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1. Summary of the impact (indicative maximum 100 words)

The capacity for cognitive function may be missed by clinical examination in severely disabled
survivors of acquired brain injuries, resulting in individuals being mislabelled as being in the
vegetative state (VS). Work from David Menon and John Pickard has shown that functional brain
imaging provides a more consistent and less observer-dependent means of detecting and
quantifying such cognitive capacity. As a result of this work, the use of functional imaging has been
integrated into clinical protocols as the basis for: identifying patients with such covert cognition;
prognosticating on outcome; defining a rational framework for patient selection in clinical trials; and
exploring the use of brain-machine interfaces to improve communication with such patients.

2. Underpinning research (indicative maximum 500 words)

The research reported in this statement was led by Menon and Pickard (Professors at the
University of Cambridge in Anaesthesia and Neurosciences, from 1991 and 2000, respectively), in
conjunction with Dr Adrian Owen (Assistant Director, MRC Cognition and Brain Sciences Unit;
MRC CBU; University of Western Ontario, from 2010). Previous work by others (Andrews et al;
BMJ 1996; 313:13-6) reported that detectable cognitive capacity in could be detected in some
patients with VS by expert clinical examination, raising the possibility that some patients might
possess volitional capacity, clinically undetectable due to the absence of motor outputs. In 1998
Menon (then Lecturer in Anaesthesia in the University of Cambridge) and Pickard showed that
functional brain imaging could demonstrate retained cognitive processing in a patient who fulfilled
clinical criteria for VS,1 thus showing that functional imaging provides a means of directly
addressing these concerns about covert cognition in some patients. Over the last 15 years, this
use of functional imaging has been refined to communicate with patients thought to be in VS, and
allow more diagnostic precision, prognostic accuracy, and management stratification in this
context.

In 2005 Menon and Pickard, along with the late Dr Coleman (Clinical Neurosciences at the time)
used functional magnetic resonance imaging (fMRI) to show that the cortical response to auditory
stimuli is graded,2 recapitulating a hierarchical framework of language processing (sound
perception, speech perception, and complex speech comprehension). In conjunction with Dr Matt
Davis (MRC-CBU), they confirmed the inverse concordance of this hierarchy with worsening
cognitive performance, by showing that deepening sedation in healthy volunteers recapitulated
observations in patients.3 Crucially, they also showed that a patient’s position on this hierarchy
(determined using fMRI) predicted clinical recovery, measured six months after the functional
imaging study.4

In 2006, Pickard, Owen and collaborators in Liege (Professor Steven Laureys), showed that fMRI
could provide a read-out of whether a subject, when instructed to do so, chose to undertake either
a motor imagery task (which activated the premotor cortex) or a mental navigation task (which
activated a spatial memory network);5 this paradigm could thus be used to demonstrate volitional
control of cortical activation in VS, in the absence of any behavioural responses. Pickard, with
Owen and Dr Martin Monti (MRC Cognition and Brain Sciences Unit), also showed that clinically
unsuspected volitional control could be detected in ~5% of patients referred to our research
program with disorders of consciousness.6

Menon and colleagues have identified structural correlates of such preserved cognitive capacity,
using diffusion tensor imaging (DTI),7 which shows loss of long brainstem tracts in VS secondary
to traumatic brain injury, but not hypoxic ischaemic injury. These findings are important for
prognostication, and for selecting and stratifying patients for clinical trials of ‘arousal’ interventions.
Conventional fMRI analysis cannot determine rapidly whether volitional control of cortical activation
exists, or use such responses to communicate with patients. Dr Guy Williams (Wolfson Brain
Imaging Centre) has recently designed and implemented a Support Vector Machine algorithm to
address these needs. This resource provides robust real-time readouts of fMRI responses in
healthy volunteers, and is being developed for studies in patients, following which it will allow more
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efficient research design, and reduce the time that severely disabled patients have to spend in the
MRI scanner. The software is being made available to other MRI users who operate on the same
imaging platform through the Siemens C2P process.
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4. Details of the impact (indicative maximum 750 words)
The research has had clinical, scientific, policy, and societal impact

Clinical practice:

The knowledge that some patients who clinically satisfy criteria for VS are capable of complex
cognition has transformed the attitude to such patients in long-stay residential homes where they
are cared for, and reduced clinical nihilism regarding the condition. These changes in clinical
attitudes represent a paradigm shift in the history of the condition, and have encouraged novel
research (see media references and discussion below). This knowledge has been disseminated
beyond the clinical centres directly involved in our research through involvement of members of our
group in professional symposia and conferences, where our research results and clinical protocols
are presented to practicing clinicians in neurology, neurosurgery, intensive care, and rehabilitation
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medicine (see, for example, Reference 1 below). At an individual patient level, our functional
imaging results already provide data that inform the management of patients who are referred to
us. We see two patients per week, and of the last 100 referred for the study, approximately a fifth
(20%) have shown covert cognition.

Impacts on medical research:

Since there are likely to be less than 500 patients with VS in England and Wales at any time, if
research is to progress further a close collaborative relationship is essential between academic
centres and NHS clinical units that care for these patients. This need was addressed by
establishing strong national and international networks with common, integrated research
programs. Scientific collaborators include the MRC-CBU, Liege University, Cornell University, and
University of Western Ontario. National clinical collaborators include the Royal Hospital for
Neurodisability; The Royal Leamington Spa Rehabilitation Hospital; The Coleman Centre, Norwich,
The Jacob Centre, Sawbridgeworth; and Leicester Royal Infirmary. Apart from impacting on
routine clinical care, this latter network represents a key resource for current research recruitment,
and has enabled recruitment to many of the studies cited in Section 3. It also provides an essential
framework for future dissemination of best practice and novel clinical management paradigms.
Impact on public policy and services:

This research has also informed the debate on national legislation. Original drafting of the Mental
Capacity Bill and implementation of the Clinical Trials Directive contained highly restrictive
provisions for research in people without capacity, which would have made it illegal to undertake
research in diseases resulting in loss of consciousness, thereby preventing rational improvements
in care for patients suffering from VS and related disorders. Menon, along with Dr Kathy Liddell
(Faculty of Law, University of Cambridge) and Dr Ron Zimmern (Department of Public Health,
University of Cambridge), made substantial contribution to this debate,? which influenced the
drafting of final legislation and regulation of the Mental Capacity Act (2005) and UK implementation
on the Clinical Trials Directive (2004), both of which remain current to date. This input was
informed by our experience, and the narrative of Kate Bainbridge - the subject of the original
Lancet paper on residual cognition in the vegetative state in 1998 who has since made a
substantial cognitive recovery.>* These contributions at Parliamentary committee stages of the
Mental Capacity Act and during the implementation of the Clinical Trials Regulations helped
convince Government that research in individuals lacking capacity was clearly ethical, and resulted
in important modifications ensuring continuation of vital research in critical care and emergency
medicine.

Impacts on society, culture and public understanding of medicine and science:

Our research on disorders of consciousness has already had substantial societal impact. Our
contributions to national broadcast media have informed public knowledge and debate in this area.
In 2010, The Neurosciences Critical Care Unit at Addenbrooke’s Hospital hosted a BBC television
team, who produced a programme addressing the difficult area of poor quality survival from brain
injury. Between Life and Death®®” was broadcast on BBC1 in July 2010, and won the Royal
Television Society Award® and the British Academy of Film and Television Arts (BAFTA) Award® for
best single documentary. More recently a Panorama programme (The mind reader: unlocking my
voice), recorded in Cambridge and London (Ontario) and broadcast in November 2012,*°
documented many of the scientific underpinnings of our research over the last ten years in a format
that was accessible to the lay public. This received enormous public interest, with 247 comments
on the programme website, and over 1000 views on ‘YouTube’.

5. Sources to corroborate the impact (indicative maximum of 10 references)
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