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Abstract

Purpose Aphasia—acquired loss of the ability to understand or express language—is a common and debilitating neurological
consequence of stroke. Evidence suggests that transcranial magnetic stimulation (TMS) can significantly improve language
outcomes in patients with aphasia. Repetitive transcranial magnetic stimulation (rTMS) has been reported to improve naming
in chronic stroke patients with nonfluent aphasia since 2005.

Methods We conducted a systematic review and meta-analyses of TMS treatment studies in patients with aphasia. Eight
electronic databases (PubMed, Medline, Embase, Scopus, ScienceDirect, Cochrane Central Register of Controlled Trials,
Journals@Ovid, and clinicaltrials.gov) were searched for articles. Relevant studies were further evaluated, and studies that
met inclusion criteria were reviewed. The searches were limited to human studies written in English and published between
January 1960 and January 2020. In keeping with the main objective of this review, we included all studies that carried out
treatment using rTMS in stroke patients with aphasia, regardless of the trial (or experimental) design of the study. Studies
that implemented between-subject or randomized controlled (RCT) design, cross-over trials, and within-subject or pre-post
trials were all included. Standard mean difference (SMD) for changes in picture naming accuracy was estimated.

Results The literature search yielded 423 studies. Fifty articles were further evaluated to be included. Eleven met all inclusion
criteria and were chosen for review. Eleven eligible studies involving 242 stroke patients were identified in this meta-analysis.
Further analyses demonstrated prominent effects for the naming subtest (SMD=1.26, 95% CI=0.80to 1.71, p=0.01), with
heterogeneity (I>=69.101%). The meta-analysis continued to show that there was a statistically significant effect of rTMS
compared with sham rTMS on the severity of aphasia. None of the patients from the 11 included articles reported adverse
effects from rTMS.

Conclusions There are some strong studies evaluating the efficacy of rTMS in stroke patients but further research is required
to fully establish the usefulness of this treatment. This meta-analysis indicates a clinically positive effect of rTMS with or
without speech and language therapy (SLT) for patients with aphasia following stroke in overall language function and
expressive language, including naming, repetition, writing, and comprehension. Low-frequency (1 Hz) rTMS over the unaf-
fected hemisphere is effective and compatible with the concept of interhemispheric inhibition. Moreover, the treatment of
1 Hz rTMS for patients with aphasia after stroke was safe.
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Introduction

In recent years, advances in cognitive neuroscience, neu-
rorehabilitation research, and neuroimaging have led to
dramatic advances in our understanding of how the brain
reorganizes in the setting of stroke and other forms of focal
brain injury. These discoveries have, in turn, paved the way
for the use of noninvasive neuromodulation technologies,
such as transcranial magnetic stimulation (TMS), which
can potentially be employed to create focal, persistent neu-
roplastic changes in brain activity. Repetitive transcranial
magnetic brain stimulation has been studied worldwide
since 1985 [1] as a potential treatment for some disorders
associated with stroke. Noninvasive brain stimulation has
been explored as a potential adjunctive treatment for a
variety of post-stroke deficits, including aphasia, one of
the most common and debilitating cognitive sequelae of
stroke.

Aphasia refers to a type of language disorder syndrome
in which organic brain diseases are caused by various
reasons, which cause damage to related brain areas that
dominate brain language expression and listening com-
prehension, so that patients cannot perform normal speech
expression and understand the other party’s words. It is
very common in patients with cerebrovascular disease.
According to research statistics, the incidence of aphasia
in stroke patients is about 20-40% [2].

Stroke-related aphasia is one of the most common con-
sequences of cerebrovascular diseases and occurs in one-
third of acute or subacute stroke patients [3]. Aphasia can
incapacitate all modes of human communication, includ-
ing language production, language comprehension, read-
ing, and writing. Aphasia is a frequent sequel of stroke
with serious effects on the patient’s autonomy and quality
of life and requires speech and language therapy by which
significant improvements of language and communication
deficits can be achieved if administered intensively and
for prolonged periods [4, 5]. Approximately, 21-38% of
stroke patients experience aphasia in the acute phase, and
up to 12% have severe aphasia even 6 months after their
stroke [3, 6]. While spontaneous recovery after a stroke
is common in first 3—6 months, aphasia persists beyond
this period in many patients and can become a chronic
disability.

Aphasia recovery mechanism
Regarding the mechanism of aphasia recovery, when the
language hub of the dominant hemisphere is damaged in

the acute phase, its inhibition of the surrounding brain
areas will be weakened, which promotes the activation
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of the brain areas around the damaged brain area and the
functional reconstruction of plasticity, and promotes the
recovery of the patient’s language function. In the suba-
cute phase, the mirror brain area of the language hub of
the right hemisphere is activated due to the weakening
of the inhibition of the dominant hemisphere, which is
beneficial to the recovery of the function of patients with
aphasia to a certain extent. In the chronic recovery period,
as the function of the dominant hemisphere on the left side
of the brain gradually recovers, its activation level gradu-
ally increases during language training, and the inhibition
to the right hemisphere gradually increases. At the same
time, the activation level of the right hemisphere gradually
decreased. The language hub gradually returns to the left
dominant hemisphere. Therefore, in the chronic phase, in
order to reduce the inhibitory effect of the non-dominant
hemisphere on the dominant hemisphere, it is necessary to
inhibit the corresponding brain areas of the non-dominant
hemisphere, and at the same time, it can excite the lan-
guage hub in the dominant hemisphere and promote the
recovery of the language function of the patients. Also in
clinical practice, it had shown that cortical stimulation
could facilitate functional improvement [7].

Application of rTMS in aphasia

Repetitive transcranial magnetic stimulation technology is
one of the main representatives of non-invasive brain stimu-
lation technology that has emerged in recent years. It not
only has a temporary inhibitory or excitatory effect on the
cerebral cortex, but also has a long-term plasticity change
effect. A large number of research results affirm its efficacy
in the treatment of aphasia [8], but the specific mechanism of
action is still unclear. Some scholars use the method of func-
tional magnetic resonance to explore the specific mechanism
of the rTMS by the specific activated/inhibited brain regions,
but the conclusions are very different [9-12]. In addition,
studies have also found that after rTMS treatment, the levels
of brain-derived neurotrophic factor in peripheral blood of
patients with depression were higher than before, which may
be one of the mechanisms of rTMS [13].

Encouragingly, over the course of the last decade, a grow-
ing body of evidence has supported the use of noninvasive
brain stimulation approaches to enhance long-term recovery
in persons with aphasia [14—17]. TMS is a noninvasive pro-
cedure that uses magnetic fields to create electric currents
in discrete brain areas [18, 19]. TMS involves discharging
a current through a coil of copper wire that is held over the
subject’s scalp. The current pulse flowing through the coil
generates a rapidly fluctuating magnetic field that penetrates
the scalp and skull unimpeded, and induces a changing elec-
trical field in the cerebral cortex below the coil. The physi-
ologic response appears to be caused by current flow in the
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cortical tissue, which leads to neuronal depolarization, excit-
ing or inhibiting the cortex [20]. The participant feels a light
tap on the scalp, may feel a twitch of the face muscles, and
hears a brief, loud click as the current passing through the
coil tightens the copper wire. Participants report that this is
not unpleasant. The stimulation of the brain itself is painless.
Depending on the stimulation parameters employed, TMS
can be applied in ways that are understood to have either
excitatory or inhibitory effects on underlying brain areas.
The excitatory or inhibitory effects of TMS are dependent
on the frequency at which it is administered; Repetitive TMS
(rTMS) delivered at frequencies < 5 Hz decreases excitabil-
ity of affected cortical areas, while rTMS at higher frequen-
cies increases excitability. When rTMS is applied as multi-
ple stimuli (trains) of appropriate frequency, intensity, and
duration, rTMS can lead to increases or decreases in excit-
ability of the affected cortex that last beyond the duration of
the train itself [21]. Slow rTMS, where 1 magnetic pulse is
applied every second (1 Hz), delivered to the motor cortex,
can give rise to a lasting decrease in corticospinal excitabil-
ity [22, 23]. Mounting studies have demonstrated that inhibi-
tory low frequency rTMS (< 1 Hz) over the unaffected hemi-
sphere can improve language function in poststroke aphasic
patients with left hemispheric lesions [11, 24-26]. Con-
versely, fast r'TMS (5, 10, or 20 Hz) can induce a transient
increase in cortical excitability. The maximum output of a
TMS device can reach up to 2.5 T. To achieve focal brain
stimulation, rTMS is often applied with a figure 8-shaped
stimulation coil (7 cm in diameter), where the area of the
brain cortex affected is approximately 1 cm, located in the
center where the two wings of the Fig. 8-shaped coil meet.

Studies in patients with aphasia involving TMS have
reported improvement in a variety of language functions,
ranging from better accuracy in picture naming [14, 16,
27-29] to self-perceived improvement among patients in
the ability to communicate [30, 31] after TMS. This arti-
cle presents an overview of repetitive transcranial magnetic
stimulation (rTMS) where this new technology is explained
in relationship to treatment of aphasia. The present system-
atic review and meta-analysis study aimed to investigate
the efficacy of rTMS on aphasia rehabilitation in aphasic
patients with stroke.

Methods

One reviewer (MGH) carried out independent literature
searches to identify potential treatment studies of rTMS
in post-stroke aphasia. The following databases were used
to conduct electronic searches to identify relevant stud-
ies: PubMed, Medline, Embase, Scopus, ScienceDirect,
Cochrane Central Register of Controlled Trials, Journals @
Ovid, and clinicaltrials.gov. The search terms were “aphasia

OR language disorders OR anomia OR linguistic disorders
AND stroke AND transcranial magnetic stimulation”. The
searches were limited to human studies written in English
and published between January 1960 and January 2020.

Table 1 provides detailed criteria for identifying studies
for the meta-analyses. In keeping with the main objective
of this review, we included all studies that carried out treat-
ment using rTMS in stroke patients with aphasia, regardless
of the trial (or experimental) design of the study. Studies
that implemented between-subject or randomized controlled
(RCT) design, cross-over trials, and within-subject or pre-
post trials were all included. Since picture naming is one of
the most frequently used batteries for assessing improve-
ment in language abilities after treatment with rTMS [32],
we included studies that reported raw scores or changes in
picture naming accuracy. Picture naming accuracy reflects
the number of correctly articulated names of objects, dis-
played to patients as line drawings [33]. In cross-over tri-
als, the same subjects undergo both the sham and the real
treatment, and changes in accuracy relative to baseline are
compared between conditions. In incomplete crossover stud-
ies, a subset of subjects receives only real stimulation, while
a subset receives sham stimulation first followed with real
stimulation. The comparison is within-subject in the former
subset (i.e., assessing post-stimulation performance relative
to subject’s baseline performance). The comparison in the
latter subset is also within-subject but it is relative to sub-
ject’s performance after the sham stimulation.

We placed no restrictions on stroke characteristics or
types of aphasia in our inclusion criteria for treatment stud-
ies. We also did not restrict inclusion of studies based on
brain stimulation parameters. Thus, studies that imple-
mented rTMS of different kinds, including theta burst stim-
ulation (TBS), were included. However, we excluded those
studies in which (a) fewer than 3 stimulation sessions were
administered per patient or (b) stimulation was provided to
different sites across sessions, because there is little evidence
to suggest that single sessions or very few sessions of stimu-
lation can translate to long-term benefits. In line with the
notion that repeated sessions of stimulation are necessary to
elicit therapeutic effects, most treatment studies have imple-
mented protracted regimens involving 1-3 weeks of expo-
sure to rTMS. Only those studies that administered rTMS in
daily sessions (35 days/week) and kept the cortical target(s)
constant throughout the treatment period were included. No
restrictions were placed on the duration or time point of
speech and language therapy (SLT) in these studies.

Studies that were published without English language
translation were excluded. We also excluded publications
of pilot studies where pilot data were also included in later
publications, either with increased recruitment or extended
follow-up evaluations. Our inclusion criteria permitted
only those studies that provided treatment with either
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Table 1 Inclusion/exclusion criteria for identifying treatment studies

Inclusion criteria

Exclusion criteria

Patients

Treatment

Outcomes

Trial designs

Data reporting

Studies that included adults diagnosed with aphasia due to
stroke

No restrictions were applied based on the following:

~ Type of stroke (ischemia or hemorrhagic),

~ Recovery phases (acute, subacute and chronic), or

~ Specific anatomical locations of lesions

Studies that included rTMS as treatment

No restrictions on the site of stimulation were applied

No restrictions as to the specific brain stimulation paradigms
were applied:

~ For TMS studies that applied repetitive TMS (low or high
frequency) or theta burst stimulation (continuous or inter-
mittent) were included

No restrictions on the duration or timing of SLT

Studies that included picture naming accuracy (change or
raw scores after treatment), as part of a comprehensive
neuropsychological battery or as a separate test

Between-subject or randomized controlled trials, cross-over
trials, and within-subject or pre-post trial designs were
included

Studies in which reporting of the data was conducive to

Studies that included non-stroke patients (e.g., Alzheimer’s
disease, Parkinson’s) or those patients who did not suffer
from aphasia (e.g., hemiparesis)

Non-human subjects

Studies that included rTMS but not as a treatment:

~ If a study involved < 3 stimulation sessions

~ If a study involved multiple stimulation sessions but not on
the same cortical location

Speech intervention studies such as melodic intonation thera-
pies, but without rTMS

Studies that did not include picture naming accuracy in any
capacity

Review articles and book chapters Case reports with <4
patients

Studies in which adequate information was not provided and/

analyzing treatment effects:

~ Means, standard deviations (SD), standard errors (SE),

or if the authors did not respond to our emails requesting
more information

mean difference, SD difference, SE difference, p values, or
individual patient data were used as required for effect size

calculations

Publication types Studies that were published:
~ In peer-reviewed journals

~ Between January 1960 and January 2020

Duplicate articles
Non-English articles

rTMS in >4 patients. In summary, the following inclusion
criteria were applied in the evaluation of studies: (1) the
patients were adults diagnosed with aphasia due to stroke;
(2) the number of participants in the study was >4; (3)
the outcome measures included picture naming accuracy
before and after brain stimulation; and (4) the number of
stimulation sessions was > 3.

Data from each study were independently extracted
by all authors using a standard data recording form that
included the study design, number of subjects, mean age,
stroke duration, treatment protocol (i.e., rTMS frequency,
intensity, number of pulses, and additional interventions),
dropout number, information regarding study quality,
outcome measures, and pretreatment and post-treatment
means and standard deviations for outcome measure.
Various aphasia assessment outcome measures were used
across the studies, some of which assessed multiple meas-
ures. For the purposes of this meta-analysis, the measure
used to assess each study was the explicitly declared pri-
mary outcome. If the primary outcome was not clearly
defined, the first outcome reported with a mean and SD in
the results section was used. Comprehensive MetaAnalysis
(CMA) Software version 3 (Biostat Inc., USA) was used
to conduct this meta-analysis.

@ Springer

Results
Characteristics of the included studies

We identified 423 unique records from the database searches.
After screening the titles and abstracts, we excluded records
and obtained the full texts of the remaining 29 articles. After
further assessment, 11 studies [14, 29, 34-42] fulfilled the
inclusion criteria (Fig. 1). Some studies have been com-
pleted but have not been published, and some of them are
ongoing, but we have been unable to obtain unpublished
data. Eleven studies involving a total of 301 participants
were included. All studies investigated the effect of rTMS
versus sham rTMS (Table 2). Six trials explored the effect of
rTMS combined with speech and language therapy. A total
of 301 participants were randomized across eleven rand-
omized comparisons that contrasted real rTMS with sham
rTMS. The mean patient age reported in the eleven trials
was 63.13 years. All participants suffered from ischemic
infarct within the left or right middle cerebral artery terri-
tory. Some of patients were right-handed and some of them
were left-handed.

Trials indicated the length of time elapsed since the par-
ticipants had experienced the onset of their aphasia; the
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Fig. 1 Flow chart for the inclu-

sion of studies

Table 2 Characteristics of the included studies

Records identified through database
searching (n=423)

Additional identified through
database searching (n=0)

Records after duplicates removed (n=310)

Records screened (n=310)

Fulltext articles assessed for
eligibility (n=50)

b

Studies including system
review meta-analysis (n=11)

Records excluded (n=242)

Fulltext articles excluded
with reason (n=29)

Study

Participant First language Mean age rTMS method

Coil position

Sham rTMS method

Barwood et al. [14]

Barwood et al. [34]

Barwood et al. [35]

Thiel et al. [29]

Senidw et al. [36]

Heiss et al. [37]

Hartmann et al. [38]

‘Waldowski et al. [39]

Heikkinen et al. [40]

Ren et al. [41]

Ren et al. [42]

12

24

40

29

21

54

54

English

English

English

German

Polish

German

German
Polish
Finnish
Chinese

Chinese

63.9

63.9

63.9

70.5

60.7

68.37

65

61.2

57

60

60

Low-frequency (1 Hz) rTMS
was applied for 20 min per
day, for 10 days

Low-frequency (1 Hz) rTMS
was applied for 20 min per
day, for 10 days

Low-frequency (1 Hz) rTMS
was applied for 20 min per
day, for 10 days

1-Hz rTMS followed by
45 min of speech and lan-
guage therapy

figure-of-eight

figure-of-eight

figure-of-eight

figure-of-eight

1-Hz r'TMS, immediately after figure-of-eight
each 30-min rTMS session

1-Hz rTMS followed by
45 min of speech and lan-
guage therapy

1-Hz rTMS with for 20 min,
10 sessions of rTMS over

1-Hz rTMS was applied for
30 min

figure-of-eight

figure-of-eight
figure-of-eight

1-Hz rTMS 20 min per day for figure-of-eight
10 days

1-Hz rTMS was applied for
30 min

1-Hz rTMS was applied for
30 min

figure-of-eight

figure-of-eight

Low-frequency (1 Hz) rTMS

was applied for 20 min per
day, for 10 days

Low-frequency (1 Hz) rTMS

was applied for 20 min per
day, for 10 days

Low-frequency (1 Hz) rTMS

was applied for 20 min per
day, for 10 days

1-Hz rTMS followed by 45 min

of speech and language
therapy

1-Hz rTMS, immediately after

each 30-min rTMS session

1-Hz rTMS followed by 45 min

of speech and language
therapy

1-Hz rTMS with for 20 min, 10

sessions of rTMS over

1-Hz rTMS was applied for

30 min

1-Hz rTMS 20 min per day for

10 days

1-Hz rTMS was applied for

30 min

1-Hz rTMS was applied for

30 min

@ Springer



4690

Neurological Sciences (2022) 43:4685-4694

widest time range post-onset was 24 to 72 months [23]. The
shortest mean length of time since the onset of the partici-
pants’ aphasia was 28 days.

Using the 6-point Aphasia Severity Rating Scale (ASRS),
the severity of aphasia was reported by three trials. The
therapeutic procedures used in five trials consisted of rTMS
sessions and specific language training. In these trials,
immediately after finishing the rTMS treatment, both the
experimental and control participants underwent speech
and language therapy sessions for 45 min. The patients of
the other study were only treated with real rTMS or sham
rTMS sessions. In all trials, rTMS was performed with a
Magstim Rapid stimulator (Magstim Company, Whitland,
UK) equipped with an air-cooled figure-of-eight coil (each
loop measured 70 mm in diameter). All trials used 1 Hz
rTMS with an intensity equaling 90% of the daily defined
individual resting motor threshold.

The treatment and sham stimulation sessions of eleven
trials were conducted 20 min per day, for 10 days a 2-week
period, whereas those of two trials were performed for a
3-week period. All included trials targeted the triangular
part of the right inferior frontal gyrus (IFG). The sham
stimulation condition of three studies was performed with
an air-cooled sham coil that looks and sounds similar to
the discharge of real TMS coil. The sham coil was placed
at the same site on the scalp and with the same stimula-
tion parameters used for the real rTMS procedure. The other
eight studies used the same coil used the real rTMS placed
over the vertex. All trials measured language outcomes. In
those cases in which the data for this comparison were avail-
able, they are presented below in relation to the expressive
language.

Primary outcomes severity of aphasia impairment

All trials compared the active rTMS group with a group
that received sham rTMS by measuring the severity of
each participant’s aphasia impairment. The language
assessment batteries included the Aachen Aphasia Test
(AAT) global scores and the Boston Diagnostic Aphasia
Examination (BDAE). We obtained statistical summary
data suitable for inclusion within a meta-analysis from
these eleven trials.

The standardized mean difference (SMD) measure of
effect is used when studies report efficacy in terms of a
continuous measurement, such as a score on a pain-inten-
sity rating scale. The SMD is also known as Cohen’s d.
The SMD is sometimes used interchangeably with the term
“effect size.” Generally, the comparator is a placebo, but
a similar calculation can be used if the comparator is an
alternative active treatment.

Pooling the available data using SMDs, we observed
heterogeneity (I*>=69.101%, p=0.001). The data were
pooled using a fixed- and random-effects model. There was
a significant difference between the real rTMS groups and
sham rTMS groups (SMD =1.26, 95% CI=0.80 to 1.71,
p=0.01) (Fig. 2). Sensitivity analyses were conducted
after omitting Heiss WD’s study, which has an unclear risk
of allocation concealment bias and a high risk of incom-
plete outcome bias (SMD = 1.04, 95% CI=0.52 to 1.56,
p=0.01). The meta-analysis continued to show that there
was a statistically significant effect of rTMS compared
with sham rTMS on the severity of aphasia.

Fig.2 Forest plot of SMD Study name Statisticsfor each study Odds ratio and 95%C|
and 95% CI for. the se\./erity.of Odds Lower Upper
language impairment in patients ratio limit li it Z-Vdue p-Value
received rTMS and sham rTMS 1.000 265.108 12.776 5501235 3606  0.000

2.000 56364 4.143 7662852 3027 0.002 @

3.000 234427 11.712 4692373 3569 0.000

4.000 1.103 0.257 4735 0.132 0.895

5.000 1.112 0361 3423 0.185 0.853

6 .000 1.110 0.296 4159 0.154 0.878

7.000 1213 0.256 5741 0.244 0.807

8.000 1061 0.263 4280 0084 0.933

9.000 3083 08666 23825 1514 0.130 e

10.000 6539 1559 27437 2566 0.010 ©

11.000 2927 0822 10.419 1658 0.097 [e)

2472 1547 39561 3.784 0.000 <+
0.01 0.1 1 10 100

Test for overall effect= Z=3.78 (P<0.00001)
Test for subaroun difference=Taui*=1.44.df=10 (P=0.01). I’=69.10%.
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Secondary outcomes

Adverse effects: None of the eleven trials reported any
adverse effects.

Analysis for publication bias: As shown in the funnel
plots in Fig. 3, publication bias was observed for severity of
naming, (Egger’s test: p=0.689 and Begg’s test: p=0.658).
Figure 4 shows the meta-analysis of the eleven articles.

Discussion
Summary of the main results

The present study supports the efficacy of using low-fre-
quency rTMS in the right homologs of Broca’s area on lan-
guage recovery in aphasia patients with stroke. The statisti-
cal evidence was found for publication bias or heterogeneity,
and the results remained significant after any one of the
trials was removed. The results of this meta-analysis sug-
gest that significant differences between the groups’ scores
were evident in measures of language impairment, receptive

language, and expressive language, all of which favored the
use of low-frequency rTMS.

In the present meta-analysis, the significant mean effect
size was 0.52 for naming, which indicates clinically signifi-
cance. This result is also supported by some case reports and
open protocol studies, which have indicated that significant
improvements were obtained in naming or picture naming
after applying 1 Hz rTMS over the right homolog of Broca’s
area [28]. An SMD of only 0.49 was obtained for the AAT
and BDAE comprehension tests, which indicated that there
was no statistically significant effect of real rTMS compared
with sham rTMS on the outcome of those tests. Martin et al.
showed that not all aphasic patients responded well, and that
lesion site may play a role in each patient’s response to TMS
treatment [43]. Some enrolled clinical trials have established
the underlying mechanism by which the application of rTMS
to a homologous language region induces neural reorgani-
zation and reduces interhemispheric competition [29, 37,
441]. Consistent with these observations, studies 1, 2, and
3 showed that rTMS over the unaffected hemisphere has a
positive effect on motor recovery by balancing of interhemi-
spheric competition [45].

Fig. 3 Funnel plot of standard s
error by log odds ratio
06
P O
-
o
g 8 o
-
@
= C
g "
g
21 ¢
14 fos)
20
R~
L] 4 4 2 -1 0 1 2 H 4 5 L
log odd ratio
Study name Statistics for each study Std diff in means and 95% CI Residual [Fized) Residual (Random)
Std diffin | Standard q g e 5 o
o e Variance | Lower limit | Upper limit | Z-Value pValue -1.00 -0.50 0.00 050 1.00 Std Residual Std Residual
1.000 3076 0.853 0728 1.405 4748 3606 0.000 3.08 ] 222 | ]
2.000 2223 0.734 0539 0.784 3662 3.027 0.002 — 239 [ ] 155 [ ]
3.000 3.003 0.843 0m 1.357 4.661 3563 0.000 3m I 218 | ]
4.000 0.054 0.410 0.168 0743 0.857 0132 0.895 L -1.15 ] 093 ||
5.000 0.058 0.318 0.100 -0.561 0,678 0185 0.853 = .53 || -0.98 |
£.000 0.057 0.372 0138 0671 0.786 0.154 0878 o A1.27 || -0.95 | |
7.000 0107 0.437 0191 -0.750 0.964 0.244 0.807 = -0.94 | -0.84 |
8.000 0.033 0392 0154 0736 0.802 0.084 0933 = -1.26 [ ] -0.97 [ |
9.000 0.762 0.503 0.253 -0.224 1.748 1.514 0130 ol 0.54 | ] 0.03 |
10.000 1.035 0.403 0163 0.245 1.826 2.566 0.010 141 [ ] 0.40 [ ]
11.000 0592 0.357 0128 -0.108 1.292 1.658 0.097 bl 0.28 1 0.21 1
Fixed 0.499 0132 0m7 0.241 0.758 3.784 0.000 —r
Random 0733 0.243 0.062 0.251 1.227 2.966 0.003 =

Fig.4 Meta-analysis of the eleven articles
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The follow-up times differed in each trial, and only three
trials reported the effect of rTMS follow-up times after treat-
ment, which complicated further data analysis. Two trials
followed up with patients 15 weeks after treatment, and one
followed up with patients 2, 8, and 12 months after treat-
ment. One 15-week follow-up study revealed that severely
aphasic rTMS patients demonstrated significantly greater
improvements than those receiving repeated sham stimula-
tion [36]. Another study showed that the rTMS subgroup
with lesions that included the anterior part of the language
area showed greater improvement primarily in naming reac-
tion time 15 weeks after treatment [39]. Similar observations
were reported by Barwood et al., who observed improved
accuracy in naming on a number of subtests of the BDAE,
and Snodgrass & Vanderwart (1980) naming inventory up
to 12 months after stimulation. These results suggest the
long-term effects of follow-up on naming and repetition after
rTMS treatment. Multicenter studies with large patient sam-
ples are needed to investigate the long-term effect of rTMS
on aphasia.

The present meta-analysis is limited to low-frequency
rTMS protocols and does not include other protocols, such
as high-frequency rTMS or patterned rTMS, theta burst
stimulation (TBS). Some studies have showed that TBS over
the right Broca’s homologue improves naming performance
in aphasic patients [46, 47]. These studies were excluded as
crossover trials or case reports. Still other studies confirmed
that high-frequency rTMS over the left dorsolateral prefron-
tal cortex decreases vocal reaction times for picture naming
in healthy individuals [48, 49], increases the number of cor-
rect responses in patients with Alzheimer’s disease [50, 51],
and facilitates action-naming performance in patients with
progressive non-fluent aphasia [52]. However, the effect of
high-frequency rTMS in stroke aphasia patients has not yet
been studied in a randomized clinical trial.

Safety is an important consideration because rTMS can
produce potential adverse effects, such as headaches and
seizures. Thus, we investigated adverse effects in the pre-
sent meta-analysis. No severe adverse effects were reported
in the included studies. None of the patients reported that
their language impairment worsened after treatment. This
study suggests that rTMS is a safe treatment in the short
term, but long-term follow-up is needed to further investi-
gate the safety of this treatment. Although rTMS is generally
assumed to be safe in patients following stroke, investigators
should follow safety guidelines and examine the potential
risk of post-stroke seizure related to rTMS.

Overall completeness and applicability of evidence
The results of this meta-analysis can be generalized for the

following conditions: (1) most patients are first-time stroke
patients, (2) the majority of participants suffer from ischemic

@ Springer

stroke, (3) nearly all participants are right-handed, and (4)
1 Hz rTMS with 90% RMT, targeting the triangular part of
the right inferior frontal gyrus (IFG), is performed. Hence,
the results may be of limited applicability for individuals
with recurrent and hemorrhagic strokes and for left-handed
patients. This meta-analysis also failed to subgroup the
results by aphasic severity degree and aphasic syndrome.

The current meta-analysis provides sufficient evidence to
draw conclusions about the benefits of low-frequency rTMS
in stroke aphasia. Low-frequency rTMS with a 90% resting
motor threshold that targets the triangular part of the right
inferior frontal gyrus (IFG) has a positive effect on language
recovery in patients with aphasia following stroke. Further
well designed studies with larger populations are required
to ascertain the long-term effects of rTMS in aphasia treat-
ment. As our searches were limited to human studies written
in English and published between January 1960 and January
2020, we suggest that future upcoming studies include rel-
evant and recently published studies that have applied TMS
in patients with post-stroke aphasia.

In conclusion, this meta-analysis indicates a clinically
positive effect of rTMS with or without speech and language
therapy (SLT) for patients with aphasia following stroke in
overall language function and expressive language, includ-
ing naming, repetition, writing, and comprehension. Low-
frequency (1 Hz) rTMS over the unaffected hemisphere is
effective and compatible with the concept of interhemi-
spheric inhibition. Moreover, the treatment of 1-Hz rTMS
for patients with aphasia after stroke was safe. No adverse
effects were observed in patients in all eleven trials. How-
ever, further well-designed studies are necessary to deter-
mine the effect duration and long-term impact.
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