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When thoughts become actions:
Neuroimaging in non-responsive
patients

Adrian M. Owen

Introduction

Until recently, clinical applications of imaging methods focused primarily on correl-
ational approaches, mapping the cerebral changes associated with a particular cognitive
process in a given disorder or disease and comparing those changes to the ‘normal’
pattern of activity observed in healthy participants. But advances in imaging technology,
and in particular, the ability of functional magnetic resonance imaging (fMRI) to detect
reliable neural responses in individual participants in real time, have opened up an entirely
new area of clinical investigation based on the possibility that we might decode thoughts
and intentions based solely on the pattern of activity observed in the brain. One field
where significant use has been made of these advances is in the assessment of covert
awareness, or consciousness, following acute brain injury. In recent years, improvements
in intensive care have lead to an increase in the number of patients who survive severe
brain injury. Although some of these patients go on to make a good recovery, many do
not, and some of these individuals progress to a condition known as the vegetative state,
Central to the description of this complex condition is the concept of ‘wakefulness
without awareness’, according to which vegetative patients are assumed to be entirely
unaware, despite showing clear signs of wakefulness (Jennett and Plum 1972). However,
the assessment of these patients is extremely difficult and relies heavily on subjective
interpretation of observed behaviour at rest and in response to stimulation. A diagnosis
is made after repeated examinations have yiclded no evidence of sustained, reproducible,
purposeful, or voluntary behavioural response to visual, auditory, tactile, or noxious
stimuli. Thus, a positive diagnosis (of vegetative state) is ultimately dependent on a nega-
tive finding (no signs of awareness) and is therefore inherently vulnerable to a Type II
eTror or a false negative result. Indeed, internationally agreed diagnostic criteria for the
vegetative state repeatedly emphasize the notion of ‘no evidence of awareness of environ-
ment or self’—in this instance, absence of evidence does appear to be considered adequate
‘evidence of absence’. Any assessment that is based on exhibited behaviour after brain
injury will be prone to error for a number of reasons. First, an inability to move and speak
is a frequent outcome of chronic brain injury and does not necessarily imply a lack of
awareness. Second, the behavioural assessment is highly subjective: behaviours such as
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smiling and crying are typically reflexive and automatic, but in certain contexts they may
be the only means of communication available to a patient and therefore reflect a wilful,
volitional act of intention. These difficulties, coupled with inadequate experience and
knowledge engendered through the relative rarity of these complex conditions, cont-
ribute to an alarmingly high rate of misdiagnosis {up to 43%) in this patient group
(Andrews et al. 1996; Childs et al. 1993; Schnakers et al. 2006).

These issues expose a central conundrum in the study of covert awareness—that is,
awareness that is hard to detect—in general, and how it relates to conditions such as the

vegetative state in particular.!
Historically, the only reliable method that we have had for determining if another being

is consciously aware is to ask him or her. The answer may take the form of a spoken
response or a non-verbal signal (which may be a movement as simple as the blink of an
eye), but it is this answer, and only this answer, that allows us to infer awareness. Thus,
while wakefulness can be measured and monitored accurately using techniques such as
electroencephalography (EEG), awareness is an internal state of being that can only be
‘measured’ via some form of self-report. Put simply, our ability to establish that another
being is consciously aware is ultimately determined, not by whether they are aware or noft,
but by their ability to communicate that fact through a recognized behavioural response.
But what if the ability to speak, or blink an eye, or move a hand is lost, yet conscious
awareness remains? Following the logic above, in a case where every opportunity for self-
report has been lost, it would be impossible to determine whether any level of awareness
rernains. Of course, cases of ‘locked-in syndrome’ following acute brain injury or disease
have been reported for many years, but where such cases are unexpectedly ‘discovered’ it
is always through the (sometimes chance) detection of a minor residual motor response.
Against this background it is an unfortunate, but inevitable, fact that a population of
patients will exist who retain at least some level of residual conscious awareness, yet
remain entirely unable to convey that fact to those around them. ‘Discovering’ such
patients is, in my view, enormously important, for moral, scientific, clinical, and legal
reasons. For example, if such cases do exist—that some patients are aware, but remain
trapped within an entirely unresponsive body, is there not a moral imperative—however
disturbing that may be—to recognize and document this fact? If nothing else, acknow-
ledging the truth will ensure that all subsequent interactions and interventions with such
patients are made in the knowledge that awareness may rernain and may lead to a wider
acceptance of this highly unusual condition, Moreover, wider acceptance will undoubt-
edly lead to an increase in scientific interest that will, in turn, accelerate progress towards
possible interventions and therapies. Historically, the vegetative state and other so-called
‘disorders of consciousness’ have received very little attention in the scientific literature,
in part because the assumed lack of any residual cognitive function, or potential for

I ‘We adopt the view of Koch (2007) who suggests that the distinction between awareness and conscious-
ness is largely one of social convention, with no clear difference between them. Thus, ‘consciousness’s
‘awareness’, and the commonly used term ‘conscious awareness” will be used interchangeably.
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cognitive function, have deemed such efforts pointless. There is, as yet, no recognized
treatment or intervention for this patient group that has been empirically tested and
shown to be beneficial. However, as in all fields, wider acceptance and increased scien-
tific attention are necessary precursors for such therapies to be found. But it is also
clinically and legally important to correctly identify residual awareness in patients who
are assumed to be vegetative and unaware, because treatment decisions often involve the
possibility of withdrawal of life support {nutrition and hydration). In most countries,
such decisions are only made once a diagnosis of permanent vegetative state has been
made and if a patient was shown to have some level of awareness, then this information
would be entirely incompatible with such a diagnosis. Thus, the identification of aware-
ness would render any decision concerning the withdrawal of life support unlawful and,
therefore, unlikely.

In this chapter, recent advances in neuroimaging technology will be discussed which
may provide a mechanism for ‘discovering’ this lost population of patients. The central
tenet is, that if measurable brain ‘responses’ could be marshalled and used as a proxy for
a motor response, then a patient who is entirely unable to move may be able to signal
awareness by generating a pattern of brain activity that is indicative of a specific thought
or intention. Of course, this possibility raises as many questions as it does answers. In
what circumstances should imaging be used to look for evidence of covert awareness?
What sorts of ‘brain responses’ should be admissible as evidence of covert awareness and,
in the absence of any possibility for behavioural verification, how much weight should be
given to such evidence? I will explore these questions in the context of recent studies
in both healthy populations and brain-injured patients that have sought to investigate
covert awareness through the use of functional neuroimaging. Those circumstances in
which fMRI data can be used to infer awareness in the absence of a behavioural response
will be contrasted with those circumstances in which it cannot. "This distinction is funda-
mental for understanding and interpreting patterns of brain ‘activation’ following acute
brain injury and has implications for clinical care, diagnosis, prognosis, and medical-
legal decision making after serious brain injury.

Functional neuroimaging as an assessment tool
in disorders of consciousness

In the first study of its kind, de Jong et al. (1997) measured regional cerebral blood flow in
a post-traumatic vegetative patient during an auditorily-presented story told by his mother.
Compared to non-word sounds, activation was observed in the anterior cingulate and
temporal cortices, possibly reflecting emotional processing of the contents, or tone, of the
mother’s speech. A year latet, positron emission tomography (PET) was used in another
patient diagnosed as vegetative to study visual processing in response to familiar faces
(Menon etal. 1998). Robust activity was observed in the right fusiform gyrus, the so-called
human “face area’ (or FFA). In both of these early cases, ‘normal’ brain activation was
observed in the absence of any behavioural responses to the external sensory stimulation.
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More recently, in the largest study to date, 41 patients with disorders of consciousness
were graded according to their brain activation on a hierarchical series of language para-
digms (Coleman et al. 2009). The tasks increased in complexity systematically from basic
acoustic processing (a non-specific response to sound) to more complex aspects of
language comprehension and semantics. At the highest level, responses to sentences con-
taining semantically ambiguous words {e.g. ‘the creak/creek came from a beam in the
ceiling/sealing’) are compared to sentences containing no ambiguous words {e.g. ‘her
secrets were written in her diary’), in order to reveal brain activity associated with spoken
language comprehension (Rodd et al. 2005 Owen et al. 20054, 2005b; Coleman et al. 2007,
2009). Nineteen of the patients (almost 50%), who had been diagnosed as either vegeta-
tive or minimally conscious, showed ‘normal’ or ‘near normal’ temporal-lobe responses
in the low-level auditory contrast (sound responses) and in the mid-level speech percept-
ion contrast (a specific response to speech over and above the more general response to
sounds). Four patients, including two who had been diagnosed as behaviourally vegeta-
tive, were also shown to exhibit ‘normal’ fMRI activity during the highest-level speech
comprehension task, suggesting that the neural processes involved in understanding
speech were also intact (Coleman et al. 2009). What is most remarkable about these fMRI
findings is that the imaging results were found to have no association with the patients’
behavioural presentation at the time of investigation and thus provide additional diag-
nostic information beyond the traditional clinical assessment. Moreover, the level of
auditory processing revealed by the fMRI results did correlate strongly with the patients’
subsequent behavioural recovery (assessed six months after the scan), suggesting that
brain imaging may also provide valuable prognostic information not evident through
bedside testing. These results provide compelling evidence for intact high level residual
linguistic processing in some patients who behaviourally meet the clinical criteria for
vegetative and minimally conscious states.

Brain activity and awareness

But does the presence of ‘normal’ brain activation in behaviourally non-responsive
patients indicate awareness? In most of the cases discussed above and elsewhere in the
literature, the answer is probably ‘no’. Many types of stimuli, including faces, speech, and
pain, will elicit relatively ‘automatic’ responses from the brain; that is to say, they will
occur without the need for active (i.e. conscious) intervention on the part of the part-
icipant {e.g. you can not choose to not recognize a face, or to not understand speech that
is presented clearly in your native language). In addition, a wealth of data in healthy
volunteers, from studies of implicit tearning (learning of information in an incidental
manmner, without awareness of what has been learned) and the effects of priming (where
unconscious exposure to a stimulus influences aresponse toa later stimulus—see Schacter
1994 for review) to studies of learning and speech perception during anaesthesia
{e.g. Davis et al. 2007; Bonebakker et al. 1996) have demonstrated that many aspects of
human cognition can go on in the absence of awareness. Even the semantic content of
information that is masked from conscious perception (e.g. by being presented very
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rapidly) can affect subsequent behaviour without the explicit knowledge of the part-
icipant, suggesting that some aspects of semantic processing may occur without
conscious awareness (Dehaene et al. 1998). By the same argument, ‘normal’ neuaral
responses in patients who are diagnosed as vegetative do not necessarily indicate that
these patients have any conscious experience associated with processing those same types
of stimuli. To investigate this issue directly, Davis et al. (2007) recently used fMRI in
sedated healthy volunteers and exposed them to exactly the same speech stimuli that have
been shown to elicit normal patterns of brain activity in some vegetative and minimally
conscious patients (Owen et al. 2005a, 2005b; Coleman et al. 2007, 2009). During three
scanning sessions, the participants were non-sedated (awake), lightly sedated {a slowed
response to conversation), and deeply sedated (no conversational response, rousable by
loud command). In each session, they were exposed to sentences containing ambiguous
words, matched sentences without ambiguous words, and signal-correlated noise.
Equivalent temporal-lobe responses for normal speech sentences compared to signal-
correlated noise were observed, bilaterally, at all three levels of sedation, suggesting that a
‘normal’ brain response to speech sounds is not a reliable correlate of awareness. This
result suggests that extreme caution needs to be exercised when interpreting normal
responses to speech in patients who are diagnosed as vegetative, a problem of interpreta-
tion that applies to many of the activation studies that have been conducted in vegetative
patients to date. However, when Davis et al. (2007) examined the effects of anaesthesia on
ambiguous sentences, the frontal-lobe and posterior temporal-lobe activity that occurs
in the awake individual (and is assumed to be a neural marker for semantic processing)
was markedly absent, even during light sedation. This finding suggests that vegetative
patients who show this specific pattern of neural activity during the presentation of
ambiguous semantic material may be consciously aware (e.g. Owen et al. 2005a, 2005b;
Coleman et al. 2007, 2009). However, as tantalizing as such conclusions might be, they
are entirely speculative; the fact that awareness is associated with the activity changes that
are thought to reflect sentence comprehension does not mean that it is necessary for them
to occur (by simple analogy, the fact that amygdala activity is often observed during fMRI
studies of fear does not mean that in all studies that have reported amygdala activity the
participants were fearful).

Decoding responses based on brain activity

The studies described above confirm that many of the brain responscs that have been
observed to date using PMRI in brain damaged patients could have occurred automatic-
ally; that is, they could have occurred in the absence of any awareness of self {or others)
on the part of the patient. But let us now consider an entirely different type of brain imag-
ing experiment in which the responses observed cannot occur in the absence of aware-
ness, because they are necessarily guided by a conscious choice, or decision, on the part of
the participant. Many such experiments have been conducted in recent years, for exam-
ple, to ‘decode’ mental decisions or thoughts in healthy volunteers (e.g. Haynes et al.
2007; Cerf et al. 2010), to demonstrate that fMRI can be deployed as a brain—computer
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e interface {BCI; Weiskopf et al. 2004) or simply to examine the neural correlates of various
types of mental imagery (Jeannerod and Frak 1999; Aguirre et al. 1996). Crugcially, these
paradigms differ from all of the passive tasks described above (e.g. speech or face percep-
tion) because the fMRI activity observed depends on the participant making a CONSCIOus
choice to exert a specific wilful, or voluntary, response. In this sense, awareness is con-
firmed by such responses, simply because awareness is necessary for them to occur.

This contrast, between the responses observed in passive fMRI tasks that are (or at least
could be) elicited automatically by an external stimulus and active tasks in which the
response itself represents a conscious choice {and is therefore, by definition, a2 measure
of conscious awareness), is absolutely central to the debate about the use of functional
neuroimaging in disorders of consciousness. A significant recent addition to this field,
therefore, has been the development of fMRI paradigms that render awareness reportable
in the absence of an overt behavioural (e.g. motor or speech) response in patients who are
entirely behaviourally non-responsive (Owen et al. 2006; Boly et al. 2007). The most suc-
cessful of these techniques make use of the general principle observed in studies of healthy
participants that imagining performing a particular task generates a robust and reliable
pattern of brain activity in the fMRI scanner that is similar to actually performing the
activity itself. For example, imagining moving or squeezing the hands will generate activity
in the motor and premotor cortices (Jeannerod and Frak 1999), while imagining navigat-
ing from one location to another will activate the same regions of the parahippocampal
gyrus and the posterior parietal cortex that have been widely implicated in map-reading
and other so-called spatial navigation tasks (Aguirre et al. 1995).

In one recent study (Boly et al. 2007}, 34 healthy volunteers were asked to imagine hit-
ting a tennis ball back and forth to an imaginary coach when they heard the word ‘tennis’
(thereby eliciting vigorous imaginary arm movements) and to imagine walking from
room to room in their house when they heard the word ‘house’ (thereby eliciting imagin-
ary spatial navigation). limagining playing tennis was associated with robust activity in the
supplementary motor area in each and every one of the participants scanned. In contrast,
imagining moving from room to room in a house activated the parahippocampal cortices,
the posterior parietal lobe, and the lateral premotor cortices—all regions that have
been shown to contribute to imaginary, or real, spatial navigation {Aguirre et al, 1996;
Boly et al. 2007).

The robustness and reliability of these fMRI responses across individuals means that
activity in these regions can be used as a neural proxy for behaviour, confirming that the
participant retains the ability to understand instructions, to carry out different mental
tasks jn response to those instructions, and, therefore, is able to exhibit willed, voluntary
behaviour in the absence of any overt action. On this basis, they permit the identification
of awareness at the single-subject level, without the need for a motor response (for discus-
sion, see Owen and Coleman 2008; Monti et al. 2009). In severe brain injury, when the
request fo move a hand or a finger is followed by an appropriate motor response, the
diagnosis can change from vegetative state (no evidence of awareness) to minimally con-

scious state (some evidence of awareness). By analogy then, if the request to activate, say,
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the supplementary motor area of the brain by imagining moving the hand was followed
by an appropriate brain response, I suggest that we should give that response the very
same weight. Sceptics may argue that brain responses are somehow less physical, reliable,
or immediate than motor responses but, as is the case with motor responses, all of these
arguments can be dispelled with careful measurement, replication, and objective verific-
ation. For example, if a patient who was assumed to be unaware raised his or her hand to
command on just one occasion, there would remain some doubt about the presence of
awareness given the possibility that this movement was a chance accurrence, coincident
with the instruction. However, if that same patient were able to repeat this response to
command on ten occasions, there would remain little doubt that the patient was aware.
By the same token, if that patient was able to activate his or her supplementary motor area
in response to command (e.g. by being told to imagine hand movements), and was able
to do this on every one of ten trials, would we not have to accept that this patient was
consciously aware?

Detecting awareness in non-responsive patients

Owen et al. (2006, 2007) used this same logic to demonstrate that 2 young woman who
fulfilled all internationally agreed criteria for the vegetative state was, in fact, consciously
aware and able to make responses of this sort using her brain activity Prior to the fMRI
scan, the patient was instructed to perform the two mental imagery tasks described above.
When she was asked to imagine playing tennis, significant activity was observed in the
supplementary motor area (Owen et al. 2006) that was indistinguishable from that
observed in the healthy volunteers scanned by Boly et al. (2007). Moreover, when she was
asked to imagine walking through her home, significant activity was observed in the para-
hippocampal gyrus, the posterior parietal cortex, and the lateral premotor cortex which
was again, indistinguishable from those observed in healthy volunteers (Owen et al. 2006,
2007). On this basis, it was concluded that, despite fulfilling all of the clinical criteria for
a diagnosis of vegetative state, this patient retained the ability to understand spoken com-
mands and to respond to them through her brain activity, rather than through speech or
movement, confirming beyond any doubt that she was consciously aware of herself and
her surroundings. In a follow-up study of 23 patients who were behaviourally diagnosed
as vegetative, Monti/Vanhaudenhuyse et al. (2010) showed that four (179} were able to
generate reliable responses of this sort in the fMRI scanner,

Another approach to detecting covert awareness after brain injury is to target processes
that require the wilful adoption of ‘mind-sets’ in carefully matched (perceptually identi-
cal} experimental and control conditions. For example, Monti et al. (2009) presented
healthy volunteers with a series of neutral words, and alternatively instructed them to just
listen, or to count, the number of times a given word was repeated. As predicted, the
counting task revealed the frontoparietal network that has been previously associated
with target detection and working memory. When tested on this same procedure, a
minimally conscious patient produced a very similar pattern of activity, confirming that
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he could wilfully adopt differential mind-sets as a function of the task condition and
could actively maintain these mind-sets across time. As in the tennis/spatial navigation
example described in detail above, because the external stimuli were identical in the two
conditions (count words and {isten to words), any difference in brain activity observed
cannot reflect an ‘automatic’ brain response (i.e. one that can occur in the absence of
consciousness). Rather, the activity must reflect the fact that the patient has performed a
particular action (albeit a ‘brain action’} in response to the stimuli on one (but not the
other) presentation; in this sense, the brain response is entirely analogous to a (motor)
response to command and should carry the same weight as evidence of awareness.

These types of approach all illustrate a paradigmatic shift away from passive (e.g. per-
ceptual) tasks to mare active (e.g. wilful) tasks in the assessment of covert awareness
after serious brain injury. What sets such tasks apart is that the neural responses required
are not produced automatically by the eliciting stimulus, but rather, depend on time-
dependent and sustained responses generated by the participant. Such behaviour (albeit
neural ‘behaviour’) provides a proxy for a motor action and is, therefore, an appropriate
vehicle for reportable awareness {Zeman 2009).

Using fMRI as a tool for communication in
non-responsive patients

Owen and Coleman (2008b) extended the general principle described abave, by which
active mental rehearsal is used to signify awareness, to show that communication of ‘yes’
and ‘no’ responses was possible using the same approach. Thus, a healthy volunteer was
able to reliably convey a ‘yes’ response by imaging playing tennis and a ‘no’ response by
imaging moving around a house, thereby providing the answers to simple questions
posed by the experimenters using only their brain activity. This technique was further
refined by Monti/Vanhaudenhuyse et al. (2010) who successfully decoded the ‘yes’ and
‘no’ responses of 16 healthy participants with 100% accuracy using only their real time
changes in the supplementary motor area {during tennis imagery} and the parahippoc-
ampal place area (during spatial navigation). Moreover, in one traumatic brain injury
patient, who had been repeatedly diagnosed as vegetative over a five-year period, similar
questions were posed and successfully decoded using the same approach (Monti/
Vanhaudenhuyse et al. 2010}. In contrast, and despite a re-classification to minimally
conscious state following the fMRI scan, it remained impossible to establish any form of
communication with this patient at the bedside.

fMRI in diagnosis and prognosis

The possibility of using fMRI for the detection of awareness in the vegetative state raises
a number of issues for legal decision making relating to the prolongation, or otherwise,
of life after severe brain injury. Foremost is the concern that diagnostic and prognostic
accuracy is assured, as treatment decistons often include the possibility of withdrawal of
life support. In an excellent discussion of these issues, Joseph Fins notes ‘the utter and
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fixed futility of the vegetative state became the ethical and legal justification for the gene-
sis of the right-to-die movement in the United States’ (Fins 2003, 2006). At present,
decisions concerning life support (nutrition and hydration) are only made once a diagno-
sis of permanent vegetative state has been made. In cases in which the critical threshold for
a diagnosis of permanent vegetative state has passed, the medical team formally reviews
the evidence and discuss this with those closest to the patient. In England and Wales the
courts require that a decision to withdraw nutrition and hydration should be referred to
them before any action is taken (Royal College of Physicians 1996). On the other hand,
decisions not to use resuscitation in the case of cardiac arrest, or not to use antibiotics or
dialysis, can be taken by the doctor in the best interests of the patient after full discussion
with all those concerned. Interestingly, according to the same working party, ‘one cannot
ever be certain that a patient in the vegetative state is wholly unaware ... in view of this
small but undeniable element of uncertainty, it is reasonable to administer sedation when
hydration and nutrition are withdrawn to eliminate the possibility of suffering, however
remote’ (Royal College of Physicians 1996).

With the emergence of novel neuroimaging techniques that permit the identification of
covert awareness in the absence of any behavioural response (Owen et al. 2006), the
wording of the Royal College of Physicians 1996 statement (‘one cannot ever be certain
that a patient in the vegetative state is wholly unaware’) acquires renewed resonance.
Unfortunately, at present, although several of the neuroimaging approaches discussed in
this chapter hold great promise for improving both diagnostic and prognostic accuracy
in behaviourally non-responsive patients, the accepted assessment procedure continues
to be a careful neurological exam by a trained examiner which focuses on a set of standard
behavioural tests. However, in an increasing number of cases, neuroimaging findings
have been reported that are entirely inconsistent with the formal clinical diagnosis. For
example, the patient described by Owen et al. (2006), was clearly able to produce volunt-
ary responses to command (albeit neural responses}, yet was unable to match this with
any form of motor response at the bedside. Paradoxically, therefore, this patient’s {motor)
behaviour was consistent with a diagnosis of vegetative state (an absence of evidence of
awareness or purposeful response), yet her brain imaging data confirmed that the alter-
native hypothesis was correct, i.e. that she was entirely aware during the scanning proce-
dure. Clearly the clinical diagnosis of vegetative state based on behavioural assessment
was inaccurate in the sense that it did not accurately reflect her internal state of awareness.
On the other hand, she was not misdiagnosed in the sense that no behavioural marker of
awareness was missed. Likewise, the patient described recently by Monti/Vanhaudenhuyse
et al. (2010} was clearly not vegetative because he could generate ‘yes’ and ‘no’ responses
in real time by wilfully modulating his brain activity. In fact, these consistent ‘responses to
command’ which allowed him to functionally communicate suggest a level of residual cog-
nitive function that would actually place this patient beyond the minimally conscious
state and (at least} into the severely disabled category. Similarly, the minimally conscicus
patient described by Monti et al. (2009) was able to ‘perform’ a complex working memory
task in the scanner, in the sense that his brain activity revealed consistent and repeatable
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command following. While this ‘behaviour’ does not necessarily alter the patient’s formal

: diagnosis (from ‘low” minimally conscious state) it certainly demonstrated a level of respon-
sively that was not evident from the behavioural examination. These findings suggest an

L‘g urgent need for a re-evaluation of the existing diagnostic guidelines for the vegetative state
and related disorders of consciousness and for the development and formal inclusion of

’ validated, standardized, neuroimaging procedures into those guidelines.

- A related issue concerns the implications that emerging neuroimaging approaches may
= have for prognosis in this patient group. It is of interest that in the case described by
Owen et al. (2006), the patient began to emerge from her vegetative state to demonstrate

diagnostically relevant behavioural markers before the prognostically important 12-month

threshold was reached (for a diagnosis of permanent vegetative state), suggesting that

' early evidence of awareness acquired with functional neuroimaging may have important
1 prognostic value. Indeed, with a marked increase in the number of studies using neu-

roimaging techniques in patients with disorders of consciousness, a consistent pattern is
beginning to emerge. Di et al. (2008) reviewed 15 separate H,'>O PET and fMRI studies
involving 48 published cases which were classified as ‘absent cortical activity’, ‘typical
activity’ {a short-hand term used in that paper to denote activity in low level primary
sensory cortices only), and ‘atypical activity’ (a short-hand term used in the paper to
denote that activity was observed in higher level associative cortices). The results suggest
that atypical activity patterns appear to predict recovery from vegetative state with a 93%
specificity and 69% sensitivity. That is to say, nine of 11 patients exhibiting atypical activ-
ity patterns recovered consciousness, whereas 21 of 25 patients with typical primary corti-
cal activity patterns and four out of four patients with absent activity failed to recover.
This important review strongly suggests that functional neuroimaging data can provide
important prognostic information beyond that available from bedside examination alone.
Similarly, in the large recent study of 41 patients with disorders of consciousness described
in detail above, Coleman et al. (2009) also found direct evidence of prognostically import-
ant information from the neuroimaging data that was at odds with the behavioural
assessment at the time of scanning, Thus, contrary to the clinical impression of a special-
ist team using behavioural assessment tools, two patients who had been referred to the
study with a diagnosis of vegetative state, did in fact demonstrate clear signs of speech
comprehension when assessed using fMRI. More importantly, however, across the whole
group of patients, the fMRI data were found to have no association with the behavioural
presentation at the time of the investigation, but correlated significantly with subsequent
behavioural recovery, six months after the scan. In this case, the fMRI data predicted
subsequent recovery in a way that a specialist behavioural assessment could not.

In summary, although it is not yet the case that fMRI data forms part of the diagnostic
and prognostic assessment of behaviourally non-responsive patients, more evidence to
support its formal inclusion is being published each year (Owen and Coleman 2007) The
prevailing view, endorsed by this author, is not that brain imaging should replace behav-
ioural assessments, but rather that it should be used, wherever possible, to acquire further
information about the patient. In doing so, and on the basis of the evidence reviewed
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above, one can reasonably expect that the current rate of misdiagnosis will fall because
new methods of assessment, including neuroimaging, will identify instances in which
the existing and accepted {behavioural) methods have resulted in some patients being
classed as unaware when, in fact, awareness remains. Patients will be examined with all
available tools and thus given the greatest opportunity to respond. Likewise, care teams
will have the best possible information for planning and monitoring interventions to
facilitate recovery. Although behavioural markers and brain imaging will undoubtedly
reveal inconsistencies, it is these inconsistencies that will ultimately improve the accuracy
of diagnosis and prognosis in this patient group,

fMRI and end-of-life decision making

Returning to the issue of the continuation, or otherwise, of life support in behaviourally
non-responsive patients, in the case described by Owen et al. (2006}, and in most of the
similar cases that have appeared in the subsequent literature (e.g. Owen and Coleman
2008a), as noted above, the scans that revealed awareness were acquired before the time
at which the decision making process governing withdrawal of life support is legally
permitted to begin (i.e. the patients had not yet reached the point where a diagnosis
of permanent vegetative state could be made). Therefore, even if the neuroimaging evid-
ence had been admissible as part of the formal diagnostic and prognostic evaluation, in
those particular cases, it was too early for the process governing end-of-life decisions to
be made and therefore the situation did not arise. The same is not true of the patient
described recently by Monti/Vanhaudenhuyse et al. (2010) who was able to communicate
using his IMRI responses despite being repeatedly diagnosed as vegetative over a five-year
period. In that case, the scan that revealed awareness was acquired and, indeed, the ability
to functionally communicate was demonstrated, several years after the critical point for a
diagnosis of permanent vegetative state had been reached. Even so, it is likely to be a -
number of years before such evidence could ever be used in the context of end-of-life deci-
sion making and significant legal, ethical, and technical hurdles will need to be overcome
beforehand. For example, in principle it would be possible to ask the patient described by
Monti/Vanhaudenhuyse et al. (2010) whether he wanted to continue living int his current
situation (subject to an appropriate ethical framework being put into place), but would a
‘yes’ or a ‘no’ response be sufficient to be sure that the patient retained the necessary cog-
nitive and emotional capacity to make such a complex decision? Clearly much more work
would need to be done and many more questions asked of the patient (involving consider-
able time in the scanner), before one could be sure that this was the case and, even then,
new cthical and legal frameworks will need to be introduced to determine exactly how
such situations are managed and by whom. In the short term, it is more likely that this
approach will be used to address less ethicaily challenging issues such as whether or not
any patients who are in this situation are experiencing any pain. For example, using this
technique, patients who are aware, but cannot move or speak, could be asked if they are
feeling any pain, guiding the administration of analgesics where appropriate.
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On the other hand, it is important to point out that neuroimaging of covert awareness

is unlikely to influence legal proceedings where negative findings have been acquired.
False-negative findings in functional neuroimaging studies are common, even in healthy
volunteers, and they present particular difficulties in this patient population. For exam-
ple, a patient may fall asleep during the scan or may not have properly heard or under-
stood the task instructions, leading to an erroneous negative result. Indeed, in the recent
study by Monti/Vanhaudenhuyse et al. (2010) no wilful fMRI responses were observed in
19 of 23 patients—whether these are true negative findings (i.e. those 19 patients were
indeed vegetative) or false negative findings (i.e. some of those patients were conscious,
but this was not detected on the day of the scan) can not be determined. Accordingly,
negative fMRI findings in patients should never be used as evidence for impaired cogni-
tive function or lack of awareness.

Consent and ethics

Finally, it is worth making a number of points about how the wider use of techniques
such as fMRI could change the manner in which consent is sought in behaviourally unres-
ponsive patients and the possible implications of such changes. If a patient cannot gener-
ate a behavioural response then they cannot consent to any procedure, be it a scientific
investigation or a potential therapeutic intervention. In the case of fMRI, this does
not present any especially difficult issues, since the technique is widely considered to be
‘non-invasive’—hundreds of thousands of healthy volunteers take part in fMRI studies
around the world every year—and so, most ethical committees who govern research in
vulnerable populations will accept signed assent by the patient’s next of kin for fMRI
studies that are considered to be of sufficient clinical and scientific importance.
Nevertheless, some do take the view that any scientific investigation, however benign,
should be accompanied by informed consent by the individual taking part and some of
the advances discussed above could make thal possible, albeit retrospectively. Thus, a
behaviourally non-responsive individual who was shown to be aware using fMRI could
be asked to generate a ‘yes’ or ‘no’ response (e.g. by imagining playing tennis, etc) in order
to retrospectively consent to the scanning procedure. More importantly, however, the
same procedure could then be used to acquire consent in advance of further questioning
which may involve more ethically challenging issues relating to the continuation, or other-
wise, of life support. Such an approach may have major implications for trials involving
new therapies, particularly where uncertainty about the outcome and/or side effects may
make it unlikely that permission to try the procedure would be granted in the absence of
patient consent. Finally, some may take the view that using fMRI in the manner described
in this chapter is, in of itself, invasive in the sense that scientists are accessing the thoughts
and intentions of those in the scanner by ‘reading their brains’. To answer this question it
is important to realize that, like the raising of an arm in response to the instruction to do

50, activating the brain by, say, imagining playing tennis, is a voluntary response, which
can be supressed at will. Thus, in the opinion of this author, using fMRI to scan a part-
icipant while we measure whether they are able to activate their premotor cortex in
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response to command, poses no more of an ethical issue than observing that same part-
icipant outside of the scanner and asking them to raise their left arm when told to do so.

Conclusions

The recent use of reproducible and robust task-dependent fMRI responses as a form of
‘communication’ in a behaviourally non-responsive patient (Monti/Vanhaudenhuyse
et al. 2010) represents an important milestone in the use of neuroimaging methods in
disorders of consciousness. It suggests that, in the near future, some patients with dis-
orders of consciousness may be able to communicate their thoughts to those around
them routinely, by simply modulating their own neural activity. However, given issues of
cost, portability, and access, it seems unlikely that a long-term, routine solution to this
problem will come from fMRI. Indeed, in spite of the major advances described in this
chapter, performing fMRI in this patient group remains enormously challenging; the
physical stress incurred by patients as they are transferred to a suitably equipped fMRI
facility is significant. Movement artefacts in patients who are unable to remain still are
also common, while metal implants, including plates and pins which are common in
many traumatically injured populations, may rule out fMRI altogether. However, new
techniques that use EEG, which is cheaper, portable, and more widely available than
fMRI, may soon provide a more practical, everyday solution. Indeed, recent findings in
disorders of consciousness suggest that EEG may be capable of decoding specific types of
mental imagery even more reliably than fMRI (Cruse et al. 2011}, which may pave the
way for fully-fledged communication devices in this patient group, allowing them to
share information about their inner worlds, experiences, and needs. The use of both EEG
and fMRI in this context will continue to present innumerable ethical, logistic, and theo-
retical problems. However, its clinical and scientific implications are so major that the
work to resolve these problems must continue,
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