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ABSTRACT

Background: The treatment of lexical retrieval in monolingual
people with the logopenic variant of primary progressive aphasia
(IVPPA) has been observed to preserve or improve skills to varying
degrees. There is a paucity of treatment literature for multilingual
people with PPA (across all types), although based on the stroke-
induced aphasia literature we would expect treatment to be effec-
tive in the treated language and potentially the untreated language
too.
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Aims: We investigated the effects of a verb-based semantic treat- language generalisation

ment administered in a later-acquired language to an English-
Hebrew speaker with IvPPA on her lexical retrieval skills in different
language tasks in both the treated and untreated languages.
Methods & Procedures: Language skills across different tasks were
assessed pre- and post-treatment, with Verb Network
Strengthening Treatment (VNeST) provided in Hebrew. We evalu-
ated whether decline continued for lexical retrieval (as observed in
the years leading up to the study), and in which language(s).
Outcomes & Results: We observed that lexical retrieval skills in
both languages did not decline for word production, sentence
production, and written narratives, but did continue to decline
during oral narrative production.

Conclusions: Our results indicate that VNeST may be an effective
prophylactic treatment for the preservation of lexical retrieval skills
in both a treated and untreated language of multilingual people
with the logopenic variant of PPA.

Introduction
Logopenic variant of primary progressive aphasia

Primary progressive aphasia (PPA) is a degenerative neurological condition where lan-
guage abilities slowly and gradually decline. There are three main subtypes of PPA: the
logopenic variant (IvPPA), the semantic variant (svPPA) and the non-fluent variant
(nfvPPA). The logopenic variant of PPA has linguistic deficits often attributed to damage
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initially occurring in the phonological network. Thus, the most common language impair-
ments in the early stages of IVPPA are word-finding difficulties, poor repetition skills
(especially for sentences relative to single-words), and dysfluency in oral narratives
(Gorno-Tempini et al., 2011; Mesulam, 2007). Furthermore, phonemic paraphasias and
literal paragraphias are common across different language tasks, while comprehension
and grammatical skills are expected to be relatively spared, at least initially (Gorno-
Tempini et al., 2011; Mesulam, 2007).

The general underlying etiology of IVPPA is attributed to atrophy or hypoperfusion in
the left posterior temporoparietal region of the brain (Gorno-Tempini et al., 2011;
Mesulam, 2007). However, patients diagnosed with IvPPA show clinical heterogeneity
relative to specific etiologies, as observed by metabolic patterns on positron emission
tomography (PET) scans (Krishnan et al., 2016). Krishnan and colleagues found three
different etiologies in a group of amyloid-positive IVPPA patients, that they labelled
according to where predominant hypometabolism was observed: temporal, parietal,
and temporoparietal subgroups.

All three subgroups revealed language decline patterns appropriate to an IvPPA
diagnosis, but the parietal subgroup (and to a lesser extent the temporoparietal sub-
group) also showed salient non-linguistic cognitive deficits such as verbal working
memory impairment, executive function decline, and reduced mental flexibility, with
the parietal group exhibiting behavioural dysfunction too. The temporal IvPPA subgroup
was least associated with non-linguistic cognitive deficits (Krishnan et al., 2016). Thus,
although the phonological network may be initially impaired in people with IVPPA, as the
disease progresses and more linguistic and non-linguistic networks degenerate, word
finding difficulties become more pronounced and other relatively spared language skills
start to decline (Henry et al,, 2019; Krishnan et al., 2016; Win et al., 2017).

Treating primary progressive aphasia

Treating PPA is challenging due to its degenerative nature and late diagnosis relative to
symptom onset. Treatment is considered beneficial not only when improvement occurs
(i.e., remediation) but also when decline does not occur (i.e., prophylaxis; e.g., Henry et al.,
2019; Meyer et al., 2015, 2018). Generally, language intervention may be beneficial for
about 6- to 12-months following treatment (Tippett et al., 2015). However, generalisation
is affected by PPA subtype. For example, better generalisation for IvPPA and nfvPPA has
been observed compared with svPPA (Cadério et al., 2017). Furthermore, factors such as
continued practice, length of treatment and frequency of sessions will affect treatment
outcomes (e.g., Caddrio et al., 2017).

Lexical retrieval impairment refers to word retrieval difficulties, which are a prominent
symptom of aphasia and have been noted as a key feature of IvPPA (Edmonds et al., 2009;
Laine & Martin, 2006). Impairments in lexical retrieval can impact language for single-
words, sentences, and discourse (e.g., Edmonds, 2016). In stroke-induced aphasia, verb- or
noun-based semantic treatment is often administered to improve lexical retrieval, reg-
ularly resulting in generalisation to untrained stimuli and/or untrained contexts (e.g.,
Edmonds, 2016; Kiran & Bassetto, 2008; Nickels, 2002; Raymer & Ellsworth, 2002;
Wambaugh et al., 2002). In IvPPA, several treatment studies have investigated lexical
retrieval in monolingual individuals, utilizing a variety of interventions (e.g., semantic,
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phonological, and/or orthographic treatments). These interventions often focus on noun
retrieval (e.g., Beeson et al, 2011; Henry et al,, 2019; Newhart et al., 2009), even when
salient verb deficits are observed (e.g., Newhart et al., 2009), although some have focused
on lexical retrieval of different word classes, such as verbs and adjectives together with
nouns (e.g., Beales et al.,, 2016). Results indicate either preserved lexical retrieval skills over
the course of a treatment block (e.g., Meyer et al., 2016; 2018), or improvement retrieving
treated stimuli, with some generalisation to untreated stimuli in a few cases (e.g., Beales
et al, 2016; Beeson et al., 2011; Henry et al.,, 2013; 2019; Newhart et al., 2009; Rapp &
Glucroft, 2009).

Meyer et al. (2020) suggest that individuals with PPA who have a salient action naming
impairment may benefit from a verb-based semantic treatment, such as Verb Network
Strengthening Treatment (VNeST), which requires participants to retrieve pairs of agents
(subjects) and patients (objects) with a given verb to produce relevant SVO sentences.
VNeST was developed with the aim of strengthening the conceptual connections
between verbs and their thematic roles in order to increase lexical retrieval of content
words in sentences and connected speech in people with aphasia (Edmonds, 2016;
Edmonds & Babb, 2011; Edmonds et al., 2009). The strengthening of these conceptual
connections was hypothesised to result from Hebbian strengthening of neurological
connections occurring from repeated activation of different verbs together with
a variety of relevant thematic roles. Thus, VNeST should slow the decline of lexical retrieval
in IVPPA due to either remediation of declining lexico-semantic connections, or compen-
sation of declining lexico-phonological connections by allowing for more efficient access
to the semantic network. Indeed, Gorno-Tempini et al. (2008) observed that people with
IVPPA rely more on a semantic route than a phonological route when repeating sen-
tences, based on their patterns of errors, supporting this hypothesis of lexico-
phonological compensation.

Primary progressive aphasia and multilingualism

Two review papers examined patterns of language decline in multilingual people with
PPA (Costa et al., 2019; Malcolm et al., 2019) and both papers concluded that language
decline occurs in both the first-acquired language (L1) and a later-acquired language
(L2) but not necessarily in a parallel manner. Furthermore, the first symptom of lan-
guage decline was most commonly word retrieval impairment in L2 (Costa et al., 2019).
Five case-studies measuring language decline longitudinally, but without any interven-
tion, were included in the review papers (Druks & Weekes, 2013; Filley et al., 2006;
Larner, 2012; Liu et al., 2012; Machado et al., 2010). In all five cases, L2 declined before or
in parallel with L1, but as the disease progressed, both L1 and L2 were impaired in
a similar manner.

Overall, these patterns of decline are independent of age of acquisition, manner of
acquisition, or daily language use (Malcolm et al., 2019) but PPA subtype, task type, and
language dominance may influence impairment patterns across languages (Costa et al.,
2019). For example, similar impairments for naming difficulties were observed for L1 and
L2 in IvPPA and svPPA but not for nfvPPA where L2 was always observed to be more
impaired than L1 regardless of dominance (Costa et al., 2019). Additionally, language
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repetition skills were observed to be similar across L1 and L2 in all subtypes, but tasks
related to semantic knowledge were more impaired in L2 than L1 for svPPA and nfvPPA
subtypes only (Costa et al., 2019).

When exploring language decline in multilingual people with IvPPA, we must also
consider the underlying neural substrates. In people with PPA, as neurons degenerate in
language areas of the brain, spared neurons and white matter pathways can partially
reorganize to retain some language function, particularly in the early stages of the disease
(e.g., Malcolm et al., 2019; Mesulam et al., 2014). Thus, although language continues to
decline over time due to cortical atrophy, this reorganisation contributes to the gradual
nature of the decline that is so typical of PPA. Why language decline may be differential or
parallel across L1 and L2 in multilingual people with PPA can therefore be considered in
terms of shared or separated neural substrates subserving each language.

Cortical representations of different languages have been shown to largely overlap in
multilingual people (e.g., Fabbro, 1999; Halsband, 2006; Marian et al., 2003; Van de Putte
et al, 2018; Yang et al., 2017), especially when they are highly proficient (e.g., Videsott
et al,, 2010). However, within overlapping cortical areas, distinct neural circuits are
hypothesised to independently subserve different languages (e.g., Garcia-Pentén et al.,
2014; Halsband, 2006; Wong et al., 2016). Thus, the extent of overlap within neural
substrates and circuits subserving each language should determine the degree that
neural atrophy and/or any subsequent neural reorganisation will affect the different
languages in parallel or differentially across language tasks.

Based on Hebbian theory, neural networks engaged more often for a certain linguistic
process would retain better plasticity and subsequent synaptic strengthening than those
engaged less frequently (e.g., Berthier & Pulvermiiller, 2011; Fox & Stryker, 2017). Thus,
generally, neural circuits subserving a later-acquired, less-dominant language would be
expected to break down at a faster rate than those subserving an early-acquired, more
dominant language, either in cortical areas with minimal overlap across languages, or in
distinct neural circuits within largely overlapping cortical areas. However, as the disease
progresses and reorganisation of spared neurons and white matter pathways becomes
less viable, both languages should be impaired in a similar way due to more widespread
cortical atrophy. Patterns of decline observed in multilingual people with PPA support
these theories of parallel vs. differential language decline due to the effect of cortical
degeneration, because decline is often parallel across languages, certainly in the later
stages. Furthermore, if one language does decline faster than another, the better-spared
language will be the L1 and/or dominant language (Costa et al., 2019; Malcolm et al.,
2019).

Regions and language networks associated with semantic and phonological proces-
sing have been observed to overlap more than those associated with lexical processing in
different languages (e.g., Marian et al., 2003; Van de Putte et al., 2018; Yang et al., 2017),
a finding that supports theoretical models of bilingualism that hypothesise shared con-
ceptual representations together with partially separate lexicons (e.g., Kroll & Tokowicz,
2005; Kroll et al., 2010; Nadeau, 2019; Paradis, 1993; Van Hell & De Groot, 1998).
Furthermore, we might expect that connections in neural networks involving lexical
knowledge would be reinforced only within language, but that connections in neural
networks involving semantic knowledge would be reinforced across all languages. Thus,
we might expect that tasks relying on semantic processing would decline in parallel
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across languages, but those related to lexical processing would be more susceptible to
differential decline. Currently, empirical data does not fully support this distinction across
PPA subtypes, but there is partial support from data within the IvPPA subtype (Costa et al.,
2019).

Treating primary progressive aphasia in multilingual people

Based on Hebbian theory discussed above, we would also expect (and observe in mono-
lingual people with PPA) that specific language processes targeted in therapy would be
better preserved than those not targeted (Berthier & Pulvermdiller, 2011; Fox & Stryker,
2017). For multilingual people with PPA, we would expect different outcomes depending
on the interaction of PPA subtype (and underlying neuronal damage), relative language
proficiencies, and treatment type.

Within a framework of shared neural substrates subserving semantic knowledge, we
might expect semantic treatment in either language to prevent or slow the decline of
lexical retrieval for both languages because lexico-semantic connections will potentially
be strengthened, similar to within- and cross-language generalisation observed post-
stroke after semantic treatment (e.g., Goral & Lerman, 2020; Kiran et al., 2013; Lerman
et al,, 2018, in press). This would be especially probable in IvPPA in later stages of the
disease if atrophy spreads through the temporal lobe towards the temporal pole, directly
affecting semantic networks. However, even if damage is confined to the phonological
network, semantic treatment that involves repeated naming practice, such as VNeST,
could still be effective in both languages due to potentially stronger lexico-semantic
connections reducing the impact of a declining phonological network, especially in highly
proficient multilingual people.

Conversely, within a framework of distinct neural circuits for each language, we might
expect semantic treatment in one language to prevent or slow decline in the treated
language only. For example, if the primary impairment is in the phonological network,
with weak lexico-phonological connections, difficulties would likely be language-specific.
Semantic treatment that strengthens lexico-semantic connections may not be effective
enough to compensate for these lexico-phonological difficulties in the untreated lan-
guage, particularly once these impairments degenerate past a certain point. This may be
particularly relevant if semantic treatment is administered in L1 - treatment effects may
be unlikely to generalise to a less-dominant L2 if lexico-semantic connections between
the L2 and the semantic network are degenerating faster than between the more-
dominant L1 and the semantic network, as expected in multilingual people with PPA
(Costa et al.,, 2019; Malcolm et al., 2019). Alternatively, semantic treatment in L2 that
strengthens lexico-semantic connections may still generalise to the relatively spared L1
and result in better L1 lexical retrieval after treatment. Finally, phonologically focused
treatment may be effective in the treated language only. Treatment effects would be less
likely to generalise to an untreated language, due to the language-specific nature of
lexico-phonological connections.

To date, only one treatment study has been published on a bilingual participant with
PPA (Meyer et al., 2015). Meyer and colleagues investigated treatment efficacy for anomia
in a treated language, and generalisation to an untreated language, in a 69-year-old
Norwegian-English bilingual participant with IvPPA. Pre-morbidly, she was highly
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proficient in both languages, with Norwegian her native language, and English acquired
from age 7-years, and becoming the language of her environment for over 40 years. The
decline of her two languages was mostly parallel at baseline testing across different
language tasks. Both orthographic and phonological treatment were administered in
English only over a 1-year period, with eight treatment sessions in the first month,
followed by one session a month for 11 months, with three home practices a week
(Meyer et al., 2015).

Meyer and colleagues found that orthographic treatment resulted in greater
English written naming accuracy of trained words (which was not maintained after
treatment ended) with generalisation to Norwegian as observed by relatively more
accurate oral naming and naming to definition of the translation of words trained
orthographically than words trained phonologically or untrained (Meyer et al., 2015).
However, overall naming in Norwegian declined from baseline to post-treatment, so
the contribution of treatment in English to Norwegian is inconclusive. Furthermore,
while phonological treatment resulted in greater English oral naming accuracy of
trained words, no effect on these words was observed for naming accuracy in
Norwegian (Meyer et al., 2015). The authors concluded that because generalisation
to the untreated language was observed after orthographic treatment but not after
phonological treatment, orthographic treatment probably strengthened the shared
semantic network more than phonological treatment strengthened it (Meyer et al.,
2015). However, because both treatment types were provided simultaneously, it is
unclear how each may have influenced the other (i.e., cumulative effects vs. separate
effects), and thus how each type of treatment affected retrieval ability relative to the
underlying impairment.

The current study

We investigated the effect of VNeST on lexical retrieval of a participant with IvPPA (whose
atrophy had spread from left temporoparietal areas to the anterior temporal pole) across
different language tasks at the word, sentence, and discourse levels. We chose VNeST as
our preferred semantic treatment for two reasons. First, because at baseline testing our
participant’s action naming (AN) was significantly worse than her object naming (ON)
(see, Table 4), thus VNeST may be considered a potential treatment option for this
participant (Meyer et al., 2020). Second, because VNeST has been observed to result in
generalisation across languages for stroke-induced aphasia in multilingual people
(Lerman et al., in press), providing support for its effects on strengthening the shared
semantic network.
We asked the following research questions:

(1) In a bilingual individual with IvPPA, does providing VNeST in the post-morbidly
more-impaired L2 interrupt the deterioration of lexical retrieval in that language?

(2) Do any treatment effects generalise to the untreated post-morbidly less-impaired
L1?
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We hypothesised that VNeST would interrupt the deterioration of lexical retrieval in
single-word, sentence, and discourse tasks in the treated language due to strengthening
the semantic network (Edmonds, 2016; Edmonds & Babb, 2011; Edmonds et al., 2009).
A strengthened semantic network should allow continuing access to the lexicon, poten-
tially strengthening lexico-semantic connections and improving lexical retrieval (Berthier
& Pulvermiiller, 2011; Fox & Stryker, 2017; Meyer et al., 2020).

We also hypothesised that the untreated language should also benefit from VNeST in
similar lexical retrieval tasks within a framework of shared neural substrates subserving
semantic knowledge (Paradis, 1993). Furthermore, due to the spreading atrophy from left
temporoparietal areas to the anterior temporal pole, we do not expect degeneration only
across lexico-phonological connections, rather we expect degeneration throughout the
shared semantic network and its lexico-semantic connections too, and therefore impair-
ments and potential treatment effects should generalise across languages, at least par-
tially. Finally, by treating and strengthening the semantic network via the more-impaired
L2, the effects of treatment should generalise to the less-impaired L1.

Methodology

Ethics approval was obtained from the Hadassah Academic College Ethics Committee
prior to recruitment. Written informed consent was obtained by providing a combination
of clear verbal and written information about the study.

Participant

The participant was a 70-year-old female with over 20 years of formal education, who
used both English and Hebrew daily in both her home environment and her academic life.
English was her first-acquired language (L1), from birth. Hebrew was a later-acquired
language, beginning from age 8 years in school and reaching high proficiency - including
literacy — at around age 20 years, after moving to a Hebrew-speaking environment. The
participant reported pre-morbid high proficiency in both English and Hebrew in all
modalities, although English remained her dominant language across the lifespan. She
also reported acquiring French as a child (before acquiring Hebrew) but not having used
French in her daily life for over 30 years. French was not assessed or treated during this
study. Thus, we refer to Hebrew as her L2 in this paper.

Ten years prior to taking part in this study, the participant noticed minimal difficulties
with word retrieval, a common first symptom in PPA (Westbury & Bub, 1997), specifically
in Hebrew (her L2). In 2010, she was examined by a neurologist who found language and
cognitive skills to be within normal limits, with no abnormal findings during brain
imaging. Her language skills continued to deteriorate, again specifically in Hebrew, and
in 2014, a PPA diagnosis was raised as a possible explanation. A PET/CT scan from 2015
showed hypoperfusion in left temporoparietal and anterior temporal lobe regions, with
possible left frontal lobe hypoperfusion as well. However, she was only officially diag-
nosed with IvPPA in 2018.

This diagnosis was confirmed by the authors using reports on speech and language
assessment and treatment from her medical file (she provided consent for the researchers
to access it) as well as by her relative linguistic and non-linguistic abilities at the time of
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Table 1. Self-reported language skills in English and Hebrew before the onset of PPA and at the time
of the study (10 years after the onset of PPA symptoms).

Speech Comprehension Reading

Pre-morbid  Post-morbid ~ Pre-morbid  Post-morbid  Pre-morbid  Post-morbid

English (score out of 10)° 10 7 10 8 10 9
Hebrew (score out of 10)? 9 3 9.5 6 9.5 7

10 = native-like proficiency, 0 = no ability

participation in our study. First, the participant reported that during the 10 years prior to
our study, her principal deterioration was for language, and those deteriorating language
skills negatively impact daily living activities. This report, together with her non-linguistic
cognitive skills measuring within normal limits for her age at the time of the study (see
Supplementary Table 1), supports the diagnosis based on PPA diagnostic criteria (Gorno-
Tempini et al., 2011; Mesulam, 2001). More specifically, the participant reported that her
L2 Hebrew language skills deteriorated faster than her L1 English language skills, as
expected in multilingual people with PPA (Costa et al., 2019; Malcolm et al., 2019). See
Table 1 for self-reported language skills. She also reported that while daily production of
Hebrew and English was equal before deterioration began (50% of each day), at the time
of the study daily production of English was higher than Hebrew (90% English, 10%
Hebrew).

Second, the participant was initially assessed by a speech and language therapist (SLT)
in Hebrew in 2014 after a referral by her neurologist, and received treatment once a week,
in Hebrew, between 2015 and 2019 (until 1-month prior to the study). Based on her
Western Aphasia Battery-Revised (WAB-R) scores in both languages it was observed that
over the five years prior to the study her Hebrew indeed deteriorated more and at a faster
rate than her English (see from August 2015 to July 2019 in Figure 1), with her overall
Aphasia Quotient (AQ) at the beginning of the current study (July 2019) indicating
moderate aphasia in Hebrew (60.2/100) and mild aphasia in English (91.4/100).
Deterioration was not equal across all subtests (spontaneous speech, auditory compre-
hension, repetition, and naming and word-finding) rather, as expected for the IvPPA
subtype (Gorno-Tempini et al., 2011; Mesulam, 2001), the most salient deterioration was
observed in both languages for repetition, followed by spontaneous speech and naming

WAB-R APHASIA QUOTIENT

4 WAB-R Aphasia Quotient English WAB-R Aphasia Quotient Hebrew

100
% M
80
70
60
50
40
30
20
10
0
JUL-15 JAN-16 AUG-16 MAR-17 SEP-17 APR-18 OCT-18 MAY-19 DEC-19
DATE OF TESTING

APHASIA QUOTIENT (/100)

Figure 1. WAB-R Aphasia Quotients in Hebrew and in English between 2015-2019.
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Figure 2. WAB-R scores per subtest in Hebrew and in English between 2015-2019.

and word-finding in Hebrew more than English. Furthermore, relatively preserved single-
word auditory comprehension that is also expected in the IVPPA subtype (Gorno-Tempini
etal., 2011) was observed for the participant whose auditory comprehension deteriorated
minimally in Hebrew only (see from August 2015 to July 2019 in Figure 2).

Finally, we note that deterioration of language skills can continue for many years
without deterioration in non-linguistic cognitive skills (Mesulam, 2001; Westbury & Bub,
1997). Thus, the slow deterioration of language over a period of 10 years that was
observed in our participant is not unusual.

Procedure

This study takes a multiple-baseline case study approach with three phases: (1) pre-
treatment baseline testing in both Hebrew and English, (2) Hebrew treatment block
(VNeST), and (3) post-treatment testing of both Hebrew and English. Pre-treatment
testing scores for each language provided a baseline for the participant to which post-
treatment testing scores were compared.

Procedure: pre- and post-treatment assessments

English and Hebrew language skills were assessed at two time-points — pre-treatment
(baseline - July 2019) and post-treatment (October 2019). At each time-point, language
skills were assessed using the WAB-R in English (Kertesz, 2006) and in Hebrew (using
a non-standardised adaptation of the WAB-R; Soroker, 1997), and a comprehensive apha-
sia battery that was developed specifically for English-Hebrew speakers (the REHAB -
Revised English-Hebrew Aphasia Battery; Lerman & Goral, unpublished). The subtests in
the REHAB are comparable across languages based on several linguistic and
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psycholinguistic factors such as frequency, argument structure, number of translation
equivalents, cognate status, etc. In this study, we used production subtests from the

Table 2. Revised English-Hebrew Aphasia Battery subtests, measures and stimuli development
(Lerman & Goral, unpublished).

Subtest

Measures

Task

Stimuli development

Object naming (n =
45)

Action naming
(n = 45)

Sentence
construction
1-argument
(n=12)
2-arguments
(n = 30)
3-arguments
(n=12)

WH-questions
(n=16)

Discourse — oral:
Picture description
(n=16)
6-picture story
sequence
(n=3)

Personal narrative
(n=3)
Procedural
narrative

(n=3)

Discourse — written
Picture description
(n=16)
4-picture story
sequence
(n=3)

Personal narrative
(n=3)
Procedural
narrative

(n=3)

Lexical retrieval accuracy
of single-word nouns

Lexical retrieval accuracy
of single-word verbs

Lexical retrieval accuracy
within sentences as
measured by relevant
SVO sentence
production
(= CUs)

Functional language
sentence production as
measured by the
accuracy of relevant,
complete answers

Lexical retrieval accuracy
within utterances
measured by
calculating the
percentage of relevant,
SVO utterances out of
all utterances (%CUs)
Lexical diversity as
measured by noun
type-tokens ratios and
verb type-tokens ratios

Lexical retrieval accuracy
for written sentences
measured by
calculating the
percentage of relevant,
SVO sentences out of all
sentences (%CSs)
Lexical diversity as
measured by noun
type-tokens ratios and
verb type-tokens ratios

Participants were asked to
name pictures of
objects

Participants were asked to
name pictures of
actions

Participants were asked to
describe each picture
using a single sentence

Participants were asked to
answer an everyday
question, presented
verbally, in one
sentence

Participants were asked to
describe pictures, tell
stories based on
6-pictures, tell personal
narratives, and tell
procedural narratives

Participants were asked to
write descriptions of
pictures, write stories
based on 4-pictures,
write personal
narratives, and write
procedural narratives

Partially based on a subset of pictures
from the Multilingual Naming Test
(Gollan et al., 2012); whole set of
pictures piloted on two healthy
speakers of English and two
healthy speakers of Hebrew

Partially based on a subset of pictures
from the Action Naming Test,
which is a subset of the Verb and
Sentence Test (Bastiaanse et al.,
2002); whole set of pictures piloted
on two healthy speakers of English
and two healthy speakers of
Hebrew

Partially based on a subset of pictures
from the Object and Action
Naming Battery (Druks &
Masterson, 2000); whole set of
pictures piloted on two healthy
speakers of English and two
healthy speakers of Hebrew

Based on a set of questions
developed for testing English and
Hebrew speakers with aphasia by
Goral and Borodkin (unpublished)

Developed and piloted on 12 healthy
speakers: f = 7, m = 5; native
speakers of English = 7, native
speakers of Hebrew = 5; ages 57—
76 years (mean = 68.3 years); 11—
25 years of formal education
(mean = 16.5); middle to high SES
Included picture descriptions of
the “Cookie Theft” from the Boston
Diagnostic Aphasia Examination
(Goodglass & Kaplan, 1983) and
the “picnic” from the WAB-R
(Kertesz, 2006), and also the
6-picture story sequence from the
Bilingual Aphasia Test (Paradis,
2011)

Developed and piloted on 12 healthy
speakers: f = 7, m = 5; native
speakers of English = 7, native
speakers of Hebrew = 5; ages 57—
76 years (mean = 68.3 years); 11—
25 years of formal education
(mean = 16.5); middle to high SES
Included 4-picture story sequences
from Goral & Borodkin
(unpublished)

(Continued)
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Table 2. (Continued).

Subtest Measures Task Stimuli development
Non-word repetition ~ Control task: Participants were asked to The non-word repetition subtest
(control) (n = 30) accuracy measure of repeat non-words from the Psycholinguistic
non-word repetition Assessments of Language

Processing Aphasia (PALPA) in
English (Kay et al., 1996) and in
Hebrew (Gil & Edelstein, 2001)

Note. CU = Complete Utterance — an utterance relevant to the stimulus that contained a subject and a verb (and an
object, when necessary). CS = Complete Sentence - a written sentence relevant to the stimulus that contained a subject
and a verb (and an object, when necessary). SES = socioeconomic status.

REHAB that included single-words, sentences, and discourse, as well as non-word repeti-
tion. See, Table 2 for a detailed summary of each subtest (what was measured and how we
developed them).

The participant was assessed in both English and Hebrew at pre-treatment over five
days and at post-treatment over four days. On each assessment day, at each time-point,
one-third of the REHAB was administered in one or both languages. Each third was
comparable to the others for each subtest per language, based on both the number
and type of items per test and psycholinguistic factors for specific stimuli such as word
length, frequency, etc. Thus, we conducted multiple pre- and post-treatment testing
sessions while reducing task repetition, a methodology shown to be reasonable and
necessary when assessing language deficits across many languages using long and
potentially fatiguing testing batteries (Borodkin et al., 2020). The WAB-R was administered
once in each language at pre-treatment and at post-treatment.

When more than one language was assessed on any given day, long breaks were taken
between languages, and order of language testing was counterbalanced. Assessment was
carried out by two SLT students who were trained on the assessment procedure. Each
assessor tested only one language, but both were highly proficient in both English and
Hebrew. Assessment sessions were videotaped and later transcribed by the same two SLT
students who assessed the languages. Each student transcribed both languages indepen-
dently, and then compared transcriptions. A small number of discrepancies were
mediated by the P.I. (A.L). Overall, accuracy of transcriptions was found to be high, >
99% accuracy, across all tasks, in both English and Hebrew.

In addition, at each time-point, the non-linguistic subtests of the Cognitive Linguistic
Quick Test (CLQT; Helm-Estabrooks, 2001) were administered in order to assess whether
non-linguistic cognitive skills remained stable across the study. For all cognitive skills
assessed (attention, executive functions, visuospatial skills and clock drawing), scores
were within-normal-limits at baseline and post-treatment relative to age. See
Supplementary Table 1 for the specific CLQT scores.

Procedure: treatment

The participant received VNeST in Hebrew twice a week for 10 weeks, for about 1.5 hours
per session. Overall, the participant received 30 hours of VNeST. Treatment was provided
by two SLT students who were trained on the VNeST protocol and who each provided one
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(D

A VERB was presented to the participant, written in 1% person present tense, in Hebrew script, on
an index card. The participant was asked to read the VERB aloud, then the card was removed,
and the participant was asked to write down the VERB. If she struggled to write the VERB
independently, the index card was returned, and the participant was asked to copy the VERB.

@

The participant was asked to produce four Subject-VERB-Object sentences. The participant was
asked “Who VERBs what?” or “what might someone VERB?”. If she was unable to produce
agents and patients related to the VERB independently, she was offered a minimal cue (e.g., “Can
you think of someone who VERBs something as part of their job?”) or failing that, a maximal cue
(a written choice of four options, one correct and three incorrect). As the participant produced
each agent and patient, the SLT wrote down the responses on index cards. After producing each
sentence verbally, the participant was asked to copy the whole sentence. After the four sentences
were produced and written, the participant was asked to read them aloud.

)

The participant chose one sentence, answered WH-questions on that sentence (where, why,
when), and then read aloud the expanded sentence.

“4)

The participant was asked to make plausibility judgements on twelve Subject-VERB-Object
sentences read aloud by the SLT. Sentences that were not semantically feasible included those
with an unrelated subject or object, or where the subject and object were reversed.

6))
The participant was asked to recall the VERB both orally and orthographically.

(6)

The participant was asked to independently produce up to four Subject-VERB-Object sentences.

Figure 3. The six-stage Verb Network Strengthening Treatment protocol followed in this study, based
closely on Edmonds (2014) protocol.

treatment session a week, in a quiet room at the participant’s home or in the Hadassah
Academic College SLT clinic. We note here that based on the current literature, both
languages are expected to continue to decline as the PPA progresses, and therefore
treating either language to slow the decline should be beneficial. These treatment effects
could potentially also generalise to the untreated language. Although this was explained
to the participant, she was only willing to work in Hebrew because her English was still
functional, but her Hebrew was not. She rejected the option of a consecutive treatment
block in English.

The VNeST protocol used for this study was based closely on Edmonds (2014) protocol,
but with an added element of writing. Thus, for every verb trained (= 1 verb cycle), six
stages were applied (see, Figure 3). Overall, 83 verb cycles were completed, taken from
a pool of 20 verbs that were trained in a pseudo-random order. The 20 verbs were chosen
specifically to contain no English-Hebrew cognates, and to share argument structure
across the two languages, with half the trained verbs assessed in the sentence construc-
tion subtest of the REHAB and half not appearing in any subtest of the REHAB. See, Table 3
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Table 3. List of verbs trained with VNeST during the treatment block.
Verbs that do not appear in the Revised English-  Verbs that were assessed in the Revised English-Hebrew Aphasia

Hebrew Aphasia Battery Battery (Sentence Construction subtest)
Hebrew English translation Hebrew English translation
MoRY To bake Spwh To weigh
RWT? To lend mno? To open
X80 To find vwao To kick
M9 To leave 01N To catch
paReT To fight il To guard
m° To examine NNy To stop
mayh To watch bYirab) To pour
PWwYs To shout nw? To plant
Pan? To hug iylo}p) To carry
7IR? To lose W To wash

for the list of trained verbs. Treatment fidelity of our modified VNeST protocol was
calculated to be > 95% based on 45% of treatment sessions that were observed live or
via a video recording by the P.I.

Procedure: statistical analysis

We analysed whether learning occurred during treatment by charting retrieval abilities for
every agent and patient produced within each sentence for every verb cycle throughout
the treatment block. We then calculated correlations between treatment session and the
average number of agents and patients retrieved per verb independently, after a minimal
cue, or after a maximal cue during Stage 2 of the protocol (see, Figure 3). The maximum
number of thematic roles per verb was eight — one agent and one patient per sentence
across four sentences. Learning was accepted to have occurred during treatment if
correlations were positive between treatment session and the average number of agents
and patients retrieved independently per verb, and/or if correlations were negative
between treatment session and the average number of agents and patients retrieved
after a minimum or maximum cue.

We also analysed generalisation to other stimuli and other contexts in both languages
using the REHAB and the WAB-R. Due to the degenerative nature of PPA, we looked at
whether language skills were stable (or even improved) post-treatment compared to pre-
treatment, or whether language skills continued to decline during the treatment period.
In the REHAB, for subtests that allow individual stimuli to be compared across assessment
time-points (e.g., object naming, action naming and non-word repetition) the McNemar
test of Equal Change was calculated. No adjustment for multiple comparisons was
necessary, because no McNemar calculation indicated significant change. For subtests
that do not allow for individual stimuli to be compared across assessment time-points
(due to more than one possible answer, e.g., sentence construction, WH-questions, oral
narratives, written narratives), we calculated effect sizes using both Cohen’s d and Non-
Overlap of All Pairs (NAP), two measures that complement each other in that Cohen'’s
d gives information about the size of change (Beeson & Robey, 2006) whereas NAP scores
indicate how much overlap occurs between pre- and post-treatment data points (Conner
et al,, 2018; Parker & Vannest, 2009). When Cohen'’s d indicated a change of 1.2 or above
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(Edmonds, 2014), together with a medium or high NAP score (.32-1.0), change was
assumed to have occurred - positive scores indicated improvement, and negative scores
indicated decline.

For the WAB-R, we did not have multiple baselines, so we looked at (1) a change of
more than 5-points, which may indicate functional change (Katz & Wertz, 1997), and (2)
patterns of decline and/or stability relative to the participant’s decline in the five years
leading up to the study.

Results

Learning during treatment was observed: as sessions progressed, the average indepen-
dent retrieval of thematic roles per verb increased significantly (r(20) = .552, p = .011),
whereas the average retrieval after a minimal cue decreased significantly (r(20) = .566, p =
.009). Retrieval of a thematic role after a maximal cue occurred just once, during the first
session, and remained at zero for the remainder of the sessions. We thus accepted that
treatment effects, as measured by within- and cross-language generalisation, could be
attributed to VNeST.

Within-language generalisation measures of the treated language indicated that the
participant’s WAB-R AQ decreased in Hebrew, from 60.2 (pre-treatment) to 53.5 (post-
treatment), a decrease of more than 5-points that could indicate a functional decline (Katz
& Wertz, 1997). This decline was observed mainly in the subtests of spontaneous speech,
repetition (of words and sentences), and naming and word-finding (see, Figures 1 and 2,
from July to October 2019). However, notwithstanding this continued observed decline in
the WAB-R, no significant decline was observed in the REHAB for lexical production in
word or sentence level tasks, or for written narratives. Conversely, for oral narratives,
decline was observed for the percentage of Complete Utterances (relevant SVO sen-
tences) and noun diversity (as measured by the noun type-token ratio), while verb
diversity (as measured by the verb type-token ratio) remained stable. We also note stable
non-word repetition skills in Hebrew (i.e., non-words based on Hebrew phonology). See,
Table 4 for pre- and post-treatment Hebrew language measures.

Cross-language measures of the untreated language indicated that the participant’s
WAB-R AQ decreased in English, from 91.4 (pre-treatment) to 86.8 (post-treatment). This
decrease of less than 5-points potentially indicates no functional decline (Katz & Wertz,
1997), but with the absence of multiple baselines we were unable to conclude whether
decline was significant or not, particularly since the decrease was close to 5-points.
Interestingly, this continued trend of language decline based on the WAB-R was observed
most saliently in the subtests of repetition (words and sentences), and auditory-verbal
comprehension, but not for spontaneous speech or naming and word-finding (see,
Figures 1 and 2, from July to October 2019). Similar to Hebrew skills, in the REHAB in
English no significant decline was observed for lexical production in word or sentence
level tasks, or for written narratives. Furthermore, similar to Hebrew skills, for oral narra-
tives in English a decline was observed for the percentage of Complete Sentences
(relevant SVO sentences) and noun diversity, while verb diversity remained stable. Here
too, we note stable non-word repetition skills in English (i.e., non-words based on English
phonology). See, Table 4 for pre- and post-treatment English language measures.
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Discussion

In our study, we examined the lexical retrieval skills of an English-Hebrew bilingual with
IvPPA post-treatment relative to pre-treatment. Our data supported the possibility that
VNeST may have interrupted the decline of lexical retrieval impairment of single-words
and sentences in both the treated and untreated languages during the study, relative to
a continued general decline in language skills, although the results were not conclusive.
Our findings also partially paralleled those of Meyer et al. (2015) in their pioneering
treatment study of a bilingual person with IvPPA, even though treatment protocol, time-
line, and assessment measures were different.

We first asked whether providing VNeST in the post-morbidly more-impaired language
of a bilingual individual with IvPPA would interrupt the deterioration of lexical retrieval in
that language. We found that lexical retrieval in single-word and sentence-level tasks, as
well as in written narratives, did not decline when tested post-treatment with the REHAB
compared to pre-treatment (Berthier & Pulvermdiller, 2011; Fox & Stryker, 2017; Meyer
et al,, 2020). Thus, our results provide evidence for the efficacy of the treatment (Edmonds
et al., 2009) and support our hypothesis that lexical retrieval would remain stable in the
treated language, which we attribute to a strengthened semantic network.

Conversely, in the Hebrew WAB-R, we found that lexical retrieval skills appeared to
continue to decline in the naming and word-finding subtest post-treatment compared to
pre-treatment. However, a closer look at this subtest showed that for object naming,
accuracy was actually higher in Hebrew post-treatment compared to pre-treatment but
pre-treatment most of her errors were correct responses in the non-target language
(immediately, without attempting to name in Hebrew), whereas post-treatment she
named most of the objects correctly but after a phonemic cue (in Hebrew). Thus, her
subtest score was greatly reduced post-treatment due to cueing. For sentence comple-
tion, she improved and for responsive speech she declined but crucially her errors in both
tasks were all in Hebrew (semantic paraphasias) post-treatment, whereas pre-treatment
her errors were all correct responses but in the non-target language. This pattern of errors
supports our hypothesis that a strengthened semantic network results in better lexico-
semantic connections and thus better access to Hebrew, especially since phonological
cueing should have reduced the phonological load and aided retrieval in Hebrew.
Alternatively, the results could indicate that interference from her less-impaired English
was controlled better due to the Hebrew treatment. However due to her 90% daily use of
English outside of the Hebrew treatment block, this explanation seems less likely because
she was not using Hebrew primarily during the 10 weeks of treatment generally, and thus
was not consistently practicing controlling interference from English. A further possibility
is that the post-treatment increase in attempting to name in Hebrew indicates improved
confidence after the Hebrew treatment block.

We further note that the differential results observed in the REHAB and the WAB-R for
naming could potentially be due to different tasks (picture-naming and object-naming
respectively), and/or different psycholinguistic properties of the words, such as frequency,
word length etc., which were controlled for within groups and across languages in the
REHAB but not between the WAB-R and the REHAB. However, we have no indication that
the participant found naming objects (in the WAB-R) harder than naming pictures (in the
REHAB), or that the words in the REHAB were intrinsically easier than those in the WAB-R
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from a psycholinguistic perspective, based on the participant’s high and comparable
scores in both noun-naming subtests in English. We accept, however, that we did not
have multiple baselines for the WAB-R, and so the continued trend of decline observed
may not have been interpreted as change based on effect sizes such as Cohen’s d or NAP,
as we were able to calculate for the REHAB. These factors warrant further investigation,
together with the use of error analyses to support quantitative measures.

One hypothesis that might explain the lack of decline observed in the REHAB is that
due to the relatively short time between pre-treatment and post-treatment assessment,
no further decline occurred due to PPA. However, our data do not support this hypothesis
for the following reasons. First, we found that Hebrew lexical retrieval skills declined in
oral narratives in the REHAB over the 10-week treatment block. Second, we found
a continued decline in the Hebrew WAB-R post-treatment relative to the five years before
our study, as observed in the AQ as well as in each subtest (although minimally in
auditory-verbal comprehension). While we have explained possible reasons for the
apparent decline in naming and word-finding above, abilities continued to decline in
Hebrew for repetition and for word-finding in oral narratives. These tasks were not
specifically targeted during treatment, and often decline in IvPPA (Gorno-Tempini et al.,
2011; Mesulam, 2007), notably in those with temporoparietal hypoperfusion, as in our
participant (Krishnan et al., 2016), due to the strong reliance on cognitive processes that
are impaired, such as auditory-verbal working memory, reduced mental flexibility, and
fluency (e.g., Krishnan et al., 2016; Neerincx, 2003; Shadden et al., 1991).

Even though our participant’s non-linguistic cognitive skills were within normal limits,
it is plausible that these same cognitive skills, when engaged in a language task, would be
saliently reduced. This may explain why the repetition task and lexical retrieval during oral
narratives continued to decline. Furthermore, the stable lexical retrieval skills observed for
written narratives support this hypothesis, because written narratives rely less on cogni-
tive processes such as auditory-verbal working memory, there is more time to respond,
and self-monitoring occurs during and after writing. However, the stable written narrative
skills observed may also be related to the different language pathways involved in
orthographical output vs. phonological output.

Indeed, Meyer et al. (2015) suggested that the results from their study, which included
generalisation to untrained lexical stimuli in the treated language (L2) at the single-word
level after orthographic treatment but no generalisation after phonological treatment,
indicated that the semantic network was more involved in orthographic treatment than in
phonological treatment. However, no explanation as to why the authors thought there
was a differential contribution of semantics to the different treatment types was offered.
Furthermore, they provided both treatments simultaneously (albeit with different stimuli).
Future research is needed to analyse the effects of different types of treatment on
different language tasks, to better understand the contribution of cognitive impairments
resulting from IvPPA and their engagement during language tasks.

Our second research question referred to whether any treatment effects generalised to
the untreated language. We found some indication that generalisation may have
occurred because we observed similar effects in English as in Hebrew for the subtests
of the REHAB, with no significant decline for lexical retrieval skills in single-word naming,
sentence-level tasks, and written narratives. Thus, our results are partially aligned with our



18 A. LERMAN ET AL.

hypothesis in that we expected generalisation of treatment effects to the untreated
language due to shared semantic knowledge and overlapping neural substrates subser-
ving that knowledge (Paradis, 1993).

We acknowledge that the lack of decline in English for lexical retrieval skills in single-
word naming, sentence-level tasks, and written narratives may have been due to other
factors, such as the short time-frame of the study, during which decline in the less-
impaired language may not have occurred (potentially more likely than in Hebrew, due
to the slower decline generally in English). Likewise, during the study, our participant
reported producing English 90% of the day, compared to 10% in Hebrew. Thus, her
English production skills may have remained stable due to daily use rather than specific
treatment effects. However, due to the oral narrative data in English that significantly
declined post-treatment relative to pre-treatment, similar to Hebrew, we cautiously
interpret our data as showing possible generalisation effects from treatment.

Further support comes from the WAB-R in English which continued to decline post-
treatment relative to the previous 5-years (where decline was observed almost exclusively
in the repetition subtest). While the decline was smaller than in Hebrew and potentially
not significant, notably, repetition continued to decline, as well as auditory-verbal com-
prehension. While decline in repetition is expected in IvPPA, due to damage to the
phonological network resulting in reduced auditory-verbal working memory skills (e.g.,
Krishnan et al., 2016), auditory-verbal comprehension is relatively spared in the early
stages of the disease (Gorno-Tempini et al., 2011; Mesulam, 2007). However, as the disease
progresses, decline in sentence comprehension may become more salient due to deficits
in auditory-verbal working memory. Indeed, our participant only showed decline for
complex sentence comprehension in the WAB-R, but not for comprehension of words
or simple sentences. It may be that this decline in English occurred as the L1 deteriorated
and closed the gap with the L2, a pattern of decline in bilingual people with PPA that has
been observed previously (Costa et al., 2019; Malcolm et al., 2019) but which perhaps was
not observed for the spontaneous speech or naming and word-finding subtests due to
treatment effects. While VNeST includes an element of auditory comprehension, it
remains at the simple-sentence level; future research into different types of treatment
and their effects on more specific comprehension and production measures should help
to understand the observed pattern of decline.

Our results are similar to those of Meyer et al. (2015), who also found some indication of
cross-language generalisation with orthographic treatment effects generalising to the
untreated language more saliently than phonological treatment. As mentioned pre-
viously, the researchers suggested that this indicated a more strongly engaged semantic
network during orthographic treatment than during phonological treatment (Meyer et al.,
2015). Our data support this hypothesis, because we potentially also found generalisation
to the untreated language after a semantic-based treatment (e.g., Kroll & Tokowicz, 2005;
Meyer et al., 2015), which we attribute to strengthening shared semantic knowledge
across languages (Paradis, 1993).
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Limitations

To our knowledge, this is only the second study on treatment of IVvPPA in a bilingual
person, and the results encouragingly support the previous study (Meyer et al, 2015)
despite the methodological differences. However, there are several limitations to this study
that must be considered when interpreting the results and planning future research. First,
the participant received 10 weeks of treatment but following the post-treatment assess-
ments did not agree to continue to receive more treatment or be assessed after a period of
no treatment (to assess maintenance and/or further decline). This resulted in a shorter
study than originally anticipated, and thus observing decline over time was challenging
because there may not have been decline in certain language skills over just 10 weeks -
PPA does not necessarily decline in a linear manner over time (Gorno-Tempini et al.,, 2011).
However, by comparing different language skills in different contexts, we found support
that the observed stable lexical retrieval skills were potentially due to treatment effects,
relative to other skills and/or contexts where language abilities continued to decline.

A second limitation can be found in our analyses of the different language tasks. We
were able to conduct statistical analyses on the data from the REHAB, due to multiple
baselines that we collected in each language without excessive repetitiveness because of
the split battery (Borodkin et al., 2020). Nevertheless, due to long and somewhat fatiguing
testing sessions we only collected data from the WAB-R once (in each language) at each
testing time-point, and thus were unable to conduct statistical analyses on that data.
Furthermore, the WAB-R data recorded in the participant’s medical file was collected at
only three time-points in English and twice in Hebrew prior to this study (during a period
of 5-years). We were therefore unable to conduct statistical analyses on this sparse data
and accept that when we discuss a trend of decline in subtests of the WAB-R, there may be
no significant difference pre- to post-treatment compared to the previous 5-years.

A third limitation is that we did not compare different types of treatment (e.g.,
semantic-focused treatment compared to phonological-focused treatment), rather, we
investigated the effect of one treatment — VNeST - on lexical retrieval skills. We expected
deficits in the functioning of the phonological network, or access to it, due to the IvPPA
diagnosis, but it was unclear whether treatment effects (potentially due to a strengthened
semantic network) boosted lexical retrieval generally, or specifically as a response to
a weakened semantic network due to atrophy spreading along the temporal pole (Gorno-
Tempini et al., 2011; Mesulam, 2007). Future research should focus on different treatment
types and their effect on specific semantic and phonological language measures, relative
to different subtypes of PPA and their underlying pathology.

Conclusion

In summary, our case study on a bilingual participant with IvPPA offers important yet
inconclusive information on treatment for IvPPA in multilingual people. Our results
indicate that VNeST may be an effective prophylactic treatment for lexical retrieval skills
in both treated and untreated languages in this population. More studies are necessary to
identify which treatments are most effective, for which types of PPA, in which languages
(the treated language/s or also the untreated language/s), and over what time frame.



20 A. LERMAN ET AL.

Continued research into treatment of PPA in multilingual people will provide crucial
information regarding effective treatment moving forward in this field.
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