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Abstract

Background—Treatment for lexical retrieval impairment has been shown to yield positive
outcomes in individuals with aphasia due to focal lesions, but there has been little research regarding
the treatment of such impairments in individuals with progressive aphasia.

Aims—The purpose of this study was to examine the therapeutic effects of a semantic treatment for
anomia in progressive aphasia relative to the outcome in an individual with stroke-induced aphasia.

Methods & Procedures—Two individuals with progressive aphasia and one with aphasia
resulting from stroke participated in the study. Each participant presented with fluent, anomic
aphasia; however, one of the patients with progressive aphasia demonstrated characteristics
indicating a likely progression towards non-fluency. Each participant received a brief, intensive
treatment intended to improve lexical retrieval in the context of generative naming for selected
semantic categories. Treatment tasks included guided lexical retrieval prompted by the identification
and elaboration of items within semantic subcategories, as well as other semantic tasks. Treatment
outcomes were quantified using standard effects sizes as well as nonparametric tests comparing pre-
versus post-treatment performance.

Outcomes & Results—One of the individuals with progressive aphasia showed large treatment
effects for lexical retrieval of items from targeted semantic categories. The other progressive aphasia
patient showed very small effects overall for treated categories. The individual with the focal lesion
due to stroke showed medium-sized effects for trained categories as well as significant improvement
on a standardised measure of naming.

Conclusions—Findings indicate that intensive, semantically based treatment for lexical retrieval
can result in positive outcomes in individuals with progressive as well as stroke-induced aphasia.
Examination of individual differences suggests that the status of semantic and episodic memory may
provide predictive information regarding responsiveness to treatment.
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Primary progressive aphasia (PPA) is an acquired impairment of language, with relative
sparing of other aspects of cognition, which results from degenerative neurological disease.
Progressive aphasia is often compared with stroke-induced aphasia in its behavioural
manifestations, with published case reports comprising a range of language profiles. These are
often characterised using traditional aphasia types, including anomic, Broca’s, conduction,
Wernicke’s, and transcortical aphasias. It has been suggested, however, that these are imperfect
descriptors for the language deficits observed in progressive aphasia because the damage to
the brain in PPA is degenerative and less likely to be purely focal (Clark, Charuvastra, Miller,
Shapira, & Mendez, 2005; Mesulam, 2001). An alternative view is that, aside from the
degenerative nature of PPA, aphasia represents the same fundamental disorder in its
progressive and static forms (McNeil & Duffy, 2001). Whether the same treatment approaches
can be applied successfully in cases of focal and progressive damage is an area as yet largely
unexplored.

Lexical retrieval impairment, or anomia, is the most pervasive of the language deficits
associated with aphasia. This is the case for both stroke-induced and progressive forms of the
disorder. Models of lexical retrieval posit that two distinct central processing levels, one
semantic and the other phonological, are critically involved in spoken word production (for a
review, see Raymer & Gonzales-Rothi, 2001). Lexical retrieval impairment may result from
damage to either the semantic store itself, to lexical phonological representations, or to the
connections between the two levels. It follows that treatments for anomia fall into two
categories: those that are phonological and those that are semantic in nature. Many treatments,
however, contain elements of both (Nickels, 2002).

Semantically based anomia treatment has proven effective in patients with aphasia resulting
from focal damage, including those with and without damage to the semantic system (e.g.,
Boyle, 2004; Drew & Thompson, 1999; Hillis, 1991; Lowell, Beeson, & Holland, 1995;
Nickels & Best, 1996). Some semantic treatments have attempted to improve naming
performance through remediation of a damaged semantic system. In these cases, improved
naming is thought to result from rebuilding of underspecified or degraded representations. For
example, Hillis (1991) implemented a treatment wherein a patient with an underlying semantic
impairment was provided with semantic information in the event of written naming errors.
When the patient produced a semantic error, semantic features of the target item were
contrasted with those of the patient’s semantic error. This treatment resulted in improved
performance for treated items across a variety of lexical tasks. Other treatments have utilised
semantic tasks to improve lexical retrieval by increasing semantic activation when there is no
frank semantic impairment, but rather a post-semantic deficit affecting retrieval of items in the
phonological output lexicon. For example, semantic feature matrix training, in which
individuals are encouraged to engage in systematic retrieval of semantic attributes of items,
has proven beneficial in individuals with impaired retrieval of phonological word forms (e.g.,
Boyle, 2004; Lowell et al., 1995).

Only a handful of studies have examined the rehabilitation of anomia in cases of progressive
language impairment (Frattali, 2004; Graham, Patterson, Pratt, & Hodges, 1999, 2001; Jokel,
Cupit, Rochon, & Graham, 2007; Jokel, Rochon, & Leonard, 2002, 2006; McNeil, Small,
Masterson, & Fossett, 1995). One study examined the use of a semantic and phonological
cueing hierarchy for training predicate adjectives in an individual with PPA whose naming
impairment was described as an “accessing deficit” (McNeil et al., 1995). A positive treatment
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outcome was observed for trained items, with generalisation to untargeted words and word
classes.

Several more studies have examined the effects of treatment for anomia in individuals with
semantic dementia (SD), a type of progressive language impairment wherein the gradual loss
of semantic knowledge results in anomia, comprehension impairment and, in some cases, face
and object recognition deficits (Hodges, Patterson, Oxbury, & Funnell, 1992; Neary et al.,
1998). Graham and colleagues explored the effect of repeated rehearsal of names paired with
pictures and/or descriptions of targets in an individual with SD (Graham et al., 1999, 2001).
The participant demonstrated significant improvement for trained items and categories;
however, constant exposure to trained items was necessary to prevent a decline in performance.
Further, the authors suggested that improved word naming in target categories was more likely
attributable to episodic than semantic memory. In other words, improvement was considered
to be a result of rote memorisation, mediated by medial temporal lobe structures, rather than
enhanced semantic representations for targets.

Snowden and Neary (2002), intrigued by the ability of some of their SD patients to learn new,
personally relevant information, despite the loss of common concepts, examined word learning
intwo SD patients. They found that the ability to relearn lexical targets via training with pictures
paired with written/spoken words was dependent on the degree of residual semantic knowledge
for those items. They also observed that the inclusion of personally relevant cues linking targets
with a participant’s own experience was beneficial, resulting in improvements in naming that
were maintained to some degree for 6 months. Finally, the authors found that improved naming
performance was mediated by contextual information from training sessions, such that
performance on probes was enhanced when the test was formatted (order of items as well as
colour of paper) in the same manner as the practice materials. The authors concluded that spared
conceptual knowledge pertaining to a particular target, as well as spatial and temporal
contextual information, could mediate word learning in SD.

Jokel et al. (2002, 2006) implemented a homework-based treatment for lexical retrieval in a
patient with SD, which involved rehearsal of picture names with cues consisting of personally
relevant semantic information. Trained items included those that the patient could name and
comprehend, could not name but could comprehend, and those that could neither be named
nor comprehended. Significant improvement was observed for both sets of items that the
participant could not name prior to treatment, with greater and longer-lasting effects for items
that were comprehended prior to the initiation of treatment. Results also suggested that the
practice regimen slowed the progression of naming impairment for targeted items that the
participant was able to name prior to treatment.

While not directly comparing outcomes in patients with focal versus progressive brain damage,
these studies, which include elements of both semantic and phonological approaches, indicate
that similar treatment techniques may benefit both types of patients. The studies involving SD
patients suggest that individuals with semantic deficits may, however, require special
consideration, given that erosion of the semantic store may make relearning of lexical items
particularly difficult.

The purpose of the present study was to directly compare a single treatment approach in patients
with progressive disease relative to an individual with focal damage. To do so, we examined
the therapeutic effects of an intensive semantic treatment for lexical retrieval in three
individuals with aphasia—two with progressive aphasia and one with aphasia resulting from
stroke.
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Two individuals with progressive language impairment (PA 1 and PA 2) and one with aphasia
resulting from left hemisphere stroke (LH stroke) participated in this study (see Table 1). PA
1 began experiencing a decline in language approximately 5 years prior and PA 2 approximately
6 years prior to the start of the study. LH stroke was 6 years, 11 months post onset of aphasia.
All individuals presented with anomic aphasia according to the Western Aphasia Battery
(WAB; Kertesz, 1982). Of the two participants with progressive aphasia, one (PA 1)
demonstrated fluent language with some characteristics indicating a progression towards non-
fluency including mild agrammatism, phonemic paraphasias, and a mild apraxia of speech
(Neary et al., 1998). The other individual with progressive language impairment (PA 2)
presented with fluent, somewhat empty spontaneous speech, mild impairment on a nonverbal
measure of semantic relations (The Pyramids and Palm Trees Test, PPT;Howard & Patterson,
1992), as well as surface dysgraphia. Nonverbal semantic processing was spared in PA 1 and
the focal lesion patient, as evidenced by normal performance on the PPT test. The status of
episodic memory was assessed using the Warrington Recognition Memory Test, which
examines recognition memory for both faces and words in a two-alternative forced choice
format (Warrington, 1984). Of the three participants, only PA 2 showed evidence of impairment
on this measure. His performance suggested some degree of impairment to episodic memory,
with a slightly greater deficit in verbal recognition memory. This pattern is consistent with the
presence of primarily left hemisphere atrophy.

Each individual received a regimen of intensive treatment, conducted over a brief span of time,
which was intended to improve lexical retrieval in the context of generative naming for selected
semantic categories. Participants received treatment once daily for 90 minutes, for a total of
12 treatment sessions over 16 days. Each of three categories of living things and three of non-
living things was trained for two sessions, at which point treatment for a new category was
begun. Each category to be trained was matched in terms of difficulty (based on the
performance of agroup of 13 age-matched normal controls) with an untrained category. Treated
and untreated categories were held constant across individuals, but were randomised for order
of treatment (see Table 2 for a listing of paired trained and untrained categories).

Treatment tasks involved guided retrieval prompted by identification and elaboration of items
within subcategories, as well as other semantic tasks. These included sorting pictures and words
by subcategory (e.g., for the category “tools” — things used for cutting, things used for
pounding, types of screwdrivers), identifying semantic attributes of exemplars, comparing and
contrasting between exemplars, and picture naming using a picture dictionary organised
thematically by category. The treatment tasks were designed to encourage production of
category exemplars by providing a boost to semantic representations within a given category
and/or by facilitating improved transmission of information between intact semantic
representations and specific lexical items. There was also a strategic element to the training.
For example, participants were encouraged to produce items within categories by thinking of
logical sub-groupings of items and exhausting one subcategory before switching to another.
In this way, the treatment and homework tasks were intended to promote strategies for
generation of novel exemplars, rather than purely item-specific learning. Spoken production
of exemplars was required during training, and therefore an element of phonological rehearsal
was included in addition to the semantic stimulation. Daily homework involved tasks similar
to those completed in treatment sessions.

Performance probes, consisting of attempts to name items within trained and untrained
categories for 1 minute, were collected three times pre-treatment and at the start of each
treatment session. Additional verbal fluency trials were conducted during treatment sessions,
as part of the therapy protocol. Once treatment for a given category was complete, post-
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treatment probes were collected over subsequent sessions. Follow-up probes were administered
at 3 weeks and 4 months follow-up for two participants (PA 1 and LH stroke). PA 2 was
examined 1 week post-treatment; however, further assessment was not possible. Feedback
regarding performance was given following fluency tasks during the training sessions, but
feedback was not provided for the pre- and post-treatment probes. When probes were analysed
for number of items produced within 1 minute, each unique lexical item that was produced in
an intelligible manner (minor literal paraphasias or apraxic errors were considered acceptable)
was counted. If a superordinate term was given, in addition to specific exemplars (e.g., spoon,
teaspoon, soup spoon), each was counted as correct.

Single-subject multiple baseline data were collected for each participant. In order to illustrate
the treatment design, Figure 1 presents performance data for the first set of trained and untrained
categories. Treatment outcomes were quantified using effect sizes, as suggested by Beeson and
Robey (2006). The effect sizes were calculated using Busk and Serlin’s d, wherein the mean
baseline performance is subtracted from the mean performance for the post-treatment period
(i.e., the period following treatment for a given category, in which items were probed but not
treated). The resulting value is divided by the standard deviation during the baseline phase.
For each d statistic comparing pre- to post-treatment performance in a given category, three
baseline data points (Prel, Pre2, and Pre3 in Table 2) were collected and compared with all
probes taken after training for that category stopped (Post1-6 in Table 2), with the exception
of follow-up probes. The d statistic was also calculated for maintenance effects by comparing
follow-up performance (FU1 and FU2 in Table 2) to baseline performance. Weighted mean
effect sizes were calculated for each participant by multiplying the effect size for each category
by the number of observations for that category and dividing by the total number of
observations.

Effect sizes were evaluated relative to benchmarks derived by Robey and colleagues from
single-subject studies examining treatments for lexical retrieval impairment in aphasia (small:
d=4.0, medium: d=7.0, and large: d =10.1; Beeson & Robey, 2006; Robey, Shultz, Crawford,
& Sinner, 1999). Wilcoxon signed-rank tests were also conducted to compare pre-treatment
performance with post-treatment and follow-up performance. McNemar tests were used to
compare pre-versus post-treatment scores on the Boston Naming Test (Kaplan, Goodglass, &
Weintraub, 2001) and the Pyramids and Palm Trees Test.

All three participants demonstrated improved lexical retrieval on the generative naming task
for the trained categories, as indicated in Table 2, but only PA1 and LH stroke maintained
improved performance on the follow-up probes. Each participant’s response to treatment is
exemplified in Figures 1a, 1b, and 1c, which show the probes during pre-treatment, training,
post-treatment, and follow-up phases for the first of the six pairs of trained and untrained
categories.

The magnitude of change in performance for each participant is reported as standardised effects
sizes in Table 3. PA 1 had a strong, positive response to treatment indicated by large effect

sizes (d >10) for the trained categories for the comparison from baseline to post-treatment and
at the 3-week follow-up, and a smaller effect size for the maintenance of gains at the 4-month
follow-up (d = 4.56). These improvements from baseline to post-treatment and the two follow-
up probes were all significant when tested with the Wilcoxon signed-rank test, W = 21, N = 6,
p =.025; W=21,N =6, p=.025; W =17, N = 6, p =.05, respectively. Although the effect size
for the change on the untrained items was small, the improvement was significant for the post-
treatment probes, W = 21, N = 6, p =.025, indicating some degree of generalisation. However,
at the 4-month follow-up probe, performance had declined for the untreated items relative to
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pre-treatment performance (d = —.24), resulting in a notable discrepancy between performance
on the treated and untreated items at that time. In contrast to PA 1, PA 2 demonstrated a small
(d =2.0) but significant change in performance for trained categories (W =21, N = 6, p =.025),
and there was no maintenance or generalisation of the learning.

The gains made by LH stroke were intermediate between the two other participants. He showed
medium-sized treatment effects for trained categories (d >6.0), with moderate maintenance of
improvement on the two follow-up probes (d = 3.70 and 3.59). These changes in performance
were significant from baseline to post-treatment (W = 21, N = 6, p =.025), and at the follow-

up evaluations (W =15, N =5, p =.05; W = 21, N = 6, p =.025). Generalised improvement to
the untrained categories was modest (d = 1.11) but significant (W =17, N = 6, p =.05) at post-
treatment, and some degree of maintenance was observed at the 4-month follow-up (d = 1.16;
W=17,N=6, p=.05).

Data utilised for calculation of effect sizes were collected at the start of treatment sessions and
thus do not represent changes in behaviour that took place within a session, which were often
substantial. In order to represent the effect of stimulation within a treatment session, the sample
data for each participant in Figure 1 also include the best performance obtained for the trained
category during the two treatment sessions for that category (labelled “within-session gain™).
These data illustrate the effects of priming and facilitation during training; however, they were
not included in statistical analyses, as they do not necessarily reflect lasting, meaningful
changes in behaviour. Nonetheless, it is worth mention that, in the majority of treatment
sessions for each participant, there was an improvement of at least 50% relative to the probe
at the beginning of the session.

Pre- to post-treatment scores on the BNT and PPT showed relatively stable performance for
the three participants (see Table 4), with the notable exception of the stroke patient’s 14-point
improvement on the naming test (McNemar test, p<.001). Improvement on this measure
indicates generalisation to an untrained naming task and to untreated items. Importantly, this
significant improvement was maintained at 3 weeks (36/60 items correct; McNemar test, p<.
001) and 4 months (33/60 items correct; McNemar test, p<.01) post-treatment. There was also
a small but non-significant change in performance on the PPT for PA 2, which resulted in a
post-treatment score that fell within normal limits.

DISCUSSION

In this study, a strong positive response to intensive, semantically based treatment for lexical
retrieval was documented in an individual with progressive aphasia (PA 1), similar to that
observed in a participant with stroke-induced aphasia. This is contrasted with the limited
response to treatment by a second individual with progressive aphasia (PA 2). Although the
pre-treatment language profiles of all three participants were similar with regard to aphasia
severity and degree of anomia, PA 2 demonstrated impairment of conceptual knowledge,
whereas the other two participants showed a relative sparing of semantic processing. Thus, we
consider that the differential response to treatment may reflect differences regarding the nature
of the underlying cognitive impairment.

The mechanism for improved naming in PA 1 and LH stroke appeared to involve a
strengthening of links between intact semantic representations and corresponding phonological
word forms, as treatment involved explicit enumeration of semantic attributes combined with
spoken naming. Semantically motivated retrieval strategies (e.g., generating items by sub-
category based on shared semantic attributes) also proved beneficial, as a means of organising
the lexical search and as a guide for production of novel exemplars. Application of semantic
strategies for retrieval was apparent during probes as these two participants produced items
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that were grouped semantically and also in their overt comments (e.g., “Okay, now I’ll think
of ones that you use for cutting” during the probe for “tools”).

In the case of PA 2, impaired semantic processing was evident on the PPT test, but was most
striking as he struggled with the treatment tasks themselves. Relative to the other two
participants, PA 2’s performance during treatment was quantitatively and qualitatively
different on the semantically based treatment tasks. For example, his attempts to sort items by
semantic relatedness often reflected idiosyncratic groupings of items, and he had difficulty
comparing and contrasting items within a given category. In addition, PA 2’s written homework
showed limited variation in the exemplars generated for target categories, giving the impression
that he attempted to memorise lists of items, rather than generating items using the semantic
strategies implemented during treatment. Thus, it appeared that PA 2 tended to rely more on
episodic memory to retrieve items, much like the SD patient described by Graham et al.
(2001). Despite these limitations, it was interesting to note that PA 2 made notable
improvement on the category “dogs” (d =7.00 for “dogs”; weighted d for other categories
combined = 1.36), which can be attributed to both his residual knowledge of and his intrinsic
interest in this topic. This differential performance highlights the obvious practical
consideration of selecting personally relevant items when conducting this type of treatment in
a clinical setting. In fact, evidence from prior studies with SD patients suggests that targeting
items of importance to the individual, using personally relevant cues during training, and
treating items for which there is some degree of residual semantic knowledge may be critical
in successfully treating anomia in these patients (Jokel et al., 2006; Snowden & Neary,
2002).

It is important to note that, despite PA 2’s apparent attempts to memorise items in the trained
categories, he did in fact show an impairment of episodic memory. This was documented by
his performance on the Warrington Recognition Memory Test (see Table 1) but was also evident
during treatment sessions, as he had considerable difficulty recalling the lexical retrieval
strategies for specific categories from one session to the next. This was not the case with the
other two participants. PA 2 also differed from the others in that he demonstrated some of the
obsessive practice behaviours reported by Graham and colleagues (2001), as well as difficulty
in switching task set during sessions, which may be indicative of some degree of frontal lobe
pathology. Such behaviours may present additional considerations when implementing
treatment with individuals with probable frontotemporal lobar degeneration (FTLD). Indeed,
it has been shown that patients with the semantic impairment of SD may demonstrate
behavioural deficits similar to those observed in patients with the frontal variant of FTLD
(Williams, Nestor, & Hodges, 2005). In PA 2, an impairment of frontal lobe function may have
contributed to poor performance on verbal fluency probes, which are reliant on both frontal
and temporal cortices (Jokel et al., 2006), and may also have been a limiting factor in his ability
to apply strategies for word retrieval. In sum, PA 2’s progress appeared to be constrained by
a degradation of semantic processing abilities, as well as other cognitive factors, including
episodic memory impairment and possibly reduced frontal lobe functioning.

Returning attention to PA 1 and LH stroke, we noted that they appeared to have relatively
preserved semantic knowledge. We acknowledge, however, that our testing was not extensive
enough to rule out the possibility that a subtle semantic deficit was a contributing factor in their
anomia. If so, treatment tasks involving explicit delineation of semantic features within and
between categories may have aided in more efficient lexical selection by augmenting degraded
semantic representations. However, these patients’ high degree of accuracy (nearly 100%) in
semantic sorting tasks with pictures of items that they often could not name suggests that the
deficit was, at least in part, one of impaired access to or activation of lexical forms, rather than
semantic degradation.
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The positive response to treatment documented in PA 1 offers support for the consideration of
behavioural treatment to improve language performance in individuals with progressive
aphasia. In fact, it was noteworthy that PA 1’s improvement occurred in the context of a gradual
decline in performance over time on the untrained items. Specifically, a positive treatment
effect was maintained for trained categories at the 4-month follow-up (d>4) relative to a
negative change in performance on the untrained categories (d= —.24). These findings suggest
that a protective benefit may have been afforded by the treatment of these categories. These
treatment effects might have been further enhanced by the implementation of a maintenance
programme following treatment.

In sum, this study supports the notion that intensive semantically based treatment may serve
to improve lexical retrieval for some individuals with progressive aphasia in a manner similar
to individuals with focal left hemisphere damage due to stroke. These findings contribute to
the small body of literature regarding treatment for the language impairment in progressive
aphasia, and prompt additional work to further clarify the best candidates and therapeutic
approaches for treatment with this population.
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Figure 1.

(a) Performance for PA 1 on first training set. (b) Performance for PA 2 on first training set.
(c) Performance for focal lesion patient (LH stroke) on first training set (pre = pre-treatment
probes; training = probes taken at the start of each training session; within-session gain = best
performance achieved during training sessions; maintenance = probes taken post-treatment;
untrained = performance on untrained category matched for difficulty based on normal data).
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