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Inferior parietal transcranial direct current stimulation with training
improves cognition in anomic Alzheimer’s disease and frontotemporal

dementia
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Abstract Introduction: We evaluated whether transcranial direct current stimulation (tDCS) can improve
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picture-naming abilities in subjects with anomic Alzheimer or frontotemporal dementias.
Methods: Using a double-blind crossover design, 10 participants were trained on picture
naming over a series of 10 sessions with either 30 minutes of anodal (2 mA) tDCS stimulation
to the left inferior parieto-temporal region (P3) or sham stimulation. We evaluated performance
on a trained picture-naming list, an equivalent untrained list, and additional neuropsychological
tasks.
Results: Participants improved significantly more receiving real stimulation rather than sham
stimulation (40% vs. 19%, P , .01), lasting at least 2 weeks after stimulation. Furthermore, these
participants showed a small increase for untrained picture-naming items and digit span when they
received real stimulation but a decrease when sham stimulation was received.
Discussion: tDCS stimulation has promise as a treatment for anomia in demented individuals and the
effect can generalize to unstudied items as well as other cognitive abilities.
� 2017 The Authors. Published by Elsevier Inc. on behalf of the Alzheimer’s Association. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/
4.0/).
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1. Introduction

Neurodegenerative diseases such as Alzheimer’s disease
(AD) and frontotemporal dementia (FTD) are accompanied
by a variety of cognitive impairments involving language, ex-
ecutive function, and memory. Current therapies are limited in
their ability to significantly improve these cognitive abilities.
Transcranial direct current stimulation (tDCS) has been
show to have effects that last beyond the time of stimulation
[1]. In a series of experiments in the past decade, tDCS has
been shown to impact cognitive performance and emotional
states [2]. tDCShas had a benefit sufficient to beused clinically
in depression [3] and Parkinson’s disease [4]. However, few
thor. Tel.: 11-514-999-2762.
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tDCSstudies have targeted any cognitive symptoms in primary
progressive aphasia (PPA) living with AD or FTD, and of the
few studies done, most have examined memory improvement
after a single session of tDCS stimulation without concurrent
training. These initial studies were positive [5–7], but
negative results have also been reported [8–11]. Crucially,
these negative results have been attributed to the montage
used, the participants included, or the method of evaluation,
rather than representing a failure of tDCS itself. Taspkini
et al. [12] found that combining training with anodal tDCS
stimulation could improve spelling scores in six PPA partici-
pants (two nonfluent, four logopenic). These results suggest
that tDCS may be especially effective when combined with
training, and linguistic abilities such as anomia might be
amendable to improvement. For this reason, we conducted a
proof-of-concept study with a mixed group of dementia
imer’s Association. This is an open access article under the CC BY-NC-ND
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patients having neurodegenerative aphasia syndromes where
anomia was prominent. We examined whether language
training combinedwith anodal tDCS stimulation to the inferior
parietal lobe would improve naming ability.
2. Method

2.1. Participants

Ten participants were selected for this pilot study, which
was designed as a randomized cross-over of tDCS versus
sham therapy. Clinically, they had evidence of dementia
(ADor FTD), according to eitherMcKhann et al. [13] criteria
for AD, or the Rescovsky et al. [14] criteria for FTD. Inclu-
sions criteriawere as follows: a diagnosis of dementia (ADor
FTD), scoring below a cutoff point for normal performance
on the spontaneous naming task of the Cambridge Semantic
Battery [15] and a demonstrated ability to do the naming task
that was the focus of our investigation. For this reason, we
included participants with low Montreal Cognitive Assess-
ment (MoCA) scores and Mini–Mental State Examination
(MMSE) scores if they were able to understand and coop-
erate for the Naming task and could make an effort to
name images when prompted to do so. Some patients were
taking medication (e.g., cholinesterase inhibitors), but there
were no medication differences between the sham and real
stimulation rounds. Finally, the study was approved by the
research ethics committee of the Jewish General Hospital,
Montr�eal, Canada. At the time of enrollment, all participants
also underwent flurodeoxyglucose–positron emission topog-
raphy scans to examine the level of left temporo-parietal hy-
pometabolism—our target area of stimulation. Clinical
reports from the neuroradiologist of hypometabolism in
left perisylvian (temporo-parietal) regions were considered
an additional inclusion criterion for the study, and the degree
of hypometabolism was documented. As can be observed in
Table 1, alongside demographic and diagnostic details, all
Table 1

Patient diagnostic and general cognition data

Patient

code

Diagnosis,

PPA type

Left

TP

Right

TP Age

S

(

BaM FTD, nf PPA 11 1 74 M

BeJ FTD, nf PPA 1 72 M

CaM FTD, nf PPA 1 1 62 M

DiC FTD, nf PPA 11 11 75 M

LaD FTD, nf PPA 11 1 62 M

MaA AD, nf PPA 11 63 F

McD AD, logo PPA 11 11 69 M

OuL AD, logo PPA 111 11 70 M

LaA FTD, sv PPA 11 11 56 F

TrL FTD, sv PPA 11 11 71 F

Abbreviations: PPA, primary progressive aphasia; TP, temporal-parietal area; M

ination; FTD, frontotemporal dementia; PPA subtypes: nf PPA, nonfluent PPA; log

ease; hypometabolism levels: 1, mild; 11, moderate; 111, severe, based on F

NOTE. C. naming is the spontaneous naming score obtained on the naming tas

mean 5 62, standard deviation 5 2).
participants had mild-to-severe hypometabolism in the left
perisylvian region, but variable hypometabolism on the right.
2.2. Experimental design

Five participants were given anodal stimulation (10 daily
sessions) during the first round of testing and had 10 sessions
of sham stimulation delivered at least 2 months later. For the
other five participants, this order was reversed. They were
first given 10 sessions of sham stimulation, with anodal
stimulation administered during the second round of testing
at least 2 months later. All participants and raters were blind
to the stimulation condition (active vs. sham). Furthermore,
regardless of condition, all participants experienced an
initial ramp-up of the machine to 2 mA, which remained
at 2 mA for 1 minute in the sham condition. Furthermore,
a simulated ramp-up also occurred in the final 30 seconds
of the sham condition. In this manner, regardless of condi-
tion, all participants felt an initial prickling sensation during
the first minute which indicated that stimulation had started.
In a real stimulation condition, after this initial ramp-up,
participants begin to notice the sensations less as impend-
ence becomes sufficiently low, to the extent that many par-
ticipants report no longer feeling the stimulation. Thus, in
a sham stimulation condition, when stimulation effectively
ceases, participants in turn perceive this change as similar
to the one felt in the real stimulation condition. In other
words, participants have great difficulty distinguishing real
and sham stimulation. Consequently, despite being informed
after the experiment that some rounds had been sham, partic-
ipants by and large indicated that they had considered all
rounds to contain real stimulation, albeit also reporting
that certain rounds were more effective than others.
2.3. Primary outcome measure: Spontaneous naming

Stimuli for the picture-naming task were taken from the
Snodgrass and Vanderwart image set [16], with familiarity
ex

M/F)

Education

(years) MoCA MMSE

C. naming

score

18 3 9 59

15 24 28 57

11 13 17 59

11 21 26 58

18 9 14 34

18 24 27 56

11 10 17 30

11 6 10 30

18 3 8 11

18 22 26 9

oCA, Montreal Cognitive Assessment; MMSE, Mini–Mental State Exam-

o PPA, logopenic PPA; sv PPA, semantic variant PPA; AD, Alzheimer’s dis-

DG-PET scans collected on participants at the time of study enrollment.

k from the Cambridge Semantic Battery (max 5 64, normal elderly control
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and agreement norms obtained from a group of 20 normal
elderly adults (mean age 72 years). They were asked to
name the image and provide a familiarity rating from one
(not at all familiar) to 7 (very familiar). We then eliminated
any images that were incorrectly named, as well as any
image where the agreement for a particular label was less
than 95%. The remaining images were then organized into
their semantic categories, ranked for familiarity, and
divided into three lists hereafter called naming 1, 2, and 3.
In this manner, each list was equally familiar and had a
similar number of exemplars from each semantic category.
There were 60 pictures in each list, and there was no differ-
ence between lists in terms of word frequency or picture
familiarity (P . .90 for both).

In each round of stimulation, one list of items would be
used for daily training sessions carried out simultaneously
with an initial 30 minutes of tDCS stimulation, whereas
another naming list was left untrained (as described in
Section 2.2). More specifically, in the first round of the
experiment, naming 1 was trained, and naming 2 was left
untrained, whereas for round 2, naming 2 was trained and
naming 3 was left untrained. This allowed us to assess
changes in naming pre- and post-tDCS, for both “trained”
and “untrained” picture items.
2.4. Secondary outcome measures: Language and
cognition

An additional set of general cognition tasks was also
included to assess participant’s abilities in these domains
and to check if parietal tDCS stimulation would lead to
higher scores compared to sham. No training for these tasks
was ever carried out, and they were only administered during
an evaluation session (i.e., before tDCS stimulation, the final
session of tDCS stimulation, and 2 weeks after stimulation).
The tasks included forward and backward digit span from
the WAIS-IV [17], verbal fluency (F, A, S, Animals), and
two assessments of general cognition: the MoCA [18] and
the MMSE [19]. In addition, informal “exit interviews”
were carried out with family members after study, to glean
anecdotal information on any observed change in mood,
cognition, or day-to-day function observed by the family.
Fig. 1. Montage applied. Abbreviation: tDCS, transcranial direct current

stimulation.
2.5. tDCS montage

ADC STIMULATOR PLUS (NeurConn, Germany) was
used to administer anodal stimulation for 30 minutes at
2 mA. The time (30 minutes) and magnitude (2 mA) have
been used often with dementia participants (e.g., [20]).
The inferior parietal lobe was chosen for stimulation
because this area has shown to be highly involved in seman-
tic control processes, in particular when naming objects
[21]. However, considering the size of the tDCS sponges
(5 ! 7 cm), the area was always roughly P3 (in the
10-20 system for EEG electrode placement) and included
both the angular gyrus and supramarginal gyrus, as well
as the superior areas of Brodmann area 37. We view these
additional areas of stimulation as positive as these brain
areas have also been noted in semantic control processes,
and being able to simultaneously stimulate multiple areas
could be a strength when treating people living with demen-
tia. The reference electrode was placed on the right fronto-
orbital area; the bottom edge of the sponge was brought
down to the person’s right eyebrow. Finally, sponges were
soaked in a saline (0.9%) solution before application, and
straps were placed over the sponges along the person’s
scalp to ensure sponges remained in place throughout the
session. Both the anodal stimulation and sham condition
had an initial ramp-up to 2 mA lasting 10 seconds. It is dur-
ing this initial phase, where impedance is high, that tingling
and burning sensations are most felt. To bring impedance
levels below 5.0 for all participants, where side effects
are perceived substantially less, syringes were used to
apply further solution to the area between the sponges
and the person’s scalp regardless of the condition. In the
sham condition, stimulation ceased after 60 seconds,
whereas it continued for 30 minutes in the anodal stimula-
tion condition. However, a ramp-down was experienced in
both conditions during the final 30 seconds. For this reason,
participants reported being unable to tell apart sham and
real conditions as all sessions have started and finished
with a ramp-up which seemed to indicate that stimulation
had occurred. Fig. 1 below displays the montage used.
2.6. Experiment protocol

Before the experimental sessions, all participants under-
went a structural magnetic resonance imaging (MRI). In a
subsequent session, with the aid of a TMS neural-
navigation device (Magstim Rapid stimulator, double
70-mm coil, UK), the approximate location of the partici-
pants’ inferior parietal lobe vis- �a-vis their scalp was located
via the Brainsight software package, marked, and used in all
subsequent sessions as the location for the anodal



Fig. 2. tDCS paradigm used in present study. Abbreviation: tDCS, transcra-

nial direct current stimulation.
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stimulation sponge; regardless of experimental condition
(anodal or sham). Location was guided by an anatomic target
on the participant’sMRI: the area below the intraparietal sul-
cus and roughly where the angular and supramarginal gyri
meet. Each person subsequently underwent two rounds of
11 sessions at the Jewish General Hospital in Montreal. In
the first session, the person was administered the tasks
used to evaluate the primary and secondary outcome mea-
sures as described earlier. Administering all of these tasks
took approximately 2 hours. Participants were unaware if
they were in the parietal or sham condition, and for all eval-
uations, the person administering and scoring the tasks was
also blind to the participant’s condition. In other words, this
was a double-blind crossover design.

For the second to tenth session of the first round, each
session followed the same procedure. First, the tDCS
machine was started to provide either anodal or sham stim-
ulation. Second, each participant was presented the 60
images from either naming 1 or naming 2, depending on
whether this was their first or second round of participation;
each image was presented for 6 seconds and the participant
was asked to name the picture. The items the participant
failed to name during this initial naming task were divided
into groups of five images. For example, if a participant
failed to name 30 images, there would be six groups created.
We then presented a group of five images one-by-one, noting
if it was now correctly named or missed, and told the partic-
ipant the image’s name when he or she failed to do so. The
images were then cycled until all images in a group were
correctly named three cycles in a row. The next group of
unnamed images was then presented, and so on, until all
untrained images were trained. Note, however, that the
unnamed images trained were always specific to that partic-
ular session because they were based on the participant’s
initial performance when asked to name the initial set of
60 images. In other words, the items to be trained in any
particular session were always the images that the partici-
pant failed to name during that session’s initial naming
task. For this reason, the length of the session varied greatly
as it depended on the number of unnamed items made by the
participant at a particular session, and milder participants
made fewer errors.

Despite these differences, training always lasted at least
30 minutes (the length of the stimulation given), but no
longer than 2 hours to avoid exhaustion, even if some
unnamed items were left untrained.

In the final 11th session, tDCS stimulation was adminis-
tered as in previous sessions, but evaluation rather than
training was administered. Therefore, the results for this
session could be interpreted as checks for possible online
effects because this evaluation was identical to that given in
the first session except for the initial tDCS stimulation.
Note, however, that participants were again presented both
naming lists, despite being trained on only one of these. In
this manner, we could compare improvement for a list on
which participants were trained versus one where no training
was given. This evaluationwas repeated 2weeks laterwithout
tDCS stimulation in the interval, to examine the duration of
stimulation effects. All evaluations took roughly 2 hours.

In summary, evaluation took place before the first
stimulation session, at the final stimulation session accom-
panied with an initial 30 minutes of real or sham tDCS
stimulation, and 2 weeks later without stimulation. Round
2 for a participant began at least 2 months later to ensure
washout of any residual effects of the first round.
Participants returned to receive the alternate type of
stimulation but otherwise underwent the same procedure
as done in round 1. Fig. 2 displays the experimental protocol.
2.7. Data analysis

For the primary outcome measures, a one-way ANOVA
with repeated measure was used to compare results across
the conditions for the same set of participants. Stimulation
type (anodal vs. sham) and time (session 1, session 11, after
2 weeks) were included as within-subject factors. To
maximize power due to the small sample size, we also ran
this ANOVA separately for trained and untrained items.
Similarly, for secondary outcome measures, separate
one-way ANOVAs with repeated measures were used for
each task. Finally, baselines scores across conditions for
trained and untrained items were comparable.
3. Results

3.1. Trained naming list

For trained items, both stimulation (F 5 13.41, P, .01,
partial h 5 0.60) and the stimulation by time interaction
were significant (F5 9.98, P, .05, partial h5 0.53). Par-
ticipants in the real anodal tDCS stimulation condition
improved from a prestimulation baseline of 34.4/60
(SD 5 17.71) to 48.3/60 (SD 5 13.22), representing a
40% improvement, with a slight decrease to 45.3/60
(SD 5 14.86) 2 weeks later. In contrast, the same partici-
pants improved only from 33.1/60 (SD 5 19.2) to 39.5/60
(SD 5 17.92), in the sham condition, a 19% improvement,
followed by a small decrease 2 weeks later to 35.5/60
(SD5 19.29). The results strongly suggest although partic-
ipants benefited from training in both conditions, the
improvement was twice as large when it was combined
with tDCS stimulation (40% increase vs. 19% increase).



Fig. 3. Naming score improvement for trained items per stimulation round. Abbreviation: n.s., not significant. *P ,.05.
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Planned comparisons, paired t-tests, also found base scores
for the real and sham conditions were similar [t (9)5 0.84,
P5 .43] but then significantly different at the 10th stimula-
tion session [t (9)5 3.75, P, .01], as well as 2 weeks later
[t (9)5 4.18, P, .01]. These results are displayed in Fig. 3.
3.2. Untrained naming list

For untrained items, only the stimulation by time
interaction was significant (F 5 5.83, P , .05, partial
h 5 0.39). Examining the results per condition, we found
that participants in the real stimulation condition improved
slightly from a baseline of 30.5/60 (SD5 18.69) to 33.6/60
(SD 5 19.60), and then to 34.0/60 (SD 5 19.91) 2 weeks
after stimulation. In contrast, the same participants
receiving sham stimulation actually showed a small
decrease from a baseline score of 32.1/60 (SD 5 20.76)
to a score of 29.4/60 (SD 5 19.56) and further decreased
to 28.5/60 (SD 5 22.27) 2 weeks later. Planned compari-
sons, paired t-tests, found real versus sham scores were
similar at baseline [t (9) 5 1.03, P 5 .33] and at the 10th
session [t (9) 5 1.51, P 5 .17] but significantly different
2-weeks after stimulation [t (9) 5 3.07, P , .05] because
participants in the real condition continued to increase as
opposed to the decrease experienced in the sham condition.
Fig. 4. Naming score improvement for untrained items per stim
We present the results in Fig. 4 and provide possible expla-
nations for these results in Section 4.
3.3. Secondary outcome measures

Of the five secondary measures assessed, one significant
result emerged: digit span (n 5 8). For this task, participant’s
score was expressed as their total for both forward and back-
ward digit span. When participants received real anodal stimu-
lation to P3, their prestimulation total digit span score changed
little from 11.75 (SE 5 1.01) to 11.88 (SE 5 1.36) but had a
small increase 2 weeks later to 12.75 (SE 5 1.39). Although
these results may seem unimpressive, compare when the
same participants received sham stimulation: little change
from a first session score of 11.38 (SE5 1.98) to the final ses-
sion score of 11.38 (SE5 1.27), but then a drop 2weeks later to
9.38 (SE5 1.52). Consistent with these observations, both the
stimulation effect (F5 7.15,P, .05, partialh5 0.51) and the
stimulation by time interaction were significant (F 5 3.81,
P, .05, partial h5 0.35). Post hoc paired t-tests with a Bon-
ferroni correction found total digit span scores were similar at
baseline [t (7) 5 0.31, P 5 .77] and at the 10th session
[t (7) 5 1.0, P 5 .35] but significantly different 2 weeks later
[t (7)5 4.34, P, .01]. These results are displayed in Fig. 5.
ulation round. Abbreviation: n.s., not significant. *P ,.05.



Fig. 5. Score per condition over time for digit span. Abbreviation: n.s., not significant. *P ,.05.
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3.4. Informal caregiver interviews

Wedidnot formally assess towhat extent stimulation results
extended to aspects of daily living; however, 7/10 familymem-
bers in debriefing sessions reported noting positive behavior
change that coincided with active parietal stimulation, which
were absent when sham stimulation was administered. The
only observed side effect was occasional redness where the
sponge was placed, which disappeared after a few hours.
4. Discussion

We have found that application of tDCS to the inferior
parietal lobe area (P3) during picture-naming training
demonstrated significant improvement in picture naming
beyond that encountered with training alone. Improvement
in performance was greater and more durable when training
was undertaken with simultaneous tDCS stimulation. These
results suggest tDCS is effective at stimulating the parietal
lobe and enhancing cortical networks involved in cognitive
function. A similar (albeit less striking) result was found
for untrained items. Although the participants showed only
small improvement, this was contrasted with a decrease
when sham stimulation was received. During sham stimula-
tion, participants would often name an object incorrectly by
using a label for which they had been previously trained, and
we suggest this greater tendency during the sham condition
was the cause for the decrease. For example, a frequently
misnamed and therefore frequently practiced item regardless
of training session was owl, and when being evaluated on the
untrained naming list, participants would produce the verbal
label owl in the presence of another bird (e.g., eagle).
Therefore, training participants on a certain set of images
appeared to cause semantic interference when they were
then presented a novel array of images; however,
participants receiving real anodal stimulation to the parietal
lobe were better able to handle this increased level of seman-
tic interference. Finally, a stimulation effect was found for
digit span, which is consistent with previous results suggest-
ing the digit span task was argued to rely on parietal cortices
[21,22].
In summary, for trained items, participants improved
more and maintained their scores longer, when stimulation
was real rather than sham, whereas an improvement for
untrained items and digit span was observed only when
stimulation was real. Therefore, we are confident that a
tDCS stimulation benefit was produced in our participants.
Further studies will be needed to check if the results can
be replicated with a larger sample size, but the initial results
are also impressive enough to warrant such an investigation.
4.1. tDCS: Is there potential as an ancillary therapy for
dementia?

We have demonstrated significant improvement in cogni-
tive functions lasting at least up to 2 weeks following anodal
tDCS stimulation to the inferior parietal lobe in individuals
with neurodegenerative disease who showed hypometabo-
lism in that region. The improvement was clearly demon-
strated on the target picture-naming task as accuracy for
naming trained pictures was markedly improved, but
improvement against sham was demonstrable for all pictures
tested. Furthermore, certain family members in debriefing
sessions reported noting positive behavior change that coin-
cided with active parietal stimulation, which were absent
when sham stimulation was administered. For this reason,
we view these results as sufficient to motivate further work
to elucidate the optimal positioning, location, cognitive
tasks, montage, and patient characteristics which will
produce significant benefit for AD and FTD individuals.
For example, Cheng et al. [23] have proposed a tDCS study
examining if tDCS could also improve working memory in
individuals with Alzheimer’s disease. If our results are
replicated in formal larger clinical trials, tDCS with training
might emerge as a viable therapy for AD and FTD.
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RESEARCH IN CONTEXT

1. Systematic review: Only a few transcranial direct
current stimulation (tDCS) studies have included
people with dementia and the results have been
mixed. We note that combining training with stimu-
lation seems crucial for positive effects. Thus, we ran
a proof-of-concept study to investigate if tDCS
stimulation combined with training would improve
naming ability in people with primary progressive
aphasia caused by a neurodegenerative disease (i.e.,
Alzheimer’s disease or frontotemporal dementia).

2. Interpretation: Participants improved when naming
training was combined with 30 minutes of anodal
stimulation. Furthermore, results were much larger
for the items that were trained, which reinforces
our hypothesis that effects are greater when stimula-
tion is combined with training.

3. Future directions: Test the paradigm for another
domain (e.g., working memory). For example,
administering stimulation with training on an
N-Back task may lead to working memory improve-
ment. Positive results would suggest our paradigm
works across domains, whereas null results would
suggest that the paradigm’s effectiveness is limited.
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