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ABSTRACT

The assessment of patients in the vegetative state is extremely complex and depends frequently on subjective
interpretations of the observed spontaneous and volitional behaviour. In recent years, a number of studies have
demonstrated an important role for functional neuroimaging in the identification of residual cognitive function,
and even conscious awareness, in some patients fulfilling the clinical criteria for vegetative state. Such studies,
when successful, may be particularly useful where there is concern about the accuracy of the diagnosis and the
possibility that residual cognitive function has remained undetected. However, use of these techniques in severely
brain-injured persons is methodologically complex and requires careful quantitative analysis and interpretation.
In addition, ethical frameworks to guide research in these patients urgently need to be developed to accommodate
these emerging technologies.

days of the insult, others evolve to a state of ‘wake-
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ul unawareness’ or vegetative state. Clinically, recog

nizing unambiguous signs of conscious perception of

In recent years, improvements in intensive care the environment and of the self in such patients can
have increased the number of patients who survive be extremely challenging. This difficulty is reflected in
severe acute brain injuries. Although the majority frequent misdiagnoses of the condition and confusion
of these patients recover from coma within the first between the vegetative state and related conditions
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such as minimally conscious state and locked-in syn-
drome [1, 2]. Like all severely brain-injured patients,
bedside evaluation of residual brain function in veg-
etative state is difficult because motor responses may
be very limited or inconsistent. In addition, the clini-
cal assessment of cognitive function relies on infer-
ences drawn from present or absent responses to
external stimuli at the time of the examination [3].
Recent advances in functional neuroimaging sug-
gest a novel solution to this problem; in several cases,
so-called activation studies have been used to identify
residual cognitive function and even conscious aware-
ness in patients who are assumed to be vegetative, yet
retain cognitive abilities that have evaded detection
using standard clinical methods. In this chapter, we
first describe the major clinical characteristics of vege-
tative state following severe brain injury. We then dis-
cuss the contribution of neuroimaging studies to the
assessment of conscious awareness in the vegetative
state. Finally, we review the major methodological
and ethical impediments to conducting such studies
in disorders of consciousness.

CLINICAL DESCRIPTION

Patients in the vegetative state are awake, but are
assumed to be entirely unaware of self and environ-
ment [4, 5]. Jennett and Plum cited the Oxford English
Dictionary to clarify their choice of the term ‘vegeta-
tive”: to be vegetate is to ‘live a merely physical life
devoid of intellectual activity or social intercourse’
and vegetative describes ‘an organic body capable of
growth and development but devoid of sensation and
thought’. “Persistent vegetative state” is a term that was
chosen arbitrarily to describe a vegetative state present
1 month after acute traumatic or non-traumatic brain
injury but does not imply irreversibility [6]. ‘Permanent
vegetative state’ denotes irreversibility. The Multi-
Society Task Force on vegetative state concluded that
3 months following a non-traumatic brain injury and
12 months after traumatic injury, the condition of veg-
etative patients may be regarded as ‘permanent’. These
guidelines are best applied to patients who have suf-
fered diffuse traumatic brain injuries and post-anoxic
events; other non-traumatic aetiologies may be less well
predicted (see for example [7, 8]) and require further
considerations of aetiology and mechanism in evalu-
ating prognosis. Even after long and arbitrary delays,
some exceptional patients may show limited recov-
ery. This is more likely in patients with non-traumatic
coma without cardiac arrest who survive in the veg-
etative state for more than 3 months. The diagnosis of

vegetative state should be questioned when there is
any degree of sustained visual pursuit, consistent and
reproducible visual fixation, or response to threaten-
ing gestures [6]. It is essential to establish the formal
absence of any sign of conscious perception or deliber-
ate action before making the diagnosis (Box 13.1).

RESTING BRAIN FUNCTION

In the vegetative state, the brainstem is relatively
spared whereas the grey or white matter of both cer-
ebral hemispheres is widely and severely injured.
Overall cortical metabolism of vegetative patients is
40-50% of normal values [9-20]. Some studies how-
ever, have found normal cerebral metabolism [17] or
blood flow [21] in patients in a persistent vegetative
state. In permanent vegetative state (i.e., 12 months after
a trauma or 3 months following a non-traumatic brain
injury), brain metabolism values drop to 30-40% of
normal values (Figure 13.1) [9]. This progressive loss of
metabolic functioning over time is the result of progres-
sive Wallerian and transsynaptic neuronal degenera-
tion. Characteristic of vegetative patients is a relative
sparing of metabolism in the brainstem (encompass-
ing the pedunculopontine reticular formation, the
hypothalamus and the basal forebrain) [22]. The func-
tional preservation of these structures allows for the
preserved arousal and autonomic functions in these
patients. Another hallmark of the vegetative state is a
systematic impairment of metabolism in the polymodal
associative cortices (bilateral prefrontal regions, Broca’s
area, parieto-temporal and posterior parietal areas and
precuneus) [18]. These regions are known to be impor-
tant in various functions that are necessary for con-
sciousness, such as attention, memory and language
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Cerebral metabolism in the different diagnostic
groups. Source: Adapted from Laureys et al. (2004) Lancet Neurol
9:537-546.
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BOX 13.1
VEGETATIVE PATIENTS WITH ATYPICAL BEHAVIOURAL FRAGMENTS

Stereotyped responses such as grimacing, crying
or occasional vocalization are frequently observed on
examination of vegetative state patients. These behav-
iours are assumed to arise primarily from brainstem cir-
cuits and limbic cortical regions that are preserved in the
vegetative state. Rarely, however, patients meeting the
diagnostic criteria for the vegetative state exhibit behav-
ioural features that prima facie appear to contravene
the diagnosis. A series of studies of chronic vegetative
patients examined with multimodal imaging techniques
identified three such patients with unusual behavioural
fragments. Using FDG-PET (fluorodeoxyglucose-posi-
tron emission tomography), structural magnetic reso-
nance imaging (MRI) and magnetoencephalography
(MEG) preserved islands of higher resting brain metab-
olism measured by PET imaging and incompletely
preserved evoked MEG gamma-band responses were
correlated with structural imaging and behavioural
fragments [17]. Among those studied was a patient
who had been in a vegetative state for 20 years who
infrequently expressed single words (typically epi-
thets) in isolation of environmental stimulation [23].
MRI images demonstrated severe subcortical injuries.
Resting FDG-PET measurements of the patient’s brain
revealed a global cerebral metabolic rate of <50% of
normal across most brain regions with small regions in
the left hemisphere expressing higher levels of metabo-
lism (see Figure 13.2). MEG responses to bilateral audi-
tory stimulation were confined to the left hemisphere
and localized to primary auditory areas. Taken together,
the imaging and neurophysiological data appeared to
identify isolated sparing of left sided thalamo-cortical-
basal ganglia loops that normally support language

[24]. It is still unknown whether the observed metabolic
impairment in this large cortical network reflects an
irreversible structural neuronal loss [25] or functional
and potentially reversible damage. However, in those
rare and fortunate cases where vegetative patients
recover awareness of self and environment, positron
emission tomography (PET) shows a functional recov-
ery of metabolism in these same cortical regions [19].
Moreover, the resumption of long-range functional
connectivity between these associative cortices and the
intralaminar thalamic nuclei parallels the restoration of
their functional integrity [26]. The cellular mechanisms

Heschl’s gyrus

Wernicke’s area
Caudate nucleus

Broca’s
area

Preservation of regional cerebral metabolic
activity in a vegetative state patient. FDG-PET data for vegeta-
tive state patient with occasional expression of isolated words
is displayed co-registered with structural MRI (from Schiff
et al. [23]). PET voxels are normalized by region and expressed
on a colour scale ranging from 55% to 100% of normal.

function in Heschl’s gyrus, Broca’s area and Wernicke’s
area. Similar observations in two other vegetative state
patients provide novel evidence that isolated cerebral
networks may remain active in rare vegetative state
patients. Importantly, the preservation of these isolated
behaviours does not herald further recovery in patients
in chronic vegetative states who have been repeatedly
examined and carefully studied with imaging tools.
Reliable observations of such unusual features should
prompt further investigation in an individual patient.

which underlie this functional normalization remain
unclear: axonal sprouting, neurite outgrowth, cell divi-
sion (known to occur predominantly in associative cor-
tices in normal primates) [27] have been proposed as
candidate processes.

BRAIN ACTIVATION STUDIES

While metabolic studies are useful, they can only
identify functionality at the most general level; that

11I. COMA AND RELATED CONDITIONS
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is, mapping cortical and subcortical regions that are
potentially recruitable, rather than relating neural activ-
ity within such regions to specific cognitive processes
[13]. On the other hand, methods such as H,"O PET
and functional magnetic resonance imaging (fMRI)
can be used to link residual neural activity to the pres-
ence of covert cognitive function. In short, functional
neuroimaging, or so-called activation studies, have the
potential to demonstrate distinct and specific physi-
ological responses (changes in regional cerebral blood
flow (xCBF) or changes in regional cerebral haemo-
dynamics) to controlled external stimulation in the
absence of any overt response (e.g., a motor action) on
the part of the patient (Box 13.2). In the first of such
studies, H,'°0O PET was used to measure rCBF in a
post-traumatic vegetative patient during an auditorily
presented story told by his mother [28]. Compared to
non-word sounds, activation was observed in the ante-
rior cingulate and temporal cortices, possibly reflect-
ing emotional processing of the contents, or tone, of
the mother’s speech. In another patient diagnosed as
vegetative, Menon ef al. [7] also used PET, but to study
covert visual processing in response to familiar faces.
During ‘experimental” scans, the patient was presented
with pictures of the faces of family and close friends,
while during ‘control’ scans scrambled versions of
the same images were presented which contained no
meaningful visual information whatsoever. Previous
imaging studies in healthy volunteers have shown that
such tasks produce robust activity in the right fusi-
form gyrus, the so-called human ‘face area’ (e.g., [29,
30]). The same visual association region was activated
in the vegetative patient when the familiar face stimuli
were compared to the meaningless visual images [7, 31]
(Figure 13.3).

In cohort studies of patients unequivocally meet-
ing the clinical diagnosis of the vegetative state, sim-
ple noxious somatosensory [32] and auditory [20, 33]
stimuli have shown systematic activation of primary
sensory cortices and lack of activation in higher-order
associative cortices from which they were function-
ally disconnected. High intensity noxious electrical
stimulation activated midbrain, contralateral thala-
mus and primary somatosensory cortex in each and
every one of the 15 vegetative patients studied, even
in the absence of detectable cortical evoked potentials
[32]. However, secondary somatosensory, insular, pos-
terior parietal and anterior cingulate cortices, which
were activated in all control subjects, failed to show
significant activation in a single vegetative patient
(Figure 13.4).

Moreover, in the vegetative state patients, the acti-
vated primary somatosensory cortex was shown to
exist as an island, functionally disconnected from
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Example stimuli (top) from the face perception
task used by Menon et al. [7]. Surface rendered normalized PET
data from the familiar face perception task superimposed on stand-
ard 3D magnetic resonance template (middle) for a healthy control
subject (left) and a patient diagnosed as vegetative state (right).
Subtraction shown is faces minus control stimuli. In both cases,
strong right hemisphere activation in the fusiform gyrus is clearly
visible. Graphs below represent individual adjusted blood flow
response for each scan (red dots) within each condition at peak co-
ordinates within this region. The vegetative state patient fell asleep
during three scans (labelled ‘sleep’). Source: Figure adapted from
Menon et al. [7].

higher-order associative cortices of the pain matrix.
Similarly, although simple auditory click stimuli acti-
vated bilateral primary auditory cortices in vegeta-
tive patients, hierarchically higher-order multimodal
association cortices were not activated. Moreover, a
cascade of functional disconnections were observed
along the auditory cortical pathways, from primary
auditory areas to multimodal and limbic areas [33]
suggesting that the observed residual cortical process-
ing in the vegetative state does not lead to integra-
tive processes which are thought to be necessary for
awareness.

In a recent review of the relevant literature it was
argued that functional neuroimaging studies in

III. COMA AND RELATED CONDITIONS
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Controls

(Upper) Brain regions, shown in red, that activated during noxious stimulation in controls (subtraction stimulation-rest).
(Lower) Brain regions that activated during stimulation in vegetative state patients, shown in red (subtraction stimulation—rest) and regions
that activated less in patients than in controls (interaction (stimulation vs. rest) x (patient vs. control)), shown in blue. Projected on transverse
sections of a normalized brain MRI template in controls and on the mean MRI of the patients (distances are relative to the bicommissural

plane). Source: Adapted from Laureys et al. [32].

patients meeting the clinical criteria for vegetative
state should be conducted hierarchically [34, see also
35]; beginning with the simplest form of processing
within a particular domain (e.g., auditory) and then
progressing sequentially through more complex cogni-
tive functions. By way of example, a series of auditory
paradigms was described that had all been success-
fully employed in functional neuroimaging studies
of vegetative patients. These paradigms increased in
complexity systematically from basic acoustic process-
ing to more complex aspects of language comprehen-
sion and semantics. Indeed, in a recent study exploring
the utility of this approach residual language function
in a group of seven vegetative and five minimally
conscious patients has been graded according to their
brain activation on this hierarchical series of paradigms
[36]. Three patients, diagnosed as vegetative, demon-
strated some evidence of preserved speech processing,
whilst the remaining four patients showed no signifi-
cant activation at all, even in response to sound when
compared to silence. The authors suggested that such
a hierarchy of cognitive tasks provides the most valid
mechanism for defining the depth and breadth of pre-
served cognitive function in patients meeting the clini-
cal criteria for persistent vegetative state and discuss
how such an approach might be extended to allow
clear inferences about the level of ‘awareness’ or con-
sciousness to be made.

A question that is often asked of such studies,
however, is whether the presence of ‘normal’ brain

activation in patients who are diagnosed as vegeta-
tive indicates a level of conscious awareness, perhaps
even similar to that which exists in healthy volun-
teers when performing the same tasks. 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 wilful
intervention on the part of the participant (e.g., you
cannot choose to not recognize a face, or to not under-
stand speech that is presented clearly in your native
language). By the same argument, ‘normal’ neural
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. Thus, such patients may
retain discreet islands of subconscious cognitive func-
tion, which exist in the absence of awareness.

The logic described above exposes a central conun-
drum in the study of conscious awareness and in par-
ticular, how it relates to the vegetative state. Deeper
philosophical considerations notwithstanding, the
only reliable method that we have for determining if
another being is consciously aware is to ask him/her.
The answer may take the form of a spoken response
or a non-verbal signal (which may be as simple as the
blink of an eye, as documented cases of the locked-in
syndrome have demonstrated), but it is this answer
that allows us to infer conscious awareness. In short,
our ability to know unequivocally that another being
is consciously aware is ultimately determined, not by

11I. COMA AND RELATED CONDITIONS
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BOX 13.2

The acquisition, analysis and interpretation of neu-
roimaging data in severe brain injury are methodologi-
cally extremely complex. In quantitative PET studies,
the absolute value of cerebral metabolic rates depends
on many assumptions for which a consensus has not
been established in cases of cerebral pathology. For
example, the estimation of the cerebral metabolic rate
of glucose using FDG-PET requires a correction factor,
known as the lumped constant. It is generally accepted
that this lumped constant is stable in normal brains.
However, in traumatic brain injury, a significant global
decrease in lumped constant has recently been reported
[37] and in severe ischaemia, regional lumped constant
values are known to increase significantly as a result of
glucose transport limitation [38]. Second, cerebral glu-
cose use as measured by FDG may not always be tightly
coupled with oxygen use in patients because altered
metabolic states, including anaerobic glycolysis, may
occur acutely after brain injury [39—41]. Third, because
PET provides measurements per unit volume of intrac-
ranial contents, they may be affected by the inclusion of
metabolically inactive spaces such as cerebrospinal fluid
or by brain atrophy which may artificially lower the cal-
culated cerebral metabolism [42, 43].

As described in the main text, so-called activation
studies using H,'°O PET or fMRI together with estab-
lished sensory paradigms provide a direct method
for assessing cognitive processing and even conscious
awareness in severely brain-injured patients. However,
like metabolic studies, these investigations are meth-
odologically complex and the results are rarely equivo-
cal. For example, in brain-injured patients, the coupling
between neuronal activity and local haemodynam-
ics, essential for all H,'®O PET and fMRI activation
measurements, is likely to be different from healthy
control [44-47], making interpretation of such data-
sets extremely difficult. Notwithstanding this basic

METHODOLOGICAL ISSUES

methodological concern, the choice of experimental par-
adigm is also critical. For example, abnormal brainstem
auditory evoked responses may make the use of audi-
tory stimuli inappropriate and alternative stimuli (i.e.,
visual) should be considered. The paradigm should
also be sufficiently complex to exercise the cognitive
processes of interest, preferably beyond those that are
simply involved in stimulus perception, yet not so com-
plex that they might easily overload residual cognitive
capacities in a tired or inattentive patient. In addition, it
is essential that the experimental paradigm chosen pro-
duces well-documented, anatomically specific, robust
and reproducible activation patterns in healthy volun-
teers in order to facilitate interpretation of imaging data
in patients. In vegetative state, episodes of low arousal
and sleep are also frequently observed and close patient
monitoring (preferably by means of simultaneous elec-
troencephalographic (EEG) recording) during activation
scans is essential to avoid such periods. Spontaneous
movements during the scan itself may also compromise
the interpretation of functional neuroimaging data, par-
ticularly scans acquired using fMRI. Data processing of
functional neuroimaging data may also present chal-
lenging problems in patients with acute brain injury.
For example, the presence of gross hydrocephalus or
focal pathology may complicate co-registration of func-
tional data (e.g., acquired with PET or fMRI) to anatom-
ical data (e.g., acquired using structural MRI), and the
normalization of images to a healthy reference brain.
Under these circumstances statistical assessment of acti-
vation patterns is complex and interpretation of activa-
tion foci in terms of standard stereotaxic co-ordinates
may be impossible. Finally, where PET methodology is
employed, issues of radiation burden must also be con-
sidered and may preclude longitudinal or follow-up
studies in many patients.

whether they are aware or not, but by their ability to
communicate that fact through a recognized behav-
ioural response. But what if the ability to blink an
eye or move a hand is lost, yet conscious awareness
remains? By definition, patients who are diagnosed
as vegetative are not able to elicit such behavioural
responses. Following the logic of this argument then,
even if such a patient were consciously aware, he/she

would, by definition, have no means for conveying
that information to the outside world.

A novel approach to this conundrum has recently
been described, using fMRI, to demonstrate pre-
served conscious awareness in a patient fulfilling the
criteria for a diagnosis of vegetative state [48, 49]. In
mid-2005, the patient was involved in a road traffic
accident. On admission to hospital she had a Glasgow
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Coma Scale score of 4. A computed tomography scan
revealed diffuse brain swelling, intraventricular blood
in the left lateral ventricle, low attenuation in the left
frontal lobe close to the corpus callosum and attenu-
ation change in the right frontal and left posterior
temporal regions. The following day she underwent
a bifrontal decompressive craniectomy and a month
later a ventriculoperitoneal shunt was inserted into
the right lateral ventricle. Between the time of the
accident and the fMRI scan in early January 2006,
the patient was assessed by a multidisciplinary team
employing repeated standardized assessments con-
sistent with the procedure described by Bates [50].
Throughout this period the patient’s behaviour was
consistent with accepted guidelines defining the veg-
etative state [51]. She would open her eyes spontane-
ously, exhibited sleep /wake cycles and had preserved,
but inconsistent, reflexive behaviour (startle, noxious,
threat, tactile, olfactory). No elaborated motor behav-
iours (regarded as ‘voluntary” or ‘willed” responses),
were observed from the upper or lower limbs. There
was no evidence of orientation, fixation or tracking to
visual or auditory stimuli. No overt motor responses
to command were observed.

Prior to the fMRI scan, the patient was instructed to
perform two mental imagery tasks when cued by the
instructions ‘imagine playing tennis’ or ‘imagine visit-
ing the rooms in your home’. These instructions were
elaborated outside of the scanner in an attempt to
induce a rich and detailed mental picture during the
scan itself. Thus, one task involved imagining playing
a vigorous game of tennis, swinging for the ball with
both forehand and backhand, for the entire duration
of each scanning block. The other task involved imag-
ining moving slowly from room to room in her house,
visualizing the location and appearance of each item
of furniture as she did so. In a third condition, the
patient was asked to ‘just relax’.

Importantly, these particular tasks were chosen,
not because they involve a set of fundamental cog-
nitive processes that are known to reflect conscious
awareness, but because imagining playing tennis and
imagining moving around the house elicit extremely
reliable, robust and statistically distinguishable pat-
terns of activation in specific regions of the brain. For
example, in a series of studies in healthy volunteers
[48, 52] imagining playing tennis has been shown
to elicit activity in the supplementary motor area, a
region known to be involved in imagining (as well as
actually performing) co-ordinated movements, in each
and every one of 34 participants scanned. In contrast,
imagining moving from room to room in a house com-
monly activates the parahippocampal cortices, the pos-
terior parietal lobe and the lateral premotor cortices,

all regions that have been shown to contribute to
imaginary, or real, spatial navigation.

Given the reliability of these responses across
individuals, activation in these regions can be used
as a ‘neural marker’, confirming that the participant
retains the ability to understand instructions, to carry
out different mental tasks in response to those instruc-
tions and, therefore, is able to exhibit willed, volun-
tary behaviour in the absence of any overt action.

When the patient who was clinically diagnosed as
vegetative was asked to imagine playing tennis, sig-
nificant activity was observed in the supplementary
motor area that was statistically indistinguishable
from that observed in healthy awake volunteers (see
Figure 13.5). In contrast, the instruction to imagine

Tennis imagery Spatial navigation imagery

(A) Patient

-~ 'f’“c RPC

|
¥
\

v ‘7;.“‘ JPP»\

No prior instructions

No prior instructions

(C) Contro/—\"

(A) Supplementary motor area (SMA) activity
during tennis imagery and parahippocampal gyrus (PPA), posterior
parietal lobe (PPC) and lateral premotor cortex (PMC) activity while
imagining moving around a house in the patient described by Owen
et al. [49]. (B) Statistically indistinguishable activity in all four brain
regions in a group of 12 healthy volunteers asked to perform the
same imagery tasks. (C) The result when a healthy volunteer under-
went exactly the same fMRI procedure as the patient described
by Owen et al. [50], with the exception that non-instructive
sentences (e.g., “The man played tennis’, “The man walked around
his house’) were used. Using an identical statistical model to that
used with the patient, no significant sustained activity was observed
in the SMA, the PPA, the PPC, the PMC, nor any other brain region.
All results are similarly thresholded at a False Discovery Rate (FDR)
p < .05, corrected for multiple comparisons.
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walking through the rooms of her house elicited sig-
nificant activity in the parahippocampal gyrus, the
posterior parietal cortex and the lateral premotor
cortex, which was again indistinguishable from that
observed in healthy volunteers (Figure 13.5). It was
concluded that, despite fulfilling all of the clinical cri-
teria for a diagnosis of vegetative state, this patient
retained the ability to understand spoken commands
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.

Of course, sceptics may argue that the words ‘ten-
nis’ and ‘house’ could have automatically triggered
the patterns of activation observed in the supple-
mentary motor area, the parahippocampal gyrus,
the posterior parietal lobe and the lateral premo-
tor cortex in this patient in the absence of conscious
awareness. However, no data exists supporting the
inference that such stimuli can unconsciously elicit
sustained haemodynamic responses in these regions
of the brain. Indeed, considerable data exists to sug-
gest such words do not elicit the responses that were
observed. For example, although it is well docu-
mented that some words can, under certain circum-
stances, elicit wholly automatic neural responses in
the absence of conscious awareness, such responses

are typically transient (i.e., lasting for a few seconds)
and, unsurprisingly, occur in regions of the brain that
are associated with word processing. In the patient
described by Owen et al. [48, 49], the observed activity
was not transient, but persisted for the full 30 seconds
of each imagery task, that is far longer than would be
expected, even given the haemodynamics of the fMRI
response. In fact, these task-specific changes persisted
until the patient was cued with another stimulus indi-
cating that she should rest. Such responses are impos-
sible to explain in terms of automatic brain processes.
In addition, the activation observed in the patient was
not in brain regions that are known to be involved in
word processing, but rather, in regions that are known
to be involved in the two imagery tasks that she was
asked to carry out. Again, sustained activity in these
regions of the brain is impossible to explain in terms
of unconscious responses to either single ‘key” words
or to short sentences containing those words. In fact,
in a supplementary study [49], non-instructive sen-
tences containing the same key words as those used
with the patient (e.g., “The man enjoyed playing ten-
nis’) were shown to produce no sustained activity in
any of these brain regions in healthy volunteers (see
Figure 13.5, lower panel).

The most parsimonious explanation is, therefore,
that this patient was consciously aware and wilfully

BOX 13.3

Severely brain-injured, non-communicative patients
raise several ethical concerns. Foremost is the concern
that diagnostic and prognostic accuracy is assured,
as treatment decisions typically include the possibil-
ity of withdrawal of life support. At present, although
the approaches discussed above hold great promise to
improve both diagnostic and prognostic accuracy, the
standard approach remains the careful and repeated
neurological examination by a trained examiner.

Ethical concerns are often raised concerning the
participation of severely brain-injured patients in neu-
roimaging activation studies (especially to assess pain
perception), studies that require invasive procedures
(e.g., intra-arterial or jugular lines required for quantifi-
cation of PET data or modelling) or the use of neuromus-
cular paralytics. By definition, unconscious or minimally
conscious patients cannot give informed consent to
participate in clinical research and written approval is

ETHICAL ISSUES

typically obtained from family or legal representatives
depending on governmental and hospital guidelines in
each country. Nonetheless, it is not without precedent
for studies in these patient populations to be refused
for grants, ethics committee approval or data publica-
tion based on a view that no research study is ethical
in patients who cannot provide consent. We side with a
proposed ethical framework that emphasizes balancing
access to research and medical advances alongside pro-
tection for vulnerable patient populations [53]. Severe
brain injury represents an immense social and economic
problem that warrants further research. Unconscious,
minimally conscious and locked-in patients are very
vulnerable and deserve special procedural protections.
However, it is important to stress that they are also vul-
nerable to being denied potentially life-saving therapy if
clinical research cannot be performed adequately.
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following the instructions given to her, despite her
diagnosis of vegetative state.

CONCLUSIONS

Vegetative state presents unique problems for diag-
nosis, prognosis, treatment and everyday management
(Box 13.3). At the patient’s bedside, the evaluation of
possible cognitive function in these patients is diffi-
cult because voluntary movements may be very small,
inconsistent and easily exhausted. Functional neuroim-
aging appears to offer a complimentary approach to
the clinical assessment of patients with vegetative state
and other altered states of consciousness and can objec-
tively describe (using population norms) the regional
distribution of cerebral activity at rest and under vari-
ous conditions of stimulation. Indeed, in some rare
cases, functional neuroimaging has demonstrated pre-
served cognitive function and even (in two cases so
far) conscious awareness in patients who are assumed
to be vegetative, yet retain cognitive abilities that have
evaded detection using standard clinical methods. In
our opinion, the future use of PET, MEG/EEG and
especially fMRI will substantially increase our under-
standing of severely brain-injured patients.
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