Technological Innovation in Neurosurgery
[bookmark: _GoBack]
TECHNOLOGICAL INNOVATION IN NEUROSURGERY: 
RESPONSE

Hani J Marcus, MRCS1,2*; Archie Hughes-Hallett, MRCS1; Richard M Kwasnicki, PhD1; Ara Darzi, FRS1; Guang-Zhong Yang, FREng1; Dipankar Nandi, D. Phil.2

1The Hamlyn Centre, Institute of Global Health Innovation, Imperial College London, London, UK; 2Department of Neurosurgery, Imperial College Healthcare NHS Trust, London, UK

Correspondence:	
Hani J Marcus, MRCS
Clinical Research Fellow and Specialty Registrar in Neurosurgery
Imperial College London and Imperial College Healthcare NHS Trust 
Hamlyn Centre, Paterson Building (Level 3), Praed Street
London W2 1NY, UK
E mail: hani.marcus10@imperial.ac.uk
			
Key words:			
Neurosurgery; Technology; Diffusion of Innovations

Funding:
H.J. Marcus is supported by an Imperial College Wellcome Trust Clinical Fellowship.

Disclosure:
The authors report no conflict of interest concerning the materials or methods used in this study or the findings specified in this paper.


TECHNOLOGICAL INNOVATION IN NEUROSURGERY: 
RESPONSE
We would like to thank Farber et al for their interest in our study, and the Editor for allowing us the opportunity to respond1.
Although innovation may broadly include any intervention that alters practice, the stated focus of our work was technological innovation - the development of new devices. Patents represent a relevant, reliable, and readily available metric of technological innovation2.
The PatentInspiration database (AULIVE, Ypres, Belgium) used in the study is based on the DOCDB database, which contains bibliographic data from over 90 countries, but also contains full text (claim and description) of the main searched authorities (including the World Intellectual Property Organization, European Patent Office, United States of America, and Canada). We searched the database for patents granted that related to neurosurgery, and subsequently grouped these patents into technology clusters using the patent class codes that specify relevant subject areas.
A number of factors may influence the number of patents granted, leading to an exponential rise in both patent and publication counts over time. To this end, we used a previously described equation to normalize both patent and publication counts using data from 2010 (the year reporting the greatest number of patents and publications)3.
There is invariably a lag between patent application and granting; this is an inherent limitation of the study methodology, and was acknowledged as such in the article. Nonetheless, the most important technology clusters identified over the 50 year study period are likely to remain valid, including image-guidance devices, clinical neurophysiology devices, neuromodulation devices, operating microscopes, and endoscopes.
Future advances in operative neurosurgery will probably result as much from further technological innovation as from a greater understanding of the basic pathophysiological processes underlying neurological ill-health – the gaps in knowledge in the latter are a very important limitation in achieving enhanced outcomes following neurosurgical intervention. We would like to take this opportunity to congratulate Farber et al on their NeuroInnovations program, and would encourage the development of similar programs that aim to overcome the barriers to clinical translation from bench-to-bedside.
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