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Abstract

Telehealth has the potential to improve the efficiency of healthcare while reducing the burden 

on patients and caregivers. Encounters can be synchronous or asynchronous. When used for care 

of those with amyotrophic lateral sclerosis (ALS) by individual health care providers or by a 

multidisciplinary team, synchronous telehealth is feasible, acceptable, may produce outcomes 

comparable to those of in-person care, and is cost effective. Individuals with ALS who utilize 

telehealth tend to have lower physical and respiratory function and to live farther from an ALS 

clinic than those who exclusively attend in-person clinic visits. Asynchronous telehealth can 

be utilized as a substitute full multidisciplinary visits, or for remote monitoring of pulmonary 

function, gait/falls, and speech. Barriers to implementing telehealth on a wider scale include 

disparities in access to technology and challenges surrounding medical licensure and billing, but 

these are being addressed.
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Introduction to Telemedicine and Telehealth

Today’s healthcare landscape contains many references to, and examples of, telemedicine 

and telehealth. Sometimes, these terms are used interchangeably. Generally, telemedicine is 

defined as a remote interaction between a clinician and a patient. This is the traditional way 

most people think of telemedicine. Telehealth is the provision of a broader range of services 

remotely1. For patients with neuromuscular diseases, this can include collection of data on 
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clinical measures such as respiratory function, gait, falls, muscle strength, and the rate and 

quality of speech.

Telehealth encounters can be synchronous or asynchronous. In synchronous encounters, 

information is transmitted in both directions during the same period of time. These 

can be binary transmissions between patients or caregivers and healthcare providers, or 

multi-person encounters with other healthcare providers or family members interacting 

simultaneously. A live videoconference between a patient, his or her caregiver, and a 

healthcare provider is an example of synchronous telehealth. Asynchronous encounters, also 

sometimes called the “store and forward” method, occur when information is collected at 

one time and then forwarded for review at another time. Examples of this include taking 

photographs, filming videos, or recording medical data (respiratory, cardiac, gait, etc.) at a 

location remote from the healthcare provider, and transmitting them to the provider for later 

review.

Patients can participate in telehealth encounters from their homes, from other healthcare 

providers’ offices, or from other healthcare facilities such as emergency departments. 

Equipment needed may include a smartphone or tablet paired with an application, or a 

computer with a webcam, internet connection, and web-based application or system.

Health Care Barriers and Burdens

Physician visits may pose time and travel burdens to patients and their caregivers. In 

the United States, there is on average a 20 day delay to obtain a 20-minute physician 

appointment. Including travel and wait times, appointments take an average of 2 hours2. At 

large referral centers for rare diseases such as amyotrophic lateral sclerosis (ALS), these 

times may be far longer due to delays in obtaining an appointment, long travel times due 

to the distance to the centers, and substantial times spent in waiting rooms. Telehealth has 

the potential to improve the efficiency of healthcare while reducing patient and caregiver 

burden. This has led in studies of the feasibility and acceptability of telehealth as a model for 

care, and to studies of telehealth outcomes relative to in-person care.

Telestroke was the earliest application of telehealth to neurological care. It typically involves 

acute assessment and coordination of care for a patient in an emergency department 

by a neurologist at another location3–6. Since then, telehealth has been used in several 

chronic neurological disorders, including multiple sclerosis, migraine and other headaches, 

Parkinson’s disease, epilepsy, and dementia7–12.

Standard of Care in ALS: Multidisciplinary Clinic

To understand the role that telehealth may play in ALS care, it is essential to understand 

the current standard-of-care multidisciplinary clinic model used by most large ALS centers. 

Patients are seen approximately every 3 months for evaluation by a multidisciplinary team, 

including an ALS neurologist, a nurse, social worker, speech language pathologist, dietician, 

occupational therapist, physical therapist, and mental health professional. Pulmonary 

function tests (PFTs) are typically performed at these visits by a respiratory therapist. 

Studies have shown that multidisciplinary clinics extend survival and likely improve quality 
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of life of those with ALS13–18. Thus, mechanisms of care that preserve the multidisciplinary 

approach would be of value.

Beyond these relatively objective measures, patients perceive multidisciplinary clinic as a 

source of integrated care, a sort of “one-stop shopping,” where they receive quality care 

from healthcare providers who have expertise in ALS and where they have access to 

cutting edge research and clinical trials. Patient-reported negative factors associated with 

multidisciplinary clinic are related to time, travel, and fatigue; travel distances are often 

long, there are multiple providers to see, and there may be substantial wait times between 

those providers19. There is additional data that travel and time pose barriers to ALS clinic 

attendance. Nearly half of patients with ALS in the United States live more than 50 miles 

from an ALS center, and a quarter live more than 100 miles away. Family caregivers spend 

an average of 11 hours per day caring for an individual with ALS, and the physical and 

emotional burden increases with disease progression20–22.

Ideal ALS care would maintain the benefits of multidisciplinary clinic while reducing 

burdens. One option is to establish more multidisciplinary clinics, but this produces 

challenges. There is a limited supply of healthcare providers with expertise in ALS. 

Smaller centers would see fewer patients, leading to less experience and expertise by 

providers. Additionally, some areas are simply too sparsely populated to support ALS 

clinics. Telehealth has the potential to fill this gap by preserving multidisciplinary care and 

reducing time and travel.

Synchronous Telehealth in ALS

Feasibility and Acceptability

Several studies of synchronous telehealth visits have demonstrated the feasibility and 

acceptability of using telehealth in the ALS patient population. In Brisbane, Australia, 

2 tertiary hospitals with multidisciplinary ALS clinics reported their experiences with 

telehealth. Visits were reported for 38 patients who were seen an average of 3 times each at 

intervals of 3–4 months. Telehealth visits were conducted from local hospitals or community 

health services via synchronous videoconferencing to a variety of health care providers at 

the ALS clinics: neurologist, nurse, palliative care physician, sleep physician, and sleep 

nurse. The average driving distance that would have occurred if visits were performed 

in-person was 612 km (386 miles), with a range of 158–1824 km (98–1133 miles). Major 

problems that were addressed via telehealth were symptom-based, consisting mainly of 

respiratory and palliative concerns. There was no assessment of health outcomes in the 

study, but the feasibility of such visits was clear23.

Massachusetts General Hospital in Boston, Massachusetts reported a retrospective chart 

review of 97 ALS patients who participated in synchronous videoconferencing from their 

homes with a physician or nurse practitioner from their ALS clinic. Patients lived a 

median distance of 211 miles from the clinic, and telehealth visits lasted an average of 

32 minutes. Many of these patients had advanced disease. Half were ambulatory; one-third 

were using non-invasive ventilation or gastrostomy; 23% had a tracheostomy; 12% were 

receiving hospice services. The most commonly addressed problems were medication 
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management, goals of care, research, and equipment concerns. The study concluded that 

in-home telehealth visits are feasible in this population24.

The Penn State Health Hershey ALS Center in Hershey, Pennsylvania conducted a 

prospective study of their telehealth program from March 2016 to February 2017. Patients 

included in the study all met El Escorial criteria for clinically definite, probable, probable 

laboratory-supported, or possible ALS, had attended in-person ALS multidisciplinary clinic 

visit at least once, and had the necessary equipment and technological capacity for a 

telehealth visit. Thirty-three visits were reported from 20 patients who were seen in their 

homes via synchronous telehealth by a multidisciplinary clinic team. Travel time from 

clinic was about equally divided into 3 groups among the sample: less than 60 minutes, 

60–120 minutes, and more than 120 minutes. Visit length was approximately 15–30 minutes 

per healthcare provider, with multiple providers per visit. Patients and caregivers reported 

benefits such as the absence of travel, being in their home, time savings, reduction in fatigue, 

and increased comfort. The cons reported by patients and caregivers included problems 

with video/audio, lack of privacy if only the patient or the caregiver wished to speak 

with the provider, not getting out of the home, and the impersonal nature of telehealth. 

Four caregivers expressed concerns about a lack of physical examination, although no 

patient did so. Notably, the total number of responses by patients and caregivers identifying 

positive aspects of telehealth (66) was far greater than the number identifying negatives 

(17). Healthcare providers reported benefits such as patients appearing more comfortable 

and less stressed, the ability to see patients who would otherwise not be able to be seen, 

patients being more open and talkative, and that patients could be observed in their homes. 

The providers also reported some negatives, such as problems with video/audio, no physical 

examination, no cues from body language, and less of an emotional connection. In 93% of 

encounters, providers were able to understand the concerns described by the patient and their 

caregiver, and in 92% they were able to provide appropriate recommendations. During 88% 

of encounters, they found the communication to be adequate but rated the service to be equal 

in quality to in-person care only 58% of the time. Overall, feasibility and satisfaction were 

rated highly by patients, caregivers, and healthcare providers, although healthcare providers 

noted more shortcomings of telehealth in comparison to in-person care than did patients and 

caregivers25.

Outcomes

Research on clinical outcomes is very limited for ALS synchronous telehealth. A study 

conducted by the Veterans Affairs ALS Center in Cleveland, Ohio reported on outcomes of 

survival, disease progression, and malnutrition. Patients in the study were given a choice 

of receiving care in-person or via telehealth in their homes. Evaluations always included 

a physician and a nurse, with involvement of other providers based on an assessment 

of patients’ needs. PFTs and modified barium swallows were performed locally prior to 

telehealth visits if deemed necessary. Quality of care provided was based on the American 

Academy of Neurology (AAN) quality measures26. The study found that care delivered via 

telehealth was of the same quality and had similar patient clinical outcomes as in-person 

care27.
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Roles of Synchronous Telehealth in ALS Care

Because synchronous videoconferencing appears to be feasible and acceptable, and may 

lead to outcomes equivalent to in-person care, it could play a number of roles in the care 

of individuals with ALS. First, it could be used as a substitute for regularly scheduled 

in-person visits with the multidisciplinary team, a model aimed primarily at those who 

cannot travel to clinic due to physical weakness or lack of resources or both. Secondly, 

1-on-1 telehealth visits could be held between the patient in their home and selected 

multidisciplinary clinic team members prior to an in-person visit, in order to decrease 

the length of the in-person visit. This is most suitable for those patients who fatigue 

easily and cannot comfortably tolerate a full multidisciplinary in-person visit, particularly 

if the in-person visit is limited to those providers requiring physical contact (physical and 

occupational therapists, for example) and the telehealth visits are primarily “talk” visits 

(such as the social worker or mental health counselor). A third way in which telehealth 

could be used is for addressing urgent matters. In such instances, 1-on-1 telehealth visits 

between patients and selected team members would be triggered by messages from patients 

or caregivers. Examples of such visits include: communicating about a psychological crisis 

with the mental health professional; visualizing and discussing transfer or personal care 

techniques with the physical or occupational therapist; visualizing and discussing a bedsore 

or malfunctioning feeding tube with a nurse; or discussing goals of care or genetic test 

results with a physician25. The goal is not to substitute telehealth for all in-person visits, but 

to provide a wider menu of care options for patients.

Telehealth Utilization in an ALS Clinic

Based on the concepts of team and 1-on-1 telehealth visits described above, we set out to 

determine how telehealth was used in practice when offered to patients as part of routine 

care. Based on input from the ALS nursing staff regarding the burden to patients and 

caregivers of in-person visits, selected ALS patients were offered 2 types of telehealth visits 

into their homes using our institutional telehealth service, Penn State Health OnDemand 

(American Well, Boston, MA): 1) full multidisciplinary visits with members of the ALS 

team on ALS clinic days; or 2) 1-on-1 visits with individuals ALS healthcare providers on 

other days. Metrics were recorded by the telehealth platform from October 2018 through 

November 2019.

Sixty-one patients and caregivers participated in 1 to 7 telehealth encounters for a total of 

124 telehealth visits (Figure 1A). Average visit length was 1 hour and 43 minutes, with a 

range of 5 minutes to nearly 4 hours (Figure 1B). The number of telehealth visits per month 

ranged from 2 to 13 (Figure 2). In 2019, 18.6% of all multidisciplinary ALS clinic visits 

were conducted via telehealth.

Eighty-five percent of these visits replaced in-person multidisciplinary clinic visits. The 

average length for these types of telehealth visits was 1 hour and 56 minutes, with a range 

of 7 minutes to 3 hours and 51 minutes (Figure 3A). The remaining 15% were individual 

visits with a healthcare provider. The average length for these types of telehealth visits was 

27 minutes, with a range of 5 minutes to 1 hour and 50 minutes (Figure 3B).
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Telehealth patients lived, on average, 52 miles from the ALS clinic, with a range of 6–188 

miles. Patients who had in-person visits over the same period lived an average of 35 miles 

from the clinic. Over 9,100 miles were saved by using telehealth. Patients who lived farthest 

away appeared to be overrepresented in the telehealth group versus the in-person group 

(Figure 4), supporting the use of this platform for those for whom travel would be the 

greatest burden.

Predictors of Telehealth Utilization for ALS Clinic Patients

We wished to perform a more detailed comparison of patients seen via telehealth to those 

seen via in-person visits. Beginning in November 2017, all patients at our ALS Center 

were offered participation in a study designed to assess their use of telehealth, but they 

were not required to utilize it for care. Patient characteristics describing clinical factors and 

technological access and comfort were gathered at the time of enrollment and, for patients 

utilizing telehealth, also at the time of each telehealth visit. For patients who never had a 

telehealth visit, the most recent clinical data was taken as a second time point. Comparisons 

were made between enrolled patients who had at least one telehealth visit and those who 

did not. Descriptive statistics were employed to describe variables within each group. Data 

was determined to be from a non-Gaussian population; therefore, Mann-Whitney tests were 

utilized to compare groups. Fisher’s exact tests and chi-square tests, where the sample was 

large enough, were utilized to compare binomial outcomes. The study was approved by our 

Institutional Review Board, and all participants provided informed consent.

One hundred fourteen patients were enrolled, one-third of whom (38) participated in at least 

1 telehealth visit (Table 1). Patients with at least 1 telehealth visit had poorer physical and 

respiratory function and were more likely to use noninvasive ventilation than patients who 

never had a telehealth visit. A larger percentage of enrolled men than women participated 

in telehealth visits. Distance from clinic appeared to play a role in the decision to choose 

telehealth. A larger percentage of patients with at least 1 telehealth visit lived 2 or more 

hours from the clinic. Fifty-two percent of those living 2 or more hours from clinic had 

a telehealth visit, compared to only 25% of those living less than 30 minutes away. All 

patients with 4 or more telehealth visits lived at least an hour away from the clinic. Thus, 

patients with lower physical and respiratory function seen at our center were more likely to 

utilize telehealth, as were those living farthest from clinic.

Cost Effectiveness Research

Researchers at Massachusetts General Hospital conducted a comparison of the cost of 

telehealth visits for patients in their homes and the cost of in-person multidisciplinary clinic 

visits. For in-person visits, the group took into account the costs of travel, lodging, time 

away from work for the patient and caregiver, and any out of pocket medical costs. It also 

included physician time, other healthcare personnel time, and room costs. For telehealth 

visits, the cost estimate included physician time, video infrastructure costs, follow-up 

time by multidisciplinary clinic team members, and the time of information technology 

personnel. Costs of telehealth visits were adjusted for their medical usefulness (MU) relative 

to in-person visits as rated by ALS healthcare providers and patients. The study found that, 

assuming all visits in a year were telehealth visits, patients would save 89% for a total 
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annual savings of nearly $4,000, and institutions would save 41% for a total annual savings 

of $1,310 per patient, compared with the annual cost of in-person visits. A combination of 

2 in-person visits and 2 telehealth visits per year would lead to nearly $2,000 per year in 

savings to the patient (45%), and $655 (20%) to the institution. If patients lived closer to 

the institution than in the original model, savings were less, but there were still savings by 

using telehealth visits. The study concluded that telehealth visits provide marked adjusted 

cost savings for both patients and institutions under a variety of assumptions28.

Asynchronous Telehealth in ALS

The University of Florida in Jacksonville conducted a study of asynchronous telehealth 

in ALS, often referred to as the “store and forward” model. In this study, a nurse was 

trained by other members of the ALS multidisciplinary clinic team, including the neurologist 

and physical, occupational, speech, and respiratory therapists, to perform an assessment 

of the patient in their home. The nurse then traveled to patients’ homes and performed a 

multidisciplinary assessment. A video and audio recording was made of the assessment and 

was sent to the multidisciplinary team providers at a later time for review. After review, 

the team members made recommendations for each patient’s care and provided them to 

the clinic director, who then formulated a plan and conveyed this back to the patient via 

the nurse using a videoconference or telephone call. This method resulted in high patient 

satisfaction and generally high, although more variable, provider satisfaction29.

Home Monitoring of Respiratory Function: Remote Pulmonary Function Tests

AAN guidelines recommend considering initiation of non-invasive ventilation (NIV) when 

maximum inspiratory pressure (MIP) is weaker than −60 cmH2O or when forced vital 

capacity (FVC) is less than 50% of predicted30. NIV in ALS prolongs survival, slows the 

rate of respiratory decline, and positively impacts health-related quality of life for sleep, 

physical fatigue, and depression30–32. Pulmonary function tests (PFTs) approximately every 

3 months are a routine part of the ALS clinic evaluation and part of the ALS quality 

measures of the AAN33. When ALS clinic visits are performed via telehealth, patients must 

typically be transported to a facility for PFTs. This increases the burden of telehealth visits 

and undercuts the goal of providing care in the home.

A study of remote PFTs was conducted by the Penn State Health Hershey ALS Center, 

following approval of the Institutional Review Board and provision of informed consent 

by participants. Inclusion criteria were a diagnosis of ALS, primary lateral sclerosis 

(PLS), or progressive muscular atrophy (PMA), ALS Functional Rating Scale (ALSFRS-

R) scores of 2 or higher on all items for speech, swallowing, and saliva, and lack of 

cognitive impairment. Patients performed PFTs, specifically forced vital capacity (FVC) and 

maximum inspiratory pressure (MIP), with a respiratory therapist while in the clinic. On 

the same day, in another room, they performed a simulated remote PFT using a computer 

and equipment selected for performing PFTs at home. At the other end of the telehealth 

encounter was a respiratory therapist coaching the patient. Analysis was performed on 

the best of 3 maneuvers with results demonstrating a strong correlation between remote 

PFTs and standard assessments (Figure 5). Due to the fact that different reference systems 

Haulman et al. Page 7

Muscle Nerve. Author manuscript; available in PMC 2024 January 19.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



were used internally by the standard respiratory therapy equipment and the remote PFT 

devices to calculate FVC as a percent of predicted, volumes measured rather than percent 

predicted resulted in an even stronger correlation between remote PFTs and standard 

assessments (r2=0.92, p<0.001). Patients, caregivers, and respiratory therapists reported high 

acceptability of this process34.

ALS disease progression is markedly heterogeneous. Data from the Pooled Resource Open-

Access ALS Clinical Trials (PRO-ACT) database, containing over 10,700 ALS patient 

records from multiple completed clinical trials, can be used to stratify patients, based on 

rate of FVC decline over time, into those with slow, moderate, or fast progression (Figure 

6)35. In contrast to disease progression, the clinical model for care is fairly homogeneous. 

Administering PFTs every 3 months is not based on data, but on the accepted model of 

ALS multidisciplinary care. More frequent PFTs may permit earlier initiation of NIV. The 

burden associated with such an increased frequency of assessments could potentially be 

lessened by performing them at home. Of 217 patients identified in our ALS clinic who 

had serial PTFs, 144 were found to have FVCs that declined below 50% of predicted, the 

threshold for initiating NIV. Using the data from clinic visits with PFTs every 3 months 

permits an estimation for each patient of the time when FVC would fall below 50% of 

predicted. The interval can then be calculated between this estimated threshold crossing and 

the first in-clinic FVC following that point for any single individual. Of the 144 patients, 

100 had an interval of more than 30 days, indicating they would have received an earlier 

recommendation for the initiation of NIV if they had undergone monthly remote PFTs. A 

study is now underway to explore outcomes of these more frequent PFT assessments.

Remote Monitoring of Gait and Falls

It is well known that patients with ALS fall and that the consequences may be profound. 

Assessment of fall risk, with the goal of preventing or at least reducing the frequency of 

falls, is an important part of ALS care. In fact, one of the ALS quality measures published 

by the AAN is querying patients for falls occurring in the past 12 months33. The rate of 

falls in ALS has not been clearly established, with rates ranging from 0.05 to 0.2 to 1.8 

falls per patient-month26. Self-reporting of falls is compromised by recall bias, resulting 

in underreporting of fall events. Individuals with ALS have gait measures that differ from 

healthy controls, including increased and highly variable gait cycle time (the time it takes 

to complete a full walking cycle), reduced stride length, and increased variability in stride 

length, compared to healthy controls36–38. A gait assessment of patients with ALS under 

the traditional model of care occurs once every 3 months by the physical therapist in 

multidisciplinary clinic. Telehealth has the potential to provide more frequent and more 

quantitative assessments.

The Penn State Health Hershey ALS Center piloted the use of a wearable sensor as a 

way to provide regular estimates of stride length, duration, and walking speed. Institutional 

Review Board approval was obtained, and all participants signed informed consent. Thirty 

patients were included in the evaluation, most with ALS, but a few with PLS or PMA. 

All evaluations were performed during in-person ALS clinic visits. Patients wore sensors 

to detect accelerations and rotations of the body during therapist-guided walking sessions. 
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ALSFRS-R walking sub-score (FRSw, item 8 on the ALSFRS-R) was collected. Results 

showed that walking speed derived from stride length and duration was able to distinguish 

those walking with assistance from those without, as well as those with FRSw of 2 vs. 3 and 

2 vs. 4 (Figure 7). This pilot study suggests that stride length and stride duration measured 

from a short period of normal walking correlated with functional measures of ambulatory 

health. When implemented in the home, gait tracking could potentially help to reduce fall 

risk by allowing for evidence-based and timely decision support regarding safe mobility.

A study is now underway to assess gait from home in patients with ALS using wearable 

devices. One aim of this study is to assess patient movement in relationship to falls. This 

will be done by monitoring general activity via a pendant monitor, arm activity via wrist 

sensors, and gait via sensors worn on the legs or feet. A second aim of this study is to 

conduct an accurate assessment of fall frequency via an automated fall detection algorithm.

Electronic Collection of Clinical Data without In-Person Visits

Developed at the University of Sheffield, the Telehealth in Motor Neuron Disease 

(TiM) system is a telehealth system that utilizes an application through which patients 

and caregivers are prompted to answer weekly questions regarding limb, bulbar, and 

respiratory function, nutrition, and wellbeing. Caregivers also communicate about strain, 

depression, and anxiety. Wi-Fi enabled scales are able to send information on patient weight 

measurements. The information entered into the application is uploaded for immediate 

review by the multidisciplinary team. Information is displayed for the provider in a clinically 

useful way, tracking trends in weight, caregiver strain, and other measures over time39.

The Barrow Neurological Institute developed the ALS AT HOME application with a 

goal of decreasing burden on patients and caregivers when participating in clinical 

trials. Outcome measures were performed at home and transmitted electronically via the 

application, including handgrip dynamometry, spirometry, electrical impedance myography, 

and ALSFRS-R. Speech was recorded using a separate application via which patients were 

asked to speak specific phrases into the microphone of their device. Recordings were 

uploaded to a separate cloud-based repository for analysis. Participation in the subsequent 

ALS AT HOME natural history study involved measuring each data point daily for 3 months 

and then twice a week for 6 months. Patients were recruited online through the Centers for 

Disease Control and Prevention (CDC) ALS patient registry, ALS Association, Muscular 

Dystrophy Association, and via social media. Diagnosis was confirmed by review of records 

by the study team. Patients were consented, enrolled, and trained entirely online40. The 

study demonstrated the potential value of electronic processes to reduce patient burden and 

increase enrollment into clinical trials.

Using Social Media to Create a Virtual Support Group

Support groups are a traditional way for patients with rare or life-threatening diseases and 

their caregivers to meet and provide friendship and support to one another. Barriers to 

attendance are the same as those that create barriers to ALS clinic attendance and can 

include travel, time, and fatigue. Paradoxically, those individuals for whom these barriers 

are most likely to be present, such as those whose disease is advancing most rapidly, 
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or has created the greatest physical and psychological burdens, are often those who are 

likely to benefit most from a support group. The ALS Association Greater Philadelphia 

Chapter supports the Penn State Health Hershey ALS Center, among others, and hosts 

support groups throughout south central and eastern Pennsylvania, southern New Jersey, and 

Delaware. The support group in Hershey is facilitated by the ALS clinic psychologist.

Patients and caregivers from the Hershey ALS support group began tending a community 

garden. In June 2018, a Facebook group was founded to help manage the garden. The 

psychologist regularly reviews group content and consults with the page administrator (an 

elected member of the group) to answer questions and address concerns. The Facebook 

group remained active through the winter when the garden was closed. One year after 

creation, there were 70 members of the Facebook group, comprised of patients, family 

members of living and deceased patients, and ALS Association staff. There have been 582 

posts, 747 comments, and 1,863 reactions. Pictures, videos, and updates of themselves, tips 

for one another, inspirational quotes, and pictures from get-togethers are posted by members 

regularly. Despite a decrease in the number of attendees at in-person support groups across 

the ALS Association Greater Philadelphia Chapter, the Hershey group has experienced an 

increase in attendance since the creation of the Facebook group. The use of social media has 

increased socialization and connection among patients and their caregivers, and has allowed 

caregivers of deceased patients to preserve their relationship with the ALS community. Next 

steps include implementing similar groups at other sites.

Barriers to Telehealth

Access to Technology

Access to technology may prevent 30% of rural populations from participating in telehealth. 

In 2018, only 69% of people living in rural areas had access to high-speed internet that met 

the minimum benchmark set by the Federal Communications Commission. People living in 

rural areas are also less likely to have a smartphone, with 71% owning a smartphone in 2019 

compared to 83% of suburban and urban residents41. This number is expected to increase.

Medical Licensure

Some states require practitioners providing services via telehealth to be licensed in the 

state where the patient is located and a few states have additional licensing requirements42. 

The Interstate Medical Licensure Compact (IMLC) is an agreement between 29 states, the 

District of Columbia, and the Territory of Guam that allows for an expedited pathway to 

licensure for qualified physicians who wish to practice in multiple states. The mission of 

the IMLC is to increase access to healthcare for patients in underserved or rural areas and 

to allow them to more easily connect with medical experts through the use of telehealth 

technologies43.

Medical Billing

Medicare and other insurers now reimburse for some telehealth visits. With Medicare, out of 

pocket costs to patients typically remain the same as they are for in-person visits. In many 

cases, patients are required to be present in another healthcare facility in order to allow for 
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billing to occur. It is still uncommon for synchronous telehealth encounters with established 

patients in their homes to be covered by insurance44. This is likely to change in 2020.

Conclusions

Traditional in-clinic ALS multidisciplinary care is valuable, but poses a substantial burden 

for many patients and caregivers due to time and travel requirements. Synchronous 

videoconferencing appears to be a viable adjunct to in-clinic care for patients with ALS. It 

is feasible, acceptable, and may be associated with outcomes at least equivalent to traditional 

multidisciplinary care. Telehealth can be incorporated into a busy ALS clinic. It is most 

likely to be used by those with lower physical and respiratory function, and by those who 

live farther from a clinic. Telehealth is cost effective. It can be used for the remote collection 

of clinical and research data, including respiratory function, gait, falls, handgrip strength, 

weight, and speech. Physician licensure, billing, and access to technology remain barriers, 

but are being addressed. Further development of in-home data collection should enhance the 

ability of ALS healthcare providers to care for individuals with ALS.
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Figure 1. All telehealth visits, October 2018 through November 2019.
(A) Number of visits per patient. (B) Length of each visit. Numbers within each pie section 

indicate number of patients and percentage of total telehealth visits.
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Figure 2. 
Number of telehealth visits per month
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Figure 3. Length of multidisciplinary telehealth visits and of individual healthcare provider 
telehealth visits.
(A) Visits involving the ALS multidisciplinary team. (B) 1-on-1 visits with individual 

healthcare providers. Numbers within each pie section indicate number of patients and 

percentage of total telehealth visits.
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Figure 4. Distance of patients from ALS clinic.
(A) Patients seen via telehealth. (B) Patients seen in-person.
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Figure 5. Scatterplots for standard and remote forced vital capacity (FVC, left) and maximal 
inspiratory pressure (MIP, right) assessments.
A solid line of best fit and associated correlation coefficient are shown, as well as dashed 

line showing the ideal fit. Labels in four quadrants show the relative proportions of true 

positive (TP), false positive (FP), true negative (TN), and false negative (FN) events based 

on an FVC and MIP thresholds of 50% and −60 cm water. From Geronimo A, Simmons 

Z. Evaluation of remote pulmonary function testing in motor neuron disease. Amyotroph 
Lateral Scler Frontotemporal Degener 2019; 20:348–355, reprinted by permission of the 

publisher (Taylor & Francis Ltd, http://www.tandfonline.com).
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Figure 6. Rate of change over time of forced vital capacity as calculated from the Pooled 
Resource Open-Access ALS Clinical Trials (PRO-ACT) database.
Patients can be stratified into slow, moderate, and fast progressors, shown below as the mean 

and standard deviation for each group.
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Figure 7. Relationship between walking speed, function, and need for assistive devices.
Median and interquartile ranges are shown for walking speed for subjects stratified by the 

walking subscale of the ALS Functional Rating Scale – Revised (FRSw, left) and by walking 

assistance (right). *significant differences between items by pairwise Tukey test following 

ANOVA.
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Table 1.

Comparison of patients with telehealth visits to those with no telehealth visits

At least one telehealth visit (n=38) No telehealth visits (n=76) p-value

ALSFRS-R score (mean) 21.4 28.1 < 0.001

FVC % predicted (mean) 52.9 64.5 0.012

Age in years (mean) 62.0 61.9 0.672

Disease duration in years (mean) 1.6 1.9 0.255

NIV use 21/35 (60.0%) 15/60 (25%) 0.001

Gender 68.4% male 42.1% male 0.008

Hospice 7.38 (18.4%) 12/63 (19%) 0.938

Gastrostomy/PEG 10/38 (26.3%) 16/63 (25.4%) 0.918

Tracheostomy 3/38 (7.9%) 3/63 (4.8%) 0.405

Needing assistance to travel 29/36 (80.6%) 48/75 (64.0%) 0.077

Comfortable or very comfortable with technology 30/38 (78.9%) 49/75 (65.4%) 0.136

Travel time to ALS clinic

 < 30 minutes 3 (7.9%) 9 (12%) 0.748

 30–59 minutes 8 (21.1%) 19 (25.3%) 0.640

 60–89 minutes 11 (28.9%) 25 (33.3%) 0.669

 90–119 minutes 3 (7.9%) 10 (13.3%) 0.539

 ≥ 120 minutes 13 (34.2%) 12 (16.0%) 0.028

ALSFRS-R: ALS Functional Rating Scale – Revised; FVC: Forced vital capacity; NIV: noninvasive ventilation. p-values in bold are statistically 
significant
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