy:
a pilot study. J Neurol 2020;267:479–490.

e1266 Neurology | Volume 95, Number 9 | September 1, 2020 Neurology.org/N

http://aan.com/tools-and-resources/practicing-neurologists-administrators/telemedicine-and-remote-care/
http://aan.com/tools-and-resources/practicing-neurologists-administrators/telemedicine-and-remote-care/
http://ftp.census.gov/
http://R-project.org/
http://neurology.org/n


DOI 10.1212/WNL.0000000000010010
2020;95;e1257-e1266 Published Online before print June 9, 2020Neurology 

Salvatore C. Rametta, Sara E. Fridinger, Alexander K. Gonzalez, et al. 
pandemic

Analyzing 2,589 child neurology telehealth encounters necessitated by the COVID-19

This information is current as of June 9, 2020

Services
Updated Information &

 http://n.neurology.org/content/95/9/e1257.full
including high resolution figures, can be found at:

References
 http://n.neurology.org/content/95/9/e1257.full#ref-list-1

This article cites 14 articles, 1 of which you can access for free at: 

Citations
 http://n.neurology.org/content/95/9/e1257.full##otherarticles

This article has been cited by 1 HighWire-hosted articles: 

Subspecialty Collections

 http://n.neurology.org/cgi/collection/all_pediatric
All Pediatric
following collection(s): 
This article, along with others on similar topics, appears in the

  
Permissions & Licensing

 http://www.neurology.org/about/about_the_journal#permissions
its entirety can be found online at:
Information about reproducing this article in parts (figures,tables) or in

  
Reprints

 http://n.neurology.org/subscribers/advertise
Information about ordering reprints can be found online:

ISSN: 0028-3878. Online ISSN: 1526-632X.
Wolters Kluwer Health, Inc. on behalf of the American Academy of Neurology.. All rights reserved. Print
1951, it is now a weekly with 48 issues per year. Copyright Copyright © 2020 The Author(s). Published by 

® is the official journal of the American Academy of Neurology. Published continuously sinceNeurology 

http://n.neurology.org/content/95/9/e1257.full
http://n.neurology.org/content/95/9/e1257.full#ref-list-1
http://n.neurology.org/content/95/9/e1257.full##otherarticles
http://n.neurology.org/cgi/collection/all_pediatric
http://www.neurology.org/about/about_the_journal#permissions
http://n.neurology.org/subscribers/advertise

