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Abstract

The use of transcranial magnetic stimulation (TMS) in stroke research has increased
dramatically over the last decade with two emerging and potentially useful functions
identified. Firstly, the use of single pulse TMS as a tool for predicting recovery of motor
function after stroke, and secondly, the use of repetitive TMS (rTMS) as a treatment adjunct
aimed at modifying the excitability of the motor cortex in preparation for rehabilitation.
This review discusses recent advances in the use of TMS in both prediction and treatment
after stroke. Prediction of recovery after stroke is a complex process and the use of TMS
alone is not sufficient to provide accurate prediction for an individual after stroke.

However, when applied in conjunction with other tools such as clinical assessment and
magnetic resonance imaging (MRI), accuracy of prediction using TMS is increased. rTMS
temporarily modulates cortical excitability after stroke. Very few rTMS studies are
completed in the acute or sub-acute stages after stroke and the translation of altered
cortical excitability into gains in motor function are modest, with little evidence of long term
effects. Although gains have been made in both of these areas, further investigation is

needed before these techniques can be applied in routine clinical care.
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Introduction

Stroke is a leading cause of disability [1] with up to 50% of stroke survivors
experiencing ongoing disability, and up to 30% still requiring assistance with activities of
daily living six months after stroke [2]. Although significant progress has been made in the
diagnosis, prevention and treatment of stroke, more research into targeted rehabilitation is
recommended [3]. One of the emerging techniques which may assist in targeting

rehabilitation after stroke is transcranial magnetic stimulation (TMS).

TMS is a non-invasive and painless technique, which can be used to deliver a focal
electromagnetic pulse to the primary motor cortex (M1). This generates a descending volley
in the corticospinal pathway, and elicits a motor evoked potential (MEP) in the target
muscles of the contralateral limb [4]. The presence or absence of MEPs early after stroke
provides information about the functional integrity of the corticospinal tract (CST), which
may help in prognosis after stroke [5-7]. The amplitude and latency of the MEP is used as a
measure of the excitability of the corticomotor system. This is an established method for

testing the effect of new protocols aimed at altering the excitability of the cortex [6, 8].

The use of TMS in stroke research has increased dramatically in the last 20 years. A
search of the PubMed database reveals that in 1990, only one study was published on TMS
in stroke, whereas in 2010, 99 studies were published. This indicates an increased interest
in TMS, although the scope of the research is primarily limited to chronic stroke patients (>
6 months post-stroke) and recording MEPs from the upper limb (UL). There are few studies
that have used TMS to record MEPs from the lower limb (LL) after stroke. The purpose of
this review is to describe recent advances in the use of TMS in predicting both the resolution

of impairment and the recovery of motor function after stroke. The second part of this



review will describe the use of TMS as a treatment modality for rehabilitation of the motor

system.

Prognosis

Recovery of motor function after stroke is a complex process [9] which is difficult to
predict from clinical assessment alone [10]. Despite this, many clinical decisions are based
on this prognosis and bedside assessment is often the only assessment tool available in a
clinical setting. The ability to accurately predict an individual’s functional recovery is vital in
assisting clinicians and patients to set realistic rehabilitation goals and in planning the

rehabilitation programme and discharge destination [11-13].

Clinical assessment continues to be an important tool in providing an indication of
prognosis. There is a strong relationship between the degree of early motor impairment
and recovery of function in groups of patients [14-18]. However, there is also large inter-
individual variability, which makes prediction of recovery for each individual difficult [7, 12,
18-20]. In a study by Nijland et al. [10], 20 experienced physiotherapists were asked to
predict the recovery of arm function in 131 stroke patients. The Action Research Arm Test
(ARAT), which has a maximum score of 57, was used to measure hand and arm function at
six months after stroke. Therapists predicted functional outcome for each patient by
putting them into one of three categories: 1) no recovery of hand function, but possibly
some proximal arm function (ARAT < 10); 2) recovery of some arm and hand function but
not a full recovery (ARAT 10-56); or 3) full recovery of arm and hand function (ARAT = 57).
Predictions made by the physiotherapists < 72 hrs after stroke were only 60% accurate, with
20% too optimistic, and 20% too pessimistic. Of particular note, the prediction for the

second group (patients recovering some hand function but not a complete recovery) was



only 47% accurate despite this group having by far the widest range on the ARAT scale (10-
56 out of a maximum of 57 points). Another interesting finding from this study is that the
number of years of experience each physiotherapist had in stroke rehabilitation did not

affect the accuracy of their predictions for arm recovery [10].

Stinear et al. [7] demonstrated large inter-individual variability in recovery by using
the ARAT to measure UL function in patients two weeks after stroke. They found that, of
the participants who scored zero (no movement at the hand or arm) on the ARAT at two
weeks, some went on to make a notable recovery of UL function by 12 weeks, while others
made no recovery at all. This huge variation in recovery from the same baseline clinical
presentation highlights the challenge that clinicians face in predicting recovery of motor
function after stroke. TMS may provide additional information to explain and predict the

individual variability in these groups of patients, enabling a more accurate prognosis.

TMS is used to test the functional integrity and excitability of the corticomotor
pathway from the ipsilesional M1 to the affected limb [6]. The ability to elicit a MEP in the
target muscle in the UL indicates that the descending white matter pathways have been
spared, and is associated with greater potential for recovery [7, 21-23]. The use of TMS in
the early prediction of motor recovery after stroke is a relatively new procedure and many
guestions remain about who this technique is suitable for, how soon after stroke is optimal
for testing, whether it can be used equally effectively in both the LL and UL, and which other

assessment tools can be used in conjunction with it to provide the most accurate prognosis.

A systematic review by Bembenek et al. [24], found only 15 studies investigating the
use of TMS as a predictive tool for motor recovery of the UL within two weeks of stroke

onset, revealing a paucity of research in this area. However, 14 of these 15 studies did



provide evidence to support the use of TMS as a predictive tool for UL motor recovery
within this time frame. Research in the lower limb (LL) is even more limited than the UL.

We found only two studies investigating TMS as a predictor of walking conducted within one
month of stroke onset [25, 26], and one study conducted within one week of stroke onset
[27]. This lack of research into the use of TMS as a predictor in the LL may be due to several
factors such as difficulty accessing the LL motor cortex, resulting in higher stimulus
intensities required than the UL [28], and because the importance of CST integrity in the
recovery of ambulation after stroke remains unclear [29]. Due to the lack of literature on
TMS in the LL, it is not possible to draw any conclusions at this stage on the use of TMS as a
predictive tool in the LL. Therefore, this section of the review will refer to prediction of

recovery of motor function in the UL only.

Motor recovery after stroke can be separated into two categories: Resolution of
impairment (the ability to move the hand or arm, or recovery of strength) and recovery of
function (the ability to use the hand and arm in daily activities). This is an important
distinction to make when reviewing the literature, as there may be different mechanisms
contributing to each aspect of recovery [30-32] and results may differ depending on
whether the outcome measure is assessing impairment or function. TMS has a role in
predicting both the resolution of motor impairment after stroke and in predicting the return

of functional use of the arm.

A recent discovery in predicting resolution of impairment is the Proportional
Recovery Rule. Prabhakaran et al. [30] measured the resolution of impairment by assessing
41 stroke patients at baseline (24 — 72 h) and again three and six months after stroke with

the Fugl-Meyer UL assessment score (FM). The FM is a highly reliable impairment-based



measure with a maximum score of 66 for the UL [33]. Prabhakaran et al. [30] defined the
individual’s “Maximal Potential Recovery” as the difference between the maximum FM
score possible (66 points) and baseline score at 24-72 hrs: Maximal Potential Recovery
(MPR) = 66 — baseline FM. For example, if a patient scores 26/66 on their baseline FM, their
MPR (and therefore their maximum possible AFM) is 66 - 26 = 40. The authors conducted
linear regression modelling of actual AFM using clinical predictors and magnetic resonance
imaging (MRI) of infarct location and size, to analyse which factors influenced each
individual’s actual AFM score. They discovered that not only was baseline FM the only
significant predictor of AFM, but that most participants, regardless of baseline FM score,
achieved approximately 70% of their MPR. In our earlier example, this would mean that
although the MPR was 40, the actual AFM was 0.7 x 40 = 28. This phenomenon has been
called the Proportional Recovery Rule. Prabhakaran et al. [30] postulated that this almost
fixed level of improvement must be due to a spontaneous biological process of motor

recovery rather than external influences.

Prabhakaran et al. [30] found that a small group of participants did not achieve
proportional recovery, and these were the participants with the lowest baseline FM score
(greatest initial impairment). Several other authors have since replicated this work, with
similar results [34-37]. Each of these authors proposed a different minimal required FM
score for participants to achieve proportional recovery, excluding the more severely
impaired patients from analysis. However, as previously discussed, clinical assessment
alone has limitations as a prognostic tool [7, 38]. This raises the questions: firstly, what are
the mechanisms of this proportional recovery process, and secondly, why do some

participants fail to follow this rule and can we more effectively identify who they are?



Byblow et al. [31] suggest that the biological mechanism behind proportional
recovery may be related to re-myelination of axons in the CST after stroke. Ischaemic
damage from the stroke causes demyelination of some of the surviving axons [39] and
motor impairment may improve as the axons undergo re-myelination. Byblow et al. [31]
noted that the timeframe of 12 weeks for spontaneous proportional recovery was the same
as re-myelination of the damaged axons. Byblow et al. [31] were also the first to use TMS to
differentiate between those who did, and those who did not experience proportional
recovery of impairment. They demonstrated that the proportional recovery rule only
applies to patients who had MEPs in their UL, confirming that the ipsilesional CST must be
viable for the proportional rule to apply. They were also able to demonstrate that
proportional recovery occurred regardless of baseline FM score (provided the patient had
MEPs). This provides early evidence that TMS may be useful soon after stroke to predict

resolution of impairment (as measured by AFM score).

Interestingly, UL therapy dose did not influence proportional resolution of motor
impairment in patients with MEPs in this study, despite a wide range from 0 — 803 minutes
[31]. This finding supports the theory that this aspect of recovery is fundamentally
biological, and not improved by current clinical practice. This is a potentially challenging
concept for clinicians and certainly warrants further investigation. This finding does not in
any way imply that therapy for the UL after stroke is now obsolete. It is worth noting that
proportional recovery only reflects resolution of impairment. 1t does not reflect recovery of
function. Therapy plays an essential role in recognising the improvements in impairment as

they spontaneously occur, and teaching the patient to use the UL in functional activities



from the earliest possible stage. Therapy is also vital in reducing functional disability in

those who experience residual impairment.

Predicting recovery of function is important in stroke as it is functional recovery
rather than impairment which dictates whether a stroke patient is able to participate in
their normal activities or manage basic tasks independently [40]. Early work in TMS after
stroke [21-23] made the observation that patients with MEPs experienced a better recovery
in the UL than those without MEPs. This may be particularly useful in patients who present
clinically with severe loss of motor function. If MEPs can be elicited in their UL using TMS,
this may indicate that they have the potential to recover a degree of UL function. Heald et
al. [41] and Pizzi et al. [42] reported that some patients without MEPs were still able to
regain some strength in the UL. It is important to note that this refers to resolution of
impairment rather than recovery of function. It does, however, indicate that TMS alone is
not sufficient to provide an accurate prognosis for every patient. Magnetic resonance
imaging (MRI) may be useful for distinguishing between those patients without MEPs, to

identify those with potential for limited recovery of movement [5].

Stinear [12] suggested that although clinical assessment, TMS, and MRI each have
merits in the prediction of recovery early after stroke, none of them in isolation provide a
sufficiently accurate prediction of individual prognosis. Therefore, they proposed an
algorithm for predicting the recovery of UL function using a combination of all three (PREP
algorithm). This novel sequential approach recognises that not all patients will require all
assessments and begins with the simplest and cheapest assessment which can be

completed by all clinicians (clinical assessment).



Previous work by Nijland et al. [17] found that clinical assessment of finger extension
and shoulder abduction within 72 hours of stroke was a strong predictor for the return of
some dexterity, using a multivariate logistic regression model. However, they quantified
“some dexterity” of the UL as an ARAT score of > 10. An ARAT score > 10 indicates that
participants gained at least a flicker of hand movement by 6 months, and it was unclear how
many were able to use the UL functionally in everyday activities. In the first step of the
PREP algorithm, Stinear [12] built on this work and created a specific score called the SAFE
score (SAFE = Shoulder Abduction, Finger Extension). This score is used in the PREP
algorithm to make predictions for individual patients, rather than create a regression model
for a group of patients. Those who scored a sum of eight or more out of ten on the medical
research council (MRC) scale for shoulder abduction and finger extension within 72 hours of
stroke onset were considered “safe”. The SAFE score had 88% positive predictive power for
a complete recovery of UL function at 12 weeks [7]. The patients who had a score of <7
underwent TMS testing to determine if they had MEPs present or not. If MEPs were
present, they were predicted to have a notable recovery of UL function by 12 weeks. If
MEPs were absent, they continued on to have an MRI to determine which patients still have

some limited potential for recovery and which have none [7, 12].

Using the PREP algorithm, Stinear et al. [7] successfully demonstrated a method of
identifying which patients require TMS as a prognostic tool after stroke. They reported that
60% of patients had TMS and only 20% required MRI. As TMS is relatively inexpensive to
administer, this reflects a significant saving in expenditure when compared with the use of
MRI in isolation. 40% of patients did not require TMS at all and were able to be accurately

assessed with the SAFE score. As this was the first study of its kind to attempt to provide a
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sequential approach to prediction of recovery, the algorithm requires further testing and
refining before being used in a clinical setting. Questions remain, such as whether the
motor impairment threshold for TMS testing (< 7 on MRC) is at the optimal level, whether
therapy dose has an impact on reaching the predicted potential and whether these results
in a relatively small sample of 40 participants can be extrapolated to the general stroke
population. The authors have acknowledged that in this sample, there was only a small
subset of severely impaired participants and more work needs to be done to refine the

boundaries between the categories of limited or no potential [7].

The studies discussed here highlight two important and exciting uses of TMS in
stroke which have the potential to influence clinical decision making and change the
direction of therapy, making it more targeted to each individual patient: a) the use of TMS
to check for the presence or absence of MEPs to predict proportional recovery of
impairment, and b) the use of TMS in conjunction with clinical assessment and MRI to

predict functional recovery.

The discovery of the importance of MEPs in proportional recovery of impairment
after stroke raises an important issue of how patients are stratified or allocated to groups
during stroke research [31]. It is becoming clear that comparing groups on baseline clinical
assessment alone (such as UL strength or function) is not sufficient to ensure that both
groups have equal potential for recovery at baseline. We now know that the severity of
impairment early after stroke does not necessarily reflect the functional outcome at six
months, and that large variation in outcome may occur regardless of therapy input.
Therefore, it may not be possible to attribute the changes in function to the intervention

performed in the research. This applies whether the intervention is pharmacological or
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some form of physical therapy. For example, the researcher may unwittingly have several
patients who are MEP negative in one group, while all patients in the second group are MEP
positive. In this situation, the second group will perform better than the first group with or
without an intervention, skewing the results of the study. The risk is that researchers will
choose to exclude severely impaired patients as they are more likely to be MEP negative.
This is difficult to do accurately as there is no agreed clinical level at which MEPs are
guaranteed to be absent, which means all patients without movement would likely be
excluded. It would be unfortunate for this to occur, as within this group of patients with no
movement early after stroke, there may be some who are actually MEP positive and may
make remarkable gains with physical therapy or other interventions. This discovery of the
benefits of TMS to differentiate between severely impaired patients may open up
opportunities for research into treatment modalities specifically suited to this patient

population.

The advantages of TMS are that it is inexpensive, quick to deliver, safe, and a
relatively straightforward way to test the functional integrity of the CST. It is a test that
could potentially be done at the bedside by a clinical neurophysiology team in an acute
clinical setting or even clinicians on the ward. However, TMS is still not a one-size-fits-all
solution. It is not suited for everybody, and even after testing, more information is required
for some patients. Because of this, there is still much work to be done before TMS can be
implemented into standard clinical practice as a prediction tool early after stroke. Some
suggestions for future research are: Increased research into TMS as a predictor in the LL,
using larger sample sizes of patients; research to be carried out within the clinical setting

rather than in a laboratory; a cost-benefit analysis of the potential use in clinical practice;

12



and assessing the feasibility of training clinical staff to perform this test. For TMS to be used
as a practical rather than theoretical tool for predicting recovery of motor function after
stroke, it needs to be well understood and accessible to the people who are likely to be

using the results (i.e. the clinicians).

Treatment

TMS can also be used as a treatment adjunct to promote recovery of motor function
after stroke. Unlike the single pulse TMS used in prediction studies, rTMS can be used to
modulate the excitability of the motor system. Depending on the rTMS protocol used, it
may either increase or decrease the excitability of the stimulated M1 [43-46]. Current
research into rTMS is primarily limited to the chronic stage after stroke, with few studies

investigating the use of rTMS in acute or sub-acute stroke.

The use of rTMS to modulate cortical excitability in chronic stroke is based on a
model of interhemispheric inhibition (IHI) described in previous work [47-50]. This model
suggests that after stroke, excitability in the ipsilesional M1 is reduced, relative to
excitability in the contralesional M1. In addition to this, transcallosal inhibition from the
contralesional M1 to the ipsilesional M1 is increased, which further suppresses the stroke
M1 [49, 50]. This imbalance of excitability between the ipsilesional and contralesional
motor cortices has been associated with poor motor outcomes [51, 52]. Repetitive TMS
aims to rebalance the excitability between the cortices by increasing excitability of the
ipsilesional M1 (facilitatory protocols) or reducing excitability of the contralesional M1

(inhibitory protocols) [43].
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Facilitatory rTMS protocols have conventionally used high frequency rTMS to
increase the excitability of the ipsilesional M1, which may improve motor function after
stroke [8, 44, 53-55]. Kim et al. [55] found that a single session of 10 Hz facilitatory rTMS
both increased the excitability of the ipsilesional cortex and increased dexterity, when
compared with the sham TMS control protocol. Other authors have demonstrated that 3 Hz
rTMS also has a facilitatory effect with effects on motor function still present 1 year after

stroke [56, 57]

Another rTMS protocol aimed at increasing excitability of the ipsilesional cortex
called intermittent theta-burst stimulation (iTBS) was introduced by Huang et al. [53]. This
involves three pulses given at 50 Hz repeated every 200 ms. iTBS consists of 2 second bursts
of pulses given at 10 second intervals. The facilitatory effect of iTBS lasts at least 15 minutes
which is significantly longer than the duration of after-effects from high frequency rTMS
which can be as low as 3-4 minutes [45, 53, 58]. The advantages of iTBS over high frequency
rTMS are the lower stimulus intensities required and the shorter application times, making

the intervention more comfortable for the participant [58].

Continuous theta-burst stimulation (cTBS) is a TBS protocol that can be used to
suppress the excitability of the contralesional or unaffected hemisphere. This consists of
three pulses at 50 Hz delivered every 200 ms for 20 — 40 seconds [58]. Huang et al. [53]
demonstrated that cTBS produced effects which lasted over an hour after the stimulus
protocol was complete. This is significantly longer than the effects of suppressive rTMS
which last around 15 minutes [58]. Low frequency rTMS has also been demonstrated to
have an inhibitory effect in healthy adults [46], and, when applied to the contralesional

hemisphere, it suppresses the contralesional M1, therefore reducing transcallosal inhibition
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to the stroke M1 [59]. Early trials demonstrated a reduction in excitability of the
contralesional M1, however this neurophysiological effect did not translate into

improvement in hand function in some studies [46], but did in others [59].

In a small study of 15 chronic stroke patients, Fregni et al. [60] reported that daily
low frequency rTMS to the contralesional hemisphere for five days resulted in reduced
excitability of the contralesional M1, and improved paretic hand function compared with
the control group, with effects lasting two weeks after the completion of the treatment. In
contrast, Ackerley et al. [61] found a single session of cTBS suppressing the contralesional
hemisphere resulted in a deterioration in paretic hand function, suggesting that the
contralesional hemisphere may play a role in the recovery of hand function after stroke in
some patients, possibly via ipsilateral descending pathways [62]. These findings also

indicate that the number of sessions delivered may impact on the effect of the intervention.

It is unclear whether increasing the excitability of the stroke hemisphere with
facilitatory rTMS or iTBS, or suppressing the unaffected hemisphere using inhibitory rTMS or
CTBS is more effective in improving motor function after stroke. Sasaki et al. [63] compared
a 5 day programme of either high or low frequency rTMS in patients during the acute stage
after stroke and found that high frequency facilitatory rTMS of the stroke hemisphere
produced the greatest increase in recovery of motor function. However, the final
assessment occurred immediately after the fifth rTMS session, with no longer term follow-
up, so it is not possible to draw conclusions about longer term effects. Another study by
Kedhr et al. [56] compared 1 Hz rTMS of the unaffected hemisphere (inhibitory) with 3Hz

rTMS of the affected hemisphere (facilitatory) in acute stroke, and found that although both
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groups displayed improved motor function, the group receiving the 1 Hz inhibitory rTMS had

greater improvements in arm function three months after stroke.

One of the challenges when using rTMS as a treatment is the large variability in
individual responses [64]. Cheeran et al. [65] suggest that genotype is one factor which may
influence an individual’s response to techniques aimed at modifying synaptic plasticity in
the motor cortex. Eighteen healthy participants underwent genotyping for polymorphisms
of the brain-derived neurotrophic factor gene (BDNF) before undergoing single sessions of
CTBS and iTBS (one week apart). Those participants carrying the ‘Met’ allele of the BDNF
gene displayed reduced or absent effects of both cTBS and iTBS. This implies that it is more
difficult to induce neuroplastic changes in ‘Met” carriers [65]. Antal et al. [66] replicated
this result with a retrospective study of 15 participants. These findings need to be taken

into account when considering using TBS or rTMS as a therapeutic tool in the clinical setting.

Although rTMS is considered to be a treatment adjunct alongside standard physical
therapy, few studies indicate whether the participants were undergoing training at the same
time as receiving the rTMS or TBS. Several studies report that patients were receiving
conventional therapy, but have not specified dose or timing in relation to receiving rTMS
[56, 57, 63]. Both Ackerley et al. [61] and Kim et al. [55], however, successfully used rTMS
immediately prior to upper limb training as a method of “priming” or preparing the brain for
therapy. This technique has potential for use in clinical practice but requires further

investigation with larger sample sizes.

Ironically, although the use of rTMS as a therapeutic adjunct has received far more
attention to date than TMS as a predictive tool, there are still a large number of questions to

answer before it can be incorporated into routine clinical care. Most studies have been
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carried out at the chronic stage after stroke (> 6 months). The critical period for beginning
rehabilitation after stroke is actually within the first 30 days [67], with most patients
reaching close to their maximum recovery by 3 months after stroke [68]. This disparity
between the time period of rTMS research taking place and when rehabilitation takes place
in the clinical setting means it is difficult to translate this technique into clinical practice. A
systematic review by Stinear et al. [69] into timing of motor rehabilitation trials after stroke
found only six randomised controlled trials (RCTs) of rTMS within the first 30 days after

stroke.

This lack of research into rTMS in sub-acute stroke raises the question of how well
these protocols can be translated into clinical practice. The IHI model of hemispheric
imbalance of excitability, which rTMS protocols are based on, was originally developed in
chronic stroke patients where the excitability and interactions between the stroke and
unaffected hemispheres are well established. However, a novel finding by Stinear et al. [70]
is that although in acute stroke the excitability of the stroke hemisphere was reduced, there
was no evidence of an increased excitability of the unaffected hemisphere. And although
there was a reduction of transcallosal inhibition from the stroke M1 to the unaffected M1,
there was no increase in transcallosal inhibition from the unaffected M1 to the stroke M1
[70]. These findings suggest that rTMS protocols aimed at suppressing the contralesional

side may be either ineffective or detrimental in the sub-acute stage after stroke.

Although rTMS research has shown modest results, there is a lack of cohesion in the
current literature. A Cochrane review by Hao et al. [71] found that few conclusions could
be drawn about the effectiveness of rTMS after stroke due to the heterogeneity of studies,

the lack of randomised controlled trials, the small sample sizes and the lack of studies in the
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sub-acute stage post-stroke. This makes it difficult to determine whether this is going to be
a useful tool in stroke rehabilitation or not. Many questions need to be answered before
rTMS can be implemented into routine clinical care, such as which hemisphere to target at
the acute stage, what is the optimal or safe dose early after stroke, how many sessions are
required and whether therapy needs to follow rTMS immediately for optimal results. For
these reasons it is still too early to include rTMS into routine clinical care in the

rehabilitation of the upper limb early after stroke.

Conclusion

There has been considerable progress in TMS research in stroke over the last few
years. Of particular note are the advances in the use of TMS as a prognostic tool early after
stroke and the role of TMS in identifying which patients will experience proportional
recovery. These advances indicate that TMS may play an important role in providing
baseline stratification of patients in future clinical trials, regardless of whether the
intervention is pharmacological or a form of physical therapy. Further investigation is
needed, preferably in larger clinical trials during the sub-acute stage after stroke, to identify
which patients will benefit from each TMS protocol, before the use of TMS as a predictor or

as a treatment can be integrated into routine stroke care.
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