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ABSTRACT

Objective: To demonstrate the feasibility of conducting telemedicine visits,
establish the validity and reliability of tele-administered motor/non-motor
assessments, and determine the satisfaction of virtual visits for individuals with
Huntington disease (HD).

Background: Telemedicine has become a prevalent method for patients to
interact with their healthcare providers. Patients with HD often cite time and travel
burden as significant barriers to receive care in HDSA centers of excellence.
TeleHD studied the applicability of telemedicine in a specialized HD clinic at a
large urban center.

Methods: Individuals aged 18 to 70 with genetically confirmed HD, MoCA score
>26, and a smartphone or computer were enrolled. Participants completed 2
pairs of in-person clinic and televisits 1 month apart, completing all 4 visits within
a 9-month time frame. Validity of tele-administered composited Unified
Huntington's Disease Rating Scale (UHDRS) component of Total Motor Score (TMS),
Total Functional Capacity (TFC) Score, Symbol Digit Modalities Test (SMT), and
Stroop Color and Word Test (SCWT) was assessed by measuring the strength of
the association with clinic-administered scales using Pearson correlation
coefficients. Intraclass correlation coefficients (ICC) were calculated to assess
cross-sectional reliability and agreement between in-person and tele-
administered scales. The value of televisits was assessed with a Satisfaction Survey
and Resource Utilization Survey.

Results: Thirty-one participants were enrolled. 55% completed all study visits. The
cross-sectional correlations for TMS and mTMS at visits 1 and 2 were very high
(r=0.95 and r= 0.98), respectively with p<0.01. Similarly high correlations were
observed for cognitive tests including TFC, SWRT Word and Color and SDMT (r
>0.8, p<0.01), but were lower for Color-Word and Interference. ICCs showed
excellent agreement for TMS and mTMS, TFC, SCWT-Color, SCWT-Word, and
SDMT. Ten participants completed the satisfaction and utilization surveys.
Conclusions: The results failed to meet the pre-defined measure of feasibility
(80% completion of both telehealth visits). Nonetheless, there was evidence of
strong validity and reliability of tele-administration of multiple assessment scales,
including administered modified TMS, TFC scale, and cognitive assessments SWCT
and SDMT. Respondents to the satisfaction and utilization surveys (N=10) were
either satisfied or very satisfied with televisit convenience, comfort, and care.
Keywords: Telemedicine, Huntington’s disease, Ambulatory clinic, Movement
disorders
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Introduction

Telemedicine, including real-time videoconferencing
between healthcare providers, offers increased patient
access to specialized care, overcoming barriers of
location, distance, and accessibility of academic centers.!
This advantage is integral in the neurologic sub-specialty
of Movement Disorders which includes caring for those
with limited mobility and/or cognitive impairment, and
often rare neurologic conditions,2 Within this field,
telemedicine has been deemed feasible for assessments
of individuals with Parkinson’s disease (PD), with
established validity and reliability of the tele-
administered Unified Parkinson’s Disease Rating Scale
(UPDRS).3 Furthermore, telemedicine for PD enables
multidisciplinary care provides patient satisfaction,-¢
uniquely providing the “four C pillars for PD patients:
care, convenience, comfort, and confidentiality.” The
utility of telemedicine in Movement Disorders was
realized, and accelerated by necessity during the
COVID-19 pandemic.8-13

Huntington’s disease (HD) is a severe genetic
neurodegenerative that affects mobility, cognition and
mental health, ultimately leading to disability,
dependence and mortality.’ As such, HD care is complex
and requires expert multidisciplinary care, best offered
at Huntington’s disease Society of America Centers of
Excellence (HDSA COEs), of which there are 56 in the
U.S.15 HDSA COEs are congregated around urban areas
which leave large areas of the U.S. without convenient
access to experts in the field. Telemedicine provides an
opportunity to nullify the distance and time burden to
patients and care-partners to receive this specialized
care. However, standard motor, cognitive and functional
HD assessments have not been deemed valid and reliable
for virtual administration. A small pilot study of tele-
administration of a modified Unified Huntington's Disease
Rating Scale Total Motor Score (UHDRS-TMS)
examination (excluding rigidity and balance assessments)
showed good reliability with intraclass coefficients (ICC)
= 0.78 virtual home visits were found to be reliable for
conducting motor assessments in HD.'¢ However,
additional measures within the composite UHDRS
(cUHDRS) have not been validated, including the Total
Functional Capacity (TFC) Score, and cognitive
assessments Symbol Digit Modalities Test (SDMT), and
Stroop Color and Word Test (SCWT) for cognitive
assessments.'” It has previously been demonstrated that
the Montreal Cognitive Assessment (MoCA) can be
conducted remotely in PD and HD, suggesting the
feasibility of conducting the SDMT and SWRT via
telemedicine.’® Our study, TeleHD, builds on the limited
work on telemedicine in the HD population to determine
the feasibility, validity, and value of televisits to assess
motor and non-motor features of HD individuals.

Methods

The TeleHD pilot study included genetically-confirmed HD
patients, between the ages of 18 and 70, HD Stage I-1V,
recruited at Northwestern University (NU) Parkinson’s
Disease and Movement disorder Center’s HDSA COE. It
was supported by a Huntington’s Disease Society of
America Human Biology Fellowship grant, and approved
by NU's IRB and assigned protocol number
STUO0211872. Participants were primarily English-
speaking, with a personal computer, laptop, or tablet,

equipped with high-speed internet, camera, and
microphone, and allowance for caregiver assistance in-
visit facilitation and assessment completion. Individuals
with cognitive impairment (defined as MoCA score < 21)
were excluded.

Participants were asked to complete a total of two in-
clinic visits and two televisits over a 9-month period. The
first televisit was conducted within 30 days of the first in-
person clinic visit. At enrollment, participants were
randomized on a 1:1 basis to participate in their second
televisit 30 days before (“Group A”) or 30 days after
(“Group B”) their second in-person clinic visit.

Outcomes assessed at each in-person and televisit
included the components of the cUHDRS, as described in
further detail below. A trained clinical research
coordinator or clinician completed all assessments for in-
person clinic visits and televisits. The same clinician rater
completed a participant’s paired in-person TMS and
televisit mTMS to eliminate inter-rater variability. The
SDMT and SCWT were provided in clinic or mailed in
sealed envelopes to participants ahead of their televisit
to facilitate completion during the televisit. To assess
value, patients and caregivers completed two surveys
during in-person visits (i.e. the “Satisfaction Survey” and
“Resource Use Survey”), which were used to assess ease
of technology use, preference for televisits, and impact
on time and cost burden.

TMS and mTMS: The UHDRS-TMS is formed of 15 items
assessing for oculomotor dysfunction, chorea, dystoniq,
parkinsonism, and balance. Each item is rated from O
(normal) to 4 (severe impairment), with a total maximum
score of 124, with higher scores indicating more sever
motor impairment.’? Complete TMS assessments were
performed at in-person clinic visits, and a mTMS was
completed during televisits. The mTMS included 13 of the
15 motor assessments, omitting rigidity and balance.

TFC: This scale contains 5 items assessing independence
with occupation, finances, domestic chores, activities of
daily living and living environment. Each item has a 4-
point ordinal scale ranging from O to 3 for a total score
of 0-13, with higher scores indicating higher functional
capacity.20

SDMT: This test assesses visual scanning, processing speed,
and attention. The subject has 90 seconds to pair numbers
with geometric symbols provided in a coding key. The
score, from O to 110, is the number of correct pairs
recorded in 90 seconds.?!

SCWT: This test involves three trials: WORD and COLOR
are measures of processing speed, and COLOR-WORD
is a measure of inhibition and executive functions. The
score for each trial is the number read correctly in 45
seconds. Higher scores indicate better cognitive
performance. Raw scores were standardized to a
reference population (general population) to generate T
scores, controlling for age and years of education.?2

Statistical Analysis

Descriptive statistics were used to summarize the study
population demographics, clinical baseline characteristics
and motor and cognitive scores. Means and standard
deviations or medians and ranges for continuous
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variables and frequency percent for categorical
variables were reported.

The feasibility of conducting telemedicine visits was
computed as the proportion of individuals completing all
telehealth assessments, and the 95% confidence interval
was constructed. Feasibility was defined as at least 80%
of participants completing all televisits as scheduled,
including completion of all cUHDRS components.

To assess validity of tele-administered scales compared
to in-person administration, scatter plots of scores from
the clinic visit on the x-axis and televisit on the y-axis
were plotted, and Pearson’s correlation coefficients were
calculated to measure the strength of association, with r
> 0.80 demonstrating strong validity. These were
assessed cross-sectionally and reported separately at
each time point for all available pairs of assessments.

Table 1: Baseline Demographics

To assess reliability between scores on in-person and
tele-administered scales, intraclass correlation
coefficients (ICCs) were calculated for each visit pair
using a two-way random-effects model with absolute
agreement. ICCs and 95% confidence intervals were
reported. An ICC>0.7 indicates excellent agreement.

Descriptive statistics were used fo summarize responses to
the Satisfaction Survey and Resource Use Survey.
Response rates were low, therefore the characteristics of
respondents were also assessed and reported. All
analyses were conducted using R version 4.1.2

Results

A total of 31 participants with HD consented to the study
with a mean (SD) age of 45 (13) years (Table 1). Fifty-
five percent of participants were female, 16% identified
as Hispanic or Latino, and 87% were white. The mean
(SD) MoCA score at the first assessment was 25.5 (3.2).

- Group A Group B Overall
Characteristic n=16 =15 =31
Age (years), Mean (SD) 44 (12) 47 (15) 45 (13)
Gender, n (%)

Male 7 (44) 7 (47) 14 (45)
Female 9 (56) 8 (53) 17 (55)
Ethnicity, n (%)

Not Hispanic or Latino 13 (81) 13 (87) 26 (84)
Hispanic or Latino 3(19) 2(13) 5(16)
Race, n (%)

Caucasian 14 (88) 13 (87) 27 (87)
African American 1(6.3) 0 (0) 1(3.2)
Other 1(6.3) 2(13) 3(9.7)
MoCA score, Mean (SD) 26.0 (3.2) 25.0 (3.3) 25.5(3.2)
Unknown 0 1 1
Pairs of assessments, n (%)

0 2(13) 1(6.7) 3 (9.7)
1 3(19) 8 (53) 11 (35)
2 11 (69) 6 (40) 17 (55)
Satisfaction Survey, n (%)

Incomplete 10 (63) 11 (73) 21 (68)
Complete 6 (38) 4 (27) 10 (32)

Seventeen participants (55%) completed both pairs of assessments. At the first visit, 28 participants completed both
clinic and televisit TMS assessments and 16 completed both clinic and televisit TMS assessments and could be included in
analyses of reliability and validity. One pair of visits was >60 days between each other and excluded from analyses.
Among the 31 participants enrolled, 17 participants (55%) completed all televisits (5% Cl: 36%, 72%).

Table 2: cUHDRS Component Scores Per Visit

Characteristic Clinic VI, N =31 Televist VL N=29  ClinicVILN=18 Televisit VILN=18
TMS

Mean (SD) 16 (13) 19 (12)

Median (Range) 13 (0, 50) 18 (0, 40)

Missing 0 0 NA
mTMS

Mean (SD) 15(12) 18 (15)
Median (Range) 14 (0, 42) 13 (0, 45)
Missing NA NA 1

TFC Total

Mean (SD) 10.5 (3.1) 10.3 (3.1) 9.8 (3.4) 10.2 (3.4)
Median (Range) 12 (5,13) 12 (5,13) 11.5 (4.0, 13.0) 12 (4,13)
Missing 0 0 0
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Characteristic

Clinic VI, N = 31

Televist VI, N = 29

Clinic VI, N =18

Televisit VI, N = 18

Stroop Word
Mean (SD)
Median (Range)
Missing

Stroop Color
Mean (SD)
Median (Range)
Missing

Stroop Word-Color

Mean (SD)
Median (Range)
Missing

Stroop Interference

Mean (SD)
Median (Range)
Missing

SDMT

Mean (SD)
Median (Range)
Missing

28 (15)
25 (6, 56)
3

30 (17)
27 (7, 67)
3

44 (14)
42 (18,71)
3

55 (10)
56 (40, 80)
3

40 (16)
40 (16, 74)
0

26 (14)
23 (4, 55)
1

31 (17)
27 (6, 61)
1

44 (14)
41 (23,77)
1

56 (9)
56 (41,77)
1

37 (16)
34 (13, 67)
1

28 (14)
25 (10, 59)
1

30 (18)
24 (9, 69)
1

46 (13)
44 (25,77)
1

57 (7)
57 (46, 70)
1

35 (16)
34 (0, 59)
0

25 (14)
22 (9, 51)
2

28 (16)
24 (1, 60)
2

44 (12)
45 (24, 64)
2

58 (7)
59 (47, 68)
2

36 (12)
32(17, 61)
2

In assessing validity, the cross-sectional correlations for
TMS and mTMS at visits 1 and 2 were very high
(r=0.95 and r= 0.98), respectively with p<0.01 (Figure
1). Similar high correlations were seen for the TFC, and

cognitive tests SDMT and SCWT-WORD and COLOR
and SDMT (r >0.8, p<0.01) (Figure 1 and Figure 2).
Correlations were lower for SCWT-COLOR-WORD and
Interference sub-scores (Figure 2).

Figure 1. Strong correlation between cUHDRS components: mTMS and TMS, TFC, SDMT
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In assessing agreement between in-person and tele-administered scales, ICCs showed excellent agreement (ICCs and
95% Cls >0.7) for TMS, TFC, SDMT, and most components of the SCWT (Table 3).

Table 3. Agreemeni between Telehealth and Clinic scores

ICC Model Outcome ICC (95% Cl)
Cross Sectional Visit 1 (n=28) TMS 0.94 (0.87,0.97)
Cross Sectional Visit 2 (n=15) TMS 0.96 (0.9,0.99)
Cross Sectional Visit 1 (n=28) TFC 0.96 (0.92,0.98)
Cross Sectional Visit 2 (n=16) TFC 1.00 (0.99,1.00)
Cross Sectional Visit 1 (n=28) SCWT- WORD 0.96 (0.92,0.98)
Cross Sectional Visit 2 (n=15) SCWT- WORD 0.87 (0.67,0.95)
Cross Sectional Visit 1 (n=28) SCWT- COLOR 0.97 (0.94,0.99)
Cross Sectional Visit 2 (n=15) SCWT- COLOR 0.90 (0.74,0.96)

Cross Sectional Visit 1 (n=28)
Cross Sectional Visit 2 (n=15)
Cross Sectional Visit 1 (n=28)
Cross Sectional Visit 2 (n=15)
Cross Sectional Visit 1 (n=28)
Cross Sectional Visit 2 (n=15)

SCWT-WORD-COLOR
SCWT-WORD-COLOR
SCWT-Interference
SCWT-Interference
SDMT

SDMT

0.76 (0.56,0.88)
0.90 (0.75,0.96)
0.51 (0.19,0.74)
0.76 (0.44,0.91)
0.89 (0.78,0.95)
0.93 (0.82,0.98)

Cross-sectional ICC values were calculated using a two-way random model with absolute agreement separately for each
visit.

than in-person visits for convenience, time, comfort,
connection, quality of care. Among those who responded
fo the resource utilization survey, median travel time was
120 minutes (range 20-180 minutes) and all used a car
their transportation method.

About a third of participants completed satisfaction and
resource utilization surveys. Satisfaction was high, with
most very satisfied for convenience, comfort, care and
overall. A slightly lower percentage were satisfied with
technical quality. Most reported no difference or better

Table 4. Satisfaction with Televisits

Characteristic N=10
Technical quality, n (%)

Neutral 2 (20)
Satisfied 2 (20)
Very Satisfied 6 (60)
Convenience, n (%)

Satisfied 2 (20)
Very Satisfied 8 (80)
Comfort, n (%)

Neutral 1(10)
Satisfied 2 (20)
Very Satisfied 7 (70)
Care, n (%)

Neutral 1(10)
Satisfied 1(10)
Very Satisfied 8 (80)
Overall, n (%)

Satisfied 3 (30)
Very Satisfied 7 (70)
Compare: Convenience, n (%)

No difference from in-person clinic visits 2 (20)
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Characteristic N=10
Better than in-person clinic visits 8 (80)
Compare: Time Burden, n (%)

No difference from in-person clinic visits 3 (30)
Better than in-person clinic visits 7 (70)
Compare: Comfort, n (%)

No difference from in-person clinic visits 4 (40)
Better than in-person clinic visits 6 (60)
Compare: Personal connection, n (%)

Worse than in-person clinic visits 1(10)
No difference from in-person clinic visits 8 (80)
Better than in-person clinic visits 1(10)
Compare: Communication, n (%)

Worse than in-person clinic visits 1(10)
No difference from in-person clinic visits 8 (80)
Better than in-person clinic visits 1(10)
Compare: Quality of Care, n (%)

Worse than in-person clinic visits 1(10)
No difference from in-person clinic visits 8 (80)
Better than in-person clinic visits 1(10)
Prefer in addition or only in person, n (%)

No, | prefer all in clinic 2 (20)
Yes | prefer televisits and in person 8 (80)
Would recommend to other patients, n (%) 9 (90)
Prior to this study, ever used internet/email, n (%)

Yes 10 (100)
Prior to this study, used internet for health resources, n (%) 9 (90)
Prior to this study, used a computer, tablet, or mobile phone to participate 9 (90)

in a video call or video chat, n (%)

Discussion

The TeleHD pilot study demonstrates strong validity and
reliability of virtually administered cUHDRS components,
including a modified TMS, the TFC scale, and cognitive
assessments (e.g. SCWT and SDMT). These results have
important implications for HD clinical care and research,
as the ability to complete these assessments virtually can
decrease the time and travel burden for patients and
their care partners and research participants. Virtual use
of such scales can extend the scope of care at HDSA
COEs for HD care, as there are limited COEs in the U.S.,
leaving HD patients outside of specialized care networks
with decreased access to clinical trial participation.
Additionally, demonstration of validity and reliability has
implications for clinical trial design and implementation,
as the cUHDRS, and specific sub-scales of the measure
are used as both an endpoint for clinical research.
Specifically, this study adds valuable demonstration of
reliability and validity of cognitive scales SDMT and
SCWT which is commonly used in HD and other neurologic
conditions. Previously, the MoCA has been the only
cognitive scale analyzed for virtual use.23 Nonetheless,
the virtual UHDRS study sponsored by the Huntington
Study Group (HSG) is currently underway to formally
determine the reliability of administering all sections of
the UHDRS virtually compared to in-person.24 Utilization
of tele-administered scales for remote assessments has
significant potential to reduce clinical trial time and cost
burden, thus increasing participant access to ftrial
participation.

The COVID-19 pandemic dramatically showcased the
value of telemedicine, especially for patients with chronic
neurological conditions and particularly those with
movement disorders.812.25 Most research on telemedicine

within the field has focused on Parkinson's disease, with a
growing body of evidence supports its feasibility and
effectiveness for remote patient management.22¢
Nonetheless, the use of telemedicine for hyperkinetic
movement disorders (such as HD choreq, tremor, and
myoclonus) remains relatively unexplored.?” However,
many experts continue to advocate for expanding virtual
services to improve access and care in underserved
areas.28

While this study failed to demonstrate a pre-defined
measure of feasibility based on the percentage of
participants who completed all study visits, this failure
was in a large part due to a limited sample size. The
target for enrollment was 40 participants and only 31
participants were enrolled. A secondary main limitation
was the drop-out of study participants, such that only
48% of participants completed both the first and second
pair of in-person and clinic visits. Unfortunately, this was
driven by the Covid-19 pandemic and staff turnover
having a negative impact on participant recruitment and
retention. As these extenuating circumstances prevented
participants from completing all visits, this is unlikely to be
a true representation of televisit feasibility in HD.

Though limited by small sample size, value of televisits
was demonstrated by the outcomes of the satisfaction
survey, with the majority of respondents either satisfied
or very satisfied with televisit convenience, comfort, and
care. Results of the resource utilization survey reiterate
what has been previously reported for HD patients, which
is a significant time and travel burden for clinical care.

Conclusion
The TeleHD pilot study demonstrates strong validity and
reliability of virtually administered cUHDRS components,
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including a modified TMS, the TFC scale, and cognitive
assessments (i.e. SCWT and SDMT). Survey respondents
reported satisfaction with televisit convenience, comfort
and care compared to in-person visits. These results have
important implications for HD clinical care and research
trial design and implementation, as they suggest
telemedicine may reduce financial and geographical
barriers for a vulnerable population of patients.
Utilization of virtually administered scales for remote
assessments may therefore improve access to HDSA COEs
and increase participation in clinical trials.
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