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Abstract One of the most controversial issues in the man-
agement of patients in a vegetative state or a minimally
conscious state concerns their hypothetical capacity to contin-
ue to experience pain despite an apparent absence of self- and
environmental awareness. Recent functional neuroimaging
studies have shown a greater perception of pain in patients
in minimally conscious state compared with patients in vege-
tative state, suggesting the possible involvement of preserved
cognitive mechanisms in the process of pain modulation in the
former. In addition, a subgroup of patients might continue to
experience some elementary emotional and affective feelings,
as suggested by the reported activation of specific cerebral
areas in response to situations, which commonly generate
empathy. However, the available evidence is not sufficient to
draw conclusions about the presence or absence of pain ex-
perience in patients with disorders of consciousness. Future
studies should contribute to a better understanding of which
central neural pathways are involved in the perception and
modulation of pain in healthy subjects and in patients with
severe brain injuries. Such studies should thus also improve
our know-how about pain management in this particularly
challenging group of patients.
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Introduction

Pain is a frequent component of physical disorders, including
neurologic diseases. It can be present in an acute form or can
become chronic, persisting despite the resolving of the path-
ologic condition, which originally generated it. The develop-
ment of chronic pain is a maladaptive response of the organ-
ism, which through changes in structure and neurotransmis-
sion within the central or peripheral nervous system, brings
about a ‘centralization’ of the pain, rendering it autonomous
from the conditions, which set it off and making it a brain
disease in itself [1]. Chronic pain is therefore a complex
condition deriving from a deviant interaction of cognitive,
emotional, and modulatory processes with patterns of sensory
system activation [1]. In particular, emotional factors previ-
ously interpreted as mere reactions to pain are, in reality, to be
considered an integral part of its modulation. Indeed the
International Association for the Study of Pain states that pain
is always to be considered a psychological state and that, as
one of the many expressions of individual subjectivity, it is not
measurable through mere objective signs [2, 3]. Moreover,
psychological distress can exacerbate the perception of pain,
cause it to become chronic, and complicate its management.
This results in a vicious circle, in which pain causes psycho-
logical distress, which in turn contributes to the continuation
of the pain itself. Pain, therefore, has 2 facets: it can be an
alarm bell, warning of an underlying pathologic condition, or
it can become a disorder in itself, persisting even when the
original triggering pathology has been eradicated. Several
studies recently investigated some aspects of the perception
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of pain in patients with disorders of consciousness (DOCs) [4,
5, 6••]. Their findings are controversial and do not allow
definitive conclusions to be drawn about the nature of the expe-
rience of pain in these patients. Nevertheless, the brain injuries
underlying DOCs are so widespread and severe and lead to such
serious impairment that it is legitimate to expect that such patients
will have multiple sources of physical pain. Moreover, the clin-
ical course of the above injuries is so long that one cannot
exclude that forms of chronic and centralized pain, favored by
maladaptive Central Nervous System (CNS) responses, may also
develop and persist even when tissue damage has healed. There-
fore, in patients with a DOC, pain-related symptoms and signs
could indicate a syndrome within the syndrome, independently
requiring proper identification and management.

The Pain Matrix

Nociception is not a synonym of pain. Nociception includes
all the processes responsible for the reception of a peripheral
painful stimulus and its centripetal transmission towards the
subcortical and cortical structures through the ascending sen-
sory system. Pain, on the other hand, is a multidimensional
conscious experience, which is linked with the activity and
interconnectivity of specific cortical and subcortical brain
structures [7••]. From this perspective, pain can be considered
as a complex behavior emerging from the flow and integration
of information among a large number of neuronal assemblies
[8]. The notion that nociception and pain are two separate
experiences is also supported by the fact that there can be pain
in the absence of nociception, for example in the phenomenon
known as thalamic pain, or nociception in the absence of pain,
for example in the case of autonomic responses evoked by
nociception and not associated with a conscious experience of
pain. Brain regions, which are implicated in the mediation of
the pain experience, belong to what is known as the pain
matrix. This extensive network, which has been widely inves-
tigated by means of functional neuroimaging, includes struc-
tures such as the primary (S1) and secondary (S2) somatosen-
sory cortices, the insula, and the anterior cingulate cortex
(ACC) [7••]. However, it is not clear whether or not the pain
matrix should be considered a specific pain-processing net-
work. Indeed, whether the activation of particular areas within
the pain matrix represents a pain-specific neural signature or
an epiphenomenon is a controversial question. Equally con-
troversial is the evidence for the involvement of these struc-
tures in recognizing emotions that are being experienced by
others, which is to say in generating conditions of empathy.
Further doubts surround the notion that the pain neuromatrix
can be divided into specialized substructures such as S1 and
S2, belonging to the so-called lateral pain system or somato-
sensory node and responsible for the transmission of signals
of physical pain, and the medial brain structures including the

ACC, constituting the medial pain system or affective node ,
which is implicated in the affective dimension of pain [7••].
The evidence for [9–21] and against [22–28] the concept of
the pain matrix as a specific pain-processing network is sum-
marized in Table 1.

Pain Perception and Assessment in Patients
with Disorders of Consciousness

Disorders of consciousness (DOCs) include coma, vegetative
state (VS), and minimally conscious state (MCS). Patients in a
coma lack both wakefulness and awareness: they have closed
eyes and a variable response to verbal or nociceptive stimuli
depending on how deep the state of coma is [29]. Patients in
VS lack awareness despite preserved, or recovered, wakeful-
ness: they show cycles of eye closure and eye opening as in
sleep and waking, but they cannot interact with their surround-
ings due to a complete loss of self- and environmental aware-
ness [30]. Patients in MCS show fluctuating, erratic and non-
reproducible purposeful behaviors, which indicate that they

Table 1 Main evidence for and against the concept of the pain matrix as a
specific pain-processing network, as suggested by Iannetti andMouraux [7••]

Studies

Pros

Reported activation of the pain matrix
structures following painful stimulations

Garcia-Larrea
2003

Bushnell 2005

Strong correlation between the magnitude
of pain matrix activation and the intensity
of subjective pain perception

Derbyshire
1997

Coghill 1999
Tölle 1999
Iannetti 2005
Rainville 2002
Porro 2003

Modulation of the magnitude of pain matrix response
by factors, which also modulate pain intensity

Rainville 1997
Hofbauer 2001

Description of painful sensations evoked by epileptic
seizures involving pain matrix structures (ie, insula)

Isnard 2000
Charlesworth
2009

Description of painful sensations evoked by direct
electrical stimulation of various areas of the pain
matrix through implanted electrodes

Ostrowsky
2002

Cons

Unsuccessful recognition of spatially segregated
areas preferentially involved in the processing of
nociceptive stimuli

Kenshalo 2000

Scattered distribution in space of supposed
nociceptive-specific neurons and response of these
neurons also to stimuli belonging to other
sensory modalities

Dong 1994
Kenshalo 1995
Hutchison
1999

Wall 1995

Activation of the pain matrix also by non-nociceptive
inputs

Kunde 1993
Lui 2008
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have partially recovered their state of consciousness or at least
that a minimum degree of recovery is imminent [31]. More-
over, some patients in MCS show specific behaviors, includ-
ing the recovered awareness of how common objects should
be handled (glass, spoon, comb) and the appearance of com-
munication efforts, which may herald a forthcoming recovery
of consciousness [31].

Despite the above definitions, in daily clinical practice it is
extremely difficult to discern different states of consciousness
and their transitions. To a nonexpert outside observer these
patients can appear to be extremely similar and all equally
behaviorally unresponsive. This perceived similarity is due to
the fluctuating nature of behaviors, which are interpreted as
meaningful. The rate of misdiagnosis is therefore extremely
high, especially when isolated clinical impressions take the
place of repeated and rigorous neurologic examinations [32].

From all this it is evident just how difficult it is to gauge and
characterize the experience of pain in patients with a DOC.
However, the lack of expression of pain and difficulty in
observing or measuring it must not be used to testify in favor
of the hypothesis that patients with a DOC are incapable of
feeling pain. In fact, although there are no definitive data
concerning this, one is inclined to think that these patients
can experience at least the physical dimension of pain: that
they can feel, for example, the discomfort induced by spastic-
ity or by the interruption of nutrition or hydration and the
bodily disturbance caused by recurring infections. On the
other hand, it is improbable that they can feel distress in
response to bad news or sorrow regarding their own situation
and that of their families. Such distress, in fact, is closely
entwined with the integrity of the cognitive functions of the
individual. In other words, if the patient is not aware of
himself and of the surrounding environment, if he is not able
to locate himself in a time and place, if he does not have a
historical memory of his past and the capacity to imagine his
future, it is extremely unlikely that he can experience distress
or sorrow in relation to a given situation. In support of this
there is the aforementioned proposed separation between the
lateral pain system or somatosensory node and the medial
pain system or affective node [7••]. In healthy subjects, these
two systems are intertwined, as is suggested by the fact that
physical pain often leads to emotional distress and vice versa,
to the point that it is difficult to discern one from the other. It
may be that this communication between pathways has been
interrupted in patients in VS but is partially recovered in
patients in MCS, who seem to show a more complete percep-
tion of pain [4, 5, 6••].

Behavioral Scales for the Assessment of Pain in Patients
with DOCs

In daily clinical practice, different scales can be used to
evaluate response to pain in patients with a DOC [33, 34,

35, 36••, 37]. These include both non pain-specific and pain-
specific scales. The former, such as the Glasgow Coma Scale
(GCS), the ComaRecovery Scale—Revised (CRS-R), and the
Full Outline of UnResponsiveness (FOUR) score, are
designed for a multidimensional evaluation of the state of
consciousness of the patient and only marginally identify the
patient’s response to painful stimuli [33, 34, 35]. In fact,
following noxious stimulation, the presence or absence of
nociception is inferred through motor responses such as ste-
reotypical responses, flexion/withdrawal, and localization re-
sponses [36••]. The Glasgow Coma Scale (GCS) is composed
of 3 tests exploring eye, verbal, and motor responses, respec-
tively (Table 2). The eye response test evaluates whether the
patient opens his eyes following the administering of a verbal
or a painful stimulus. The motor response test can be used to
ascertain whether the patient responds to painful stimuli either
through purposeful movements towards the source of pain
(localization to pain), attempts to withdraw from pain (flex-
ion/withdrawal from pain), or abnormal flexor or extensor
posturing [33]. The Coma Recovery Scale Revised (CRS-R)
is the most sensitive and reliable tool for recognizing con-
sciousness transitions and is the only scale able to distinguish
between VS and MCS [34, 38, 39]. It is divided into 6
subscales addressing auditory, visual, motor, oromotor,

Table 2 Glasgow Coma Scale (GCS)

Score response

Eye opening

4 Opens eyes spontaneously

3 Opens eyes in response to speech

2 Opens eyes in response to painful stimulations

1 Does not open eyes in response to any stimulation

Motor response

6 Follows commands

5 Makes localized movement in response to painful stimulation

4 Makes non purposeful movements in response to painful
stimulation (withdraws from pain)

3 Flexes upper extremities / extends lower extremities in response to
painful stimulation

2 Extends all extremities in response to painful stimulation

1 Makes no response to noxious stimuli

Verbal response

5 Is oriented to person, place and time

4 Converses, may be confused

3 Replies with inappropriate words

2 Makes incomprehensible sounds

1 Makes no response

Items involving painful stimulations are rendered in italics
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communication, and arousal processes with the lowest item on
each subscale representing reflexive activity and the highest
one representing cognitively mediated behaviors (Table 3).
The FOUR score explores 4 components represented by eye
response, motor response, brainstem reflexes, and respiration
pattern (Table 4). Although not distinguishing between VS
and MCS, this scale allows detecting preserved eye tracking
and blinking to command, which are useful signs to avoid
misdiagnoses between the VS and the Locked-in Syndrome

(LIS) [35, 40, 41•]. However, the above scales identify the
response to pain in patients with a DOC as part of a rapid
evaluation of the state of general consciousness; they do not
linger to form a more analytical characterization of the painful
experience. On the other hand, a new pain-specific scale has
recently been developed for patients with DOCs [36••]. This
is the Nociception Coma Scale (NCS), which consists of 4
subscales assessing motor, verbal, visual, and facial re-
sponses to pain, with each subscore ranging from 0 to 3
[36••] (Table 5). The validity, inter-rater agreement, and
sensitivity of the above scale have been tested in patients
with DOCs and were judged as being good, suggesting that
the NCS might be a sensitive behavioral tool for assessing
nociception in these patients [36••]. Moreover, following
the observation that the exclusion of the visual subscale
increased the cut-off sensitivity of the whole scale, a re-
vised version of the scale, without the visual subscore, has
been proposed [37]. Nonetheless, although these clinical
tools are essential for the rapid identification of behavioral
signs in response to nociceptive stimuli, they do not pro-
vide information about the level of perception and process-
ing of pain. The usefulness of neuroimaging and

Table 3 Coma Recovery Scale Revised (CRS-R)

Score Response

Auditory function scale

4 Consistent movement to commandb

3 Reproducible movement to commandb

2 Localization to sound

1 Auditory startle

0 None

Visual function scale

5 Object recognitionb

4 Object localization: reachingb

3 Visual pursuitb

2 Fixationb

1 Visual startle

0 None

Motor function scale

6 Functional object usea

5 Automatic motor responseb

4 Object manipulationb

3 Localization to noxious stimulationb

2 Flexion withdrawal

1 Abnormal posturing

0 None/flaccid

Oromotor/verbal function scale

3 Intelligible verbalizationb

2 Vocalization/oral movement

1 Oral reflexive movement

0 None

Communication scale

2 Functional: accuratea

1 Nonfunctional: intentionalb

0 None

Arousal scale

3 Attention

2 Eye opening without stimulation

1 Eye opening with stimulation

0 Unarousable

Items involving painful stimulations are rendered in italics
a Denotes emergence from MCS
bDenotes MCS

Table 4 Full Outline of UnResponsiveness (FOUR) score

Score Response

Eye response

4 Eyelids open or opened, tracking, or blinking to command

3 Eyelids open but not tracking

2 Eyelids closed but open to loud voice

1 Eyelids closed but open to pain

0 Eyelids remain closed with pain

Motor response

4 Thumbs-up, fist, or peace sign

3 Localizing to pain

2 Flexion response to pain

1 Extension response to pain

0 No response to pain or generalized myoclonus status

Brainstem reflexes

4 Pupil and corneal reflexes present

3 One pupil wide and fixed

2 Pupil or corneal reflexes absent

1 Pupil and corneal reflexes absent

0 Absent pupil, corneal, and cough reflex

Respiration

4 Not intubated, regular breathing pattern

3 Not intubated, Cheyne-Stokes breathing pattern

2 Not intubated, irregular breathing

1 Breathes above ventilator rate

0 Breathes at ventilator rate or apnea

Items involving painful stimulations are rendered in italics
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neurophysiological techniques may contribute to a better
understanding of the qualitative characteristics of the
experience of pain in patients with DOCs and of the
mechanisms underlying its perception and processing.

Pain Perception in DOCs: Contributions from Neuroimaging

Recently, positron emission tomography (PET) and functional
magnetic resonance imaging (fMRI) have gained a central role
in identifying specific cortical activation patterns associated
with painful stimulation in patients with DOCs. The first
findings came from a PET study, which demonstrated in-
creased neuronal activity in the midbrain, contralateral thala-
mus, and primary somatosensory cortex (S1) in patients in VS
after the administration of nociceptive stimuli [42]. However,
the activation of the primary somatosensory cortex was not
associated with that of higher-order associative cortices [42].
This was interpreted as a sign of a possible functional discon-
nection and isolation of S1 from the other cerebral areas
normally engaged during experiences of somatosensory per-
ception [42]. This conclusion was also in line with evidence
from previous lesion studies, which had demonstrated how the
functioning of the higher-order associative cortices was indis-
pensable for the conscious processing of somatosensory stim-
uli [43]. Divergent results came from another PET study,
which reported a pattern of pain-induced activation not con-
fined to the S1 but also involving the secondary somatosen-
sory cortex (S2), the cingulate cortex contralateral to the
stimulus and the posterior insula ipsilateral to the stimulus
[44]. Contrary to what was observed in the previous study, this
activation pattern suggested that a residual pain-related cere-
bral network might somehow be preserved in patients in VS
[44]. A successive study identified specific cortical patterns in
response to pain in patients in VS or MCS, respectively [4]. In
line with some previous evidence, patients in a VS showed
isolated activation of the S1, which was dissociated from
higher-order associative cortices. The patients in MCS, on
the other hand, had a close to normal activation pattern also
involving the higher-order associative cortices [4]. Similar
results were found in a later study, which confirmed that more
widespread activation within the pain matrix can be seen in
patients in MCS compared with patients in VS and that the
functional connectivity between S1 and higher-order associa-
tive cortices is preserved in theMCS but not in VS [5]. Finally,
more recent fMRI studies explored the activation of the affec-
tive subsystem of the pain matrix in patients in VS by inves-
tigating the pattern of cortical activation while the patient was
exposed to pain-related sounds as crying [6••]. More than one-
half of the patients were reported to presumably respond to the
pain cries of other people, as demonstrated by the similarity
between their activation pattern and that commonly observed
in healthy subjects [6••]. With some variability between pa-
tients, the activation pattern was brain-wide, in that it included

Table 5 Nociception Coma Scale

Score Item Response

Motor response

3 Localization to
noxious stimulation

The non-stimulated limb must locate and
make contact with the stimulated
body part at the point of stimulation.

2 Flexion withdrawal There is isolated flexion withdrawal of at
least one limb. The limb must move
away from the point of stimulation.

1 Abnormal posturing Slow, stereotyped flexion or extension of
the upper and/or lower extremities
occurs immediately after the stimulus
is applied.

0 None/flaccid There is no discernible movement
following application of noxious
stimulation, secondary to hypertonic
or flaccid muscle tone.

Verbal response

3 Intelligible
verbalization

Production of words in response to
noxious stimulation. Each
verbalization must consist of at least 1
consonant-vowel-consonant (C-V-C)
triad. For example, «aie » would not
be acceptable, but «stop» or «that
hurts» would.

2 Vocalization/oral
movement

At least one episode of non-reflexive
oral movement and/or vocalization in
response to stimulation (such as «ah»
or «aie »)

1 Groaning Groans are observed not spontaneously
but in response to noxious
stimulation.

0 None No response to any of the above.

Visual response

3 Fixation In response to noxious stimulation, eyes
change from initial fixation point and
refixate the examinator for more than
2 seconds.

2 Eyes movements Anarchical eye movements in response
to noxious stimulation.

1 Startle Eyes opening or eyelids enlargement in
response to noxious stimulation.

0 None There are no discernible changes in
response to noxious stimulation.

Facial expression

3 Cry Cries are observed not spontaneously but
in response to noxious stimulation.

2 Grimace Grimaces are observed not
spontaneously but in response to
noxious stimulation.

1 Oral reflexive
movement/startle
response

Clamping of jaws, tongue pumping,
yawning, chewing movement.

0 None There is no discernible facial expression
following application of noxious
stimulation.
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both pain matrix regions and structures not normally involved
in pain perception such as the cerebellum. Although these are
extremely interesting results, further studies will be necessary
to be able to conclude that such activation patterns represent a
‘neural signature’ of preserved empathy in patients in VS or
MCS.

Pain Perception in DOCs: Contributions from Clinical
Neurophysiology

The response to painful stimulation in patients with DOCs has
also been investigated using neurophysiological techniques.
The neurophysiological approach, unlike the previously de-
scribed one, aims to explore the perception of pain in patients
in VS or MCS, especially as a predictive index of a hypothet-
ical recovery. In this respect, recent studies have shown that
the presence of middle latency evoked potentials elicited by
painful electrical stimulation is a strong predictor of a good
outcome in patients with DOCs [45]. Moreover, painful elec-
trical stimulation has been reported to improve the predictive
value of somatosensory-evoked potentials and fMRI with
respect to outcomes [46]. Similarly, painful stimulation may
increase the ability of EEG nonlinear analyses to identify the
patients with the best chances for consciousness recovery
[47]. Finally, signs of residual pain processing have recently
been recognized in patients in VS through the detection of
laser evoked responses [48•]. The appearance of such re-
sponses was strongly influenced by the intensity of the stim-
ulation, suggesting that the salience of the stimulus affects its
perception in unconscious patients [48•]. All these data sug-
gest that the neurophysiological evaluation of pain responses
in patients with DOCsmay complement clinical assessment in
the prediction of prognosis. Moreover, the absence of specific
pain-related neurophysiological patterns might be used as a
negative prognostic indicator with respect to consciousness
recovery.

What Kind of Pain?

The sources of pain in patients with DOCs are certainly
multiple. It can be presumed that various experiences of pain
accompany the patient from the acute phase of intubation,
through the stages of resuscitation, to the chronic phase, which
is generally dominated by a series of complications associated
with a prolonged period of being bedridden and with the total
dependence for all activities of daily life. In this last phase,
pain may arise from the presence of spasticity, osteomata, and
pressure ulcers and from the use of medical devices such as
the urinary catheter, the central venous catheter, the nasogas-
tric tube, or the percutaneous endoscopic gastrostomy, which,
over time, can create physical discomfort for the patient. The
constant necessity of bronchoaspiration and the need for

frequent haemochemical analyses further increase the global
discomfort of these patients. Furthermore, the possibility can-
not be excluded that they might also suffer from headache,
especially where there is a history of headaches prior to the
severe brain injury, although the data concerning this is scarce
and controversial due to the obvious difficulties in recognizing
such pain in non-communicative patients [49]. Neuropathic
pain can also be present as a consequence of a concomitant
spinal injury or due to nutritional deficiencies or critical illness
polyneuropathy [50]. Post-surgical pain may also occur in the
case of recent neurosurgical procedures and in some circum-
stances this may become chronic [51]. Indeed, in a chronic
condition such as VS it is likely that a peripheral pain becomes
independent from the initial peripheral triggers just persisting
as a centralized pain. Moreover, given the extent of cerebral
lesions, which can be observed in severely brain-injured pa-
tients, it cannot be excluded that some of them may also
experience central pain. In fact, in most cases these patients
present a mosaic of lesions, which can involve the cortex,
subcortical white matter, basal ganglia, brainstem, and cere-
bellum. In recognition of this it has been recently proposed
considering VS no longer as a unique syndrome but as the
result of the concurrence of different subsyndromes, each with
its own clinical manifestation through a variable combination
of symptoms and signs, which might be pyramidal, extrapyra-
midal, cerebellar, sensory, or indicative of brainstem damage
[52]. It is to be expected that such a mosaic of strategic lesions
might also manifest itself through symptoms of central pain,
which may in turn be associated with signs of paroxysmal
sympathetic hyperactivity in what is known as a sympathetic
storm [53]. Finally, although it is impossible to obtain reliable
data concerning this, we must bear in mind the possibility that
these patients may also have depression or anxiety disorders,
either remaining from a pre-existing psychiatric condition or as
a reaction to their present state. In fact, as suggested by the
most recent evidence from brain neuroimaging, the apparent
lack of awareness of the environment in behaviorally
unresponsive patients does not necessarily indicate a lack of
self-awareness. It could be argued that self-awareness may be
preserved more than it is commonly deemed and that self-
experiences are progressively eroded by persistent distur-
bances in consciousness, affect, and expression, as in deper-
sonalization disorders and psychotic syndromes [54]. There-
fore, the assessment of self-awareness and the detection of
hypothetical pain experiences in patients with DOCs should
also take into account all the psychological and emotional
implications of their deranged and alienating condition.

Doubts, Controversies, and Future Directions

The main dilemma we have to face when addressing the issue
of pain in patients with DOCs is whether the patient
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experiences pain in terms of both perception and suffering, or
whether the experience is confined to the field of perception
without entering the realm of consciousness. Several authors
have dwelled upon the controversial question of whether
specific fMRI and PET patterns may be an indirect testimony
of preserved awareness in these patients or whether, on the
contrary, they simply document retained modular function in
the absence of the integrative processes necessary for con-
sciousness [55–57]. Observations made in other types of
patients would seem to support the second hypothesis. For
example, preserved activation of the striate cortex has been
recorded in cortically blind patients, despite their visual ca-
pacity being obviously compromised following a bilateral
stroke [55]. This suggests that the isolated activation of an
area, which up to now has carried out a particular function
cannot be considered either a surrogate or proof of the con-
servation of that same function. In fact, according to the latest
theories on brain complexity and interconnectivity, the isolat-
ed activity of single cerebral areas, in the absence of a contin-
uous flow of information among relay centers, does not war-
rant the recovery of the original functions [58••, 59–62]. In
other words, in order to map the geography of consciousness
in the brain, as with the geography of pain , we must not only
consider the stations where the information arrives, or should
arrive, but also the multiple connections, which underlie the
exchanges of information necessary for the formation of an
integrated and multidimensional experience. Future develop-
ments should therefore be based on an integrated approach,
considering the data available from neuroimaging and neuro-
physiological studies along with the growing evidence about
the nature of brain network organization. This may enable the
unraveling of the brain circuits underlying consciousness as
well as the mechanisms of pain perception both in healthy
subjects and in brain-injured patients.

Guidelines for Pain Management in Patients with DOCs
and Ethical Issues

TheMulti-Society Task Force on PVS first addressed the issue
of pain in patients with DOCs in 1994 [30, 63]. On that
occasion it declared that pain perception and suffering are
conscious experiences and that unconsciousness, by defini-
tion, precludes them [63]. Contextually it was noted that
patients in VS can experience only subcortical forms of pain,
which generate mere reflex responses. These include mono-
synaptic reflex responses occurring at the spinal cord level,
thalamic responses, and subcortical nociceptive responses,
which may cause grimace-like or crying-like behaviors as a
result of synaptic connections between the thalamus and the
limbic system [63]. At that time no specific recommendations
were made for the treatment of pain of any type. Furthermore,
referring to the possibility of withdrawal of artificial nutrition

and hydration in cases judged irreversible, it was imprudently
stressed that patients in a persistent VS cannot experience
thirst or hunger [63]. A more prudent approach was later
adopted by the Royal College of Physicians in UK who, as
well as advising against the use of the terms ‘persistent’ and
‘permanent’ in the definition of VS, recommended that any
decision on the level and nature of treatments should be the
result of dialogue between the physicians and the family,
taking account also of the patient’s own views when known,
whether these were formally recorded in a written document
(an advance directive) or not [64]. In the same spirit and
considering the uncertainties surrounding the matter, several
scientists have recently proposed treating pain in all vegetative
and minimally conscious patients, guided by a precautionary
principle [65, 66]. However, further controversies concern the
possibility that the use of sedatives and analgesics might
render even more difficult the already challenging assessment
of consciousness in these patients, with the risk of
underestimating any subtle signs of recovery [67•]. At the
same time, extreme pain left untreated could contribute to
masking the behavioral responsiveness of patients who are
in fact on the road to recovery [67•]. In addition, over the years
no definitive answer has yet been found to the question of
whether the withdrawal of artificial nutrition and hydration in
patients in VS might cause pain or not. On this matter, the
American Society for Parenteral and Enteral Nutrition, in the
A.S.P.E.N. ethics position paper, established that decisions
regarding artificial nutrition and hydration should be based
on evidence-based medicine, best practice and clinical expe-
rience, and that decisions regarding their withdrawal should
take into account a benefit-risk-burden analysis [68]. This
analysis should consider the possibility that the withdrawal
might cause pain in patients in VS or MCS, at least until this
possibility is not reasonably and scientifically excluded [68].

To date, apart from these speculations, no specific recom-
mendations on the management of pain in patients with DOCs
are available. As a result, in daily clinical practice, physicians
end up making decisions on the basis of what their common
sense suggests, taking into consideration, above all, the gen-
eral state of the patient, the possibility of recovery, and the
expectations of the patient’s family. Herein lies the extreme
usefulness of innovative neuroimaging and neurophysiologi-
cal approaches which, through a better comprehension of the
processes underlying pain perception in these patients, may
pave the way for the development of evidence-based guide-
lines for pain management.

Conclusions

Functional neuroimaging and neurophysiological studies are
certainly providing new evidence about the perception of pain
in patients with DOCs. It is important to bear in mind,
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however, that a patient in MCS has a widespread brain injury
and that the patient’s behavior does not at all resemble that of a
healthy subject, even when the activation of the respective
cerebral areas in response to specific stimuli can seem to
overlap. Therefore, although techniques of functional neuro-
imaging are a precious tool for the progress of research in this
field and for the future drawing up of evidence-based guide-
lines for pain management, we must not forget that the visible
cerebral condition of feeling is a different thing from the
sensation of feeling , just as an observed pattern of cerebral
processing of nociceptive stimuli is different from the subjec-
tive experience of pain. In conclusion, it is likely that there is
indeed an increasing degree of pain perception as a patient
rises through the spectrum of DOCs, as suggested by func-
tional imaging studies. However, this does not allow the
conclusion that patients in VS are incapable of feeling pain.
The possibility cannot be excluded that they may feel pain in a
way that escapes currently used definitions and is difficult to
track using neuroimaging. Therefore, any possible pain re-
mains a symptom to be identified and properly treated.
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