
The definition and assessment of conscious-
ness is still one of the most challenging areas 
of contemporary neuroscience. Empirically, 
consciousness is often separated into two 
components: wakefulness (also known as 
‘arousal’, referring to the level of conscious-
ness) and awareness (the contents of con-
sciousness)1. Wakefulness is a state in which 
the eyes are open and in which, typically, 
there is a degree of motor arousal, whereas 
awareness is accompanied by the ability to 
have (and the act of having) an experience of 
some kind2. Wakefulness is relatively easy to 
measure by confirming that the eyes are open 
and/or that the resting state electroencepha-
lography (EEG) recording exhibits a pattern 
that is typical for the normal waking state. 
Measuring awareness is much more difficult. 
Indeed, objective functional biomarkers of 
awareness are lacking (Supplementary infor-
mation S1 (box)) and, clinically, the ability 
to follow commands — either verbally or 
behaviourally — has to be used as a proxy 
measure for awareness. However, consistent 
command-following is not always possible in 
severely brain-injured patients and residual 
awareness has to be inferred on the basis of 
any behaviour that is observed. The subjec-
tive nature of this inference undoubtedly 
contributes to the well-documented rate of 
misdiagnosis in this population3–5.

The vegetative state is a clinical condi-
tion that is often described as ‘wakefulness 
without awareness’ (REF. 6) (BOX 1). These 
patients open their eyes, frequently move 
spontaneously and will often exhibit 
sleeping and waking cycles. Hence, the 
waking component of consciousness is 
demonstrably preserved. However, careful 
and repeated examination of the patient’s 
spontaneous and elicited behaviour will 
yield no evidence of a sustained, repro-
ducible, purposeful or voluntary behav-
ioural response to visual, auditory, tactile 
or noxious stimulation. In short, such 
patients exhibit no spontaneous pur-
poseful behaviour and are entirely non-
responsive to any form of prompting or 
stimulation (beyond simple reflexes), and 
it is on this basis that it is assumed that the 
awareness component of consciousness is 
absent. It is now well accepted3–5 that when 
specialized clinical teams examine these 
patients, up to 43% will show inconsist-
ent, but reproducible, behavioural signs 
of awareness and will be reclassified as 
being in a minimally conscious state7. 
Nevertheless, it remains likely that some 
covertly aware patients will escape detec-
tion, even by experienced teams, and will 
remain erroneously diagnosed as being in a 
vegetative state8.

Recently, the results of some functional 
MRI (fMRI) and EEG studies have called 
into question the extent to which we can 
reliably consider a patient unaware simply 
because they exhibit no overt behavioural 
response to external stimulation8–11. Indeed, 
these studies have revealed a subset of 
patients who are aware but entirely physi-
cally unresponsive; thus, although they 
fulfil all internationally agreed criteria for 
the vegetative state, which are based on 
behavioural signs, clear signs of command-
following can be demonstrated using fMRI 
or EEG. In some cases, these developments 
in functional neuroimaging technology have 
even allowed such patients to communicate 
with the outside world for the first time since 
their brain injury10.

In this Perspective article, we begin by 
reviewing the ‘state-of-the-art’ of the two 
methods — fMRI and EEG — that have been 
successfully used to detect covert aware-
ness in the vegetative state, with a focus on 
the major developments that have emerged 
within the past 5 years. We then describe the 
paradigmatic case of a recent patient who, 
despite fulfilling all of the accepted diagnos-
tic criteria for the vegetative state 12 years 
after a serious brain injury, was shown — 
using both fMRI and EEG — to be fully 
aware and able to communicate cognitively 
and therapeutically relevant information 
about his condition. Last, we use this case 
and the broader issues that it raises to guide 
a discussion about how these new methods 
are affecting diagnosis, prognosis and legal 
decision making, with reference to their 
specific challenges and limitations.

State‑of‑the‑art
fMRI responses as evidence of awareness. In 
2006, we introduced a method for eliciting 
covert command-following (and there-
fore detecting the awareness component 
of consciousness) with fMRI9. Using this 
technique, a patient who fulfilled all of the 
internationally agreed clinical criteria for 
the vegetative state was shown to be cov-
ertly aware and able to wilfully respond to 
commands by simply modulating her fMRI 
activity. Specifically, while in the scanner, 
the patient was asked to imagine hitting a 
tennis ball back and forth to an imaginary 

S C I E N C E  A N D  S O C I E T Y

Detecting awareness after severe 
brain injury
Davinia Fernández-Espejo and Adrian M. Owen

Abstract | Recent developments in functional neuroimaging have provided a 
number of new tools for assessing patients who clinically appear to be in a 
vegetative state. These techniques have been able to reveal awareness and even 
allow rudimentary communication in some patients who remain entirely 
behaviourally non-responsive. The implications of these results extend well beyond 
the immediate clinical and scientific findings to influencing legal proceedings, 
raising new ethical questions about the withdrawal of nutrition and hydration and 
providing new options for patients and families in that decision-making process. 
The findings have also motivated significant public discourse about the role of 
neuroscience research in society.

PERSPECTIVES

NATURE REVIEWS | NEUROSCIENCE  VOLUME 14 | NOVEMBER 2013 | 1

© 2013 Macmillan Publishers Limited. All rights reserved

http://www.nature.com/nrn/journal/vaop/ncurrent/full/nrn3608.html#supplementary-information
http://www.nature.com/nrn/journal/vaop/ncurrent/full/nrn3608.html#supplementary-information


coach when she heard the word ‘tennis’ and 
to imagine walking from room to room in 
her house when she heard the word ‘house’. 
When a group of control volunteers were 
asked to perform the same two mental 
imagery tasks12, imagining playing tennis 
was associated with robust activity in the 
supplementary motor area (SMA) in each 
and every one of the participants. By con-
trast, imagining moving around their houses 
activated the parahippocampal cortices 
(PPA), the posterior parietal lobe and the 
lateral premotor cortices — all regions that 
have been shown to contribute to imaginary, 
or real, spatial navigation13–17. The robust-
ness and reliability of these fMRI responses 
across individuals was sufficient to allow 
activity in these brain regions (when 
observed in response to the appropriate 
command) to be used as a neural proxy for 
physical behaviour8–10,12,18. Critically, the 
fMRI responses in the patient were indis-
tinguishable from those observed in the 
control volunteers in both tasks9,12. On this 
basis, it was concluded that, contrary to 
her formal diagnosis, she had retained the 
ability to understand spoken commands 
and to respond to them through her brain 
activity, confirming beyond doubt that she 
was consciously aware. A follow-up study10 
demonstrated that, out of a group of 23 
patients in a vegetative state, 4 were able to 
generate similarly reliable fMRI responses 
to commands and were therefore also 
covertly aware.

Subsequently, similar logic has been used 
to validate several other approaches to the 
assessment of covert awareness in physically 
non-responsive patients. For example, in 
one study19, a group of patients who were 
diagnosed as vegetative were instructed to 
attempt to move either their left or right 

hand in order to establish whether motor 
preparation could be used as proxy for 
extant command-following. Although no 
overt muscular activity was detected in any 
of the patients, two out of five patients exhib-
ited fMRI activity in the dorsal premotor 
cortex contralateral to the side of the hand 
that they were instructed to move, suggest-
ing that they were at least attempting to 
follow the command. In another example20, 
a patient was asked to either just listen to 
a series of common words or to count the 
number of times a given word was repeated 
in a continuous sequence. During the count-
ing condition, the patient’s fMRI response 
was similar to that observed in a group of 
control participants, confirming that he was 
able to wilfully adopt different mindsets 
in the presence of an unchanging external 
stimulus; in short, he was able to follow 
commands by modulating his brain activity 
according to the task instructions. In a third 
study21, the authors presented participants 
with pictures containing a superimposed 
face and house and instructed them to shift 
their attentional focus from one to the other, 
and back again. This task typically elicits a 
cycling pattern of increases and decreases 
in fMRI activity in the fusiform and 
parahippocampal gyri when attention is 
switched between faces and houses, respec-
tively. One patient who showed no physical 
signs of command-following ability was 
nevertheless able to generate this character-
istic pattern of cycling fMRI activity when 
asked to repeatedly shift attention between 
the two components of the unchanging 
compound stimulus.

Importantly, the neural responses 
that characterize all of these tasks are not 
automatically produced by the eliciting 
stimulus but rather depend on the will or the 

intention of the participant to generate and 
sustain a response to the given instruction. 
Such (neural) behaviour provides a proxy 
for a motor action and is therefore an appro-
priate vehicle for reportable awareness22. 
Indeed, given the complexity of the tasks 
used and the specificity of the responses 
measured, one can draw far more elaborate 
conclusions about the mental state of these 
patients than the fact that they are merely 
‘conscious’. For example, at the very least, 
sustained attention (required to maintain 
focus through each task), language compre-
hension (required to understand the task 
instructions), response selection (required 
to switch between alternative tasks or con-
ditions) and working memory (required 
to remember which task to perform when 
instructed) must all be substantially pre-
served. These are all aspects of ‘top-down’ 
cognitive control that are typically associated 
with normal levels of conscious awareness.

EEG responses as evidence of awareness. In 
spite of its demonstrable success in detect-
ing covert awareness, performing fMRI 
in patients who are in a vegetative state is 
exceptionally challenging. Considerations of 
cost, scanner availability and physical stress 
incurred by the patients as they are trans-
ferred to the fMRI facility limit its use in 
some cases. In addition, movement artefacts, 
which commonly occur in patients who are 
unable to remain still, and metal implants, 
which are commonly used in many traumat-
ically injured patient populations, may rule 
out fMRI altogether. For these reasons, sev-
eral groups have sought to explore whether 
cheaper and more portable techniques such 
as EEG can be used to detect covert aware-
ness at the bedside.

EEG was first successfully used in this 
context in a study23 in which a group of 
patients were instructed to count the num-
ber of times they heard their own name 
(in a mixed sequence of names) and were 
then asked to just passively listen to identi-
cal stimuli (the control condition). A group 
of patients who were formally diagnosed 
as minimally conscious but who, at best, 
showed intermittent overt command-fol-
lowing, exhibited reliably larger P3 compo-
nents in the EEG recording when counting 
the number of times their own name was 
presented.

Later attempts to fashion EEG into a 
technique capable of detecting covert aware-
ness in entirely non-responsive patients 
focused on adaptations of the motor 
imagery tasks that had previously proved 
successful in the fMRI context. When an 

Box 1 | Vegetative state: a syndrome in search of a name

Before 1972, there was no universally accepted term to refer to patients who did not exhibit 
normal levels of consciousness after a brain injury. Until then, the only reports available in the 
literature were single-case studies in which various terms were used to refer to these patients. 
Some of the most common were ‘apallic syndrome’, ‘akinetic mutism’, ‘post-traumatic dementia’ or 
the still widely used ‘coma vigil’. In 1972, Jennett and Plum6 coined the term ‘vegetative state’ in an 
article entitled ‘Persistent vegetative state after brain damage. A syndrome in search of a name’. 
They chose this term to stress the (relative) preservation of the ‘vegetative’ (that is, non-conscious) 
functions of the brain in these patients, such as sleep–wake cycles, respiration, digestion and 
thermoregulation. At that time, ‘persistent’ was used to indicate that the condition had lasted for 
at least a month post-injury. Forty years on, ‘vegetative state’ is still the most widely used term for 
this condition in the medical and scientific communities. However, given the pejorative 
connotations, a European Task Force on Disorders of Consciousness has recently proposed the 
neutral descriptive term ‘unresponsive wakefulness syndrome’ (REF. 64). The authors 
acknowledged the problems inherent in making strong claims about awareness in patients with 
severe brain damage, as highlighted by recent functional neuroimaging studies, and shifted the 
terminological focus from the lack of awareness to the lack of response. Since it was introduced in 
2010, the new term has received modest support from the medical and scientific communities.
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individual plans or imagines a movement, 
sensorimotor cortical activity is reflected in 
the EEG recording as reductions of power 
— that is, an event-related desynchroni-
zation (ERD) — of the mu and/or beta 
(~7 Hz–30 Hz) bands over topographically 
appropriate regions of the motor cortex, for 
example, over the lateral premotor cortex 
for hand movements and over more medial 
premotor cortex for toe movements24. In 
some individuals, these ERDs may also 
be accompanied by an event-related syn-
chronization (ERS; relative increases in 
power) over motor areas contralateral to, 
or surrounding, the ERD25,26. One study11 
exploited these known EEG responses to 
develop a novel technique for classifying 
imaginary command-following in non-
responsive patients. Specifically, two mental 
imagery responses (squeezing the right 
hand or wiggling the toes) were success-
fully decoded in 3 out of 16 patients who 
met the internationally agreed criteria for a 
diagnosis of vegetative state. As is the case 
for the fMRI responses described above, 
these spatially specific and time-locked 
EEG responses are only elicited when a 
participant wilfully performs the tasks as 
instructed, and it is on this basis that con-
scious awareness can be inferred. Another 
group27 also analysed the data from this 
study11 using a more conservative statisti-
cal model that pushed two out of the three 
‘positive’ patients to just beyond the widely 
accepted P < 0.05 threshold for significance 
(to P < 0.06 and P < 0.09, respectively). Their 
results suggest that in these two cases, the 
EEG response became less consistent over 
time and provide an argument for future 
iterations of the task structure to be altered 
to accommodate this. Nevertheless, it is 
reassuring to note that corroborative data, 
including the fMRI test of command-fol-
lowing described above9,10, was acquired in 
these patients during the same week as the 
EEG testing and confirmed that they were 
indeed aware28.

EEG systems are portable, relatively 
inexpensive and available in many hospitals, 
and thus are a good candidate for becom-
ing the gold-standard for the assessment 
of awareness in non-responsive patients. 
However, from the discussion above, it 
is clear that, to date, they have failed to 
achieve the levels of sensitivity that have 
been obtained using fMRI. For example, 
in the study described above11, 25% of the 
control individuals tested were not able to 
produce reliably classifiable EEG responses. 
Moreover, if the more conservative criteria27  
are applied, 60% of the control participants 

would be classified as being ‘non-conscious’. 
By contrast, all of the control individuals 
tested in two separate studies using the 
fMRI motor imagery tasks described above 
were able to produce reliable activity in the 
appropriate areas of the brain10,12. A more 
recent study29 refined the EEG approach by 
using a simpler and more clinically viable 
paradigm that also satisfied all of the more 
conservative statistical criteria suggested 
earlier27. The task required participants to 
actually try to move their hands and, unlike 
the two previous studies11,27, 100% of the 
control volunteers showed reliable ERD and 
ERS responses29. Moreover, in a patient who 
had been repeatedly diagnosed as vegeta-
tive for 12 years (described in detail below), 
reliable modulations of sensorimotor beta 
rhythms were observed after commands 
to try to move, and these were classified 
significantly at a single-trial level (FIG. 1). 
However, a large-scale group study will be 
necessary before it will be clear whether the 
sensitivity and specificity of EEG methods 
in this context matches that of fMRI.

fMRI for communication. The reliability of 
fMRI for detecting when participants are 
imagining playing tennis or moving around 

their house suggests that the same general 
technique could be used as a robust commu-
nication tool when associated with ‘yes’ and 
‘no’ responses. A study from 2008 (REF. 30) 
first demonstrated that this was possible in a 
control participant, who was able to provide 
accurate answers to simple ‘yes’ and ‘no’ 
questions by imagining one of the two tasks. 
The approach was refined10 to the point that 
it was able to successfully decode ‘yes’ or ‘no’ 
responses from every one of the 16 control 
participants with 100% accuracy, based 
solely on their real-time changes in the SMA 
(during tennis imagery) and the PPA (dur-
ing spatial navigation). Moreover, a patient 
who had been repeatedly diagnosed as veg-
etative for 5 years was able to use the same 
approach to accurately communicate bio-
graphical information — such as his father’s 
name — in response to specific ‘yes’ and ‘no’ 
questions posed by the experimenters10.

To date, this is the only approach that has 
been successfully used to establish accurate 
functional communication with any patient 
who was diagnosed as vegetative at the time 
of the scan, although recently even more 
elaborate methods have been developed in 
control participants that move beyond sim-
ple ‘yes’ and ‘no’ responses. For example, a 

Figure 1 | Electroencephalography activity demonstrating command-following and awareness 
in a patient diagnosed as being in a vegetative state for 12 years. The plot shows the time 
courses of classification accuracies (versus rest) for the trials when the patient, described in detail in 
this article and diagnosed as vegetative for 12 years, was ask to move his right hand and left hand. Red 
and blue lines show means of the tenfold smoothed classification accuracies. Shaded areas show ±1 
standard errors. The asterisks denote the time points with significantly above chance classification for 
left-hand trials versus rest trials (P < 0.025). When the frequency band used in the single-trial classifica-
tion procedure was narrowed to only that which produced a significant event-related synchronization 
for left-hand trials (high-beta band, 25 Hz–30 Hz), significantly above chance classifiability was estab-
lished for right-hand trials as well as left-hand trials. These data confirmed that this patient was in fact 
aware and able to follow task instructions to (attempt to) move his left and right hands despite there 
being no detectable physical response to command. For detailed methods, see REF. 29. Figure is repro-
duced from REF. 29.
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recently developed31 fMRI-based technique 
allowed real words to be spelt by participants 
as they lay in the scanner. In order to select a 
letter, the participants had to generate activ-
ity in specific cortical locations (by engaging 
in different pre-learned mental tasks), at a 
particular time point (by delaying the start of 
the mental task) and for a specific duration 
(also see REF. 32). The various permutations 
of task, onset and duration resulted in 27 
unique brain responses that were assigned 
to 27 characters (A–Z plus SPACE) and an 
automated decoding procedure deciphered 
the answer by analysing the single-trial 
fMRI responses in real time with a mean 
accuracy of 82%.

The potential of such approaches for 
establishing dynamic brain-based ‘conver-
sations’ between control participants and 
experimenters is beyond doubt. However, 
their applicability in patients who are actu-
ally physically non-responsive is less clear. 
For example, many brain-injured patients 
who are found to be covertly aware using 
fMRI or EEG will nevertheless not retain the 
cognitive resources required to understand 
and execute complex multidimensional 
tasks such as those developed in the recent 
study31. Fatigue is also likely to be a limit-
ing factor given that control participants 
required 60 minutes to spell the answers to 
two questions, and slowed responses after 
brain injury may also interfere with the 
onsets and durations of the mental imagery 
tasks. Notwithstanding these limitations, 
the rapid rate of technological progress 
in this field suggests the real possibility of 
functional and versatile brain-activity-based 
communication in physically non-responsive 
patients in the near future.

A paradigmatic example
It is notable that the key patient in the origi-
nal fMRI study described above9 showed 
some inconsistent signs of awareness in the 
months following the scanning session. In 
this sense, the apparent dissociation between 
her external motor behaviour and preserved 
cognitive functioning may have reflected an 
early stage of recovery in which changes that 
were not yet clinically evident could never-
theless be detected by direct interrogation 
of her brain function. Recovery of this sort, 
however, rarely occurs once a patient has 
received a diagnosis of permanent vegetative 
state. After a traumatic brain injury, the veg-
etative state is considered permanent, and 
thus irreversible, when it lasts longer than 
1 year. For non-traumatic cases, for which 
the prognosis is generally worse, the dura-
tion is 6 months2 (or 3 months according to 

US guidelines33). According to the Multi-
Society Task Force on Persistent Vegetative 
State, recovery after those intervals is 
exceedingly rare and almost always involves 
a severe disability34. It is among these cases 
that ethical and legal decisions pertaining to 
the withdrawal of life-sustaining treatment 
(that is, artificial hydration and nutrition) 
usually take place35,36.

To motivate further discussion of the key 
issues and how they might be addressed by 
advances in neuroimaging, we will briefly 
describe the case of a patient who had 
been repeatedly diagnosed as vegetative for 
12 years after a traumatic brain injury but 
was able to demonstrate that he was aware 
using both fMRI and EEG, and convey the 
answers to clinically relevant questions about 
his condition37.

The patient was a male who, in 
December 1999 and at the age of 26 years, 
had suffered a severe closed head injury in 
a motor-vehicle accident. On admission to 
hospital, he had a Glasgow Coma Scale38 
score of 4, meaning that he was unable to 
open his eyes or produce any sound, and 
his only response was extension to pain-
ful stimulation (a decerebrate response). 
A computed tomography scan on the day 
of the injury revealed severe contralateral 
midline-shift, herniation, haemorrhag-
ing and contusion in his left parietal and 
temporal lobes. Over the next 12 years, the 
patient was assessed regularly by experi-
enced neurologists and multidisciplinary 
teams, and throughout this period, his 
behaviour remained consistent with the 
internationally accepted criteria for the veg-
etative state (Supplementary information S2 
(box)). Indeed, over one 14-month period 
in 2012–2013, a total of 20 standardized 
behavioural assessments were performed 
(Supplementary information S2 (box)) 
by a multidisciplinary team, at different 
times of the day and in different postural 
positions, using the Coma Recovery Scale-
Revised39. The highest scored achieved was 
7, meaning that the patient had some audi-
tory and visual startle, flexion withdrawal, 
oral reflexive movement and eye-opening 
without stimulation — all symptoms that 
are characteristic of the ‘classic’ vegetative 
state. That said, this extended profile was 
only observed in 4 out of the 20 assess-
ment sessions (Supplementary informa-
tion S2 (box)); on 15 of these occasions, 
he failed to show any sign of visual startle, 
and in 5 sessions, eye-opening was only 
observed after external stimulation. In 
short, the patient never once showed any 
behaviour to contradict the fact that he was 

in a permanent vegetative state that had 
remained unchanged for the past 12 years. 
At the time of submission of this article, 
the clinical profile of the patient remained 
unchanged.

In February 2012, 12 years and 
2 months after his accident, the patient 
was first scanned using fMRI (for meth-
odological details, see Supplementary 
information S2 (box)). He was first asked 
to imagine playing tennis; this yielded 
consistent activity in the SMA, which was 
formally identical to that which has been 
repeatedly observed in control partici-
pants12. This response was observed on a 
number of occasions and across multiple 
scan runs. He was then asked to imagine 
moving from room to room in his house 
and a less typical pattern involving the 
occipitoparietal junction was observed. 
Although the patient did not engage the 
PPA — the region most commonly acti-
vated by control participants when per-
forming this task — the more posterior 
cortical area that he did engage has been 
reported to show activity during mental 
navigation in a number of previous stud-
ies12,13,17,40. Moreover, activity in this same 
region was observed on a number of occa-
sions and across multiple scan runs. This 
activity was therefore adopted as an indica-
tor of command-following in this patient 
and, together with his activity in the SMA 
during imaginary tennis, it was used to 
motivate questioning using the ‘yes’ and 
‘no’ approach described above10. Using this 
method, the patient was able to provide 
correct answers to multiple externally veri-
fiable questions, including his own name, 
the name of his personal support worker 
(who he had only encountered in the years 
following his accident) and the current 
date. Several non-verifiable questions were 
then posed, including some pertaining to 
his care preferences (for example, whether 
he liked watching ice hockey games on TV) 
and others pertaining to details about his 
current clinical condition (for example, 
whether he was in any physical pain)37. 
To date, answers to 12 different questions 
have been obtained across several sessions 
(TABLE 1). Importantly, the patient did not 
respond on every occasion that he was 
scanned; sometimes no significant activity 
was observed, which was possibly indica-
tive of a lack of attention, motivation or 
will on that particular day.

EEG was also used at the bedside to con-
firm that the patient was aware29, making 
him the first case in which awareness has 
been demonstrated using two independent 
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imaging methods (fMRI and EEG) in the 
absence of any supportive evidence from 
clinical (behavioural) examination. In 
that study, the patient was asked to try to 
move his left or right hand, and reliable 
modulations of sensorimotor beta rhythms 
were observed that could be classified sig-
nificantly (as responses to command) at a 
single-trial level (FIG. 1). Finally, in a more 
recent fMRI study, the same patient has 
been able to provide the correct answers 
to a series of questions using an entirely 
unrelated technique based on decoding 
selective attention to the words ‘yes’ and 
‘no’ (REFS 41,42).

In summary, when considering the 
fMRI and EEG29 (imagery) tasks that 
this patient had to perform repeatedly in 
order to signal a response, together with 
the answers that he gave to the questions 
that were posed using fMRI, it is possi-
ble to draw strong conclusions about his 
cognitive status and likely level of com-
petency. At the very least, he could switch, 
sustain and select his focus of attention, 
he could comprehend language and select 
appropriate responses, he could maintain 
and manipulate information in working 
memory, he could recall events from before 
his accident and lay down new memories 
for events that have occurred since (see 
FIG. 2 and REF. 42), he could express opin-
ions about personal preferences and he 
could access information about his bod-
ily state (TABLE 1). By contrast, none of the 
data that has been collected has suggested 
that any cognitive function is impaired or 
that this patient lacks competency in any 
measurable domain.

Implications
Diagnosis. It is notable that the patient 
described above was repeatedly and rigor-
ously assessed by experienced teams and 
showed no behavioural sign of awareness 
on any of these occasions; indeed, this 
continued to be the case even after aware-
ness had been established unequivocally 
with fMRI and EEG. Technically, however, 
he was not misdiagnosed (as vegetative) in 
the sense that any error of judgement was 
made, because the accepted diagnostic cri-
teria are based on behaviour and no behav-
ioural marker of awareness was missed. 
Nevertheless, the existing criteria did not 
accurately capture his actual state of aware-
ness, and in this sense, his vegetative state 
diagnosis was clearly incorrect. What then 
is the appropriate diagnostic label for such 
patients who can follow commands with a 
measurable brain response but physically 
remain entirely non-responsive? The term 
‘non-behavioural minimally conscious state’ 
has been suggested43. However, because 
attention, language comprehension and 
working memory are demonstrably pre-
served in these patients, we have argued that 
‘minimally conscious’ does not adequately 
describe their residual cognitive abilities8. 
Indeed, the patient described above was 
consistently and reliably able to communi-
cate (using fMRI), which places him well 
beyond the diagnostic criteria describing 
the minimally conscious state. The term 
‘functional locked-in syndrome’ has also 
been proposed for patients who demon-
strate consistent and reliable communica-
tion using adjunctive technologies44,45. In 
its classical clinical presentation, ‘locked-in 

syndrome’ refers to patients who are left 
with only vertical eye movements and/or 
blinking, which often permit rudimentary 
communication. Cognitive function, how-
ever, is generally fully preserved, at least in 
those cases in which the lesion is limited 
to the ventral pons46. Patients like the one 
described here are clearly ‘locked in’ in the 
general sense of the term but do not have 
many of the neuropathological and clinical 
features of the classic locked-in syndrome. 
Moreover, at present, there is still consider-
able uncertainty about the full extent of 
residual cognitive function in such patients 
and thus about the suitability of the term 
‘functional locked-in syndrome’. That said, 
this is precisely the sort of question that can 
be explored with fMRI. Indeed, the patient 
described above has already been able to 
report that he remembers his own name and 
that he knows the current date and where 
he is42, confirming that he is well orientated 
in time and space. He has also provided 
information about events that have occurred 
in the years since his accident, confirming 
that he is still able to encode new memories. 
There is a recently developed46 standardized 
neuropsychological assessment for locked-in 
syndrome that uses simple eye movements 
as responses (in most cases to provide ‘yes’ 
or ‘no’ answers to questions), and there is no 
technical or theoretical reason why a similar 
approach could not be used with fMRI data 
in entirely non-responsive patients, although 
the data would take considerably longer to 
acquire. To this end, fMRI has recently been 
used47 to assess complex logical reasoning 
ability in a patient who was assumed to be in 
a vegetative state.

Table 1 | Communication in a patient presumed to be in a vegetative state for 12 years

Question Correct or incorrect 
information

Number of times question 
asked

What the question assesses

Is a banana yellow? Correct Once Basic semantic knowledge

Is your name John? Correct name Twice Self-identity

Is your name Mike? Incorrect name Twice

Is the year 1999? Incorrect year Once Orientation in time

Is the year 2012? Correct year Once

Are you in a supermarket? Incorrect Once Orientation in space

Are you in a hospital? Correct Once

Is your support worker’s name Bob? Incorrect name Once New knowledge (familiar people)

Is your support worker’s name Sarah? Correct name Twice

Is your support worker’s name Julia? Incorrect name Once

Do you like watching (ice) hockey on 
TV? 

NA Once Personal preference and quality of life

Are you in pain? NA Once Clinical condition and quality of life

NA, not applicable. Note that the names of the patient and support worker have been changed in the interests of privacy; all other information is factually correct. 
Some of these data are from REF. 42. 
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Imagining playing tennis

Imagine playing tennis for a ‘yes’ and 
walking around your house for a ‘no’

‘Is your personal support worker’s name Sarah?’

a

b

Prevalence. We have used a single patient 
above to illustrate our main arguments, but 
it is important to emphasize that this is not 
a unique case. In the largest study to date10, 
4 out of 23 patients in a vegetative state 
(that is, 17%) were shown to be covertly 
aware using fMRI. A similar percentage 
(that is, 19%) of an independent group of 
patients diagnosed as vegetative has also 
been shown to be covertly aware using 
EEG11. Importantly, however, although 

false-positive results are statistically unlikely 
in these studies, the occurrence of false-
negative results is impossible to quantify 
(see BOX 2 for a detailed discussion of this 
topic). At best, we can conclude that ‘at least’ 
17–19% of patients in a vegetative state in 
the general population may harbour covert 
command-following abilities.

It is also important to consider the rela-
tionship between prevalence and other 
clinical factors, such as aetiology and time 
post-injury. The most common acute causes 
of the vegetative state are traumatic brain 
injury (TBI) and hypoxic ischaemic encepha-
lopathy33. Although formal conclusions can-
not yet be drawn on the basis of the small 
number of cases available, it is notable that all 
but one of the patients who have been shown 
to be covertly aware to date — across two sep-
arate group studies10,11 and several single-case 
studies9,29 — are in a vegetative state as a result 
of a TBI. To our knowledge, no study has 
specifically assessed the relationship between 
the prevalence of covert awareness and the 
amount of time that has elapsed since brain 
injury. However, recent evidence suggests 
that the (widely held) notion (for example, 
see REF. 48) that preserved consciousness does 
not occur in patients who have survived for 
many years after TBI is incorrect. The patient 
described above is an unequivocal example of 
this, as his covert awareness was discovered 
as late as 12 years after his injury: that is, well 
beyond the point that his condition would be 
diagnostically labelled ‘permanent’. Similar 
cases of covert awareness in patients in a 
chronic (long-term) vegetative state have also 
been reported elsewhere in the literature10,11.

As far as the prevalence of communi-
cation in patients who are assumed to be 
vegetative is concerned, it is still very early 
days. To our knowledge, this has only been 
attempted in two published studies10,42, in 
addition to the patient described above, pro-
viding insufficient data from which strong 
conclusions can be drawn. Nevertheless, 
there is no logical reason to assume that this 
will be rare within the (17–19%) popula-
tion of clinically vegetative patients that is 
found to be covertly aware, as the cognitive 
demands of imagining playing tennis to 
indicate a ‘yes’ response are not substantially 
different from those that are required to sim-
ply imagine playing tennis at a specific time 
and for a specific duration41. Moreover, a less 
cognitively demanding technique for fMRI 
communication using changes in selective 
attention has recently been shown to be more 
sensitive than motor imagery in control par-
ticipants41 and an effective communication 
tool for patients42.

Judicial implications. At present, in most 
jurisdictions, decisions concerning life sup-
port (nutrition and hydration) are generally 
only taken once a diagnosis of ‘permanent 
vegetative state’ has been made: that is, 
once one of the critical time thresholds 
described above has been reached. Until 
recently, fMRI or EEG had not demon-
strated unequivocal signs of awareness in 
any patient who had survived beyond the 
time point required for such a diagnosis, 
but the case described in detail above is a 
vivid exception to that rule29,42. That is to say, 
the patient has persisted in a condition of 
physical non-responsiveness for more than 
12 years and has therefore long since met 
all of the internationally agreed criteria for 
a diagnosis of permanent vegetative state 
and could, consequently, be the subject of 
a legal petition to withdraw nutrition and 
hydration. In his particular case, this has not 
been discussed because his family feels, like 
many in this situation, that there is sufficient 
reason to continue to maintain the patient 
in his current state. Public opinion as well 
as scientific opinion on this issue is divided 
over questions of economics, quality of life 
and the moral significance of consciousness 
itself. Kahane and Savulescu49 have pointed 
out that, although it is often assumed that we 
have strong moral reasons to sustain the life 
of conscious patients, that assumption may 
be questionable in some circumstances. For 
example, if a patient was experiencing great 
agony that could not be relieved, being kept 
alive may be a source of harm rather than 
benefit. Even if conscious brain-damaged 
patients do not feel physical pain, some 
may still experience great mental suffer-
ing if they have retained the cognitive and 
neural machinery to do so. In short, is every 
life worth living? On this basis, Kahane 
and Savulescu argue that “enjoyment of 
consciousness might actually give stronger 
moral reasons not to preserve a patient’s life 
and, indeed, that these might be stronger 
when patients retain significant cognitive 
function” (REF. 49).

Although withdrawal of nutrition and 
hydration has not been considered in the 
patient described in detail here, we are 
aware of a number of cases that are cur-
rently being considered in various different 
legal jurisdictions involving patients with 
similar clinical profiles. Typically, these 
cases involve one of two scenarios. The 
first involves a dispute among family mem-
bers; for example, the next of kin wishes 
to proceed with withdrawing nutrition 
and hydration, but other family members 
contest this decision on the grounds that it 

Figure 2 | Functional MRI-based communica-
tion in a patient diagnosed as being in a veg-
etative state for 12 years. The communication 
protocol described in REF. 10 was used in a 
patient who had been repeatedly diagnosed as 
vegetative over a 12-year period following a traf-
fic accident. a | The patient was first asked to 
imagine playing tennis and then to imagine mov-
ing around the rooms of his house in order to 
generate anatomical localizers in the premotor 
cortex and the occipitoparietal junction, respec-
tively. b | In a subsequent series of scans, he was 
asked to imagine playing tennis to convey one 
response (‘yes’ or ‘no’) and to imagine moving 
around the rooms of his house to convey the 
alternative response. When asked whether his 
personal support worker’s name was Sarah, the 
pattern of activity observed was almost identical 
to the pattern that had previously been associ-
ated with him imagining playing tennis — a ‘yes’ 
response — confirming he was capable of encod-
ing new memories years after his accident.
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is not what the patient would have wanted 
(or what they want). The second involves 
a dispute between medical staff and family 
members; for example, medical staff recom-
mend withdrawing nutrition and hydration 
on the grounds of futility (the patient will 
never recover), but family members contest 
this opinion. In most of these cases, the key 
medical and legal decisions revolve around 
several inter-related factors. These fac-
tors are, first, whether there is any chance 
of significant recovery; second, whether 
the patient is conscious or ‘aware’ of his or 
her condition; and third, what the patient 
would have wanted if they could have been 
consulted about his or her current condi-
tion. In the latter case, an advanced directive 
or a ‘living will’ is often used to guide the 
court’s decision or, in the absence of such a 
document, the closest relatives are consulted 
and asked to evaluate what they think the 
patient would have wanted.

Regarding the first of these factors, at 
present, there is no unequivocal evidence 
that the discovery of positive fMRI responses 
is predictive of recovery, although there are 
certainly some suggestions that this might 
be the case. For example, in the original 
case described in REF. 9, the patient began 
to emerge from her vegetative state in the 
months following her scan, suggesting that 
early fMRI evidence of awareness may have 
some prognostic value. Similarly, in the large 
group study (of 41 patients)50, the fMRI data 
were shown to significantly correlate with 
subsequent behavioural recovery 6 months 
after the scan. Finally, a comprehensive 
review of the available literature51 considered 
15 separate neuroimaging studies involv-
ing 48 published cases that were classified 
as ‘absent cortical activity’, ‘typical activity’ 

(that is, activity in low level primary sen-
sory cortices only) and ‘atypical activity’ 
(that is, activity in higher-level associative 
cortices); its results suggest that atypical 
activity patterns appear to predict recovery 
from a vegetative state with a 93% specificity 
and 69% sensitivity. Specifically, 9 out of 11 
patients exhibiting atypical activity patterns 
recovered consciousness, whereas 21 out 
of 25 patients with typical primary cortical 
activity patterns and 4 out of 4 patients in 
whom activity was absent failed to recover. 
This suggests that functional neuroimaging 
data can provide important prognostic infor-
mation beyond that available from bedside 
examination alone.

Regarding the remaining two points of 
legal discussion, the case for the use of fMRI 
is even more compelling. It is now clear that 
fMRI can be used to detect covert awareness 
in some cases in which no clinical evidence 
exists to confirm that is the case9,10,42, and, 
subject to the appropriate quality controls 
and scientific guidance, there is no reason 
why such data could not be used to guide a 
court’s opinion about whether the patient is 
conscious or ‘aware’ of his or her condition. 
Again, the patient described in detail above 
is a case in point; although multiple clinical 
assessments over 12 years suggested that he 
was ‘awake but unaware’, the fact that he was 
able to report his own name, where he was, 
what year it was and whether or not he was in 
any pain demonstrates beyond any doubt that 
he was ‘conscious’ and ‘aware of his condition’. 
More compellingly still, the fact that he could 
communicate, albeit in a rather rudimentary 
way (using fMRI), obviates any need for the 
court to consult the relatives about what the 
patient would have wanted and the need to 
locate, or rely upon, an advanced directive in 

reaching a decision. Ultimately, the morally 
challenging question of whether this is a 
life that is ‘worth living’ (REF. 49) is one that 
could be answered directly by the patient 
himself. Regarding this question, a recent 
survey of 91 locked-in patients established 
that the majority were ‘happy’ with their 
quality of life and showed that ratings of 
‘happiness’ improved with the amount of 
time spent in a locked-in state52,53. Although 
surprising, these data underline the impor-
tance of any technique that may allow a 
seriously brain-injured patient to express 
their current opinion — especially as this 
opinion may have changed radically over the 
(sometimes) many years since an advanced 
directive was written.

Ethical implications: disclosure. Unlike in 
many areas of neuroscientific research, the 
results of individual fMRI or EEG tests for 
covert awareness have profound implica-
tions for the patients and for their relatives 
and caregivers. However, although there 
is general agreement among the scientific 
community that summary data should be 
disclosed to individual participants after 
the completion of any research trial54–56, not 
all authors agree that individual research 
results should ever be disclosed57–59. Indeed, 
in most areas of neuroscientific research, 
ethical, legal and sometimes scientific con-
siderations may preclude the disclosure of 
individual results to the participants and 
their families. However, the US National 
Bioethics Advisory Commission, the 
UK Medical Research Council and the 
Canadian Institutes of Health Research 
all agree that individual results should be 
disclosed if they are scientifically valid and 
confirmed, and have clinical relevance or 
significant implications for the participant’s 
health55,60,61. We argue that the discovery 
of covert consciousness in patients pre-
sumed to be vegetative is just such a case, 
because all of these requirements are ful-
filled. Consider, as an example, the patient 
described above. The methods have been 
shown to be sufficient to detect conscious-
ness and allow communication in a number 
of patients and are therefore scientifically 
valid and confirmed9–12,29,42. In addition, 
the information that has been obtained by 
deploying those methods (for example, he is 
conscious, he is well orientated in time and 
space, he can encode new memories, and 
so on) has clear clinical relevance. Last, the 
fact that he could answer questions specifi-
cally related to his clinical condition (for 
example, whether he was in any pain) dem-
onstrates that the research has important 

Box 2 | Negative findings

As in most neuroimaging studies, all of the approaches discussed in this article were designed, for 
the most part, to minimize the possibility of false positives (that is, detecting awareness when the 
patient is not, in fact, aware). Various methods are used to ensure that this is the case: for example, 
testing control participants who are asked to follow, and then to ignore, the task instructions in 
order to ensure that the signature patterns of activity only occur when they wilfully (that is, 
intentionally) follow the commands11,29,65. By contrast, negative results are much more difficult to 
interpret and do not necessarily confirm that a patient is unaware. For example, a patient may fail 
to hear or understand the instructions, have low levels of arousal or even fall asleep during the scan 
or simply choose not to participate (as unlikely as this may seem). In addition, the neuroimaging 
methods used may simply be insensitive to small changes in brain activity in some patients11. In one 
recent study66, negative neuroimaging results were returned in two patients who were 
demonstrably minimally aware and could follow commands behaviourally (in one of those cases, 
the patient could even communicate behaviourally). Of course, in some of these cases, the 
alternative hypothesis — that the patient is indeed unconscious and unaware at the time of the 
scan — is also possible, but in this unique situation in which no independent verification is possible, 
it is impossible to distinguish between true negatives and false negatives. In other words, no 
conclusions or claims about the preservation or loss of residual awareness in patients can be drawn 
on the basis of a negative finding.
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implications for the participants’ health. As 
such, we argue that the moral and practical 
imperative in these cases far outweighs any 
legal, ethical or scientific concerns.

An exception may occur in those cases 
in which fMRI or EEG testing has returned 
negative results. As we have discussed above, 
a negative result in this context (for example, 
no evidence that the patient is conscious) is 
not easy to interpret because false negatives 
are impossible to avoid and detect (BOX 2). 
Therefore, negative results do not provide any 
information to support the conclusion that 
the patient is unaware and, on the basis of the 
arguments above, the imperative to disclose 
them is reduced. However, in reality, the lack 
of disclosure may lead some to assume that 
a lack of awareness has been confirmed. For 
this reason, we suggest that negative results 
should also be disclosed to the patient’s family  
and special care should be taken to explain 
what conclusions can and cannot be drawn in 
their presence.

Conclusions and future directions
The notion that we might one day be able 
to convey our thoughts, without recourse 
to speech or action, has pre-occupied sci-
entists — and science fiction writers — for 
decades. In this Perspective, we have focused 
on recent technological developments in the 
field of neuroimaging that have provided 
new methods for revealing thoughts, actions 
and intentions based solely on the pattern 
of activity that is observed in the brain. In 
specialized centres in Canada, the United 
States, the United Kingdom and Belgium, 
these methods are now being routinely 
used to detect consciousness and even to 
communicate with some behaviourally non-
responsive patients who clinically appear to 
be comatose or in a vegetative state. On the 
basis of the data available, we suggest that 
there is an urgent need for a re-evaluation 
of the existing diagnostic categories and 
guidelines for behaviourally non-responsive 
patients and for the development and formal 
inclusion of validated, standardized neuro-
imaging procedures in those guidelines.

One question that remains, for both 
neuroscience and clinical practice, is: where 
will this research lead us? There is no doubt 
that there currently exists a broad fascina-
tion, among both the general public and 
the media, about whether the methods 
described in this article could, and should, 
be used to ask patients whether or not they 
want to go on living. Although this is already 
a practical possibility, it is important to con-
sider whether a simple ‘yes‘ or ‘no’ response 
to such a question would be sufficient to 

establish that a patient has retained the 
necessary cognitive and emotional capacity 
to make such a complex decision. Clearly, it 
would not. Indeed, given the potential impli-
cations, if a robust and reliable response 
was obtained to such a question, one would 
want to be absolutely sure that the patient 
retained a level of decision-making capac-
ity commensurate with the importance of 
any decision that might be made based on 
that response. In this context, decision-
making capacity may be better considered 
as a continuum with different thresholds 
depending on the importance of the poten-
tial consequences of the decision, rather 
than an ‘all or nothing’ problem62. Clearly, 
decisions about the withdrawal of life sup-
port are of utmost importance, and as they 
are radical and irreversible, an appropriate 
level of decision-making capacity should be 
demonstrated before such a question could 
be even considered. A recent publication63 
has laid out the conceptual foundations for 
a mechanistic explanation of capacity that 
would allow the necessary steps for incorpo-
rating neuroimaging data into the standard 
capacity assessment used in clinical practice. 
We are entering an era in which high-level 
assessments of residual cognitive function 
may soon be made based solely on fMRI or 
EEG data47, although a full assessment of the 
capacity for complex decision making using 
any of the tools described in this article 
would still be extremely lengthy, logisti-
cally complex and practically unfeasible in 
most contexts. Nevertheless, with the rapid 

emergence and deployment of so-called 
‘brain–computer interfaces’ for applications 
as diverse as gaming and the military (see 
BOX 3 for further discussion), we would ven-
ture that it is only a matter of time before all 
of these obstacles are overcome.

Davinia Fernández-Espejo and Adrian M. Owen are at 
the Department of Psychology, The Brain and Mind 

Institute, The Natural Sciences Centre,  
Western University, London, Ontario, N6A 5B7, 

Canada.  
e-mails: despejo@uwo.ca; adrian.owen@uwo.ca

doi:10.1038/nrn3608 
Published online 3 October 2013

1. Plum, F. & Posner, J. The Diagnosis of Stupor and 
Coma (Oxford Univ. Press, 1982).

2. Royal College of Physicians. The vegetative state: 
guidance on diagnosis and management. Clin. Med. 3, 
249–254 (2003).

3. Andrews, K., Murphy, L., Munday, R. & Littlewood, C. 
Misdiagnosis of the vegetative state: retrospective 
study in a rehabilitation unit. BMJ 313, 13–16 
(1996).

4. Childs, N. L., Mercer, W. N. & Childs, H. W. Accuracy of 
diagnosis of persistent vegetative state. Neurology 
43, 1465–1467 (1993).

5. Schnakers, C. et al. Diagnostic accuracy of the 
vegetative and minimally conscious state: clinical 
consensus versus standardized neurobehavioral 
assessment. BMC Neurol. 9, 35 (2009).

6. Jennett, B. & Plum, F. Persistent vegetative state after 
brain damage. A syndrome in search of a name. 
Lancet 1, 734–737 (1972).

7. Giacino, J. T. et al. The minimally conscious state: 
definition and diagnostic criteria. Neurology 58,  
349–353 (2002).

8. Owen, A. M. Detecting consciousness: a unique role 
for neuroimaging. Annu. Rev. Psychol. 64, 109–133 
(2013).

9. Owen, A. M. et al. Detecting awareness in the 
vegetative state. Science 313, 1402–1402 (2006).

10. Monti, M. M. et al. Willful modulation of brain activity 
in disorders of consciousness. New Engl. J. Med. 362, 
579–589 (2010).

11. Cruse, D. et al. Bedside detection of awareness in the 
vegetative state: a cohort study. Lancet 378,  
2088–2094 (2011).

Box 3 | The future: brain–computer interfaces

After the development of electroencephalography (EEG)-based methods for detecting awareness 
in patients diagnosed as being in the vegetative state, a logical step is to develop tools for 
controlling aspects of the environment — so called ‘brain–computer interfaces’ (BCIs). BCIs 
typically involve real-time analysis and classification of brain responses to infer and execute a 
desired command that reflects the user’s intention67,68. The physical changes produced in the 
system are communicated to the BCI user in real time to achieve bidirectional feedback. As a 
paradigmatic example of the extraordinary possibilities that BCI systems can offer, a patient 
suffering from long-term tetraplegia was recently taught to control a robotic arm as an assistive 
device and use it to drink coffee from a bottle69. However, research using BCIs in entirely 
non-responsive patients is in its infancy, and there are many challenges beyond those that exist for 
the development of BCIs in control participants and other clinical groups. For example, the level of 
arousal, awareness and cognition varies dramatically between non-responsive patients (as well as 
at different times within the same patient)7, and thus to maximize the chances of success, a BCI 
system will need to be as robust (to deal with this variation) and as straightforward to use as 
possible67. In addition, the majority of BCI techniques that have been developed for conscious 
participants rely on visual stimulation and feedback. By definition, patients in a vegetative state 
lack the ability to fixate on, or pursue, objects in their visual field33, which precludes the use of 
visually based BCI systems and suggests that other modalities should be used67,68. In a recent 
proof-of-principle study, implanted electrodes in a locked-in patient were used to decode his 
intention to produce one of four vowels and to translate the output into the intended vowel sound 
using a synthesizer70. Absence of consent may preclude the use of such invasive procedures in 
patients in a vegetative state, at least until such time that consent itself may be obtained using 
some of the methods described in this article.

P E R S P E C T I V E S

8 | NOVEMBER 2013 | VOLUME 14  www.nature.com/reviews/neuro

© 2013 Macmillan Publishers Limited. All rights reserved

mailto:despejo%40uwo.ca?subject=Nature%20Reviews
mailto:adrian.owen%40uwo.ca%20?subject=Nature%20Reviews


12. Boly, M. et al. When thoughts become action: an fMRI 
paradigm to study volitional brain activity in non-
communicative brain injured patients. Neuroimage 
36, 979–992 (2007).

13. Aguirre, G. K., Detre, J. A., Alsop, D. C. & 
D’Esposito, M. The parahippocampus subserves 
topographical learning in man. Cereb. Cortex 6,  
823–829 (1996).

14. Ghaem, O. et al. Mental navigation along memorized 
routes activates the hippocampus, precuneus, and 
insula. Neuroreport 8, 739–744 (1997).

15. Mellet, E. et al. Neural correlates of topographic 
mental exploration: the impact of route versus survey 
perspective learning. Neuroimage 12, 588–600 
(2000).

16. O’Craven, K. M. & Kanwisher, N. Mental imagery of 
faces and places activates corresponding stimulus-
specific brain regions. J. Cogn. Neurosci. 12,  
1013–1023 (2000).

17. Ino, T. et al. Mental navigation in humans is processed 
in the anterior bank of the parieto-occipital sulcus. 
Neurosci. Lett. 322, 182–186 (2002).

18. Owen, A. M. & Coleman, M. R. Functional 
neuroimaging of the vegetative state. Nature Rev. 
Neurosci. 9, 235–243 (2008).

19. Bekinschtein, T. A., Manes, F. F., Villarreal, M., 
Owen, A. M. & Della-Maggiore, V. Functional 
imaging reveals movement preparatory activity in 
the vegetative state. Front. Hum. Neurosci. 5, 5 
(2011).

20. Monti, M. M., Coleman, M. R. & Owen, A. M. 
Executive functions in the absence of behavior: 
functional imaging of the minimally conscious state. 
Prog. Brain Res. 177, 249–260 (2009).

21. Monti, M. M., Pickard, J. D. & Owen, A. M. Visual 
cognition in disorders of consciousness: from V1 to 
top-down attention. Hum. Brain Mapp. 34,  
1245–1253 (2013).

22. Zeman, A. The problem of unreportable awareness. 
Prog. Brain Res. 177, 1–9 (2009).

23. Schnakers, C. et al. Voluntary brain processing in 
disorders of consciousness. Neurology 71,  
1614–1620 (2008).

24. Pfurtscheller, G. & Neuper, C. Motor imagery activates 
primary sensorimotor area in humans. Neurosci. Lett. 
239, 65–68 (1997).

25. Pfurtscheller, G., Scherer, R., Müller-Putz, G. R. & 
Lopes da Silva, F. H. Short-lived brain state after cued 
motor imagery in naive subjects. Eur. J. Neurosci. 28, 
1419–1426 (2008).

26. Pfurtscheller, G., Brunner, C., Schlögl, A. & Lopes da 
Silva, F. H. Mu rhythm (de)synchronization and EEG 
single-trial classification of different motor imagery 
tasks. Neuroimage 31, 153–159 (2006).

27. Goldfine, A. et al. Reanalysis of “Bedside detection of 
awareness in the vegetative state: a cohort study”. 
Lancet 381, 289–291 (2013).

28. Cruse, D. et al. Reanalysis of “Bedside detection of 
awareness in the vegetative state: a cohort study.” — 
authors’ reply. Lancet 381, 291–292 (2013).

29. Cruse, D. et al. Detecting awareness in the vegetative 
state: electroencephalographic evidence for attempted 
movements to command. PLoS ONE 7, e49933 
(2012).

30. Owen, A. M. & Coleman, M. R. Detecting awareness in 
the vegetative state. Ann. NY Acad. Sci. 1129,  
130–138 (2008).

31. Sorger, B., Reithler, J., Dahmen, B. & Goebel, R. 
A real-time fMRI-based spelling device immediately 
enabling robust motor-independent communication. 
Curr. Biol. 22, 1333–1338 (2012).

32. Sorger, B., Dahmen, B., Reithler, J. & Gosseries, O. 
Another kind of ‘BOLD Response’: answering 

multiple-choice questions via online decoded single-
trial brain signals. Prog. Brain Res. 177, 275–292 
(2009).

33. The Multi-Society Task Force on PVS. Medical aspects 
of the persistent vegetative state (I). New Engl. J. Med. 
330, 1499–1508 (1994).

34. The Multi-Society Task Force on PVS. Medical aspects 
of the persistent vegetative state (II). New Engl. 
J. Med. 330, 1572–1579 (1994).

35. Jennett, B. The Vegetative State: Medical Facts, 
Ethical and Legal Dilemmas (Cambridge Univ. Press, 
2002).

36. Jennett, B. Thirty years of the vegetative state: clinical, 
ethical and legal problems. Prog. Brain Res. 150, 
537–543 (2005).

37. Walsh, F. Finding a voice for the brain injured.  
bbc.co.uk [online], http://www.bbc.co.uk/news/
health-20303082 (2012)

38. Teasdale, G. & Jennett, B. Assessment of coma and 
impaired consciousness. A practical scale. Lancet 2, 
81–84 (1974).

39. Giacino, J. T., Kalmar, K. & Whyte, J. The JFK Coma 
Recovery Scale-Revised: measurement characteristics 
and diagnostic utility. Arch. Phys. Med. Rehabil. 85, 
2020–2029 (2004).

40. Maguire, E. A., Frackowiak, R. S. & Frith, C. D. 
Recalling routes around london: activation of the right 
hippocampus in taxi drivers. J. Neurosci. 17,  
7103–7110 (1997).

41. Naci, L., Cusack, R., Jia, Z., V. & Owen, M. A. The 
brain’s silent messenger: using selective attention to 
decode human thought for brain-based 
communication. J. Neurosci. 33, 9385–9393 
(2013).

42. Naci, L. & Owen, A. M. Making every word count for 
nonresponsive patients. JAMA Neurol. http://dx.doi.
org/10.1001/jamaneurol.2013.3686 (2013).

43. Fins, J. J. & Schiff, N. D. Shades of gray: new insights 
into the vegetative state. Hastings Cent. Rep. 36, 8 
(2006).

44. Giacino, J. T., Schnakers, C. & Rodriguez-Moreno, D. 
Behavioral assessment in patients with disorders of 
consciousness: gold standard or fool’s gold? Prog. 
Brain Res. 177, 33–48 (2009).

45. Laureys, S. & Schiff, N. D. Coma and consciousness: 
paradigms (re)framed by neuroimaging. Neuroimage 
61, 478–491 (2012).

46. Schnakers, C. et al. Cognitive function in the locked-in 
syndrome. J. Neurol. 255, 323–330 (2008).

47. Hampshire, A. et al. Assessing residual reasoning 
ability in overtly non-communicative patients using 
fMRI. Neuroimage Clin. 2, 174–183 (2013).

48. Fins, J. J. The ethics of measuring and modulating 
consciousness: the imperative of minding time. Prog. 
Brain Res. 177, 371–382 (2009).

49. Kahane, G. & Savulescu, J. Brain damage and the 
moral significance of consciousness. J. Med. Philos. 
34, 6–26 (2009).

50. Coleman, M. R. et al. Towards the routine use of 
brain imaging to aid the clinical diagnosis of 
disorders of consciousness. Brain 132, 2541–2552 
(2009).

51. Di, H., Boly, M., Weng, X., Ledoux, D. & Laureys, S. 
Neuroimaging activation studies in the vegetative 
state: predictors of recovery? Clin. Med. 8, 502–507 
(2008).

52. Bruno, M.-A. et al. A survey on self-assessed well-
being in a cohort of chronic locked-in syndrome 
patients: happy majority, miserable minority. BMJ 
Open 1, e000039 (2011).

53. Laureys, S. et al. The locked-in syndrome: what is it 
like to be conscious but paralyzed and voiceless? Prog. 
Brain Res. 150, 495–511 (2005).

54. Council for International Organization of 
Medical Sciences. International ethical guidelines for 
biomedical research involving human subjects. 
(CIOMS, 2002).

55. UK Medical Research Council. Human tissue and 
biological samples for use in research — operational 
and ethical guidelines. (MRC, 2001).

56. Fernandez, C. V., Skedgel, C. & Weijer, C. 
Considerations and costs of disclosing study findings 
to research participants. CMAJ 170, 1417–1419 
(2004).

57. Reilly, P. When should an investigator share raw data 
with the subjects? IRB 2, 4–5+ (1980).

58. Shalowitz, D. I. & Miller, F. G. Disclosing individual 
results of clinical research: implications of respect for 
participants. JAMA 294, 737–740 (2005).

59. Partridge, A. H. & Winer, E. P. Informing clinical trial 
participants about study results. JAMA 288,  
363–365 (2002).

60. US National Bioethics Advisory Commission. Research 
involving human biological materials: ethical issues 
and policy guidance. (NBAC, 1999).

61. Canadian Institutes of Health Research. CIHR best 
practices for protecting privacy in health research. 
(CIHR, 2005).

62. Buchanan, A. E. & Brock, D. W. Deciding for Others: 
the Ethics of Surrogate Decision Making (Studies in 
Philosophy and Health Policy) (Cambridge Univ. 
Press,1989).

63. Peterson, A. et al. Assessing decision-making 
capacity in the behaviorally nonresponsive patient 
with residual covert awareness. AJOB Neurosci. 4, 
3–14 (2013).

64. Laureys, S. et al. Unresponsive wakefulness syndrome: 
a new name for the vegetative state or apallic 
syndrome. BMC Med. 8, 68 (2010).

65. Owen, A. M. et al. Response to comments on 
‘Detecting awareness in the vegetative state’. Science 
315, 1221 (2007).

66. Bardin, J. C. et al. Dissociations between behavioural 
and functional magnetic resonance imaging-based 
evaluations of cognitive function after brain injury. 
Brain 134, 769–782 (2011).

67. Naci, L. et al. Brain–computer interfaces for 
communication with nonresponsive patients. Ann. 
Neurol. 72, 312–323 (2012).

68. Chatelle, C. et al. Brain–computer interfacing in 
disorders of consciousness. Brain Inj. 26, 1510–1522 
(2012).

69. Hochberg, L. R. et al. Reach and grasp by people with 
tetraplegia using a neurally controlled robotic arm. 
Nature 485, 372–375 (2012).

70. Guenther, F. H. et al. A wireless brain–machine 
interface for real-time speech synthesis. PLoS ONE 4, 
e8218 (2009).

Acknowledgements
We thank G. B. Young and D. Cruse for their expert advice 
and assistance regarding the patient described in detail in 
this Perspective. This work was funded by awards to A.M.O. 
from the Canada Excellence Research Chair (CERC) 
Programme, the Canadian Institutes of Health Research 
(CIHR) and the Natural Sciences and Engineering Research 
Council of Canada (NSERC).

Competing interests statement
The authors declare no competing financial interests.

SUPPLEMENTARY INFORMATION
See online article: S1 (box) | S2 (box) 

ALL LINKS ARE ACTIVE IN THE ONLINE PDF

P E R S P E C T I V E S

NATURE REVIEWS | NEUROSCIENCE  VOLUME 14 | NOVEMBER 2013 | 9

© 2013 Macmillan Publishers Limited. All rights reserved

http://www.bbc.co.uk/news/health-20303082
http://www.bbc.co.uk/news/health-20303082
http://dx.doi.org/10.1001/jamaneurol.2013.3686
http://dx.doi.org/10.1001/jamaneurol.2013.3686
http://www.nature.com/nrn/journal/vaop/ncurrent/full/nrn3608.html#supplementary-information
http://www.nature.com/nrn/journal/vaop/ncurrent/full/nrn3608.html#supplementary-information

	Abstract | Recent developments in functional neuroimaging have provided a number of new tools for assessing patients who clinically appear to be in a vegetative state. These techniques have been able to reveal awareness and even allow rudimentary communic
	State‑of‑the-art
	Box 1 | Vegetative state: a syndrome in search of a name
	Figure 1 | Electroencephalography activity demonstrating command-following and awareness in a patient diagnosed as being in a vegetative state for 12 years. The plot shows the time courses of classification accuracies (versus rest) for the trials when the
	A paradigmatic example
	Implications
	Table 1 | Communication in a patient presumed to be in a vegetative state for 12 years
	Figure 2 | Functional MRI-based communication in a patient diagnosed as being in a vegetative state for 12 years. The communication protocol described in REF. 10 was used in a patient who had been repeatedly diagnosed as vegetative over a 12‑year period f
	Box 2 | Negative findings
	Box 3 | The future: brain–computer interfaces
	Conclusions and future directions



