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ARTICLE INFO ABSTRACT

Keywords: In the last decade, the effects of NIBS on language recovery in post-stroke aphasia have been evaluated, but little
Post-stroke aphasia is known about the long-term effectiveness.

tDCS To this aim, we conducted a systematic review and meta-analysis to determine whether positive effects,
rTM§ . L X mainly on naming performance, are maintained in time, and rTMS and/or tDCS (either as an add-on therapy to
Is\mn;(nvaswe brain stimulation SLT or as monotherapy) can be considered effective and reliable interventions for naming rehabilitation.
L;r;gjage rehabilitation Sixteen studies met our inclusion criteria and the pooled SMDs showed a medium to large rTMS effect and a
Follow-up small to medium tDCS effect. Critically, the treatment effects were maintained in time. Sub-analyses indicated
Naming that while rTMS can be considered effective for both subacute and chronic patients, tDCS seems adequate only
GRADE for chronic aphasia. Importantly, the level of evidence as qualified with GRADE was moderate to high for rTMS

and low for tDCS studies.

1. Introduction

Stroke is the most disabling health condition worldwide in adult-
hood and a substantial proportion of stroke survivors live with aphasia
(Berthier, 2005). Post-stroke aphasia is an acquired language disorder
and one of the worst outcomes of stroke, altering some or all modalities
of language processing: speech, reading, and writing. The most
common causes are left middle cerebral artery infarcts with damage to
the cortical and subcortical regions in the left hemisphere; rarely
aphasia is due to a right hemisphere lesion. Linguistic impairment can
vary, differing in production fluency and level of comprehension, re-
petition, and word retrieval ability. Symptoms are heterogeneous and
can change over time; for instance, patients having one type of aphasia
in the acute phase may present a different clinical profile in the chronic
phase (Raymer and Gonzalez Rothi, 2017a).

It is estimated that more than 15 million people worldwide suffer
from stroke each year (Feigin et al., 2014), aphasia being present in
approximately 38% of stroke survivors (Berthier, 2005; Pedersen et al.,
2004). Due to early physiological repair mechanisms involving cell
genesis, axon growth, and synaptic modulation, the majority of stroke
patients achieve some spontaneous recovery, even in the absence of a
rehabilitation treatment. Nevertheless, around 40% of these patients
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still have significant aphasia one year after stroke and residual symp-
toms may persist for many years (Lazar et al., 2008; Pedersen et al.,
1995).

The economic and social consequences are highly relevant since
aphasia has a negative impact on activities of daily living and on peo-
ple’s quality of life (Hilari et al., 2015). Patients with reduced speech
and comprehension abilities are more likely to suffer from mood dis-
orders such as depression, social isolation, unemployment, which
compromise their psychological wellbeing and put major burdens on
their caregivers and on the health-care system (Flowers et al., 2016;
Jacquet-Andrieu, 2014). These patients experience longer hospitaliza-
tion periods, need more intensive health service support, participate in
fewer activities and report high distress (Raymer and Gonzalez Rothi,
2015).

Current research demonstrates that aphasia recovery is modulated
by many variables including lesion size and site, aphasia type and se-
verity and, to some extent, by the nature of early hemodynamic re-
sponse, type of treatment, interval between onset and beginning of
speech therapy, environmental support etc. (Watila and Balarabe,
2015). After the initial spontaneous recovery following stroke (e.g.,
blood flow stabilization, resolution of brain swelling), recovery relies
on the reorganization of brain networks, which occurs both
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spontaneously and in response to behavioral training (e.g., speech-
language therapy) (Fama and Turkeltaub, 2014).

The most widespread current rehabilitation approach for aphasia is
speech and language therapy (SLT) (Raymer and Gonzalez Rothi,
2017b). SLT has been proved to reduce language impairment, but
treatment is quite expensive, progress is often slow, and effect sizes are
sometimes modest (Brady et al., 2016). Even though the degree of
spontaneous recovery gradually declines during the first 6-12 months,
it is well established that at least partial recovery of language can be
reached at any point after stroke, but requires a large amount of time
and therapy sessions (“more is better”). A recent study (Stahl et al.,
2017) found no added value from more than two hours of daily SLT
therapy but instead showed that an increase in treatment duration
(even only 2 weeks) contributes significantly to recovery. Un-
fortunately, because of the limited clinical resources many patients do
not receive the recommended amount of training that was estimated at
98.4h of therapy (Bhogal et al., 2003; Code and Heron, 2003; Saxena
and Hillis, 2017).

In an attempt to manipulate the neurotransmitter systems and
subsequently facilitate language recovery, different drugs such as
memantine, vasopressin, dextroamphetamine, and piracetam, have
been tried (Keser et al., 2017; Wortman-Jutt and Edwards, 2017). To
date, the findings supporting pharmacological therapy are questionable
(Berthier et al., 2011).

In this context, alternative methods for increasing aphasia treatment
effectiveness, by either improving the total amount of learning achieved
(better results) or by speeding up the learning process (faster results),
have been investigated. There is evidence for structural and functional
reorganization of language networks after stroke that mediates re-
covery, and recent research on brain plasticity (Hoogendam et al.,
2010; Stagg and Nitsche, 2011) has led to new approaches in stroke
rehabilitation. The improvement of aphasia is associated with the re-
organization of the balance between the perilesional ipsilateral and
contralateral hemispheric activation (Abel et al.,, 2015; Turkeltaub
et al., 2012). Additional therapies, with or without SLT, like non-
invasive brain stimulation (NIBS) interventions, have been tried in
order to modify the cortical excitability and therefore promote the post-
stroke reorganization of language networks (Turkeltaub, 2015).

The most extensively applied protocols in post-stroke aphasia re-
habilitation research are based on repetitive transcranial magnetic sti-
mulation (rTMS) and transcranial direct current stimulation (tDCS).
Although both rTMS and tDCS are non-invasive stimulation techniques,
their functioning principles, and consequently their effects differ; while
rTMS induces action potentials in neuronal axons via electromagnetic
current, tDCS modulates neural firing rates due to current-induced
changes in resting membrane potentials (Bolognini and Miniussi, 2018;
Fertonani and Miniussi, 2017; Giordano et al., 2017; Nevler and Ash,
2015; Woods et al., 2016). For a more general overview and back-
ground regarding the rTMS and tDCS mechanisms, see (Stagg and
Nitsche, 2011; Giordano et al., 2017; Nitsche and Paulus, 2000; Terao
and Ugawa, 2002; Klomjai et al., 2015); for example, Krause et al.’s
(2017) data indicate that tDCS may act by altering functional con-
nectivity, both locally and between distant brain areas.

TMS and tDCS can excite or inhibit neuronal populations, de-
pending on the stimulation parameters (e.g., high-frequency vs low-
frequency rTMS, cathodal vs anodal tDCS), that can last for many
minutes after a short session. Equally important, all these factors in-
teract with several other variables related to individual anatomy (e.g.,
properties of the brain tissue and its location), and the brain’s internal
state at the time of stimulation, i.e., the initial neural activation state
and synaptic plasticity of the stimulated area. In particular, tDCS will
affect the performance (improving or decreasing it) depending on the
state of the neural population of the stimulated area; being a neuro-
modulatory technique, it induces firing of neurons that are near
threshold while those neurons not activated by the task are less likely to
discharge (for details on state-dependent brain stimulation see
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(Miniussi et al., 2013; Bergmann, 2018)).

Research shows that post-stroke neuronal reorganization may be
beneficial or maladaptive (Di Pino et al., 2014) and tDCS and rTMS
could have a therapeutic role by potentially reversing an eventual
maladaptive pattern of activation and by creating long-lasting desirable
brain changes.

The possibility to modulate brain plasticity by means of rTMS and
tDCS and consequently affect behavior opens up new possibilities in
this field, but to date, there is still a great deal of uncertainty about the
effects of different stimulation parameters and protocols (e.g., in-
hibitory - decreasing activation in the intact hemisphere, or excitatory -
increasing the output of the perilesional region in the damaged hemi-
sphere).

Reviews of tDCS, rTMS and aphasia literature are disproportionately
numerous when compared with the number of original experimental
studies (ALHarbi et al., 2017; de Aguiar et al., 2015; Sandars et al.,
2016; Sebastianelli et al., 2017; Shah-Basak et al., 2016; Wong and
Tsang, 2013; Rosso et al., 2018; Elsner et al., 2015; Galletta et al., 2016;
Holland and Crinion, 2012; Kapoor, 2017; Li et al., 2015; Mendoza
et al., 2016; Otal et al., 2015; Ren et al., 2014). For example, Wortman-
Jutt and Edwards (2017) showed that between 2008 and 2015, 48% of
publications regarding tDCS and aphasia rehabilitation were review
papers. This indicates the huge interest in this topic but also the diffi-
culty in conducting experimental research (i) on a clinical population
characterized by great variability (especially regarding lesion type and
clinical picture), (ii) in the absence of solid data regarding the under-
lying mechanisms of these techniques, i.e., without being able to make
predictions on their clinical efficacy and (iii) without recommendations
or guidelines regarding the NIBS parameters to use (e.g., stimulation
area, frequency, intensity, polarity, duration, as monotherapy or cou-
pled with cognitive training, etc.), (iv) taking into consideration the
huge amount of time and energy that researchers, patients and care-
givers have to invest in this kind of experimental protocols. Current
published reviews and meta-analyses, however, provide conflicting
evidence and little information on the real utility of NIBS for aphasia,
all concluding that more multicenter RCTs, with larger populations and
homogenous intervention protocols are required.

Critically, all previously published meta-analyses evaluated NIBS
effects immediately after treatment, but monitoring outcome over time
after treatment is crucial in order to evaluate which treatment is really
effective and which patients might benefit the most. NIBS longer-term
results are very important in order to understand their efficacy and
safety. In clinical practice, demonstrating a short-term effect of re-
habilitation is an insufficient result; what matters is a long-term pre-
servation of positive achievements. In contrast with previous systematic
reviews on this topic, which analyzed stimulation effects immediately
after treatment, the purpose of this meta-analysis was to systematically
synthesize and compare NIBS long-term efficacy in language recovery,
in order to verify whether there are new and valid alternatives to im-
prove aphasia treatment, eventually by coupling SLT with rTMS or
tDCS. Secondly, because previous studies (Shah-Basak et al., 2016; Otal
et al., 2015) revealed a greater positive outcome of rTMS compared to
tDCS, we assessed whether the two NIBS effect sizes significantly dif-
fered from each other also at follow-up. Furthermore, immediate post-
treatment effects were compared with those reported at follow-up to
evaluate changes over time. By grouping and contrasting subsets of
studies according to different methodological aspects, further sub-
analyses investigated potential influences of the study design (such as
analysis including only tDCS RCT studies) and the post-stroke interval:
chronic (more than six months after stroke) vs subacute (less than six
months after stroke). Finally, the online software GRADE Pro GDT was
used to qualify the evidence (https://gradepro.org).

2. Methods

This systematic review was conducted in accordance to the
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'u
S
E

) 5 identify other relevant trials we checked the reference lists of the in-
o | = Tmermeee s =Y cluded studies and previous meta-analysis and relevant reviews. Un-
g E o certainties regarding some inclusion were solved by the authors
Ll — o~ - . .
N = oo T through discussion.
= ]
©
5|2 pialelalelelelloliiolels 2.2. Data extraction
=} N
T =
Q o
g =4 o o e e — -
©
> - For each included paper, the relevant information to be extracted
2 Q =)
I = A regarded:
=
2 H OO O o IN i) the patients’ characteristics: the sample size (treatment and control
= 5 group), gender, age, time since stroke (chronic/ subacute), hand-
N >
- 2 edness, dropouts (Table 1);
<1 2
= 2 ii) disorders’ characteristics: lesion area, lesion type, aphasia diagnosis
5} o
N and instruments used for evaluation of the disorder, aphasia se-
< 3
S ‘g verity, outcome evaluation (Table 2);
o e . . .
bt iii) rTMS stimulation protocol: target area(s), rTMS frequency and in-
5
~ HHO A A A A O tensity, number of pulses and duration, number of sessions, online
= ] or offline stimulation and associated therapy (if any), sham, adverse
=} Q
N =4 o O o — = O\
. effects (Table 3);
g g iv) tDCS stimulation protocol: montage type (unipolar or bipolar,
‘d 2 cathodic or anodic), electrode dimension, stimulation area, elec-
& ] o . . .
- trode position, stimulation hemisphere, reference electrode, current
© . . . . . . .
5 intensity, number of stimulations and duration, online vs offline
“~
- g stimulation and associated therapy (if any), sham, tDCS adverse
S < effects (Table 4);
N < H
5 8 v) characteristics of the study: main objective, study design, language
] £ of the study, study arms, follow-up results and authors’ conclusion,
st ] ‘g level of evidence on PEDro’s scale (Tables 5a and 5b);
= v
4 =1
oz
g 2 Means, standard deviations, sample size for experimental and con-
g o - )
- S % trol conditions were extracted. Across studies, aphasia assessment and
=
S ¥ 2 outcome measures were heterogeneous, but for the purpose of this
a = >
« 5 - . .
r e o " meta-analysis, only continuous aphasia measurements were chosen,
< ©0 = . . .
- eg © g namely, the primary outcome was based on picture naming accuracy or,
=1 [ . Pl . .
2 T g £ = if not reported, the explicitly declared primary outcome (e.g., aphasia
= © = v . . .
3 " 8T 8 > battery results, reaction times, speech content units). When adequate
= =5 @ =1 . . . . o e
g S g2y information was not provided in the results description, means and
- O . . .
; = E g g standard deviations or standard errors were extracted from published
=T S 3 . P PR
) > EE 8% figures using WebPlotDigitizer (https://automeris.io/
=] ) o o ey . . .
] I g § = 3% WebPlotDigitizer/). Data analysis, standardized mean difference
by ] = B Py = . .
= g EEE Yo (SMD), sampling variance and summary analyses were computed for
- IR . . :
% § © % 2 g g % each included study, using the “metafor package” for R (version 3.4.3)
— Rl . .
“ g o i:; S5 E B2 (Viechtbauer, 2010). Hedges’ g (computed as the difference between
5} 2 5] o . s
g = % 8 EQ ‘5 el the mean of the experimental condition and the mean of the control
=] > © O ore .. P
2 §° g 2 °: = 5 ‘g condition, divided by the pooled standard deviation) was chosen for the
2 3 o = B . . .
g = By SE8g3 effect size, instead of Cohen’s d, because due to low sample sizes across
ﬂ) . . . .
= ~ § g 5 '§ £ 58 most of the studies, we considered it more adequate for our analysis:
<) o o =1 5 s g . . ..
& & gy £ E s é 8882 indeed, many researches included only seven/twelve participants
o =1 R=] > o O .
g c J:; - 8 g§L. g R g (DeVellis, 1991; Faraone, 2008). If only standard errors were reported,
it 2 sE2EzE 8 . - -
g - gy E 8 § £ 858 we converted them into standard deviations (SD) using the formula
® =] > (3} o .5 © < .2 ..
< g o 5 3%‘ SEZEE g SD = SEvVn; SE = standard errors, n = number of participants
= 5] U = 2 =% . . . . .
g = 2 % ki £E§ °cE5e g g (DeVellis, 1991); if this method of data extraction could not be applied,
<] ; ) R 5 E E : § % ] the missing information was requested from the corresponding author.
g 25875282552 3 For each effect, we included moderator variables related to: i) sti
8 N %8§38w35§‘55@ or each effect, we included moderator variables related to: i) sti-
o o = s o . .e . .
& = 53 g 2 g ‘g < £ g c S E mulation type (rTMS or tDCS), ii) time points (after treatment or at
3 O = [PER3] @ @ . . .
2 s | § > _§ =58 i g g & g follow-up), iii) study design (crossover or RCTs), iv) time from the
1] m - a 3 c @ o .
5l .| = BT w588 g8 = symptom onset (chronic or subacute).
S| § | < e 22 HETIRTEETER ; ; ; ;
5 2| % EEs ;é S55 5 g £§2 In order to avoid entering multiple data points from the same study
2l L] 8 FSfEwewowd Sy il into the meta-analysis, results from a single experiment were ag-
Sl F | = EES EEECEERE
=l 8= EEopgSgg . B ESE d btai inel i If 1t
] L8545 - L ow B gregated to obtain a single measure per experiment. If several time
g| & | = TREEEEEEC8EC K
= [ g i 222" R points or control conditions were reported (e.g., comparing cathodal
L > v Y S 3T . . . . . . . )
S = S 8 % § g$g¢ £28%¢ and anodal stimulation, or different brain regions stimulation within
o 5 8 . - . .
&g o SmE28.,55582% L2 the same patients), data were extracted using the following criteria:
2 E|a 0O BRESESESET . D8
a8 g & [ S = O
S 5| A~ Z—A NS0 ONDR — - = . .
D e from each study we chose one follow-up time point only,
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specifically, the one that represented the longest follow-up period
matching the follow-up time points reported by the other studies
included in the meta-analysis;

e only data regarding treatment effects on language recovery were
extracted (e.g., aphasia battery scores, speech, etc.); fMRI data,

o 6 me a4 owm blood flow or other parameters used as indicators of treatment ef-
fects were excluded;

e from each study, since often different stimulation protocols were
tested, we chose one type only (e.g. montage, stimulation intensity),
namely, the one that the authors considered as potentially effective,

inia i S B A a or, in the absence of such information, the type most frequently
applied in the literature. This was done in order to reduce variability
among the included studies;

® based on previous meta-analyses, and in order to reduce variability
among studies, the preferred outcome was naming accuracy; in the
absence of this measure we used a different outcome, e.g., the total
score from the aphasia battery, speech content units, etc.;

e if a study reported different outcome measures for the same treat-
ment (e.g., accuracy but also reaction times) we chose naming ac-

iR T T T I T B ) curacy, the most frequently reported outcome in the included stu-

dies.

Xue-yan Hu et al.,
2018 (1 Hz)

RCT
1 NS*

Wang et al.,,
2014
RCT

2014
RCT

Tsai et al.,

Khedr et al.,
2014
RCT

2.3. Study quality assessment

Seniéw et al.,

2013
RCT

HHH o HE = e o Methodological quality of the included studies was assessed using
the Physiotherapy Evidence Database (PEDro) tool and a grade for the
level of evidence was assigned to each study according to the modified
Sackett Scale (Tables 5a and 5b for the level of evidence) (Moseley
et al., 2002; Sackett et al., 2000).

PEDro is an eleven yes/no item scale (see Tables 6a and 6b) asses-
B R = = T SR - sing the quality of clinical trials, which is considered a valid and
comprehensive instrument previously applied in systematic reviews
(McIntyre et al., 2016). Items can be scored as either present (1) or
absent (0) and the total score is obtained by summation, with higher
values indicating greater quality: 9-10: excellent; 6-8: very good; 4-5:
good; < 4: poor (Foley et al., 2003).

The Sackett Scale includes five levels of evidence: Level 1 comprises
e~ = == = +S-® high quality RCTs (PEDro = 6) and meta-analysis, being divided into
level 1a and level 1b, based on the number of RCTs. Level 2 evidence is
also derived from RCTs but with a PEDro score < 6. Level 3 evidence
refers to non-randomized clinical trials and case controls designs (ret-
rospective studies comparing conditions including historical controls).
Level 4 and 5 refer to case series, uncontrolled pre- post-treatment tests,
observational studies, and case report designs.

Overall evidence was qualified using the grading of recommenda-
tions, assessment, development and evaluations (GRADEpro GDT,
https://gradepro.org) and the Meader et al.” s (2014) GRADE assess-
ment checklist. GRADE provides a transparent approach and guidance
on rating the overall quality of research evidence indicating four levels
of evidence along a continuum (high, moderate, low, and very low)
based on five factors: 1. risk of bias, 2. inconsistency, 3. indirectness, 4.
imprecision, 5. publication bias. The risk of bias for each included study
was evaluated using the simplified GRADE checklist proposed by
Meader et al. (2014), based on the Cochrane risk of bias tool items
(Tables 7a and 7b).

For each meta-analysis pool effect, the level of heterogeneity, by
means of the Q and I? statistics was calculated (Higgins and Thompson,
2002). Q estimates the amount of variation due to sampling error, while
12 evaluates which proportion of the observed variance reflects a real
difference in effect sizes (12 values of 25%, 50%, and 75% have been
interpreted as representing small, moderate and high levels of hetero-
geneity, respectively). Influential cases were identified using the “inf”
function from the “metafor package” for R (Polanin et al., 2016;
Kovalchik, 2013; Del Re, 2015).

Meta-analysis publication bias may be due to many factors like the
fact that we explicitly included only peer-reviewed, English-written

Barwood et al.,

2013
RCT

Medina et al., 2012
Randomized Crossover

1 NS*

Waldowski et al.,

2012
RCT
1

0

1

1

1

1

1

1

1

8

potential selective reporting)? (no potential reporting bias)

No other biases reported? (no potential of other bias)

analysis? (i.e. no potential attrition bias)
Were data reported consistently for the outcome of interest (i.e. no

performance bias)?
Was there blinding of outcome assessment (i.e. no potential for detection

bias)?

Was an objective outcome used?
? randomization was used but the method of randomization is not specified.

Was random sequence generation used (i.e. no potential for selection bias)?
Were more than (80%) of participants enrolled in trials included in the

Was allocation concealment used (i.e. no potential for selection bias)?
Was there blinding of participants and personnel (i.e. no potential for

Did the trials end as scheduled (i.e. not stopped early)?

Yes=1No=0
TOTAL

Risk of bias, TMS studies.

Table 7a
NOTE.


https://gradepro.org
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1 711 records excluded

based on title and abstract

645 duplicates removed

125 full-text articles

excluded, with reasons

'
2 497 records identified through database searching
g
8 MEDLINE: 959
b= PsycARTICLES and PsycINFO: 568
_qE Web of Science: 970
—
e
2 497 records screened
o0 >
=
=
3
5
2 786 potentially relevant articles
~—
.\
i 141 full-text articles
= assessed for eligibility
S
=
| —
S
< 16 studies included in
< . .
= qualitative synthesis
2
~—

16 studies (8 - TMS, 8 - tDCS)
included in quantitative synthesis
(meta-analysis)

Fig. 1. Flow Diagram of study selection and inclusion.

papers or that studies with stronger effects sizes are more likely to be
published. Publication bias was assessed using the funnel plot tool to-
gether with the Egger’s regression test (Egger et al., 1997) and the rank
correlation test (Begg and Mazumdar, 1994). The trim and fill method
(which imputes “missing” studies to create a more symmetrical funnel
plot) (Duval and Tweedie, 2000) was used for bias correction only if the
previously mentioned tests were significant, since a p value < 0.05 is
consistent with a non-symmetrical funnel plot.

3. Results

The literature search initially retrieved 2497 publications and, fol-
lowing application of the eligibility criteria and duplicates removal,
141 studies were selected for a full text review; in the end, sixteen
studies met the inclusion criteria. Fig. 1 summarizes the inclusion
process.

3.1. Studies characteristics

Eight studies used tDCS as a therapeutic application for aphasia
treatment: four randomized controlled trials (RCT) (Polanowska et al.,
2013; Meinzer et al., 2016; Spielmann et al., 2018; Fridriksson et al.,
2018), three randomized crossover studies (Fiori et al., 2013;
Marangolo et al., 2013a; Marangolo et al., 2013b), one partial rando-
mized crossover study (Shah-Basak et al., 2015) (Table 5b). Eight stu-
dies investigated the effects of rTMS on aphasic patients after stroke:
seven were RCTs (Naeser et al., 2005; Waldowski et al., 2012; Barwood
et al., 2013; Seniéw et al., 2013; Khedr et al., 2014; Tsai et al., 2014;
Wang et al., 2014; Hu et al., 2018) and one was a randomized partial
crossover (Medina et al., 2012) (Table 5a). The majority of these studies
used a combined therapy, namely noninvasive brain stimulation was
associated with language training online (behavioral treatment during
the stimulation) or offline (taking advantage of the stimulation after
effects, the linguistic training was delivered after neurostimulation);
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Study Weights ES [95% CI]
Fridriksson et al., 2018 — - 12.26% 0.47 [-0.00, 0.94]
Spielmann et al., 2018 —_—— 10.52% -0.18 [-0.72, 0.36]
Meinzer et al., 2016 f | 5.68% 0.25[-0.59, 1.09]
Shah-Basak et al., 2015 f | 223% 0.41[-1.04,1.85)]
Polanowska et al., 2013 ] 8.37% 0.14 [-0.50, 0.79]
Marangolo et al. 2013 b f | 561% 0.97[0.12,1.81]
Marangolo et al. 2013 a } | 3.19% 0.89 [-0.30, 2.07]
Fiori et al., 2013 f | 3.88% 0.42[-0.64, 1.48]
i 0.33[0.03, 0.62]
tDCS Subgroup (Q =7.16, df =7, p=0.41; 2= 18.3%)
Xue-yan Hu et al., 2018 f | 4.96% 0.83[-0.08, 1.74]
Wang et al., 2014 | 6.34% 1.10[0.32, 1.88]
Tsaietal., 2014 [ ———— 10.61% 0.36 [-0.17, 0.90]
Khedr et al., 2014 } | 5.57% 1.43[0.58,2.28]
Seni6w et al., 2013 e 8.19% 0.71[0.06, 1.37]
Barwood et al., 2013 f | 3.32% 0.61[-0.55,1.77]
Medina et al., 2012 f | 2.90% 0.36[-0.89, 1.61]
Waldowski et al., 2012 } | 6.34% 0.53[-0.25, 1.31]
TMS Subgroup (Q =5.94, df =7, p = 0.55; = 3.5%)
- 0.71[0.43, 1.00]
Overall Heterogeneity Test (Q = 17.34, df = 15, p = 0.30; P= 24.8%) ‘ 100.00% 0.53[0.30, 0.75]
[ T T T 1
15 05 05 15 25
Standardized Mean Difference
Fig. 2. Forest plot of effect sizes, broken down by NIBS (TMS vs. tDCS), at follow-up.
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Fig. 2.1.0. Baujat plot at follow-up (TMS & tDCS).

only two rTMS studies, (Barwood et al., 2013; Medina et al., 2012),
used neurostimulation as a monotherapy.

The methodological quality of the eleven RCTs, according to the
modified Sackett Scale, was good, scoring between 6 and 10 on the
PEDro scale (level 1b evidence). Four studies had randomized crossover
designs, while one had a partial crossover design (Shah-Basak et al.,
2015) and their scores ranged between 4 and 9 (evidence level 1b and

Squared Pearson Residual

Fig. 2.1.1. Baujat plot at follow-up (TMS only).

2). The main risk of bias was the lack of allocation concealment and the
carry over effect due to a very short washout period before the groups
were switched to the other experimental arm; for instance, in the Fiori
et al. (2013) study, the intersession interval (between treatment and
sham) was of only 6 days. Overall, the level of evidence ranged from
good (level 2-4 studies) to very good (level 1b — 12 studies).
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Fig. 2.1.2. Baujat plot at follow-up (tDCS only).
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Fig. 2.2.0. Publication bias assessed by the funnel plot at follow-up (TMS &
tDCS).
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Fig. 2.2.1. Publication bias assessed by trim and fill funnel plot at follow-up
(TMS only).
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Fig. 2.2.2. Publication bias at follow-up assessed by funnel plot (tDCS only).
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3.2. Participants’ characteristics

The review included twenty studies involving 439 stroke patients
diagnosed with aphasia (208 in the experimental condition, 202 in the
sham condition and 29 in both experimental arms as part of crossover
designs); 217 received rTMS stimulation (118 real rTMS and 99 sham)
and 222 participated in tDCS experiments (90 real tDCS, 103 sham and
29 both conditions).

Participants’ characteristics were heterogeneous among studies
(Table 1), especially regarding:

e time interval from stroke — five papers focused on patients in a
subacute stage (N = 184) ranging from 10 to 187 days post-stroke
(Polanowska et al., 2013; Spielmann et al., 2018; Waldowski et al.,
2012; Seniow et al., 2013; Khedr et al., 2014), while all the others
included only participants with chronic aphasia (N = 255), the post-
stroke interval ranging from 7 months to 9 years;

e aphasia diagnosis — this was obtained by means of different tests and

aphasia batteries based on different approaches (neurolinguistics vs.

psycholinguistics), the most frequent ones being: the Boston

Diagnostic Aphasia Examination (BDAE), the Boston Naming Test

(BNT), Psycholinguistic Assessment of Language Processing in

Aphasia (PALPA), Aachen Aphasia Test (AAT), Aphasia Severity

Rating Scale (ASRS) and the Western Aphasia Battery (WAB); then

studies explicitly selected participants with non-fluent aphasia while

6 studies included all types of aphasia (Table 2);

participants’ age ranged between 37 and 77 years (Table 1),

lesion — only left hemisphere stroke patients were selected but only

general information about lesion site, extension, etiology were

provided, with the exception of a few cases for which more details

were reported, including MRI scans (Fiori et al., 2013).

3.3. Intervention

3.3.1. Target area

The target area was identified in different brain regions depending
on the experimental hypothesis and the stimulation type.

All rTMS studies, with one exception - Khedr et al. (2014) that sti-
mulated both hemispheres, stimulated anterior language areas (pars
triangularis or pars opercularis) on the contralesional (right) hemi-
sphere.

The most commonly targeted brain region in tDCS experiments was
Broca’s area, only in one paper (Shah-Basak et al., 2015) a personalized
approach was used: based on pre-treatment tDCS assessment sessions
with different montages, the authors chose which area to target, namely
anterior or posterior, contralesional or ipsilesional. Fridriksson et al.
(2018) chose the temporal lobe region with the highest naming related
activation during fMRI, while Meinzer et al. (2016) tested the effec-
tiveness of M1 (primary motor cortex) stimulation on language re-
habilitation.

3.3.2. Stimulation protocol: rTMS

All of the included studies used an inhibitory stimulation protocol,
with the exception of Khedr et al. (2014) that applied a dual-hemi-
sphere stimulation (excitatory, 20 Hz over Broca’s area and inhibitory
over the right, unaffected homologous of Broca’s area), rTMS was de-
livered at an intensity between 110% and 80% of the resting motor
threshold (7 out of 8 studies used a 90% RMT intensity) at a frequency
of 1 Hz for a duration ranging between 10 min and 30 min for a total of
10/15 sessions (Table 3). Magnetic pulses were delivered with figure of
eight shaped coils.

Stimulation protocol: tDCS. In all of the included studies, tDCS
was unipolar and in general two equal sized electrodes were used; only
Meinzer et al. (2016) selected different dimensions: anode 5 X 7 cm,
cathode 10 x 10 cm. Each electrode had an area of 25 cm? (5¢m X 5
cm) or in some cases 35 cm? (5 cm X 7 cm), and with a few exceptions
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Fig. 3. Forest plot of RCTs at follow-up, broken down by NIBS (TMS vs. tDCS).
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(that chose the best response area (Fridriksson et al., 2018; Shah-Basak
et al., 2015)) the anode was placed over the left, anterior language
areas and the cathode over the right supraorbital region.

3.3.3. The intensity and duration

of the stimulation were heterogeneous across studies, tDCS being
delivered at an intensity of 1 mA or 2mA (7 out of 8 publications used
1 mA, current density = 0.028) for 10/20 min. Another relevant var-
iation concerned the number of sessions, that ranged between 5 (Fiori
et al., 2013; Marangolo et al., 2013a) and 16 (Meinzer et al., 2016). The
follow-up period was very broad, varying from one/ two weeks up to 12
months, and some studies had many follow-up time points (e.g.
Barwood et al. (2013) evaluated the rTMS effects at 1 week, 2 months, 8
months and 12 months after stimulation), but in this meta-analysis only
a period between one and six months was taken into consideration.

3.3.4. Associated therapies

In two rTMS studies (Barwood et al., 2013; Medina et al., 2012) the
treatment was limited to neurostimulation; in all other cases rTMS and
tDCS were delivered together (during the stimulation or immediately
after) with a broad range of aphasia classic therapies like: speech and
language training for 30-60 minutes two-five times a week, picture-
naming activity during every stimulation session, conversational
therapy, word-finding therapy and computerized anomia treatment
(Tables 3 and 4).

3.3.5. Placebo

All the RCTs and randomized crossover studies, apart from
Marangolo et al. (2013a) and Hu et al. (2018) were double-blind sham-
controlled, i.e., investigators and patients were blinded to the treatment
allocations. Randomization was used to assign patients to the treatment
or control group but the method of randomization was not always
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reported (Table 7a and 7b). In the rTMS experiments, sham stimulation
was obtained by positioning the angle of the coil at 90° perpendicular to
the skull (Seniéw et al., 2013; Khedr et al., 2014; Medina et al., 2012)
or with a sham coil (Waldowski et al., 2012; Barwood et al., 2013; Tsai
et al., 2014; Wang et al., 2014). In the tDCS experiments, the sham
condition implied turning off the stimulation after a very brief period,
15-60 seconds.

3.3.6. Outcome measures

Outcome assessment varied largely across studies and included:
picture naming, naming reaction times, comprehension, fluency (dis-
course productivity), grammatical accuracy, lexical selection, general
language scores on aphasia batteries (e.g., Western Aphasia Battery -
Aphasia Quotient), single photon emission-computed tomography
(SPECT) scans, relation between cerebral blood flow (CBF) and lan-
guage recovery etc.

3.3.7. Adverse effects

Overall, both rTMS and tDCS were well tolerated and only common,
mild side effects, such as local discomfort at the stimulation site
(itching, tingling) or dull headache and dizziness (Fridriksson et al.,
2018), were registered. Importantly no study reported significant dif-
ferences between the active and the control group regarding unpleasant
effects, but unfortunately almost half of the included papers did not
provide such information (Fiori et al., 2013; Marangolo et al., 2013a;
Marangolo et al., 2013b).

3.4. Meta-analysis results

Hedges’ g, a measure of effect size, was computed for each study and
pooled into the meta-analysis in an effort to obtain a better under-
standing of how well the post-stroke aphasia NIBS treatment worked
(the primary outcome was based on picture naming accuracy). Hedges’g
interpretation is very similar to Cohens’d (a g of 1 indicates that the two
groups differ by one standard deviation, a g of 2 indicates they differ by
two standard deviations). Cohen suggested a rule of thumb for inter-
preting the results: small effect = 0.2, medium effect = 0.5 and large
effect = 0.8 (DeVellis, 1991).

In order to calculate the treatment effect, the standardized mean
differences (SMD) were pooled using the random-effects model re-
gardless of the heterogeneity test results (Q or I%), since there is a
certain amount of variance between studies due to their particular
characteristics (e.g., stimulation parameters, associated therapies, pa-
tients’ characteristics). Table 8 contains the test results from all the
analyses.

3.4.1. rTMS vs. tDCS follow-up efficacy

rTMS vs. tDCS follow-up efficacy was the main question of the
present study; the meta-analysis of 11 RCTs and 5 crossover studies
showed a significant medium effect of noninvasive brain stimulation for
post-stroke aphasia rehabilitation (overall SMD of 0.53; 95% CI
[0.30, 0.75], p < .0001; I* = 24.78%), see Fig. 2. When separately
investigating the effects of rTMS and tDCS, though, both techniques
produced a statistically significant effect: an rTMS pooled analysis re-
vealed a moderate effect size (rTMS: SMD = 0.71; 95% CI = [0.43,
1.001, p < 0.0001; I? = 3.54%; N = 8), while tDCS produced a sig-
nificant but small effect size (tDCS: SMD = 0.33; 95% CI [0.03,
0.62], p = 0.02; I = 18.32%; N = 8); nevertheless the Test of Mod-
erators, comparing the two techniques did not reveal a statistical sig-
nificant difference between the two (QM(1) = 3.376, p = 0.066). Since
these data are mainly based on naming scores (2 studies used speech as
the main outcome (Marangolo et al., 2013b; Medina et al., 2012) and 1
study (Shah-Basak et al., 2015) used the WAB-QB scores) the effect of
NIBS on language will be more appropriately referred to as the effect on
naming.

Although Q-statistic and I” tests provide evidence for heterogeneity,
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Fig. 4. Forest plot of effect sizes immediately after treatment, broken down by NIBS (TMS vs. tDCS).
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Fig. 4.1.0. Baujat plot immediately after treatment (TMS & tDCS).

they do not offer an indication about which studies may dis-
proportionately influence heterogeneity. Baujat et al. (2002) proposed
a plot to reveal those papers which contribute more heavily to het-
erogeneity and overall outcome (Fig. 2.1.0 Figure 2.1). Studies in the
top right quadrant of Fig. 2.1.2 for tDCS (Spielmann et al., 2018) and
Fig. 2.1.1 for rTMS (Tsai et al., 2014) were those with the higher
contribution to overall heterogeneity and final results. Nevertheless, the
visual inspection of a plot might not be conclusive; therefore, to identify
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Fig. 4.1.1. Baujat plot of TMS studies immediately after treatment.

potential outliers and influential studies, Viechtbauer and Cheung
(Viechtbauer and MW-L, 2010) proposed an influential test derived
from standard linear regression. Results indicated that Tsai et al. (2014)
(study 6 on the Baujat plot), for the rTMS subgroup, and Spielmann
et al. (2018) (study 7 on the Baujat plot), for the tDCS subgroup, yield
observed effects that were well separated from the rest of the data.
Looking at the forest plot it can be easily seen that Shah-Basak et al.’s
(2015) paper crucially contributes to the final result (weights =
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10.61%) and Spielmann et al.’s (2018) study can be considered an
outlier since the reported effect size is negative (—0.18), contrary to all
the other studies: indeed, in this study tDCS on subacute patients seems
to have a slightly (not statistically significant) negative effect on
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language recovery.

Publication Bias: The funnel plot for rTMS, tDCS and the overall
publication bias (Fig. 2.2.0, 2.2.1 and 2.2.2) was considered symme-
trical given the fact that neither the Rank Correlation nor Egger’s Re-
gression Test were statistically significant (Table 8); so, the conclusions
regarding the rTMS and tDCS follow-up efficacy, taken alone and
pooled together, remained unchanged.

3.4.2. Only tDCS RCTs

Only tDCS RCTs were then analyzed separately (N = 4) in order to
exclude possible confounding factors like the carry over effects, which
were present in the majority of the crossover trials (Fiori et al., 2013;
Marangolo et al., 2013a; Marangolo et al., 2013b; Shah-Basak et al.,
2015). The “only RCTs analysis” was not conducted on the TMS studies
because, the only TMS randomized crossover trial was the one by
Medina et al. (2012) who provide the follow-up results for treatment
and control before the sham participants crossed over into the real
treatment group, which means that we extract the same data as from an
RCT study.

The overall weighted mean effect size for rTMS and tDCS was 0.49
(p = .0001; 95% CI: [0.24, 0.75]; N = 12). The test for heterogeneity
was not significant (Q = 15.57, p = .16, I = 33.14%), indicating that
the variance between studies was not larger than expected when in-
cluding random sample error (Fig. 3). Taken separately the tDCS RCTs
effect size was small and non-significant SMD = 0.20 (p = 0.29; 95%
CL: [-0.15 - 0.51]; N = 4), and as expected the Test of Moderators
showed that the difference between the TMS RCTs and tDCS RCTs es-
timates was statistical significant (QM (1) = 5.61, p = 0.018).

The Baujat plot (Fig. 3.1.0, 3.1.2) and the Viechtbauer and Cheung
(Viechtbauer and MW-L, 2010) influential test identified two studies as
potential outliers: Spielmann et al. (2018) and Fridriksson et al. (2018)
(study 3 and study 4) for the tDCS subgroup. The publication bias tests
were not significant and the funnel plots (Fig. 3.2.0, 3.2.2) can be
considered symmetrical.

3.4.3. After vs. Follow-up

Our meta-analysis focus was the NIBS follow-up efficacy but we also
collected and analyzed the SMD immediately after treatment in order
explore the effect of time on brain stimulation efficacy (once again, the
primary outcome was based on naming scores). Separate analysis of
tDCS and rTMS publications immediately after treatment (no more than
one week later) revealed a statistically significant but small SMD of
0.34 (95% CI = [0.023, 0.65]; p = 0.035; N = 8) for tDCS, while for
rTMS studies, the SMD of 0.66 (95% CI = [0.37, 0.94]; p < .0001;
N = 7) can be considered medium (Fig. 4). Furthermore, the paired t-
test comparing before vs after effect sizes for each technique yielded no
significant difference between the two time points, indicating that the
effect size observed in the rTMS (t (6) = —0.54, p = 0.24;
99%CI = [-0.54, 0.24]) and tDCS (t (7) =0.14, p=0.88;
99%CI = [—0.16, 0.17]) studies immediately after treatment did not
change significantly when measured at follow-up (an interval extending
from one to six months after the last stimulation session).

The Viechtbauer and Cheung (Viechtbauer and MW-L, 2010) in-
fluential test as the Baujat plot (Fig. 4.1.0, 4.1.1, 4.1.2) showed no
potential outliers for the rTMS alone, while the Spielmann et al.’s
(2018) and Marangolo et al.’s (2013b) experiments were identified as
potential outliers for tDCS effects. The tests for publication bias in-
dicated no need for bias correction (Fig. 4.2.0, 4.2.1, 4.2.2).

3.4.4. Chronic vs. Subacute

The stroke phase (subacute or chronic) determines the brain state
and ongoing plastic changes which influence treatment effects. To in-
vestigate possible differences in NIBS efficacy at follow-up taking into
consideration the time passed from the stroke event, studies including
only chronic patients (N = 11, tDCS = 6 and rTMS = 5) were analyzed
separately from those with subacute aphasic participants (N =5,



M. Bucur and C. Papagno

Influence on Overall Result

Study

Neuroscience and Biobehavioral Reviews 102 (2019) 264-289

Weights ES

[95% CI]

Fridriksson et al., 2018

Meinzer et al., 2016 t

26.21%

Shah-Basak et al., 2015 L

1 8.32%

Marangolo et al. 2013 b

Marangolo et al. 2013 a k

i 2.81%

! 8.19%

Fiorietal., 2013 k

{ 417%

0.47 [-0.00, 0.94]
0.25[-0.59, 1.09]
0.41[-1.04,1.85]
0.97[0.12, 1.81]

0.89 [-0.30, 2.07]

tDCS Subgroup (Q = 1.93, df = 5, p = 0.86; > = 0.0%)

Xue-yan Hu et al., 2018 ;

i 5.22% 0.42[-0.64, 1.48]

0.54[0.21, 0.86]

Wang et al., 2014

i 7.02% 0.83[-0.08, 1.74]

y 9.59% 1.10[0.32, 1.88]

Tsaietal., 2014 e 20.35% 0.36 [-0.17, 0.90]
Barwood et al., 2013 k | 4.37% 0.61[-0.55,1.77]
Medina et al., 2012 ; 1 3.75% 0.36 [-0.89, 1.61]

TMS Subgroup (Q =2.71, df = 4, p=0.61; = 2.5%)
et 0.62[0.25, 0.99]

Overall Heterogeneity Test (Q = 4.74, df =10, p=0.91; = 0.0%)

100.00% 0.57 [0.33, 0.81]

T
0.5

T 1
1.5 25

Standardized Mean Difference

Fig. 5. Forest plot of chronic subgroup effect sizes at follow-up, broken down by NIBS (TMS vs. tDCS).
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Fig. 5.1.0. Baujat plot of chronic subgroup at follow-up (TMS & tDCS).

Influence on Overall Result

02 03 04 05 06 07

0.0 0.1

T T T T T T T T
0.0 0.2 0.4 0.6 0.8 1.0 12 14

Squared Pearson Residual

Fig. 5.1.1. Baujat plot of chronic subgroup at follow-up (TMS only).
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Fig. 5.1.2. Baujat plot of chronic subgroup at follow-up (tDCS only).

rTMS = 3, tDCS = 2) and the two techniques were compared for each
subgroup. This choice was made based on the previous analysis (rTMS
vs. tDCS at follow-up) showing that rTMS and tDCS produced different
results especially concerning the subacute population.

rTMS vs. tDCS in chronic aphasia (more than six months after
the stroke): The outcome revealed a significant weighted mean effect
sizes of 0.62 (95% CI: [0.25, 0.98], p = 0.001, N = 5) for the rTMS
studies and 0.54 (95% CI: [0.20, 0.86], p = 0.001, N = 6) for the tDCS
studies, while the Test of Moderators (QM (1) = 0.20, p = 0.65)
showed no significant difference between the two effect sizes (for de-
tails see Fig. 5, and funnel plots Figs. 5.2.0, 5.2.1, 5.2.2).

Taking a close look to the influential studies, the test revealed three
potential outliers: Wang et al. (2014) and Tsai et al. (2014) for the rTMS
subgroup, and Fridriksson et al. (2018) for the tDCS subgroup (Baujat
plot Fig. 5.1.0, 5.1.1, 5.1.2).
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rTMS vs. tDCS in subacute aphasia (less than six months after
stroke): The number of studies investigating the effects of NIBS ex-
clusively on a subacute population was particularly small (‘TMS = 3
and tDCS = 2) The pooled analysis revealed a statistically large and
significant SMD of 0.85 (95% CI = [0.30, 1.32]; p = 0.0004) for rTMS
studies in subacute patients, while for tDCS the SMD was not calculated
because, with such a small number of studies, the result is neither solid
nor reliable.(Fig. 6, 6.1.0, 6.1.1, 6.2.0, 6.2.1).

3.5. GRADE assessment

Overall evidence was qualified using GRADE (for RCTs and cross-
over). Low quality of evidence (i.e., the true effect might be markedly
different from the estimated effect) shows that people with post-stroke
aphasia may have a small to medium long-term benefit from tDCS
treatment when compared to the control group; while a high quality of
evidence (i.e., the authors believe that the true effect is probably close
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to the estimated effect) indicates that aphasic patients might have a
medium to large benefit from rTMS treatment.

Given the fact that the online GRADEpro software offers only two
options for the study designs, namely RCTs or observational studies, we
chose RCTs, because the majority of the included studies were rando-
mized designs. The level of evidence for RCTs was downgraded due to
the carry over effect in the crossover designs but also for the lack of
precision due to incongruent effect size direction and the large con-
fidence intervals. The GRADE data are shown in Table 9.

4. Discussion

In recent years, an increasing number of studies investigated whe-
ther tDCS or TMS can promote aphasia recovery, in an attempt to po-
tentiate the therapy-induced clinical benefits and/or to shorten the
period of treatment.

As mentioned in the introduction, the aim of this comparative meta-
analysis was to examine the long-term efficacy and reliability of NIBS
(tDCS, rTMS) as an intervention for post-stroke aphasia. In other words,
we aimed at assessing to what extent the therapeutic promises are
confirmed in the long term, so that rTMS and/or tDCS (either as an add-
on therapy to SLT or as monotherapy) can be considered really effec-
tive.

The overall analysis, including 16 independent follow-up effect sizes
(mainly based on naming scores), revealed a medium and significant
effect of NIBS (rTMS and tDCS studies pooled together) compared to the
control condition (sham or pre-treatment). These data are highly re-
levant for the rehabilitation research field, suggesting that rTMS and
tDCS may improve aphasia recovery and produce durable results,
especially for the naming performance. The effect size hereby found is
comparable to those reported by other recent meta-analyses in-
vestigating the same topic, despite the fact that their analyses were
based on data recorded immediately after the end of treatment (Shah-
Basak et al., 2016; Otal et al., 2015). Although the magnitude of the
treatment effect size was larger in the rTMS than in the tDCS studies,
this difference was not statistically significant. Nevertheless, when
balancing these results by the GRADE level of evidence it seems that: i)
while rTMS coupled with SLT can be considered effective (a medium
effect size at follow up and a high level of evidence), ii) there are no
consistent data to make a strong recommendation regarding the effec-
tiveness of tDCS coupled with SLT in improving post-stroke aphasia (a
small to medium effect size at follow up and a low level of evidence, as
qualified with GRADE). This means that in some conditions (e.g., an-
odal stimulation in the subacute population), tDCS therapy could be
less effective (Spielmann et al., 2018).

Critically, comparing the data immediately after treatment and at
follow-up, we found no significant differences between the two time-
points. Therefore, we can provide compelling evidence that the treat-
ment effects are maintained in time, i.e., the changes observed at the
end of the stimulation intervention remained roughly stable (they in-
significantly decrease or do not improve) when measured again after a
period extending from one to six months post-treatment.

Considering only RCT studies, in order to exclude eventual con-
founding variables, such as carry-over effects, we observed that the
overall (rTMS and tDCS) effect size remained medium and statistically
significant, but sub-analyses indicated an advantage of rTMS over tDCS.
More precisely the tDCS RCTs effect size was small and not statistically
significant. This result should be interpreted with caution since the
number of studies is extremely small. From the four tDCS RCTs, two
were conducted on subacute aphasics (Polanowska et al., 2013;
Spielmann et al., 2018) and as previously observed, the tDCS effect
seems to be sensitive to chronicity. Furthermore, none of the tDCS
RCTs, on chronic populations, stimulated the perilesional Broca’s area;
specifically, Meinzer et al. (2016) applied anodal tDCS over the left
primary motor cortex, while Fridriksson et al. (2018) choose to sti-
mulate the left temporal lobe, specifically, the region with the highest
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Fig. 6. Forest plot of subacute subgroup effect sizes at follow-up, TMS and tDCS.
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Fig. 6.1.0. Baujat plot of subacute subgroup at follow-up (TMS & tDCS).
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Fig. 6.1.1. Baujat plot of subacute subgroup at follow-up (TMS only).

naming related activation during fMRI.

The sub-analysis by stroke chronicity confirmed the previous ob-
servations (based on data recorded immediately after treatment) (Shah-
Basak et al., 2016), namely, that also at follow-up rTMS was effective in
both chronic and subacute aphasic patients while tDCS was effective
only in the chronic phase. Only two studies investigated the tDCS ef-
ficacy during the subacute phase (Polanowska et al., 2013; Spielmann
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Fig. 6.2.0. Trim and fill funnel plot of subacute subgroup (TMS & tDCS).
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Fig. 6.2.1. Funnel plot of subacute subgroup at follow-up (TMS only).

et al., 2018) and both failed to find significant differences in language
outcomes between groups (treatment vs sham). Based on the current
literature data, it is unclear whether the difficulty to find an improve-
ment (after tDCS stimulation in the subacute aphasic population) is
because there is no effect at all or a “true effect” is too small to be
detected with such a small number of studies. It has been speculated
that an effect of tDCS might be difficult to achieve during the subacute
phase, due to spontaneous recovery, that could mask the effects of re-
habilitation interventions (Polanowska et al., 2013; Spielmann et al.,
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Table 9
GRADEpro summary.
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Question: Long-term efficacy of transcranial brain stimulation (TMS & tDCS) vs. Control in post-stroke aphasia treatment.

Certainty assessment Ne of patients Effect Certainty

Ne of Study design Risk of bias Inconsistency Indirectness Imprecision Transcranial brain Control Absolute (95% CI)

studies stimulation

Long-term efficacy of tDCS vs. Control (follow up: range 4 weeks to 24 weeks; Scale from: -1.5 to 2.5)

8 randomized serious® serious” not serious  not serious 119 132 SMD 0.33 SD higher (0.03 SPOQO Low
trials higher to 0.6 higher)

Long-term efficacy of tDCS vs. Sham (RCT only) (follow up: range 4 weeks to 12 weeks; Scale from: -1.5 to 2.5)

4 randomized not serious  serious” not serious  serious* 88 103 SMD 0.18 SD higher (0.15 SPOQO Low
trials lower to 0.51 higher)

Long-term efficacy of TMS vs. Sham (RCT only) (follow up: range 8 weeks to 15 weeks; Scale from: -1.5 to 2.5)

8 randomized not serious  not serious not serious  not serious 118 99 SMD 0.71 SD higher (0.43 DDDD HIGH
trials higher to 0.996 higher)

Long-term efficacy of NIBS vs. Control in patients with chronic aphasia. (follow up: range 4 weeks to 24 weeks; Scale from: -1.5 to 2.5)

11 randomized serious” not serious not serious  not serious 145 139 SMD 0.57 SD higher (0.33 SPPO
trials higher to 0.81 higher) MODERATE

Long-term efficacy of NIBS vs. Control in patients with subacute aphasia. (follow up: range 4 weeks to 15 weeks; Scale from: -1.5 to 2.5)

5 randomized not serious  serious” not serious  serious® 92 92 SMD 0.48 SD higher (0.05 SPOO Low
trials lower to 1.00 higher)

CI: Confidence interval; SMD: Standardized mean difference (Hedges’g).
GRADE Working Group grades of evidence.

High quality: Further research is very unlikely to change our confidence in the estimate of effect.
Moderate quality: The authors believe that the true effect is probably close to the estimated effect.
Low quality: Further research is very likely to have an important impact on our confidence in the estimated effect and could change the estimate.

Very low quality: We are very uncertain about the estimate.
Downgraded Explanations.

% Downgraded as there were serious limitations identified in the risk of bias, since not all the studies were RCTs, same were crossover or open-label studies.
b point estimates vary widely and the direction of the effect was not consistent.

¢ A very small number of included studies.

2018). Another explanation might be the relation between the stimu-
lation parameters (inhibitory vs. excitatory, ipsilateral vs. contralateral)
and the dynamic mechanisms of post-stroke recovery (repair of da-
maged networks, activation of compensatory areas in the right hemi-
sphere, or activation of previously functionally inactive pathways) and
how well each one supports the other in order to enhance recovery. For
example, Polanowska et al. (2013) and Spielmann et al. (2018) using
anodal stimulation over the left Broca’s area obtained a null effect,
while You et al. (2011) showed that auditory verbal comprehension
improved significantly in subacute patients treated with cathodal tDCS
over the right superior temporal gyrus, as compared to patients in the
other groups (anodal tDCS applied to the left superior temporal gyrus
and sham). In 2006, Saur (2006) reported that brain reorganization
during language recovery might proceed in phases. Namely, they ob-
served a reduced activation of the spared left language areas during the
acute period, followed by the recruitment of the right language regions
in the subacute phase, and a re-shift of peak activation to left-hemi-
spheric language areas (which was associated with further language
improvement) (Saur and Hartwigsen, 2012). Considering this observa-
tion, and knowing that tDCS has a modulation effect (it only modulates
those neurons that are potentially engaged in the execution of a given
task) (Fertonani and Miniussi, 2017), it might be more appropriate to
try to downregulate the right hemisphere during the subacute period
(cathodal tDCS over the right language areas) and to activate the
perilesional regions during the chronic phase (eventually by using a bi-
hemispheric stimulation: cathode over the right and anode over the left
language areas). However, the choice of the stimulation type (in-
hibitory or excitatory) and the stimulation area (right or left hemi-
sphere) depends also on the adopted recovery model (the “vicariation
model” - right areas help recovery, the “interhemispheric competition
model” - the right hemisphere excessively inhibits the left one, and the
“bimodal balance-recovery model” - the quantity of spared neuronal
structures determines the network reorganization) (Di Pino et al.,
2014).

There are however several limitations in the present meta-analysis,
as, for instance, the low number of studies (especially because many
papers did not include a follow-up period), the risk of bias (present in
the crossover designs) and the selection biases. The between-study
heterogeneity and the risk of publication bias were low. Nevertheless,
even if the funnel plot and the specific asymmetry tests did not indicate
a significant publication bias, we restricted our search strategy to ar-
ticles published in English, excluding potentially high-quality research
data that were published in other languages or belonging to “gray lit-
erature”. Crucially, all the comments and recommendations were based
on publications reporting follow-up results; this means that other re-
levant information about efficacy, stimulation protocol and metho-
dology might have been missed (for reviews see (de Aguiar et al., 2015;
Sebastianelli et al., 2017; Shah-Basak et al., 2016; Kapoor, 2017; Otal
et al., 2015; Ren et al., 2014; Crinion, 2016)). However, we believe that
the relevant outcome is a permanent, or at least a long-lasting im-
provement, not just an immediate one. Another limitation is due to an
important literature bias, namely, the lack of comprehensive aphasia
assessment in patients receiving NIBS treatment. Since picture naming
is one of the most frequently used tests for assessing improvement in
language abilities after rTMS or tDCS (Shah-Basak et al., 2016), it was
used as the main outcome for this review. We are aware that picture
naming accuracy is not the unique measure of aphasia severity and,
consequently, the meta-analysis results only reflect the effects of NIBS
on naming in persons with aphasia.

Summing up, our findings add new data to the existing literature, by
showing that, with the current stimulation procedures, the rTMS long-
term effect size is moderate but more reliable independently of the
patients’ characteristics, while tDCS appears moderately effective for
the chronic population. Importantly, study quality was lower in the
tDCS subgroup (Table 9, GRADEpro evaluation). Many studies used
crossover designs with a very small period between the sessions,
therefore the final result (especially at follow-up) was probably a mix
between the different experimental conditions. Another important



M. Bucur and C. Papagno

problem observed in tDCS studies was the lack of details regarding le-
sion size, and given the dimension of the tDCS electrodes (often
5 X 7cm), it is not always obvious that all patients actually had a
structurally intact cortex underneath the active electrode.

Based on the current data and the literature reviews (e.g. (Bolognini
and Miniussi, 2018)), we can speculate that NIBS (tDCS and rTMS) are
more effective on boosting the recovery process, not as a monotherapy
(a treatment by itself), but rather as a complementary instrument
coupled with SLT (only five included studies used rTMS and tDCS
alone).

In conclusion, each technique has advantages and disadvantages:
rTMS seems more effective but also more expensive and with a higher
safety risk, while tDCS appears less effective but is user-friendly and
could be applied at home with a relatively small cost. For these reasons,
further evaluation of the utility of these methods for aphasia re-
habilitation should combine efficacy and feasibility data, making a cost-
benefit analysis possible. Still, in the future the most important chal-
lenge will be to collect clear evidence of the long-term efficacy in the
everyday-life of these methods.
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