Clinical Interventions in Aging

3

Dove

ORIGINAL RESEARCH

Investigating the utility of teletherapy in individuals
with primary progressive aphasia

Heather R Dial'*

Holly A Hinshelwood**
Stephanie M Grasso!'

H Isabel Hubbard?
Maria-Luisa Gorno-Tempini*
Maya L Henry'

'Communication Sciences and
Disorders, University of Texas at
Austin, Austin, TX, USA; Speech
Pathology, Wake Forest Baptist
Health, Winston-Salem, NC, USA;
3Communication Sciences and
Disorders, University of Alberta,
Edmonton, AB, Canada; ‘Memory and
Aging Center, University of California,
San Francisco, San Francisco, CA, USA

*These authors contributed equally
to this work

Correspondence: Heather R Dial
Communication Sciences and Disorders,
University of Texas at Austin, 2504A
Whitis Avenue (A1100), 4th Floor CMA,
Austin, TX 78712-0114, USA

Tel +1 512 471 3420

Fax +1 512 471 2957

Email heather.raye.dial@gmail.com

This article was published in the following Dove Press journal:
Clinical Interventions in Aging

Introduction: Primary progressive aphasia (PPA) is a neurodegenerative disorder characterized
by progressive deterioration of speech and language. A growing body of research supports the
utility of speech and language intervention in individuals with PPA, although access to these
services remains limited. One potential means of increasing treatment accessibility is the
delivery of treatment via telemedicine. Evidence supports the use of teletherapy in stroke-
induced aphasia, but research examining the application of teletherapy in PPA is limited. In the
current study, a non-randomized group comparison design was used to evaluate the feasibility
and utility of treatment delivered via teletherapy relative to treatment administered in person
for individuals with PPA.

Methods: Two treatment protocols were administered as part of a larger study investigating
treatment for speech and language deficits in PPA. Participants with semantic (n=10) and
logopenic (n=11) PPA received lexical retrieval treatment and individuals with nonfluent/
agrammatic PPA (n=10) received video-implemented script training for aphasia designed
to promote speech production and fluency. Treatment was administered via teletherapy for
approximately half of the participants receiving each intervention. Treatment outcomes and
performance on standardized tests were assessed at pre-treatment and post-treatment, as well
as 3, 6, and 12 months post-treatment.

Results: Overall, both treatment approaches resulted in significant gains for primary outcome
measures. Critically, comparison of in-person and teletherapy groups revealed comparable
outcomes. Generalization to untrained targets and tasks and maintenance of treatment-induced
gains were also comparable for traditional vs teletherapy participants.

Conclusion: Overall, treatment outcomes were largely equivalent for individuals receiving
treatment via teletherapy vs traditional, in-person delivery. Results support the application of
teletherapy for administering restitutive interventions to individuals with mild-to-moderate PPA.
Potential implications for using teletherapy in the treatment of cognitive-linguistic and motoric
impairments in other disorders and suggestions for administering treatment via telemedicine
are discussed.

Keywords: PPA, lexical retrieval treatment, script training, telemedicine, telerehabilitation,

telepractice

Introduction

Primary progressive aphasia (PPA) is a neurodegenerative disorder in which speech
and language abilities progressively deteriorate. Although other cognitive and/or
motoric functions are affected in later stages of PPA, speech and language are the most
prominent deficits in the initial stages of disease and remain the most impaired domains
throughout disease progression.' Relative to individuals with stroke-induced aphasia,
those with a diagnosis of PPA are less likely to be referred for or offered behavioral
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treatment for speech-language deficits. This is due, in part,
to negative perceptions concerning the efficacy of behavioral
treatment in neurodegenerative disease, as well as referring
and treating clinicians’ lack of training and experience with
the disorder.>?

Access to clinical care may also be affected by consid-
erations that are unique to neurodegenerative disorders.
Specifically, as PPA progresses, the severity of symptoms
worsens and cognitive and motoric functions beyond speech
and language are implicated, with many individuals progress-
ing to a more global dementia.*” Moreover, patients may
become increasingly context dependent, making new, unfa-
miliar environments challenging to navigate for both patient
and caregiver.® These factors may affect the ease of travel
and navigation from appointment to appointment, further
limiting the availability and feasibility of speech—language
treatment for individuals with PPA. As such, it is incumbent
on the clinical and research communities to explore modes
of service delivery that can circumvent these issues and pro-
mote access to care for individuals with neurodegenerative
disorders such as PPA.

Teletherapy, as a replacement for or complement to
in-person treatment, may help to mitigate constraints on
service delivery that currently limit access to care for patients
with neurodegenerative disease. However, there is very
little research investigating the utility of teletherapy in PPA.
In the current study, we sought to directly examine treatment
outcomes following teletherapy as compared to traditional,
in-person treatment for individuals with PPA. Before mov-
ing into the specific details of the current study, we briefly
review relevant treatment literature in PPA, followed by a
discussion of teletherapy in primary progressive and stroke-
induced aphasia.

Treatment research in PPA

There is now a modest but growing evidence base supporting
speech—language treatment in the three PPA variants (ie,
semantic PPA [svPPA], logopenic PPA [IvPPA], and
nonfluent/agrammatic PPA [nfvPPA]), each of which is
characterized by a distinct profile of speech and language
characteristics. Individuals with svPPA present with impaired
lexical retrieval, single-word comprehension, and object
knowledge, attributed to bilateral (typically left greater than
right) atrophy in the anterior temporal lobes,"*!° which are
critically important for semantic processing.!! Individuals
with IvVPPA present with phonological deficits, which
manifest clinically as impairments in lexical retrieval (often
with phonological paraphasias) and repetition, caused by

atrophy in left temporoparietal cortex,"'*!* a region involved
in phonological processing.'*!* Finally, individuals with
nfvPPA present with agrammatism and/or deficits in motor
speech caused by atrophy in left lateralized frontoinsular
cortex,'>! a region critical for grammatical processing and
speech production.'®!

The majority of treatment studies in PPA have addressed
lexical retrieval in svPPA, with fewer studies dedicated to
IvPPA and nfvPPA.!*22 With svPPA patients, researchers
have implemented a variety of training protocols designed
to promote successful naming via cued retrieval of semantic,
phonological, orthographic, and/or episodic representations,
typically in response to pictured items.”*** These studies
have documented significantly improved naming performance
for trained items, with some studies showing generalization
to untrained items and contexts®? 3637 and a few studies
reporting maintenance up to 6 months post-treatment.3%3"

There are fewer studies investigating lexical retrieval
treatment (LRT) in IVPPA, but results are promising. As in
svPPA treatment studies, intervention studies in IvVPPA have
used cueing hierarchies or strategic training to promote the
activation of residual semantic, phonological, orthographic,
and/or episodic representations in response to pictured
items.”27374942 In these studies, significant treatment effects
were observed on trained items, with some studies showing
improved naming of untrained items and maintenance of
gains up to 6 months post-treatment.’32%37

Individuals with nfvPPA have also received limited atten-
tion in the treatment literature, with the majority of research
focusing on LRT. In several studies, LRT was implemented
such that a picture was paired and rehearsed with the word
form,?”4%4243 with one study also using semantic feature
analysis.* In these studies, significant treatment effects
were observed for treated items, but generalization was not
observed for untreated items; maintenance at 1 month was
observed in some participants.?’4243

Other treatment studies in nfvPPA have focused on a
range of linguistic deficits associated with the disorder,
such as verb and sentence production,*+¢ apraxia of speech,?
and phonological processing,*” with results indicating sig-
nificant improvement on trained items and generalization to
untrained items and tasks. Finally, in a recent study, Henry
et al*® utilized video-implemented script training to target
grammatical and motor speech impairments in nfvPPA.
Treatment resulted in significant gains for trained content
and generalization to untrained content for some outcome
measures; gains for trained material were maintained up to
1-year post-treatment.
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Across clinical variants and treatment protocols, behav-
ioral intervention for speech—language deficits has resulted
in immediate gains for trained items and tasks. In some
instances, generalization to untrained items, tasks, and
contexts, as well as maintenance of gains, has also been
observed. Despite this solid and growing evidence base
showing restitutive treatment to be feasible and worthwhile
in individuals with PPA, issues of access to services remain.
Teletherapy may be an important and viable tool for over-
coming this barrier.

Aphasia treatment utilizing teletherapy
In the last decade, teletherapy has increasingly been consid-
ered in the management of adult neurogenic communication
disorders as a potential means to overcome the barriers of
access to treatment caused by distance, lack of specialist
availability, and impaired mobility in patients.**° Tele-
therapy allows the individual to access services from the
comfort of their home and shows promising outcomes in the
management of chronic aphasia, dysarthria, voice disorders
and Alzheimer’s dementia.*-30-512

In stroke-induced aphasia, several studies have demon-
strated the utility of teletherapy for the treatment of anomia.>*’
Following LRT delivered via teleconference, gains were
observed on trained items relative to untrained items,>5>%7
with one study reporting generalization to untrained items and
tasks.> In addition, one study observed a reduction in aphasia
severity following teletherapy, as captured by improvements
on the Western Aphasia Battery (WAB)*® Aphasia Quotient
(AQ).>° Of the aforementioned studies, those who have
utilized either a crossover design or a quasi-randomized
controlled design to allow the comparison of teletherapy with
traditional, in-person treatment reported roughly equivalent
gains for the two treatment conditions.**-6%7

Although these studies confirm that teletherapy is a
viable and effective means of delivering naming interven-
tions to individuals with stroke-induced anomia, fewer
studies have examined interventions addressing linguistic
deficits such as syntax, discourse, and apraxia of speech,
the core deficits for individuals with nfvPPA. A study from
Goldberg et al® addressed sentence production deficits by
implementing a script training protocol (repetition, choral
production, and independent production of individualized
scripts) in two participants with stroke-induced aphasia
using a combination of in-person and teletherapy sessions.
Positive effects were noted for speech rate, percentage of
correct scripted words, and number of disfluencies, leading
the authors to conclude that teletherapy is an efficacious

method of delivering script training intervention, at least
when augmented by occasional in-person sessions. Lasker
et al® also combined in-person and teletherapy sessions
in a feasibility study to address severe speech apraxia in
an individual with chronic apraxia and aphasia following
stroke. The intervention utilized a motor learning-guided
approach with imitation, immediate and delayed repetition,
reading aloud, and home practice with a speech-generating
device to increase production accuracy for target words
and phrases. Following treatment, there was no differ-
ence between items treated via teletherapy vs in-person
in terms of intelligibility or naturalness ratings. Similar to
Goldberg et al,>® Lasker et al®® concluded that teletherapy
may be as effective as in-person treatment. Taken together,
the current literature on teletherapy implementation for
stroke-induced apraxia and aphasia suggests that gains fol-
lowing teletherapy are comparable to those observed after
traditional, in-person treatment.

To our knowledge, there are only two studies docu-
menting teletherapy outcomes in individuals with PPA.*¢!
Rogalski et al®! utilized a teletherapy platform for 34 indi-
viduals with PPA (n=31) or dementia (n=3), addressing
speech and language deficits based on individual participant
needs using a variety of targets and tasks (eg, script training,
picture naming, oral reading). They observed objective gains
on standardized measures of speech—language function as
well as self-reported benefits, including increased confidence,
following treatment. Moreover, self-reported use of trained
strategies was maintained up to 6 months. This feasibility
study documented the utility of personalized treatment
delivered via teleconference in PPA; however, there was
no comparison of the results of teletherapy to traditional,
in-person treatment and details regarding the intervention
procedures were not provided.

Meyer et al* utilized a LRT protocol in which a picture
was paired and rehearsed with the written (orthographic) or
spoken (phonological) word form in individuals with nfvPPA
(n=1 teletherapy, n=4 in-person), IvPPA (n=1 teletherapy,
n=7 in-person), and svPPA (n=1 teletherapy, n=3 in-person).
Comparisons of in-person vs teletherapy outcomes in each
variant at 1 month post-treatment revealed equivalent or
somewhat larger treatment effects for the individuals who
received teletherapy. There was, however, no attempt to
control for demographic factors between the teletherapy
and in-person groups, and only one individual from each
clinical variant received teletherapy. As such, larger, matched
samples are needed to provide conclusive evidence regarding
the benefits of teletherapy in this population.
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As telecommunications technology continues to become more
advanced, telepractice will undoubtedly play a greater role in
the management of chronic health conditions, including aphasia
and dementia. Therefore, it is important to establish the feasibil-
ity and utility of telepractice in specific clinical populations by
directly comparing treatment outcomes following traditional,
in-person interventions to those resulting from teletherapy
in larger, matched samples. In order to do this, we analyzed
archival data, collected as part of a larger research study inves-
tigating restitutive interventions for mild-to-moderate PPA .34
Data comprised matched samples of individuals with PPA who
underwent treatment either via teletherapy or traditional, in-
person treatment, allowing us to compare treatment outcomes
between the two treatment delivery modalities.

SvPPA and IvPPA participants received a lexical retrieval
training hierarchy to promote word retrieval (adapted from
the Arizona Naming Cascade),’’’ whereas nfvPPA par-
ticipants received video-implemented script training to treat
grammatical and motor speech deficits.*® Treatment outcomes
following teletherapy were compared to outcomes following
traditional, in-person treatment in groups of demographically
matched participants with PPA to determine whether com-
parable gains can be achieved via teletherapy across clinical
variants and training protocols. Furthermore, we sought to
examine whether differences in the generalization or main-
tenance of gains existed between teletherapy and in-person
treatment. We hypothesized that teletherapy outcomes would
be comparable to traditional forms of treatment in terms of
immediate and longer-term outcomes, a finding which, if
upheld, would have significant implications for improved
access to rehabilitation services for individuals in this tradi-
tionally underserved clinical population.

General methods

Participants

All participants underwent a comprehensive evaluation
at either the Aphasia Research and Treatment Laboratory
at the University of Texas at Austin, or the University of
California, San Francisco, Memory and Aging Center and
were subsequently enrolled in a speech—language treat-
ment study. To qualify for entry into the treatment study,
participants with language impairment were required to
meet current diagnostic criteria for PPA." A PPA diagnosis
stipulates insidious onset and gradual deterioration of
speech and language functions, with speech and language
deficits being the most prominent impairments throughout

the initial stages of disease. Diagnosis according to variant
was made by consensus following a review of the patient’s
medical history, a multidisciplinary evaluation encompass-
ing speech—language and neuropsychological testing (refer
to Henry et al'® for an overview of assessment procedures),
and neurological examination. Additionally, to be eligible for
enrollment in the treatment study, participants were required
to have Mini—-Mental State Examination (MMSE)® scores
of 15 or higher. This research was approved by the Institu-
tional Review Boards of the University of Texas at Austin
and the University of California, San Francisco, and written
informed consent was obtained for all participants prior to
enrollment in the study.

A total of 31 individuals with PPA were included (n=10
nfvPPA, n=10 svPPA, and n=11 IvPPA). At the time of data
analysis, all participants had completed pre-treatment and
post-treatment assessments. All participants with nfvPPA
had also completed 3- and 6-month follow-up assessments,
and the majority (n=9) had completed a 12-month follow-up
assessment (n=1 teletherapy participant unable to complete
12-month follow-up due to illness). A majority of the svPPA
and IvPPA participants had also completed 3-month (n=9
svPPA and n=9 IvPPA), 6-month (n=8 svPPA and n=10
IvPPA), and 12-month (n=9 svPPA and n=10 IvPPA) follow-
up assessments. One individual with svPPA (in-person treat-
ment condition) passed away after post-treatment testing, and
another individual with svPPA (in-person treatment condi-
tion) was unavailable at 6-month follow-up but completed the
12-month follow-up. One individual with IvVPPA (in-person
treatment) was unavailable at 3-month follow-up but com-
pleted 6- and 12-month follow-up, and one individual with
IvPPA (teletherapy) passed away after post-treatment testing.
Participants were nonrandomly assigned to teletherapy vs tra-
ditional, in-person treatment according to patient needs and
logistical considerations (eg, transportation/mobility issues
or remote geographical location relative to the research sites).

In order to be eligible for teletherapy, participants were
required to have high-speed Internet access and basic experi-
ence using a computer, or access to reliable assistance from
someone who could provide support, as needed, during test-
ing and treatment sessions. No participants were excluded
for failing to meet these criteria, although, in some instances,
there was a delay between screening and enrollment while
participants acquired adequate Internet service and computer
access. Additionally, participants were required to have
adequate hearing to allow the accurate perception of speech
presented in person or via computer. This was evaluated on
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Table | Demographic characteristics for participants according to treatment protocol and treatment delivery condition

Demographic LRT: in-person LRT: teletherapy VISTA: in-person VISTA: teletherapy
Age 68.9 (7.1) 61.0 (6.3) 67.6 (3.9) 67.8 (7.3)

Sex 4M, 8F 5M, 4F 2M, 3F 2M, 3F

Education (years) 17.9 (2.7) 172 (3.3) 15.6 (2.6) 15.6 (1.8)

Handedness 8R, 2L, 2A 7R, 2L 5R 5R

MMSE (30?) 23.8 (4.3) 24.8 (3.6) 26.0 (2.4) 27.6 (2.1)

Notes: Age and MMSE reflect baseline. Data shown as mean (SD). *The total points available on the MMSE.
Abbreviations: LRT, lexical retrieval treatment; VISTA, video-implemented script training for aphasia; M, male; F, female; R, right; L, left; A, ambidextrous; MMSE, Mini

Mental State Examination.

a case-by-case basis, as follows: when possible, a hearing
screening was conducted. For participants seen remotely,
audiological examination reports and an in-house minimal
pairs discrimination task (with a performance criterion
of 90% correct; slightly more conservative than the 85%
performance criterion used in Henry et al'®) were used.
If individuals demonstrated a degree of hearing loss that
could not be accommodated using a personal amplification
device or by increasing the intensity and using headphones
(if seen via teleconference), they were not enrolled in the
treatment study. Prominent, uncorrected visual acuity impair-
ment was also an exclusionary criterion.

Of the 31 participants, 17 participants received tradi-
tional, in-person treatment (n=5 nfvPPA, n=6 svPPA, and
n=6 IvPPA) and 14 participants received teletherapy (n=>5
nfvPPA, n=4 svPPA, and n=5 IvPPA). (Note that data
from 18 of the current study’s 21 svPPA and IvPPA par-
ticipants [n=9 svPPA and n=9 IvPPA] were included in a

study examining the utility of lexical retrieval treatment for
facilitating word retrieval in svPPA and 1vPPA%7 and data
from all 10 of the current study’s nfvPPA participants were
included in a study examining the utility of speech entrain-
ment for facilitating grammaticality, intelligibility, and
fluency of connected speech in nfvPPA.*®) Tables 1 and 2
present demographic characteristics and relevant speech and
language measures from pre-treatment, post-treatment, and
follow-up assessments. Testing sessions were conducted in
the same delivery modality in which treatment was admin-
istered (ie, in-person and via teleconference) either by the
individual who administered treatment or another member
of the research team.

The treatment approach varied by PPA subtype, in
order to address core speech and language deficits associ-
ated with each progressive aphasia phenotype. A total of
three treatment protocols were used to treat participants.
Two of these protocols addressed naming impairment in

Table 2 Group performance on speech and language measures according to treatment protocol and treatment delivery condition

LRT: in-person LRT: teletherapy VISTA: in-person VISTA: teletherapy
Pre-Tx BNT (%)® 40.8 (25.1) 43.1 (26.8) N/A N/A
Post-Tx BNT (%)° 43.5 (24.1) 455 (27.4) N/A N/A
3-month BNT (%)° 40.3 (23.6) (n=10)* 45.4 (31.6) (n=8)* N/A N/A
6-month BNT (%)° 40.0 (18.5) (n=9) 38.3 (27.3) (n=8) N/A N/A
12-month BNT (%)° 31.5(22.9) (n=9) 35.4 (23.6) (n=8) N/A N/A
Pre-Tx NAT (%)® N/A N/A 58.3 (25.0) (n=4) 70.0 (15.1)
Post-Tx NAT (%)° N/A N/A 71.3 (20.9) 77.3 (22.8)
3-month NAT (%)® N/A N/A 64.7 (23.4) 68.3 (33.0)
6-month NAT (%)° N/A N/A 38.7 (33.8) 70.0 (29.8)
12-month NAT (%)° N/A N/A 29.2 (39.4) (n=4) 56.1 (35.7) (n=4)
Pre-Tx WAB AQ (100) 80.9 (10.6) 83.7 (7.3) 829 (5.7) 85.7 (7.4)
Post-Tx WAB AQ (100) 80.3 (10.2) 83.8 (6.7) 83.8 (5.7) 87.6 (6.5)
3-month WAB AQ (100) 80.1 (10.0) (n=10) 81.6 (8.5) (n=8)* 785 (8.2) 84.8 (8.1)
6-month WAB AQ (100) 777 (12.4) (n=10) 79.0 (10.9) (n=8)* 76.7 (7.1) 83.2 (l0.1)
12-month WAB AQ (100) | 73.2 (14.0) (n=9)* 71.5 (13.6) (n=8) 70.5 (10.5) 81.8 (11.7) (n=4)*

Notes: Data shown as mean (SD). *Differences in n as not all participants had completed all assessments or due to missing data. "Generalization measures were selected
according to deficits targeted by treatment protocol. The BNT was used to examine generalization of naming ability in LRT while the NAT examined generalization of

grammatical skills in VISTA.

Abbreviations: Tx, treatment; LRT, lexical retrieval treatment; VISTA, video-implemented script training for aphasia; BNT, Boston Naming Test; N/A, not applicable; NAT,

Northwestern Anagram Test; WAB AQ, Western Aphasia Battery Aphasia Quotient.
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svPPA and IVPPA and were nearly identical: 1) the LRT
(LRT-1) as implemented by Henry et al’ and 2) a modi-
fied version of LRT with dosage modifications (LRT-2).
The third approach, video-implemented script training in
aphasia (VISTA), addressed speech production and flu-
ency in individuals with nfvPPA. Treatment protocols and
materials were nearly identical for in-person treatment
and teletherapy, with minor modifications, as needed, to
accommodate the teleconference set-up (eg, asking patients
to present written responses to the webcam in order to be
viewed by the clinician). Each treatment approach will be
briefly presented below (for a more detailed discussion of
the treatment approaches, refer to Henry et al for LRT*?’
and Henry et al for VISTA*).

Apparatus/software

In-person treatment

For participants receiving in-person treatment, testing and
treatment materials were presented using paper/pencil tests
or via computer, depending on the task.

Teletherapy

For participants receiving teletherapy, testing and treat-
ment sessions were adapted to be conducted on-line via
HIPAA-compliant videoconferencing software: either
Adobe Connect® (www.adobe.com/products/adobeconnect.

html) or Fuze® (www.fuze.com). To assist with software
installation, participants were provided with a document
containing written instructions and screenshots of each step
of the installation process. Additional assistance was pro-
vided, as needed, either via phone or by using TeamViewer®
(www.teamviewer.com), which allowed short-term remote

access to the participant’s computer. For participants who
did not own a computer or who did not have a webcam,
an iPad Air (2013, 16 GB) was provided with relevant
software installed.

LRT: materials and methods

Participants were trained to use word-finding strategies capi-
talizing on the retrieval of residual semantic, phonological,
orthographic, and autobiographical or episodic knowledge.
The treatment utilized a cueing hierarchy that guides the
participant through a series of tasks to strengthen and activate
central components of language processing, while also train-
ing self-cueing techniques (Table 3). As previously noted,
there were two variations of the same LRT utilized in the
current study. Differences between the two treatment proto-
cols involved the number of items trained (LRT-1: 20 items,

Table 3 Lexical retrieval treatment cueing hierarchy

Treatment steps Procedure*

|. Present picture for naming | |. Participant attempts to name the
picture

2. Semantic self-cue 2. Guided semantic feature

analysis/generation of episodic/

autobiographical information

3. Orthographic/phonemic 3. Ist letter and initial sound elicited/
self-cue (if unnamed step ) provided

4. Spoken and written 4. Clinician provides written model;
repetition participant says/writes three times

5. Semantic plausibility 5. Example: “Is this something that
judgments (x5) you find in the kitchen?”

6. Recall 6. Recall two semantic features +

spoken and written name

Notes: *Procedure adapted from the Arizona Naming Cascade in Henry ML, Rising
K, Demarco AT, Miller BL, Gorno-Tempini ML, Beeson PM. Examining the value of
lexical retrieval treatment in primary progressive aphasia: two positive cases. Brain
Lang. 2013;127(2):145-156. Copyright © 2013 Elsevier Inc. All rights reserved.’

LRT-2: 40 items), the number of sessions conducted per
week (LRT-1: one session and LRT-2: two sessions), and
whether or not a booster dose was administered at 3 months
post-treatment (booster dose administered for LRT-2). Ten
of the 21 participants with svPPA (n=3 in-person and n=2
teletherapy) or IVPPA (n=4 in-person and n=1 teletherapy)
received LRT-1,° and 11 participants with svPPA (n=3
in-person and n=2 teletherapy) or IvPPA (n=2 in-person
and n=4 teletherapy) underwent LRT-2.>" In both LRT-1 and
LRT-2, participants completed modified Copy and Recall
Treatment (CART) as daily homework.%® This involved
repeated copy and spoken production of target words (10
times), followed by recall of spoken and written word forms
from memory.

In order to determine whether the LRT-1 and LRT-2
groups could be combined into one LRT group for the pur-
pose of comparing traditional vs teletherapy outcomes in the
current study, we compared treatment outcomes in LRT-1
to LRT-2 cohorts. As reported in Henry et al’’ (where there
were three fewer participants than in the current study), no
differences were observed in naming performance for trained
items between LRT-1 and LRT-2 groups (refer to Table S1
for statistical details). Given the comparable outcomes for
LRT-1 and LRT-2 groups, data from both LRT groups were
combined into one dataset for subsequent analyses in the cur-
rent study. This resulted in a group of 21 participants, with 12
receiving in-person treatment and nine receiving teletherapy.

Outcome measures and statistical analysis
The primary outcome measure for naming treatment was a
change score calculated as the difference between average
percent correct from the last two pre-treatment probes relative
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to average percent correct from the first two post-treatment
probes for trained items. (Note that Henry et al utilized three
pre-treatment probes to compute change scores for LRT.*’
However, in the current study, we utilized two pre-treatment
probes in order to be consistent with how change scores
were computed for VISTA.*) Secondary outcome mea-
sures, intended to capture generalization, included pre- to
post-treatment change scores on untrained items (the dif-
ference between average percent correct from the last two
pre-treatment probes relative to average percent correct
from the first two post-treatment probes) and pre- to post-
treatment change scores on the Boston Naming Test (BNT).%
The WAB AQ was used to assess the stability of language
profile over time.% Change scores (the difference between
performance at 3-, 6-, and 12-month follow-up relative to
post-treatment) for trained sets, untrained sets, and the BNT
were used to examine maintenance of treatment effects, and
change scores on the WAB AQ were calculated in order
to examine changes in overall language profile over time.
For the BNT, modified short versions were administered to
prevent practice effects and fatigue and to fit testing within
allotted time constraints. Equivalent scores were calculated
by comparing common items across versions to ensure valid
comparison across time points, with a minimum of 15 of the
60 items included at any given time point.

The distribution of the data failed to meet the assump-
tion of normality, so we conducted nonparametric permutation
tests in R (Version 3.3.1; 2016) using a complete enumeration
of all possible permutations. Permutation tests for paired data
were used to examine performance across time points (for
more specific details on paired samples analyses, refer to
Henry et al’’*® and Table S2). In the current study, the critical
comparison was between the group of participants who
received in-person treatment and those who received treat-
ment via teletherapy. For these between-groups comparisons,
two-tailed permutation tests for independent samples were
utilized, with P-values calculated as the proportion of mean
differences in the permutation distribution more extreme than
the observed mean difference. The 95% Cls were computed
by calculating the difference between each permuted mean
difference and the observed mean difference and obtaining the
2.5 and 97.5 percentiles of the resulting distribution. The large
number of statistical comparisons might typically warrant a
multiple comparisons correction. However, our hypothesis
predicted no differences in treatment outcomes for individu-
als receiving in-person treatment relative to those receiving
teletherapy (ie, a “null effect”). Because correcting for mul-
tiple comparisons results in a smaller alpha for determining

statistical significance, rejection of the null hypothesis is
rendered less likely. As such, we opted for the more conserva-
tive approach and did not correct for multiple comparisons.

LRT: results

Treatment effects following LRT

Group mean performance on all pre-treatment, post-treatment,
and follow-up measures is presented in Figure 1. Consistent
with Henry et al,’”” naming of trained items was significantly
better than pre-treatment at all time points, with generalization
observed for untrained items up to 6 months post-treatment
and for the BNT at post-treatment (for statistical details of
within-group analyses, refer to Table S2).

LRT treatment effects for in-person

treatment vs teletherapy
Mean performance on all pre-treatment and post-treatment
measures by treatment type is presented in Tables 2 and 4, and
the corresponding change scores are presented in Figure 2.
In order to determine whether demographic factors
and severity of deficits at pre-treatment were matched
between the two groups, we compared age, education,
and pre-treatment BNT, MMSE, and WAB AQ between
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Figure | Mean performance on pre-treatment, post-treatment, and follow-up
measures for all LRT participants.

Note: 95% confidence intervals around the mean were derived using n=1000 boot-
strapped samples.

Abbreviations: LRT, lexical retrieval treatment; BNT, Boston Naming Test; WAB
AQ, Western Aphasia Battery Aphasia Quotient.
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Maintenance of treatment gains following

LRT for in-person treatment vs teletherapy
Group mean performance on all post-treatment and follow-up
measures is presented in Tables 2 and 4, respectively. Main-
tenance of gains was examined by comparing change scores
from post-treatment to follow-up between the in-person and
teletherapy groups. Figure 3 presents mean change scores
from post-treatment to 3-month follow-up by treatment type.
Post-treatment to 3-month follow-up change scores for trained
items for in-person (M=-10.6%) and teletherapy (M=1.1%)
were not significantly different (.=—1.54, P=0.141, 95% CI
[-3.09,26.44]). Similarly, post-treatment to 3-month follow-up
change scores for untrained items for in-person (M=-5.0%) and
teletherapy (M=6.3%) were not significantly different (/=—0.85,
P=0.447, 95% CI [-12.38, 33.75]). Finally, maintenance on
both the BNT and change in overall language status (WAB AQ)
were also comparable between in-person (M=—7.2% and —2.4,
respectively) and teletherapy (M=—2.1% and —2.3, respectively),
as the post-treatment to 3-month follow-up change scores nei-
ther for the BNT (/=—0.92, P=0.366, 95% CI [-5.63, 15.76])
nor for the WAB AQ (=—0.05, P=0.963, 95% CI [-2.56,
2.74]) were significantly different between the two groups.
Mean change scores from post-treatment to 6-month
follow-up were also compared between the groups
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Figure 3 Mean change scores from post-treatment to 3-month follow-up
(3 months minus post) for participants completing LRT in-person or via teletherapy.
Notes: Negative values indicate higher scores at post-treatment than 3-month
follow-up. Error bars are not presented as significance was derived via permutation
tests. The 95% Cls obtained via permutation are presented in the text.
Abbreviations: LRT, lexical retrieval treatment; BNT, Boston Naming Test; WAB
AQ, Western Aphasia Battery Aphasia Quotient.

(Figure 4). Post-treatment to 6-month follow-up change
scores for trained items for in-person (M=—-4.0%) and
teletherapy (M=-6.4%) were not significantly different
(+=0.48, P=0.636, 95% CI [-11.81, 7.03]). Similarly,
post-treatment to 6-month follow-up change scores for
untrained items for in-person (M=-5.0%) and teletherapy
(M=1.3%) were not significantly different (=—0.44,
P=0.682, 95% CI [-18.08, 30.38]). Maintenance on the
BNT and change in overall language status (WAB AQ)
were also comparable between in-person (M=-9.6%
and —4.6, respectively) and teletherapy (M=-5.0% and
—4.9, respectively), as the post-treatment to 6-month
follow-up change scores neither for the BNT (=—1.22,
P=0.255, 95% CI [-3.13, 12.57]) nor for the WAB AQ
(1=0.11, P=0.922, 95% CI [-5.26, 4.88]) were signifi-
cantly different between the two groups.

Finally, mean change scores from post-treatment to
12-month follow-up were compared between the groups
(Figure 5). Post-treatment to 12-month follow-up change
scores for trained items for in-person (M=-19.4%) and
teletherapy (M=-18.9%) were not significantly different
(t=—0.05, P=0.971, 95% CI [-18.62, 20.78]). Similarly,
post-treatment to 12-month follow-up change scores for
untrained items for in-person (M=-16.4%) and teletherapy
(M=-6.3%) were not significantly different (=—0.68,
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Figure 4 Mean change scores from post-treatment to 6-month follow-up
(6 months minus post) for participants completing LRT in-person or via teletherapy.
Notes: Negative values indicate higher scores at post-treatment than 6-month
follow-up. Error bars are not presented as significance was derived via permutation
tests. The 95% Cls obtained via permutation are presented in the text.
Abbreviations: LRT, lexical retrieval treatment; BNT, Boston Naming Test; WAB
AQ, Western Aphasia Battery Aphasia Quotient.
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Figure 5 Mean change scores from post-treatment to |2-month follow-up
(12 months minus post) for participants completing LRT in-person or via teletherapy.
Notes: Negative values indicate higher scores at post-treatment than 12-month
follow-up. Error bars are not presented as significance was derived via permutation
tests. The 95% Cls obtained via permutation are presented in the text.
Abbreviations: LRT, lexical retrieval treatment; BNT, Boston Naming Test; WAB
AQ, Western Aphasia Battery Aphasia Quotient.

P=0.535, 95% CI [-15.11, 34.55]). Maintenance on the
BNT and change in overall language status (WAB AQ) were
also comparable between in-person (M=—18.9% and —10.0,
respectively) and teletherapy (M=-12.1% and —12.4,
respectively), as the post-treatment to 12-month follow-up
change scores neither for the BNT (=—0.85, P=0.415, 95%
CI [-8.66, 22.04]) nor for the WAB AQ (#=0.58, P=0.572,
95% CI[-10.29, 5.57]) were significantly different between
the two groups.

VISTA: materials and methods

Participants with nfvPPA underwent VISTA, a treatment
approach designed to facilitate grammaticality, intelligibility,
and fluency of connected speech.* This treatment used script
training, an approach that involves repeated practice of

Table 5 VISTA clinician-guided treatment hierarchy

work consisted of unison speech production practice with the
video model for a minimum of 30 min/day (refer to Henry

et al*® for details regarding stimuli and treatment procedures).

Outcome measures and statistical analysis
The primary outcome measure, percent correct intelligible
scripted words, was analyzed using change scores, defined
as the difference between the average of the last two pre-
treatment probes relative to the average from the first two
post-treatment probes for four trained scripts. Generalization
was captured using change scores from pre- to post-treatment
on two matched, untrained scripts and the Northwestern Ana-
gram Test (NAT), an assessment of syntactic production.®
Changes in overall language profile were examined via WAB
AQ scores. Change scores (the difference between perfor-
mance at 3-, 6-, and 12-month follow-up assessments rela-
tive to post-treatment) for trained scripts, untrained scripts,
the NAT, and the WAB AQ were also calculated in order
to examine maintenance of treatment gains and stability of
overall language profile over time.

Treatment steps

Procedure

Structured treatment I. Recall/recognize

Participant chooses correct trained script sentence from four foil
sentences

2. Organize/construct

After selecting correct sentences, participant must put the sentences in
order of the script

3. Read

Participant reads script aloud

4. Respond to questions in scripted
order

Clinician prompts each sentence with a question (eg, “Where were
you born?”), with cues provided as needed to complete sentence

5. Produce script from memory

Clinician prompts for script with “Tell me about...”

Functional application 6. Respond to questions with scripted

sentences

Clinician asks questions on the scripted topic in a conversation and

elicits scripted sentences out of order

Notes: Feedback regarding articulation and grammar occur during steps 3—6, with targeted practice as needed. During the second treatment session for a given script,
a novel communication partner has an unscripted conversation with the participant to promote the conversational usage of scripted material.

Abbreviation: VISTA, video-implemented script training for aphasia.
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As with the LRT data, the distribution of the data failed to
meet normality assumptions, so change scores were analyzed
using nonparametric permutation tests. Permutation tests for
paired data were used to examine performance across time
points (for more specific details on paired samples analyses,
refer to Henry et al*® and Table S3). In the current study, the
critical comparison was between the group of participants
who received in-person treatment and those who received
treatment via teletherapy. As with LRT analyses, for these
between-groups comparisons, two-tailed permutation tests
for independent samples were utilized and correction for
multiple comparisons was not implemented.

VISTA: results
Treatment effects following VISTA

Group mean performance on all pre-treatment, post-treatment,
and follow-up measures is presented in Figure 6. As reported
in Henry et al,* analyses of group data revealed a significant
improvement in the production of correct, intelligible scripted
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Figure 6 Mean performance on pre-treatment, post-treatment, and follow-up
measures for VISTA participants.

Note: 95% confidence intervals around the mean were derived using n=1,000
bootstrapped samples.

Abbreviations: VISTA, video-implemented script training for aphasia; NAT,
Northwestern Anagram Test; WAB AQ, Western Aphasia Battery Aphasia Quotient.

words for trained scripts relative to pre-treatment, with gains
maintained up to 1-year follow-up. No significant changes
were observed on the NAT or WAB AQ. Despite significant
declines in performance relative to post-treatment, no mea-
sures showed a significant decline in performance relative
to pre-treatment at any time point.

VISTA treatment effects for in-person

treatment vs teletherapy

Mean performance on all pre-treatment and post-treatment
measures by treatment administration type is presented in
Tables 2 and 6 and Figure 7. In order to determine whether
patient characteristics, including severity of deficits, were
matched at pre-treatment between the two groups, we
compared age, education, and pre-treatment NAT, MMSE,
WAB AQ and a measure of apraxia of speech and dysarthria
severity (motor speech evaluation)’ between the in-person
and teletherapy groups. The two groups were not significantly
different with regard to age (r=—0.05, P=1.000, 95% CI
[-6.40, 6.80]), education (#=0.00, P=1.000, 95% CI [-2.40,
2.40]), pre-treatment NAT (=—0.63, P=0.548, 95% CI
[-17.81, 38.43]), pre-treatment MMSE (#=—1.14, P=0.310,
95% CI [-1.20, 4.40]), pre-treatment WAB AQ (#=—-0.65,
P=0.540, 95% CI [-4.76, 10.20]), or apraxia/dysarthria
severity (1=—0.38, P=0.873, 95% CI [-2.40, 3.60]).

We compared change scores from pre-treatment to
post-treatment between the in-person and teletherapy
groups. No significant differences were observed for pre—
post change scores for trained scripts (in-person M=48.0%,
teletherapy M=55.5%; t=—0.61, P=0.587, 95% CI [-14.36,
29.30]), untrained scripts (in-person M=4.0%, teletherapy
M=10.1%; t=—0.71, P=0.500, 95% CI [-9.44, 21.63]), the
NAT (in-person M=15.8%, teletherapy M=7.0%; =0.79,
P=0.444, 95% CI [-29.72, 10.41]), or the WAB AQ
(in-person M=0.9, teletherapy M=1.9; =—0.57, P=0.556,
95% CI [-1.98, 4.10]).

Maintenance of treatment gains following
VISTA for in-person treatment vs
teletherapy

Group mean performance on all post-treatment and follow-up
measures is presented in Tables 2 and 6. Maintenance of gains
was examined by comparing changes from post-treatment
to follow-up between the in-person and teletherapy groups.
Figure 8 presents mean change scores from post-treatment
to 3-month follow-up by treatment type. No significant
differences were observed between the two groups for
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teletherapy M=-5.0%; =—1.79, P=0.151, 95% CI [-6.67,
60.65]), or the WAB AQ (in-person M=-7.1, teletherapy
M=-4.4; t=—0.70, P=0.516, 95% CI [-4.41, 9.85]).
However, there was a significant difference for untrained
scripts, where the in-person group (M=-22.7%) declined
significantly more than the teletherapy group (M=-3.3%;
t=—4.30, P=0.008, 95% CI [5.45, 33.32]).

Finally, mean change scores from post-treatment to
12-month follow-up were compared between the groups
(Figure 10). As at 3-month follow-up, no signifi-
cant differences were observed between the two groups
for trained scripts (in-person M=-34.0%, teletherapy
M=-18.7%; t=—0.66, P=0.524, 95% CI [-23.85, 57.02]),
untrained scripts (in-person M=-20.7%, teletherapy
M=-8.4%; t=—1.03, P=0.349, 95% CI [-8.81, 32.94]),
the NAT (in-person M=-46.7%, teletherapy M=—14.8%;
t=—1.47, P=0.257, 95% CI [-4.26, 68.09]), or the WAB AQ
(in-person M=—13.3, teletherapy M=-5.4; t=—1.59, P=0.175,
95% CI [-1.56, 17.88]).

Discussion

There is a paucity of research comparing treatment out-
comes in traditional, in-person treatment vs teletherapy for
individuals with PPA. In the current study, we investigated
the utility of teletherapy for the delivery of intervention
to individuals with PPA using a lexical retrieval training
protocol (LRT) and a script training protocol (VISTA).
A total of 31 participants underwent treatment, with protocol
assignment based on the core speech and language deficits
associated with their PPA subtype. LRT was implemented
for individuals with svPPA or IvPPA, for whom naming

Figure 10 Mean change scores from post-treatment to |2-month follow-up
(12 months minus post) for participants completing VISTA in-person or via teletherapy.
Notes: Negative values indicate higher scores at post-treatment than [2-month
follow-up. Error bars are not presented as significance was derived via permutation
tests. The 95% Cls obtained via permutation are presented in the text.
Abbreviations: VISTA, video-implemented script training for aphasia; NAT, North-
western Anagram Test; WAB AQ, Western Aphasia Battery Aphasia Quotient.

impairment is a core feature. VISTA was implemented for
individuals with nfvPPA, who show deficits in speech produc-
tion and fluency. Within each treatment protocol, one group
of participants received treatment via teletherapy, while the
other group received treatment via traditional, in-person
treatment sessions.

Overall, both treatment approaches (ie, LRT and
VISTA) resulted in significant gains from pre-treatment to
post-treatment for trained word sets and scripts, respectively.
Moreover, performance on trained sets and scripts was sig-
nificantly better than pre-treatment at all follow-up visits.
In general, both interventions had a selective treatment effect
on the linguistic skills targeted by the protocol (ie, word
retrieval in LRT and fluency/grammar in VISTA).

Our primary question for this study was whether the
magnitude of change following treatment was comparable
for treatment administered in-person vs that administered
via teletherapy. Research in stroke-induced aphasia has
suggested that treatment outcomes between teletherapy
and traditional in-person treatment are equivalent.’*s' In
PPA, teletherapy has also been shown to be efficacious,**¢!
with gains comparable to those observed for treatment
administered in person.* The current study sought to extend
these findings to a larger, matched sample of individuals
with PPA using LRT and VISTA treatment protocols and
to examine the generalization and maintenance of gains up
to 12 months post-treatment. We predicted that outcomes
of teletherapy and treatment delivered via traditional means

would be comparable.
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As predicted, analyses revealed that, regardless of
treatment approach (LRT or VISTA), treatment effects and
generalization to untrained items and standardized tests in
participants receiving teletherapy were comparable to those
observed for participants receiving traditional, in-person
treatment. In the few instances where there were signifi-
cant differences or a trend toward a significant difference,
the teletherapy group performed better. Thus, there is no
indication that teletherapy is less effective than in-person
treatment.

Observed maintenance of gains and/or decline in abili-
ties over time was also comparable across treatment delivery
modalities for both treatment protocols. Again, there were
a few instances where there were significant differences
or a trend toward a significant difference, but in each of
these cases, the teletherapy group demonstrated numeri-
cally better outcomes. Overall, these findings indicate that
teletherapy is a feasible and effective method for delivering
intervention for individuals with PPA, as it offers treatment
benefits comparable to those observed following traditional
treatment.

This study provides the strongest evidence thus far for
the utility of teletherapy as a treatment delivery medium
in PPA, a patient population that is widely considered to
be underserved by speech-language pathologists.’ To date,
teletherapy has not been thoroughly investigated in patients
with this clinical diagnosis, despite related work in stroke-
induced aphasia demonstrating the feasibility of teletherapy
for addressing neurogenic speech and language disorders.
Furthermore, this study explored teletherapy outcomes for a
treatment protocol targeting linguistic skills other than lexical
retrieval (ie, speech production and fluency). Interventions
for naming have been the focus of most in-person PPA treat-
ment studies as well as the one previous study that compared
traditional vs teletherapy outcomes in PPA.** As such, our
findings broaden the evidence base regarding both treatment
for PPA more generally, as well as the utility of teletherapy
across treatment paradigms.

Special considerations/suggestions

In this study, we document the benefits of treatment deliv-
ered via teletherapy for individuals with each of the clinical
variants of PPA. Whereas teletherapy resulted in comparable
gains relative to traditional treatment, we acknowledge that
this mode of treatment delivery is not appropriate for all
individuals or all treatment techniques. First, it is worth
noting that our study was restricted to participants with mild-
to-moderate cognitive and linguistic deficits and, thus, we

are unable to address the utility of teletherapy for more cog-
nitively, motorically, or linguistically impaired individuals.
The benefits of teletherapy for more severely impaired
patients may be limited given the increased technical and
cognitive-linguistic demands imposed by this medium.
Given the degraded auditory and visual signal afforded by
teleconference relative to face-to-face interaction, patient
factors such as visual or hearing acuity deficits and linguistic
comprehension deficits may be limiting or even exclusionary
characteristics. An additional consideration concerns indi-
viduals with motoric impairments that may impact the ability
to interact with or navigate a computer. Limb apraxia, for
example, may hinder an individual’s ability to appropriately
use the computer mouse and keyboard. Furthermore, con-
comitant cognitive impairments may affect an individual’s
ability to participate in and benefit from teletherapy. For
example, executive function deficits, which have been
documented as emergent features with disease progression
in PPA,7"7 may reduce an individual’s ability to maintain
focused attention during treatment sessions. It is important
that clinicians assess, on an individual basis, the degree to
which concomitant deficits (eg, hearing acuity, auditory com-
prehension, visual processing, motor functions, and executive
functioning) may mitigate the benefits of teletherapy.

We note, however, that the positive outcomes observed
in the current study were not constrained by PPA subtype.
While clinical variant was not an explicit variable manipu-
lated or analyzed in our study, teletherapy and in-person
treatment groups included participants from all three clinical
phenotypes, suggesting that speech—language profile is not a
limiting factor, per se. Furthermore, our findings indicate that
both linguistic (lexical retrieval and grammar) and motoric
(speech production) deficits are amenable to treatment via
teletherapy. This finding has potential implications for the
use of telemedicine in the treatment of cognitive-linguistic
and motoric impairments in other neurodegenerative disor-
ders, including Alzheimer’s and other dementias, as well as
degenerative movement disorders that affect speech produc-
tion, such as Parkinson’s disease.”*”> Of note, telemedicine
has been shown to be feasible for use in diagnostic evalua-
tions,’*" as well as behavioral interventions,*>*’ in dementia.
More research is needed to explore the possible extension of
teletherapy to individuals with severe deficits and to individu-
als with neurodegenerative disorders beyond PPA.

The LRT and VISTA approaches that we utilized were
both easily adapted for and implemented via videoconferenc-
ing software. Other treatment approaches may not be as easily
adaptable to implementation via teletherapy due to the nature
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of the training tasks or the specific skills being targeted. For
example, interventions training augmentative and alternative
communication (AAC) may be difficult to translate to a tele-
therapy context due to the need for hands-on demonstration
of communication strategies or device use. If new treatment
approaches are to be implemented via teletherapy, it will be
important to determine the feasibility of telepractice imple-
mentation on a case-by-case basis. Future studies should
address the potential adaptation of treatment protocols for
administration to participants with more severe deficits as
well as expansion of the range of targeted interventions.

It is important that practicing clinicians consider regula-
tions governing administration and billing for teletherapy
services within and across states and internationally. At the
time of writing, many states (eg, Arkansas, California, lowa,
New York, and Texas) require that speech—language patholo-
gists have licensure to administer treatment in the state where
the patient resides; by contrast, other states (eg, Arizona,
New Jersey, Maine, and Vermont) have not implemented any
special regulations for teletherapy. Additionally, Medicare
does not currently cover costs of speech and language treat-
ment administered via teletherapy.

Limitations

A limitation of the current study concerns the small number
of participants. Although comparable treatment effects, gen-
eralization of gains, and maintenance effects were observed
for teletherapy and in-person treatment platforms, it is pos-
sible that there was not enough power to detect significant
differences between the two treatment groups, although the
use of permutation tests to analyze group mean differences
somewhat mitigates this concern. Even so, the results are
promising and warrant further consideration. Replication of
this study in a larger sample of individuals with PPA would
offer confirmatory evidence regarding the relative benefits of
treatment administered in each delivery medium. In addition,
although comparable outcomes were observed between the
in-person and teletherapy groups, no information was col-
lected regarding acceptability of mode of treatment delivery.
In future research, qualitative information should be collected
to assess participants’ views regarding receiving treatment
via teletherapy.

Another limitation stems from the fact that participants
were not randomly selected to receive treatment via video-
conference or in person; instead, participant needs dictated
group membership, as would be the case in actual clinical
practice. Furthermore, as assessments were delivered in the
same mode as treatment, test delivery was not blind to group

assignment. Finally, a potential confound in interpreting
the outcomes of this study is that the LRT participants
who received treatment via teletherapy were significantly
younger than those who received treatment in person.
However, research suggests that age does not significantly
affect response to treatment delivered in-person®! or per-
formance on cognitive-linguistic assessments delivered via
telepractice.®” Moreover, teletherapy participants were not
significantly different from in-person participants in terms
of baseline cognitive-linguistic abilities (MMSE, BNT, or
WAB-AQ), indicating that the two groups were matched
for pre-treatment severity of deficit. For these reasons, it is
unlikely that participant’s age significantly influenced treat-
ment response in the teletherapy group.

Conclusion

Our research supports the use of teletherapy as a feasible and
efficacious method of speech—language treatment delivery
for individuals with PPA. Teletherapy has already begun
to emerge as a viable treatment option for various speech
and language disorders, including stroke-induced aphasia.
The advantages of teletherapy for promoting the acces-
sibility of treatment will prove especially beneficial in
populations who have been historically underserved due
to patient factors (cognitive or motoric limitations) or lack
of access to specialists due to geographical constraints. As
research continues to bolster the evidence base in favor of
teletherapy as a viable alternative to traditional treatment
delivery models, there will be real potential to expand the
reach of clinical services for patients with PPA and other
neurodegenerative disorders.
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Table S1 Demographic characteristics and change scores for trained items for LRT-1 and LRT-2 participants

Variable LRT-1 (n=10) LRT-2 (n=11) T P-value
Age (years) 63.2 (8.2) 67.6 (7.0) 1.33 0.200
Education 17.3 (2.6) 17.9 (3.3) 0.47 0.666
MMSE 249 (4.2) 23.6 (3.8) -0.77 0.455
Pre—post change score (%) trained items 80.5 (13.6) 69.8 (26.3) -1.19 0.861
3-month follow-up vs post-treatment change -7.8(12.7) -35(194) 0.57 0.346
score (%) trained items

6-month follow-up vs post-treatment change —6.7 (11.5) -3.5(9.3) 0.65 0.258
score (%) trained items

12-month follow-up vs post-treatment change —-18.3 (27.5) —-20.0 (17.9) -0.16 0.581
score (%) trained items

Notes: Two-tailed independent samples permutation tests were used for demographic comparisons. Because there were specific predictions for LRT-1 vs LRT-2 for trained
items (ie, that increased dosage would lead to larger gains), one-tailed tests were used for these comparisons. Data shown as mean (SD). LRT-1: lexical retreival treatment
as implemented by Henry et al? (2013); LRT-2 a modified version of lexical retrieval treatment with dosage modifications. Details provided in full text.
Abbreviations: LRT, lexical retrieval treatment; MMSE, Mini—-Mental State Examination.

Table S2 Results of paired-samples permutation tests comparing treatment outcome measures and standardized test scores at each

time point relative to pre-treatment and post-treatment for participants who underwent LRT

Pre-treatment performance vs Post-treatment performance vs
Post-treatment | 3-month 6-month 12-month 3-month 6-month 12-month
follow-up follow-up follow-up follow-up follow-up follow-up
Trained
n 21 18 18 19 18 18 19
t —-16.00 -11.92 -18.22 -7.98 1.40 2.10 3.76
P-value <0.001* <0.001* <0.001* <0.001* 0.071 0.264 0.037
Untrained
n 21 I8 18 19 18 18 19
t -3.55 -3.43 -2.92 —-1.45 0.00 0.34 1.81
P-value <0.001* 0.002%* 0.007%* 0.189 1.00 0.784 0.095
BNT
n 21 17 16 16 18 16 17
t -1.78 1.00 2.60 3.27 1.79 4.17 3.93
P-value 0.010% 0.448 0.061 0.061 0.264 0.013%* 0.031
WAB
n 21 I8 18 17 18 18 17
t 0.36 2.68 3.40 5.23 3.48 3.63 5.45
P-value 0.164 0.071 0.016 <0.001* 0.016* 0.003* <0.001*

Notes: One-tailed tests were used for trained items for all pre-treatment comparisons as well as for the pre—post comparison for untrained items. All other comparisons
utilized two-tailed tests. Bonferroni-corrected thresholds for significance: P<<0.013 for comparisons to pre-treatment performance and P<<0.017 for comparisons relative to
post-treatment performance. Analyses were conducted using the exactRankTests package' in R (Version 3.3.1; 2016). *Significance at Bonferroni-corrected P-value <0.05.

Abbreviations: BNT, Boston Naming Test; LRT, lexical retrieval treatment; WAB, Western Aphasia Battery.
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Table S3 Results of two-tailed paired-samples permutation tests comparing treatment outcome measures and standardized test

scores at each time point relative to post-treatment for participants who underwent VISTA

Post-treatment performance vs
3-month follow-up 6-month follow-up 12-month follow-up
Trained
n 10 10 9
t 1.14 2.10 2.13
P-value 0.680 0.012%* 0.086
Untrained
n 10 10 9
t 227 3.36 2.33
P-value 0.184 0.012* 0.023
NAT
n 10 10 8
t 0.79 2.20 2.62
P-value 0.184 0.680 0.672
WAB
n 10 10 9
t 3.16 3.03 345
P-value 0.004* 0.043 0.008*

Notes: Bonferroni-corrected threshold for significance was P<<0.017. Analyses were conducted using the exactRankTests package' in R (Version 3.3.1; 2016). *Significance

at Bonferroni-corrected P-value <0.05.

Abbreviations: NAT, Northwestern Anagram Test; VISTA, video-implemented script training for aphasia; WAB, Western Aphasia Battery.
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