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Ipsilesional and contralesional regions participate in the improvement of poststroke aphasia: a
transcranial direct current stimulation study

Vanessa Costa*", Giuseppe Giglia®, Filippo Brighina, Serena Indovino and Brigida Fierro

Department of Experimental BioMedicine and Clinical Neurosciences (BioNeC), University of Palermo, Palermo, Italy
(Received 27 April 2013; accepted 19 May 2014)

In the past few years, noninvasive cerebral stimulations have been used to modulate language task performance in healthy
and aphasic patients. In this study, a dual transcranial direct current stimulation (tDCS) on anterior and posterior language
areas was applied for 2 weeks to a patient with a possible crossed aphasia following a right hemisphere stroke. Inhibitory
cathodal stimulation of the right Brodmann areas (BA) 44/45 and simultaneous anodal stimulation of the left BA 44/45
improved the patient’s performance in picture naming. Conversely, the same bilateral montage on BA 39/40 did not produce
any significant improvement; finally, electrode polarity inversion over BA 39/40 yielded a further improvement compared
with the first anterior stimulation. Our findings suggest that ipsilesional and contralesional areas could be useful in
poststroke functional reorganization and provide new evidences for the therapeutic value of tDCS in aphasia.
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As indicated by some functional studies (Crinion & Leff,
2007; Fridriksson, Bonilha, Baker, Moser, & Rorden,
2010; Postman-Caucheteux et al., 2010; Rosen et al.,
2000; Warburton, Price, Swinburn, & Wise, 1999), a
more effective and long-term recovery from aphasia is
determined by recruitment of perilesional areas, whereas
the role and the functional relevance of the contralesional
areas are not well established yet, although activation of
both right hemisphere and left hemisphere associated with
aphasia recovery has been reported (Calvert et al., 2000;
Crosson et al., 2005; Fernandez et al., 2004; Vitali et al.,
2007). Typically, right hemisphere regions, recruited dur-
ing linguistic tasks, are homologous to damaged language
areas of the left hemisphere (Abo et al., 2004; Thompson,
2004; Xu et al., 2004).

The issues concerning the compensatory mechanisms
in aphasia recovery have been addressed through the
application of noninvasive cerebral stimulation methods
(for recent reviews, see Cotelli et al., 2011; Hamilton,
Chrysikou, & Coslett, 2011).

Transcranial direct current stimulation (tDCS) acts by
altering membrane potential of cortical neurons. The
effects are determined by the stimulation polarity: anodal
stimulation increases excitability and cathodal stimulation
decreases it (Liebetanz, Nitsche, Tergau, & Paulus, 2002;
Nitsche & Paulus, 2000). tDCS has principally been used
to study motor, visual (for a recent review, see Antal,
Paulus, & Nitsche, 2011), and cognitive functions (for a
recent review, see Jacobson, Koslowsky, & Lavidor, 2012)

and to evaluate its potential in therapeutic applications for
different neurological diseases (Miniussi et al., 2008;
Sparing & Mottaghy, 2008).

tDCS has been applied over frontoparietal and tempor-
oparietal areas to promote a linguistic improvement, and
different results have been obtained (Monti et al., 2013;
Schlaug, Marchina, & Wan, 2011). For example, after
5 days of anodal tDCS to the damaged hemisphere, paired
with anomia treatment, better performance in naming was
detected (Baker, Rorden, & Fridriksson, 2010; Fiori et al.,
2011). Similarly, using anodal stimulation of the left
Broca’s area in patients with speech apraxia, Marangolo
et al. (2011) obtained an improvement in a repetition task.
However, in contrast, Monti et al. (2008), after a single
session of cathodal stimulation of the left Broca’s area in a
group of aphasic patients, found an increase in accuracy in
picture naming compared to sham and anodal stimulation.
Finally, applying cathodal stimulation on the homologous
Wernicke’s area, You, Kim, Chun, Jung, and Park (2011)
reported an improvement in a verbal comprehension task
for a group of 21 subacute aphasic patients.

It was hypothesized that if cathodal tDCS provokes
hyperpolarization of the cellular membranes and anodal
tDCS produces their depolarization (Liebetanz et al.,
2002) (but see Jacobson et al., 2012), then a cumulative
and synergic effect of both could be possible (Vines,
Cerruti, & Schlaug, 2008). Bihemispheric montage
involves an electrode being placed on the target area,
whereas the opposite electrode is positioned on the
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homologous contralateral area. In some studies, an additive
effect of dual tDCS was obtained with respect to the mon-
tage with a single active electrode (Giglia et al., 2011; Vines
et al.,, 2008). For example, a significantly greater impair-
ment of performance in a visuospatial task was obtained in
normal subjects using dual tDCS on the posterior parietal
cortex (PPC) (anode on left PPC and cathode on right PPC)
compared to isolated cathodal tDCS on right PPC (Giglia
et al., 2011). Dual tDCS was also used in studies regarding
the visual and working memory of healthy subjects (Chi,
Fregni, & Snyder, 2010; Sandrini, Fertonani, Cohen, &
Miniussi, 2012). Recently, bihemispheric stimulation was
used successfully in a group of eight patients with apraxia
of speech (Marangolo et al.,, 2013) and in a single-case
study, together with a verb anomia training (Manenti
et al, 2014). In this last report (Manenti et al., 2014),
after 20 sessions of bihemispheric stimulation on dorsolat-
eral prefrontal cortex (DLPFC) (tDCS anodal was placed on
the left DLPFC and tDCS cathodal was placed on the right
DLPFC), an aphasic patient achieved an improvement in
treated and untreated verbs naming and the effect lasted up
to 48 weeks after the end of stimulation.

Generally, aphasia is a consequence of stroke to the
left hemisphere, but more rarely, linguistic disorders after
stroke to the right hemisphere have been reported in both
left- and right-handed individuals, taking the name of
crossed aphasia and crossed aphasia in dextrals (for a
review, see Marien, Paghera, De Deyn, & Vignolo,
2004). To the best of our knowledge, only in one study
was inhibitory repetitive transcranial magnetic stimulation
(rTMS) used on the contralateral hemisphere to examine
functional recovery of a patient with crossed aphasia (Jung
et al., 2010).

In this current article, we present a case study in which
repeated sessions of dual tDCS were used to improve
naming performance in a chronic aphasic patient following
stroke to the right middle cerebral artery (MCA). EBE
(acronym of patient’s name) presented a severe impair-
ment of expressive and receptive language (see later)
and a structural preservation of the left hemisphere (see
Figure 1). Crossed aphasia was suspected, but the five
criteria employed in the literature for this diagnosis were
not completely satisfied (Marien et al., 2004): presence of
aphasia, right-handedness documented by a formal test,
lesion confined to the right hemisphere, absence of left-
handedness in relatives, and absence of early brain

damage. When the first three criteria are met, a diagnosis
of possible crossed aphasia could be made. EBE was right-
handed (she writes and draws with the right hand before
and after the stroke), but it was not clear if she was forced
to shift the original left-hand preference to the right due to
pressure at school. Moreover, her husband reported a
double preference of EBE in the execution of daily activ-
ities, and he was not sure if EBE has left-handed relatives.
Severe aphasia of EBE and left hemiparesis with marked
involvement of the upper limb prevented a formal test for
handedness. However, we asked her husband to answer
the questions of the Edinburgh Handedness Inventory
(handedness score: +78). Therefore, on the basis of the
model of Marien et al. (2004), the patient could be classi-
fied as a case of possible crossed aphasia.

This is the first study in which a dual tDCS has been
used to ameliorate naming performance of an aphasic
patient following stroke to the right hemisphere.

Since the naming task involves processes that probably
take place in separate brain regions (Abel et al., 2009;
Hillis et al., 2006), we decided to stimulate Broca’s and
Wernicke’s areas electrically to evaluate whether repeated
bihemispheric tDCS (daily frequency for 2 weeks) on
these areas could contribute differently to improvement
in the picture-naming task.

Because of the particularity of this case, a patient with
possible and unreliable crossed aphasia, to decide the most
suitable dual montage for tDCS treatments, we carried out
an exploratory pilot experiment. Dual tDCS was used on
the Brodmann areas (BA) 44/45 in three separate sessions:
anode on the right and cathode on the left, anode on the
left and cathode on the right, and sham. The montage
inducing the best performance was then chosen for the
subsequent treatment.

Materials and methods
Case description

EBE was a 57-year-old woman, with 13 years of educa-
tion, a native Italian speaker, and a public clerk, who
suffered from aphasia with dysarthric and disfluent speech,
following total complete right MCA stroke (Figure 1). The
patient was affected by hypertension and diabetes mellitus;
she suffered from a left hemiplegia and she presented with
hemihypesthesia. She did not show extinction phenomena

Figure 1. Representative magnetic resonance imaging (MRI) images of EBE at the time of the present study. T1-weighted 1.5-T MRI
scan (the thickness of the MRI slice is 1.2 mm) shows the right-hemisphere lesion.
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Table 1. EBE’s visuospatial abilities as measured by standar-
dized tests.

Score Cutoff
Corsi span 4.25 3.25
Rey picture — copy 335 28.87
Rey picture — recall 16.25 9.46
Constructional apraxia 14 7.75
Bell’s test 1 <2
Benton’s Judgment of Line Orientation 19 19

in the auditory modality and in the visual modality, a
history of early brain damage or seizure in childhood,
depression, and drug and/or alcohol abuse. She was
referred to us in March 2011, 2.5 years after the stroke.
The stroke affecting the right hemisphere (about 8 cm
of lesion on axial plane) spared EBE’s drawing skills; she
perfectly maintained visuospatial abilities, as shown by the
results of the standardized tests (Table 1). After 3-month
speech therapy carried out during the subacute period of
the stroke, EBE presented a severe nonfluent aphasia and
produced a few words randomly and inappropriately. Her
comprehension was better but also mildly impaired.
Nonetheless, magnetic resonance imaging (MRI) showed
morphological integrity of the left hemisphere (see
Figure 1). A language evaluation was carried out with
the Battery for the Analysis of the Aphasic Deficit
(BADA; Miceli, Laudanna, Burani, & Capasso, 1994),
and the results are presented in Table 2. Severe aphasia
of EBE prevented the execution of some linguistic tasks:
she was unable to read and write but she was able to
perform word and sentence comprehension, lexical

Table 2. Percentage of incorrect responses (number of incorrect
items/total number of items) produced by EBE in some subtests
of BADA (Miceli et al., 1994).

Repetition

Words 47.7 (43/90)
Pseudowords 55.5 (40/72)
Lexical decision

Auditory 20 (32/160)
Visual 32 (51/160)
Auditory word—picture match

Nouns 26 (21/80)
Verbs 22.5 (9/40)
Visual word—picture match

Nouns 10 (8/80)
Verbs 37.5 (15/40)
Spoken naming

Nouns 72 (75/104)
Verbs 74 (74/100)
Sentence—picture matching

Auditory 42.5 (51/120)
Visual 42 (38/90)

decision, repetition, and picture naming, even though, in
these tasks, she produced many errors (Table 2). Almost
all errors in repetition consisted of words and pseudo-
words phonologically related to the target (trasmesse,
transmitted — sommesse, subdued, dappertutto, every-
where — dadetutto, pseudoword). In the picture-naming
task, EBE needed a phonological cue (the first or the first
two phonemes of the stimulus) without which she could
name hardly any picture. This cue gave rise to the produc-
tion of lexical substitution that shared with the target the
first or the first two phonemes, which sometimes were
linked neither semantically nor phonologically to the sti-
mulus. Thus, most of the errors in naming consisted in
uttering related or unrelated words (i.e., ponte, bridge —
pomodoro, tomato; tasca, pocket — tavolo, table; cammi-
nare, fo walk — dormire, fo sleep; cucire, to sew — cuci-
nare, to cook) and pseudowords (i.e., bottiglia,
bottle — bottocchia; tromba, trumpet — totto; sudare, fo
sweat — sugare; macinare, fo grind — manuciare).
Semantic (i.e., pesca, peach — pera, pear; fuoco,

fire — fumo, smoke; versare, to pour — bere, to drink;

spingere, fo push — tirare, to pull) and perseverative
errors were also produced. Performance in naming was
comparable for different frequency words (high-frequency
words: 71/102 errors, 70%; low-frequency words: 78/102
errors, 76%; x> = 1.22; p = .27) and grammatical class
words (nouns: 75/104 errors, 72%; verbs: 74/100, 74%;
x> =0.09; p = .76).

Research was conducted in accordance with the
Helsinki Declaration as revised in 1989. A written informed
consent was obtained from EBE and her husband.

Pilot experiment
Picture-naming task

Thirty-two pictures (16 objects and 16 actions), extracted
from BADA and matched for frequency, were presented to
EBE. Seeing her inability to name pictures without a
phonological cue, the images for the naming task were
first presented without cues, then after 10 s with a first
letter, and if no response was obtained after another 10 s,
with the first two letters. The processes underlying picture
naming are manifold. To name a picture, an individual has
to recognize the image, activate semantic representation
based on the visual and structural features of the object,
and relate the semantic feature to the lexical representation
and when the word was chosen all the letters constituting
that word have to be produced in the correct order
(Whatmough & Chertkow, 2002). In our modified naming
task, a phonological cue, provided together with the
image, would facilitate the link between the semantic
features and the phonological representation of the words.

The following scores were used: 0 = incorrect
response; 0.5 = correct response after two letters of
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phonological cue; 1 = correct response after one letter; and
2 = correct response without cue. In a 16-word list, the
highest score would be 32. Therefore, a higher “score”
means a better performance.

The sums of the scores obtained in different experi-
mental conditions were compared by means of one-way
analysis of variance (ANOVA) tests with conditions (four
levels: baseline, sham, anode on the right, and anode on
the left). The number of correctly named pictures (accu-
racy) was also measured. The accuracy percentage (correct
trials/all trials) was arcsine-transformed and then analyzed
by means of one-way ANOVA tests as within-subject
factors. The presentation order of pictures was random
for the four conditions (baseline, sham, anode on the
right, and anode on the left) within each category of
pictures.

tDCS

Three single sessions of dual tDCS were carried out with a
1-week interval between them. By using an electroence-
phalography (EEG) cap, the electrode was positioned on
F5, according to the International 10-20 System for EEG
electrode placement, and symmetric coordinates were used
for the homologous site.

In the first session, the anode was placed on the left
BA 44/45 and the cathode was placed on the right BA 44/
45 (“anode on the left” condition); then the montage was
inverted in the other two sessions, that is, first real
(““anode on the right” condition) and second sham stimu-
lation (sham condition). Between the two real stimula-
tions, performances in the modified naming task were
measured in baseline condition (without stimulation). A
direct current stimulator (Magstim Company Ltd,
Whitland, Wales, UK), battery-powered, was used. The
two electrodes, covered with saline solution soaks, were
applied to the scalp. Each soak had an area of 16 cm?
(4 x 4). The current increased in the first 8 s up to 1 mA,
and then, it remained constant throughout the stimulation
time (20 min). For sham tDCS, the 1-mA intensity was
only given for 30 s, reproducing sensations provoked by
the passage of current at the start of the stimulation. In all
conditions of stimulation (two real and one sham tDCS),
the naming task started 5 min after the onset of tDCS and
was completed at the end of the stimulation.

Results of the pilot experiment

tDCS efficacy was greater when the cathode was posi-
tioned on the right BA 44/45 and the anode was posi-
tioned on the left BA 44/45 (“anode on the left”
condition). One-way ANOVA for the score showed no
significant main effect: F(3, 93) = 1.335, p = .27
(Figure 2(a)). A univariate test of significance for

0.4

03

) i I I
0

(a) baseline sham

MEAN SCORE +/- S.E.

anode on the right anode on the left

CONDITIONS

% ACCURACY +/- S.E.
IS
S

30
20
10
04 ; ’

baseline sham anode on the right anode on the left

() CONDITIONS

Figure 2. (a) Mean score and (b) mean accuracy of the naming
task in the different sessions of the pilot experiment.

Notes: Error bars indicate standard errors (SE). *Significant difference
(p <.05). The score is based on the number of phonological cues given to
EBE in the naming task: no cue with correct response: 2; one letter of cue
with correct response: 1; two letters of cue with correct response: 0.5; two
letters of cue with incorrect response: 0. The mean accuracy represents
the proportion of correct responses (see Materials and methods section).
In Figure 2(b), “anode on the left” condition is significant (p <.05) versus
all the other conditions. In the “anode on the right” condition, the anode
is placed on the right and the cathode is placed on the left BA 44/45; in
the “anode on the left” condition, the cathode is placed on the right and
the anode is placed on the left BA 44/45; in the sham condition, a
fictitious stimulation is used.

planned comparison showed a significant difference
between the score in baseline and the score in the
“anode on the left” condition, (F = 6.355, p = .017),
but no significant difference was found between the
score in baseline and the score in the “anode on the
right” condition (¥ = 0.39, p = .53) or sham (¥ = 1.35,
p =.25). Moreover, the sham condition did not show any
significant difference with all the other conditions. One-
way ANOVA for accuracy showed a significant main
effect, F(3, 93) = 4.43, p = .05 (Figure 2(b)). Duncan’s
post hoc analysis showed that the “anode on the left”
condition was significantly different (<.05) as compared
to all the other conditions. No significant interaction for
both noun and verb scores in all directions was observed,
F(3,45)=1.53, p = .22. The same results were found for
accuracy, F(3, 45) =192, p = .14.
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Experimental treatment

Two tDCS treatments with EBE were carried out using the
“anode on the left” condition, in which the cathode was
positioned on the damaged hemisphere and the anode was
positioned on the preserved contralateral hemisphere. In
Experiment 1, BA 44/45 were stimulated, and in
Experiment 2, BA 39/40 were stimulated, for 2 weeks.
The same modified naming task as used in the pilot
experiment was given.

Experiment 1 — anterior region stimulation

The treatment started 1 month after the end of the pilot
experiment. Dual tDCS was applied on F5 and F6 (accord-
ing to the International 10-20 System for EEG electrode
placement), the cathode on the right and the anode on the
left. Stimulation was applied at 1 mA for 20 min daily for
2 weeks (weekend free) (timeline for the experiments is
given in Figure 3).

EBE performed the naming of the set of 32 pictures
(16 nouns and 16 verbs) at the following times: before
tDCS (T0), immediately after the end of tDCS treatment
(T1), and 3 days after the end of the treatment, and if an
effect was found, her performance was checked every 3
days, until it came back to the baseline level. When the
effect was lost, we started sham stimulation, which was
carried out like the real treatment. An exception was to
program current duration for 30 s, to simulate the initial
itch sensation. During stimulation, EBE was seated and
the tDCS machine was positioned out of sight.

Experiment 2 — posterior region stimulation

Four months after the previous experiment, EBE was
recruited for a second treatment. Material and procedures
were the same as for Experiment 1 (Figure 3), but in this
case, the right and left BA 39/40 were stimulated.

After the modified picture—naming task was performed
at TO, a tDCS session (1 mA, 20 min) was carried out
daily for 2 weeks (weekend free). The cathode was posi-
tioned on the right BA 39/40 in position CP6 (according to
the International 10-20 System for EEG electrode

tDCS Sham
D ——— e X T —y
' 2 weeks (w.e. free) |3 days |3 days |3 days 2 weeks (w.e. free)
TO T1 T2 T3  T4/TOsh T1sh

Figure 3. Timeline for Experiments 1, 2, and 3.

Notes: w.e. = weekend; TO, T1, T2, T3, T4/TOsh, T1sh = different
evaluation times in picture-naming tasks, before and after real and sham
stimulations.

placement), and the anode was positioned on the left BA
39/40 in position CP5.

EBE performed the same picture—naming task at the
end of the real stimulation (T1), and her performance was
checked every 3 days. Sham stimulation followed the
same timeline as in Experiment 1.

In both the experiments, score (obtained by means of
the number of phonological cues given to EBE) and accu-
racy (percentage of correct responses), evaluated sepa-
rately for nouns and verbs, were measured.

Results

Six measures of performance (at six different times) were
obtained in Experiment 1 (anterior: a) and in Experiment 2
(posterior: p): baseline/apT0, immediately after the end of
treatment/apT1, after 3 days/apT2, after 6 days/apT3, after
9 days/apT4, and immediately after the end of sham/
apT1sh. Measurement apT4 was considered the baseline
of the sham (real/apT4 = sham/apTO0) because this time the
performance in Experiment 1 came back to the baseline
value.

Results of anterior region stimulation

One-way ANOVA with conditions (six levels: aTO0, aTl,
aT2, aT3, aT4/aTOsh, and aTlsh), as within-subject fac-
tors, showed a significant main effect on score: F(5,
155) = 2.29, p = .048 (Figure 4(a)). Duncan’s post hoc

0.8
. 0.7 * * *
=
v 0.6
+
= 0.5
g
S 04 ———a <
2 -
Z 03 ~
Z — —
= 0.2 0/_
& 0.1

0~ v

TO Tl T2 T3 T4/TOsh Tlsh

@ EVALUATION TIMES

90
= 80 4
1)
+ 70 1
S 60
< -~ --\"\Y‘
E 50 = e
&) \‘“*35\_ -
S 401 e
® 30 4

20 + : 4 > . 2

TO Tl T2 T3 T4/TOsh Tish

(b) EVALUATION TIMES

Figure 4. (a) Mean score and (b) mean accuracy at the different
times in Experiment 1.

Notes: Error bars indicate standard errors (SE). *Significant difference

(p < .05).
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analysis showed that baseline condition (aT0) was signifi-
cant versus all the other conditions (p < .004), except for
aT4/aTOsh and aTl1sh. No other significances were found
in post hoc analysis. One-way ANOVA for accuracy
showed no significant effect: F(5, 155) = 1.3, p = .26
(Figure 4(b)).

Results of posterior region stimulation

One-way ANOVA with conditions (six levels: pTO, pTl,
pT2, pT3, pT4/pTOsh, and pT1sh), as within-subject fac-
tors, showed no significant main effect between conditions
on score, F(5, 155) = 1.76, p = .12, and accuracy
F(5, 155) = 1.1, p = .35.

Furthermore, two one-way ANOVAs with conditions
(two levels: real and sham tDCS), categories (two levels:
nouns and verbs), and times (two levels: TO and T1), as
within-subject factors, showed no significant interaction in
both score and accuracy in Experiment 1 — score:
F(1, 15) = 0.20, p = .66; accuracy: F(1, 15) = 4.31,
p = .055 — and in Experiment 2 — score: F(1, 15) = 3.71,
p = .07; accuracy: F(1, 15) = 1.36, p = .26.

We wonder whether in Experiment 2 EBE failed to
achieve amelioration because of an erroneous choice of
electrode polarity. In this connection, the same tDCS pad
montage, with the anode on the contralateral hemisphere
and the cathode on the ipsilesional hemisphere, was used
in both experiments even though extensive literature sug-
gests that the excitatory stimulation of ipsilesional areas
facilitates recovery. One could argue that a different mon-
tage, with anodal (excitatory) stimulation of the damaged
hemisphere and cathodal (inhibitory) stimulation of the
spared hemisphere on the posterior region, could give
more beneficial results in our patient. Thus, we decided
to perform a further study (Experiment 3 (Posterior: P) in
which tDCS treatment on BA 39/40 was carried out with a
reversed electrode polarity with respect to Experiment 2.

Addendum
Experiment 3 — posterior region stimulation

Four months after the end of Experiment 2, EBE was
recalled. Material, tDCS parameters, and experimental
timeline (Figure 3) were the same as for Experiments 1
and 2, but in this case, the anode was placed on the right
BA 39/40 and the cathode was placed on the left BA 39/40
(positions CP6 and CPS5, respectively, according to the
International 10-20 System for EEG electrode placement).

Results of Experiment 3

One-way ANOVA with conditions (six levels: PTO, PTI,
PT2, PT3, PT4/PTOsh, and PT1sh), as within-subject fac-
tors, showed a significant effect of treatment on score,
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Figure 5. (a) Mean score and (b) mean accuracy at the different
times in Experiment 3.

Notes: Error bars indicate standard errors (SE). *Significant difference

(p < .05).

F(5, 155) = 3.9, p = .002 (Figure 5(a)), and accuracy,
(F(5, 155) = 3.3, p = .007 (Figure 5(b)). Duncan’s post
hoc analysis showed that baseline condition (PTO) was
significant (p < .05) versus posttreatment conditions (PT1,
PT2, and PT3) but not versus both PT4/PTOsh and PT1sh.

Concerning possible different performance between
nouns and verbs, one-way ANOVA with conditions
(two levels: real and sham tDCS), categories (two levels:
nouns and verbs), and times (two levels: TO and T1), as
within-subject factors, showed no significant interaction
on either score, F(1, 15) = 3.12, p = .10, or accuracy,
F(1,15)=272,p = .11.

Discussion

We have presented a single-case study of possible crossed
aphasia following stroke to the right MCA where, after
dual tDCS treatment, an improvement that lasts up to 6
days after the end of stimulation was obtained in a mod-
ified naming task. Specifically, anodal stimulation on left
BA 44/45 and simultaneous cathodal stimulation on right
BA44/45 (Experiment 1) significantly increased the score;
that is to say, EBE needs a lower number of phonological
cues, given the pictures together, to obtain a correct
response in the naming task, compared to baseline and
sham stimulation. By contrast, the same montage on BA
39/40 (Experiment 2) produced no significant improve-
ment, but the reverse polarity, anodal tDCS on the right
and cathodal tDCS on the left BA 39/40 (Experiment 3),
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ameliorated performance in terms of both score and accu-
racy. No differences in performance were found between
nouns and verbs in all conditions for each of the three
experiments, even though an improvement for verbs could
be expected after anterior stimulation (Cotelli et al., 2006;
Finocchiaro et al., 2006, but see Crepaldi, Berlingeri,
Paulesu, & Luzzatti, 2011 for a different interpretation).
One of the possible reasons for this failed grammatical
class effect could be the anatomic extension of EBE’s
lesion and her severe linguistic impairment (Table 2).
Furthermore, the amplitude of the area of the electrodes
used for tDCS (16 cm?) could produce a more general
effect on the network of the picture-naming task.

This is the first study in which, after bilateral tDCS of
the anterior (Experiment 1) and posterior (Experiment 3)
linguistic cerebral regions, using opposite polarities of sti-
mulation, an improvement was obtained in an aphasic
patient following stroke to the right hemisphere. In the
literature, there is only one case of a crossed aphasia patient
in whom inhibitory rTMS on the contralateral (left) hemi-
sphere produced an improvement in a word-generation task
(Jung et al., 2010). This result was comparable with other
cases of transcranial stimulation in aphasic patients after
stroke to the left hemisphere (Barwood et al., 2011;
Hamilton et al., 2010; Naeser et al., 2005). Our study also
achieved results already reported in the literature. Indeed, in
Experiment 1, EBE’s performance improved after anodal
stimulation of the contralateral anterior region together with
cathodal stimulation of the ipsilesional anterior region, simi-
lar to what was reported by Monti et al. (2008). In
Experiment 3, EBE obtained amelioration after excitatory
stimulation of the ipsilesional hemisphere and inhibition of
the contralateral hemisphere, replicating other literature data
(Baker et al., 2010; Fiori et al., 2011; Jung, Lim, Kang,
Sohn, & Paik, 2011; You et al., 2011). Thus, the results of
the few studies in which transcranial stimulation was used
on patients with right hemisphere stroke seem comparable
with the other left hemisphere stroke cases discussed in the
previous literature.

Heiss and Thiel (2006) proposed a hierarchic model of
recruitment of dominant and contralateral areas for post-
stroke aphasia recovery, depending on the extension of the
lesion: original activation patterns within the network of
the dominant hemisphere produce the most marked
improvement; activation of areas around the lesion could
produce good recovery; and finally, limited recovery
depends on activation of contralateral homotopic areas.
According to this model, the poor recovery of EBE 2
years after the injury and the extension of her lesion
support the possibility that in this patient, the contralateral
homotopic areas could participate in linguistic processing.
In this connection, considering that the regions surround-
ing the right BA 44/45 are damaged and they have poor
possibilities of recovery, anodal tDCS on the spared homo-
logous left BA 44/45 could have promoted recruitment of

this region for linguistic processing. Moreover, our simul-
taneous cathodal stimulation on the right BA 44/45 would
decrease the neural activity in this area, whose background
noise could interfere with the functioning of the spared left
one. Unfortunately, we have no functional MRI data con-
firming this tDCS effect. However, supporting our inter-
pretation, in the pilot experiment, cathode on the left BA
44/45 and anode on the right BA 44/45 did not produce
beneficial results (“anode on the right” condition in Figure
2(a) and (b)).

Thus, a plausible tDCS action could be to strengthen
poststroke functional reorganization of language that, con-
sidering the extension of EBE's lesion, would be shifted to
the contralateral cerebral regions. This explanation, how-
ever, would fit well for the anterior area, but it cannot be
invoked for the posterior stimulations, either for
Experiment 2, where no improvement was obtained
using the montage of Experiment 1, or for Experiment 3,
in which the opposite electrodes montage of Experiments
1 and 2 (anodal tDCS on right and cathodal tDCS on left)
produced an improvement for both score and accuracy.
How can we reconcile these results?

It is possible that the regions around the right (ipsile-
sional) BA 39/40 might be available to serve language
functions. This would explain the results of both
Experiments 2 and 3. In Experiment 2, the lack of
improvement could be attributed to the further inhibition,
due to the cathodal tDCS on ipsilesional posterior area, of
a region belonging to a compensatory alternative naming
network, the network that after excitatory anodal stimula-
tion produced EBE’s amelioration in Experiment 3.
Contemporaneous cathodal stimulation over contralateral
homologous regions would have strengthened this effect
(Giglia et al., 2011; Vines et al., 2008). Moreover, consis-
tently with Heiss and Thiel’s (2006) models, perilesional
regions would participate with more success in poststroke
aphasia recovery than contralateral areas: this would
explain why only one measure (score) in Experiment 1
and both behavioral measures (score and accuracy) in
Experiment 3 improved.

Our findings suggest that, as evidenced by other stu-
dies (Naeser et al., 2011; Turkeltaub et al., 2012), different
regions in each hemisphere could variously participate in
poststroke language reorganization and could be involved
in aphasia recovery. Considering that tDCS alters mem-
brane potential (unlike rTMS, which is able directly to
stimulate the neurons), it is plausible that it could
strengthen an alternative network, which could be distrib-
uted in different regions of the two hemispheres (in our
case, contralesional anterior and ipsilesional posterior)
based on the extension of the lesion after the stroke. Of
course, further investigations will be needed to confirm
this possible functional reorganization in other patients.

The results of Experiment 1 could seem to be in
contrast with two previous tDCS treatments, in which
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after anodal stimulation of the left Broca’s and Wernicke’s
regions, right-handed aphasic patients demonstrated
improvement in terms of error number and reaction times
in naming tasks (Baker et al., 2010; Fiori et al., 2011).
Some comments have to be made in this regard. For both
studies, the effect of right anodal stimulation has not been
explored. In this connection, Baker et al. (2010) only
stimulated anodically the left Broca’s area (with patients
undergoing anomia treatment) according to the considera-
tion that the regions of the left hemisphere play a crucial
role in aphasia recovery, as indicated by some functional
studies (Crinion & Leff, 2007; Fridriksson et al., 2010;
Postman-Caucheteux et al., 2010). However, although this
claim was experimentally supported, the possible contri-
bution of the right hemisphere in aphasia recovery was not
taken into account by these authors. Fiori et al. (2011)
omitted to anodically stimulate the right posterior regions
because in the same study no significant effect was found
in a nonword learning task by healthy subjects. One could
object that after brain damage, a functional reorganization,
linked to neuronal plasticity and depending on several
factors, could occur. Consequently, the same type of sti-
mulation on brain-damaged and healthy individuals is
probably not comparable.

By contrast, the results of Experiment 1 were similar to
those reported by Monti et al. (2008), who after a single
cathodal stimulation of the left frontotemporal areas
obtained an improvement in a group of aphasic patients.
The authors claimed a possible deactivation of inhibitory
interneurons of the left hemisphere that reduces intra-
hemispheric inhibition, consequently allowing better func-
tioning of an alternative left linguistic network. In our
case, simultaneous anodal stimulation on the spared area
could suggest different explanations. Indeed, in a recent
review, Jacobson et al. (2012) reported that anodal stimu-
lation has more efficacy on cognitive and, specifically,
linguistic tasks, probably because of the strong representa-
tion of the linguistic network in the brain (Jacobson et al.,
2012). Thus, a plausible interpretation of EBE’s improve-
ment after dual stimulation of the anterior region could
mainly pertain to the participation of the left spared hemi-
sphere, although dual stimulation should have an intensi-
fier effect modulating activity in opposite directions
simultaneously.

One limit of this study was repeating the same 32
stimuli to EBE several times. Of course, it cannot be
excluded that the patient acquired familiarity with the
task and the items; however, this cannot explain at all
the improvement after real tDCS, because a comparable
result should also be evidenced in the sham condition,
where instead EBE’s performance worsened with respect
to the previous repetition of the task.

The present report, in line with previous studies, also
strengthens the value of tDCS as a compelling therapeutic
tool in severe chronic aphasia following stroke to the right

hemisphere and underlines the need to carefully evaluate
the areas of the linguistic network to be stimulated in
rehabilitative programs. Moreover, it is worth bearing in
mind that the efficacy of tDCS treatment could depend on
several factors such as onset and extension of the lesion,
individual features, and capacity of the available cerebral
tissue to take over the functions previously performed by
the damaged cerebral areas (plasticity). Each of these
factors should be considered in studies in which patients
receive transcranial stimulations. Finally, despite the pecu-
liarities of our patient, who does not represent the general
population of patients with poststroke aphasia, we think
that our study can help to increase knowledge in the
neurostimulation field applied to the recovery of aphasia.
Indeed, as claimed by Cappa (2011, p. 750), “Given the
huge variability among aphasic patients at the clinical and
neurological level, it is highly unlikely that a single pro-
cedure may be universally effective.”
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