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The prospects for poststroke neural 
repair with vagal nerve stimulation
Nick Ward  ‍ ‍ 1,2

Vagal nerve stimulation is a new candidate for promoting neural repair after 
stroke but there is work to do

Stroke is one of the major global health-
care problems with over 100 million 
stroke survivors worldwide.1 It is no 
longer simply a disease of the elderly, 
with 63% of the one-in-four adults 
who will go on to have a stroke being 
under the age of 70.1 Treatment to help 
recovery is often restricted to the first 
6 months, despite stroke being a long-
term condition from which recovery can 
be a lifelong process.

There are three key areas where 
advances will have a major impact. 
First, accept that higher doses of motor, 
language and cognitive training are effec-
tive and determine ways of implementing 
them in a range of healthcare settings. 
Second, recognise that not all patients 
who have a stroke are the same and so we 
must ‘rediagnose’ our patients through 
fine-grained behavioural, anatomical, 
physiological and biological phenotyping 
to understand likely recovery patterns and 
individual responses to treatments. Third, 
develop a rational approach to drug or 
stimulation induced ‘neural repair’ based 
on the underlying neurobiology of stroke 
recovery.2 Neural repair is a curious and 
confusing term that does not refer to resti-
tution of damaged neural tissue but rather 
restitution of lost behaviours through 
manipulation of neural mechanisms, 
particularly those involving plasticity of 
some kind. Neural repair approaches have 
yet to have any clinical impact for one 
reason or another.3 4

In their JNNP paper, Gao et al5 
consider vagal nerve stimulation (VNS), 
which has recently entered as a hopeful 
contender in the field of poststroke 
neural repair. For the purposes of motor 
recovery, VNS is delivered concurrently 
with each practised movement. Work in 
preclinical stroke models suggests this 
leads to an increase in the likelihood 

of synaptic plasticity in brain regions 
and networks involved in making the 
movement.6 The key thing to remember 
is that neuromodulators like VNS (or 
drugs) aim to enhance the effects of 
behavioural training but do not drive 
behavioural change on their own. This 
has not always been appreciated in the 
design of neural repair trials,3 4 but the 
VNS community appear to have got the 
message.

Gao et al5 performed a systematic 
review and meta-analysis of the effect of 
motor training with or without concur-
rent VNS on motor recovery after stroke. 
It included the 7 existing randomised 
controlled trials (RCTs) involving 263 
largely chronic, moderate-to-severely 
affected patients who had a stroke. 
Training involved upto 20 task-oriented 
motor training sessions over several weeks 
(eg, 300 repetitions/session for 18 sessions 
over 6 weeks7). They report a medium 
effect size (g=0.43; 95% CI 0.19 to 0.68; 
p=0.001) in favour of the VNS group. In 
the largest multicentre RCT,7 training led 
to a minimal increase of 2.4 points, and 
VNS plus training to an increase of 5.0 
points of the upper limb Fugl-Meyer score 
(FMUL). At the end of follow-up, nearly 
half of all the VNS group, compared with 
a quarter of the training-only group, had 
achieved at least an extra six points on the 
FMUL.

VNS may turn out to be a signifi-
cant contributor in the field of stroke 
recovery, but we have been here before, 
most notably with drugs and non-invasive 
brain stimulation.3 4 How to keep things 
moving? (1) First, there will inevitably be 
further work on comparing implanted and 
external devices and assessing the range 
of stimulation parameters and the results 
to date probably justify this. One caution 
is that this type of work has been going 
on in the field of non-invasive brain stim-
ulation for at least two decades without 
any discernible consensus or clinical 
impact. (2) Second, we must pay as much 
attention to the dose and nature of the 
training as the technology parameters. In 
the current studies, VNS is expected to 
enhance the minimal effects of low dose 

training. But higher doses of training have 
bigger effects,8 which may in turn lead to 
bigger VNS effects. When thinking about 
the nature of the training it is important 
to consider what impairment is being 
targeted. Hemiparesis encompasses inde-
pendent deficits in strength, control/
dexterity as well as the intrusion of flexor 
synergies (in upper limb) and spasticity—
which of these might VNS help? Answering 
this requires aligning the treatment target 
(strength, control/dexterity), the training 
regimen and the outcome measure in 
future trial design. Remember, VNS is not 
neurorehabilitation in its entirety, it is an 
impairment-based treatment and should 
be appreciated and investigated as such. 
Do not expect it to improve quality of life 
on its own. Improving strength or control/
dexterity may not get someone back to 
work, but it can enable patients to take 
part in and benefit from more activity/
participation-based work further down 
the line. (3) Third, what patient phenotype 
is VNS (or any treatment for that matter) 
most likely to benefit? For example, what 
anatomical pathways need to be intact for 
VNS to work and how do we assess them 
in individual patients? Stratification will 
be a key part of future stroke recovery 
trials.

It remains early days for the field of 
neural repair (in humans). A better under-
standing of the field of neurorehabilitation 
and what we are trying to achieve at each 
stage of recovery will improve the chances 
of success.
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