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Abstract: Parkinson’s disease (PD) is a progressive neurological disorder that primarily affects
older adults. The number of patients who receive specialty care continues to be limited, even
though the benefits of seeing a movement disorder specialist for management of PD have been
well established. Telemedicine has been suggested as a useful tool in addressing the problem of
access to specialty care. As evidenced by the literature, it has been suggested that using telemedicine to treat PD is feasible and economically advantageous for both patients and providers. A high
level of interest exists on both sides, and a high level of patient and provider satisfaction has been
reported. The quality of care provided to patients with PD via telemedicine is comparable to inperson care based on objective measures. Additionally, telemedicine can increase access to care
for certain patient populations. The current shortcomings of telemedicine that limit widespread
use of the technology include technological barriers, limitations of the virtual exam, limited
patient access to technology, weaknesses of current research, ongoing difficulties negotiating
reimbursement for virtual visits, and licensing difficulties. We propose an ideal telemedicine
system for PD set up as a remote clinic to ensure consistency across patient encounters. This
clinic would have adequate support staff to conduct the physical exam, organize patient scheduling and discharge instructions, and coordinate ancillary services for patients including physical
therapy, occupational therapy, psychological services, speech and language therapy, and social
services. The future of telemedicine for the treatment of PD is promising, but broader research
is needed to understand the challenges of patients living with PD. New portable technologies
for monitoring symptoms and delivering treatment will continue to change the landscape, but
it will still be some time before these technologies can be streamlined into virtual care without
the need for in-person assessments and adjustments.
Keywords: movement disorders, video conferencing, access to care, neurology, nursing home,
home healthcare
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Parkinson’s disease (PD) is a progressive neurological disorder that can develop at
any age, but primarily affects older adults.1 Presentation and speed of progression
vary from patient to patient, but the disease is defined by its motor symptoms: resting
tremors, bradykinesia, rigidity, and postural instability.2 Patients affected with PD
may also develop difficulty swallowing and speaking. Autonomic dysfunction can
result in bowel and bladder problems, postural hypotension, and sexual dysfunction.3
Other non-motor symptoms include sleep disturbances, cognitive decline, anxiety
and depression.4,5 Individuals with this progressive illness experience better outcomes
under the care of a neurologist. Neurologist-treated patients have fewer hospitalizations
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related to Parkinsonian symptoms, psychosis, urinary tract
infections, and traumatic injury.6
The number of patients who receive specialty care continues to be limited, even though the benefits of seeing a
movement disorder specialist for management of PD have
been well established.6 Access to care remains a major barrier in rural areas where there are fewer movement disorder
specialists.5 Access to movement disorder specialists is even
worse in developing countries.7
Telemedicine, defined as the delivery of healthcare
through real-time video conferencing between patient and
provider, is particularly well-suited for evaluation of PD as
assessment of PD is primarily observational. It may not be
appropriate to make an initial diagnosis using remote evaluation, but it has been suggested that the use of telemedicine
could be more cost effective and convenient than in-person
follow-up visits for PD and other neurologic conditions.5,8–13
Other technologies that have proven useful for the management of PD include wearable monitors, accelerometers,
and sensors, often adapted from a patient’s smartphone and
providing treatment teams with a clearer understanding of
symptoms over time.14–41 Smart phone technologies hold
great promise for the future management of PD, but current telemedicine for the management of PD is limited to
the delivery of healthcare through synchronous, real-time
video conferencing between patient and provider. The current
shortcomings of telemedicine that limit widespread use of
the technology include technological barriers, limitations of
the virtual exam, limited patient access to technology, weaknesses of current research, ongoing difficulties negotiating
reimbursement for virtual visits, and licensing difficulties.
The body of literature on this topic has indicated that
using telemedicine to treat PD is feasible8,9,13,42–44 and economically advantageous5,8–13 for both patients and providers.
A high level of interest exists on both sides and, in the trials that have been done, high levels of patient and provider
satisfaction were reported.9–13,42–45 Objective measures have
shown that the quality of care provided to patients with PD
via telemedicine is comparable to in-person care.8,9,12,13,42,46,47
Additionally, telemedicine has been shown to increase access
to care for patients with PD living in nursing homes.13,42,47
Through this review, we will illustrate the advantages of
telemedicine over traditional, in-person care once a definitive
diagnosis has been made and a patient-provider relationship
has been established through an in-person appointment. We
conducted a thorough literature search and identified the
earliest article to our knowledge (published in 1992) that
specifically focused on the treatment of PD through video
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conferencing. For this review, 43 articles were thoroughly
examined. Thirteen of these – with studies conducted between
2006 and 2017 – were included as the focus of this article
on the basis of their relevance, quality, and scope. We will
use our exploration of the advantages and disadvantages of
these past and present models to propose what we believe to
be an ideal system for telemedicine for Parkinson’s disease.
The future of the field will also be discussed.

Advantages of telemedicine
Feasibility
Telemedicine feasibility has been measured as the percentage of telemedicine visits completed as scheduled.8,9,43,45 The
main area of focus for most feasibility studies has been on the
virtual visits replacing a typical, in-person, outpatient visit to
a movement disorder specialist. These visits typically include
gathering a thorough medical and neurological history,
acquiring subjective information from established patients
about their symptoms and daily functioning, and performing
a physical assessment of neurological functioning. Patient
progress is assessed, and a plan is determined between the
neurologist, the patient, and the caregiver.
A partial randomized controlled trial (RCT) published in
2010 by Dorsey et al,42 sought to determine the feasibility of
delivering virtual care from a movement disorder specialist at
the University of Rochester to members of the community of
New Hartford, NY (130 miles away). This study was the first
in this area of study to be both randomized and controlled; it
was also the first to include nursing home patients. Of the ten
patients from the community, six were randomized to complete three virtual visits at the nursing home over 6 months
– 100% of these visits were completed. All four of the nursing
home patients were assigned to receive telemedicine care;
92% (11 of 12) of these visits took place.42
In 2013, Dorsey et al8 published a larger RCT comparing “virtual house calls” with typical in-person care. They
found that a greater percentage of telemedicine visits were
completed as scheduled than were in-person visits (93%
vs 91%). Of the three missed in-person visits, one was due
to a desire to minimize travel and another was due to a car
accident on the way to a visit. This establishes the possibility
that virtual visits may be more feasible than in-person visits
in certain situations.8 A 2014 study by Venkataraman et al43
further demonstrated the feasibility of providing neurologic
care directly in patients’ homes by providing more than 50
remote consultations with few technical issues.
One of the largest and most comprehensive studies to
date was conducted by Beck et al9 in 2017, using a trial
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design that had already been published by Dorsey et al48 the
previous year. This RCT included 195 participants and lasted
1 year, comparing usual care by a neurologist to usual care
supplemented by four in-home virtual visits. This study used
intention-to-treat analysis and found that 98% of the intervention group completed at least one virtual visit. Overall, 91%
of 388 virtual visits were completed as scheduled.9
An aspect of feasibility that can be examined in this
context is sustainability, or feasibility over time. Barbour
et al13 demonstrated success in delivering telemedicine to
patients living in a continuous care facility for 3 years. This
study was published in 2016, and some of these original
patients are still receiving care via telemedicine at the time
of this publication (P. J. Barbour, oral communication, March
2018). The only other study with similar follow-up is Samii
et al10 (2006); however, the video conferencing technology employed by their team was such that comprehensive
motor assessments could not be completed for most visits.
The studies looking at feasibility as a primary outcome are
summarized in Table 1.

Improved access to care and economic
advantages
Time requirements and cost of travel limit access to neurological care. In addition, patients affected with PD – because
of their physical disabilities – may be unable to travel long
distances to see a movement disorder specialist. It has been
suggested that telemedicine may be more cost-effective

than in-person care for patients with PD given their specific
barriers to care.
In a study conducted by Samii et al,10 telemedicine was
used for 100 follow-up visits for 34 patients with PD within
the Veterans Health Administration. Estimated total savings
amounted to 1,500 travel hours, 100,000 travel kilometers,
and $37,000 USD in travel and lodging costs, equating to
average savings of approximately 44 travel hours, 2,941 travel
kilometers, and $1,088 per patient. These savings are especially significant for the veteran population, as these patients
tend to have lower incomes than the general population.50
Dorsey et al8 in 2013 found that patients saved an average
of 100 miles of travel (161 km) and 3 hours of time per visit
by receiving telemedicine visits at home. Whereas the time
spent with a physician did not differ significantly between
the telemedicine group and the group that received in-person
care, the time spent without a physician in the telemedicine
group was much lower than in the group that received inperson care (18 minutes vs 207 minutes; P<0.001).8
Pretzer-Aboff and Prettyman5 described a unique, multidisciplinary clinic design in which a movement disorder
specialist and a clinical psychologist were able to teleconference into a clinic that employed nurse practitioners, researchers, physical and speech therapists, exercise physiologists,
nutritionists, and graduate students providing in-person care.
The authors estimated the average reduction in travel time/
distance to be 1.5 hours/80 miles (123 km) each way for each
of their 36 patients.5

Table 1 Summary of studies investigating feasibility as a primary outcome
Author (year)
Sample size (n)
Duration (d)

Setting

Intervention

Feasibility

Dorsey et al42
n=14
d=6 months
Dorsey et al8
n=20
d=7 months
Venkataraman et al43
n=55
d=single visit
Dorsey et al44
n=204
d=single visit
Barbour et al13
n=16
d=3 years
Beck et al9
n=195
d=1 year

Nursing home

Video visits in a nursing home were
compared to usual care

Patient’s home

In-home telemedicine visits were compared
to in-person care

Patient’s home
and local facilities

Patients were offered a single video visit

Patients from local community and nursing
home completed 100% and 92% of virtual visits,
respectively
A greater percentage of telemedicine visits
were completed as scheduled than in-person
visits (93% vs 91%)
All visits were completed as scheduled

Patient’s home

Video conferencing connected participants
with specialists to determine feasibility of
virtual research visits
Patients living in a continuous care facility
were provided with long-term care via
telemedicine
Usual care by neurologist was compared to
usual care supplemented by four in-home
virtual visits

Nursing home

Patient’s home
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81% of consenting participants completed all
visits
Using telemedicine at a long-term care facility
was found to be sustainable
91% of 388 virtual visits were completed as
scheduled
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A survey administered to both users and non-users of
telemedicine found that patients utilizing telemedicine saved
an average of $200 and 209 minutes in travel time, with a
reduction of 160 km in distance traveled per visit.11 An RCT
centered on patient satisfaction had two arms, one comparing
patients receiving telemedicine at home with typical care,
and the second comparing patients receiving telemedicine
at a satellite clinic closer to their homes with typical inperson care; patient satisfaction was significantly higher in
both telemedicine groups for survey items related to travel
distance, travel time, and general convenience.12
Reductions in cost are also possible for patients living
in a continuous care facility. Under normal circumstances,
patients would have to be transported by ambulance, an
attendant, or a family member to their appointments. Even
without factoring in the cost of hiring a medical aide to
accompany patients, the cost of a telemedicine visit for these
patients was found to be less than the facility’s average cost
for transporting patients.13
The RCT conducted by Beck et al9 in 2017 strengthened
the case for telemedicine as a way to reduce travel time and

distance for the patients, who saved an average of 88 minutes
and 38 miles per virtual visit. Table 2 summarizes articles in
which cost reduction was identified as a primary outcome
of telemedicine.

Patient interest and satisfaction

Patients show interest in telemedicine because of its
convenience relative to typical office visits.
A survey distributed in 2015 by Qiang and Marras11 to
patients with PD (both non-users and users of telemedicine)
found that more than half of the non-users were interested
in telemedicine, but the option had not been offered to them.
Additionally, 85% of patients currently receiving telemedicine in this study wanted to continue with this treatment
modality.11
Patients who participate in telemedicine for the treatment
of PD report a high level of satisfaction with the care they
receive. In a trial conducted in 2010 by Dorsey et al,42 13 of
14 patients opted to receive specialty care via telemedicine in
the future. Venkataraman et al43 reported in 2014 that 100%
of the 33 patients who completed an after-visit survey were

Table 2 Summary of studies investigating cost reduction as a primary outcome
Author (year)
sample size (n)
Duration (d)

Setting

Intervention

Cost reduction

Samii et al10
n=34
d=3 years
Dorsey et al8
n=20
d=7 months

Nursing homes,
satellite clinics

A total of 100 telemedicine follow-up visits
were performed

Patient’s home

In-home telemedicine visits were compared
to in-person care

Pretzer-Aboff and Prettyman5
n=36
d=6 months

Multi-disciplinary
PD clinic

Qiang and Marras11
n=137
d=N/A
Wilkinson et al12
n=86
d=1 year

N/A

A multi-disciplinary PD clinic was
developed, in which a movement disorder
specialist and a clinical psychologist could
see patients via telemedicine
A survey was distributed to 34 users of
telemedicine and 103 non-users

Total estimated patient savings of 1,500
travel hours, 100,000 travel km, and $37,000
in travel and lodging costs
Patients saved an average of 100 travel miles
and 3 hours per visit, spending less time with
a physician than when receiving in-person
care (18 minutes vs 207 minutes)
Each patient reduced travel time/distance by
an estimated 1.5 hours, 80 miles, each way

Barbour et al13
n=16
d=3 years

Nursing home

Beck et al9
n=195
d=1 year

Patient’s home

Patient’s home,
satellite clinic

Survey completed by patients receiving
telemedicine care at home and in a satellite
clinic was compared with patients receiving
in-person care
Patients living in a continuous care facility
were provided with long-term care via
telemedicine
Usual care by neurologist was compared to
usual care supplemented by four in-home
virtual visits

Patients saved an average of $200 and 209
minutes in travel time with a reduction of
160 km in distance traveled per visit
Patient satisfaction was higher in both
telemedicine groups for survey items related
to travel distance, travel time, and general
convenience
The cost of a telemedicine visit ($117.30)
was found to be less than the facility’s
average cost for transporting a patient to the
neurologist’s office
Patients saved an average of 88 minutes and
38 miles per virtual visit

Abbreviations: N/A, not applicable; PD, Parkinson’s disease.
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either “likely” or “very likely” to recommend telemedicine to
a friend. While some concerns about technological difficulties
have been raised, nearly 90% of users in one survey reported
being “satisfied” or “very satisfied” with the technological
aspects of telemedicine.11
The available data indicate that patient satisfaction has
increased over time, suggesting that the difficulties encountered in earlier studies are becoming less problematic as the
technology improves. A large dual-arm RCT published in
2016 found high levels of patient satisfaction overall but discovered that patients receiving care via telemedicine at home
and at a satellite clinic were more satisfied in areas related to
convenience and accessibility compared to the control arms.12
Barbour et al13 confirmed in 2016 that patient satisfaction
with telemedicine was high. The most recent RCT published
to date reported the highest patient satisfaction yet: 97% of
patients with PD were either “satisfied” or “very satisfied”
with their telemedicine experience, preferring virtual visits
to in-person care on all aspects measured.9

Providers who have participated in telemedicine visits also
rate their experiences highly. In a study that used telemedicine
for 100 follow-up visits with duration of more than 3 years,
providers chose “strongly agree” or “agree” for all survey
items indicating that their experience with the encounter was
positive in 99 out of 100 visits.10 A more recent study reported
that 86% of physicians were satisfied or very satisfied with
virtual visits.9 Studies that examined patient and provider
satisfaction to telemedicine care are summarized in Table 3.

Validity, reliability, and quality of care
A crucial component of the typical visit for a patient with PD
is the physical assessment. This provides the physician with a
thorough understanding of a patient’s motor functioning and
behavior, as well as an individual’s ability to perform activities of daily living. The Unified Parkinson’s Disease Rating
Scale (UPDRS) was developed to allow clinicians to assign
a severity score to patients as a way to capture their disease
severity and track their progress over time (a higher score

Table 3 Summary of studies investigating satisfaction as a primary outcome
Author (year)
sample size (n)
Duration (d)

Setting

Intervention

Satisfaction

Samii et al10
n=34
d=3 years
Dorsey et al42
n=13
d=6 months
Shprecher et al45
n=113
d=N/A
Venkataraman et al43
n=55
d=single visit
Dorsey et al44
n=204
d=single visit
Qiang and Marras11
n=137
d=N/A
Wilkinson et al12
n=86
d=1 year

Nursing
homes, satellite
clinics
Nursing home

A total of 100 telemedicine follow-up visits
were performed

N/A

A survey was distributed to patients being
treated at a University PD clinic about a
hypothetical research study
Patients were offered a single video visit

Providers agreed or strongly agreed with statements
regarding their satisfaction with telemedicine for all
questions in 99 of 100 visits
13 of 14 patients opted to receive specialty care via
telemedicine in the future; changes in patient satisfaction
were not statistically significant
Patients were more willing to participate in clinical trials
if some or most of the visits occurred via telemedicine
at a local clinic
100% of patients that completed survey were likely or
very likely to recommend telemedicine to a friend

Barbour et al13
n=16
d=3 years
Beck et al9
n=195
d=1 year

Nursing home

Patient’s home,
satellite clinic
Patient’s home

N/A

Patient’s home,
satellite clinic

Patient’s home

Video visits in a nursing home were
compared to usual care

Video conferencing connected participants
with specialists to determine feasibility of
virtual research visits
A survey was distributed to 34 users of
telemedicine and 103 non-users
A survey completed by patients receiving
telemedicine care at home and in a satellite
clinic was compared to patients receiving
in-person care
Patients living in a continuous care facility
were provided with long-term care via
telemedicine
Usual care by neurologist was compared to
usual care supplemented by four in-home
virtual visits

Overall satisfaction (satisfied or very satisfied) was 79%
among neurologists and 93% among participants
53% of non-users were interested in using telemedicine;
nearly 90% of users were highly satisfied or satisfied
with technical aspects of telemedicine
Patients receiving telemedicine were more satisfied in
areas related to convenience and accessibility

All patients chose telemedicine when given the choice
of being followed in the office or via telemedicine
97% of patients and 86% of physicians were either
satisfied or very satisfied with their telemedicine
experience

Abbreviations: N/A, not applicable; PD, Parkinson’s disease.
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correlates to more disability). This scale has been widely
utilized and has been shown to be valid and reliable.51 The
Hoehn and Yahr Staging scale and the Schwab and England
Activities of Daily Living Scale have also been used. Hoehn
and Yahr scoring focuses primarily on postural instability
as a measure of disease severity, whereas the Schwab and
England scale assigns a percentage to a patient’s ability to
live independently.52 The Mini-Mental State Exam (MMSE)
and the Montreal Cognitive Assessment (MoCA) have been
shown to be effective in monitoring the cognitive decline in
patients with PD.49,53
In some studies, nurses familiar with PD attended the
telemedicine visits with patients to test for rigidity and
postural instability.10,13,42,54 The need for specialized nursing
staff can be more easily accommodated in nursing homes and
continuous care facilities but can be costly and impractical
for patients receiving telemedicine at home. In an effort
to simplify virtual assessment, a modified version of the
UPDRS (mUPDRS) was developed to eliminate the need
for hands-on assessment. This modified version removed two
components of the exam: a hands-on assessment of rigidity
and the retropulsion pull test, in which a provider pulls a
patient backward to assess postural instability. The mUPDRS
is a reliable and valid measure of motor functioning and may
be used to conduct remote assessments of patients in their
homes without the need for trained nursing staff.55
It is interesting to explore whether patients with PD
treated with telemedicine can be shown to make clinical
improvements comparable to their counterparts receiving
in-person care. In 2009, Biglan et al47 presented a promising
case report in which a 77-year-old patient with PD received
care via telemedicine for 8 months. The patient improved
his MMSE score (from 21 to 30; less cognitive disability),
experienced less dyskinesia, and had an improved ability
to feed himself. The following year, Dorsey et al42 showed
further improvements: patients randomized to telemedicine
improved UPDRS motor score by an average of 6.5 points,
whereas patients receiving usual care worsened by an average
of 0.3 points. A significant increase in quality of life, based on
responses to the Parkinson’s Disease Questionnaire 39 (PDQ39), was noted for patients in the telemedicine group, whereas
the usual care group had a decrease in quality of life.42
Marzinzik et al46 explored the option of having patients
upload videos of their motor functioning multiple times per
day over 30 days to be viewed remotely by the treatment
team. While this method of assessment is different from the
synchronous video conferencing discussed to this point, it
is still considered telemedicine because it is remote, virtual,
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video-based care. Improvements in these patients’ UPDRS
scores, based on drug adjustments made without seeing
patients in person, were noted – from an average of 31 points
at enrollment to 24 points at program end. More recent studies
have found that improvement in UPDRS scores do not differ
between telemedicine and control groups; we can reasonably
assume that treatment outcomes for telemedicine, based on
improvement in motor functioning, are objectively as good
as they are for in-person care.8,9,12,13 Studies that investigated
quality in telemedicine care are summarized in Table 4.

Limitations of telemedicine
Weaknesses of current research
The studies reviewed herein have had considerable limitations.
Many of them lacked statistical power due to small sample
size.8,12,42 In addition, the sample populations studied to date are
not representative of the population living with PD. Nearly every
study conducted has used a very selective subset of patients with
PD – generally well-educated white men who are familiar with
the internet – many of whom were already receiving specialist care.8,9,11,12,43,44 This disparity is especially troublesome, as
research has demonstrated that African-Americans with PD are
four times less likely than Whites to receive any form of care.56
Specific demographic data can be found in Table 5.
Blinding, to reduce bias, is an important consideration in
the design of an RCT. While blinding is difficult to achieve
in this context (ie, concealing which patients received telemedicine care), lack of blinding could bias assessment of
patient UPDRS scores.8,42
It is difficult to assess whether telemedicine is costeffective in a complex healthcare system. Most of the studies
identified as focused on the economic advantages of telemedicine primarily investigated savings to the patients in the
form of travel time, distance, and lodging costs.5,8–12 To our
knowledge, only one study attempted to evaluate cost to the
facility; however, this research team had difficulty reaching a
sufficient cost reduction determination due to the number of
variables that must be considered.13 It has yet to be adequately
demonstrated that telemedicine is cost-effective for both
patients, providers, and healthcare systems.
Many studies have reported high levels of patient satisfaction with telemedicine,9–13,42–45 but few of the satisfaction
surveys used were standardized measures, making them
subject to bias. Only two of the studies identified as measuring satisfaction used validated survey instruments, and they
differed in the instruments they chose.12,42
The long-term outcomes of telemedicine remain unclear,
as only two studies to our knowledge have followed patients
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Table 4 Summary of studies investigating quality as a primary outcome
Author (year)
sample size (n)
Duration (d)

Setting

Intervention

Telemedicine results

Biglan et al47
n=1
d=8 months
Dorsey et al42
n=14
d=6 months
Marzinzik et al46
n=78
d=1 month
Dorsey et al8
n=20
d=7 months
Wilkinson et al12
n=86
d=1 year
Barbour et al13
n=16
d=3 years
Beck et al9
n=195
d=1 year

Nursing home

Nursing home resident received six telemedicine
visits

Nursing home

Video visits in a nursing home were compared to
usual care

Patient’s home

Patients sent video recordings of motor
functioning to treatment team, serving as the
basis for therapeutic decisions
Compared in-home telemedicine visits to inperson care

Patient reported less dyskinesia, was better able
to feed himself, and MMSE improved from 21/30
to 30/30a
On average, telemedicine patients improved
UPDRS score by 6.5 points, and control group
worsened by 0.3 pointsb
Average UPDRS score decreased from 31 points
at enrollment to 24 points at 3-month follow-up
(patients had less impairment)b
Changes in mUPDRS score and PDQ-39c did not
differ significantly between telemedicine and inperson care groups
No significant differences in GDS, UPDRS, or
PDQ-8d scores were found between telemedicine
and in-person care groups
Study showed no clear effect on outcome as
measured by the UPDRS

Patient’s home

Patient’s home,
satellite clinic
Nursing home

Patient’s home

Survey completed by patients receiving
telemedicine care at home and in a satellite clinic
compared with patients receiving in-person care
Patients living in a continuous care facility were
provided with long-term care via telemedicine
Compared usual care by neurologist to usual
care supplemented by four in-home virtual visits

Change in clinical outcomes did not significantly
differ between the telemedicine group and the inperson care group

Notes: aLower score = more cognitive disability bLower score = less disability); c39-item questionnaire; d8-item questionnaire.
Abbreviations: GDS, Geriatric Depression Scale; MMSE, Mini-Mental Status Examination; mUPDRS, Modified Unified Parkinson’s Disease Rating Scale; PDQ, Parkinson’s
Disease Questionnaire; UPDRS, Unified Parkinson’s Disease Rating Scale.

Table 5 Baseline characteristics of study participantsa
Characteristics of patients

# of
patients
satisfying
criteria/n

Percentage
(%)

Gender, men9,11,12,42,44
Race, White9,12,43,44
Regularly uses the internet at home9,44
Education, bachelor’s degree or higher9,42,44
Established patient with a PD specialist9,12,44

401/653
475/502
351/361
279/375
340/447

61.4%
94.6%
97.2%
74.4%
76.1%

Notes: aDemographic information that was ambiguous or non-specific was excluded
from this table.
Abbreviation: PD, Parkinson’s disease.

for longer than 1 year.10,13 One difficulty associated with
assessment of outcomes in long-term studies is accounting
for the natural history of PD. As the disease progresses,
patient UPDRS scores will worsen regardless of the care
they receive.13

Difficulties related to technology
Telemedicine is a way to bring advanced clinical resources
and expertise to patients who would not otherwise have
access to specialized care. One of the early barriers to effective virtual visits was the technology of the time. Real-time
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video conferencing has improved dramatically over the
past two decades since work in this field began, but there is
continued difficulty in reaching patients who either do not
have high-speed internet access or do not live near one of
the nursing homes or other remote centers established for
telemedicine visits.
Patients who lack access to high-speed internet with
adequate bandwidth are unable to access services at home.57
Furthermore, people with chronic conditions are less likely
to have internet access: 72% of patients with chronic conditions, as compared with 89% of individuals without chronic
conditions, have internet access.58 Patients living in urban
areas are more likely to have access to academic medical
centers at which they could seek specialist care. Telemedicine
should be able to increase the availability of specialty care
in rural areas, but current research suggests that the number
of patients using telemedicine in rural areas is still low.59
Earlier studies performed at medical centers found that
videoconferencing technology was adequate for detection
of gross motor dysfunction, but did not allow for accurate
assessment of handwriting,60 fine tremor, facial features,
less obvious dyskinesia, or limb bradykinesia. 8 Russell
et al61 found that differences between in-person and virtual
assessment of balance could have been caused by the remote
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clinicians’ inability to determine if patients truly had their
eyes closed during a single leg stance test.
While most patients receiving care from home were
satisfied with their experiences, others felt that the technological difficulties encountered took away from the value of
the interaction. Some regarded the visits as impersonal; one
patient specifically mentioned that it was difficult not to talk
over one another due to video lag. These concerns about video
quality were echoed by a neurologist from the same study,
commenting that “fast movements blur.”44 Other patients
were concerned when key aspects of the physical exam were
missing from home visits, including measuring vital signs43
and testing for rigidity and balance.44
It has been suggested that assessment of symptom severity varies depending on whether patients are evaluated at
home, remotely, or in the office.62 It remains unclear whether
the home assessment is more accurate because it reflects a
patient’s natural environment, or if an office assessment is
more accurate because clinicians can see the patients more
clearly.

Lack of reimbursement
The complexities of reimbursement for telemedicine visits
remain a major barrier for the widespread adoption of the
technology. In settings where reimbursement is not an issue
(Canada,63 the US Department of Veterans Affairs system,64
and prison,65) telemedicine is thriving. The situation is slowly
improving, but insurance companies in varying US states
differ in their requirements and levels of reimbursement for
telemedicine visits. Medicare will reimburse telemedicine visits only in underserved areas and may require that a patient be
seen in-person before paying for follow-up telemedicine visits.
Each year, the American Telemedicine Association creates
a report of policy updates for the United States, assigning a
grade to each state based on their coverage of telemedicine.
The most recent report released in February 2017 showed
improvement over previous years, as no US state currently
has a failing grade. Thirty-one states have parity laws in place
to require that health insurance plans reimburse for telemedicine at an equivalent rate as paid for in-person services. This
number has doubled over the past 5 years. However, 20 states
either have no parity laws in place or have significant barriers to reimbursement. For state employee health plans, half
of the country has little to no coverage for telemedicine.66
Medicaid programs in all 50 states currently have some
form of coverage for telemedicine, but each state has different restrictions. State Medicaid programs determine
reimbursement based on patient setting, synchronous vs
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asynchronous telemedicine technology, the services provided,
and informed consent requirements.66
Until widespread reimbursement for telemedicine is a
reality, most telemedicine services are either cash-paid or
charged to the hospital. Some hospitals are making arrangements with other hospitals, agreeing upon flat fees for telemedicine consults and follow-up visits. Other telemedicine
programs are forced to rely on grant funding.5 If a hospital is
unable to cover the cost of telemedicine visits in the current
system, patients may be unwilling or unable to pay out-ofpocket. In a survey of 33 patients, 55% were unwilling to pay
more than $50 per month for their telemedicine visits despite
the savings and convenience it provided; only 9% would be
willing to pay over $150 per month.43

Licensing complications
Current laws in most US states require that physicians be
licensed in the state where the patient is physically located,
limiting the reach of telemedicine in underserved states.
This could potentially prevent the delivery of life-saving
care to a patient in one state that would be available to a
patient in a neighboring state. Certain states are attempting
to improve this problem by allowing physicians to join the
Interstate Medical Licensure Compact (IMLC) established
by the Federation of State Medical Boards. The IMLC was
designed to create a streamlined process by which physicians could become licensed in multiple states. Twenty-two
states belong to the IMLC at the time of this publication, but
member states vary in their level of implementation.67 At the
current time, no state in the US earned a grade of “A” in the
Licensure and Out-of-State Practice category in the annual
report released by the American Telemedicine Association.68

Ideal practice design
On the basis of the strengths and weaknesses of telemedicine we have outlined, it is possible to describe some of the
qualities of an ideal telemedicine program. Many of the
technological difficulties reported in the literature were due
to variability in the technology available to each patient.
Difficulties were also encountered in attempting to treat
patients from the community at a continuous care facility
where they were not current residents. We therefore conclude that a successful telemedicine program will need to
be based in a remote clinic with the resources to construct
reliable video conferencing. This will ensure consistently
adequate communication with a movement disorder specialist. Before a virtual visit is scheduled, patients would be
seen in person to establish a relationship with a movement
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disorder specialist and to give informed consent to receive
care via telemedicine.
Both ends of the transmission will need to be equipped
with high-definition video recording equipment, as well as
a secure network connection with adequate high speed and
bandwidth. There are a number of products on the market
that are suitable for secure video conferencing. The system
with which the authors are most familiar is the TANDBERG
Centric 1700 MXP. This system uses Advanced Encryption
Standard (AES) when possible with 128 bits encryption; if
AES is not supported, Data Encryption Standard (DES) is
used with 56 bits encryption.69 The TANDBERG Centric
1700 MXP also utilizes H.235 and IEEE 802.1x authentication described by the International Telecommunication Union
and the Institute of Electrical and Electronics Engineers,
respectively.70,71 Videos during virtual visits are live-streamed
and do not need to be stored, as the medical chart documentation serves as a record of the encounter. If videos are to
be stored, the video files should be kept in a secure storage
server with the highest level of encryption.
The treatment room must be large enough to allow
patients to walk freely for accurate assessment of gait. It
is also imperative that the room be well-lit, allowing the
movement disorder specialist to detect fine tremor and facial
movements. Patients with PD may be at an increased risk of
falling, and as such, the facility should be set up with patient
safety in mind.
Once the location is established, faculty and staff to carry
out the visits must be identified. The treatment team should
include at least one neurologist trained in the treatment of
movement disorders. The staff of the remote clinic or continuous care facility will include technical partners, nurses, or
nurse practitioners trained to take a medical history and vital
signs, assist with hands-on portions of the exam, and calculate
a UPDRS score. These team members will be thoroughly
trained to ensure that the examination is performed safely,
especially while testing gait and balance. If a patient falls
during the exam and is injured, responsibility for the event
will be determined on a case by case basis. Remote clinic
staff can also assist in reconciling medications, making sure
that patients are receiving their medications via electronic
prescription sent directly to their pharmacy.
A practice manager is valuable not only in managing
patient visit schedules along with the schedules of each
individual staff member, but also in helping to integrate the
telemedicine schedule with the physician’s schedule for inperson visits. A staff member well-versed in billing practices
for telemedicine can be utilized to avoid confusion regarding
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the complexities of reimbursement. Technology support
personnel should be present or readily available both for
system setup and troubleshooting problems related to the
video conferencing equipment and network connectivity.
This remote clinic may serve as a multi-disciplinary PD
treatment center, in which physical therapists, occupational
therapists, clinical psychologists, speech and language
pathologists, and other specialty practitioners can operate to
streamline care for patients. Ideally, this remote clinic will
work with community outreach organizations and social
workers to recruit and coordinate telemedicine care for
underserved patients.

Conclusions and future
development
If current projections are accurate, the global population of
patients with PD will double from the years 2005–2030.72
Telemedicine has the potential to become a critical piece
of the delivery of care to this growing number of patients.
As technology advances over time, the cost of equipment
required to provide telemedicine to patients will decrease,
allowing facilities to purchase the equipment more readily.10
Patients are becoming more comfortable with video conference technology and the number of elderly people with access
to the internet is increasing.73,74
The current research on telemedicine for the delivery of
care to patients with PD has laid an effective groundwork,
but there are areas yet unexplored. Future research will need
to include larger patient samples including patients from
diverse ethnic backgrounds, individuals with lower levels of
education and income, and patients with more severe levels of
disability before a thorough assessment of telemedicine can
be made. Research will also need to be conducted to more
thoroughly understand how smartphones and emerging technologies can be used for remote monitoring and treatment.
A newer version of the UPDRS, called the MDS-UPDRS
was published in 2007 by the Movement Disorder Society.
This scale was created to give more attention to the non-motor
features of PD, as well as to address the lack of consistent
anchoring between subscales on the original UPDRS. Since
its publication, the MDS-UPDRS has been shown to have
high internal consistency, correlation with the UPDRS, and
validity for rating PD.75 Future research may rely upon this
new scale to capture the ways in which telemedicine can be
used to address the non-motor symptoms of PD, giving a
more comprehensive picture of its applications.
Another classification instrument that may become integrated into the care of PD is the International Classification
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of Functioning, Disability, and Health (ICF). The ICF was
developed as a scientific tool to characterize the structure and
functioning of an individual, the ability to carry out tasks,
and the environmental and social factors that contribute to
overall health. There is a strong correlation between the motor
and non-motor manifestations of PD with the domains of
the ICF, but only a few studies have specifically studied this
connection.76–80
Emerging treatment modalities will inevitably affect the
applications of telemedicine for patients with PD. New treatments of PD have been focused on reducing the variability
in symptoms that patients with PD experience through the
administration of several doses of oral medications throughout the day. Among the newer treatment modalities available to patients with PD is an extended-release carbidopa/
levodopa pump that delivers the medication continuously
throughout the day through a percutaneous endoscopic transgastric jejunostomy. This portable delivery system, approved
by the FDA in early 2015, may address the increasing amount
of “off ” time – due to disease progression – that patients
experience between doses of oral medications. The system
was designed to have the medication bypass the stomach,
as gastric emptying can become unpredictable in later PD.81
Deep brain stimulation (DBS) is also being used to treat
patients whose symptoms cannot be adequately controlled
with oral medications. This technology delivers continuous
impulses to specific areas of the basal ganglia that affect
movement. The future of DBS may include devices that
respond to a patient’s unique brain signals, delivering
impulses only when needed and only to specific cells rather
than to a specific area. A recent meta-analysis suggests that
targeting the pedunculopontine nucleus specifically may
improve postural instability and gait disorder, symptoms
that have traditionally remained largely unimproved by DBS
treatment.82 Although it is safe to perform virtual follow-up
visits for patients treated with extended release medication pumps or DBS, adjustments to continuous delivery
systems need to be done in person to ensure patient safety.
It will still be some time before these technologies can be
safely adjusted at a distance without the need for in-person
assessments.
In 1992, Dr Jean P. Hubble,83 a neurologist at the Kansas University Medical Center, concluded that, “It must
be conceded that compressed video transmission will not
serve as a substitute for the traditional ‘hands-on’ clinical
interview and examination.” While Dr Hubble’s statement
still rings true more than 25 years later, we are closer than
ever to making virtual visit assessment as good as in-person

10

Powered by TCPDF (www.tcpdf.org)

submit your manuscript | www.dovepress.com

Dovepress

examination with wider access to care, increased convenience
for patients, and seamless communication between members
of the treatment team.
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