JMIR PEDIATRICS AND PARENTING Cazell et d
Viewpoint

Management and Treatment of Concussions via Tele-Concussion
in a Pediatric Setting: Methodological Approach and Descriptive
Analysis

Todd Caze |12, PhD; Gregory P Knell*3* MS, PhD; John Abt!, PhD; Scott O Burkhart*, PsyD

IChildren's Health Andrew's Insitute, Plano, TX, United States
2University of Texas-Southwestern Medical Center, Dallas, TX, United States

3Department of Epidemiology, Human Genetics, and Environmental Sciences, The University of Texas Health Science Center at Houston, Houston,
TX, United States

4Center for Pediatric Population Health, The University of Texas Health Science Center at Houston, Houston, TX, United States

Corresponding Author:

Todd Cazell, PhD

Children's Health Andrew's Insitute
Unit T1200

7211 Preston RD

Plano, TX

United States

Phone: 1 4802968847

Email: todd.caze@gmail.com

Abstract

Background: Approximately 2 million children in the United States sustain a concussion annually, resulting in an economic
impact as high as US $20 billion. Patients who receive treatment at concussion specialty clinics, versus primary care, experience
faster recovery, thereby reducing patient burden and subsequent medical-rel ated costs. Accessibility to specialty clinicsistypicaly
limited by the availability of in-office visits. This is particularly relevant in light of the severe acute respiratory syndrome
coronavirus 2 pandemic and subsegquent guidance to eliminate all non—medically necessary in-clinic visits. Telehealth has been
used to effectively deliver in-clinic care across severa disciplines including psychiatry, psychology, and neuropsychology.
However, amodel of telehealth delivered concussion assessment, treatment, and management has not been established.

Objective: The purposes of this paper areto describe apediatric concussion specialty clinic's experiencesin delivering telehealth
concussion services and to provide preliminary descriptive data on a sample of pediatric telehealth patients with concussions.

Methods: The specialty pediatric concussion clinic described here began providing telehealth servicesin 2019 and is part of
the largest and fastest-growing telehealth hospital network in the United States. The clinical care process will be described,
including accessing the telehealth platform, assessment during theinitial appointment, injury management including communication
with relevant patient stakeholders (eg, parent or guardians, athletic trainers), dissemination of rehabilitation exercises, and nature
of follow-up visits. Descriptive data will include patient demographics, the radius of care, the time between the date of injury
and initia visit, the average number of follow-up visits, and days until medically cleared for return-to-learn and return-to-play.

Results: The analytic sampleincluded 18 patients with concussions who were seen for all of their visits via telehealth between
August 2019 and April 2020. The mean age of the sample was 14.5 (SD 2.5) years. The radius of care was amedian of 17 (IQR
11.0-31.0) milesfrom the clinic with amedian time between injury and thefirst visit of 21 (IQR 6.0-41.5) days. The mean number
of visitswas 2.2 (SD 0.8) with amedian days between visits of 5.4 (IQR 3.0-9.3) to manage and treat the concussion. Of the 18
patients, 55.6% (n=10) were medically cleared for return-to-learn or -play in amedian of 15.5 (IQR 11.0-29.0) days.

Conclusions: Limited access to hedlth care is a well-understood barrier for receiving quality care. Subsequently, there are
increasing demands for flexibility in delivering concussion services remotely and in-clinic. This is the first paper to provide a
clinically relevant framework for the assessment, management, and treatment of acute concussion via telehealth in a pediatric
population.
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Introduction

Background

Sport-related concussions (SRCs) areasignificant public health
concern in the United States [1]. The prevalence rate of SRCs
among US children (<18 years) is approximately 1400-2400
per 100,000 children, amounting to 1.9 million annual cases
[2]. Pediatric SRCs increase the risk of short-term health
problems including neurobehavioral changes (eg, fatigue,
nervousness or irritability), cognitive impairment (eg, slowed
reaction times, difficultly in concentrating), sleep disturbances,
somatic symptoms (eg, nausea, vomiting, dizziness), or
emotional symptoms [3]. Long-term problems include
psychosocial outcomes (eg, hyperactivity, inattention) [4] during
later childhood years and psychiatric disorders and premature
mortality in adulthood [5]. These poor health outcomes related
to concussions|ead to a staggering economic impact on society
[6]. There is evidence, however, that early diagnosis and
treatment decrease symptom severity and reduce recovery time,
diminishing the risk of short- and possibly long-term health
outcomes[4,7].

Current Status

Recent advancements in the understanding of concussion
management have resulted in better outcomes for patients.
Beginning in 2001 the Concussion in Sport Group began
releasing international consensus statementswith recommended
guidelinesfor theidentification and management of concussions
[8]. Over the past four consensus statements, return-to-learn
(RTL) and return-to-play (RTP) guidelines have become more
prescriptive and step-wise. RTL currently includes systematic
progression from minimum academic activity with
accommodations to a gradual increase in performing all
academic activities equivalent to beforeinjury [9]. RTP currently
includes systematic progression from minimum physical activity
to eventua full-return of sport-specific activity, including
full-contact practice [9]. This step-wise progression for RTP
has resulted in an increase in average days of recovery in high
school and collegiate athletes, aswell asasignificant reduction
in the number of repeated concussions and duration between
multiple concussions [10]. Additionaly, international and
national consensus statements advocate for targeted referralsto
specialty clinics (eg, physical, vestibular, or cervical therapy).
These specialty clinicsthen hold the responsibility to determine
RTPand RTL [10-12]. Accordingly, there has been an increase
in referrals to specialty multidisciplinary concussion clinics
based on the evolution of concussion consensus statements and
guidelines[13].

Challenges

Despite an increased need for speciaty concussion clinics,
accessis limited. It is well documented [14] that the physical
distance between patients and clinicslimits patient accessibility.
This assumes the patient has access to a reliable mode of
personal or public transportation. Given that concussion
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speciaty clinics are relatively rare in the United States and
typically only located in major metropolitan areas [15,16],
accessfor the majority of USresidentsincluding those residing
in rural areas is particularly limited. The scarcity of specialty
concussion clinicsfurther limitsthe availability of appointments
and makes it difficult to receive appropriate care in the acute
phaseof injury [17,18]. Thisisimportant because early symptom
burden is often the strongest predictor of recovery [19], with
targeted interventions being more effective than rest and
graded-exertion alone [20].

A possible mechanism to overcome the issue of accessibility is
remotely delivered care or telehealth. Telehealth platforms have
been used to effectively deliver in-clinic care across several
disciplinesincluding primary care, neurology, behavioral hedlth,
psychiatry, and neuropsychology [21-25]. Research shows no
differencein patient ratings of therapeutic alliance and treatment
satisfaction of in-clinic visits versus telehealth platforms,
including concussion care and management delivered through
telehealth (tele-concussion) specifically [26]. Despite some
preliminary evidence on the efficacy of tele-concussion, few
providers offer these services. However, the severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2) outbreak
in March 2020 forced many providersto offer tel ehealth services
to dow transmission by limiting person-to-person exposures
[27]. Thisrecent rise in tele-services and general overall client
satisfaction will likely lend itself to afurther increase in use of
telemedicine [28].

Solutions

However, best practices for telehedth delivery for the
assessment, treatment, and management of concussions have
not been established. The primary purpose of this paper isto
describe the methodological approaches of one pediatric
concussion clinic’s transition to tele-concussion. We will also
provide preliminary descriptive data on a sample of pediatric
telehealth patients with concussions. Providing an example of
how one clinic implements tele-concussion services can spur
other providers to work through concerns and implementation
logistics. In addition, preliminary descriptive data can help the
field in discerning what are important variables to consider in
future empirical validation studies on tele-concussion.

Methods of Service Delivery

Children’sHealth Andrews I nstitute

Children’'sHealth Andrews|nstitute (CHALI) isapediatric sports
medicine and orthopedic clinic located in the Dallas/Fort Worth
metropolitan area. Within CHAI, there are several specialty
clinics including a concussion clinic. This multidisciplinary
concussion clinic saw over 600 new pediatric concussions in
2019 with a portion of those seen via telehealth for follow-up
visits only. Following the SARS-CoV-2 outbreak, CHAI began
atransition to an all telehealth setting for al patient visitsin
March 2020. To have an understanding of the clinic's
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methodol ogical approach to tele-concussion, we will provide a
brief overview of the in-person approach.

I n-Person Clinic M ethods

Consistent with consensus guidelines [9], once a patient is
suspected of sustaining aconcussion, they areevaluatedin-clinic
and provided targeted recommendationsfor RTL and RTR. This
initial evaluation includes a brief clinical interview along with
symptom, vestibular, ocular motor, and cognitive screening.
Once concussion diagnosis is confirmed, the patient is given
paperwork outlining individualized RTL and RTP progressions
that the patient disseminates to necessary school personnel.
Outside specialty referrals are made as necessary (eg, physical
therapy, vestibular therapy) and follow-up visits scheduled.

During the follow-up visit, progress and recovery are
re-evaluated through a brief clinical interview; symptom
screening; and vestibular, ocular motor, and cognitive
functioning screening. Thisaggregate datainforms modifications
to recovery protocols for RTL and RTP. If recovery is not
progressing or symptoms are worsening, areferral is made (eg,
physical therapy). Depending on progression of RTL and RTP
protocols, patients may require additional follow-up visits.

At a patient’s clearance and final visit, the treating provider
determines if the patient has successfully completed RTL and
RTP protocols. During the fina visit, a clinical interview;
symptom endorsement; and vestibular, ocular motor, and
cognitive functioning screening are conducted to determine if
the patient has returned to their baseline levels. Once cleared
by treatment provider, the patient is provided a medical
clearance note for school and sports. Although thetotal number
of visits vary, the average is 2-3 visits spanning over several
weeks.

Tele-Concussion Clinic Methods

The first step in transitioning an in-clinic concussion
management program to a telehealth delivered program is to
establish a video delivery platform accessible to patient and
provider. There are various telehealth platforms that can serve
asthis communication tool. It isimportant to discusswith your
organization which platforms are compliant with their
institutional policiesand standards such asthe Health Insurance
Portability and Accountability Act (HIPPA). The CHAI
concussion clinic uses an internal entity, which patients can
access via awebsite or mobile app (requires downloading to a
mobile device), though other HIPPA compliant telehealth
videoconferencing platforms can be used.

The second step that should be considered in transitioning an
in-clinic concussion management program to a telehealth
delivered program is to convert all patient materials that are
typically delivered or provided to the patient in hard copiesinto
digital copies. At CHAI, this includes a patient handout
describing what a concussion is and general tips to help
maximize recovery. These materials are delivered to patients
at CHAI through an internal patient portal, but they could also
be delivered via email or other patient portals if available
through a hospital network.

https://pediatrics.,jmir.org/2020/2/€19924
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Thethird step in thistransition isto convert all testing delivered
to the patient in-clinic to a virtual delivery. In the CHAI
concussion clinic, thisincluded the Post-Concussive Symptom
Checklist (PCSS) [29], the Vestibular Ocular Motor Screener
(VOMS) [30], and computerized neurocognitive testing. The
PCSSis a self-reported symptom checklist that was converted
to adigital form that can be delivered to the patient via email
or patient portal. If administered on a digital platform (eg,
RedCap, My Patient Portal), the patient can receive, complete,
and return the form online. Otherwise, the patient may haveto
print the document, complete it, and scan or return it to the
provider. In the CHAI concussion clinic, patients fill out the
PCSS online via patient portal at the beginning of their virtual
visit. For the VOMS, there are several steps necessary to
administer this screening tool virtualy. First, patients are
informed prior to their visit that the following materials are
needed: a ruler with centimeters, a pencil, and a metronome
(this can be through a mobile phone app or online). Prior to
administration of the VOMS, patients are instructed to have
their cameras positioned so the clinician can see their eye
movements during the screening. Second, similar to in-person
administration, a baseline for symptoms (Likert-scale 0-10) of
headache, dizziness, nausea, and fatigue are collected. After a
baseline of symptoms are collected, in-person administration
of the VOMS requires the clinician to provide the stimulus to
guide the patient in performing the vestibular and ocular
movements of the screening while noting if any of these
movement patterns provoke symptoms (an increase from
baseline symptoms collected). For telehealth, the clinician is
still guiding the patient through movements, but they are now
directing the patient on how they can do these movements on
their own. This requires the clinician to first demonstrate how
to use apencil to perform the movements of the ocular screening
portion of the VOMS: smooth pursuits, vertical and horizontal
saccades, and convergence with the additional use of aruler in
centimeters. Each portion of the ocular motor screening is
demonstrated by the clinician and then practiced by the patient
to ensure accuracy. Oncethe patient is ableto perform a specific
portion of the ocular screening, such as smooth pursuits, the
patient then rerates symptoms of headache, dizziness, nauses,
and fatigueto noteif that movement pattern resulted in symptom
provocation. The clinician then demonstrates with pencil and
metronome how the patient is to perform movements of the
vestibular screening of the VOMS: horizontal and vertical
vestibular-ocular reflex, and visual motion sensitivity test.
Similar to the ocular motor section of the VOMS, each portion
of the vestibular screening is demonstrated by the clinician and
then practiced by the patient to ensure accuracy. Once the patient
isableto perform a specific portion of the vestibular screening,
such as vestibular-ocular reflex, the patient then rerates
symptoms of headache, dizziness, nausea, and fatigue to note
if that movement pattern resulted in symptom provocation. For
computerized neurocognitive testing, similar to in-person visits,
supervision of testing is provided during telehealth visits.

Thefourth step in this processisto prepare any other materials
for a postclinic visit that may be needed to supplement care.
Similar to in-person visits, individualized paperwork outlining
RTL and RTP are provided to the patient but through the patient
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portal. This paperwork isthen disseminated to necessary school
personnel by the patient.

Finaly, the actua patient visit requires some steps to
successfully transition an in-clinic concussion management
program to a telehealth delivered program. Although patient
clinical care in the tele-concussion clinic is similar to the
in-person clinic, an important difference is the previsit
preparation. Before the initial visit or assessment the patient’s
parents or guardians are emailed instructions on how to access
the virtual health platform. Patients are instructed to log into
the telehealth app prior (approximately 15 minutes) to all
appointmentsto troubleshoot any technical difficultiesthat may
arise. A member of the concussion clinical team is made
availableto the patient viatelehealth, if necessary, to assist with
any problems connecting. All other elements of the
tele-concussion visitsremain the same asthein-person (referrals
to specialty clinics, etc).

Preliminary Data

A secondary objective of this paper is to provide preliminary
descriptive dataon asampl e of pediatric tel ehealth patientswith

Cazell et a

concussions. Descriptive statistics on patient demographics
(age, sex, race or ethnicity, and patient location), patient visits
(timeto first visit, total number of visits, time between visits),
and patient recovery (recovery time, medica clearance) were
evaluated for missingness and normality, and reported
appropriately as proportions, means, medians, and ranges.

All data were collected from a deidentified clinical database
and received exempt status from the Children’'s Health
Institutional Review Board.

Evaluation Outcomes

Participants’ (N=18) age ranged from 9-20 years, with a mean
of 14.5 (SD 2.5) years. The majority of patients (n=14, 77.8%)
werefemale, non-Hispanic White (n=14, 77.8%), |ocated in-state
(n=17, 94.4%), and medically cleared for RTP or RTL (n=10,
56.6%). Participants were located in a median of 17 (IQR
11.0-31.0) miles from the CHAI and required a mean of 2.2
(SD 0.8) vigits. There was a median of 5.4 (IQR 3.0-9.3) days
between visits, and patients took a median of 155 (IQR
11.0-29.0) days to recover fully (see Table 1 for more details).

Table 1. Descriptive statistics on patients using a pediatric tele-concussion clinic, 2019-2020 (N=18).

Characteristic Value
Age (years), mean (SD) 14.5(2.5)
Sex, n (%)
Male 4(22.2)
Female 14(77.8)
Race/ethnicity, n (%)
Non-Hispanic White 14 (77.8)
Hispanic 3(16.7)
Non-Hispanic Black 1(5.6)
Patient location
In state, n (%) 17 (94.4)
Distance from clinic (miles), median (IQR) 17 (11.0-31.0)
Distance from clinic (miles), range 2-863
Patient visits
Timeto first visit (days), median (IQR) 21 (6.0-41.5)
Time between visits (days), median (IQR) 5.4 (3.0-9.3)
Total number of visits, mean (SD) 2.2(0.8)
Total number of visits, range 1-4

Patient recovery
Recovery time (days), median (IQR)
Medicaly cleared, n (%)

15.5 (11.0-29.0)
10 (55.6)

Discussion

Telehealth for Concussion Care

In the wake of the SARS-CoV-2 outbreak, general medicine
and specialty clinics are rapidly adapting delivery of clinical
care. Consistent with the primary objective of this paper, the
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methodology of converting a speciaty clinic’s in-person visit
to a telehealth visit were described. Telehealth for concussion
care was initially implemented at this clinic starting in 2019.
This previous experience in telehealth delivery allowed for an
easier transition to all telehealth visits when mandated by the
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hospital system on March 17, 2020, in response to the
SARS-CoV-2 outbresk.

Potential Challenges of Telemedicine

This study demonstrates how to administer tele-concussion
services effectively. However, this does not come without
challenges. First, adapting administration of measures such as
VOM Sto tel ehealth took time and practice. At CHAI concussion
clinic, providers practiced telehealth administration multiple
timeswith one another to ensure familiarity and to troubleshoot
administrative difficulties. Clinicswill haveto consider similar
preliminary exercisesfor any measuresdelivered viatel ehealth.

Second, technical issues were unavoidable. Internet bandwidth
and Wi-F quality varies for patients and can result in
connectivity issues. In our experiences, having the patient log-in
totheir visit prior to the appointment provides opportunitiesfor
troubleshooting including log-in assistance. This also provides
opportunities to remind patients to minimize distractions, use
alarger screen (ie, computer or tablet), and maximize internet
speed (ie, have others log-off shared Wi-Fi, using a phone's
Wi-Fi hotspot for the device used for the visit). Other technical
difficultieswill inevitably arise and keeping alog of issueswith
resolutions as a quick reference will prove vauable.
Additionally, providing the patient with a one-page document,
in simple language, with visual instructions on how to access
thetelehealth platform and information on materials needed for
the visit, such as items to assist with VOMS administration, is
useful. Some telehealth platforms, including the one used in
this study, may automatically disseminate this information.
Although most technical difficulties can be resolved through
troubleshooting, there are times a visit will simply have to be
rescheduled.

Finally, outside referrals may need to be made in areas beyond
your typical referral network radius, requiring a widening of
known specialty providerssuch asphysical or vestibular therapy.
In rare instances, an outside referral may require the patient to
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travel. It isimportant to highlight that patients from rural areas
are often accustomed to occasionally traveling longer distances
for specialty care.

Future Research

The results presented herein found the average recovery time
was within the expected 28-day window [19], and the number
of average visits was consistent with the number of in-person
clinic visits. These preliminary data demonstrate the potential
utility of tele-concussion services; however, future research is
needed to expand upon and validate these findings. Future
studies should also include examining potential differencesin
access to clinic and average recovery time of tele-concussion
versus in-person clinic treatment. The measures delivered via
teleheath should also be validated before being widely
disseminated.

Conclusions

The recent SARS-CoV-2 pandemic created unprecedented
alterations to the delivery of medical care. As such, there has
been an increase in specialty clinic providers transitioning
treatment platforms to telemedicine. Despite the unfortunate
circumstances, patient accessibility to specialty concussion
clinics will increase, thus providing the opportunity for a
reduction in heath care costs associated with concussion
management [31]. This paper highlights how one clinic
transitioned to tele-concussion delivery, providing
considerations for how others might embark on a similar
transition. Though initial adaption to technology will present
challenges, this paper presented some suggestions to facilitate
thetransition to telehealth. Preliminary data shows promise that
the average number of visits and average recovery time are
comparable to in-person clinic treatment, with future research
needed to confirm these findings. To our knowledge, thisisthe
first paper to provide a clinically relevant framework for the
assessment, management, and treatment of acute concussion
viatelehealth in a pediatric population.
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