Non-invasive brain stimulation for stroke recovery - ready for
the big time?
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Stroke is the commonest cause of physical disability in the world and yet we are
still struggling for consensus on how best to treat stroke survivors in order to
maximize recovery after the acute event.

When it comes to treating motor impairment there are two complementary
therapeutic approaches to consider. Firstly, physical therapies which are based on
massed practice followed by incorporation of improvements into functional tasks
through the instruction and knowledge provided by skilled physiotherapists and
occupational therapists (1). Secondly, there are a number of experimental
approaches under investigation which aim to increase the effects of training by
enhancing the potential for use-dependent plasticity. These ‘primers’ of the motor
system might include drugs (e.g. fluoxetine(2)), specific forms of activity (active-
passive bilateral arm training (3), aerobic exercise (4)) and non-invasive brain
stimulation, (e.g. transcranial direct current stimulation, tDCS (5,6)). None of
these interventions should be thought of as treatments, but rather as tools for
enhancing the effects of conventional practice-based treatment, which in the case
of post-stroke motor impairment is currently physical therapy.

It is worth stating at this point that the amount of physical therapy currently
offered for upper limb impairment is likely to be far too low (7). Pragmatic
attempts to increase the dose (here referring to time) are not aspirational and
appear not to alter longer term motor outcomes. Unresolved issues in post-stroke
motor rehabilitation are therefore (i) how do we deliver higher doses of
appropriate physical therapy (whether in the early or chronic phase post-stroke)
in a motivating environment and (ii) is it possible to maximise the effects and
retention of physical therapy by enhancing use dependent plasticity?

TDCS involves placing electrodes on the scalp in a particular montage in order to
generate constant low levels of electrical current flow through the brain. It is often
claimed that this either increases or decreases the neuronal excitability in specific
brain areas being stimulated based on the placement of the electrodes and which
type of stimulation is being used, but the complexity of the variables involved tell
us this is unlikely to be the case (8). At present, it is probably safe to say that tDCS
can change some aspect of brain neurophysiology as demonstrated in human and
animal studies, but exactly what it is doing in individuals is unclear.

In this issue of JNNP, Kang et al, (5) perform a systematic review and meta-
analysis to address whether using tDCS before or during motor training not only
increases motor performance but also improves retention of new motor skills. For
anyone embarking on a study of the effects of tDCS in stroke rehabilitation there
are an intimidating range of decisions to make; (i) should ‘excitatory’ anodal tDCS,
‘inhibitory’ cathodal tDCS, or bihemispheric tDCS be used; (ii) should the
ipsilesional or contralesional sensorimotor cortex be targeted; (iii) is tDCS more
effective in the early or chronic phase post-stroke; (iv) should tDCS be applied
before or during training; (v) what sort of training should be used; (vi) does any
of this matter? There have been recent criticisms of the selective nature of meta-
analyses in this field (9), but here Kang et al, have included a wide range of
publications in order to overcome within-study biases or idiosyncrasies. In theory
at least, this should provide some answers to the key questions.

Seventeen studies were examined and the results are instructive for the field of
neurorehabilitation neuroscience for a number of reasons. Firstly, the meta-



analysis was positive. Overall, there was an effect size of 0.59 in favour of tDCS
improving the effects of physical therapy when measured at least 5 days after the
intervention. This effect size is in keeping with those found by other meta-
analyses of non-invasive brain stimulation in stroke (10,11). However, the
questions about how, where, and when remain unresolved. Based on the studies
available, it does not seem to matter whether excitatory or inhibitory tDCS is
applied to the ipsilesional or contralesional hemisphere respectively. Nor does it
seem important whether it is given early or late after stroke, before or after
training, or even what sort of training is provided. There is no difference in any
comparison because everything seems to work to the same degree.

So what do we do with this information? It is tempting to take this relatively non-
specific positive result as a signal to start phase 3 randomised clinical trials. If all
combinations seem to work, why not apply it in a broad brush approach? Perhaps
tDCS has a non-specific effect and it could work in a heterogeneous condition such
as stroke. Crucially however, the known variability of its effect (12) points to a
quite specific mechanism, it’s just that we don’t know what it is yet. Now is the
time to step back and ask what it is we think we are doing here. How should tDCS
be delivered and who is most likely to benefit? If, for example, we believe that it is
delivering a known amplitude of current flow to a specific brain region is the key,
then we would be better off asking whether we are actually achieving this rather
than pressing on with a ‘black box” approach. You never know, we might achieve
an impressive effect size that will change practice if we understand how to use it.
It's not time to stop asking questions yet.
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