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We thank Professors Blomstedt and Hariz for drawing our
attention to the pioneeringwork of Brice andMcLellan on tremor in
multiple sclerosis [1]. These authors were the first to realise and
demonstrate the potential of closed-loop control in Deep Brain
Stimulation. Such control adjusts stimulation parameters in real-
time based on continuous feedback input signals that reflect the
patient's fluctuating clinical state, and has the potential to increase
the therapeutic window available to patient and clinician.

There has been a long search for reliable feedback signals for use
in closed-loop of Deep Brain Stimulation for Parkinson's disease
and essential tremor. Local field potentials recorded from the Deep
Brain Stimulation electrode, cortical recordings (electro-
corticography), surface electromyography recordings and mea-
surements fromwearable sensors have all been assessed. It is likely
that all have a place, and the future may see the use of combina-
tions of biomarkers in closed-loop control. Nevertheless, perhaps
the signals with themost potential are those recorded directly from
the stimulation electrode [2].
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Firstly, these signals are recorded without the need for further
intervention. The use of cortical strip electrodes introduces further
instrumentation, additional cost and the possibility of increased
risk of surgical complications such as haemorrhage and infection
[3]. The use of surface electromyography or external sensors re-
quires wireless communication between the neurostimulator and
sensor. This consumes extra power, and may introduce a potential
vulnerability due to breaks in transmission or hacking. Moreover,
peripheral feedback signals lag symptoms whereas central signals
can anticipate them. In our study, movement intention was
detected from thalamic LFPs 300 milliseconds before the onset of
voluntary movements triggering tremor [4].
Conflicts of interest

The authors have no conflict of interest in relation to this
commentary.
References

[1] Brice J, McLellan L. Suppression of intention tremor by contingent deep brain
stimulation. Lancet 1980;1:1221e2.

[2] Little S, Brown P. What brain signals are suitable for feedback control of deep
brain stimulation in Parkinson's disease? Ann N Y Acad Sci 2012;1265(1):9e24.
https://doi.org/10.1111/j.1749-6632.2012.06650.x.

[3] Rolston JD, Englot DJ, Cornes S, Chang EF. Major and minor complications in
extraoperative electrocorticography: a review of a national database. Epilepsy
Res 2016;122:26e9. https://doi.org/10.1016/j.eplepsyres.2016.02.004.

[4] Tan H, Debarros J, He S, Pogosyan A, Aziz TZ, Huang Y, Wang S, Timmermann L,
Visser-Vandewalle V, Pedrosa DJ, Green AL, Brown P. Decoding voluntary
movements and postural tremor based on thalamic LFPs as a basis for closed-
loop stimulation for essential tremor. Brain Stimul 2019 Feb 21. https://doi.org/
10.1016/j.brs.2019.02.011. pii: S1935-861X(19)30064-30066.

http://refhub.elsevier.com/S1935-861X(19)30186-X/sref1
http://refhub.elsevier.com/S1935-861X(19)30186-X/sref1
https://doi.org/10.1111/j.1749-6632.2012.06650.x
https://doi.org/10.1016/j.eplepsyres.2016.02.004
https://doi.org/10.1016/j.brs.2019.02.011
https://doi.org/10.1016/j.brs.2019.02.011
mailto:huiling.tan@ndcn.ox.ac.uk
http://crossmark.crossref.org/dialog/?doi=10.1016/j.brs.2019.04.001&domain=pdf
www.sciencedirect.com/science/journal/1935861X
http://www.journals.elsevier.com/brain-stimulation
https://doi.org/10.1016/j.brs.2019.04.001
https://doi.org/10.1016/j.brs.2019.04.001

	Comment on the letter to editor: Closed loop stimulation for tremor was invented in 1980
	Conflicts of interest
	References


