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Preface

Thinking must never submit itself, neither to a dogma,

nor to a party, nor to a passion, nor to an interest, nor

to a preconceiwed idea, nor to anything whatsoever,

except to the facts themselves, because for it to submit
to anything else would be the end of its existence.

Henri Poincaré (1854-1912;

French mathematician and theoretical physicists)

‘Truth is sought for its own sake. And those who
are engaged upon the quest for anything for its own
sake are not interested in other things. Finding the
truth is difficult, and the road to it is rough.” wrote
Ibn al-Haytham (965-1039; Persian polymath), a pio-
neer of the scientific method. This book tackles one
of the biggest challenges of science; understanding
the biological basis of human consciousness. It does
so through observation and experimentation in neu-
rological patients, formulating hypotheses about the
neural correlates of consciousness and employing an
objective and reproducible methodology. This sci-
entific method, as first proposed by Isaac Newton
(1643-1727; English polymath), has proven utterly
successful in replacing dark-age, ‘magical thinking’
with an intelligent, rational understanding of nature.
Scientific methodology, however, also requires imagi-
nation and creativity. For example, methodologically
well-described experiments permitted Louis Pasteur
(1822-1895; French chemist and microbiologist) to
reject the millennia-old Aristotelian (384-322 BC;
Greek philosopher) view that living organisms could
spontaneously arise from non-living matter. Pasteur’s
observations and genius gave rise to germ theory of
medical disease which would lead to the use of anti-
septics and antibiotics, saving innumerable lives.

The progress of science also largely depends upon
the invention and improvement of technology and
instruments. For example, the big breakthroughs of
Galileo Galilei (1564-1642; Tuscan astronomer) were
made possible thanks to eyeglass makers” improve-
ments in lens-grinding techniques, which permitted
the construction of his telescopes. Similarly, advances

ix

in engineering led to space observatories such as the
Hubble Telescope to shed light on where we come
from. Rigorous scientific measurements permitted to
trace back the birth of the universe to nearly 14.000
million years; the age of the earth to more than 4.500
million years; the origin of life on earth to (very)
approximately 3.500 million years and the apparition
of the earth’s first simple animals to about 600 mil-
lion years. Natural evolution, as brilliantly revealed
by Charles Darwin (1809-1882), over these many mil-
lion years gave rise to nervous systems as complex as
the human brain, arguably the most complex object in
the universe. And somehow, through the interactions
among its 100 billion neurons, connected by trillions
of synapses, emerges our conscious experience of the
world and of ourselves.

Neurology is the study of mankind itself, said
Wilder Penfield (1891-1976; Canadian neurosurgeon).
You are your brain. This book offers neurological facts
on consciousness and impaired consciousness. While
philosophers have pondered upon the mind-brain
conundrum for millennia, without making much if
any progress, scientists have only recently been able to
explore the connection analytically through measure-
ments and perturbations of the brain’s activity. This
ability again stems from recent advances in technology
and especially from emerging functional neuroimag-
ing modalities. As demonstrated in the chapters of this
book, the mapping of conscious perception and cogni-
tion in health (e.g., conscious waking, sleep, dreaming,
sleepwalking and anaesthesia) and in disease (e.g.,
coma, near-death, vegetative state, seizures, split-
brains, neglect, amnesia, dementia, etc.) is providing
exiting new insights into the functional neuroanatomy
of human consciousness. Philosophers might argue
that the subjective aspect of the mind will never be
sufficiently accounted for by the objective methods of
reductionistic science. We here prefer a more pragmatic
approach and see no reason that scientific and techno-
logical advances will not ultimately lead to an under-
standing of the neural substrate of consciousness.
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Prologue

CONSCIOUSNESS AND THE BRAIN

Suddenly it is spring.

We have survived the long winter of behaviour-
ism. We have tripped over the traces of reflexology.
We are about to walk out of the long shadow of psy-
choanalysis. This, surely, is cause for celebration.
Consciousness, like sleep, is of the Brain, by the Brain,
and for the Brain. A new day is dawning.

The brain is not, after all, a black box. We can now
look into it as its states produce a rainbow array of
colours to admire and contemplate. We can distin-
guish waking, sleeping, and, yes, even dreaming. We
can compare these normal states of consciousness
with each other and with abnormal states of the brain
and consciousness caused by disease and disorder.
Of course we will still use behaviourism to help us
understand our habits and in the design of cognitive
science tools but we will look beyond all that, to the
brain, and to consciousness itself.

The brain is still a collection of reflexes but neu-
ronal clocks and oscillators alter reflex excitability as
they undergo spontaneous changes in the temporal
phase of their intrinsic cyclicity. The timing mecha-
nisms of these clocks can be established using the
tools of neuroscience that served reflexology so well.
Single neurons and single molecules of their chemical
conversation can be resolved, mapped, and compared
with the coloured pictures of the brain in action.

The brain still keeps most of its activity out of
consciousness but what it excludes and admits is
governed more by rules of activation, input-output
gating, and neuromodulation than by repression. The
unconscious is now seen as a vast and useful look-up
system for the conscious brain rather than a seething
source of devils aiming at the disruption of conscious-
ness. Consciousness itself is thus a tool for investiga-
tion of itself as well as for the study of that small part
of the unconscious that is dynamically repressed.

This is all to the good. So why not simply dance
with glee? We must be chagrined because we are

xi

now faced with recognition of the impoverishment of
our psychology. It has not grown as fast as our neu-
robiology. Some say that we do not need psychol-
ogy anyway. But these eliminative materialists will
never satisfy the subjectivist in all of us. We refuse to
believe that conscious choice is truly or completely
illusory. We refuse to believe that consciousness is
without function. Rather than refurbish psychoanaly-
sis, which is now so scientifically discredited as to be
an embarrassment, we need to construct a responsible
introspectionism to take full advantage of the oppor-
tunities presented by the new dawn. In my opinion,
we need to take ourselves far more seriously as expert
self-observers. We need to take closer account of how
consciousness works. We need to use the fruits of
third person accounts to better inform and direst first
person enquiries. Consciousness, we are relieved to
admit, is finally a bona fide subject of enquiry. Let us
take the next obvious step and teach it to study itself.
For starters, consider the mental status exam which
has long been so useful a part of patient examination
in neurology and psychiatry. It does inform most of the
modules of modern cognitive science such as sensation,
perception, attention, emotion, and so on but it does not
go into adequate detail in characterizing each aspect of
mentation. For example, dreaming is said to be bizarre
but 5 years of scrupulous work were required to show
that dream bizarreness reduced to plot discontinuity
and incongruity. Hence dream bizarreness is micro-
scopic disorientation. Since disorientation is a compo-
nent of delirium, it was natural to ask the question: in
what other ways is dreaming like delirium? The visuo-
motor hallucinations, the confabulation, and the mem-
ory loss all assume new meaning in the light of this
formulation. Dreaming is delirium by definition.
Cognitive science does already use the quantifiabil-
ity of behaviouristic paradigms to study the modules
of consciousness experimentally. But sentient human
subjects, including brain-damaged ones, are privy to
detailed experiential data that we need to heed and
harness. ‘Did your dreaming change after your stroke’
is a question only recently asked. It opens a whole
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new area for clinical neuropsychology. The creation of
a responsible introspective approach to the subjective
awareness of altered mental states is a task for which
sophisticated hardware is no substitute. The fact
that paper and pencils are cheap does not mean they
should not be used to study consciousness.

In all the excitement, we may also be chastened by
the relatively low spatial resolving power of current
imaging techniques, which are still two orders of mag-
nitude less sensitive than cellular and molecular neu-
roscience probes. An important antidote to this defect
is brain imaging of those animal species that are such
useful models of human consciousness. And while we
are about it we might just take such animal models of
consciousness a bit more seriously. We will always be
limited in what experiments are possible in humans.
What can and what can we not expect to learn from
animals. Moreover, speaking of models, is it not time
for an improvement on two dimensional diagrams

showing brain regions and alterations of conscious-
ness. Since it is spring, we should let a thousand flow-
ers bloom. The visual and mathematical talents of
brain scientists may now awaken and provide us with
brain images of our own devising.
For the research scientists and clinicians who share
a passion for understanding the brain basis of mind,
this book provides a rich offering of observations that
will be essential; building blocks of the new synthesis.
Here, at last, is a survey of the way that damage to
the brain alters consciousness. This volume is a well-
equipped hardware shop with most of the pieces that
are needed to build a state-of-the-art model of how
the brain performs its most magical function, the crea-
tion of a self that sees, perceives, knows that it does
so, and dares to ask how.
Allan Hobson
Harvard Medical School, Boston, Massachusetts
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CHAPTER

Consciousness: An Overview of the
Phenomenon and of Its Possible Neural Basis!

Antonio Damasio and Kaspar Meyer

OUTLINE

Defining Consciousness 4 Impaired Wakefulness, Impaired Core
.. . Consciousness 9
Vet @ Coetansass 6 Persistent Wakefulness, Impaired Core
The Neural Basis of Consciousness 7 Consciousness 10
Neuroanatomical and Neurophysiological Persistent Wakefulness, Persistent Core
Considerations 7 Consciousness, Impaired Extended

Wakefulness 7 Consciousness 11

Core Consciousness 8 Concluding Remarks 11

Extended Consciousness 9 . .

Other Relevant Evidence 9 An Evolutionary Perspective 12
Deriving Neuroanatomy from Clinical Neurological References 12
Evidence 9

ABSTRACT

The first part of this chapter provides a phenomenological description of consciousness from a dual perspective.
From the observer’s perspective, a conscious subject (1) is awake; (2) displays background emotions; (3) exhibits
attention; and (4) shows evidence of purposeful behaviour. From the subject’s perspective, consciousness emerges
when the brain generates (a) neural patterns about objects in sensorimotor terms; (b) neural patterns about the
changes those objects cause in the internal state of the organism; and (c) a second-order account that interrelates
(a) and (b). The second-order account describing the relationship between the organism and the object is the neural
basis of subjectivity; it portrays the organism as the protagonist to which objects are referred and establishes ‘core
consciousness’. ‘Extended consciousness” occurs when objects are related to the organism not only in the ‘here and
now’ but in a broader context encompassing the organism'’s past and its anticipated future. In the second part of the
chapter, we describe the neural structures required to generate consciousness according to the preceding hypothesis,
drawing on (a) extant neuroanatomical and neurophysiological data and (b) a number of conditions in which
wakefulness, core consciousness, and extended consciousness are selectively impaired, such as coma, vegetative
state, and anaesthesia. We conclude that a number of cortical midline structures, especially in the medial parietal
region (the so-called posteromedial cortices), are essential to the generation of both core and extended consciousness.

IThis work was financially supported by the Mathers Foundation (A.D.) and by the Swiss National Science Foundation (K.M.).

S. Laureys & G. Tononi (Eds.) The Neurology of Consciousness 3 © 2009, Elsevier Ltd.



4 1. CONSCIOUSNESS: AN OVERVIEW OF THE PHENOMENON AND OF ITS POSSIBLE NEURAL BASIS

The topic of consciousness remains controversial
both within and outside neuroscience. In addition to
the problems posed by explaining biologically any
aspect of mental activity, the difficulties also stem from
the range of concepts associated with the term con-
sciousness and from the need to specify the particu-
lar meaning attached to each of them. In approaching
consciousness and its possible neuroanatomical basis,
we shall begin by outlining what we mean by con-
sciousness and providing a working definition of the
phenomenon. Following that, we present a neurobio-
logical account of consciousness compatible with the
definition, and describe the neuroanatomical structures
required to realize consciousness in that perspective.

DEFINING CONSCIOUSNESS

It would be convenient if consciousness could
be defined very simply as the mental property we
acquire when we wake up from dreamless sleep,
and lose when we return to it. This definition might
help if we were explaining consciousness to a newly
arrived extraterrestrial, or to a child, but it would
fail to describe what consciousness is, mentally
speaking.

The commonplace dictionary definitions of con-
sciousness tend to fare better since they often state that
consciousness is the ability to be aware of self and sur-
roundings. These definitions are circular — given that
awareness is often seen as a synonym of consciousness
itself, or at least as a significant part of it — but in spite of
the circularity, such definitions capture something essen-
tial: consciousness does allow us to know of our own exist-
ence and of the existence of objects and events, inside and
outside our organism. However, although an improve-
ment, these definitions do not go far enough. In particu-
lar, they do not recognize the need for a dual perspective
in consciousness studies. One perspective is internal,
first-person, subjective, and mental. Another perspective
is external, third-person, objective, and behavioural. The
latter, of course, is the observer’s perspective, an observer
who, incidentally, may be a clinician or a researcher.

What does a conscious person look like to an
observer? What are the telltale behavioural signs of
consciousness? The sign of consciousness we should
consider first is wakefulness. If we disregard the
somewhat paradoxical situation of dream sleep, one
cannot be conscious and asleep. Wakefulness is easy to
establish on the basis of a few objective signs: subjects
should open their eyes upon request; the muscular
tone should be compatible with movements against
gravity; and there should be a characteristic awake

electroencephalography (EEG) pattern. However,
although normal consciousness requires wakefulness,
the presence of wakefulness does not guarantee con-
sciousness. Patients with impaired consciousness in
conditions such as vegetative state, epileptic automa-
tisms, and akinetic mutism, are technically awake
but cannot be considered conscious (see below for a
behavioural description of these disorders).

Second, conscious persons exhibit background emo-
tions. The term emotion usually conjures up the pri-
mary emotions (e.g., fear, anger, sadness, happiness,
disgust) or the social emotions (e.g., embarrassment,
guilt, compassion), but the phenotypes of emotion also
include background emotions, which occur in contin-
ual form when the organism is not engaged in either
primary or social emotions. Background emotions are
expressed in configurations of body movement and
suggest to the observer states such as fatigue or energy;
discouragement or enthusiasm; malaise or well-being;
anxiety or relaxation. Telltale signals include the over-
all body posture and the range of motion of the limbs
relative to the trunk; the spatial profile of limb move-
ments; the speed of motion; the congruence of move-
ments occurring in different body tiers; and, perhaps
most importantly, the animation of the face. When we
observe someone with intact consciousness, well before
any words are spoken or major gestures produced, we
find ourselves presuming the subject’s state of mind.
Correct or not, those presumptions are largely based
on preverbal emotional signals available in the sub-
ject’s behaviour. The absence of background emotions
usually betrays impairments of consciousness.

Third, conscious subjects exhibit attention. They
orient themselves towards objects and concentrate
on them as needed. Eyes, head, neck, torso, and arms
move about in a coordinated pattern which establishes
an unequivocal relationship between subjects and cer-
tain stimuli in their surround. The mere presence of
attention towards an external object usually signifies
the presence of consciousness, but there are excep-
tions. Patients in states of akinetic mutism, whose
consciousness is impaired, can pay transient attention
to a salient object or event, for example, a phone ring-
ing, a tray with food, an observer calling their name.
Attention only denotes the presence of consciousness
when it can be sustained over a substantial period of
time and is focused on the objects or events that must
be considered for behaviour to be appropriate in a
given context. This period of time is measured in the
order of minutes rather than seconds.

Another important qualification is needed. Lack of
attention towards an external object may indicate that
attention is being directed towards an internally repre-
sented mental object and does not necessarily denote
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impaired consciousness, as in absentmindedness.
However, sustained failure of attention as happens in
drowsiness, confusional states, or stupor, is associated
with the dissolution of consciousness. Attention is dis-
rupted in coma, VS, and general anaesthesia.

Neither attention nor consciousness are monoliths
but rather occur in levels and grades, from simple
(core consciousness) to complex (extended conscious-
ness). Low-level attention is needed to engage core
consciousness; in turn, the process of core conscious-
ness permits higher-level attention.

Fourth, conscious persons exhibit purposeful
behaviour. The presence of adequate and purpose-
ful behaviour is easy to establish in patients who can
converse with the observer. When there are impair-
ments of communication, however, the observation
requires more detail. Purposeful behaviour towards a
stimulus suggests a recognizable plan that could only
have been formulated by an organism cognizant of
its immediate past, of its present, and of anticipated
future conditions. The sustained purposefulness and
adequateness of behaviour require consciousness
even if consciousness does not guarantee purposeful
and adequate behaviour. Sustained adequate behav-
iour is accompanied by a flow of emotional states as
it unfolds background emotions that continuously
underscore the subject’s actions. Conscious human
behaviour exhibits a continuity of emotions induced
by a continuity of thoughts. (Of note, terms such as
alertness and arousal are often incorrectly used as
synonyms of wakefulness, attention, and even con-
sciousness. The term ‘alertness’ should be used to
signify that the subject is both awake and disposed to
perceive and act, the proper meaning of ‘alert’ being
somewhere between ‘awake’” and ‘attentive’. The term
‘arousal” denotes the presence of signs of autonomic
nervous system activation such as changes in skin col-
our (rubor or pallor), behaviour of skin hair (piloerec-
tion), diameter of the pupils, sweating, sexual erection,
all of which correspond to the lay term ‘excitement’.
Thus, subjects can be awake, fully conscious, and alert
without being aroused; on the other hand, they can be
aroused during sleep and even coma, when they are
obviously not awake, attentive, or conscious.)

What does consciousness look like from the internal
perspective?

The answer to this question is tied to what we
regard as a central problem in the study of conscious-
ness: subjectivity and the process that generates sub-
jectivity. From the internal standpoint, consciousness
consists of a multiplicity of mental images of objects
and events, located and occurring inside or outside
the organism, and formulated in the perspective of
the organism. Those images are automatically related

to mental images of the organism in which they occur,
thus appearing to be ‘owned by’ the organism and
‘perceived’ in its perspective. (By ‘object’ we mean
entities as diverse as a person, a place, a state of local-
ized pain, or a state of feeling; by ‘event’ we mean the
actions of objects and the relationships among objects.
Note that both objects and events may be part of the
current occurrences or, alternatively, may be recalled
from memory. By ‘image” we mean a mental pattern
in any of the sensory modalities, for example sound
images, tactile images, or images of pain or well-being
conveyed by somatic sensation. We do not regard the
issue of generating mental images as an insurmount-
able problem in consciousness research. We believe
that mental images correspond to neural patterns
and acknowledge that further understanding of the
relationship between neural and mental descriptions
is required. We also note that, in this review, we shall
not address the qualia problem at all.)

From the internal perspective, the first step in the
making of consciousness consists of generating neu-
ral patterns representing objects or events. The mental
images which arise from these neural patterns, and
whose ensemble constitutes a mental event, i.e. mind,
are integrated across sensory modalities in space and
time; for example, the visual and auditory images of
a person who is speaking to us, along with images of
facts related to that person, are synchronized and spa-
tially coherent. However, consciousness requires some-
thing beyond the production of such multiple images.
It requires the creation of a sense of self in the act of
knowing, a second step that follows that of creating
mental images for objects and events. This second step
delivers information about our own mind and organ-
ism. It creates knowledge to the effect that we have a
mind and that the contents of our mind are shaped in
a particular perspective, namely that of our own organ-
ism. This second step in the generation of conscious-
ness allows us to construct not just the mental images
of objects and events, for example the temporally and
spatially unified images of persons, places, and of their
components and relationships, but also the mental
images which automatically convey the sense of a self
in the act of knowing. In other words, the second step
consists of generating the appearance of an owner and
observer of the mind, within that very same mind [1, 2].

How is this sense of self constructed by the brain? In
answering this question, it is indispensable to note that
consciousness is not only about the representation of
objects and events, but also about the representation of
the organism it belongs to, as the latter interacts with
objects and events. The sense of our organism in the act
of knowing endows us with the feeling of ownership
of the objects to be known. We have suggested that
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this sense of self is newly created for each moment
in time; conscious individuals continuously generate
‘pulses of consciousness” which bring together organ-
ism and object, multiple and consecutive periods of
mental knowledge along with the external behaviours
that accompany this process. (For other views on the
phenomena of consciousness from philosophical, cog-
nitive and neurobiological angles see [3-12].)

Taking into account all of the above, our work-
ing definition describes consciousness as a momen-
tary creation of neural patterns which describe a relation
between the organism, on the one hand, and an object or
event, on the other. This composite of neural patterns
describes a state that, for lack of a better word, we
call the self. That state is the key to subjectivity. The
mental states which inhere in the processing of neural
patterns related to all sorts of objects and events are
now imbued with neural patterns and corresponding
mental states which correspond to the relationship
between the organism and objects/events. The defini-
tion also specifies that the creation of self neural patterns
is accompanied by characteristic observable behaviours.

In conclusion, consciousness must be considered
from two standpoints: the external (behavioural) and
the internal (cognitive, mental). From the external
standpoint, the human organism is said to be conscious
when it exhibits signs of wakefulness, background
emotions, sustained attention towards objects and
events in its environment, and sustained, adequate,
and purposeful behaviour relative to those objects and
events. From the internal standpoint, a human organ-
ism is said to be conscious when its mental state repre-
sents objects and events in relation to itself, that is when
the representation of objects and events is accompanied
by the sense that the organism is the perceiving agent.

In the absence of the above collection of behav-
ioural signs, it is not permissible to say that a person is
conscious unless the person reports by gesture, words,
or some other behavioural manifestation that in spite
of the absence of such signs, there is in fact a con-
scious mind at work. This is precisely the situation of
locked-in patients, who exhibit, via a minimal amount
of movement, unequivocal evidence of conscious men-
tal activity. In the absence of any conventional form of
communication, the assumption that the individual
is conscious is unlikely to be correct although, at the
moment, it cannot be verified one way or another.
Accordingly, we caution against interpreting signs of
coherent brain activity in either resting or activation
imaging scans as evidence for consciousness. Unless
we are prepared to reject the current understanding
of the phenomenon, consciousness is associated with
behaviours that communicate the contents of a mind
aware of self and surroundings. On the other hand,

we applaud the attempts to identify conditions of
disturbed consciousness in which particular patterns
of stimulation may temporarily restore some aspects
of consciousness [13].

VARIETIES OF CONSCIOUSNESS

The evidence from neurological patients makes it
clear that there are simple and complex kinds of con-
sciousness. The simplest kind, which we call ‘core con-
sciousness’, conforms to the concept of consciousness
described just above, and provides the organism with
a sense of self about one moment, now, and about one
place, here. The complex kind of consciousness, which
we call ‘extended consciousness’, provides the organ-
ism with an elaborate sense of self and places that self
in individual historical time, in a perspective of both
the lived past and the anticipated future. Core con-
sciousness is a simple biological phenomenon, and
its mental aspect is comparably simple; it operates in
stable fashion across the lifetime of the organism; and
it is not dependent on conventional memory, working
memory, reasoning, or language. Extended conscious-
ness is a complex biological phenomenon and is men-
tally layered across levels of information; it evolves
during the lifetime of the organism; it depends on
memory; and it is enhanced by language.

The sense of self which emerges in core conscious-
ness is the ‘core self’, a transient form of knowledge,
recreated for each and every object with which the
organism interacts. The traditional notion of self, how-
ever, is associated with the idea of identity and person-
hood, and corresponds to a more complex variety of
consciousness we call extended consciousness. The self
that emerges in extended consciousness is a relatively
stable collection of the unique facts that characterize a
person, the ‘autobiographical self’. The autobiographi-
cal self depends on memories of past situations. Those
memories were acquired because core consciousness
allowed the experience of the respective situations, in
the first place.

Impairments of core consciousness compromise
extended consciousness, indicating that extended
consciousness depends on core consciousness. The
disturbance of core consciousness compromises all
aspects of mental activity, because core consciousness
establishes a basic sense of self, thereby allowing the
mind of the organism to take possession of the objects
it interacts with, and to add them to the autobio-
graphical self. Any object or event, current or recalled
from memory, can only become conscious when the
basic self is generated. Core consciousness is a central

I. BASICS



THE NEURAL BASIS OF CONSCIOUSNESS 7

resource and serves the entire compass of neural pat-
terns generated in the brain.

It is noteworthy that impairments of neural pattern
processing (and thus mental image generation) within
one sensory modality only compromise the conscious
appreciation of one aspect of an object (e.g., visual or
auditory) but do not compromise consciousness of the
same object through a different sensory channel (e.g.,
olfactory or tactile). Image-making within a sensory
modality may be lost entirely, as in cortical blindness,
or just in part. For example, achromatopsia is a circum-
scribed defect of the ability to imbue images with colour.
Patients so affected have a disturbance of object process-
ing for certain attributes of an object, but they generate
normal images for other visual aspects of that object (as,
for example, its form), and also for all other modalities.
From the fact that they are aware of their lack of ability,
it can be derived that they even create a mental image
for the fact that their object processing is abnormal. In
brief, outside of the area of defective knowledge, those
patients have normal core consciousness and normal
extended consciousness. Their circumscribed defect
underscores the fact that core consciousness and its
resulting sense of self are a central resource.

Core consciousness is fundamentally different from,
but not unrelated to, other cognitive processes. On the
contrary, core consciousness is a prerequisite for the
focusing and enhancement of attention and work-
ing memory; enables the establishment of explicit
memories; is indispensable for language and normal
communication; and renders possible the intelligent
manipulations of images (e.g., planning, problem
solving, and creativity). Furthermore, although core
consciousness is not equivalent to wakefulness or low-
level attention, it requires both to operate normally, as
already mentioned.

Core consciousness is also not equivalent to working
memory although it is related to it. As we have seen,
core consciousness is newly and individually generated
for each object or event. On the other hand, working
memory is vital for the process of extended conscious-
ness, because a percept has to be held active over a cer-
tain amount of time in order to be placed into the rich
context extended consciousness endows it with.

Core consciousness does not depend on the pro-
cesses of conventional learning and memory, either,
that is, it does not depend on creating a stable memory
for an image or recalling it. Also, core consciousness is
not based on language, is not equivalent to manipu-
lating images in planning, problem solving, and cre-
ativity. Patients with profound defects of reasoning
and planning often exhibit normal core consciousness
although the higher levels of extended conscious-
ness may be impaired. In other words, wakefulness,

image-making, attention, working memory, conven-
tional memory, language, and intelligence can be
separated by cognitive component analysis. Some of
these functions (wakefulness, image-making, atten-
tion) operate in concert to permit core consciousness;
others (working memory, conventional memory, lan-
guage, and reasoning) assist extended consciousness.

Finally, yet another note is pertinent on the relation
between emotion and consciousness. Patients whose
core consciousness is impaired do not reveal emotion
by facial expression, body expression, or vocaliza-
tion. The entire range of emotion, from background
emotions to secondary emotions, is usually missing
in these patients. By contrast, patients with preserved
core consciousness but impaired extended conscious-
ness have normal background and primary emotions.
In the very least, this association suggests that some
of the neural devices on which both emotion and core
consciousness depend are co-located.

THE NEURAL BASIS OF
CONSCIOUSNESS

As outlined above, consciousness is not one single,
uniform phenomenon. Core consciousness depends
on wakefulness. Extended consciousness, in turn,
depends on core consciousness. In other words, the
phenomenon has levels of organizational complexity,
neurally and mentally speaking, and those levels are
nested. The search for their neural correlates yields
different results in each case.

Establishing the neural grounds for consciousness
can be approached from two directions. One is to draw
on current knowledge from neurophysiology and neuro-
anatomy in order to identify a roster of structures suit-
able to carry out the operations we regard as necessary.
The other is to consider structural and functional imag-
ing as well as neuropathological studies of conditions
in which the critical components we outlined — wake-
fulness, core consciousness, and extended conscious-
ness — are selectively altered, either because of brain
injury or by the action of pharmaceutical agents. We
shall begin this section with the first approach.

Neuroanatomical and Neurophysiological
Considerations
Wakefulness

Varied cell groups in the brainstem modulate
wakefulness by ascending projections to the cerebral
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cortex. The nuclei of the reticular formation have been
divided by Parvizi and Damasio [14] into four groups:
the classical reticular nuclei; the monoaminergic
nuclei (noradrenergic, serotoninergic, and dopaminer-
gic); the cholinergic nuclei; and the autonomic nuclei.
There is evidence that several of these cell groups
can modulate cortical activity. For example, there
are presumably glutaminergic projections from the
classical reticular nuclei to the intralaminar nuclei of
the thalamus, which in turn project to large areas of
the cerebral cortex (e.g., [15, 16]; for an overview see
[14]). Also, the projections from the cholinergic nuclei
to the nucleus reticularis of the thalamus impede the
generation of thalamic sleep spindles which hallmark
deep sleep [17]. Recently, Vogt and Laureys [18] have
suggested that cortical arousal may also be mediated
by mesopontine cholinergic projections to the antero-
ventral thalamic nucleus, which, in turn, has a prom-
inent projection to the retrosplenial cortex and may be
responsible for the high rate of glucose metabolism
commonly observed in the latter region. In addition
to these reticulothalamocortical projections, the nuclei
of the reticular formation may exert their influence on
the cerebral cortex also via direct cortical pathways or
via the basal forebrain and the basal ganglia.

Core Consciousness

We have noted above that core consciousness
requires two players, the organism and the object, and
concerns their relationship: the fact that the organism is
relating to an object, and that the object—organism rela-
tionship causes a change in the organism. Elucidating
the neurobiology of core consciousness requires the
discovery of a composite neural map which brings
together in time the pattern for the object, the pat-
tern for the organism, and establishes the relationship
between the two [2].

We propose that consciousness begins to occur
when the brain generates a non-verbal account of how the
organism’s representation is affected by the organism’s
processing of an object, and when this process enhances the
image of the causative object, thus placing it saliently in a
spatial and temporal context [2].

The neural pattern at the basis of the non-verbal
account is generated by structures capable of receiv-
ing signals from maps which represent both the
organism and the object. We call this a ‘second-order
map’ to distinguish it from ‘first-order maps” which
describe the organism and the object, respectively. The
non-verbal account describes the relationship between
the reactive changes in the internal milieu, the viscera,
the vestibular apparatus, and the musculoskeletal

frame, on the one hand, and the object that causes
those changes, on the other hand. We propose that
the mental image which inheres in the second-order
neural pattern describing the object-organism rela-
tionship is tantamount to ‘knowing about’ the sub-
ject’s involvement with the object, the central aspect
of conscious experience. We also propose that the cre-
ation of this neural pattern causes a modulation of
the neural patterns which describe the object, leading
to the enhancement of its representation, at the same
time that the representation of the organism may lose
saliency, especially in the case of external objects and
events. The mental state of “perceiving an object’, its
experience, emerges from the contents of the non-verbal
organism/object relationship account, and from the
enhancement of the object.

Thus, the neural pattern which underlies core con-
sciousness for an object is a large-scale, multiple-site
neural pattern involving activity in three interrelated sets
of structures: the set whose cross-regional activity gener-
ates an integrated view of the organism; the set whose
cross-regional activity generates the representation of the
object; and the set which is responsible for interrelating
the two others. The object representation set is critical
twice: it is both the initiator of the changes and the recip-
ient of modulating influences.

It is well known that the organism is represented
in the brain, although the idea that such a representa-
tion is relevant to consciousness and to the notion of
self has not received much attention (for an exception
see [1, 2, 19], and more recently [20]). The brain repre-
sents varied aspects of the structure and current state
of the organism in a large number of neural maps
from the level of the brainstem and hypothalamus to
that of the primary and association somatosensory
cortices (e.g., SI, S2, insular cortex, parietal cortex),
and, for example, the cingulate cortex. The state of the
internal milieu, the viscera, the vestibular apparatus,
and the musculoskeletal system are thus continuously
represented as a set of activities we call the “proto-self’
[2, 14].

On the other hand, extensive studies of perception,
learning and memory, and language, have provided
evidence for how the brain processes an object, in sen-
sorimotor terms, and how knowledge about an object
can be stored in memory, categorized in conceptual
or linguistic terms, and retrieved. In the relationship
process we have proposed above, the object — either
coming from the environment or recalled from mem-
ory — is exhibited as neural patterns in the sensory
association cortices appropriate for its nature. The
association cortices, with respect to consciousness,
are involved in various functions: first, they represent
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the object; second, they change the state of the body
and, consequently, the neural maps representing it;
third, they signal to second-order maps; and fourth,
they receive modulatory signals from the second-
order maps which will lead to the enhancement of the
object’s representation.

As will become evident from several lines of data
described in following sections, the so-called pos-
teromedial cortex (PMC), in particular, seems to play
an important role in generating the second-order
multiple-site neural map which represents the rela-
tionship between object and organism. The PMC is the
conjunction of the posterior cingulate cortex, the ret-
rosplenial cortex, and the precuneus (Brodmann areas
23a/b, 29, 30, 31, and 7m) and has been shown to pos-
sess connections to most all cortical regions (except
for primary sensory and primary motor cortices) and
to numerous thalamic nuclei [21]. Most of these con-
nections are reciprocal. Damasio [2] hypothesized that
this region played a critical role in the generation of
the self process.

The generation of all the neural patterns described
above is not achieved by the cerebral cortex alone.
Rather, it is assisted by thalamocortical interactions
[22-27].

Extended Consciousness

Extended consciousness requires working mem-
ory and explicit long-term memory (including both
semantic and episodic memories). Working memory
is a prerequisite to extended consciousness because it
allows holding active, simultaneously and for a sub-
stantial amount of time, the images which define the
object and the many images whose collection defines
the autobiographical self. Long-term memory, on
the other hand, is needed for the build-up of auto-
biographical memories in the first place. The recall of
those memories replicates images, just like those of any
external object, which prompt their own pulse of core
consciousness. Thus, it becomes apparent that extended
consciousness depends on core consciousness in two
ways: first, core consciousness is needed for the crea-
tion of the autobiographical self, and second, the con-
tents of the autobiographical self can be experienced
generating their own pulse of core consciousness. It
is apparent that the structures necessary for extended
consciousness encompass an extremely wide array of
brain regions. Extended consciousness cannot oper-
ate, for example, when the higher-order association
cortices are compromised because the availability of
past records and the reenactment of their categoriza-
tion and spatial-temporal structuring is precluded.

Other Relevant Evidence

An intriguing series of functional neuroimaging
studies has recently demonstrated that, at rest, the
brain is not really at rest (e.g., [28-30]). A network of
brain regions, comprising among others the postero-
medial, the medial prefrontal, and the lateral parietal
cortices, displays three interesting properties: first, it
shows a considerable amount of activity when sub-
jects are at rest, not performing any task in particu-
lar; second, when subjects engage in a wide variety
of goal-directed tasks, the level of activity decreases;
and third, this decrease may fail to appear when the
ongoing process concerns the self and the states of
others, including, for example, certain emotions ([31];
unpublished observations). The overlap of large sec-
tions of this network with the areas displaying func-
tional impairment during various states of altered
consciousness (see below) is striking, especially with
regard to the PMC.

What are the functional implications of this some-
what enigmatic intrinsic brain activity? Several
authors have pointed to a variety of self-related func-
tions (e.g., [32-34]; for a review see [35]). In particu-
lar, differential activation in the precuneus could be
observed in various paradigms involving reflection
on the subjects” own personality traits or retrieval of
autobiographic events (e.g., [36-39]), thus during task
strongly engaging the autobiographical self.

Deriving Neuroanatomy from Clinical
Neurological Evidence

The distinction among wakefulness, core conscious-
ness, and extended consciousness requires that we
address varied situations in which these operations
are selectively impaired. For each situation, we will
provide a short behavioural description, followed by
an overview of pertinent neuropathological and func-
tional imaging findings.

Impaired Wakefulness, Impaired Core
Consciousness

States in which both wakefulness and awareness
are impaired include general anaesthesia, coma, and
slow-wave sleep. These conditions permit limited
external analysis because nearly all behavioural mani-
festations of consciousness are abolished. The notion
that consciousness is also suspended from the internal
viewpoint is based on the commonplace experience
of ourselves when we sleep and when we undergo
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general anaesthesia. It is also based on reports from
patients who returned to consciousness after being in
coma. Whereas these patients can usually recall both
the loss of consciousness and the return to knowing-
ness, little if anything is recalled of the intervening
period, which can span weeks or months. In all like-
lihood, this is so because a compromise of conscious-
ness entails a disturbance of learning and memory
such that mental contents are either not recorded
properly or are recorded but not accessible.

As a common feature in all three conditions at
issue, there is, in many cases, structural damage to,
or altered metabolism of, brainstem structures. The
cases of coma caused by structural lesions reveal that
the primary site of dysfunction is in structures of the
upper brainstem, hypothalamus, and thalamus [40],
although diffuse bihemispheric cortical or white-
matter damage may also be the cause (e.g., [41]).
Parvizi and Damasio [42] showed that in coma caused
by brainstem stroke, the lesions most often affected
the tegmentum bilaterally and were located in upper
pons and midbrain or upper pons alone. Functional
imaging shows metabolic impairment in the brain-
stem and the thalamus during coma resulting from
brain trauma [41].

In general anaesthesia, there was considerable
overlap of the metabolic suppression effect of several
anesthetic agents (such as propofol, various inhala-
tive agents, benzodiazepines, and centrally acting a-2-
receptor agonists) in the thalamus [43]. Since a large
part of the positron emission tomography (PET) signal
originates from synaptic activity, this effect may in fact
represent a site of action different from the thalamus,
alternatively in brainstem arousal centres or in the cer-
ebral cortex [43]. For example, the effect of propofol
was in part attributed to the ‘reticulothalamic system’
based on a strong covariation between thalamic and
midbrain blood flow [44, 45].

Similarly, during slow-wave sleep, the tegmental
sector of the pons and the mesencephalon as well as
the thalamus showed marked deactivations [46].

Persistent Wakefulness, Impaired Core
Consciousness

Conditions in which wakefulness persists, but core
consciousness is absent, include vegetative state (VS),
akinetic mutism, and certain types of epileptic sei-
zures. Of note, in these conditions, as opposed to those
discussed in the preceding section, findings from neu-
ropathology and functional imaging suggest a rela-
tive sparing of the brainstem ([2], Chapter §; [41]), a
possible exception being complex-partial seizures
in which an increase of brainstem and thalamic

metabolism could be identified during or after the sei-
zure [47, 48].

From a behavioural point of view, the VS is distin-
guished from coma in that patients exhibit cycles of
sleep and wakefulness, as evidenced by the opening
and closing of the eyes and, on occasion, by their EEG.

Another state of preserved wakefulness but min-
imal attention and behaviour is akinetic mutism,
a term suggestive of what goes on externally, but
which fails to suggest the fact that consciousness is
severely diminished or suspended. Patients remain
mostly motionless and speechless for long periods
which may last weeks or months. They lie in bed with
eyes open but with a blank facial expression, never
expressing any emotion. They may track an object in
motion for a few instants but non-focused staring is
rapidly resumed. Occasionally, they make purposeful
movements with arm and hand, but in general, their
limbs are in repose. When asked about their situation,
the patients are invariably silent, although, after much
insistence, they may offer their name. They generally
do not react to the presence of relatives or friends.
As the patients emerge from this state and gradually
begin to answer some questions, they have no recall
of any particular experience during their long period
of silence; they do not report having fear or anxiety or
wishing to communicate.

Epileptic automatisms most often occur as part of,
or immediately after, absence seizures or complex-par-
tial seizures [49, 50]. In absence seizures, conscious-
ness is momentarily suspended along with emotion,
attention, and purposeful behaviour. The distur-
bance is accompanied by a characteristic EEG pattern.
The typical absence seizure is among the most pure
examples of loss of consciousness, the term absence
being shorthand for ‘absence of consciousness’.

All of the conditions discussed so far, including the
ones in the preceding section (coma, general anaes-
thesia, slow-wave sleep, VS, akinetic mutism, and
epileptic seizures), that is all states in which core con-
sciousness is compromised, share an important char-
acteristic: they typically have damage and/or altered
metabolism in a number of midline structures such
as the PMC, the medial prefrontal cortex, the anterior
cingulate cortex, and the thalamus.

The VS can evolve from coma, and so, not surpris-
ingly, it may also be associated with diffuse corti-
cal or white-matter damage, or with focal, bilateral
damage to the thalamus (e.g., [40, 51]). Functional
neuroimaging studies reveal similar cortical corre-
lates in coma and VS, specifically, decreased activity
in medial and lateral prefrontal, temporo-parietal,
and posteromedial cortices (e.g., [52]). A special role
of the PMC is suggested by the fact that this region

I. BASICS



THE NEURAL BASIS OF CONSCIOUSNESS 11

displays the most marked increase of activity when
patients recover from the VS [53]. Also, the activity
in this region differentiates between the VS and the
so-called minimally conscious state [41, 52].

At the level of the cerebral cortex, general anaes-
thesia induced by a variety of anesthetic agents is
also associated with decreases of activity in the PMC
and, to lesser extent, in the medial prefrontal cortex
[43]. The same two regions (among others) also dis-
play metabolic decreases during slow-wave sleep
[46, 54].

Akinetic mutism is most often produced by bilat-
eral cerebrovascular lesions in the mesial frontal
regions. The anterior cingulate cortex, along with
nearby regions such as the basal forebrain, is almost
invariably damaged, but the condition may also result
from dysfunction in the PMC ([2], Chapter 8).

Imaging results from epileptic seizures are con-
troversial, but there is evidence for metabolic abnor-
malities in some of the midline structures mentioned
above [48, 55-58].

Persistent Wakefulness, Persistent Core
Consciousness, Impaired Extended
Consciousness

Although extended consciousness is impaired in
many disorders, there does not seem to be any condition
in which core consciousness persists while extended
consciousness is completely abolished. Patients
suffering from transient global amnesia have signifi-
cantly reduced extended consciousness; however, their
verbal reports and behaviour clearly indicate that their
mental state is not limited to core consciousness. In
advanced Alzheimer’s disease, extended consciousness
is nearly abolished but eventually, in late stages of the
condition, so is core consciousness. Thus, distinctive
neuropathological correlates are unavailable.

Concluding Remarks

Based on the foregoing, the following conclusions
appear reasonable. Bilateral lesions of the brainstem
tegmentum compromise wakefulness as well as core
and extended consciousness. This is due, in part, to
disruption of the activating influence of several brain-
stem nuclei on the thalamus and on the cerebral cor-
tex. However, because lesions of the tegmentum also
disrupt afferent relays of the somatosensory system
and deprive the brain of information about the cur-
rent state of the organism, we suggest that by so doing
they compromise the proto-self. We thus attribute a
dual function to the normal brainstem tegmentum,

concerning both wakefulness and core consciousness.
(Extensive damage to the hypothalamus probably con-
tributes to impairments of core consciousness via the
role of hypothalamic nuclei in the proto-self process.)

Damage to the thalamus has varied effects on
wakefulness, core consciousness, and extended con-
sciousness, depending on the exact location of the
lesion. Damage to the intralaminar thalamic system
causes lethargy or coma whereas lesions of specific
nuclei as, for example, the lateral geniculate body,
only affect the corresponding sensory modality (e.g.,
[25]; and see [59, 60]). From a theoretical point of view,
the major impact of damage to the intralaminar thal-
amic nuclei has two explanations. First, as noted, the
intralaminar nuclei play an important role in relay-
ing the modulating influences of the reticular forma-
tion to the cerebral cortex. Second, according to Llinas
[22-26], the intralaminar nuclei play an impor-
tant role in the temporal conjunction of neural pat-
terns. In terms of our proposal, we assume that the
neural patterns representing the object and the organ-
ism, the second-order map interrelating them, and
all the neural patterns representing the contents
of extended consciousness require thalamocortical
interactions.

Damage to, or impaired function in, cortical mid-
line structures such as the superior and medial pre-
frontal cortices, the anterior cingulate cortices, and,
especially, the PMC, disrupt consciousness to varying
degrees but do not affect wakefulness. We attribute
the critical involvement of the PMC and other midline
structures in the maintenance of consciousness to their
role in establishing the wide-ranging second-order
map which interrelates the first-order maps representing
the object and the organism, respectively.

Structural damage or malfunction in a wide variety
of cortical areas can compromise different aspects of
extended consciousness while leaving core conscious-
ness unaffected. This effect can be attributed to the
dependence of extended consciousness on both work-
ing memory and conventional memory which, in turn,
depend on the proper functioning of association cortices
in all sectors of the telencephalon and on the hippocam-
pal system. On the other hand, a complete disruption of
extended consciousness only seems to occur when the
brain structures implementing core consciousness are
damaged or display decreased activity.

Given the above, we suggest that extended con-
sciousness fundamentally relies on the same midline
structures as core consciousness. Midline cortices,
and the PMC in particular, would not only relate the
representation of the object to the representation of
the physical organism but also to various aspects of
the autobiographical self of the same organism.
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AN EVOLUTIONARY PERSPECTIVE

In brief, we propose that, in evolution, core con-
sciousness came to exist when second-order maps
first brought together the representation of the organ-
ism modified by perceptual engagement, with the
representation of the object that caused the modifica-
tions. We attribute a key role in generating these sec-
ond-order maps to the PMC and we note, again, that
myriad brain regions are required to represent organ-
ism and object. It seems conceivable that extended
consciousness eventually emerged as a growing
number of brain areas became interlinked to the PMC,
gradually endowing the core-conscious organism
with a broader scope of nearly simultaneous associa-
tions. A neural architecture with convergence/diver-
gence properties would be suitable to carry out this
task, and the massive afferent and efferent connectivi-
ties we have gleaned in the monkey identify the PMC
as a suitable executor (see [21]). If core consciousness
establishes the relationship between an object and the
organism, extended consciousness enriches the rela-
tionship by creating additional links between the object
and the organism, not just with respect to the presence
of the latter in the here and now, but also to its past
and anticipated future.

What is the evolutionary advantage of conscious-
ness? In prior work we have addressed this question
by describing consciousness as a sophisticated means
of upholding the integrity of the organism by contrib-
uting importantly to homeostasis [2]. All organisms
possess efficient automatic regulatory mechanisms,
internal as well as behavioural, which keep vari-
ous biological parameters within the narrow range
compatible with the continuity of life. Consciousness
permits an extension of these automatic homeostatic
mechanisms by allowing for flexibility and planning,
important functions in complex and unpredictable
environments. Conscious organisms know about their
past and can make guesses about their future. They
can implement this knowledge and manipulate it
through planning, in an endeavour to approach that
which is beneficial and avoid the harmful.

There is a remarkable overlap of biological func-
tions within the structures which support the inte-
grated maps of the organism state (the proto-self) and
the second-order maps interrelating the organism and
the object. For example, they are implicated in (a) regu-
lating homeostasis and signalling body structure and
state, including the processing of signals related to
pain, pleasure, and drives; (b) participating in the pro-
cesses of emotion and feeling; (c) participating in pro-
cesses of attention; (d) participating in the processes

of wakefulness and sleep; and (e) participating in the
learning process.

The meaning of these functional overlaps may be
gleaned by focusing on the brainstem, where distinct
‘families” of nuclei are closely contiguous and highly
interconnected. It makes good evolutionary and func-
tional sense that structures governing attention and
emotion should be in the vicinity of those which sig-
nal and regulate body states since the causes and con-
sequences of emotion and attention are related to the
fundamental process of managing life, and it is not
possible to manage life and maintain homeostatic bal-
ance without data on the current state of the organ-
ism’s body proper. When we regard consciousness as
another contributor to the regulation of homeostasis,
it also appears functionally expedient to place its crit-
ical neural machinery within, and in the vicinity of,
the neural machinery involved in basic homeostasis,
that is, the machinery of emotion, attention, and regu-
lation of body state.

The role that has been traditionally assigned to the
brainstem’s ‘ascending reticular activating system’
and to its extension in the thalamus, namely wakeful-
ness, as described in the classical work of Moruzzi and
Magoun [61], Penfield and Jasper [49], and in recent
work by Llinés (e.g., [22, 23]), Hobson [62], Steriade
[17, 63-65], Munk et al. [66], and Singer [67] is compat-
ible with this interpretation. The ‘ascending reticular
activating system” allows cortical circuits to operate at
the level of wakefulness necessary for consciousness
to occur, and may perhaps contribute to the organiza-
tion of activities that correspond to the actual contents
of consciousness. However, the activating system’s
contribution is not sufficient to explain consciousness
comprehensively.

References

1. Damasio, A.R. (1998) Investigating the biology of consciousness.
Phil Trans R Soc Lond B 353:1879-1882.

2. Damasio, A.R. (1999/2000) The Feeling of What Happens: Body
and Emotion in the Making of Consciousness, New York: Harcourt
Brace.

3. Baars, B.J. (1988) A Cognitive Theory of Consciousness, Cambridge:
Cambridge University Press.

4. Chalmers, D.J. (1995) Facing up to the problem of consciousness.
] Conscious Stud 2:200-219.

5. Crick, E. (1994) The Astonishing Hypothesis: The Scientific Search for
the Soul, New York: Charles Scribner’s Sons.

6. Crick, F. and Koch, C. (2003) A framework for consciousness. Nat
Neurosci 6:119-126.

7. Dennett, D. (1991) Consciousness Explained, Boston, MA: Little
Brown.

8. Edelman, G.M. (1989) The Remembered Present, New York: Basic
Books.

9. Edelman, G.M. and Tononi, G. (2000) A Universe of Consciousness:
How Matter Becomes Imagination, New York: Basic Books.

I. BASICS



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

AN EVOLUTIONARY PERSPECTIVE 13

Koch, C. (2004) The Quest for Consciousness — A Neurobiological
Approach, Greenwood Village: Roberts and Company Publishers.
Metzinger, T. (2003) Being No One. The Self Model Theory of
Subjectivity, Cambridge, MA: MIT Press.

Searle, J. (1992) The Rediscovery of the Mind, Cambridge, MA:
MIT Press.

Schiff, N.D., Giacino, J.T., Kalmar, K., Victor, J.D., Baker, K.,
Gerber, M., Fritz, B,, Eisenberg, B., O’Connor, ], Kobylarz, EJ., Farris, S.,
Machado, A., McCagg, C., Plum, F, Fins, ]J.J. and Rezai, A.R.
(2007) Behavioral improvements with thalamic stimulation after
severe traumatic brain injury. Nature 448:600-603.

Parvizi, J. and Damasio, A.R. (2001) Consciousness and the
brainstem. Cognition 49:135-160.

Kinomura, S., Larsson, J., Gulyas, B. and Roland, PE. (1996)
Activation by attention of the human reticular formation and
thalamic intralaminar nuclei. Science 271:512-515.

Steriade, M. (1996) Arousal: Revisiting the reticular activating
system. Science 272:225-226.

Steriade, M. (1993) Central core modulation of spontaneous
oscillations and sensory transmission in thalamocortical sys-
tems. Curr Opin Neurobiol 3:619-625.

Vogt, B.A. and Laureys, S. (2005) Posterior cingulate, pre-
cuneal and retrosplenial cortices: Cytology and components of
the neural network correlates of consciousness. Prog Brain Res
150:205-217.

Damasio, A.R. (1994) Descartes” Error: Emotion, Reason, and the
Human Brain, New York: Grosset/Putnam.

Damasio, A.R. and Damasio, H. (2006) Minding the Body.
Daedalus (] Am Acad Arts Sci) 135 (3):15-22.

Parvizi, J., Van Hoesen, G.W., Buckwalter, J. and Damasio, A.
(2006) Neural connections of the posteromedial cortex in the
macaque. Proc Natl Acad Sci USA 103:1563-1568.

Llinds, R.R. and Paré, D. (1991) Of dreaming and wakefulness.
Neuroscience 44:521-535.

Llinds, R.R. and Ribary, U. (1993) Coherent 40-Hz oscillation
characterizes dream state in humans. Proc Natl Acad Sci USA
90:2078-2081.

Llinas, R.R., Ribary, U., Contreras, D. and Pedroarena, C. (1998)
The neuronal basis for consciousness. Phil Trans R Soc Lond B
353:1841-1849.

Llinas, R.R., Leznik, E. and Urbano, EJ. (2002) Temporal bind-
ing via cortical coincidence detection of specific and nonspecific
thalamocortical inputs: A voltage-dependent dye-imaging study
in mouse brain slices. Proc Natl Acad Sci USA 99:449-454.

Llinds, RR. and Steriade, M. (2006) Bursting of thalamic
neurons and states of vigilance. | Neurophysiol 95:3297-3308.
Ribary, U. (2005) Dynamics of thalamo-cortical network oscilla-
tions and human perception. Prog Brain Res 150:127-142.
Gusnard, D.A. and Raichle, M.E. (2001) Searching for a base-
line: Functional imaging and the resting human brain. Nat Rev
Neurosci 2:685-694.

Raichle, M.E., MacLeod, AM., Snyder, A.Z., Powers, WJ].,
Gusnard, D.A. and Shulman, G.L. (2001) A default mode of
brain function. Proc Natl Acad Sci USA 98:676—682.

Raichle, M.E. and Mintun, M.A. (2006) Brain work and brain
imaging. Annu Rev Neurosci 29:449-476.

Damasio, A.R., Grabowski, T.J., Bechara, A., Damasio, H., Ponto,
L.L.B., Parvizi, J. and Hichwa, R.D. (2000) Subcortical and cortical
brain activity during the feeling of self-generated emotions. Nat
Neurosci 3:1049-1056.

Gusnard, D.A., Akbudak, E., Shulman, G.L. and Raichle, M.E.
(2001) Medial prefrontal cortex and self-referential mental activ-
ity: Relation to a default mode of brain function. Proc Nat! Acad
Sci USA 98:4259-4264.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

45.

46.

47.

48.

49.

50.

51.

52.

I. BASICS

Lou, H.C., Luber, B., Crupain, M., Keenan, J.P., Nowak, M.,
Kjaer, TW., Sackeim, H.A. and Lisanby, S.H. (2004) Parietal cor-
tex and representation of the mental self. Proc Natl Acad Sci USA
101:6827-6832.

Vogeley, K. and Fink, G.R. (2003) Neural correlates of the first-
person perspective. Trends Cogn Sci 7:38-42.

Cavanna, A.E. and Trimble, M.R. (2006) The precuneus: A
review of its functional anatomy and behavioural correlates.
Brain 129:564-583.

Addis, D.R., McIntosh, A.R., Moscovitch, M., Crawley, A.P. and
McAndrews, M.P. (2004) Characterizing spatial and temporal
features of autobiographical memory retrieval networks: A par-
tial least squares approach. Neuroimage 23:1460-1471.

Gilboa, A., Winocur, G., Grady, C.L, Hevenor, SJ. and
Moscovicth, M. (2004) Remembering our past: Functional neuro-
anatomy of recollection of recent and very remote personal
events. Cereb Cortex 14:1214-1225.

Kircher, T.T.J., Brammer, M., Bullmore, E., Simmons, A., Bartels,
M. and David, A.S. (2002) The neural correlates of intentional
and incidental self-processing. Neuropsychologia 40:683-692.
Kjaer, TW., Nowak, M. and Lou, H.C. (2002) Reflective self-
awareness and conscious states: PET evidence for a common
midline parietofrontal core. Neuroimage 17:1080-1086.

Plum, E. and Posner, J.B. (1980) The Diagnosis of Stupor and Coma,
Philadelphia, PA: F. A. Davis Company.

Laureys, S., Owen, A.M. and Schiff, N.D. (2004) Brain function
in coma, vegetative state, and related disorders. Lancet Neurol
3:537-546.

Parvizi, ]. and Damasio, A.R. (2003) Neuroanatomical correlates
of brainstem coma. Brain 126:1524-1536.

Alkire, M.T. and Miller, J. (2005) General anesthesia and the
neural correlates of consciousness. Prog Brain Res 150:229-244.

. Fiset, P, Paus, T, Daloze, T, Plourde, G., Meuret, P, Bonhomme, V.,

Hajj-Ali, N., Backman, S.B. and Evans, A.C. (1999) Brain
mechanisms of propofol-induced loss of consciousness in
humans: A positron emission tomographic study. | Neurosci
19:5506-5513.

Fiset, P., Plourde, G. and Backman, S.B. (2005) Brain imaging in
research on anesthetic mechanisms: Studies with propofol. Prog
Brain Res 150:245-250.

Magquet, P.,, Degueldre, C., Delfiore, G., Aerts, J., Peters, ].-M.,
Luxen, A. and Franck, G. (1997) Functional neuroanatomy of
human slow wave sleep. ] Neurosci 17:2807-2812.

Lee, KH., Meador, K., Park, Y.D., King, D.W., Murro, A.M.,
Pillai, J.J. and Kaminski, R.J. (2002) Pathophysiology of altered
consciousness during seizures: Subtraction SPECT study.
Neurology 59:841-846.

Blumenfeld, H., McNally, K.A., Vanderhill, S.D., LeBron Paige, A.,
Chung, R., Davis, K., Norden, A.D., Stokking, R., Studhome, C.,
Novotny, E.J.Jr., Zubal, 1.G. and Spencer, S.S. (2004) Positive and
negative network correlations in temporal lobe epilepsy. Cereb
Cortex 14:892-902.

Penfield, W. and Jasper, H. (1954) Epilepsy and the Functional
Anatomy of the Human Brain, Boston, MA: Little, Brown.

Penry, JK., Porter, R. and Dreifuss, F. (1975) Simultaneous
recording of absence seizures with video tape and electro-
encephalography, a study of 374 seizures in 48 patients. Brain
98:427-440.

Graham, D.I., Maxwell, W.L., Hume, A.]. and Jennett, B. (2005)
Novel aspects of the neuropathology of the vegetative state
after blunt head injury. Prog Brain Res 150:445-453.

Laureys, S., Faymonville, M.-E., Ferring, M., Schnakers, C.,
Elincx, S., Ligot, N., Majerus, S., Antoine, S., Mavroudakis, N.,
Berre, J., Luxen, A., Vincent, J.-L., Moonen, G., Lamy, M.,



14

53.
54.

55.

56.

57.

58.

59.

1. CONSCIOUSNESS: AN OVERVIEW OF THE PHENOMENON AND OF ITS POSSIBLE NEURAL BASIS

Goldman, S. and Maquet, P. (2003) Differences in brain metab-
olism between patients in coma, vegetative state, minimally
conscious state and locked-in syndrome. Eur | Neurol 10 (Suppl
1):224-225.

Laureys, S., Boly, M. and Maquet, P. (2006) Tracking the recov-
ery of consciousness from coma. ] Clin Invest 116:1823-1825.
Maquet, P. (2000) Functional neuroimaging of normal human
sleep by positron emission tomography. | Sleep Res 9:207-231.
Archer, ].S., Abbott, D.E., Wates, A.B. and Jackson, G.D. (2003)
fMRI “deactivation” of the posterior cingulate during general-
ized spike and wave. Neuroimage 20:1915-1922.

Blumenfeld, H. (2005) Consciousness and epilepsy: Why
are patients with absence seizures absent? Prog Brain Res
150:271-286.

Salek-Haddadi, A., Lemieux, L. Merschhemke, M.,
Friston, K.J., Duncan, I.S. and Dish, D.R. (2003) Functional mag-
netic resonance imaging of human absence seizures. Ann Neurol
53:663-667.

Aghakhani, Y., Bagshaw, A.P, Benar, C.G., Hawco, C,
Andermann, F., Dubeau, F. and Gotman, J. (2003) fMRI acti-
vation during spike- and wave-discharges in idiopathic gener-
alized epilepsy. Brain 127:1127-1144.

Fagon, E., Steriade, M. and Wertheim, N. (1958) Prolonged
hypersomnia caused by bilateral lesions of the medial activator

60.

61.

62.

63.

64.

65.

66.

67.

I. BASICS

system; thrombotic syndrome of the bifurcation of the basilar
trunk. Rev Neurol (Paris) 98:117-133.

Castaigne, P, Buge, A., Escourolle, R. and Masson, M. (1962)
Ramollissement pédonculaire médian, tegmento-thalamique
avec ophthalmoplégie et hypersomnie. Rev Neurol (Paris)
106:357-367.

Moruzzi, G. and Magoun, H.-W. (1949) Brain stem reticular
formation and activation of the EEG. Electroencephalogr Clin
Neurophysiol 1:455-473.

Hobson, A. (1994) The Chemistry of Conscious States, New York:
Basic Books.

Steriade, M. (1988) New vistas on the morphology, chemical
transmitters and physiological actions of the ascending brain-
stem reticular system. Archives Italiennes de Biologie 126:225-238.
Steriade, M. (1993) Basic mechanisms of sleep generation.
Neurology 42:9-17.

Steriade, M. (1995) Brain activation, then (1949) and now:
Coherent fast rhythms in corticothalamic networks. Archives
Italiennes de Biologie 134:5-20.

Munk, M.HJ., Roelfsema, PR., Konig, P, Engel, A.K. and Singer, W.
(1996) Role of reticular activation in the modulation of intracor-
tical synchronization. Science 272:271-274.

Singer, W. (1998) Consciousness and the structure of neuronal
representations. Phil Trans R Soc Lond B 353:1829-1840.



CHAPTER

2

The Neurological Examination of
Consciousness

Hal Blumenfeld

OUTLINE

Introduction 16 Stupor, Obtundation, Lethargy, Delirium, Dementia 25
The N logical E iati 16 Transient States of Impaired Consciousness 26
e Neurological Examination Status Epilepticus 2%
Consciousness 18 Sleep and Narcolepsy 26
) ) Akinetic Mutism, Abulia, Catatonia 26
States of Impaired Consciousness 19 Neglect, Agnosia and Other Neurobehavioural
Neurological Examination in Classic States Deficits 27
of Impa‘ired Consciousness 20 States Resembling Impaired Consciousness 27
Brain Death 20 Locked-in Syndrome 27
Coma 22 Dissociative Disorders, Somatoform Disorders 28
Vegetative State 23
Summary and Conclusions 28
Neurol(?glcal Exanfmatlon in Other States Acknowledgements 28
of Impaired Consciousness 24
Minimally Conscious State 24 References 28
ABSTRACT

Disorders of consciousness present a diagnostic challenge to the clinician, with crucial implications for treatment
and prognosis. Despite spectacular advances in neuroimaging and other cutting-edge technologies, a carefully
performed general and neurological examination remains critical in the evaluation of these patients. In this chapter,
we will review the neurological examination findings in the major states of impaired consciousness ranging
from brain death, coma, vegetative state, and minimally conscious state to other disorders of consciousness,
and conditions which can mimic impaired consciousness including psychological disorders and the locked-
in syndrome. When possible, specific positive and negative examination findings defining each condition will
be discussed based on recent multi-disciplinary reviews and consensus statements. Continued study of the
neurological examination in states of impaired consciousness will provide improved font-line tools for patient
diagnosis and management. In addition, the anatomical basis for examination findings in states of impaired
consciousness sheds important light on the fundamental mechanisms of normal and abnormal consciousness.
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INTRODUCTION

In the era of advanced life support, and continually
improving intensive and long-term care, the number
of surviving patients with impaired consciousness
is increasing. Evaluation of patients with impaired
consciousness requires a comprehensive multidiscipli-
nary approach including patient history, examination,
and various diagnostic tests. However, the lynch pin
of this assessment is the neurological examination. The
neurological examination provides the most direct
and interactive assessment of the patient’s level of
functioning. Put simply, the neurological examination
is critical since it reveals what the patient can or can-
not do.

The findings on neurological examination are
most useful in determining the diagnosis, and in
tracking the course of recovery in patients with dis-
orders of consciousness. For example, the neurologi-
cal examination is the main tool used to determine
if a patient is brain dead, comatose, or in a different
state of impaired consciousness, and can help formu-
late initial hypotheses about localizing lesions and
diagnosing the underlying cause of the patient’s con-
dition. Interpretation of the neurological examination
has been greatly aided in recent years by advances
in neuroimaging. Computerized tomography (CT),
magnetic resonance imaging (MRI), and functional
neuroimaging (PET, fMRI) now allow unprecedented
clinical-anatomical correlations to be made in vivo. In
addition, the significance of these clinical-anatomical
relationships in patients with impaired consciousness
has been greatly enhanced by recent large multi-center
studies of patient outcome and prognosis.

In this chapter, we will first introduce the neuro-
logical examination, and discuss special consid-
erations required for patients with disorders of
consciousness. We will next provide an anatomical
model for normal consciousness, and review the neu-
roanatomical basis of the major states of impaired
consciousness. The majority of this chapter will then
be dedicated to a discussion of the neurological exam-
ination findings that define each of the main states of
impaired consciousness, including brain death, coma,
vegetative state, minimally conscious state, other
states of impaired consciousness, and disorders that
resemble impaired consciousness. When possible,
we will discuss specific positive and negative find-
ings that define each of these states, and relate these
findings to anatomical localization based on clinical
series, pathology, neuroimaging, and recent consensus
statements.

THE NEUROLOGICAL EXAMINATION

The neurological examination as a diagnostic tool
gained mythical proportions in the pre-CT/MRI
era when great clinicians could pinpoint a lesion in
the nervous system with often astounding accuracy.
Decisions for surgery and other interventions were fre-
quently made based entirely on the neurological his-
tory and physical findings. Today, with the availability
of modern imaging techniques the neurological exam-
ination takes on a new and equally important role in
diagnosis and management. Rather than serving as
an end in and of itself, the neurological examination
today is a critical way station in the clinical decision
making process.

Although many individual variations exist based
on clinical style and the patient setting, the neurologi-
cal examination is generally described using the fol-
lowing six subdivisions: (1) mental status; (2) cranial
nerves; (3) motor examination; (4) reflexes; (5) coor-
dination and gait; and (6) sensory examination. There
are many excellent resources for review of the neuro-
logical examination including several textbooks, and
interactive websites (see for example http://neuroexam.
com and http://medlib.med.utah.edu/neurologicexam/
index.html).

In patients with impaired consciousness, there are
a number of special considerations when performing
the neurological examination. Prior to neurological
examination, as in all patients, a detailed general
physical examination is imperative, and may reveal
evidence of head trauma, meningeal irritation, ele-
vated intracranial pressure, or other findings related
to the cause of altered consciousness. On neurological
examination, many of the tests used in awake patients
are limited or impossible due to reduced cooperation
(Table 2.1). For example, the mental status examination
is often limited to assessing level of consciousness
through simple questions/commands or observing
the response to different stimuli. Other parts of the
examination are also often limited to passive testing.
For example, on cranial nerve examination, visual
fields can be tested by blink to threat, pupils by light
response, eye movements by tracking and vestibu-
lar stimulation, facial sensation and movements by
corneal reflex, nasal tickle, and grimace response.
Hearing evaluation may require speaking directly into
the patient’s ear (checking first for obstruction, and
for history of hearing loss), using the patient’s first
name when appropriate as a potent stimulus. Gag
reflex can be tested by moving the endotracheal tube,
and cough reflex by tracheal suctioning. Sensory and
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TABLE 2.1 Outline of the Neurological Examination in
Patients with Impaired Consciousness

I.  Mental status
Document level of consciousness with a specific statement of
what the patient did in response to particular stimuli.

II. Cranial nerves

1. Ophthalmoscopic examamination (CN II)

2. Pupillary responses (CN I, III)

3. Vision (CN II)
Blink to threat, visual tracking, optokinetic nystagmus

4. Extraocular movements and vestibulo-ocular reflex (CN III,
1V, VI, VIII)
Spontaneous extraocular movements, nystagmus,
dysconjugate gaze, or deviation of both eyes to one side,
oculocephalic maneuver (doll’s eyes test), caloric testing

5. Corneal blink reflex, facial asymmetry, grimace response
(CNV, VII)

6. Pharyngeal (gag) and tracheal (cough) reflexes (CN IX, X)

II.  Sensory /motor examination
1. Spontaneous movements
2. Withdrawal or posturing reflexes with painful stimulus

IV. Reflexes
1. Deep tendon reflexes
2. Plantar responses
3. Special reflexes in cases of suspected spinal cord lesions

V. Coordination/gait
Usually not testable

Source: Modified with permission from [1].

motor examinations are often combined using vig-
orous sensory stimulation to elicit motor responses.
Spinal reflexes are tested in the same manner as in the
awake patient, but coordination and gait often cannot
be tested at all (Table 2.1).

Because the neurological examination evalu-
ates function, it is crucial to tailor the examination
to the individual patient’s strengths and limitations.
If all tests are too difficult (e.g., asking a minimally
conscious patient to indicate on their left hand the
number of fingers corresponding the first letter of the
city they are in) then residual function and improve-
ments will be missed. Conversely, if all tests are too
easy (e.g., asking a mildly aphasic patient to close and
open their eyes on command) then subtle deficits will
be missed. Therefore, to accurately titrate the patient’s
level of function, each part of the examination should
be performed using several tests with varying levels
of difficulty, beginning with easy and moving to more
difficult. In equivocal cases, it is also helpful to use
several different tests of the same function to confirm
results, and to return and retest the patient at different
times.

Sensitivity to patients and families should remain
paramount in examining patients with impaired con-
sciousness. Although noxious stimuli can be useful in
localization and prognosis, the use of noxious stimuli
should be minimized whenever possible, to avoid
unnecessary suffering. Family members should be
informed through ongoing discussions of the patient’s
condition, and may not want to be present for some
parts of the examination. It should also be kept in
mind that some patients are more aware than is obvi-
ous, and the content and tone of discussions taking
place in the presence of the patient should be carried
out with consideration of their potential emotional
responses.

Examination of patients with impaired conscious-
ness can also be very challenging to avoid misdiagno-
sis. It has been reported, for example, that patients in
chronic care are often misdiagnosed as being vegetative
when in fact some degree of consciousness or aware-
ness can be demonstrated on more careful examina-
tion [2, 3]. Practical suggestions for the evaluation of
patients with impaired consciousness have been pro-
posed by several authors [2, 4]. Patients should ide-
ally be examined in the seated position, since upright
posture can enhance arousal [2]. Each test should be
performed repeatedly to distinguish coincidental
from voluntary responses, and the entire examina-
tion should be repeated at several different times of
the day. Sedating medications should be avoided
if possible. Special care should be taken in patients
with impaired sensory or motor function due to neu-
rological or orthopaedic disorders, impaired hearing,
or impaired vision since these deficits can mask an
underlying preserved awareness. Similarly, in infancy
and early childhood cognitive and sensory—motor sys-
tems are not fully developed, so criteria for evaluating
impaired consciousness are different from in adults.
Input from family members or other staff members
can be helpful in observing inconsistent or low-fre-
quency behaviours, and in designing tests that are
within the capabilities of the patient.

Despite these precautions, diagnosing conscious-
ness or awareness based on the presence of ‘mean-
ingful responses’ or ‘purposeful responses’ can be
subjective. A number of standardized tests have, there-
fore, been developed for evaluating consciousness in
brain damaged patients. These standardized tests are
the subject of several recent excellent reviews [2, 5],
and will not be discussed further here. However, we
will emphasize the use of objective criteria, derived
from consensus reviews whenever possible, in an
effort to accurately diagnose the different states of
impaired consciousness.

I. BASICS
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CONSCIOUSNESS

Consciousness includes several distinct functions
which are implemented in specific neuroanatomical
networks in the brain (see also the preceding chapter
in this volume). Classically, consciousness can be sep-
arated into systems necessary for controlling the level
of consciousness, and systems involved in generating
the content of consciousness ([6], p. 11). We recently
summarized the interactions of these systems ([7, 8];
Chapter 19 in this volume), and briefly review an ana-
tomical model of consciousness again here. The content
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of consciousness may be considered the substrate upon
which level-of-consciousness systems act. Therefore,
the anatomical structures important for the content
of consciousness include: (i) multileveled cortical and
subcortical hierarchies involved in sensory-motor
functions, (ii) medial temporal and medial diencephalic
structures interacting with cortex for generation
of memory, and (iii) limbic system structures involved
in emotions and drives. The level of consciousness
in turn, also depends on multiple systems acting
together. These include systems necessary for main-
taining: (i) the alert, awake stat