Foreword

It is entirely appropriate that a volume of the Handbook of Clinical Neurology should be devoted to disorders of
consciousness, and the present volume is an outstanding compendium that will be of interest to all practicing neu-
rologists as well as to others concerned with the care of patients with an altered level of consciousness. Neurol-
ogists frequently evaluate patients with these disorders and are often consulted by specialists in other fields to
guide management and prognostication in individual cases. There are many causes for a disturbance of conscious-
ness, and — regardless of their area of subspecialty interest — all neurologists should have some expertise in their
approach to comatose or encephalopathic patients. Reversible disorders must be distinguished from irreversible
ones, lesions requiring neurosurgical management distinguished from those that are managed medically, and
patients requiring immediate intervention distinguished from those in whom any intervention is less urgent.
In the past this depended on the acumen and skill of the clinician. Although these are still important, the techno-
logical advances that have occurred in neuroimaging have changed the approach to patients with an altered level
of consciousness. Indeed, recent developments in functional brain imaging may eventually affect our understand-
ing of the neurological substrate of consciousness. Furthermore, with the advances that have occurred in the
management of patients in the intensive care unit, ethical issues and the provision of palliative care have also
become important considerations.

In this context, we were delighted that Professors Bryan Young and Eelco Wijdicks agreed to serve as editors
of this volume, as they have had enormous experience and have written extensively on disorders of consciousness,
and we are grateful to them for all their efforts in seeing the book through to fruition. They assembled an outstand-
ing group of coauthors, to whom we are also grateful for their contributions to the volume. As series editors, we
looked over drafts of each of the chapters in the book, transmitting our comments to the volume editors so that
they could be taken into account as the volume evolved. We greatly appreciated the tolerance and forbearance
of the authors to our editorial suggestions. We are also greatly indebted to the editorial and production staff at
Elsevier for their help at all stages during the development and production of this book.

Michael J. Aminoff
Frangois Boller
Dick F. Swaab
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Chapter 1

Consciousness: concepts, neurobiology,
terminology of impairments, theoretical models

and philosophical background

ADAM ZEMAN*

Peninsula Medical School, Exeter, UK

1.1. Concepts

1.1.1. Consciousness in context

There has been an extraordinary flowering of inter-
est in the subject of consciousness since the topic
was addressed in broad terms in this Handbook by
J. A. M. Frederiks in 1969 (Frederiks, 1969). This
flourishing is attested by a steady stream of publica-
tions, both technical and popular (Jasper et al., 1998;
Damasio, 2000; Zeman, 2002; Dehaene and Naccache,
2003; Koch, 2004; Laureys, 2005), the emergence of
an association dedicated to the study of the topic
(Association for the Scientific Study of Consciousness),
and a busy schedule of related scientific meetings (e.g.,
the annual meetings of the ASSC, the two-yearly Tucson
meetings, Towards a Science of Consciousness).

It is worth asking why the subject has prospered
so mightily in recent years. Several interrelated devel-
opments have contributed. First, experimental and
clinical advances, in cognitive neuroscience and neu-
ropsychology, are revealing ever more exquisite corre-
lations between features of experience and events in
the brain. The advent of functional imaging, in particu-
lar, is enabling us to see something of what happens
in the human brain during experience — and in its
absence, for example during coma. Second, the reali-
zation that unconscious neural processes are ubiqui-
tous in the brain, and often affect our behavior, has
helped to throw the topic of conscious processes into
relief. Third, the design of increasingly sophisticated

forms of artificial intelligence raises the possibility
that we may become able to create conscious systems:
what once was science fiction may soon be science
fact. The fourth reason for the current fascination with
the topic of consciousness is the most profound: the
cartesian separation of brain and mind is untenable,
both intellectually and in clinical practice. But what
is the true nature of the opaque relationship between
mind and matter? How does the brain give rise to
consciousness?

This central ‘problem of consciousness’, the mind—
brain question in its modern disguise, is ancient and
persistent. The dichotomy between mind and brain is
reflected in the apparent disconnection between work
in the two great intellectual domains of relevance to
the study of consciousness — the Humanities, focusing
on the experiences of subjects, and the Sciences, high-
lighting processes in systems. Within medicine, this
intellectual divide is mirrored in the historical separa-
tion of psychiatry and neurology. The hope of con-
temporary students of consciousness is that progress
in solving the central problem of how the brain gives
rise to consciousness will build a trustworthy bridge
between mind and brain, explaining how experience
can be at once real, functional and rooted in our physi-
cal existence (Zeman, 2001). Beyond question, the
scientific world view will be incomplete until it incor-
porates a clearer understanding of our subjectivity.

Like the mind-body problem itself, the notion that
the brain is the source of consciousness is very ancient,
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as revealed by this famous and prescient passage from
Hippocrates’ essay ‘On the Sacred Disease’ (Jones,
1923):

Men ought to know that from the brain, and from
the brain only, arise our pleasures, joys, laugh-
ter and jests, as well as our sorrows, pains,
griefs and tears. Through it ... we think, see,
hear, and distinguish the ugly from the beautiful,
the bad from the good, the pleasant from the
unpleasant ... sleeplessness, inopportune mis-
takes, aimless anxieties, absent-mindedness,
and acts that are contrary to habit. These things
that we suffer all come from the brain.

Yet arguably progress in understanding exactly
how experience ‘arises’ from the brain has been disap-
pointingly slow. Writing 2500 years after Hippocrates,
E.O. Wilson identifies the problem as a central issue
for contemporary science (Wilson, 1998): ‘the master
unsolved problem of biology: how the hundred billion
nerve cells of the brain work together to create
consciousness’.

Granted that science has in fact made great strides
in revealing the physical basis of consciousness over
the past century, as outlined in the following sections,
and yet the ‘master problem’ appears to be ‘unsolved’,
one has to wonder whether part of the problem here
may be conceptual rather than empirical. The philoso-
pher Leibniz voiced an idea of this kind in his Mona-
dology, in a passage that invites us to imagine
walking into the midst of an artificial brain (Leibniz,
1714):

Perception and that which depend on it are
inexplicable by mechanical causes, that is by
figures and motions. And supposing there were
a machine so constructed as to think, feel
and have perception, we could conceive of it as
enlarged and yet preserving the same propor-
tions, so that we might enter into it as into a mill.
And this granted, we should only find on visiting
it, pieces which push against one another, but
never anything by which to explain perception.

Leibniz is suggesting here that no mechanistic theory
can ever, in principle, provide a really satisfying
explanation of consciousness. Many people have this
intuition. What is its source?

For better or worse, the concept of consciousness has
been shaped by our cultural, religious and philosophical
history. Certainly ‘consciousness’, as it is generally
understood, is far from being a simple scientific vari-
able. Surveys suggest that the predominant notion of
consciousness in our culture is of a private, invisible,

immaterial process, inaccessible to the standard obser-
vational methods of science. On such an assumption it
is indeed hard to see how science could truly fathom
the relationship between consciousness and the brain.

However, it may well be that scientific advances,
and philosophical analysis, will gradually modify both
the scientific and the popular concepts of conscious-
ness. There are strong reasons, discussed below, for
doubting that our grasp of the contents and the nature
of experience is as firm as we usually take it to be.
When we look back from the terminus of the quest
for consciousness we may see our point of departure
in an entirely new light.

The aims of this introductory chapter are: 1) to out-
line the principal senses of consciousness, particularly
those relevant to science and medicine; 2) to summarize
current knowledge of the neurobiology of conscious-
ness in its two key senses of wakefulness and aware-
ness; 3) to relate this to the principal pathologies of
wakefulness and awareness; 4) to sketch the currently
prevailing, overarching, models and theories of con-
sciousness; and 5) finally to return to the philosophical
issues just touched on, with a succinct survey of con-
temporary philosophical views of the relationship
between mind and brain.

1.1.2. Senses of consciousness and
self-consciousness

Part of the problem of consciousness is semantic: it is
an ambiguous term, with several strands of meaning.
This is all the more true of ‘self-consciousness’. I shall
briefly discuss the etymology and principal senses of
these words.

1.1.2.1. The etymology of ‘consciousness’
and ‘conscience’

The word ‘consciousness’ has its Latin root in conscio,
formed by the coalescence of cum, meaning ‘with’,
and scio, meaning ‘know’ (Lewis, 1960). In its origi-
nal Latin sense, to be conscious of something was to
share knowledge of it with someone else or, meta-
phorically, to share it with oneself. The knowledge in
question was often of something secret or shameful,
the source of a bad conscientia, a bad conscience.
This meaning of conscientia, implying knowledge
shared, has been referred to as its strong or narrow
sense. A weakened, or broad, sense coexisted with it
in which conscientia meant, simply, knowledge. All
three senses — of knowledge shared with another,
knowledge shared with oneself and, simply, knowl-
edge — entered the English language with ‘conscience’,
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the first English derivative of conscientia. The words
‘conscious’ and ‘consciousness’ first appear early in
the 17th century, followed by ‘self-conscious’ and
‘self-consciousness’.

1.1.2.2. What is meant by ‘conscious’?

The Oxford English Dictionary distinguishes 12 senses
of ‘conscious’ and eight of ‘consciousness’. Con-
sciousness has two key senses in colloquial English
that are of relevance to clinical practice, wakefulness
and awareness.

Consciousness as the waking state: in everyday neu-
rological practice consciousness is generally equated
with the waking state and the abilities to perceive, inter-
act, and communicate with the environment and
with others in the well-integrated manner that wake-
fulness normally implies. But while ‘consciousness’ is
often equated with wakefulness, it can also be used more
broadly to refer to the family of ‘states’ that collectively
describes our overall patterns of behavior. In this sense
wakefulness is just one of several possible ‘states of
consciousness’, distinguished from others such as sleep,
coma, and anesthesia. Each of these states admits of
degrees or levels: we can be wide or half-awake, lightly
or deeply anesthetized. We are normally reasonably
confident of our ability to assess and track an indivi-
dual’s state and level of consciousness, in this first
sense, with the help of objective criteria, like those of
the Glasgow Coma Scale (Teasdale and Jennett, 1974).
Thus we speak of consciousness dwindling, waning,
lapsing, and recovering; it may be lost, depressed, and
regained. To be conscious in this first sense is essen-
tially to be awake, aroused, alert, or vigilant.

Consciousness as awareness: while we are con-
scious in the first sense, we are as a rule conscious of
something: our consciousness has content, we enjoy
experience and there is ‘something it feels like’ to exist,
whereas there is nothing it feels like to be a stone or lost
in dreamless sleep. This second sense is often referred
to as ‘awareness’, to underline the distinction between
the behavioral features of wakefulness and the experi-
ences that usually but not always accompany them.
Objective criteria remain helpful in ascertaining
the presence of consciousness in this second sense —
anyone who can obey your instructions and tell you
the date is presumably aware — but it has a much stron-
ger connotation of subjectivity than the first sense: it is
notoriously difficult to be sure of what is passing
through another person’s mind on the basis of his beha-
vior. This second sense is much more problematic phi-
losophically than the first: the technical term ‘qualia’,
which has been used by philosophers to refer to the

subjective texture of experience, is particularly contro-
versial (Dennett, 1988).

Several authors, following William James, have tried
to characterize the general properties of awareness
(James, 1890; Shallice, 1988; Searle, 1992; Crick,
1994; Chalmers, 1996; Greenfield, 1998; Tononi and
Edelman, 1998a). There is a consensus about the
following: the contents of consciousness are relatively
stable for short periods of a few hundred milliseconds,
but characteristically changeful over longer ones;
they have a narrow focus at a given moment, but over
time our awareness can range across the spectrum
of our psychological capacities, allowing us to be aware
of sensations, percepts, thoughts, memories, emotions,
desires, and intentions (our experience at a given
moment often combines elements from several of these
psychological domains); awareness is personal, allow-
ing us a distinctive, limited perspective on the world; it
is fundamental to the value we place on our lives: keep-
ing people alive once their capacity for awareness has
been permanently extinguished is regarded by many as
a wasted effort (Jennett, 2004).

The relationships between wakefulness, awareness,
and their behavioral indices are more involved than
they appear at first sight. As a rule, while we are awake
we are aware. But the phenomena of wakefulness and
awareness do not always run in parallel. The vegetative
state, which results from profound damage to the cere-
bral hemispheres and thalami, with relative preserva-
tion of the brainstem, is often characterized as a state
of ‘wakefulness without awareness’. Conversely, when
we dream, we are asleep yet aware. Nor can we always
rely on behavioral criteria to diagnose consciousness:
patients paralyzed for surgery may be fully aware —
if the anesthetic drug has failed to reach them — but
completely unable to manifest their awareness; patients
‘locked in’ by a brainstem stroke may appear uncon-
scious until their ability to communicate by movements
of their eyes or eyelids is detected.

1.1.2.3. What is meant by ‘self-conscious’?

The term ‘self-consciousness’ is sometimes used in medi-
cal contexts as if its meaning were self-evident. This seems
doubtful: self-consciousness is a peculiarly complex idea,
combining two others — ‘self” and ‘conscious’ — each of
which is multifaceted (Berrios and Markova, 2003).
I shall try to tease apart its principal strands.

The distinction between ‘self” and ‘other’ is biologi-
cally crucial: there are many activities that we need to
direct towards other objects in the world — like eating
them — which it would be disastrous if we directed
towards ourselves. We should expect to find strategies
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for drawing this distinction in the simplest organisms.
But ‘self-consciousness’ of a sophisticated kind implies
more than an ability to behave differently towards self
and other: it requires a representation of self and other.
A variety of different kinds of representation fall out of
the senses I shall discuss.

Self-consciousness as proneness to embarrassment:
this colloquial sense of self-consciousness implies that
an individual is aware that the awareness of others is
directed on him. It is therefore psychologically sophis-
ticated, anticipating the penultimate sense discussed
below.

Self-consciousness as self-perception: this rather
minimalistic sense refers to a family of forms of self-
consciousness that are probably present in many ani-
mals, enabling the organism to perceive stimuli or
states that are close at hand or self-generated. These
include awareness of stimuli that directly impinge on
the body (the ant walking up your arm); of propriocep-
tive information about bodily position, which contri-
butes substantially to our body image; of information
about actions that we are performing, giving rise to a
sense of agency; of information about bodily state
(hunger, thirst, etc.); and of emotions, such as fear or
affection, that signal the state of our relationship to
objects and to people around us.

Self-consciousness as self-monitoring — this form
of self-awareness involves the ability to monitor our
past and predict our future behavior, extending self-
perception in time into the past and future, and in
range, to encompass more plainly cognitive abilities.
It includes the ability to recall the actions we have
recently performed (Beninger et al., 1974), and the
ability to predict our chances of success in tasks that
challenge memory (Hampton, 2001) or perception
(Smith et al., 2003): we undoubtedly possess these
metacognitive abilities, and ingenious experiments
in comparative psychology (Beninger et al., 1974;
Hampton, 2001; Smith et al., 2003) suggest that many
other animals have them too. The remaining senses lie
closer to what we normally have in mind when we
speak of self-awareness.

Self-consciousness as self-recognition — this alludes
to our ability to recognize our own bodies as our own,
for example in mirrors (i.e., mirror self-recognition).
Gallup showed in the 1970s that if apes are given
experience with a mirror they will soon realize that
they are looking at themselves, while their monkey
cousins apparently fail to grasp this fact despite exten-
sive exposure (Gallup, 1970). Recent evidence sug-
gests that dolphins can also recognize themselves in
mirrors (Reiss and Marino, 2001). Human children
develop this ability at around 18 months (Parker
et al., 1994).

Self-consciousness as awareness of awareness:
between the ages of 18 months and around 5, human
children take a further major intellectual stride. They
come to appreciate that, as well as being objects that
can be inspected in mirrors, they are also subjects, of
experience — they possess, in other words, not only
bodies but also minds (Parker et al., 1994). The aware-
ness of ourselves as subjects of experience opens up
a world of new possibilities for understanding our
own behavior and the behavior of others in terms of
desires and beliefs, and for implanting and manipulat-
ing these (Baron-Cohen, 1995; Frith and Frith, 1999).
It has been described as the acquisition of a ‘theory
of mind’. Once we realize that others, like ourselves,
have a limited, personal perspective on the world we
can choose to inform, misinform and influence them,
creating all the Machiavellian complexities of human
behavior. The degree to which animals other than
humans possess this awareness is debated.

Self-consciousness as self-knowledge: finally, we
use ‘self-consciousness’ to refer to our self-knowledge
in its broadest sense — one’s knowledge of oneself
as the hero, or villain, of a personal narrative, condi-
tioned by one’s personal circumstances and cultural
background. This capacity to relive our past in a form
of ‘mental time-travel’ constitutes the ‘autonoetic
awareness’ that Endel Tulving has identified as one
of the most distinctively human intellectual capacities
(Tulving, 1985). Self-depiction is a central focus of
art, another distinctively human activity.

1.2. The neurobiology of conscious states
and contents

1.2.1. States of consciousness

1.2.1.1. The electrical correlates of
conscious states

Nineteenth-century physiologists working across Eur-
ope had noted the occurrence of spontaneous electrical
activity while recording from the brains of experimen-
tal animals, but it was not until 1929 that Hans Berger,
a psychiatrist working in Jena, Germany, published
his landmark observations in ‘On the Electroencepha-
logram of Man’ (Berger, 1929). His foremost achieve-
ment was to demonstrate that spontaneous electrical
activity could be recorded from the human brain with
extracranial electrodes, but his underlying purpose
was to elucidate the physical basis of consciousness.
His first paper closed with a series of questions that
were to launch a fertile, continuing program of research:
how is the EEG affected by sensory stimulation, by sleep,
by drugs that alter mental states and by intellectual
activity?
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Recording from the scalp, Berger distinguished two
contrasting rhythms of electrical activity occurring
during wakefulness: ‘alpha’ at 8—13 Hz, which charac-
terizes the ‘passive EEG’, typically recorded from
occipital electrodes in wakeful subjects with their
eyes closed; and ‘beta’ rhythm, occurring at frequen-
cies >13 Hz, the ‘active EEG’ which accompanies
mental effort and eye opening. It was soon appreciated
that slower rhythms (‘theta’ waves at 4-7 Hz and
‘delta’ at <3.5 Hz) occurring at higher amplitudes
characterize states of reduced arousal in adults. Their
cyclical involvement in sleep became apparent in the
1950s, particularly from the work of Kleitman and
his collaborators.

In 1955 Aserinsky and Kleitman reported the
repeated occurrence of periods of ‘rapid eye movement
sleep’ in the course of the night: sleepers woken at
these times were likely to report concurrent dreams
(Aserinsky and Kleitman, 1955). Two years later
Dement and Kleitman demonstrated the cyclical struc-
ture of sleep on the basis of observations of eye move-
ments, body movements, and EEG appearances in
normal sleepers (Dement and Kleitman, 1957). This
work established the distinction between ‘slow wave
sleep’ (SWS), associated with a high proportion of delta
activity in the EEG (20-50% in stage 3 sleep, >50%
in stage 4), and ‘rapid eye movement’ (REM) or ‘para-
doxical’ sleep, during which the features of the EEG
resemble those in the waking state, although subjects
are paradoxically difficult to arouse. Predictable cycles
of descent through light sleep (stages 1 and 2) into
SWS, followed by gradual reascent into REM sleep,
recur four or five times each night, with decreasing
proportions of SWS and increasing proportions of
REM sleep as the night proceeds (Fig. 1.1). These

AWaKe pcivrMe i e

observations have helped to define three principal states
of consciousness in health: wakefulness, REM sleep,
and non-REM/SWS, each of which has a characteristic
psychological, metabolic, physiological, and pharmaco-
logical profile (Table 1.1). The Upanishads, dating from
around 2000 Bc, recognized the same three basic states
(Jones, 1998a).

While massive synchronization of brain activity has
classically been associated with states of reduced con-
sciousness, such as deep sleep and coma, in contrast to
the ‘desynchronized EEG’ of wakefulness and REM
sleep, there is some evidence that very rapid activity
in the gamma range (35-45 Hz), widely synchronized
across the brain, occurs in the waking state and REM
sleep but not in SWS (Llinas and Ribary, 1993)
(Fig. 1.2). More generally, the very existence of the
EEG suggests a tendency to widespread synchroniza-
tion of brain activity whose functional significance
has yet to be fully unraveled.

1.2.1.2. The control of conscious states

1.2.1.2.1. Anatomy: the reticular activating system

Clinicopathological studies made at the time of the
epidemic of encephalitis lethargica that occurred during
and after the First World War suggested to the Viennese
pathologist Constantin Von Economo that structures
in the upper brainstem and posterior hypothalamus
play a key role in arousal (Von Economo, 1931). Frede-
ric Bremer later confirmed this suggestion experimen-
tally by showing that transection of the cat’s brain at
the cervicomedullary junction had no effect on arousal
or on the sleep—wake cycle, while transection through
the midbrain brought about a state resembling deep
sleep (Bremer, 1929).

Time (h)
Fig. 1.1. The architecture of sleep. An example of sleep staging over the course of a single night. The sleeper passes from

wakefulness to deep sleep and then ascends to REM sleep. Five similar cycles occur in the course of the night. The EEG tra-
cings to the left show the EEG appearances associated with the stages of sleep; the EEG in REM resembles the ‘awake’ trace.



Table 1.1

Features of three principal states of consciousness in health

Wakefulness NREM sleep REM sleep
Psychological
functioning
Orientation Intact Reduced Delusional
Memory Intact Reduced Dream recall; imp after delay
Thought Logical, progressive Reduced, persev Illogical
Insight Intact Reduced Impaired
Perception External, vivid Dull or absent Internal, vivid
Emotion Reactive Dull or absent Strong, basic
Cerebral
metabolism
Global ~7 mg gluc/100 g/min Up to 40% reduced ~ wakefulness
Regional Varies with task. See Most marked redn in upper Cf waking, redn in DLPF, inf
Gusnard, 2001 for hypothesis brainstem, cbellum, thalami, par, precuneus; cf SWS
of ‘functional resting state’ b glia, b fbrain, PFC, ant cing,  activn of thalami, paralimbic
precuneus rgns, temp-occ cortex
Physiology
EEG Alpha, beta dominate I low voltage, mixed freq ~wakefulness
II sleep spindles, k complexes
III, IV theta, delta dominate
Eye mvts Interactive I rolling eye movements REMs
IL, III, IV absent
Muscle tone High, variable Reduced Atonic

Autonomic ftn

Pharmacology

Reactive

High but variable activity in ntr.

systems modulating arousal (see text)

Reduced c rate/output resp rate/
ventilation, blood pressure
Globally red. activn

Aut arousal and lability, irreg
breathing, reduced ventilation
Cholinerg dom

activn=activation; ant cing=anterior cingulate; aut=autonomic; b fbrain=basal forebrain; b glia=basal ganglia; c=cardiac; cbellum=
cerebellum; cholinerg=cholinergic; disorg=disorganized; DLPF=dorsolateral prefrontal cortex; dom=dominance; freq=frequency; ftn=
function; gluc=glucose; imp=impaired; inf par=inferior parietal cortex; irreg =irregular; ntr=neurotransmitter; persev=perseverative; PFC=
prefrontal cortex; red=reduced; redn=reduction; rgns=regions; temp-occ=temporo-occipital
For estimate of basal glucose metabolism (see Laureys et al., 2001); for hypothesis of functional resting state (see Gusnard et al., 2001).

SUBJECT JV

DWI

SUBJECT ER

b— sleep

instrument

F amasmmyienmtes|
W REM sleep
I

Bae s

H sossnamansssasnaine- | 100 ft

0 06s 0 15

30s 0 300

606 ms

Fig. 1.2. Recordings of rapid (gamma) oscillations in wakefulness, delta, or slow wave, sleep, and rapid eye movement (REM)
sleep made using magnetoencephalography (Llinas and Ribary, 1993). The diagram at top left indicates distribution of sensors
over the head; recordings from these sensors, filtered to pass signals at 35-45 Hz, are shown below. The figures at right show
superimpositions of these oscillations in two subjects during wakefulness, slow wave sleep, and REM sleep. Note the differing
time bases of the two recordings. The amplitude of synchronized gamma oscillations is markedly diminished in slow wave
sleep in comparison to wakefulness and REM sleep.
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Bremer hypothesized that this impairment of arousal
resulted from interruption of ascending sensory path-
ways in the midbrain. His student Giuseppe Moruzzi,
working with Horace Magoun, later showed that the
critical areas were not, in fact, in the sensory pathways
but lay rather in the reticular core of the upper brain-
stem and their thalamic targets (Moruzzi and Magoun,
1949). This region is, at least in part, diffusely orga-
nized and polysynaptic, with widespread afferent and
efferent connections, well suited to provide the sub-
strate of a nonspecific ‘alerting system’. Electrical
stimulation of the region in a drowsy animal ‘activates’
the EEG and alerts the animal. These observations gave
rise to the concept of the ‘ascending reticular activating
system’ (ARAS). While the central insight, that struc-
tures in the brainstem regulate our states of conscious-
ness, still holds true, a much more complex picture
has emerged since the pioneering work of Moruzzi
and Magoun. The ARAS is no longer regarded as a
monolithic unit, nor as a system restricted to the classi-
cally defined reticular regions of the brainstem. Indeed
activating structures are not confined to the brainstem
at all, and their influence descends to the spinal cord
as well as ascending to the cerebral hemispheres.

Rather than revealing any single ‘place where con-
sciousness dwells’, the exploration of these structures
has identified a series of somewhat specialized nodes
in a complex network controlling aspects of arousal
(see Figs. 1.4 and 1.5, below). It would be surprising
if functions as fundamental as the maintenance of
wakefulness or the control of the sleep—wake cycle
depended exclusively and unalterably on any single
region of the brain. Experimental work in animals
and clinical observations in humans suggest that the
following structures play key roles in the maintenance
and modulation of wakefulness: cholinergic nuclei in
the upper brainstem and basal forebrain; noradrenergic
nuclei, in particular the locus ceruleus in the upper
brainstem; histaminergic and hypocretinergic projec-
tions from the hypothalamus; and probably dopami-
nergic and serotonergic projections arising from the
brainstem (Robbins and Everitt, 1995; Hobson and
Pace-Schott, 2002; Pace-Schott and Hobson, 2002).
Part of the influence exerted by these pathways is
mediated by the thalamus, especially its intralaminar
nuclei (Jones, 1998b), which makes a major contribu-
tion to the maintenance of cerebral arousal as well as
providing a critical synaptic relay in sensory, motor
and corticocortical pathways. The roles of the brain
regions involved in arousal are not, of course, confined
to the maintenance of wakefulness or vigilance: they
are of profound importance to a range of interrelated
functions including mood, motivation, attention, learn-
ing, memory, movement and autonomic function.

Some specific contributions made by these regions
and related structures to the regulation of conscious
states have been defined. For example, the supra-
chiasmatic nucleus of the hypothalamus is the main
timekeeper of consciousness. It normally entrains the
sleep—wake cycle to the alternation of night and day
under the influence of the direct retinohypothalamic
projection (Kilduff and Kushida, 1999). The molecular
mechanisms of the circadian rhythm, controlled by
a series of ‘clock genes’, have been elucidated recently
(Pace-Schott and Hobson, 2002). Transection experi-
ments by Jouvet and subsequent work have established
the key importance of cholinergic nuclei at the ponto-
mesencephalic junction, the laterodorsal tegmental, and
pedunculopontine nuclei, in orchestrating the phenom-
ena of REM sleep (McCarley, 1999). During SWS, there
is a marked reduction in the activity of the cholinergic,
noradrenergic, and histaminergic nuclei that maintain
wakefulness, coordinated at least in part by activation
of the ventrolateral preoptic nucleus of the anterior
hypothalamus (Shneerson, 2005): mutually inhibitory
interactions between the histaminergic tuberomamillary
nucleus and ventrolateral preoptic nucleus are thought
to play a particularly important role in controlling oscil-
lations between wakefulness and sleep.

1.2.1.2.2. Physiology: patterns of neuronal discharge
and brain metabolism

It should in principle be possible to explain the features
of the three major states of consciousness in terms of
the characteristics of relevant neuronal types and the
networks into which they are organized. Progress in
this direction is well illustrated by the contrast between
the patterns of neuronal discharge during sleep and
wakefulness within the thalamus.

In the waking state thalamocortical projection
neurons are tonically depolarized by cholinergic, nora-
drenergic, and histaminergic inputs from the brainstem
and hypothalamus, which block a hyperpolarizing potas-
sium conductance (Steriade et al., 1993; McCarley, 1999;
Steriade, 1999). This induces a ‘spike’ mode of response
in thalamocortical cells, permitting faithful onward
transmission of afferent signals to the thalamus. The
reduction of this depolarizing input in sleep induces a
contrasting ‘burst’ mode of response, dependent upon
a low threshold calcium conductance, which predis-
poses these cells to repetitive discharge while hyper-
polarized (Fig. 1.3). The simultaneous disinhibition of
the reticular nucleus of the thalamus in early sleep,
following reduction of inhibitory cholinergic input
from the brainstem, allows it to exert a synchronized
GABAergic inhibition of thalamocortical cells that ulti-
mately gives rise to the distinctive spindles abounding in
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Fig. 1.3. State-dependent activity in thalamic and cortical neurones. Neurones from the cerebral cortex of chronically
implanted, behaving cats, in the cerebral cortex (A), reticular thalamic nucleus (B) and thalamic relay nuclei (C), change their
activity from rhythmic spike bursts during natural slow-wave sleep to firing of single spikes during waking and rapid eye
movement sleep. Similar changes can be demonstrated in vitro in response to neurotransmitters involved in modulating sleep
and wakefulness. (D) Cortical cell; (E) reticular thalamic nucleus cell; (F) thalamic relay cell. Depolarization results from the
reduction of specialized conductances including Iy, a potassium conductance. ACh = acetylcholine; Glu = glutamate; HA =

histamine; 5-HT =

serotonin; NE = noradrenaline (norepinephrine). (With permission from Steriade et al., 1993; © Copyright

1993 The American Association for the Advancement of Science, USA.)

the EEG of stage 2 sleep. Further hyperpolarization of
thalamocortical cells, as sleep deepens, allows them
to participate in slow wave oscillations, to which the
individual and network properties of thalamocortical
cells, corticothalamic cells, and neurons of the reticular
nucleus all contribute. Reduction of direct nonspecific
excitatory inputs to the cortex, as well as effects occur-
ring primarily at the level of the thalamus, are conducive
to the generation of these rhythms. Thus the distinct-
ion at an electrophysiological level between spike and
burst modes of response in thalamocortical neurons
corresponds with the behavioral distinction between
the responsiveness of the waking state and the inaccessi-
bility of sleep and underlies the global shift between
the high-frequency EEG of wakefulness and the low-
frequency EEG of sleep.

Functional imaging studies have made it possible
to explore the anatomy and physiology of sleep and
arousal in the healthy human brain. Global cerebral
glucose metabolism falls in SWS by circa 20%, rising
back to, or even above, waking levels in REM (Heiss
et al., 1985; Buchsbaum et al., 1989). During SWS
regional blood flow declines, in proportion to the
amount of slow wave activity in the EEG, in the rostral

brainstem, thalamus, prefrontal, and cingulate cortex
(Hofle et al., 1997; Macquet et al., 1997). In REM
sleep regional blood flow increases in the rostral brain-
stem, thalamus, and limbic regions, in keeping with
the electrical and subjective features of dreaming
sleep, but declines in prefrontal and posterior cingulate
cortex and in some regions of parietal cortex (Macquet
et al., 1996, 2005).

Variations in the level of arousal during wake-
fulness also appear to correlate with levels of activity
in the structures of midbrain and thalamus that regu-
late conscious states. Kinomura et al. (1996) reported
activation of the midbrain tegmentum and intralaminar
nuclei of the thalamus by the transition from a resting
state to the performance of visual and somatosen-
sory reaction time tasks. Paus et al. (1997) described
a decrease in midbrain and thalamic activation during
a tedious 1 hour auditory detection task associated
with declining performance and increasing slow wave
activity on EEG. Finally, as discussed further below,
there is evidence that the loss of consciousness induced
by some anesthetics is associated with selective depres-
sion of thalamic function, linking the mechanisms of
anesthesia and sleep (Fiset et al., 1999; Alkire, 2000).
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1.2.1.2.3. Pharmacology: modulation of sleep
and wakefulness

As we have seen, the pharmacological dissection of the
‘reticular activating system’ has revealed the presence
of several chemically distinct but interactive subsys-
tems: cholinergic, noradrenergic, dopaminergic, seroto-
nergic, histaminergic, and, recently, hypocretinergic.
The actions of each of these transmitters are complex,
depending on the site of release and the nature of the
receptor targeted. Nonetheless it is clear that the firing
of cells in the nuclei synthesizing these transmitters is
often state-dependent, varying with conscious state
(Sutcliffe and de Lecea, 2002) (Fig. 1.4).

Evidence that REM sleep is dependent upon activity
in cholinergic nuclei, while noradrenergic and seroto-
nergic nuclei are least active in this phase of sleep,
has given rise to a ‘reciprocal interaction’ model of
sleep architecture (Pace-Schott and Hobson, 2002).
This proposes that the regular interaction of SWS and
REM sleep over the course of the night is regulated by
the waxing and waning of mutually inhibitory activity
in these nuclei.

The pharmacological basis of ‘sleep debt’, the
increasing pressure to sleep as the period of wakefulness
extends, remains a confusing area. A number of poten-
tial ‘hypnogens’, sleep-promoting substances, includ-
ing peptidergic and other neurotransmitters, have been
identified (Zoltoski et al., 1999; Shneerson, 2005).
A gradual increase in extracellular adenosine levels dur-
ing wakefulness appears to be one critical factor, lead-
ing to inhibition of activating cholinergic nuclei in the
upper brainstem and basal forebrain (McCarley, 1999).

Further work on the pharmacology of wakefulness
is likely to demonstrate distinctive roles for the neuro-
transmitters of the ‘activating system’ in modulating
different aspects of arousal. ‘Wakefulness’, after all,
is shorthand for a set of associated neural, behavioral
and psychological functions that are, to some extent,
independently controlled, as evidenced by a number
of the disorders of consciousness discussed below.
In work exploring the idea that the neurotransmitters
linked with arousal make distinctive contributions,
Robbins and Everitt (1995) have found, using a con-
sistent set of behavioral tests, that selective damage
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Fig. 1.4. The pharmacology of the brainstem activating systems. (A) shows the origin and distribution of the central noradre-
nergic pathways in the rat brain; (B) the dopaminergic pathways; (C) the cholinergic pathways; (D) the serotonergic pathways.
CTT = central tegmental tract; dltn = dorsolateral tegmental nucleus; DNAB = dorsal noradrenergic ascending bundle; DR =
dorsal raphe; DS = dorsal striatum; HDBB = horizontal limb nucleus of the diagonal band of Broca; ICj = islands of Calleja;
IP = interpeduncular nucleus; LC = locus ceruleus; MFB = medial forebrain bundle; MS = medial septum; NBM = nucleus
basalis magnocellularis (Meynert in primates); OT = olfactory tubercle; PFC = prefrontal cortex; SN = substantia nigra;
tpp = tegmental pedunculopontine nucleus; VDBB = vertical limb nucleus of the diagonal band of Broca; VNAB = ventral
noradrenergic ascending bundle; VS = ventral striatum. (With permission from Robbins and Everitt, 1995.)
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to the noradrenergic system impairs selective attention,
damage to the cholinergic system impairs baseline
accuracy, damage to the dopaminergic system length-
ens response latency and reduces probability of
response and damage to the serotonergic system leads
to impulsive responding.

1.2.2. Awareness: the ‘contents of consciousness’

1.2.2.1. Do we know what we experience?

Many questions remain to be answered about the neu-
robiology of sleep and wakefulness but the phenomena
under study are relatively unambiguous, objective, and
quantifiable. The same cannot be said of awareness,
experience, or the ‘contents of consciousness’, three
terms often used interchangeably for the second princi-
pal sense of consciousness picked out in section 1.1.
There is major controversy about both the ultimate nat-
ure and the detailed content of awareness. The question
of its ultimate nature is discussed further in section 1.5.
This is an appropriate moment to flag up the somewhat
more empirical debate about its content.

We all tend to consider ourselves experts on the
features of our experience: after all, how could we be
mistaken about them? However, there is plenty of evi-
dence that we are sometimes misled by introspection
and that our experience is not always as we take it to
be. How so? This may be a realm in which observation
is more than usually ‘theory-laden’. As we have seen
our intuitive theories of consciousness owe as much to
religion and philosophy as science: theoretical expec-
tations about the features of our experience may distort
our informal observations. For example, systematic
research requiring subjects to give instantaneous reports
of their current experience, at the moment that a random
buzzer sounds, reveals a surprising preponderance of
‘inner thought’ (Hurlburt, 2000; Hurlburt and Heavey,
2001); research on change in our visual surroundings
indicates that we fail to notice many large-scale altera-
tions in a scene that most of us would expect to recognize
readily, a phenomenon described as ‘change blindness’
(O’Regan and Noe, 2001); related work on visual atten-
tion reveals that salient stimuli go unnoticed when visual
attention is highly focused, to the subsequent astonish-
ment of the experimental subject, the phenomenon of
‘inattentional blindness’ (Mack and Rock, 2000).

Work along these lines suggests that our knowledge
of our own experience is not incorrigible: on the con-
trary, it is often mistaken. This prompts the thought that
other beliefs about experience that are often strongly
held — for example that it is essentially private and
somehow ineffable — are also open to question or rede-
finition (Kevin et al., 2005; O’Regan et al., 2005).
These beliefs are relevant to science, as the questions

we frame for neuroscience about awareness will of
course depend on what we take our experience to be.
Despite these reservations, there is a measure of agree-
ment about at least some of the features of our experi-
ence and there has been spectacular progress in the
definition of their correlates in the brain.

1.2.2.2. Exquisite correlations

1.2.2.2.1. Visual awareness

Although it has not, as a rule, been explicitly directed
at the question of consciousness, the pathbreaking work
of the past century on the neurology of perception,
language, memory, emotion, and action has trans-
formed our understanding of the neural basis of aware-
ness. The study of vision has attracted particularly
intense attention as a test case for students of conscious-
ness. I shall briefly summarize the key findings.

These landmark discoveries include the definition
of the retinotopic map in striate cortex (Holmes and
Lister, 1916); the discovery of orientation-specific cell
columns in visual cortex by Hubel and Wiesel (1977);
the realization that 3040 functionally and anatomi-
cally distinct visual areas surround area V1 (Cowey,
1994); the evidence that ‘parallel’ though intercon-
nected streams of visual information flow through
these areas, subserving the perception of form, color,
depth, and motion (Livingstone and Hubel, 1988);
the broad distinction between an occipitotemporal
stream concerned with object identification and an
occipitoparietal stream concerned with visually guided
action (Milner and Goodale, 1995); the discovery of
material-specific visual association areas such as the
region of fusiform cortex that is highly responsive to
faces (fusiform face area, FFA) and the region of para-
hippocampal cortex that is highly responsive to the
visual appearance of locations (parahippocampal place
area, PPA) (Kanwisher, 2001). The demonstrations of
illusory and implied movement in stationary visual sti-
muli that activates area V5, the visual area most selec-
tive for moving stimuli, are elegant extensions of this
broad line of work, elucidating the neural basis of
visual experience (Zeki et al., 1993).

1.2.2.2.2. Changing experience without
altering stimuli

Inferences about the generation of visual awareness,
drawn from work of this kind, are open to the potential
objection that the mere activation of a cortical visual
area by an appropriate stimulus does not show that
it mediates the conscious experience of vision. Corre-
lation does not imply cause and, after all, much of
the work on cortical visual responses in animals has
been performed under anesthesia. Several authors have
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argued, for example, that area V1 does not contribute
directly to visual awareness (Crick and Koch, 1995;
Rees et al., 2000). This objection can be met, at least
in part, by using paradigms in which visual awareness
changes while external stimulation is held constant.
Changes in neuronal activity detected under these cir-
cumstances are likely, although not guaranteed, to be
linked closely to visual awareness itself. Several lines
of research have adopted this strategy, examining the
neural basis of imagery, hallucinations, attentional
shifts, and binocular rivalry.

We can summon up images ‘in the mind’s eye’ and
interrogate them much as we do a real visual scene.
Psychological studies indicating that mental images
are processed in similar ways to percepts of items
in the real world (Shepard, 1978; Kosslyn and Shin,
1994) have recently been complemented by a series
of functional imaging studies, showing that the neural
correlates of mental imagery overlap substantially with
the correlates of perception (Kosslyn et al.,, 1995;
Cohen et al., 1996; Ishai et al.,, 2000; Kanwisher,
2000). Like mental images, visual hallucinations are
visual percepts that occur in the absence of a corre-
sponding external stimulus but, unlike images, halluci-
nations are perceived as if they occurred in the external
world. Functional imaging studies in both visual and
auditory domains reveal that hallucinations are accom-
panied by activity in cortical areas associated with the
normal perceptual processing of the hallucinated items
(Ffytche et al., 1998; Griffiths, 2000).

Attention is the sentry at the gate of consciousness:
‘my experience is what I agree to attend to’ (James,
1890). The essence of attention is selection: whether
we are displaying ‘preparatory attention’ as we await
an anticipated event, switching our attention between
the senses or between several targets presented to a
single sense or sustaining our attention on a task, we
are excluding a range of rival stimuli from the focus
of our interest. Changes in the neural representation
of items as they move in and out of the focus of atten-
tion should shed light on the neural accompaniments
of consciousness. These changes have been termed
the ‘neural expression’ of attention (LaBerge, 1995).

Single cell recordings from monkeys trained to shift
visual attention without moving their eyes indicates that
firing rates are increased in cells responding to attended
stimuli and reduced in cells responding to unattended
stimuli in extrastriate visual areas, for example areas
V4 and V5 (Moran and Desimone, 1985; Treue and
Maunsell, 1996). Recent functional imaging studies
suggest that the neural expression of attention in
humans also involves focal enhancement and inhibition
of neural activity; for example switches of attention
between faces and places presented simultaneously

are associated with detectable modulations of activity
in the fusiform and parahippocampal regions men-
tioned above (Kanwisher, 2000).

Multistable or ambiguous visual stimuli, like the
Necker cube, which appears to reverse in depth repeat-
edly during protracted viewing, are open to alternative
visual readings. Similarly, if different visual stimuli
are presented to the two eyes, most viewers see each
of the two images alternately rather than experiencing
a fusion of the two. This paradigm, binocular rivalry,
has been applied both to animals and humans in stu-
dies of the neural correlates of the alternating percept.
Logothetis, working with monkeys, reported that, while
many neurons in visual areas respond to both stimuli
throughout their presentation regardless of the current
conscious percept, a subset of extrastriate neurons
recorded in V4 and V5 raise or lower their firing rate
markedly as the stimulus to which they respond gains
or loses perceptual predominance (Logothetis and
Schall, 1989; Leopold and Logothetis, 1996). Work
by Engel and colleagues suggests that cells responding
to the currently perceived member of a pair of rivalrous
stimuli synchronize their discharges during the period
of perceptual dominance to a greater degree than during
periods of suppression (Engel et al., 2000).

Further down the processing stream, in experiments
with human subjects, the modulation of neuronal activ-
ity in the FFA and PPA, as simultaneously presented
faces and places alternate in awareness, is of similar
size to the modulation seen when faces and places
are alternately presented (Kanwisher, 2000). Thus,
by this stage of processing in the human brain, activity
correlates with the contents of awareness rather than
with the raw features of the impinging stimuli. Using
magnetoencephalography, Tononi and colleagues have
reported that, as conscious perception shifts between
two gratings of different orientation, flickering at dif-
ferent frequencies, so the power of electromagnetic
activity at the corresponding frequency waxes and
wanes by 30-60% over wide regions of cortex (Tononi
and Edelman, 1998a). Lumer and colleagues have
found that the moments of transition between multi-
stable percepts are associated with right frontoparietal
activation, suggesting that the neural control of these
transitions shares common ground with the direction
of spatial attention (Lumer et al., 1998).

These experiments, investigating imagery, halluci-
nations, attention, and binocular rivalry, are beginning
to capture the neural correlates of visual experience.
The precise definition of the ‘neural correlate of con-
sciousness’ in humans remains a goal for the future
and will probably require more sophisticated methods
than those currently available, allowing the detailed
measurement of disparate neuronal activity over short
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time scales in the human brain. Nevertheless, these
results help to bolster the neuroscientist’s long-held arti-
cle of faith: that distinctions drawn in experience will
be reflected in distinctive patterns of neural activity.

1.2.2.3. Unconscious processes

1.2.2.3.1. The concept of unconscious processes

The idea that much of the activity occurring in the
brain never gives rise to awareness is supported by a
host of observations made in both health and disease,
including the study of habitual and automatic beha-
vior, procedural memory and unconscious perception
(for a wide-ranging survey of concepts of the uncon-
scious see Claxton, 2005). The existence of uncon-
scious neural processes provides an opportunity to
approach the neurology of consciousness by a process
of contrast or subtraction, focusing on the differences
between processes that are and that are not linked to
consciousness.

The major methodological problem for students
of unconscious processes is how to determine the pre-
sence or absence of awareness. Much of the neuropsy-
chological work in this area relies on verbal report
(Barbur et al., 1993) or the use of a ‘commentary key’
(Weiskrantz, 1997) to indicate the degree of awareness.
But verbal reports and presses on commentary keys
may not provide exhaustive measures of the informa-
tion available to consciousness. Indeed, there are no
conclusive reasons for holding that consciousness
should always be reportable, even in principle (Zeman,
2000). On the other hand if every successful discrimi-
nation is taken to provide evidence of conscious per-
ception, the possibility of unconscious perception is
ruled out by definition (Kihlstrom et al., 1992). The
lack of any °‘exhaustive measure that exclusively
indexes relevant conscious perceptual experiences’ is
therefore a significant problem, though not necessa-
rily an insuperable one (Merikle and Reingold, 1992).
Psychologists have suggested a range of solutions
to the dilemma (Jacoby et al., 1992; Merikle and
Reingold, 1992).

The terminology of unconscious processes is
confusing. Besides the variety of cognate options —
subconscious, preconscious, non-conscious — a number
of technical terms have been used in related senses.
‘Implicit’ — or ‘subliminal’ — neural or cognitive pro-
cesses are those occurring in the absence of any con-
scious experience of the information concerned, by
contrast to ‘explicit’ — or ‘suprathreshold’ — processes.
‘Direct’ tasks are those that involve instructions refer-
ring directly to the dimension of interest to the experi-
menter: a direct test of memory might ask for the
contents of a word list, whereas an ‘indirect’ task

might examine whether prior exposure to the list
increased the ease with which they are later identified
on a brief presentation. Note that a direct task may tap
an implicit process — if for example we are asked to
guess at the location of a stimulus that we have not
consciously perceived — and an indirect task may tap
an explicit process, if I recognize the items from the
word list on their brief presentation.

1.2.2.3.2. Changing behavior without altering
experience

It is no surprise that stimuli impinging on the nervous
system can have neural effects in the absence of any
discernible effect on our awareness or behavior. There
is greater theoretical interest in events that ‘influence
our experience, thought, and behavior even though
they are not consciously perceived’ (Kihlstrom et al.,
1992). Examples include the effects of ‘unperceived’
stimuli on judgements made by normal subjects in
direct and indirect tasks (unperceived because, for
example, they are too weak, too brief, or ‘masked’ by
preceding or succeeding stimuli); their effects in nor-
mal controls subjected to procedures like anesthesia or
hypnosis; and their effects in subjects with neuropsy-
chological syndromes such as blindsight, neglect, and,
possibly, hysteria.

A 19th-century experiment by Pierce and Jastrow
illustrates the effect of stimuli too subtle to allow
confident verbal report on judgment in a direct test.
Subjects were required to judge or guess which of
two similar pressures was the greater. At the same
time they indicated their degree of confidence in their
judgment. Even when the confidence rating had fallen
to zero, their guesses proved correct significantly
more often than chance would have allowed (Kihlstrom
et al,, 1992). In a modern reworking of the theme,
a study of the functional imaging correlates of the per-
ception of low concentration odors demonstrated above
chance detection in the absence of reported awareness,
associated with brain activation in the anterior medial
thalamus and inferior frontal gyrus (Sobel et al., 1999).
‘Mere exposure’ effects illustrate the effects of un-
perceived stimuli in an indirect test (Zajonc, 1980).
Abstract stimuli presented extremely briefly, for 1 ms,
tend to be chosen in a subsequent task in which subjects
are asked to state which of two stimuli they prefer, even
though they are not recognized as familiar. In a study
directed to the neural correlates of unperceived stimuli
rather than to their behavioral effects, Dehaene et al.
found that in a task requiring subjects to classify num-
bers as larger or smaller than 5 by pressing a button
with the left or right hand, presentation of masked,
unreported, numerical primes sets in train a stream of
perceptual, cognitive, and motor processes in precisely
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the areas that are also engaged by the perceived stimu-
lus (Dehaene et al., 1998). The occurrence of implicit
perception under anesthesia has been supported by
a number of studies. Schwender and colleagues, for
example, showed that, in the absence of any explicit
recall of events during cardiac surgery, some patients
associated key words with material that had been read
aloud during the operation; these patients were distin-
guished by the relatively normal latencies of their mid-
latency auditory evoked potentials under anesthesia
(Schwender et al., 1994).

In neuropsychology, the most widely quoted exam-
ple of unconscious perception is undoubtedly blindsight
(Stoerig and Cowey, 1997; Weiskrantz, 1998). This
paradoxical term, coined in 1974 by Sanders et al.,
describes a range of visually based abilities that can
be demonstrated in the absence of visual awareness
following damage to striate cortex in some, but not
all, subjects. The possibility that abilities of this kind
might exist was suspected on the basis of the relatively
good recovery of visual function in monkeys after
experimental ablation of striate cortex. An experiment
by Poppel and colleagues, in which war veterans with
scotomata due to gun shot wounds were encouraged
to look in the direction of ‘unseen’ stimuli, suggested
that similar abilities might be found in humans (Poppel
et al., 1973). This was confirmed when D.B., a patient
in whom the right calcarine cortex had been excised
as part of the surgical treatment of an arteriovenous
malformation, was ‘urged to guess’ the nature and loca-
tion of stimuli in his blind field (Sanders et al., 1974).
His guesses, to his great surprise and despite his insis-
tence ‘that he saw nothing except in his intact visual
field’, proved to be substantially correct. Subsequent
work has shown that, besides mediating neuroendocrine
and reflex responses, blindsight can subserve accurate
performance on a range of direct and indirect tasks
(Stoerig and Cowey, 1997). Indeed on some measures,
blindsight allows accuracy well beyond the perfor-
mance of normal subjects making judgements close to
the threshold of awareness. Its capacities include locali-
zation of the ‘unseen’ target by hand or eye and simple
judgements about orientation, shape, and presence or
absence of motion. A range of skeptical interpreta-
tions of these results, in terms of covert eye movements,
scatter of light into the intact visual field, the survival
of islands of cortex and the persistence of degraded
but nevertheless conscious visual awareness have been
substantially rebutted (Weiskrantz, 1998), although
blindsight continues to provoke lively debate (Zeki
and Ffytche, 1998). This line of research, inspired by
observation made in monkeys, has come full circle with
ingenious experimental evidence that destriated mon-
keys, like destriated humans, may lack ‘phenomenal

vision’ and rely on blindsight for their well preserved
visuomotor skills (Cowey and Stoerig, 1995).

The study of neglect also illustrates the effects of
unperceived stimuli on subsequent behavior, although
the puzzle in such cases, superficially at least, lies
as much in the subjects’ initial failure to perceive the
stimuli as in their subsequent effects (Robertson and
Marshall, 1993). Following brain lesions, most com-
monly affecting the right inferior parietal lobe, subjects
may fail to attend to stimuli in contralateral space. The
failure can affect imagined scenes as well as real ones
(Bisiach and Luzzatti, 1978). The syndrome has been
fractionated into several subtypes: primarily perceptual
or primarily motor (Tegner and Levander, 1991); primar-
ily perceptual or primarily representational; spatially or
object-based, and affecting near or far space (Halligan
and Marshall, 1991). Yet despite the apparent failure of
awareness of stimuli in the affected half-field among sub-
jects with neglect, there is clear evidence for implicit
processing of information about these stimuli. Thus sub-
jects with left hemineglect, invited to express a prefer-
ence for one of two line-drawings that differ only in the
plume of smoke rising from a house fire on the far left,
tend to choose the fire-free home (Marshall and Halligan,
1988). In a similar vein, unidentified words presented on
the neglected left-hand side of space can influence the
identification of words presented later on the attended
side (Berti and Rizzolatti, 1992). Rees and colleagues
have demonstrated activation of visual areas contralateral
to the unreported stimulus in a patient with the related
syndrome of extinction, suggesting that the failure of
awareness in these disorders in neglect is due to distur-
bance of a relatively late stage of stimulus processing
(Rees et al., 2000).

These examples of the influence of unperceived
stimuli on behavior have parallels in the domains of
memory and action (Table 1.2). ‘Declarative’ mem-
ories are those we can explicitly recall and articulate,
including our memories for autobiographical episodes
(Squire et al., 1990). ‘Procedural’ memories, which
include those acquired through classical conditioning,
priming, and during acquisition of motor skills, are
implicit, capable of influencing behavior without any
need for conscious recollection. Declarative memories
are associated with a network of limbic and neocorti-
cal areas, somewhat distinct from the subcortical and
motor cortical regions implicated in procedural mem-
ory (Berns et al., 1997; Buckner and Koutstaal, 1998;
Clark and Squire, 1998). Studies of the gradual learn-
ing of rules, which can, initially, gain an influence over
behavior in the absence of any conscious apprecia-
tion of the rule, offer related insights (Berns et al.,
1997). In the context of action, much of what we do
is automatic, requiring little or no supervision by
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Table 1.2

Paradigms for studying the neural correlates of conscious (upper row) and unconscious (lower row) processes

Vision

Memory Action

Shifts of attention
Visual imagery
Hallucinations
‘Multi-stable’ percepts

Stimulus constant,
experience changes

Experience constant,
behavior changes Blindsight
Neglect

Agnosia

Visually guided behavior in:

Free choice
Delusions of control

Declarative recall

Automatic behavior,
alien limb

Procedural memory

From Zeman, 2002; adapted from Frith et al., 1999.

consciousness: once again, there are illuminating dif-
ferences between the underlying functional neuro-
anatomy of effortful, willed, ‘conscious’ actions and
that of habitual or automatic acts. For example, as
skills are acquired, global brain activation decreases
and there are shifts in regional brain activation, with
decreasing involvement of prefrontal regions as the
requirement for conscious supervision declines (Haier
et al., 1992; Passingham, 1997; Petersen et al., 1998;
Raichle, 1998).

In each case — perception, memory, action —explora-
tion of the neural basis of unconscious processes
provides a promising approach to understanding the
neurology of awareness, complementing the direct pur-
suit of the neural correlates of experience, discussed
above. Comparison of conscious and unconscious states,
and of conscious and unconscious processes, exemplifies
the ‘contrastive analysis’ that informs much contem-
porary discussion of the neurology of consciousness
(Table 1.3). We will return to the broader implications
of both approaches in section 1.4.

1.3. Concepts of impaired and altered
consciousness

This book is devoted to the detailed discussion of
the full range of pathologies of consciousness. This
section will therefore merely outline a taxonomy of
these disorders, drawing attention to links with points
made in the previous sections and with the global the-
ories of consciousness discussed below (in section 1.4).
As before it is convenient to discuss pathologies of state
and of content in turn.

1.3.1. Pathologies of conscious state

1.3.1.1. A taxonomy of impairments

Pathologies of conscious state can be classified with
respect to duration (brief, as in syncope or epileptic

seizure, or more protracted, as in coma), underlying
cause (e.g., hypoxia/ischemia, trauma, epilepsy, drugs,
metabolic disturbance, infection, and inflammation,
structural brain disease, psychogenic inter alia), or
clinical features (e.g., brainstem death vs coma vs
vegetative state vs akinetic mutism vs minimally con-
scious state).

Table 1.4 is a recent, conventional, British taxonomy
of the major persistent pathologies of conscious state
(Working Party of the Royal College of Physicians,
2003), classified by clinical feature and including the
locked-in syndrome, which is of course not a pathology
of consciousness but is all too easily mistaken for one.
Coma is a state of continuous ‘eyes-closed’ unconscious-
ness in the absence of a sleep—wake cycle. It varies in
degree from moderate to profound unresponsiveness
and is associated with a comparably variable reduction
in cerebral metabolism. It results from diffuse hemi-
spheric or focal brainstem/diencephalic dysfunction and
is usually a transitional state, en route to recovery, brain-
stem death, or a state of chronically impaired aware-
ness with recovery of the sleep—wake cycle. The risk
of confusing the ‘locked-in state’ with coma is now
well recognized by neurologists. In this syndrome,
which follows brainstem lesions abolishing the des-
cending control of voluntary movement, patients are
only able to communicate using movements of the
eyes or eyelids.

Brainstem death implies the irreversible loss of all
brainstem functions. In the UK it renders legal the
removal of organs for transplantation, provided that
appropriate consent has been obtained. It is generally
followed by cardiac death, within hours to weeks,
although there are reported exceptions to this rule.

The vegetative state, first defined by Jennett and
Plum in 1972, is, in a sense, the converse of brainstem
death. In this condition, characterized by ‘wakefulness
without awareness’, patients regain their sleep—wake
cycle and may be aroused by painful or salient stimuli



Table 1.3

CONSCIOUSNESS

17

‘Contrastive analysis’: examples of studies comparing conscious and unconscious brain activity

Study (context)

Comparison

Results

Laureys, 2000 (vegetative
state)
John, 2001 (anesthesia)

Sahraie, 1997 (blindsight)

Dehaene, 1998 (backward
masking)

Kanwisher, 2000 (binocular
rivalry)

Moutoussis, 2002 (invisible
stimuli)

Engel, 2000 (binocular
rivalry)

Tononi, 1998 (binocular
rivalry)

Petersen, 1998 (task
automatization)

Vegetative state vs recovery
Anesthesia vs awareness

Aware vs unaware mode of perception
in blindsight patient GY

Perceived numbers vs backward masked
but processed numbers

Attention to ‘face’ or ‘place’ when
stimuli of both kind are simultaneously
in view, or perception of face or place
during binocular rivalry

Perceived vs ‘invisible’ but processed
faces/houses

Perception of one or other of a pair
of rivalrous stimuli

Perception of high vs low frequency
flicker during binocular rivalry

Effortful verb generation task vs
performance after training

Increase in cortical metabolic rate and restoration
of connectivity with recovery

Loss of gamma band activity and cross-cortical
coherence under anesthesia

Aware mode associated with DLPF and PS
activn, unaware with medial F and subcortical

Unreported numbers underwent perceptual,
semantic, and motor processing similar but
less intense to reported numbers

Activity in FFA and PPA locked to presence or
absence of awareness of face and place

Similar but less intense activation of FFA and
PPA by invisible stimuli

Firing of cells processing currently perceived
stimulus better synchronized than firing of
cells processing suppressed stimulus

More widespread and intense activation by
perceived stimulus

LPF, ant cing, and cerebellar activation shifts to
left perisylvian activation with training

ant cing = anterior cingulate; DLPF = dorsolateral prefrontal cortex; FFA = fusiform face area; LPF = lateral prefrontal cortex;
medial F = medial frontal cortex; PPA = parahippocampal place area; PS = prestriate.

but show no signs of discriminative perception or delib-
erate action, including attempts to communicate (Multi-
Society Task Force on PVS, 1994a, 1994b; Zeman,
1997; Jennett, 2004). Recovery from a vegetative state
often occurs: younger age and a traumatic rather than
hypoxic—ischemic causation improve the outlook. After
1 month the condition is often termed ‘persistent’ and
in patients in whom recovery appears highly unlikely
it may be deemed ‘permanent’, although perma-
nence cannot of course be predicted with certainty.
The underlying pathology usually involves some com-
bination of (1) diffuse cortical injury, typically cortical
laminar necrosis; (2) diffuse white matter injury, typi-
cally diffuse axonal injury, or leukoencephalopathy;
or (3) thalamic necrosis. The ‘minimally conscious
state’ is ‘a condition of severely altered consciousness
in which minimal but definite behavioral evidence
of self or environmental awareness is demonstrated’
(Giacino, 2005). Akinetic mutism is a related state of
profound apathy with some evidence of preserved
awareness, characterized by attentive visual pursuit
and an unfulfilled ‘promise of speech’. It is often
associated with damage to the medial frontal lobes.
These distinctions are useful and modera robust in
clinical practice. They are not immune to practical

and theoretical problems. At a practical level, there
are apparent examples of long survival in ‘brain-dead’
patients (Shewmon, 1998), and there is evidence that
the vegetative state has often been misdiagnosed in
patients who are in fact aware (Childs et al., 1993;
Andrews et al., 1996). At a theoretical level, it is con-
ceivable that brainstem death might become a treatable
disorder as neural prostheses are developed, and it is
open to question whether patients in a vegetative state
are wholly unaware (Zeman, 1997). These concepts
are still in evolution.

The classic impairments of consciousness mentioned
so far are relatively severe and well defined. In the
hinterland of coma lie a range of more subtle impair-
ments of consciousness that have attracted an inconsis-
tent and confusing terminology, including such terms
as delirium, confusional states, acute organic brain syn-
drome, stupor and catatonia.

Delirium, confusion, and acute organic brain syn-
drome are probably best considered as a single, highly
heterogenous, nosological entity, characterized by the
acute or subacute onset of a ‘clouding of consciousness’,
accompanied by incoherence of thought, impairment
of working memory and delayed recall, abnormalities
of perception often including hallucinations, and



Table 1.4

The differential diagnosis of impaired awareness

Death confirmed by

Condition Vegetative state Minimally conscious state Locked-in syndrome Coma brainstem tests
Awareness Absent Present Present Absent Absent
Sleep-wake cycle Present Present Present Absent Absent
Response to pain + Present Present (in eyes only) + Absent
Glasgow Coma Score E4, M1-4, V1-2 E4, M1-5, V1-4 E4, M1, V1 El, M1-4, V12 El, M1-3, V1

Motor function

Respiratory function
EEG activity

Cerebral metabolism (PET)

Prognosis

No purposeful
movement

Typically preserved

Typically slow wave
activity

Severely reduced

Variable: if permanent,
continued vegetative
state or death

Some consistent or
inconsistent verbal or
purposeful motor
behavior

Typically preserved

Insufficient data

Insufficient data

Variable

Volitional vertical eye
movements or
eyeblink preserved

Typically preserved
Typically normal

Mildly reduced

Depends on cause but
full recovery unlikely

No purposeful movement

Variable

Typically slow wave
activity

Moderately—severely
reduced

Recovery, vegetative
state or death within
weeks

None or only reflex
spinal movement

Absent
Typically absent

Severely reduced or
absent
Already dead

PET = positron emission tomography.

Source: Working Party of the Royal College of Physicians, 2003.
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disturbance of emotion and of behavior, which may
become either hypo or hyperactive (Lipowski, 1990;
Lindesay et al., 2002). These features are, in delirium,
the result of diffuse brain dysfunction, commonly due
to metabolic derangement, organ failure, infection or
the effects of drugs or drug withdrawal. The ‘clouding
of consciousness’ that is often considered characteris-
tic of delirium can be dissected into a number of
components. These include disturbance of the sleep—
wake cycle associated with abnormalities of arousal
or alertness; an inability to sustain attention that is the
neuropsychological hallmark of ‘confusional’ states;
and abnormalities of awareness that, in delirium, often
include fleeting hallucinations and delusions. This
complex of features indicates that the distinction I have
drawn between ‘wakefulness’ and ‘awareness’ is not
always respected by the brain and its disorders: ‘atten-
tion’, in particular, is a composite function, related to
both arousal and awareness, functions jointly disrupted
in delirium. Their joint disruption is partly the result of
the widespread brain pathology that underlies delirium
but also reflects the joint role of certain brain regions,
especially the thalamus, in mediating both arousal and
awareness.

Stupor is a related disturbance of consciousness
‘whose central feature is a reduction in, or absence
of, relational functions: that is action and speech’
(Sims, 2003). Akinetic mutism, mentioned above, is
a neurological cause of stupor. The distinction bet-
ween neurological and psychiatric causes of stupor,
such as affective disorder, psychosis, and dissociative
disorder, can be extremely difficult, as the following
case illustrates.

An elderly woman became progressively withdrawn
over the course of several months following minor
surgery. Depression was suspected by her general
practitioner, and later by a psychiatrist, but she did
not respond to antidepressant treatment. Although a
computed tomography (CT) scan showed somewhat
dilated ventricles, the cortical mantle appeared nor-
mal and the ventricular dilatation was not considered
significant. The patient became stuporose, was admitted
under the psychiatry service and treated with elec-
troconvulsive therapy (ECT), with no improvement.
Neurological assessment was difficult but revealed
hypertonia and, possibly, extensor plantars. A lumbar
puncture showed a cerebrospinal fluid (CSF) protein
concentration of 1.8 g/l, and a magnetic resonance ima-
ging (MRI) scan of the brain revealed a meningioma
at the foramen magnum. The tumor was thought to be
causing hydrocephalus by elevation of CSF protein
and interference with CSF reabsorption. The menin-
gioma was removed and after some months the patient
returned to her normal, independent existence.

Catatonia is another ‘disorder of consciousness’
falling awkwardly between the disciplines of neurol-
ogy and psychiatry (Fink and Taylor, 2003). It is char-
acterized by motor features, varying from catalepsy
or ‘waxy flexibility’ to motor stereotypies including
‘echo’ phenomena, accompanied by a markedly altered
mental state involving alteration of both arousal and
awareness. Its most common causes are psychiatric,
including bipolar disease, depression, and schizophre-
nia, but it occurs in neurological disorders including,
for example, the neuroleptic malignant syndrome and
encephalitis lethargica. The value of a combined neu-
ropsychiatric approach to these clinical phenomena
should be self-evident.

There is, finally, a group of candidate disorders or
alterations of ‘conscious state’ whose status is deeply
unclear. These include dissociative or functional coma
and stupor, and alteration of consciousness during hyp-
nosis (Halligan et al., 2001; Vuilleumier, 2005). It is
uncertain at present to what extent these phenomena
are best understood as perturbations of conscious state
and to what extent as modulations of social behavior.
Elucidation of their neural correlates may help to
clarify their nature.

The possibility that the various classic states of
reduced or absent consciousness, among them slow
wave sleep, the varieties of coma, including anesthetic
coma, and the vegetative state, may have important
underlying common neurobiological features has been
raised by recent research (Baars et al., 2003) and will
be discussed further below (section 1.4.1).

1.3.1.2. State boundary dissociation

The impairments of conscious state considered so far
represent more or less protracted deviations from
the normal, healthy alternation of sleep and wakefulness.
The parasomnias are disorders of behavior, autonomic
nervous system functioning, and experience occurring
in relation to sleep (Table 1.5). The newly revised
International Classification of Sleep Disorders (ICSD-2)
recognizes that parasomnias can emerge during entry
into sleep, within sleep, or during arousals from sleep
(American Academy of Sleep Medicine, 2005). Parasom-
nias occur in all NREM sleep and REM sleep stages
(see Fig. 1.5 for the neuropharmacology of these sleep
stages). They have been described illuminatingly as the
result of ‘state boundary dissociation’, the breakdown of
the boundaries that normally separate the principal con-
scious states described above, allowing elements of these
states to commingle (Mahowald and Schenck, 1992).
Thus sleep paralysis, caused by the persistence of
the atonia of REM sleep into wakefulness, results from
a partial breakdown of the normal separation between
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Table 1.5

Classification of the common parasomnias and related conditions, by sleep stage

Sleep—wake transition disorders NREM arousal disorders

REM sleep parasomnias

Others

Confusional arousals
Sleep terrors
Sleep walking

Sleep starts

Exploding head syndrome
Rhythmic movement disorders
Restless leg syndrome

Nightmares
Sleep paralysis
REM sleep behavior

Sleep bruxism

Sleep enuresis

Sleep related panic attacks

Sleep related hallucinations
Periodic leg movements in sleep
Sleep related choking episodes
Sleep related groaning

Sleep related eating disorder

Sleep related dissociative disorders

disorder

these two states. In REM sleep behavior disorder, the
muscle tone of wakefulness intrudes into REM sleep,
allowing the release of dream-enacting behaviors.
Hypnagogic hallucinations, intrusions of dream menta-
tion into wakefulness, are expressions of a similar
overlap. Sleepwalking occurs as a result of incomplete
arousal from SWS, with motor activity appropriate to
wakefulness occurring in conjunction with mentation

Wakefulness

of a kind that normally occurs in SWS (Bassetti
et al., 2000).

1.3.2. Pathologies of awareness
If ‘awareness’ is taken to refer to the contents of experi-

ence, several of the pathologies referred to in the pre-
vious section profoundly affect it. The vegetative state

Fig. 1.5. State-dependent changes in the activating system. During wakefulness, hypocretin (Hcrt) activity excites noradrener-
gic (green), histaminergic (deep blue), and serotonergic (yellow) neurons, which give rise to enhanced cortical activity and
arousal. Slow-wave sleep (SWS) is characterized by synchronous intrinsic cortical activity and most subcortical afferents show
reduced activity. During rapid eye movement (REM) sleep, low hypocretin activity results in the disinhibition of REM on cho-
linergic neurons (orange). DRN = dorsal raphe nucleus; LC = locus ceruleus; PPT = pedunculopontine tegmental nucleus;
PRF = pontine reticular formation; TMN = tuberomammillary nucleus. (With permission from Sutcliffe and de Lecea, 2002.)
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has already been characterized as a condition of ‘wake-
fulness without awareness’. In the ‘minimally conscious
state’ the capacity for experience has recovered to some
degree but remains severely limited.

Many of the focal deficits described in neuro-
psychology can also be regarded as ‘pathologies of
awareness’, as these typically affect the contents of
experience. Thus, for example, central achromatopsia
(Zeki, 1990), akinetopsia (Zeki, 1991), prosopagnosia,
the impairment of fear processing by damage to the
amygdala (Young et al., 1995), the selective loss of
the capacity for visual imagery (Farah, 1984), and
the amnesic syndrome (Kopelman, 2002) are discrete
disorders of cognition with distinctive effects on
awareness. Much of neuropsychology and cognitive
neuroscience therefore has a bearing on the ‘science
of awareness’. Many psychiatric disorders, especially
those involving psychotic experience, profoundly affect
the contents of consciousness and are in this sense
‘pathologies of awareness’ (Frith, 2004).

1.3.3. Pathologies of self-awareness

These are as at least as various as the senses of ‘self-
consciousness’ discussed above. The senses distin-
guished there should provide a helpful approach
to understanding the diversity of disorders of self-
awareness.

Thus, the selective loss of proprioception, whether
due to a disorder of the central or the peripheral nervous
system, impairs self-awareness in the sense of self-
perception. The experience of phantom limbs, and per-
haps the alteration of self-perception that occurs in
‘depersonalization’, are disorders of self-awareness in
a similar sense of the term.

Anosognosia, failure to appreciate the presence of
disease, is a disorder of self-monitoring, the third sense
of self-consciousness distinguished earlier (Adair
et al., 2003). It occurs, for example, for memory defi-
cit in Alzheimer’s disease and for limb weakness in
association with the phenomena of hemineglect and
extinction.

Selective loss of mirror self-recognition, the fourth
sense of self-consciousness, is a rare occurrence but has
been described in dementia. Impairments of the ‘aware-
ness of awareness’, or ‘theory of mind’, are more com-
mon and have been a focus of recent research. It is
suggested that the core cognitive deficit in autism
is failure to acquire the appreciation of the mental
states of others that most of us acquire without effort as
small children (Baron-Cohen, 1995; Frith and Frith,
1999). Similar deficits occur in the course of some
degenerative disorders, notably frontotemporal demen-
tia (Gregory et al., 2002). It has been suggested that a

distributed network of brain regions in the parietal lobe,
paralimbic regions and frontal lobes subserve this socially
crucial form of self-awareness (Abu-Akel, 2003).

Finally, ‘self-knowledge’, the last sense of self-
consciousness distinguished above, can be affected by
a variety of neurological disorders, for example those
affecting autobiographical memory (Evans et al., 1996,
2003; Manes et al., 2001; Kopelman MD, 2004). Una-
wareness of personality change in frontotemporal
dementia (Rankin et al., 2005) might be regarded as
another example of impaired self-knowledge in this
final sense.

1.4. Contemporary models and theories
of consciousness

The renaissance of empirical research on conscious-
ness has stimulated several rather general accounts
of its mechanisms. A common denominator of these
theories is their ambition to do justice to the subjective
features of experience, showing how these might plau-
sibly emerge from the candidate mechanisms; most
of the theories also incorporate an account of the
functions of consciousness in the control of behavior.
Some aim to specify anatomical foundations and phy-
siological mechanisms; others have focused on the
computational tasks that conscious processes might
perform; a third group of theories has addressed the
possible social origins and roles of consciousness.
These approaches are not mutually exclusive: visual
experience has subjective qualities, a neural basis,
a computational role in controlling behavior and a
social context. I shall review a selection of the more
prominent proposals in each of these groups, leaving
the fundamental question of whether any such theory
is capable, in principle, of giving a complete account
of consciousness until the final section (section 1.5).

1.4.1. Anatomy and physiology: the ‘where’
and ‘how’ of consciousness?

The majority of theories take it for granted that struc-
tures in the upper brainstem, thalamus, and basal fore-
brain play a critical role in arousal, while thalamic and
cortical activity substantially determine the content of
consciousness. Most assume that the neural correlate
of consciousness will prove to be some variety of
‘neuronal cell-assembly’, defined by the Canadian
psychologist Donald Hebb as a ‘diffuse structure
comprising cells in the cortex and diencephalon ...
capable of acting briefly as a closed system, deliver-
ing facilitation to other such systems’ (Hebb, 1949).
Most theories, also, assume that the loosely linked but
temporarily coherent network of neurons subserving
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consciousness at a given time will be widely distributed
in the brain and will engage a range of cognitive capa-
cities. But agreement on the role of neuronal assemblies
in the genesis of consciousness leaves scope for dis-
agreement about many important details: Must the
assembly be of a certain minimum size and undergo a
particular duration, intensity, or pattern of activity to
give rise to consciousness? Need it incorporate particu-
lar neuronal types, cortical layers, or cortical regions?
Must there be a particular set of interregional connec-
tions? Must a certain set of psychological functions be
engaged?

Edelman and Tononi (Tononi and Edelman, 1998b)
have developed a model that envisages the emergence
of ‘primary consciousness’, the construction of our
multimodal perceptual world from a ‘dynamic core
of strongly interacting elements’, cortical modules
that are at once internally complex, potentially inde-
pendent, and yet highly interconnected; these interac-
tions depend on a process of ‘re-entry’, via reciprocal
links between regions of the thalamocortical system;
this permits the integration of current sensory proces-
sing with previously acquired affect-laden memories.
Tononi argues that this model of a constantly shifting
‘dynamic core’ of neural elements subserving con-
sciousness accounts for many of its properties — its
continuity and changefulness, its coherence and its
pace of change, the existence of a focus of attention
and a more diffuse surround, and the wide access of
its contents to a range of psychological operations.

Crick and Koch have proposed a theory along
broadly similar lines with some differences of empha-
sis (Crick, 1994; Koch, 1998). They argue that, in the
case of visual awareness, the neural correlate of con-
sciousness must be an ‘explicit, multi-level, symbolic
interpretation of part of the visual scene’. ‘Explicit-
ness’ implies that the NCC must reference those fea-
tures of the visual scene of which we are currently
aware, for example by a synchronized elevation of
the firing rate of the cells that reference the features;
the NCC for vision will be ‘multi-level’ in the sense
that several levels of processing in the hierarchy of
cortical visual areas are involved; it is ‘symbolic’ in
the sense that the NCC represents the relevant features
of the visual scene. Crick and Koch anticipate that
the NCC at any given time will involve a sparse but
spatially distributed network of neurons and that its
activity will stand out against the background of neu-
ronal firing for at least 100-200 ms. They suggest that
the neurons involved in the NCC may have ‘some
unique combination of molecular, pharmacologic, bio-
physical, and anatomic properties’: for example Crick
has speculated that ‘bursty’ pyramidal cells in layer 5
of the cortical visual areas may play a critical role in

the NCC. With the aim of honing the definition of
the NCC for vision, Crick and Koch have made the
controversial proposal that neurons within Area V1,
primary visual cortex, do not directly participate in
the NCC for visual awareness, despite supplying much
of the information that is processed in visual areas
downstream (Crick and Koch, 1995). The idea has
two main sources: the empirical observation that sev-
eral characteristics of our visual experience correlate
more closely with the activity of neurons in higher
visual areas, such as V4, than in V1; and the theoreti-
cal view that only cortical regions that can directly
influence action, via interconnections with the frontal
lobes, can directly contribute to consciousness.

A number of other proposals offer variations on
the themes of these two theories, some emphasizing
the importance of particular brain regions, others the
importance of particular processes, generally defined
in broad psychological terms. Thus, arguing on the
basis of evidence from experimental and clinical neu-
ropsychology, David Milner has proposed that the
‘dorsal’ stream of visual processing is dedicated to
the ‘on-line’ control of visually-guided behavior while
the ‘ventral’ stream is responsible for the creation of
our conscious visual world (Milner, 1995). Three other
distinguished contributors to the field have suggested
versions of the principle, mooted by both Edelman
and Crick, that consciousness is conferred on otherwise
unconscious neural processes by virtue of some further
interactive process — of ‘commentary’, ‘comparison’, or
‘remapping’. Larry Weiskrantz has argued that what
is missing in both blindsight and in the amnesic syn-
drome is ‘the ability to render a parallel acknowledged
commentary’ on activities — sensorimotor control, pro-
cedural memory — that the subject can in fact still per-
form (Weiskrantz, 1997). Weiskrantz helpfully draws
a distinction between two views of the ‘commentary
stage’: that it merely enables the acknowledgment of
consciousness that is itself somehow achieved by other
means, and that making the commentary actually
endows us with consciousness: ‘it is what is meant by
being aware and what gives rise to it’. Weiskrantz
favors the second, more radical view and draws atten-
tion to the parallel between this proposal and the ideas
of the philosopher David Rosenthal, the originator of
‘higher order thought’ theories of consciousness
(Rosenthal, 1986). Jeffrey Gray makes the analogous
suggestion that awareness arises from a ‘second pass’
in which the unconscious data provided by sensory
processes are compared with expectations generated
by past experience and current intentions (Jasper
et al., 1998). In a similar vein, Antonio Damasio pro-
poses that awareness occurs when the brain represents
the effects of sensory events on the organism by a
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process of ‘second order mapping’ (Damasio, 2000).
In other words, mere sensation is insufficient for aware-
ness: it must first be transformed by a process that
makes explicit the impact of the knowledge on the
knower. Weiskrantz implicates ‘fronto-limbic areas’
in the commentary stage, Jeffrey Gray locates the criti-
cal ‘comparison’ in his theory to limbic regions of the
temporal lobes and the basal ganglia while Damasio
locates the neural representation of the self in the
upper brainstem, thalamus, deep forebrain nuclei, and
SOmatosensory cortex.

Among somewhat similar lines, Baars, Laureys and
others (Baars et al., 2003) have recently drawn
together the threads from studies of the conscious rest-
ing state, sleep, coma, anesthesia, and the vegetative
state to identify a network of frontoparietal regions
with an especially close relationship to consciousness:
activity in these regions is tonically high in the resting
conscious state and selectively depressed in all four
states of unconsciousness. These authors propose that
these brain regions subserve ‘self systems’ in the brain:
when they are damaged or deactivated the ‘observing
subject’ is no longer available to respond to the ‘objects
of consciousness’ within the brain.

The theories discussed so far emphasize the anatomi-
cal organization of the brain networks and the nature of
the psychological processes involved in consciousness.
The notion that a certain ‘kind’ of distributed neuronal
activity may also be crucial has also been raised. The
most popular current candidate for a key role in the phy-
siology of consciousness is neural activity synchronized
in the gamma frequency range of 35-45 Hz. There is
evidence to suggest a role for coherent gamma band
activity in arousal, sensory segmentation, selective
attention, working memory, and in aspects of ‘higher
order consciousness’, motivation, action planning, and
symbolic processing (Engel et al., 2000).

These theories are already diverse, although united
by many common themes and principles. It would
be misleading to fail to mention that the field has its
share of intriguing outliers. For example, while most
theories emphasize the importance of interaction
between brain regions and psychological processes in
the genesis of consciousness, Semir Zeki has proposed
that individual visual areas may be associated with
individual ‘microconsciousnesses’ (Zeki and Bartels,
1998). While most of these theories work within the
boundaries of standard neuroscience, Roy John has
suggested that mechanisms akin to those discussed
throughout this section give rise to a ‘resonating elec-
trotonic field” that is the proximal physical substrate
for awareness (John, 2005). Finally, quantum theor-
ists of consciousness have argued that we need to
appeal to the basic physical features of the subatomic

constituents of the brain to understand how it gives
rise to awareness (Penrose, 1994). These theories pro-
vide a reminder that the current scientific ‘consensus’
on the mechanisms of consciousness is far from uni-
versal: it remains possible that its explanation will
require novel departures in scientific theory.

1.4.2. Cognitive/information processing
approaches

What is consciousness for? Almost all theories assume
that consciousness plays a role in the control of beha-
vior, specifically in circumstances that involve novel
challenges or unpredictable events to which we need
to devote a substantial part of our psychological
resources. In such circumstances instinctual or auto-
matic behaviors may be inadequate: the capacities to
select and acquire appropriate responses from a wide
and adaptable repertoire, often on the basis of fine
perceptual distinctions, will be advantageous. Func-
tional theories propose that consciousness is bound
up with these capacities, linking the evolution of
awareness to the emergence of flexible patterns of
learned behavior from more rigid instinctive patterns
of response as the ‘synaptic bridge’ that links sensation
to action gradually lengthened in the course of cerebral
evolution. These are, broadly, ‘integrative’ theories of
consciousness.

The most widely endorsed suggestion, made in Ber-
nard Baars’s and Stanislas Dehaene’s closely related
‘global workspace’ theories (Baars, 2002; Dehaene
and Naccache, 2003), is that consciousness is the
expression of a mode of brain processing that allows
information of crucial current importance to be broad-
cast widely through the brain, harnessing the activities
of a wide range of potentially independent processors
to the task in hand. Thus when we are conscious of
information we are in a position to report on it by a
variety of means, to use it to guide action of other
kinds, and to memorize it. In switching from an uncon-
scious to a conscious mode of processing we trade
automaticity, speed, and high-capacity parallel proces-
sing for flexibility of response under relatively slow,
serial control. Theories of this kind follow the lead
of William James in associating consciousness with
selective attention and ‘primary’ or ‘working’ mem-
ory: attention controls admission to the global work-
space where information, once admitted, commands
working memory and gains access to resources distrib-
uted throughout the brain. Whether a clear distinction
can really be drawn between the two modes of infor-
mation processing in the brain envisaged by these
theories will be a key question for consciousness
research over the coming years.
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1.4.3. Social theories

The theories outlined so far have focused on brain anat-
omy and physiology, psychological processes within
the individual brain, and computational algorithms.
But there are several reasons for suggesting that con-
sciousness has an important social dimension. First,
we have seen that the Latin root of ‘consciousness’
referred, originally, to knowledge shared with another.
Second, the sharing of knowledge with oneself, in
awareness, and the sharing of knowledge with others,
in social exchanges, may be interconnected: there is
a theoretical argument and empirical evidence that
awareness of self and awareness of others are acquired
in parallel (Strawson, 1974; Parker et al., 1994). Third,
language is a vital contributor to human awareness
and language, clearly, is a social phenomenon. Propo-
nents of social theories sometimes claim that the social
dimension of consciousness explains the bafflement
we tend to feel when we try to explain how the brain
can generate experience: on these views experience
is as much a social construction as a biological and
psychological phenomenon (Rose, 1998; Singer, 1998).

Humphrey provided a lucid example of theories which
propose a social function for awareness (Humphrey,
1978). He suggested that the purpose of consciousness
is to allow social animals to model each other’s behavior
on the basis of their insight into its psychological motiva-
tion. In other words, our knowledge of our own mental
states supplies us with insight into the mental states
underlying the actions of others; the ability to predict
these actions is a major determinant of our biological suc-
cess. More recently, such knowledge has been described
in terms of the possession of theory of mind: some social
theories broadly associate this with consciousness.

There is no doubt that a comprehensive theory of
consciousness needs to take account of its social
dimension. But most commentators agree that this is
the wrong level of explanation for the simpler forms
of consciousness, providing an avenue by which to
understand varieties of self-awareness or ‘higher-order
consciousness’ rather than addressing the more basic
phenomena of perceptual awareness.

1.4.4. A theory of theories?

The reader may be wearying, by this stage, of the variety
of proposals on offer, and eager for a satisfying synth-
esis. Unfortunately, it is early days in the science of con-
sciousness and there is no clear consensus view. It may
be worth trying to encapsulate the common ground
between the majority of models I have mentioned in a
few lines. Admittedly vague, such a summary would
run somewhat as follows: awareness, as defined at the

start of this chapter, requires an appropriate background
of brain activation by the nonspecific brainstem and
diencephalic activating system that set the ‘state’ of
consciousness. This must be linked to moderately pro-
longed, moderately high-intensity, locally differen-
tiated yet well synchronized and widely integrated
activity in a transient neocortical cell assembly inter-
connecting sensory, limbic, and executive regions
in the parietal, temporal, and frontal lobes. Activity
within the widespread resulting cortical-subcortical cell
assembly facilitates the flexible selection (and acqui-
sition) of appropriate responses, from a varied and
adaptable repertoire, sometimes on the basis of fine per-
ceptual distinctions. These responses include the var-
ious forms of self-report. Through these processes
‘knowledge that is in the network’ becomes ‘knowledge
for the network’ (Cleeremans, 2005). To be undergoing
brain activity of these kinds, potentially enabling these
highly flexible forms of interaction with the environ-
ment, is, most contemporary theories suggest, to be
conscious.

1.5. The philosophy of consciousness

Anyone reviewing the discoveries of the past century
that bear on the brain mechanisms of wakefulness and
awareness would surely conclude that we have learnt
a great deal about consciousness. But many observers
are left with the sense that there remains an ‘explana-
tory gap’ between the findings of brain science and
the phenomena of consciousness. Why should these
wonderfully elaborate, yet entirely physical, neural pro-
cesses give rise to the qualities of experience at all?
Why should particular subsets of brain activity give rise
to particular experiences, such as those of seeing, hear-
ing, and touching? Brain science, David Chalmers has
argued, is poised to answer the ‘easy’, mechanistic, pro-
blems of consciousness, but the philosophically ‘hard’
problem remains (Chalmers, 1996). Even once we have
achieved a comprehensive understanding of the inner
workings and outward behavior of an organism, it
seems that we can always ask these further questions:
is it conscious and, if so, what is its experience like?
A solution to the ‘hard problem’ must render transpar-
ent the opaque relationship between observable events
and felt experiences.

In this final section I shall introduce the standard
philosophical approaches to understanding the rela-
tionship between mind and brain in terms of three
strong, widely shared, intuitions about consciousness.
I shall close by suggesting, as others have done, that
to solve the problem of consciousness we may need
to refashion our concept of awareness and to broaden
the boundaries of explanation.



CONSCIOUSNESS 25

1.5.1. Three intuitions about consciousness

Three central intuitions recur repeatedly in philoso-
phical discussions of consciousness (Zeman, 2001,
2002). Philosophical accounts of consciousness can
be helpfully judged against them.

The first intuition is that consciousness, in the sense
of awareness or experience, is a robust phenomenon,
rich and real, that deserves to be explained by science
and not ‘explained away’. Sensory experiences, for
example, like those of color, sound, or pain, the sim-
plest and most vivid instances of awareness, are phe-
nomena that any full description of the universe must
take seriously. Indeed experiences of this kind are
arguably our point of departure in gaining knowledge
of the world. Consciousness, in this sense, is ‘the sea
in which we swim’ (Velmans, 2000). Almost everyone
interested in the science and philosophy of conscious-
ness would agree on these points in principle; but, of
course, there is scope for plentiful disagreement about
what is meant by the ‘reality’ of awareness.

The second intuition is that consciousness is bound
up with our physical being. Everyone knows that fati-
gue, alcohol, knocks on the head, and countless other
physical events can modify the state and contents of
consciousness. The survey of the neurobiology of con-
sciousness given above reinforces this prescientific
view: consciousness is firmly rooted in the brain and
the structure of experience appears to be mirrored
by the structure of neural processes. It has become
reasonable to suppose that every distinction drawn in
experience will be reflected in a distinctive pattern of
neural activity.

The third intuition is that consciousness makes a
difference to our behavior. It seems self-evident that
much of our behavior is explained by mental events.
If we could not see or hear or touch, if we could not
experience pain or pleasure, if we lacked conscious
desires and intentions, we would not and could not
behave as we do. If this is true, it is natural to suppose
that consciousness is a biological capacity that evolved
in the service of action.

The fact that these three intuitions are ‘natural’ and
widely shared does not guarantee that they are true.
But they help to identify the main points of disagree-
ment between the contending theories of consciousness
in the philosophy of mind — and to explain our reactions
to them. I shall focus on three of these approaches: the
view that conscious and neural events are closely corre-
lated but fundamentally distinct classes of phenomena;
the view that underlying neural events are identical
with the corresponding conscious experiences; and the
view that experiences are best understood in terms of
the functions served by neural events.

1.5.2. Philosophical approaches

1.5.2.1. Dualism

Dualism, the view that there are separate classes of
mental and physical entities, processes, or properties,
is deeply entrenched in our vocabulary, our thinking,
and our institutions. In medicine, for example, we often
find ourselves sorting disorders into ‘organic’ and ‘psy-
chogenic’ categories, a distinction that assumes, against
all the evidence, that the ‘psyche’ is inorganic. We
then use the results to divide medical labor between
those who care for bodies — physicians — and those
who care for minds — psychiatrists. The dichotomy
between mind and brain is reinforced by the traditional
physical separation of these two medical specialisms.

René Descartes is usually identified as the chief
historical representative of philosophical dualism
(Descartes, 1976). In the Discourse on method, pub-
lished in 1637, he argued that, while it was possible
to be mistaken about all other beliefs, it was not possi-
ble for him to be mistaken in his belief that he was a
‘thinking thing’. This inference seems reasonably
secure. He went on to conclude, much more question-
ably, that ‘I [am] a substance of which the whole
essence and nature consists in thinking, and which, in
order to exist, needs no place and depends on no mate-
rial thing’. Thus Descartes drew a radical distinction
between immaterial ‘thinking things’, minds, and
‘extended things’, physical objects.

Contemporary dualists have replaced Descartes’s
‘supernatural substance dualism’ with the naturalistic
view that mental attributes are a special, but natural,
class of properties of physical things, namely organ-
isms. In David Chalmers’s version, for example, con-
scious events are distinct from but closely related to
neural events, to which they are yoked by fundamental
‘psychophysical laws’ (Chalmers, 1996). In Chalmers’s
vocabulary, a sophisticated computer, capable of report-
ing and acting on information sensed in its surroundings,
would be ‘aware*’, that is to say in a physical state ana-
logous to the state of the human brain during conscious
experience, but not necessarily ‘aware’ in the crucial,
experiential sense: this latter, subjective, form of aware-
ness would only follow if additional psychophysical
laws linked the computer’s physical state to experiences
like ours. The philosopher Ned Block has developed a
distinction similar to Chalmers’s distinction between
‘awareness*’ and ‘awareness’ using the terms ‘access
consciousness’ and ‘phenomenal consciousness’ (Young
and Block, 1996).

Theories like these certainly respect our first intui-
tion, taking consciousness seriously. Chalmers’s the-
ory also does justice to the second intuition, by
granting that mental events are causally dependent on
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their neural substrate. But they fall foul of the third
intuition, as there seems to be no scope for the non-
physical properties of conscious events to make a
difference to the physical trajectory of behavior.

1.5.2.2. Mind-brain identity theory

The suggestion that conscious events are identical
with corresponding neural events offers a reduction-
ist, physicalistic solution to the mind—body problem.
It was proposed by Lucretius in the ancient world
and Thomas Hobbes in the 17th century. Other recent
examples of reductive explanations have reinvigo-
rated materialistic theories of the mind. Often-cited
instances include the reduction of heat to the kinetic
energy of atoms, the explanation of light in terms
of electromagnetic radiation and, perhaps of deeper
relevance to consciousness, the analysis of ‘life’ as
the property possessed by complex, highly integrated,
physical systems that are able to utilize energy from
their surroundings to sustain and reproduce them-
selves. Why should consciousness be an exception to
the stream of successful reductions of phenomena
once considered, like life, to be beyond the reach of
science?

Some well known philosophical thought experi-
ments suggest that it might indeed be an exception.
Current physical theory teaches that light, as a physical
entity, is nothing more than a certain type of radiation.
To know everything about such radiation would be to
know everything about light. But it is not clear that
if we knew everything about the physicochemical prop-
erties of an organism we would thereby know every-
thing about its experience. For example, how far can
science take us towards an appreciation of the subjec-
tive experience of an animal equipped with a sense we
lack, like the echolocatory sense of bats and dolphins
(Nagel, 1979)? Or, to come closer to home, could a
blind student of the visual system ever gain the knowl-
edge, which the sighted naturally possess, of ‘what it is
like to see’ (Jackson, 1982)? Some philosophers have
taken these examples to show that conscious experience
has subjective properties that are not fully specified
by and cannot be reduced to the neural structures and
processes on which they depend.

In terms of our three intuitions, mind-brain identity
theories, with their claim that conscious events ‘simply
are’ brain events, do justice to the physical basis of
experience and allow for its functional role. But they
fail to satisfy the first intuition, that the properties
of experience are robust phenomena in need of expla-
nation. In John Searle’s uncompromising words, ‘the
deeper objection [to physicalism] can be put quite
simply: the theory has left out the mind’ (Searle,
1992).

1.5.2.3. Functionalism

Dualism is rooted in the intuition that awareness is
‘rich and real’, a phenomenon that goes beyond its
physical substrate. Identity theory is rooted in the
intuition that awareness is intimately bound up with
events in the brain. Functionalism is most closely
related to our third intuition: that consciousness makes
a difference to our lives. Indeed this theory might be
caricatured as the view that consciousness does not
just make a difference to our lives: it is that difference.
In other words the essence of awareness lies in the
functions that it serves, the transformations of input
into output with which it is associated.

This approach owes much to the developing science
of artificial intelligence. Daniel Dennett has empha-
sized the analogy between the activity of the brain,
and the awareness associated with it, and the implemen-
tation of a software package in a computer, to create a
‘virtual machine’: ‘human consciousness ... can best
be understood as the operation of a . .. virtual machine

. in the parallel architecture of a brain’ (Dennett,
1991). Taking vision as an example, functionalism sug-
gests that visual experience consists in the countless
acts of discrimination and classification that sight per-
mits, and in their consequences for the rest of our mental
life: functionalism reinterprets our experience in terms
of a series of acts of judgment.

This approach has many attractions. Like identity
theory, it finds a place for consciousness in the natural
world. It accounts for, indeed it originates with, our
conviction that consciousness has effects. It escapes
the superficiality of its intellectual predecessor, beha-
viorism, by taking seriously what goes on within our
heads. It allows for the occurrence of consciousness
in other organisms or machines that perform the same
cognitive computations as we do.

But, at least at first sight, functionalism appears to
be vulnerable to the same fundamental objection as
identity theory: that it fails to account for the qualita-
tive properties of consciousness. We seem to be able
to ask of a virtual machine, just as we can of a neural
assembly, why should it be conscious at all and, if it is
conscious, why should its consciousness be like this?

The debate between proponents of these three broad
theories — identity theory, dualism, functionalism —
continues. For the time being there is no alternative
but to continue to use all three vocabularies of experi-
ence, biology, and behavior in our efforts to understand
the mind.

1.5.3. Broadening the explanatory horizon

Describing the process by which mechanistic models
replaced animistic ones to become the standard



CONSCIOUSNESS 27

approach to biological explanation, the historian of
medicine, Charles Singer, wrote: ‘The course of phy-
siological advance may be described, briefly, as the
expulsion of the mental element from process after
process associated with vital activity’ (Singer, 1928).
This advance was of course highly successful. But as
our mental lives are a crucial aspect of our biology,
the process of expulsion eventually had to stop. The
current fascination with consciousness reflects the
mounting intellectual pressure to explain how ‘vital
activity’ in the brain generates a mental element with
rich subjective content.

This explanation may require a rethinking of what
we mean by ‘the mental’, i.e., of what we are seeking
to explain, as well as a reassessment of the role played
by the brain. The traditional quest has been for a brain
mechanism, or set of mechanisms, that will account
for the occurrence of experience much as Descartes
conceived it — an essentially private, invisible, and
immaterial process. Both this conceptualization of
experience and the exclusive emphasis on the brain
have been called into question.

With regard to the brain, while its activity clearly
plays a key role in the genesis of experience, it is
only part of the story. The mind is typically ‘embo-
died, embedded, and extended’: that is to say, typical
episodes of experience involve interactions between
brain and the body that contains it; depend upon a
long history of individual development, conditioned
powerfully, in the case of human consciousness, by
cultural inheritance; and are played out in a physical
environment, through a process that is extended in
both time and space. The brain is highly relevant to
the study of consciousness but we probably need to
look beyond it if we are to give a full explanation
of awareness.

On the second count, we should not assume that
the target of our explanation is the kind of immater-
ial function envisaged by René Descartes. After all,
we determine whether others are conscious by inter-
acting with them, or simply watching them: 10 sec-
onds spent scrutinizing an expert mountaineer
ascend a cliff would leave little doubt about his con-
sciousness. Instead of regarding consciousness as a
mysterious emanation from the brain, perhaps we
should think of it as the exercise of a capacity for
sophisticated forms of interaction with the world,
enabled by the brain. This is broadly the approach
taken by O’Regan, Noe, and others who have argued
that sensation is not ‘generated’ by the neural pro-
cesses but consists in the real or virtual exercise of
exploratory skills (O’Regan and Noe, 2001; Noe A,
2004).

Whether this challenging approach will succeed in
bridging or dispelling the ‘explanatory gap’ between

the mind and brain remains to be seen. It is certain,
however, that the study of consciousness, one of the
major challenges for human understanding, has entered
an immensely exciting phase.
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Consciousness: its neurological relevance
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We live in an exciting time for understanding con-
sciousness and its disorders. Both basic science and
clinical neurology provide insights into the under-
standing of how alertness and awareness arise in the
brain.

A recurring theme is that, although the functional
anatomy of the brain is organized in a modular man-
ner, for meaningful brain function there is a high
degree of interaction among various regions. This
includes feedback to sensory inputs that govern per-
ception and the focusing and selectivity of attentional
processes (Cudeiro and Sillito, 2006; Maunsell and
Treue, 2006). The interaction of various seemingly
distinct functional areas, e.g., visual and auditory
systems, allows for integrated attention and also for
learning through plasticity (rewiring, new synapses,
and strengthened circuits and connections) changes in
the thalamus and cerebral cortex (Cudeiro and Sillito,
2006). The key role of the hippocampus in acquir-
ing new information is becoming better understood
(Delgado-Garcia and Gruart, 2006). Just how conscious
awareness arises from this integrated brain activity is
still unclear but the processes that are involved are
better understood. Powerful new neurobiological tech-
nologies in basic neuroscience hold promise for the
detailed neurophysiology of various components of
consciousness, especially processing of and combin-
ing of information and the initiation of responses.
Dr Zeman provides a masterly discussion of conscious-
ness from a neurological perspective in Chapter 1.

Clinical insights based on the jacksonian approach
of studying excitatory and destructive phenomena in
the brain (as discussed in Chs. 10 and 13) also provide
us with similar insights and respect for the brain’s

functional organization and the fundamental impor-
tance of integration of various regions. Just as
improved technological approaches have shed light in
basic neuroscience, functional neuroimaging and elec-
trophysiology will give us more answers on a more
macroscopic level for clinical neurology and related
fields, e.g., neuropsychology (Vallar et al., 2003).

The assessment of the unresponsive patient involves
examination, history-taking, and tailored investigative
tests (Fig. 2.1). The objectives are to classify and anato-
mically localize the site of abnormality, to grade its
severity, and to determine the etiology. Management,
including investigations, general supportive care, and
specific therapy is given in Chapter 20. Although the
approach to children shares many of these aspects, their
special aspects are covered in Chapter 19.

The differential diagnosis of the unresponsive
state includes psychogenic unresponsiveness and the
locked-in syndrome. Psychogenic unresponsiveness is
discussed in Chapter 18. In the locked-in syndrome
the patient is awake and aware but cannot move the
limbs, the lower bulbar musculature, or lower facial
muscles. The orbicularis oculi and vertical and conver-
gent eye movements are preserved. This constellation
of clinical features is due to a lesion in the basis pon-
tis, either due to ischemia in the basilar artery territory
or another structural lesion, such as central pontine
myelinolysis. It can be determined that the patient is
conscious by having the patient visually track a target
moving in the vertical plane or open and close the
eyes to command. A more complete locked-in syn-
drome may be caused by generalized neuromuscular
paralysis that may sometimes occur with a severe
polyneuropathy or by sustained action of neuromuscu-
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Fig. 2.1. Assessment of the unresponsive patient.

lar blocking agents. Proof of consciousness, especially
with Guillain—Barré syndrome, can be obtained
through an EEG recording, which should show normal
awake rhythms, e.g., the alpha rhythm that blocks
with passive eye opening and reappears with eye
closure.

Impairment of alertness implies dysfunction of the
ascending reticular activating system (ARAS): cere-
bral hemispheres (cerebral cortex, thalamus, or inter-
vening white matter) and rostral brainstem. Acute
dysfunction of the dominant hemisphere alone can
sometimes produce a transient impairment of alertness
(Salazar et al., 1986).

Awareness, the ‘content of consciousness’, requires
integrated function of the cerebral cortex and thalamus.
Impairments in various aspects of awareness (including
perception, apperception, declarative memory, working
memory, cognition, and planned activity) result from
structural or metabolic disturbances of these regions.

2.1. Classification
Impairment of consciousness can be classified into a
number of syndromes:

1. Neglect syndromes are best characterized as unilat-
eral loss of awareness of contralateral extrapersonal

space or personal body space, and constitute a
restricted or focal type of diminished consciousness.
Neglect syndromes can occur dissociated from any
problems with sensory pathways or primary sensory
areas. The main sites of abnormality are in the het-
eromodal cortices of the parietal (especially in the
right or nondominant hemisphere) or frontal lobes.
They thus represent a defect in higher order proces-
sing and are commonly accompanied by extinction
(the loss of awareness of one of two simultaneously
competing stimuli) and perseverative activity (Cicek
et al., 2007).

2. Delirium (Ch. 3) consists of impairment in the abil-
ity to maintain attention, along with various asso-
ciated features, e.g., disturbance in the sleep—wake
cycle, changes in psychomotor activity (increased
or decreased), disorientation, and altered percep-
tions. Delirium, or confusion, reflects a generalized
disturbance in integrated brain function, but regions
that have been incriminated either singly or with
other regions include the anterior cingulate region,
the prefrontal cortex, and parietal regions as well
as subcortical nuclei in the thalamus and rostral mid-
brain tegmentum.

3. The vegetative state (Ch. 6) refers to wakefulness
without the capacity for awareness. Anatomically,
the sites of involvement are either the cerebral cor-
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tex bilaterally, the thalamus, or the intervening
white matter that interconnects various cortical
areas or the cortex to the thalamus.

4. The minimally conscious state (Ch. 6) consists of
some interaction with the environment, such as
tracking with the eyes (akinetic mutism) or limited
responses, but the patient’s integrated brain func-
tion is grossly impaired. The patient is dependent
and does not initiate anything other than basic
homeostatic activity.

5. Stupor and coma (Ch. 4). Stupor is a state of
impaired alertness in which the patient can briefly
be aroused to eye opening and some responsive-
ness. The patient goes back to an eyes-closed, non-
interactive state when the stimulation ceases. Coma
is unarousable unconsciousness and implies dys-
function of the ARAS.

6. Brain death is the total and irreversible loss of brain
function. Clinical ‘brain death criteria’ for most
countries are met if the entire extent of the brainstem
and the hypothalamus are irreversibly destroyed.
Ancillary testing, however, must show loss of total
brain function, as revealed by tests revealing
absence of blood flow to the entire brain.

2.2. Etiology

After defining the category and thus the approximate
site of impairment of consciousness (above), clues as
to the etiology should be sought.

2.2.1. History

This usually has to be obtained from family members,
friends, or other witnesses who have been with the
patient or who have witnessed a collapse. The time
course is helpful. A sudden collapse favors a cata-
strophic cause such as an intracranial hemorrhage or
loss of general circulation. A fluctuation in impairment
suggests a metabolic or toxic cause (see Chs. 7-9 and
11), or occasionally an extra-axial lesion, e.g., a sub-
dural hematoma or raised intracranial pressure. Inter-
mittent discrete attacks occur in seizure disorders,
syncope, recurrent hypoglycemia or, uncommonly,
focal ischemia or ventricular obstruction. A gradual
impairment in consciousness after preceding neurolo-
gical symptoms could indicate a progressively increas-
ing mass lesion with ultimate herniation (see Ch. 5).
A history of depression, anxiety, or substance abuse
raises other possibilities, including self-intoxication.
A history of underlying chronic or preceding ill-
nesses or symptoms may be helpful. A recent fever sug-
gests an infectious process, e.g., an encephalitis or

meningitis or neurological complications of systemic
infection (see Ch. 11). Previous valvular heart disease
raises the possibility of endocarditis or multiple cerebral
emboli. A background of cancer could indicate meta-
stases, side effects of drugs, or ‘remote effects’ on
the nervous system (see Ch. 15). Medications should be
listed and a search should be undertaken for any per-
sonal information, such as a Medical Alert bracelet or
a suicide note.

2.2.2. The neurological examination

The chief value of the neurological examination is to
assess the level of consciousness (see above), assess-
ment of cranial nerve functions, motor responses, and
respirations. Funduscopy should form a part of the
assessment routine. The presence of papilledema indi-
cates raised intracranial pressure. A subhyaloid (pre-
retinal) hemorrhage is almost always associated with
an acute intracerebral hemorrhage, especially a rup-
tured berry aneurysm. Among cranial nerve reflexes,
pupillary, corneal, vestibulo-ocular, pharyngeal, and
cough reflexes are routinely examined. Most metabolic
disorders spare the pupillary light reflex, although
some drugs may affect pupillary size and/or reactions
symmetrically. For example, opiates and organic phos-
phates cause small, reactive pupils, while intact pupillary
reflexes indicate the optic nerves and the rostral brain
stem are functioning and are unlikely to be involved
in a structural cause for coma. The vestibular—ocular
reflex (VOR) can be used to assess eye movements
in the horizontal and vertical planes. Caloric (usually
ice-water) testing is more potent than oculocephalic
reflex testing, by moving the head, and is safer in
the face of possible neck injury or instability of the cer-
vical spine. A large part of the brainstem tegmentum
(from medulla to midbrain) as well as the IIIrd and VIth
cranial nerves are assessed with this testing. It should be
remembered that the VOR can be selectively affected
without impairment of the pupillary light reflex in
Wernicke’s encephalopathy and in sedative drug
intoxication (unpublished observations). Spontaneous
eye movements are also worth noting. Nystagmus
retractorius and convergence nystagmus are due to dif-
fuse excitation of the IlIrd nerve complex in the mid-
brain and often indicate a structural lesion in this
region or an underlying seizure discharge (we have
observed this in association with hyperglycemic coma
and seizures). Ocular bobbing is a rapid downward
movement of both eyes together followed by their
slow return to the horizontal plane. It often indicates
a lesion or dysfunction in the caudal pons. Its obverse,
ocular dipping (slow downward followed by rapid
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upward conjugate eye movements) also indicates
pontine dysfunction but is most common in anoxic—
ischemic encephalopathy. Palatal and pharyngeal
reflexes involve brainstem regions caudal to those
key structures responsible for consciousness and are
useful for localization purposes and in the clinical
assessment of brain death.

2.2.3. The general examination

Vital signs can provide key clues. Markedly elevated
blood pressure could indicate hypertensive encephalo-
pathy (almost always associated with papilledema) or
the posterior reversible leukoencephalopathy syndrome
(PRES). Otherwise hypertension may be secondary to
the intracranial process, e.g., stroke, raised intracranial
pressure. Severe hypotension (shock), of course, sug-
gests global hypoperfusion but also indicates a serious
underlying condition, e.g., sepsis, hemorrhage, etc.
Hypothermia could be symptomatic of hypothyroidism,
environmental cold exposure, intoxication, hypothala-
mic dysfunction (as in Wernicke’s encephalopathy),
or even severe systemic infection. Hyperthermia
usually suggests central nervous system or systemic
infection but acute adrenal failure, cocaine intoxication,
brainstem stroke, malignant hyperthermia, or neurolep-
tic malignant syndrome are other possibilities.

Trauma is suggested by bruising (especially if lin-
ear) or lacerations but specific signs of head injury,
especially basal skull fracture, include unilateral or
bilateral periorbital ecchymoses (raccoon eyes) with
extension to but not beyond the orbital ridges with
orbital roof fractures, Battle’s sign (bruising over the
mastoid), or hemotympanium — both suggestive of a
fracture through the petrous temporal bone. A bitten
tongue or posterior fracture-dislocation of the humerus
is suggestive of an earlier convulsive seizure.

Examination of the skin can reveal helpful informa-
tion. Hepatic coma is suggested by jaundice or other
stigmata of liver disease. Cherry red discoloration of
the lips, mucous membranes, or skin implies carbon
monoxide intoxication. Petechiae or purpura raise the
possibility of meningococcemia, thrombotic thrombo-
cytopenic purpura, disseminated intravascular coagula-
tion, or Rocky Mountain spotted fever. Bullous
skin lesions, ‘coma blisters’, are seen in massive

barbiturate intoxication. Needle tracks suggest drug
abuse or complications thereof. Hyperpigmentation of
the skin or mucous membranes suggest Addison’s dis-
ease. Myxedema coma is suggested by periorbital
edema, a large tongue and pale, doughy, cool skin.

The breath can suggest alcohol or cyanide intoxica-
tion, liver or renal failure, or diabetic ketoacidosis.

Cardiac murmurs raise the possibility of cardiac
embolism. The abdominal examination may reveal
signs of liver disease or large kidneys in polycystic
kidney disease (and subarachnoid hemorrhage from a
ruptured berry aneurysm).

Signs of meningeal irritation, as found in meningi-
tis or subarachnoid hemorrhage, may be absent in
coma but are helpful when found and include: 1) resis-
tance to neck flexion; 2) pain on straight leg raising
(Kernig’s sign) or flexion of the contralateral lower
limb when one hip is flexed (Brudzinki’s sign).

This volume should help us think in an anatomical
and physiological manner as we attempt to understand
the effects of various disorders affecting the brain at dif-
ferent times of life. While neurologists are clinical
scientists, they are also doctors who are aware of their
patients and families as fellow humans. These indivi-
dual and collective aspects, along with the various ethi-
cal and legal implications of their work, are factored
management decisions involving patients with the life-
threatening illnesses discussed in this book (see Ch. 21).
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The subject of delirium is generally looked upon
by the practical physician as one of the most
obscure in the chain of morbid phenomena he
has to deal with; whilst the frequency of its
occurrence under various conditions of the sys-
tem renders the affection not a little familiar to
his eye.

Gallway, 1838

3.1. Historical perspectives on delirium
terminology

Delirium is an acute and transient brain dysfunction
that is characterized by disturbances in consciousness
and cognition. Though delirium is often recognized
in older hospitalized patients and is associated with
prolonged hospital stays and an increased likelihood
of death in these patients, the occurrence of delirium
in critically ill patients has been overlooked and mis-
understood. In fact, delirium in the intensive care
unit (ICU) was often viewed as an expected, inconse-
quential outcome of intensive care. However, recent
studies have documented that delirium is both com-
mon and deleterious in critically ill patients. The
adverse outcomes associated with delirium in pre-
vious studies of medical and surgical inpatients have
now been identified in the ICU, an environment in
which delirium occurs in up to 80% of the sickest
patients.

The word ‘delirium’ is derived from the Latin word
deliro, which means ‘to be crazy, deranged, or silly’.
With its root being the agricultural term /liro (‘to plow
in a straight line’), deliro conjured up images of a

madman plowing a field with no discernible plan.
Patients with symptoms consistent with delirium are
described throughout ancient medical writings. Hippo-
crates described patients with ‘phrenitis’, a syndrome
marked by confusion and restlessness that fluctuated
unpredictably and was associated with physical illness,
often a febrile illness (Chadwick and Mann, 1950).
Celsus and other Roman writers used ‘delirium’ inter-
changeably with ‘phrenitis’ to designate a temporary
change in mental status associated with a physical ill-
ness characterized by restlessness and excitement.
Alternatively, ‘lethargus’ was used to describe ill-
ness-associated confusion characterized by sleepiness
and inertia (Lipowski, 1990).

Over the centuries, numerous terms have been used
to refer to delirium and misunderstanding has arisen
from the vague use of such terms. Even in recent med-
ical literature more than 30 terms for delirium have
been used interchangeably (Liston, 1982). For exam-
ple, ‘encephalopathy’ often refers to delirium asso-
ciated with a decreased level of arousal and muted
psychomotor activity. Alternatively, ‘ICU psychosis’
and ‘ICU syndrome’ have been used to refer to delir-
ium in ICU patients, but these labels are misnomers
that should be discouraged. They imply that delirium
is an expected, inconsequential outcome of intensive
care (McGuire et al., 2000).

As stated by Dr. Zeman in Chapter 1, delirium is
part of a spectrum of disorders of consciousness; it lies
in the ‘hinterland of coma’ where it cannot and should
not be arbitrarily distinguished from confusion, orga-
nic brain syndrome, and clouding of consciousness.
In fact, the American Psychiatric Association’s Diag-
nostic and Statistical Manual of Mental Disorders,
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3rd edition (DSM-III) identified ‘delirium’ as the
recommended term in their nosology of organic mental
disorders, noting that ‘delirium is intended to include
the broad spectrum of clinical states having in com-
mon the essential features described [in Table 1]’
(American Psychiatric Association, 1980). Although
the phrase ‘organic mental disorders’ appropriately
suggested that delirium (and other disorders in this
category) was due to brain dysfunction attributable to
physiological abnormalities, the phrase was abandoned
with the publication of the DSM-IV in order to avoid
the implication that ‘““nonorganic” mental disorders
do not have a biological basis’ (American Psychiatric
Association, 2000).

3.2. Definition and clinical features

Delirium is formally defined as a disturbance of con-
sciousness and cognition that develops and fluctuates
over a short period of time (Table 3.1) (American Psy-
chiatric Association, 2000). Associated features that
are not required for the diagnosis of delirium include
an abnormal sleep—wake cycle, increased or decreased
psychomotor behavior, and emotional disturbances.
With each revision of the DSM, changes were made
in the nomenclature of the diagnostic criteria of
delirium, but the concepts have remained unaltered
(see section 3.6).

Table 3.1

Diagnostic criteria of delirium

3.2.1. Disturbance of consciousness

A defining feature of delirium is the inability to focus,
sustain, or shift attention (American Psychiatric Associa-
tion, 2000). Originally labeled ‘clouding of conscious-
ness’, this ambiguous terminology was abandoned and
the currently used ‘disturbance of consciousness’ refers
to the patient’s impaired awareness of the environment
as manifested by inattention. The patient may be easily
distracted and need questions repeated multiple times.
While such a disturbance is obvious in many patients
resulting in the inability to maintain or even initiate a
conversation, more minor degrees of impairment may
occur. Frequently used tests of attention include serial
7s (the patient counts backwards from 100 in increments
of 7) and spelling the word ‘world’ backwards. Several
tests have been validated to measure attention in nonver-
bal (e.g., mechanically ventilated) patients, including the
‘A’ random letter test, during which a patient listens as
the examiner recites a series of 10 letters and squeezes
the examiner’s hand each time the letter ‘A’ is heard
(Strub and Black, 2000; Ely et al., 2001b, 2001c) (see
section 3.7).

While delirium reduces the clarity of a patient’s
awareness of the environment, their level of alertness
may be increased or decreased. Both manifestations
of delirium interfere with the patient’s ability to main-
tain attention. In critically ill patients, decreased

Diagnostic criteria

A. Disturbance of consciousness (i.e., reduced clarity of awareness of the environment) with reduced ability to focus, sustain,

or shift attention

B. A change in cognition (such as memory deficit, disorientation, language disturbance) or the development of a perceptual
disturbance that is not better accounted for by a pre-existing, established, or evolving dementia
C. The disturbance develops over a short period of time (usually hours to days) and tends to fluctuate during the course of

the day
For delirium due to a general medical condition:

D. There is evidence from the history, physical examination, or laboratory findings that the disturbance is caused by the direct

physiological consequences of a general medical condition
For substance intoxication delirium:

D. There is evidence from the history, physical examination, or laboratory findings of either (1) the symptoms in Criteria A and
B developed during substance intoxication, or (2) medication use is etiologically related to the disturbance

For substance withdrawal delirium:

D. There is evidence from the history, physical examination, or laboratory findings that the symptoms in Criteria A and B

developed during, or shortly after, a withdrawal syndrome
For delirium due to multiple etiologies:

D. There is evidence from the history, physical examination, or laboratory findings that the delirium has more than one etiology
(e.g., more than one etiological general medical condition, a general medical condition plus substance intoxication or

medication side effect).
All four criteria (A-D) are required to diagnose delirium.

From the DSM-IV-TR (American Psychiatric Association, 2000).
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alertness, i.e., somnolence and lethargy, may be a
manifestation of delirium, the underlying disease pro-
cess, or treatment with sedatives and/or analgesics.
Therefore, care must be taken to evaluate for the other
characteristics of delirium when assessing a patient
with decreased alertness.

3.2.2. Disturbance of cognition

Delirium invariably results in transient cognitive
impairment. To some degree, all of the major aspects
of cognition — thought, memory, and perception — are
disturbed in the delirious patient (Lipowski, 1990). Initi-
ally, only judgment and abstract thinking are impaired
but, with progression of the delirious state, thinking
becomes disorganized and simple questions become
difficult to answer (e.g., ‘Does 1 pound weigh more
than 2 pounds?’). This is compounded by increased dis-
tractibility, with the thought process being frequently
interrupted by external stimuli. The flow of thinking
may be either slowed or accelerated and thought content
may likewise be depleted or unusually rich.

Disorganized thinking contributes to the formation
of delusional thoughts, often of a persecutory nature.
The use of physical restraints, bedrails, mechanical
ventilators, and catheters, as well as invasive and non-
invasive methods of monitoring in the ICU, may con-
tribute to the common delusion that the patient is
being imprisoned (Rotondi et al., 2002). While delu-
sions are not universal in delirium, they are reported
to occur frequently, in at least 40% of patients
(Lipowski, 1990).

Memory is universally impaired in delirium. Distur-
bances in immediate and short-term memory are typi-
cal and intimately related to impairment in attention.
Immediate memory is also necessary for orientation
to time and place, and delirious patients exhibit disor-
ientation. In mild cases, a patient may demonstrate
only disorientation to time (American Psychiatric
Association, 2000). Many patients confabulate during
episodes of delirium, and directed questions must be
used to determine that memory is impaired. These
patients will usually fail to remember several unrelated
objects (e.g., brown, shirt, and honesty) after a few
minutes of distraction. A picture recognition tool can
be used to test memory in nonverbal critically ill
patients; the patient is shown several pictures of recog-
nizable objects and asked to point out these same pic-
tures when shown a series of pictures again several
minutes later (Hart et al., 1996).

Perception, particularly discrimination and integra-
tion of new percepts with past ones, is always disturbed
to some extent in delirium (Lipowski, 1990). This leads
the delirious patient to misinterpret stimuli from the

environment (illusions). Delirious ICU patients may
misinterpret actions by health-care workers as intended
for harm. In some cases, misinterpretation may result in
hallucination, although this is not an invariable charac-
teristic of delirium. Hallucinations occur in 40-75% of
cases (Lipowski, 1990) and patients younger than 60
years of age may be more likely to report hallucinations
than older patients (Robinson, 1956). Visual hallucina-
tions are more common than auditory — a feature con-
trasting delirium with schizophrenia — and Lilliputian
hallucinations are characteristic (Burns et al., 2004).
Delirium associated with particular etiologies may lead
to hallucinations of a stereotypical nature; for instance,
patients in alcohol withdrawal delirium hallucinate
small animals and insects, such as spiders, cockroaches,
rats, and snakes.

3.2.3. Acute onset with fluctuating course

Delirium develops over a short period of time, most
often measured in hours rather than days. Symptoms
are often first manifest at night (Lipowski, 1990) and
some patients appear normal during daytime hours.
As the impairments due to delirium progress, the
symptoms may be noted throughout the day and night.
However, a defining characteristic of delirium is its
fluctuating course, and this is a typical feature of even
the most delirious patient’s course. Lucid intervals
occur unpredictably and are of varying durations.

The ICU is an environment in which the onset of
delirium may occur inconspicuously. While the fre-
quent use of sedatives and narcotic analgesics puts criti-
cally ill patients at higher risk for the development
of delirium (Francis et al., 1990; Schor et al., 1992;
Marcantonio et al., 1994b; Pandharipande et al., 2006),
a decreased level of arousal is expected in patients trea-
ted with these drugs and clinicians may easily overlook
symptoms of delirium in this circumstance. It is not
uncommon for delirium in a mechanically ventilated
and sedated patient to go unrecognized until the
weaning period when sedatives are discontinued.

3.2.4. Disturbed sleep—wake cycle

The delirious patient is often sleepy during the day and
awake and/or agitated at night. This reversal of the
sleep—wake cycle may be partial or complete, although
not every patient demonstrates this disturbance and it
is not required for the diagnosis of delirium. In some
patients the symptoms of delirium are only present at
night (‘sundowning’). The sleep—wake cycle is often
disrupted in the ICU, where environmental cues of
night and day are lacking (e.g., diurnal variation of
light and noise).
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3.2.5. Abnormal psychomotor behavior
and autonomic phenomena

The cognitive disturbances of delirium are often
accompanied by abnormalities of psychomotor beha-
vior. Patients may demonstrate hyperactive or hypoac-
tive activity. While many critically ill patients are
sedated, increased psychomotor activity is not uncom-
mon and may include nonpurposeful movements such
as groping and picking or more purposeful activity
such as attempting to get out of bed. Alcohol with-
drawal delirium, i.e., delirium tremens, is classically
associated with hyperactive behavior, but delirium
associated with other medical illnesses may be hyper-
active as well.

Signs of sympathetic hyperactivity are frequently
associated with delirium due to withdrawal from drugs
or alcohol and may include psychomotor agitation.
Other autonomic phenomena that occur in such
patients include tachycardia, hypertension, fever, tre-
mulousness, and diaphoresis.

Psychomotor behavior has become the framework
for a commonly used schema for subtyping delirium.
Lipowski defines hypoactive and hyperactive subtypes
of delirium and notes that a mixed subtype occurs
as well (Lipowski, 1987). Patients with hyperactive
delirium demonstrate psychomotor agitation, semi-
purposeful activity, and emotional lability. Tremor,
asterixis, and other involuntary movements may
be observed. In contrast, patients with hypoactive
delirium demonstrate decreased responsiveness and
lethargy. Rarely, a patient may be mute or catatonic.
While hyperactive and hypoactive delirium appear to
occur with equal frequency among non-critically-ill
patients (Liptzin and Levkoff, 1992), Peterson et al.
found that purely hyperactive delirium was rare
(<5% of patients) among 307 medical ICU patients
assessed over 2029 patient-days (Peterson et al.,
2006). Hypoactive delirium was less frequently
observed among mechanically ventilated patients than
among nonventilated patients (51% vs 67%, p =0.02),
while mixed subtype delirium was more common
among ventilated patients (47% vs 29%, p =0.008).
Of note, among the patients demonstrating mixed sub-
type delirium, the behavior observed during the major-
ity of ICU days was hypoactive.

While the significance of the psychomotor subtypes
of delirium in critically ill patients remains the subject
of ongoing research, clinicians must be aware of the
high rate of hypoactive and mixed subtype delirium.
The misunderstanding that hyperactivity is a hallmark
of delirium will lead to missing the diagnosis of delir-
ium and failing to take measures to prevent possible
complications.

3.2.6. Emotional disturbances

The delirious patient may exhibit a variety of emo-
tional disturbances, ranging from euphoria to des-
pair to anger. While not a diagnostic feature of
delirium, dysphoria is typical, while other common
emotions include fear, anxiety, and depression—apathy
(Lipowski, 1990). Just as the cognitive impairment of
delirium fluctuates frequently, the emotional state of
the delirious patient may rapidly shift. In critically ill
patients, the only clue to such shifts may be increased
sympathetic activity, e.g., diaphoresis, flushing, and
dilated pupils.

3.3. Epidemiology

The reported prevalence rates of delirium in an ICU
are highly dependent upon the method(s) of assess-
ment utilized and the population studied. Table 3.2
highlights 21 studies reporting that delirium occurs in
7-87% of ICU patients. When reviewing these studies
it is essential to keep in mind the distinction between
incident and prevalent delirium. Incident describes
any newly occurring case of delirium; incident delir-
ium is not present upon admission to the ICU but
occurs at some point during the ICU stay. Prevalent
delirium, alternatively, describes those cases of delir-
ium that are present at the first assessment of the
patient; it cannot be determined when the delirium
began, i.e., with admission to the ICU, admission to
the hospital or when the acute illness began prior
to admission. As many as 50% of the patients who
experience ICU delirium are delirious at admission
(McNicoll et al., 2003), and premorbid evaluations
are rarely possible, because critical illness is acute
and ‘nonelective’. Therefore, the majority of studies
have focused on prevalent delirium, and cases of inci-
dent and prevalent delirium are combined in Table 3.2
to give an overview of the percentage of all ICU
patients who experience delirium.

Early investigations of ICU delirium were limited
due to the lack of standardized diagnostic criteria
(Hackett et al., 1968; Katz et al., 1972; Wilson,
1972; Holland et al., 1973). In the largest of these
early studies, Wilson reviewed the charts of 100 post-
operative ICU patients — 50 treated in an ICU with
windows and 50 treated in an ICU without windows
— and defined delirium as ‘an acute brain syndrome
characterized by impairment of orientation, memory,
intellectual function, and judgment with lability of
affect” (Wilson, 1972). Delirium was identified in
29% of the cohort (40% in the windowless ICU vs
18% in the ICU with windows, p < 0.05). Because of
the retrospective design utilized in this study, we
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Table 3.2

Reported prevalence of delirium in ICU cohorts

Study n Population Delirium measure Prevalence (%)
Hackett et al., 1968 50 Coronary care No formal measure 10
Katz et al., 1972 35 Mixed ‘Confused’, abbreviated MSE 31
Wilson, 1972 100 Surgical Chart review 29
Holland et al., 1973 32 Medical Psychiatric interview 13
Kishi et al., 1995 238 Mixed DSM-III-R 16
Aldemir et al., 2001 818 Surgical DSM-III-R 11
Bergeron et al., 2001 93 Mixed Consulting psychiatrist, DSC 16
Dubois et al., 2001 216 Mixed Psychiatric assessment 19
Ely et al., 2001a 38 Medical DSM-1V, CAM-ICU 87
Ely et al., 2001b 48 Medical DSM-1V 60
Ely et al., 2001c 96* Medical, mechanically ventilated DSM-1V, CAM-ICU 83
Rincon et al., 2001 96 Mixed CAM 7
McNicoll et al., 2003 118 Medical, >65 years old CAM-ICU 62
Ely et al., 2004a 224%  Medical, mechanically ventilated CAM-ICU 82
Lin et al., 2004 102 Medical, mechanically ventilated DSM-1V, CAM-ICU 22
Roberts, 2004 73 Mixed, in the ICU >72h No formal measure 40
Skrobik et al., 2004 1009 Mixed DSC, DSM-IV 21
McNicoll et al., 2005 22 Medical, >65 years old CAM 68
Micek et al., 2005 66*  Medical CAM-ICU 67
Pandharipande et al., 2005 100 Surgical and trauma CAM-ICU 69
Thomason et al., 2005 261 Medical, nonventilated CAM-ICU 48

Studies of postcardiotomy delirium are not displayed.

TOverall rate of delirium during the ICU stay (includes incident and prevalent cases).

*Patients with persistent coma excluded.

CAM, Confusion Assessment Method; CAM-ICU, Confusion Assessment Method for the Intensive Care Unit; DSC, Delirium Screening
Checklist; DSM, Diagnostic and Statistical Manual of Mental Disorders; ICU, intensive care unit; MSE, mental status examination.

cannot conclude that the lack of windows was respon-
sible for the higher incidence of delirium.

Even with the use of standardized criteria (i.e.,
DSM criteria), a broad range of ICU delirium preva-
lence rates has been reported in the past 10 years.
Much of this variation can be explained by the differ-
ent patient populations studied. Specifically, those
investigations focusing on the evaluation of medical
ICU patients have reported a high rate of delirium,
ranging from 22% to 87% (Ely et al., 2001a, 2001b,
2001c; McNicoll et al., 2003; Ely et al., 2004a; Lin
et al., 2004; McNicoll et al., 2005; Micek et al.,
2005; Thomason et al., 2005). Alternatively, cohorts
including patients from surgical or mixed (surgical
and medical) ICUs have reported that delirium occurs
in 7-69% of patients (Kishi et al., 1995; Aldemir
et al.,, 2001; Bergeron et al., 2001; Dubois et al.,
2001; Rincon et al., 2001; Roberts, 2004; Skrobik
et al., 2004; Pandharipande et al., 2005). A higher
severity of illness amongst medical ICU patients, as
compared to surgical ICU patients, may explain the
higher delirium rates seen in these ICUs. Notably, only
two of the eight studies that included surgical ICU

patients reported a delirium rate over 20%; one of
these excluded patients whose ICU length of stay
was less than 72 hours, namely those patients with
uncomplicated postoperative courses (Roberts, 2004),
while the other had a mean APACHE II score of
23.6, indicating a high severity of illness (Pandhari-
pande et al., 2005). Delirium occurred in 40% and
69% of the patients in these two cohort studies, respec-
tively, while the remaining six cohorts that included
surgical and mixed ICU patients reported that delirium
occurred in 7-19% of patients.

3.4. Risk factors

Numerous factors have been identified that increase the
risk of delirium in hospitalized patients. Although most
of the research evaluating risk factors for delirium was
performed using non-ICU cohorts (Table 3.3) (Francis
et al.,, 1990; Schor et al., 1992; Inouye et al., 1993;
Marcantonio et al., 1994b), several studies of ICU
patients have reported results similar to studies of
non-ICU patients (Table 3.4) (Wilson, 1972; Aldemir
et al., 2001; Dubois et al., 2001; McNicoll et al.,
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Table 3.3

Risk factors for delirium identified in non-ICU cohorts

Features of
acute illness

Baseline

characteristics ITatrogenic factors

Hearing or vision
impairment

Alcohol abuse

Depression

Immobilization (e.g.,
catheters, restraints)

Factors identified in both non-ICU cohorts and ICU cohorts are
listed in Table 3.4.

Table 3.4

Risk factors for delirium identified in ICU cohorts

Baseline Features of acute
characteristics  illness Iatrogenic factors
Increasing Severity of illness Medications (e.g.,
age Infection narcotics,
Cognitive Respiratory disease benzodiazepines)
impairment Metabolic
Hypertension disturbances (e.g.,
Smoking Na, Ca, BUN,
bilirubin)
Acidosis
Anemia
Fever
Hypotension

BUN, blood urea nitrogen; Ca, calcium; Na, sodium.

2003) and it is generally accepted that factors that
increase a patient’s risk for delirium in the non-ICU set-
ting will do so in the ICU as well.

While one taxonomy divides delirium risk factors
into predisposing/vulnerability factors and precipitat-
ing/facilitating factors (Inouye and Charpentier,
1996), we classify them further into baseline (host)
characteristics, features of acute illness, and iatrogenic
(or environmental) factors (Tables 3.3 and 3.4). This
scheme allows the clinician to quickly identify those
factors that are most amenable to modification, namely
the iatrogenic/environmental factors (and some of the
features of acute disease).

The ICU is an environment in which a high percen-
tage of delirium risk factors coincide. When hospita-
lized patients are stratified into risk groups depending
on the number of delirium risk factors present, those
with three or more risk factors have at least a 60% risk
of developing delirium (Francis et al., 1990; Inouye

and Charpentier, 1996). Remarkably, nearly all criti-
cally ill patients have at least three risk factors for
delirium. In a study of 53 consecutive medical ICU
patients, Ely et al. found that the mean number
(& standard deviation) of delirium risk factors identi-
fied per patient was 11 £ 4 (range, 3—17) (Ely et al,,
2001a).

One risk factor almost universally experienced dur-
ing critical illness is exposure to psychoactive medica-
tions, typically in the form of sedatives and analgesics.
In their cohort, Ely et al. identified exposure to benzo-
diazepines or narcotics in 98% of patients (Ely et al.,
2001a). In a study of 198 mechanically ventilated
patients, Pandharipande et al. found that lorazepam
was an independent risk factor for daily transition to
delirium (odds ratio (OR), 1.2 per mg; 95% confidence
interval (CI), 1.0-1.4; p =0.003) after adjusting for 11
covariates (Pandharipande et al., 2006). Additionally,
Dubois et al. analyzed risk factors for delirium in
198 surgical ICU patients and found that morphine
was the strongest predictor of delirium in a multivari-
ate model (OR between 6 and 9.2 depending on dose)
(Dubois et al.,, 2001). The association between psy-
choactive medications and delirium demonstrated in
these studies of critically ill patients has been exten-
sively studied in non-ICU cohorts. Francis et al. stu-
died 229 older hospitalized patients and found that
the use of psychoactive medications (defined as narco-
tics, sedative—hypnotics, and minor tranquilizers) inde-
pendently predicted the development of delirium
(adjusted OR, 3.9; 95% CI, 1.4-10.8) (Francis et al.,
1990). In a similar study of 325 older hospitalized
patients, Schor et al. divided psychoactive medications
into neuroleptics, narcotics, benzodiazepines, and
anticholinergics. On multivariate analyses, neuroleptic
use (OR, 4.48; 95% CI, 1.82—-10.45) and narcotic use
(OR, 2.54; 95% CI, 1.24-5.18) were independently
associated with delirium (Schor et al., 1992). Finally,
in postoperative patients, Marcantonio et al. reported
that delirium was significantly associated with expo-
sure to meperidine (OR, 2.7; 95% CI, 1.3-5.5) and to
benzodiazepines (OR, 3.0; 95% CI, 1.3-6.8) (Marcan-
tonio et al., 1994b).

Numerous other medications have been reported to
cause delirium (Table 3.5). Many of these are fre-
quently utilized in the ICU, but no systematic study
of ICU patients has evaluated the association of most
of these medications with delirium. It is important to
note, however, that delirium may occur as an idiosyn-
cratic reaction to medication and health-care workers
should not quickly dismiss the possibility that a medi-
cation is responsible, in part, for the development of
delirium in a critically ill patient simply because of
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Table 3.5

Medications reported to cause delirium

Medications frequently

used in the ICU Other medications

Benzodiazepines (e.g.,
lorazepam)

Narcotics (e.g., morphine)

Antipsychotics (e.g., haloperidol)

H; blockers (e.g.,
diphenhydramine)
Antiparkinsonian agents

(e.g., levodopa)

H, blockers (e.g., ranitidine) Tricyclic

Nonsteroidal anti-inflammatory antidepressants (e.g.,
drugs (e.g., ibuprofen) amitriptyline)

Promethazine Warfarin

Antibiotics (e.g., ceftriaxone) Digoxin

Phenytoin Theophylline

Corticosteroids (e.g., Nifedipine
methylprednisolone) Oxybutynin

Furosemide Isosorbide dinitrate

Captopril

the lack of a strong association in studies evaluating
delirium risk factors.

With patients older than 65 years of age incurring
nearly 60% of all ICU days (Angus et al., 2000), the
relationship between age and delirium is of wvital
importance to critical care practitioners. Several large
studies in non-ICU cohorts have demonstrated that
increasing age is an independent risk factor for delir-
ium (Schor et al., 1992; Marcantonio et al., 1994a) as
did one recent study of ICU patients (Pandharipande
et al., 2006). This relationship however, has not been
demonstrated in the several other studies that have
evaluated delirium risk factors in ICU patients. There
are several possible explanations for this. In the only
study of risk factors for delirium in SICU patients,
Aldemir et al. reported a significant difference in age
between patients with delirium and those without
(48.9 £ 18.1 vs 38.5 £ 13.8 years, p =0.000), but this
association was not significant upon multivariable ana-
lysis (Aldemir et al., 2001). The mean age in this study
was significantly lower than that seen in the general
population of critically ill patients, and inclusion of
older patients may have revealed the independent asso-
ciation between age and delirium seen in non-ICU stu-
dies. Dubois et al. similarly reported that age was not
associated with delirium in a study of general ICU
patients, but the incidence of delirium in their study
was low (11%) and the study may have been under-
powered to assess for this association (Dubois et al.,
2001). As age is a significant risk factor for delirium
in multiple non-ICU cohort studies, it is likely that
large prospective studies of ICU patients will confirm

the findings of the single ICU study that showed age
to be an important risk factor for delirium in critically
ill patients.

Multiple studies of both ICU and non-ICU patients
have demonstrated that a variety of metabolic derange-
ments are associated with the development of delirium
(Francis et al., 1990; Inouye et al., 1993; Marcantonio
et al., 1994a; Aldemir et al., 2001; Dubois et al.,
2001). While hyponatremia and azotemia are most
commonly cited, hyperbilirubinemia, hypocalcemia,
hyper- and hypoglycemia, and metabolic acidosis have
all been reported as risk factors for delirium. Each of
these factors is likely in critically ill patients, with
abnormalities of sodium and glucose occurring in up
to 50% of ICU patients (Ely et al., 2001a).

Immobilization resulting from the use of restraints,
catheters, and mechanical ventilation is an almost uni-
versal aspect of the critical care experience. Although
studies of ICU patients have not evaluated the relation-
ship of this factor of ICU care to the development
of delirium, an association has been noted in non-
ICU cohorts (Inouye and Charpentier, 1996) and inter-
ventions resulting in the immobilization of critically
ill patients should be limited to those of absolute
necessity.

Infection was the most common etiology associated
with delirium in a study of 229 hospitalized older
patients (Francis et al., 1990), and the association
between infection and delirium has been confirmed
in multiple studies including one of ICU patients
(Aldemir et al., 2001). This relationship should not
simply be attributed to the hypotension that compli-
cates the course of many critically ill septic patients;
multivariable models of delirium risk factors demon-
strate that infection and shock are independent risk
factors in both ICU and non-ICU patients.

Other factors that may play a role in the develop-
ment of delirium in ICU patients include dementia,
hearing or vision impairment, alcohol abuse, and
depression. McNicoll and colleagues studied 180 con-
secutive ICU patients aged 65 and older and documen-
ted that patients with dementia were 40% more likely
to develop delirium than those without dementia, even
after controlling for comorbidity, baseline functional
status, severity of illness, and invasive procedures
(RR, 1.4; 95% CI, 1.1-1.7) (McNicoll et al., 2003).
While no study of ICU patients has evaluated the asso-
ciation between hearing or vision impairment and
delirium, Wilson et al. reported that patients in an
ICU without windows were significantly more likely
to develop delirium than those in an ICU with win-
dows (Wilson, 1972). Additional studies are needed
to fully elucidate the effect of various factors on the
development of delirium.
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3.5. Pathophysiology

The pathophysiology of delirium remains poorly under-
stood and the complex role that critical illness plays
in the pathogenesis of delirium has not been studied.
Several hypotheses have been outlined in detail, with
most attempting to explain delirium as a behavioral man-
ifestation of a ‘widespread reduction of cerebral oxida-
tive metabolism and imbalance of neurotransmission’
(Lipowski, 1990).

Based on a series of investigations in which they
evaluated delirious patients using electroencephalogra-
phy (EEG), Engel and Romano postulated that delir-
ium is a state of ‘cerebral insufficiency’, i.e., a global
failure of cerebral oxidative metabolism (Engel and
Romano, 1959). Their work showed that delirium is
associated with diffuse slowing on EEG, a finding felt
to represent a reduction in brain metabolism. This was
supported by studies showing that hypoxia and hypo-
glycemia, both of which frequently occur in critical ill-
ness, produce slowing of the EEG (Engel and Romano,
1959). Such EEG changes are very nonspecific and
can be produced by numerous toxic and metabolic dis-
orders, including sepsis, many of which are known
causes of delirium (Young, 2000).

The tendency of belladonna alkaloids to cause
delirium has been recognized for centuries (Forbes,
1977) and this association led to the hypothesis that
cholinergic blockade plays a role in the pathogenesis
of delirium. Numerous studies in the 1960s showing
that various anticholinergic agents induce delirium
when administered to healthy volunteers supported
this hypothesis. Atropine, scopolamine, and ditran
(a congener of the piperidyl benzilates) all induce
delirium associated with typical EEG findings in nor-
mal volunteers (Ketchum et al., 1973). Blass and col-
leagues provided a possible link between the state of
cerebral insufficiency proposed by Engel and Romano
and the hypothesis of cholinergic blockade by suggest-
ing that impaired oxidative metabolism in the brain
results in a cholinergic deficiency (Blass et al.,
1981). The finding that hypoxia impairs acetylcholine
synthesis supports this hypothesis (Gibson et al.,
1981) and possibly explains the increased susceptibil-
ity of many critically ill patients to delirium.

The development of a functional competitive bind-
ing assay for serum anticholinergic activity (SAA) by
Tune and Coyle (1980) led to additional work support-
ing the role of cholinergic blockade in the pathophy-
siology of delirium. Using this assay, studies have
shown an association between elevated SAA and delir-
ium in older medical inpatients (Mach et al., 1995;
Flacker et al., 1998), postoperative patients (Tune
et al., 1981), and surgical ICU patients (Golinger

et al.,, 1987). To date, however, no large prospective
investigation has evaluated the association of SAA
and delirium in critically ill patients, a population at
high risk for exposure to numerous medications with
anticholinergic properties.

It is likely that endogenous anticholinergic sub-
stances exist and play a pathogenic role in delirium.
This would explain the inability of some epidemiologi-
cal studies to show a significant association between
anticholinergic medications and delirium in medical
(Francis and Kapoor, 1992) and surgical patients
(Marcantonio et al., 1994b), despite the association
of SAA and delirium found consistently. Flacker et al.
evaluated 10 older medical inpatients who were care-
fully screened for evidence of exposure to anticholiner-
gic medications. Despite the lack of such exposure,
eight of the patients had significantly elevated SAA
(Flacker and Wei, 2001), suggesting that cholinergic
blockade was occurring as the result of an endogenous
substance. Six of the eight patients with elevated SAA
levels were acutely ill with infectious diseases, and
another study showed that SAA levels decline with
the resolution of an acute febrile illness (Flacker and
Lipsitz, 1999), suggesting that the inflammatory state
induced by an acute infection may play a role in
cholinergic blockade.

Additional evidence supporting the role of inflam-
mation in the pathogenesis of delirium comes from
multiple studies documenting the occurrence of
delirium in cancer patients treated with high doses
of interleukin (IL)-2 (Rosenberg et al., 1989). This
proinflammatory cytokine causes delirium in up to
50% of patients (Denicoff et al., 1987), and it induces
increased latency and decreased amplitude on event-
related evoked potentials (Caraceni et al., 1993), find-
ings felt to indicate cholinergic blockade (Hammond
et al.,, 1987). The effects of systemic inflammatory
cytokines such as IL-2 on the brain are probably
mediated by activation of vascular endothelial cells
and perivascular cells in the brain itself (Uchikado
et al., 2004).

Although significant attention has been directed
toward the relationship between cholinergic blockade
and delirium, it is unlikely that a single neurochemical
aberration accounts for all cases of ICU delirium,
a syndrome that is associated with numerous, varying
risk factors. In fact, derangements of several other
neurotransmitters have been implicated in delirium,
including dopamine, glutamate, gamma-aminobutyric
acid (GABA), and serotonin (Trzepacz, 1999). Dopa-
mine may act in a way that is reciprocal to the
actions of acetylcholine, with an increase in dopamine
contributing to delirium (Trzepacz, 1996). For exam-
ple, opiate analgesics, risk factors for delirium that
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are frequently used in ICUs, increase dopamine
activity while decreasing acetylcholine activity;
hypoxia, in addition to reducing acetylcholine synthesis,
increases dopamine release (Broderick and Gibson,
1989). While it has been shown that dopamine agonists
cause EEG slowing and behavioral arousal in
rats (Ongini et al., 1985), few studies have directly
evaluated the relationship between dopamine and ICU
delirium.

Glutamate, an excitatory amino acid neurotransmit-
ter, is elevated in patients with sepsis-associated ence-
phalopathy, a common type of ICU delirium, and
this increase is felt to play a central role in the patho-
genesis of brain dysfunction in patients with sepsis
(Wilson and Young, 2003). In such patients, glutamate
may be elevated in response to numerous stimuli,
including lipopolysaccharide, interferon-y, hypoxia,
and hypoglycemia. Elevated glutamate concentrations,
in turn, lead to neuronal injury via activation of
N-methyl p-aspartate (NMDA)-type glutamatergic
receptors (Wilson and Young, 2003).

It has been suggested that cortisol and beta-
endorphins may play a role, but only preliminary evi-
dence exists (Mclntosh et al., 1985). In fact, there
remain many unexplored hypotheses, and the high pre-
valence and marked severity of delirium in critically ill
patients makes the ICU an ideal setting for future
investigations regarding its pathogenesis. Future stu-
dies must face the challenge presented by the likeli-
hood that multiple mechanisms play a role in the
pathogenesis of delirium in the diverse population
of critically ill patients. For instance, the pathophysiol-
ogy underlying sepsis-associated encephalopathy is
probably different from that underlying sedative-
induced delirium or hepatic encephalopathy. Numer-
ous risk factors lead to the development of delirium
in critically ill patients and numerous mechanisms
are probably initiated or exacerbated by these factors.
Future research is needed to understand these complex
interactions.

3.6. Diagnosis and diagnostic instruments

Despite occurring frequently in critically ill patients,
delirium often goes unrecognized. This omission has
been documented in emergency rooms (Kakuma
et al.,, 2003) and inpatient wards (Inouye et al.,
2001), and 80% of 912 ICU practitioners surveyed
acknowledged underdiagnosis of delirium in the ICU
despite their agreement that ICU delirium is a signifi-
cant problem (Ely et al., 2004b). Although the effect
of this oversight has not been studied in critically ill
patients, Kakuma et al. reported that nondetection of
delirium in patients discharged from the emergency

room was independently associated with a sevenfold
increase in the risk of 6-month mortality (HR, 7.24;
95% CI, 1.62-32.35) (Kakuma et al., 2003).

As stated above (see section 3.2), the diagnostic
criteria for delirium are detailed in the Diagnostic
and Statistical Manual of Mental Disorders (American
Psychiatric Association, 2000), and these criteria
remain the gold standard for the diagnosis of deli-
rium. However, familiarity with these criteria and
experience in their application is often not within the
armamentarium of the critical care practitioner, and a
formal psychiatric consultation and evaluation may
not be immediately available. Additionally, because
of the fluctuating course of delirium, such an evalua-
tion at a single point in time during the patient’s ICU
stay may result in failure to diagnose delirium despite
its occurrence. Therefore, critical care nurses and phy-
sicians should use brief, reliable, validated instruments
that can be repeated over time during a patient’s ICU
stay to evaluate for delirium. Several such instruments
have been developed to allow nonpsychiatrists to make
a formal diagnosis of delirium (American Psychiatric
Association, 1999). Among the many validated delir-
ium assessment instruments available, only the
Cognitive Test for Delirium (Hart et al., 1996, 1997),
the Intensive Care Delirium Screening Checklist
(Bergeron et al., 2001) and the Confusion Assessment
Method for the ICU (Ely et al., 2001b, 2001c) were
designed specifically for the evaluation of intubated
ICU patients, an essential feature for use in the ICU
where up to 80% of patients are nonverbal because
of endotracheal intubation (Bergeron et al., 2001).

The Cognitive Test for Delirium (CTD) was evalu-
ated in a study of 22 nonconsecutive medical ICU
patients diagnosed with delirium according to the
DSM-III-R criteria (Hart et al., 1996). Because the
CTD takes 10—15 minutes to administer, Hart and col-
leagues developed an abbreviated CTD and evaluated
it in 19 delirious patients (15 were ICU patients)
(Hart et al., 1997). The abbreviated CTD takes only
a few minutes to administer and was shown to discri-
minate between delirium, dementia, schizophrenia,
and depression (p < 0.0001). However, the CTD has
not been evaluated in a study of consecutive ICU
patients to determine its validity in a cohort including
delirious and nondelirious ICU patients.

The Intensive Care Delirium Screening Checklist was
studied in 93 consecutively admitted ICU patients who
were also evaluated by a consulting psychiatrist who
served as the reference standard rater (Bergeron et al.,
2001). The Checklist consists of eight items (either pre-
sent or absent) so that each assessment results in a score
from 0-8 (Table 3.6). Of the patients studied, 15 (16%)
were diagnosed with delirium by the reference standard
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Table 3.6

The Intensive Care Delirium Screening Checklist

Altered level of consciousness
Inattention

Disorientation

Hallucination — delusion — psychosis
Psychomotor agitation or retardation
Inappropriate speech or mood
Sleep/wake cycle disturbance
Symptom fluctuation

Each feature is given a score of 0 (absent) or 1 (present) and the
points are added for a total score.
Source: data from Bergeron et al., 2001.

rater, and a cutoff score of 4 was estimated to have a
sensitivity of 99% and specificity of 64%. The authors
concluded that the instrument was most appropriately
used as a screening tool due to the high sensitivity for
delirium.

The Confusion Assessment Method for the ICU
(CAM-ICU) is the only delirium assessment tool
designed for use in intubated ICU patients that has
been validated against a reference standard rater in
three separate cohorts of mechanically ventilated ICU
patients (Ely et al., 2001b, 2001c; Lin et al., 2004).
The instrument was modified from the Confusion
Assessment Method (Inouye et al., 1990) and consists
of four key features derived from the Diagnostic and
Statistical Manual of Mental Disorders, including 1)
change in mental status from baseline or a fluctuating
course of mental status, 2) inattention, 3) disorganized
thinking, and 4) an altered level of consciousness
(Table 3.7). Delirium is diagnosed (i.e., the patient is
‘CAM-ICU-positive’) when features 1 and 2 are pre-
sent along with either feature 3 or 4. The CAM-ICU
was evaluated by Ely et al. in 2 cohorts of 38 and
111 consecutively admitted medical ICU patients and
was shown to have high sensitivity (93—100%), speci-
ficity (89-100%), and inter-rater reliability (x, 0.96;
95% CI, 0.92-0.99) (Ely et al., 2001b, 2001c). The
CAM-ICU has been translated into numerous lan-
guages (e.g., Spanish, Portuguese, French, Dutch,
Swedish, Greek, Italian, and Chinese) and Lin et al.
confirmed its high reliability and validity in another
language and region of the world (Lin et al., 2004).

The Confusion Assessment Method (CAM) (Inouye
et al, 1990), a sensitive (94-100%), specific (90—
100%), and reliable instrument intended for use in the
clinical evaluation of hospitalized, elderly medical and
surgical patients, is the most widely used delirium
assessment instrument and it may be useful in the eva-
luation of verbal ICU patients. McNicoll and colleagues

compared the CAM to the CAM-ICU in a study of 22
alert, nonintubated ICU patients (McNicoll et al.,
2005). The two instruments agreed 82% of the time,
with the CAM identifying delirium in four patients
that the CAM-ICU did not. The applicability of this
study to the care of ICU patients is limited, however,
by the lack of a reference standard in this study,
i.e., no formal psychiatric assessments based on DSM-
IV-TR criteria were made. Additionally, the frequent
use of sedation, analgesia, and mechanical ventilation
in ICU patients calls into question the widespread
applicability of this study, which excluded patients
who were stuporous (McNicoll et al., 2005).

Other instruments that have been validated in non-
ICU cohorts have been reviewed elsewhere (Breitbart
et al., 1997; Rapp et al., 2000). These include the Delir-
ium Rating Scale (Trzepacz et al., 1988), Delirium
Symptom Interview (Albert et al., 1992), Memorial
Delirium Assessment Scale (Breitbart et al., 1997),
NEECHAM Confusion Scale (Neelon et al., 1996), Con-
fusional State Evaluation (Robertsson et al., 1997), and
Delirium Inventory (McCusker et al., 1998).

As a high percentage of critically ill patients experi-
ence delirium and are exposed to numerous delirium risk
factors, it is often difficult or impossible to attribute the
development of ICU delirium to one specific etiology.
However, careful attention must be directed to every
ICU patient with delirium and a focused evaluation
may be warranted when the history, examination and/or
routine labs and imaging suggest that a specific etiology
is responsible for delirium. Examples include drug
screens prompted by signs or symptoms of intoxication
or withdrawal, blood cultures prompted by new fever,
lumbar puncture prompted by signs or symptoms of
meningitis, ammonia prompted by a history of cirrhosis,
and EEG prompted by a history of seizures. An exhaus-
tive list of the tests indicated by a given clinical scenario
is beyond the scope of this chapter, but knowledge of
these tests and their indications should be part of the
armamentarium of every critical care practitioner.

3.7. Course and prognosis

Lipowski outlined five possible outcomes following an
episode of delirium: 1) full recovery, 2) progression to
stupor and coma, or death, 3) a transitional cognitive,
affective, behavioral, or mixed abnormality and gra-
dual full recovery, 4) progression to an irreversible
mental syndrome, and 5) post-traumatic stress syn-
drome (Lipowski, 1990). In ICU patients as well as
non-ICU patients, full recovery is the most common
outcome. This fact has led many critical care clinicians
to mistakenly assume that delirium in the ICU is
inconsequential — i.e., that the ‘ICU syndrome’ is an
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Table 3.7
The Confusion Assessment Method for the Intensive Care Unit (CAM-ICU) Worksheet
Feature 1: Acute Onset or Fluctuating Course Positive Negative
Positive if you answer ‘yes’ to either 1A or 1B.
Yes No

1A: Is the pt different from his/her baseline mental status?
or
1B: Has the patient had any fluctuation in mental status in the past 24 hours as evidenced by
fluctuation on a sedation scale (e.g., RASS), GCS, or previous delirium assessment?
Feature 2: Inattention Positive Negative
Positive if score for either 2A or 2B is less than 8.
Attempt the ASE Letters first. If the patient is able to perform this test and the score is clear,

record this score and move to Feature 3. If the patient is unable to perform this test or the

score is unclear, then perform the ASE Pictures. If you perform both tests, use the ASE

Pictures results to score the Feature.
2A: ASE Letters: record score (enter NT for not tested) Score (out of 10):
Directions: Say to the patient, ‘I am going to read you a series of 10 letters. Whenever you

hear the letter “A”, indicate by squeezing my hand.” Read letters from the following letter

list in a normal tone.
SAVEAHAART
Scoring: Errors are counted when patient fails to squeeze on the letter ‘A’ and when the

patient squeezes on any letter other than ‘A’.
2B: ASE Pictures: record score (enter NT for not tested) Score (out of 10):
Directions are included on the picture packets.
Feature 3: Disorganized Thinking Positive Negative
Positive if the combined score is less than 4
3A: Yes/No Questions Combined score (3A + 3B):

___ (out of 5)

(Use either Set A or Set B and alternate on consecutive days if necessary):
Set A Set B
1. Will a stone float on water? 1. Will a leaf float on water?
2. Are there fish in the sea? 2. Are there elephants in the sea?
3. Does 1 pound weigh more than 2 pounds? 3. Do 2 pounds weigh more than 1 pound?
4. Can you use a hammer to pound a nail? 4. Can you use a hammer to cut wood?
Score ___ (Patient earns 1 point for each correct answer out of 4)
3B: Command
Say to the patient: ‘Hold up this many fingers’ (Examiner holds two fingers in front of

patient). ‘Now do the same thing with the other hand’ (Not repeating the number of

fingers). If pt is unable to move both arms, for the second part of the command say to the

patient ‘Add one more finger’.
Score____ (Patient earns 1 point if able to successfully complete the entire command)
Feature 4: Altered Level of Consciousness Positive Negative
Positive if the actual RASS score is anything other than ‘0’ (zero)
Overall CAM-ICU (Features 1 and 2 and either Feature 3 or 4): Positive Negative

ASE, Attention Screening Examination; GCS, Glasgow Coma Score; RASS, Richmond Agitation-Sedation Scale.

The ASE Pictures is used when the patient is unable to perform the ASE Letters and utilizes a series of pictures provided in the CAM-ICU

training manual available at www.icudelirium.org.
Used with permission. Copyright © 2002, E. Wesley Ely, MD, MPH and Vanderbilt University. All rights reserved.
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expected consequence of the treatment of critically ill
patients that is not independently associated with
long-term adverse outcomes (McGuire et al., 2000).
Recent studies have proved this line of thinking to
be false.

In the acute setting, delirium is associated with mul-
tiple complications during the ICU stay. Confusion and
a reduced level of consciousness put the delirious
patient at increased risk of developing, or causing, com-
plications of the complex monitoring and management
strategies used in the ICU. Dubois et al. reported that
10% of delirious patients studied in a medical/surgical
ICU self-extubated as compared to 2.3% of non-delir-
ious patients (p =0.02) (Dubois et al., 2001). Delirium
was also associated with an increased rate of removal
of catheters (20% vs 5.7% in nondelirious patients,
p=0.003) (Dubois et al., 2001). Although no study to
date has specifically evaluated the association between
delirium and failed extubation rates, it is likely that
the altered mental status occurring in delirious ICU
patients puts them at high risk for this complication.
In fact, abnormal mental status was a significant predic-
tor of failed extubation in studies of neurosurgical
(Namen et al., 2001) and medical ICU patients (Salam
et al., 2004). Namen et al. defined altered mental status
according to Glasgow Coma Scale scores that indepen-
dently predicted extubation failure (p < 0.0001)
(Namen et al., 2001), while Salam et al. reported that
inability to complete four simple tasks was indepen-
dently associated with a 4.3 times higher risk of failed
extubation as compared to the ability to do so (95%
CI, 1.8-10.4) (Salam et al., 2004).

Several studies have shown that ICU delirium is
independently associated with prolonged ICU and hos-
pital stays. In a study of 238 ICU patients, Kishi et al.
reported that the median ICU length of stay was statis-
tically longer for delirious patients than for nondelirious
patients (15 vs 5, respectively; p =0.0001), despite the
fact that the duration of delirium only represented a
third of the time spent in the ICU (median duration of
delirium, 5 days) (Kishi et al., 1995). Ely et al. studied
48 medical ICU patients and used multivariable analy-
sis to determine the independent association of delirium
with hospital length of stay (Ely et al., 2001a). After
adjusting for severity of illness, age, gender, race, and
days of benzodiazepine and narcotic drug administra-
tion, delirium was the strongest predictor of hospital
length of stay (p = 0.006). These results were confirmed
in two large follow-up studies. The first study evaluated
275 mechanically ventilated medical ICU patients and
found that delirium was independently associated with
longer hospital stays (adjusted hazard ratio (HR), 2.0;
95% CI, 1.4-3.0; p<0.001) (Ely et al., 2004a). The
second study evaluated 261 nonventilated medical

ICU patients and showed that delirious patients were
41% more likely to stay in the hospital on any given
day than nondelirious patients, again after adjusting
for severity of illness, age, gender, race, coma, and
comorbidities (HR, 141; 95% CI 1.05-1.89;
p=0.023) (Thomason et al., 2005).

As expected for a complication that increases length
of stay, delirium in the ICU has been shown to increase
costs. In a study of mechanically ventilated medical
ICU patients, Milbrandt et al. found that patients who
developed delirium at any time during their ICU stay
incurred significantly higher ICU and hospital costs
than those who never developed delirium (Milbrandt
et al., 2004). The increase in median ICU costs in
patients with delirium was more than $9000 per patient.

While studies of non-ICU hospitalized patients have
demonstrated an increased risk for death in the 1- and
2-year period following hospital discharge (Francis
and Kapoor, 1992; McCusker et al., 2002), several stu-
dies of delirium in ICU patients failed to show an asso-
ciation between delirium and in-hospital mortality
(Kishi et al., 1995; Dubois et al., 2001; Micek et al.,
2005). However, when survivors of critical illness were
followed up to 6 months after hospital discharge, ICU
delirium was independently associated with mortality.
Ely et al. prospectively evaluated 275 mechanically
ventilated medical ICU patients for the development
of delirium and found that delirium was independently
associated with a threefold increase in the risk of death
at 6 months after adjusting for age, severity of illness,
comorbid conditions, coma, and the use of sedatives
and analgesics (adjusted HR, 3.2; 95% CI, 1.4-7.7,
p=0.008) (Fig. 3.1) (Ely et al., 2004a). Lin et al. con-
firmed these findings in a study of 102 mechanically
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Fig. 3.1. Kaplan—Meier Analysis of Delirium in the Inten-
sive Care Unit and 6-Month Survival. Adapted from Ely
et al., 2004a. Copyright © 2004, American Medical Asso-
ciation. All rights reserved.
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ventilated ICU patients (OR for delirium-associated
mortality, 13.0; 95% CI, 2.69-62.91) (Lin et al., 2004).

Even for those patients who survive critical illness,
delirium may increase the risk of long-term comorbi-
dities. Specifically, studies of non-ICU patients have
shown that delirium is an independent risk factor
for the development of long-term cognitive impairment.
Jackson et al. reviewed nine prospective studies evaluat-
ing a total of 1885 hospitalized medical and surgical
patients and found that delirium was associated with
the development of dementia over 1-3 years from the
time of hospital discharge (Jackson et al., 2004).
Although the only published study evaluating this rela-
tionship in survivors of critical illness did not show a sta-
tistically significant association, only 41 patients were
evaluated and the study was not powered to detect an
association between ICU delirium and long-term cogni-
tive impairment (Jackson et al., 2003). Analogous to
the high prevalence of delirium among ICU patients as
compared to non-ICU hospitalized patients, several stu-
dies have documented a remarkably high incidence of
cognitive impairment after critical illness, ranging from
25% to 78% depending on the population studied and
the definition of impairment used (Hopkins and Brett,
2005). In light of these findings, large prospective cohort
studies are ongoing in an attempt to identify risk factors
for long-term cognitive impairment following critical ill-
ness with ICU delirium as the primary factor of interest.

3.8. Approaches to prevention and treatment
of delirium

The intensive care unit arose out of the realization that
specialized, multidisciplinary care can result in
improved outcomes for patients with a high severity
of illness attributable to disease processes affecting
multiple organs. Delirium in such patients should
prompt a multifaceted plan of prevention and treat-
ment that includes eliminating modifiable risk factors,
performing frequent delirium assessments and using
pharmacologic therapies thought to treat delirium
when it is identified.

3.8.1. Prevention and nonpharmacologic strategies

Although no study published to date has focused on the
prevention of delirium in critically ill patients, numer-
ous modifiable risk factors are common to patients in
both the ICU and the general hospital ward. Therefore,
several clinical trials that have evaluated multicompo-
nent interventions designed to prevent delirium in
hospitalized patients may have applicability to the criti-
cally ill population (Inouye et al., 1999; Marcantonio
et al., 2001; Lundstrom et al., 2005).

In the largest of these studies, Inouye et al. studied
852 patients older than 70 years of age who were hos-
pitalized with a variety of medical illnesses (Inouye
et al,, 1999). Patients were prospectively admitted
to an intervention unit or usual-care units, and the
intervention protocol included repeated reorientation
with information boards and health-care worker com-
munication, cognitively stimulating activities mul-
tiple times daily, a nonpharmacologic sleep protocol
enhanced by a sleep-friendly environment, frequent
ambulation and exercise, visual and hearing aids, and
vigilant volume repletion to prevent dehydration.
Those patients in the intervention group had a signifi-
cantly lower incidence of delirium as compared to
controls (9.9% vs 15%, p=0.02) as well as a shorter
duration of delirium (Inouye et al., 1999). Although
there was no sustained benefit noted in clinical out-
comes at 6 months following hospital discharge in
the cohort as a whole, subgroup analysis revealed that
high-risk patients in the intervention group had better
self-rated health and functional status than high-risk
patients in the control group (Bogardus et al., 2003).

As delirium complicates the course of a higher per-
centage of ICU patients than of non-critically-ill
patients, and the average ICU patient is exposed to
as many as 10 delirium risk factors (see section 3.4),
it is likely that ICU patients will benefit from preven-
tive strategies. Despite the lack of clinical trials evalu-
ating primary prevention of delirium in critically ill
patients, the approach to care used by Inouye et al.
should form the basis of nonpharmacologic attempts
to prevent delirium in ICU patients: frequent reorienta-
tion, restoration of the sleep—wake cycle, minimization
of unnecessary stimuli, early mobilization and physical
therapy, and judicious use of sedatives with frequent
interruptions as tolerated.

3.8.2. Pharmacologic treatment

Despite these efforts, a significant percentage of ICU
patients will develop delirium, and it is imperative that
critical care clinicians recognize the significance of
newly developed delirium. As this syndrome is often
a sign of an acute change in a patient’s clinical course,
abrupt changes in mental status should alert the critical
care team to evaluate the ICU patient for shock,
hypoxia, hypercarbia, hypoglycemia, or other meta-
bolic derangements. After the rapid evaluation and
treatment of these life-threatening problems, attention
can be turned toward the treatment of delirium.
Pharmacological management of delirium is fre-
quently attempted in the ICU. Of 912 critical care
practitioners surveyed, 717 (79%) reported that delir-
ium requires active intervention (Ely et al., 2004b),
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and two-thirds considered haloperidol to be the treat-
ment of choice. This reflects the recommendations of
both the Society of Critical Care Medicine (Jacobi
et al., 2002) and the American Psychiatric Association
(1999). There are no placebo-controlled trials to con-
firm the efficacy of haloperidol and there remain no
drugs with an FDA approval for the treatment of delir-
ium, so these recommendations were based on numer-
ous case series, uncontrolled trials, and a small number
of randomized trials comparing haloperidol to benzo-
diazepines or other neuroleptics.

The superiority of haloperidol over lorazepam for
the treatment of delirium was demonstrated in a rando-
mized, double-blind trial by Breitbart and colleagues
(1996). They studied 244 hospitalized AIDS patients
and randomized to treatment those who met DSM-III
criteria for delirium as well as exceeded a threshold
score on the Delirium Rating Scale (DRS) (n=30).
Treatment with haloperidol or chlorpromazine resulted
in improvement of delirium symptoms as measured by
the DRS, while lorazepam was ineffective (p < 0.001)
(Breitbart et al., 1996). Additionally, the efficacy of
haloperidol has been compared to risperidone, an atypi-
cal antipsychotic, in a double-blind trial in which 28
non-ICU patients diagnosed with delirium according
to DSM-III-R criteria were randomized to treatment.
Mean Memorial Delirium Assessment Scale scores
decreased significantly in both treatment groups during
the study period (p < 0.05), but no difference in scores
was noted between the haloperidol group and the risper-
idone group (p =0.51) (Han and Kim, 2004).

Only one clinical trial published to date has evalu-
ated the efficacy of treatment with antipsychotics for
delirium in critically ill patients (Skrobik et al.,
2004). Skrobik et al. used an unblinded, pseudorando-
mized study design to evaluate the efficacy and safety
of olanzapine compared with haloperidol (both in
enteral form) in the treatment of 73 ICU patients diag-
nosed with delirium according to DSM-IV criteria.
A statistically significant reduction in daily Delirium
Index scores was seen in both treatment groups
(ANOVA time effect, p=0.02), but there was no
difference between treatment groups (group effect,
p =0.83). Although the trial was not powered to detect
a statistical difference in the rate of adverse effects, it
is notable that none of the patients treated with olanza-
pine experienced an adverse effect, while 6 (13%) of
those treated with haloperidol reported extrapyramidal
symptoms. The generalizability of this trial to many
ICU populations is limited because of a predominance
of surgical patients and a relatively low severity of ill-
ness (mean APACHE 11, 12.7).

Haloperidol and other neuroleptic agents are felt to
stabilize cerebral function primarily by dopamine

blockade as well as disinhibition of acetylcholine.
Additionally, the anti-inflammatory properties of halo-
peridol — specifically, the inhibition of proinflamma-
tory cytokine production (Moots et al., 1999; Song
et al.,, 2000) — may be particularly important in the
treatment of ICU delirium. These procognitive and
anti-inflammatory effects may have resulted in the
15.6% absolute reduction in the risk of hospital mor-
tality noted in a recently published retrospective
cohort analysis of 989 mechanically ventilated, criti-
cally ill patients (Milbrandt et al., 2005). Several
randomized, placebo-controlled clinical trials are cur-
rently under way that are designed to evaluate the effi-
cacy and safety of haloperidol in the treatment of
critically ill patients with delirium.

The optimal dose and formulation of haloperidol, as
well as atypical antipsychotics, has not been defined in
the ICU setting. Skrobik and colleagues used the ent-
eral forms of haloperidol and olanzapine (0.5-1.0 mg
and 2.5 mg initially, respectively) in their clinical trial
of ICU patients due to the unavailability of the atypi-
cal agent in intravenous form (Skrobik et al., 2004).
Haloperidol is most commonly administered in the
intravenous form to agitated ICU patients, and an
initial dose of 2—10 mg iv is commonly recommended
(Tesar et al., 1985; Tesar and Stern, 1988; Jacobi et al.,
2002). This dose is followed by higher doses (e.g.,
doubling the previous dose) every 20-30 minutes
while agitation persists and 25% of the initial dose
every 6 hours after agitation is controlled.

A number of adverse effects may occur in response to
treatment with haloperidol, and ICU patients may be at
increased risk because of multiple comorbidities as well
as concurrent hepatic and/or renal impairment. A dose-
dependent QT prolongation may occur with haloperidol
administration increasing the risk of cardiac arrhyth-
mias, including torsade de pointes (TdP) (Lawrence
and Nasraway, 1997; Sharma et al., 1998; Perrault
et al., 2000). Patients with preexisting cardiac disease
are at highest risk (Lawrence and Nasraway, 1997).
Doses of 20 mg have resulted in arrhythmias, and cumu-
lative doses as low as 35 mg have resulted in significant
QT prolongation (Sharma et al., 1998). The incidence of
haloperidol-associated TdP has not been prospectively
studied, but one retrospective review of 268 critically
ill adult patients who received intravenous haloperidol
at a tertiary care hospital reported an incidence of 3.6%
(n=238 cases; 45 patients were excluded because they
had other risk factors for TdP) (Sharma et al., 1998).

Other adverse effects associated with haloperidol
include extrapyramidal symptoms, including akathisia
and oropharyngeal dysfunction (Bashford and Bradd,
1996); dystonia, e.g., laryngospasm and trismus (Ilchef,
1997); cognitive ‘numbness’ and dysphoria, occurring
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in 40% according to some studies (King et al., 1995);
and neuroleptic malignant syndrome (Adnet et al.,
2000). Because they are associated with fewer side
effects, especially extrapyramidal symptoms, atypical
antipsychotics have been promoted in some reports
as an alternative to haloperidol in hospitalized patients
(Han and Kim, 2004) and ICU patients (Skrobik et al.,
2004). However, adverse effects remain a concern
with atypical antipsychotics. For example, these medi-
cations may result in QT prolongation such as that
seen with haloperidol, and sudden cardiac death has
been reported to occur in association with the use of
atypical antipsychotics (Ravin and Levenson, 1997).

The majority of ICU patients require sedatives and
analgesics, especially early in their ICU stay, and the
careful use of these agents is as important as non-
pharmacologic strategies aimed at the prevention of
delirium. Although benzodiazepines are the drugs of
choice for the treatment of alcohol withdrawal (as well
as other drug withdrawal syndromes), this class of
drugs is not recommended for the routine treatment
of delirium because of the likelihood of promoting
confusion, oversedation, and respiratory depression.
As stated previously (see section 3.4), exposure to ben-
zodiazepines and narcotics is a significant independent
risk factor for the development of delirium and use of
these drugs should be guided by goal-directed sedation
protocols that promote intermittent bolus sedation and
daily interruption of sedatives (Kollef et al., 1998;
Brook et al., 1999; Kress et al., 2000).

3.9. Conclusions

Patients with critical illness are at high risk of morbid-
ity and mortality. These risks only increase with the
failure of multiple organ systems. Although delirium
was previously often overlooked, practitioners are
becoming increasingly aware of the crucial role that
acute central nervous system dysfunction plays in the
course of critical illness. Appropriate strategies for
the prevention, diagnosis, and treatment of delirium
in critically ill patients as outlined in this chapter
are the subject of ongoing investigations and should
be part of every ICU clinician’s armamentarium in
the care of patients with critical illness.
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Consciousness may be considered as a state of aware-
ness of self and environment that gives significance
to stimuli from the internal and external environment.
It depends on two critical components — cognitive
content and arousal. It is the cognitive content of mental
functions that allows awareness and the expression of
psychological functions of sensation, emotion, and
thought. Zeman (2001) distinguishes three principal
meanings of this content, defining consciousness in
terms of: a waking state with abilities to perceive, inter-
act, and communicate; a state of behaviors based on
experiences; and a state of thought or a state of ‘mind’
including emotion, feelings, and intent. Impairment of
arousal leads to obtundation, stupor, or coma, and a sec-
ondary impairment of cognitive content, which may be
temporary or permanent depending on the etiology. The
nature of consciousness has been considered in detail by
a number of comprehensive and important reviews
(Niedermeyer, 1994; Plum and Posner, 1995; Coslett,
1997; Zeman, 1997, 2001; Zeman et al., 1997; Young
and Piggott, 1999; Ortinski and Meandor, 2004).

4.1. States of impaired consciousness

A number of terms have been applied to different
varying states of altered consciousness.

1. Clouding of consciousness describes states of
reduced wakefulness characterized by impaired
attention and memory. Patients may be distractible,
hyperexcitable, and irritable with slow thought
processes.

2. Acute confusional state refers to a more severe
impairment of consciousness in which stimuli are
intermittently misinterpreted. Patients are drowsy,

bewildered, disorientated in time, and have poor
short-term memory and comprehension. They may
have difficulty undertaking complex tasks and show
day—night reversal.

. Delirium is characterized by the rapid onset of

a floridly abnormal mental state with disturbed con-
sciousness, disorientation, severe motor restless-
ness, fear, irritability, consistent misperception of
sensory stimuli and visual hallucinations. There
may be lucid periods and the patient is often
agitated, irritable, suspicious, and talkative.

. Obtundation refers to a state of mental blunting

with apathy and inactivity. The patient is drowsy,
hypersomnolent, and there is reduced alertness with
a lessened interest in the environment. Arousal may
lead to responses to verbal or tactile stimulation but
these are slow.

. Stupor is a condition of unresponsiveness, similar to

deep sleep, from which the patient can be aroused
only by vigorous and repeated stimuli. Even when
aroused communication is by monosyllabic sounds
and simple behaviors and as soon as the stimulus
ceases the stuporose subject lapses back into the
unresponsive state.

. The locked-in syndrome (see below) describes a de-

efferented state in which consciousness and cogni-
tion are preserved but the patient has lost motor
function, making movement and speech impossible.
The subject is usually able to communicate by
opening and voluntarily moving his eye in the ver-
tical plane but horizontal and other eye movements
are lost.

. Akinetic mutism is a rare state characterized by

pathologically slowed or virtually absent bodily
movements in the absence of paralysis or weakness.

*Correspondence to: Dr R.S. Howard, Consultant Neurologist, The Batten/Harris Neurological Intensive Care Unit, National
Hospital for Neurology and Neurosurgery, Queen Square, London WCIN 3BG, UK. E-mail: robin.howard@uclh.org, Tel:

+44-(0)207-837-3611.
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The patients are flaccid, do not respond to pain,
and lie immobile, mute, and unresponsive to
commands, questions, and greetings. There is no
display of emotion but the patient appears awake
and their eyes may follow movement of people
around the bed or turn towards a sound in the
environment. Wakefulness, alertness, sleep—wake
cycles, and self-awareness are preserved although
cognitive function is reduced; patients retain the
ability to blink spontaneously and to visual threat.
Primitive reflexes are common and there is bowel
and bladder incontinence. The EEG shows reactive
alpha and theta rhythms. The condition is described
as being associated with bilateral impairment of
the inferior frontal lobes but is also reported
with extensive bilateral hemispheric disease and
lesions of the paramedian mesencephalic reticular
formation.

8. Coma may be defined as a state of unrousable unre-
sponsiveness in which the subject lies with their eyes
closed (Plum and Posner, 1995). There is no under-
standable response to external stimuli or inner need
and the patient does not utter understandable
responses nor accurately localize noxious stimuli.
Thus there is a total absence of awareness of self and
environment even when the subject is externally sti-
mulated. There is no spontaneous eye opening,
response to voice, localization to painful stimuli, or
verbal output.

Coma and impaired consciousness are associated with
either bilateral hemispheric damage or suppression, or
a focal brainstem lesion or metabolic derangement that
damages or suppresses the reticular activating system.
In general, unilateral dysfunction of the cerebral hemi-
spheres does not, by itself, cause stupor or coma
although large dominant hemisphere lesions may cause
drowsiness or obtundation in the absence of brainstem
compression (Plum and Posner, 1995). Neuroanatomi-
cal studies of brainstem stroke confirm that the develop-
ment of coma is associated with predominantly bilateral
tegmental lesions of the upper pons and, to a lesser
extent, the midbrain. These lesions particularly involve
the rostral raphe complex, locus ceruleus, laterodorsal
tegmental nucleus, nucleus pontis oralis, parabrachial
nucleus, and the white matter in between these nuclei
(Parvizi and Damasio, 2003).

4.2. Causes of coma

Coma may be due to a variety of neurological and
general medical disorders. The causes may be classified
according to several different schemes. None is entirely
satisfactory as many of the underlying conditions are

either multifactorial (e.g., mass lesions with secondary
herniation) or may affect the brain at different levels
(e.g., vasculitis, meningitis) (Bates, 1994; Wijdicks,
2003, 2004). Nonetheless the most important consid-
erations in the initial assessment are the presence of
lateralizing signs, the presence of meningism, and the
pattern of brainstem reflexes (Table 4.1).

In most patients coma is due to a clear underlying
medical cause: in patients admitted in coma (>6 hours)
to a general accident and emergency department approxi-
mately 40% will be due to drug ingestion with or without
alcohol, 25% to hypoxic—ischemic insult secondary to
cardiac arrest, 20% to stroke and the remainder to trauma
and general medical disorders. Primary neurological
events causing coma include intracerebral hemorrhage,
subarachnoid hemorrhage, pontine or cerebellar hemor-
rhage, and basilar artery thrombosis; however, infarction
in the territory of the middle cerebral artery rarely leads
to sudden onset of coma unless there is massive swelling
causing brainstem shift and massive torsion.

4.3. Assessment of coma

4.3.1. Resuscitation and emergency treatment

While the underlying cause of coma must be treated
as soon as possible, rapid and effective cardiopulmon-
ary resuscitation is the priority if secondary cerebral
damage is to be avoided (Table 4.2). A patent airway
must be established by placing the patient in the left
lateral position, introducing an oral airway, or per-
forming endotracheal intubation. Similarly, hypoten-
sion will cause cerebral hypoperfusion and further
cerebral ischemia and appropriate resuscitation with
intravenous fluids and/or inotropic drugs must be
undertaken as soon as possible. During resuscitation
a glucose level should be undertaken immediately by
Dextrostix and blood should be taken for estimation
of electrolytes (especially sodium, glucose, and urea)
and full blood count. Other tests including toxicology
screen and anticonvulsant drug levels should be under-
taken as appropriate. Having taken baseline blood
samples, 25 ml of 50% glucose should be given intra-
venously as any potential harmful results in cerebral
ischemia are far outweighed by the benefits of rapid
treatment of hypoglycemia. Intravenous injection of
50-100 mg thiamine should be given to prevent the
development of Wernicke’s encephalopathy in alco-
holic patients. If narcotic or benzodiazepine overdose
is suspected, naloxone or flumazenil respectively
should be administered (Doyon and Roberts, 1994;
Gueye et al., 1996; Weinbroum et al., 1996). Further
management of the unconscious patient will include
adequate treatment of seizures (Shorvon, 1993),
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Causes of coma
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1. Coma with intact brainstem function, no meningism, and no lateralizing motor signs

Toxins

Alcohol
Drug toxicity

Extrapyramidal

Seizures

Psychiatric

Infections

Anoxic—ischemic encephalopathy
Respiratory

Electrolytes

Diabetic

Renal
Hepatic
Endocrine
Temperature
Nutritional

Inborn errors of metabolism

Others

Carbon monoxide
Methanol

Lead

Cyanide

Thallium

Sedatives

Barbiturates

Tranquilizers

Opioids

Psychotropics

Amphetamines

Others

Status dystonicus

Neuroleptic malignant syndrome
Status epilepticus

Postictal

Postictal drug induced
Functional

Catatonia

Conversion reaction
Transmissible spongiform encephalopathy

Hypoxia, hypercapnia

Hyponatremia, hypernatremia, hypercalcemia, hypocalcemia,
hypermagnesemia

Hypoglycemia

Ketoacidosis

Lactic acidosis

Hyperosmolar nonketotic diabetic coma

Uremia

Hepatic encephalopathy

Hypopituitarism, hypothyroidism, hyperthyroidism

Addison’s disease

Hashimoto’s encephalopathy

Hypothermia

Hyperpyrexia

Wernicke’s encephalopathy

Hyperammoniacal

Aminoaciduria

Organic aciduria

Porphyria

Reye’s syndrome

Idiopathic recurrent stupor

2. Coma with meningism (+ intact brainstem function and lateralizing signs)

Infection

Vascular

Meningitis
Encephalitis
Subarachnoid hemorrhage

(Continued)
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3. Coma with intact brainstem function and lateralizing signs

i) Asymmetrical lateralizing signs
Vascular

Infection

Tumor
White matter

ii) Symmetrical lateralizing signs
Diffuse axonal brain injury
Bilateral subdural hematoma/

empyema
Vascular

Infarction Ischemia
Embolic Cardiac
Large vessel
Fat
Hypoperfusion/hypotension
Hemorrhage Extradural
Subdural
Subarachnoid

Intracerebral (primary or secondary)
Congophilic amyloid angiopathy
Angioimmunoblastic lymphoma

Vasculitis

Venous thrombosis

Mitochondrial disease

Hypertensive encephalopathy

Eclamptic toxemia

Endocarditis Bacterial
Libman—Sacks
Marantic
Abscess

Subdural empyema
Creutzfeldt—Jakob disease

Multifocal leukoencephalopathy

Adrenoleukodystrophy

Multiple sclerosis

Leukoencephalopathy associated with chemotherapy/radiotherapy
Acute disseminated encephalomyelitis

Acute hemorrhagic leukoencephalitis

Multiple infarcts due to Fat emboli
Cholesterol emboli
Disseminated intravascular coagulation
Thrombotic thrombocytopenic purpura
Vasculitis

4. Coma with signs of focal brainstem dysfunction

Herniation syndrome

Intrinsic brainstem disease

Advanced metabolic/toxic
encephalopathy

Others

Vascular

Tumor

Central pontine myelinolysis
Vertebrobasilar occlusion
Vertebrobasilar dissection
Vertebrobasilar hemorrhage
Posterior fossa
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Table 4.2
Assessment of coma
1. Resuscitation and emergency treatment
2. Medical assessment
3. Establish level of consciousness Eye opening
Motor response
Verbal output
4. Identify brainstem activity Brainstem reflexes Pupils
Eye movements Spontaneous
Oculocephalic
Oculovestibular
Corneal reflex and facial
movements
Bulbar Cough
Gag

5. Motor function
Seizures

Muscle tone

Respiratory pattern

Involuntary movements

Motor responses
Tendon reflexes

correction of electrolyte and acid-base disturbances,
and supportive treatment including adequate nutrition
and physiotherapy (Berek et al.,, 1994; Wijdicks,
2003). Increasing evidence suggests that patients who
remain in coma after resuscitation should be treated
with controlled hypothermia (core temperature 32—
34°C) for 12-24 hours (Bernard et al., 2002).

4.3.2. Medical assessment

4.3.2.1. History

It is essential to obtain as detailed and accurate a history
as possible. This must include all available information
concerning the previous history and circumstances of
the acute event. Detailed history must be sought on
admission from family members, witnesses, and the
paramedical staff called to the scene. The patient’s per-
sonal belongings may provide clues about pre-existing
neurological or general medical disorder and any treat-
ment. A search should be made for any evidence of
alcohol or drug ingestion. It is important to contact
family members or the GP by telephone to establish
any history of a predisposing event, e.g., previous
trauma, pyrexia, prodromal symptoms such as head-
ache, neck stiffness, ataxia, epilepsy, or previous epi-
sodes of coma. Coma may present as failure to wake
following general anesthesia or sedation on the inten-
sive care unit. In this situation it is necessary to establish
whether the coma has arisen as a result of a pre-existing
neuromuscular disease (e.g., previous poliomyelitis,

muscular dystrophy, or motor neuron disease), a neuro-
logical complication of general medical disorders (e.g.,
cardiogenic emboli or metabolic encephalopathy), or a
primary neurological event (e.g., subarachnoid hemor-
rhage or meningitis).

4.3.2.2. Examination

An urgent and detailed general medical examination
(Bates, 1994; Berger, 2004) must be undertaken imme-
diately after resuscitation. The general appearance of
the patient on discovery and admission may give
important clues to the etiology of the coma. The breath
may smell of ketones or alcohol, and renal or hepatic
fetor may be present. The mucus membranes may
show cyanosis, anemia, jaundice, or carbon monoxide
intoxication. Orbital and basal skull fractures are sug-
gested by bruising in the mastoid and orbital regions
and blood in the external auditory meatus. There may
be splinter hemorrhages suggesting endocarditis or
needle tracks in the antecubital fossa indicating opiate
intoxication. Relevant skin lesions include a purpuric—
petechial rash suggesting meningococcal septicemia or
other causes of sepsis including Pseudomonas, Staphy-
lococcus, or endocarditis, maculopapular lesions indi-
cating viral meningoencephalitis, endocarditis, or
fungal infection, and a vesicular rash suggesting herpes
simplex or varicella; barbiturate intoxication is asso-
ciated with bullous lesions. Petechiae and ecchymo-
sis indicate abnormal coagulation from a variety of
causes including trauma, corticosteroid use, abnormal
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coagulation from liver disease or anticoagulants, dis-
seminated intravascular coagulation, and thrombotic
thrombocytopenic purpura. Hyperpigmentation may
suggest Addison’s disease, porphyria, disseminated
malignant melanoma, and chemotherapy. Human immu-
nodeficiency virus (HIV) is suggested by Kaposi’s
sarcoma, anogenital herpetic lesions, oral candidiasis, or
lymphadenopathy.

Pyrexia is usually due to systemic sepsis but its
absence does not exclude infection, particularly in
the elderly or immunosuppressed. Hyperpyrexia may
be due to thyrotoxic crisis, heat stroke, drug toxicity,
and malignant hyperpyrexia but is only rarely primar-
ily neurological due to hypothalamic lesions or subar-
achnoid hemorrhage. Severe hypothermia may lead to
coma due to environmental (accidental hypothermia)
or metabolic causes, endocrine disorders (hypopituitar-
ism, hypothyroidism), drugs (alcohol, barbiturate), and
Wernicke’s encephalopathy.

Hypertension occurs in response to primary cerebral
causes such as subarachnoid hemorrhage and raised
intracranial pressure but malignant hypertensive crisis
may be associated with a disturbed level of conscious-
ness. Hypotension may lead to reduced cerebral per-
fusion, coma, and irreversible cerebral injury. It is
associated with hypovolemia due to hemorrhage,
myocardial infarction, cardiac tamponade, septicemia,
intoxication, diabetes mellitus, and Addison’s disease.
There may be abnormalities of the respiratory rhythm.
Tachycardia may be due to a tachyarrhythmia, hypovo-
lemia, pyrexia, toxins, and drug intoxication. Bradycar-
dia may result from bradyarrhythmias, indicate raised
intracranial pressure, or be due to drug intoxication.

Meningism suggests infective or carcinomatous
meningitis, subarachnoid hemorrhage, and central or
tonsillar herniation. However, the clinical assessment
of meningism may be difficult in patients who have
been intubated and, indeed, it has been suggested that
meningism is unusual in deep coma whatever its cause
(Fisher, 1969).

Examination of the fundi may reveal retinopathy
due to diabetes or hypertension. Papilloedema suggests
raised intracranial pressure, hypertensive retinopathy,
or carbon dioxide retention and subhyaloid hemor-
rhage indicates subarachnoid hemorrhage. Otoscopic
examination may show otorrhea or hemotympanum
from a basal skull fracture. Rhinorrhea is suggested by
the presence of glucose in the watery nasal discharge.
Cardiac examination may indicate the presence of an
arrhythmia, cardiac or valvular disease suggesting
endocarditis, or a possible embolic source. Examination
of the abdomen may show evidence of an ileus or
increased bowel motility and there may be hepatome-
galy due to cardiac failure, portal hypertension, or sec-
ondary carcinomatous deposits. Lymphadenopathy

may indicate infection, neoplasia, collagen vascular
disorders, or sarcoidosis.

4.3.3. Level of consciousness

The level of consciousness is expressed by the ability
of the patient to respond to stimuli of varying intensity
by speech, eye opening, and motor movements.

4.3.3.1. Level of responsiveness

The eyelids should be held open and the patient asked
to move their eyes in a horizontal and vertical plane to
exclude preservation of volitional control of these
movements, as occurs in the locked-in syndrome.
The patient should be tested using visual, auditory,
and painful stimuli of increasing intensity (Wijdicks,
1996). Noxious stimuli should be presented bilaterally
in cranial nerve and limb territories. The Glasgow
Coma Score (GCS) is the most widely used scale
to assess the level of consciousness (Teasdale and
Jennett, 1974). It was introduced to assess the severity
and follow the progression of traumatic brain injury
but it has been increasingly applied to determining
the level of coma regardless of etiology. The GCS
is an extremely valuable and reproducible scale that
can be easily applied by medical and nursing staff.
However, there are many limitations: in particular it
excludes assessment of many important neurological
functions, it requires regular and consecutive observa-
tions to be effective, it is limited to the best response
in a single limb and therefore cannot reflect asymme-
try, and its reliability in inexperienced observers is
poor as the level of maximal auditory, visual, and nox-
ious stimuli varies between observers. Full assessment
cannot be undertaken in patients intubated or with
swollen eyes. Furthermore the scale represents the
addition of ordinal values that are not equal and are
not independent of each other. For these reasons a total
GCS score makes little sense and is not a reliable pre-
dictor of outcome. The GCS should not replace detailed
and careful neurological examination of the pattern of
responsiveness. Nonetheless the GCS has provided
an extremely valuable focus, which has emphasized
the importance of intensive observation of the coma-
tose patient, allowing rapid intervention with deteriora-
tion in consciousness level (Starmark et al., 1988;
Rothstein, 1991; Bhatty and Kapoor, 1993; Moulton
and Pennycook, 1994; Adnet and Baud, 1996).

Other scales have been introduced to improve the
sensitivity and prognostic reliability of bedside assess-
ment of coma. The Innsbruck Coma Scale (ICS) is simi-
lar to the GCS in being composed of ordinal measures
aggregated together (Benzer et al., 1991). The criti-
cisms of its validity are therefore similar but the scale
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does extend the range of observations and can be used
in intubated patients. As with other scales it is reliable
in predicting poor outcome following trauma. More
recently the Reaction Level Scale (RLS 85) has been
advocated; it has the advantage of being ordinal without
the need to aggregate the scores but it does depend
entirely on limb motor responses (Johnstone et al.,
1993; Diringer and Edwards, 1997).

4.3.4. Assessment of neurological function

4.3.4.1. Eyelids

In the comatose patient, opening of the eyelids by an
examiner is followed by slow re-closure while in pseu-
docoma there is forced resistance to eyelid opening and
active closure. Rarely the eyelids may be open in coma
(‘eyes-open coma’) because of a failure of levator inhi-
bition associated with lesions in the pontomesencepha-
lic region. This condition may be difficult to distinguish
from the vegetative state. Complete bilateral ptosis may
occur in patients with massive infarction of the right
cerebral hemisphere, possibly because of upper brain-
stem involvement (Blacker and Wijdicks, 2003).

4.3.4.2. Pupillary responses

In the assessment of pupillary responses it is important
to ensure an adequate light source and, if necessary,
to examine the pupils with a magnifying glass. Pre-
existing ocular or neurological injury may lead to pupil-
lary asymmetry or even a fixed dilated pupil. Topical
and systemic medication may affect pupillary func-
tion. Fixed dilated pupils may be due to anticholinergic
agents given during anesthesia or cardiopulmonary
resuscitation and pupillary asymmetry may occur as
the effects of these mydriatic agents wear off. Other
agents that cause poorly reactive pupils include barbitu-
rates, succinylcholine, and aminoglycoside antibiotics.
Pupillary constriction with poor light reaction may
be due to topical ophthalmological preparations con-
taining acetylcholinesterase inhibitor (e.g., pilocar-
pine), used in the treatment of glaucoma, and
narcotics (Gray et al., 1997). In the ciliospinal reflex,
there is bilateral pupillary dilatation in response to a
painful cutaneous stimulation in the cervical region.
This reflex reflects the integrity of the sympathetic
pathways in lightly comatose patients. It is absent in
Horner’s syndrome or IIIrd nerve palsy but the reflex
persists in coma due to metabolic or toxic insults
(Larson and Muhiudeen, 1995).

The presence of equal, light reactive pupils indicates
that the afferent (II) and efferent (III) pathways and the
midbrain tegmentum are all intact. Normal pupillary
reaction to light in a comatose patient is strongly sugges-
tive of a metabolic rather than structural cause of the

coma. A unilateral small pupil with normal reactions to
light may be due to an ipsilateral Horner’s syndrome
often associated with lesions involving the descending
sympathetic pathways in the hypothalamus, midbrain,
medulla (e.g., lateral medullary infarction), and ventro-
lateral cervical spine. There may be anhidrosis and
enophthalmos but the normal responses may be difficult
to observe because of the pupillary constriction. Similar
pupillary changes occur in toxic or metabolic coma due
to opiate overdose. Bilateral pinpoint pupils with pre-
served light reflexes also occur with pontine lesions in
the tegmentum that interrupt the descending sympathetic
pathways. The extent of constriction may make this diffi-
cult to observe and magnification may be required. Mid-
position pupils that do not respond to light but in which
the accommodation reflex is spared are associated with
dorsal tectal, pretectal, or tegmental lesions. The pupils
may spontaneously and rhythmically fluctuate in size
(hippus) and dilate to ciliospinal reflex.

In progressive peripheral IIIrd nerve lesions the
initial sign may be sluggish pupillary responses fol-
lowed by the development of fixed pupillary dilatation
(due to involvement of the parasympathetic with spar-
ing of the sympathetic pathways) and extraocular
motor abnormalities. A unilateral IIIrd nerve lesion
may also cause an efferent pupillary defect in which
a light stimulus elicits a consensual but not a direct
response due to impairment of the ipsilateral efferent
limb (Illrd nerve) of the light reflex.

Widely dilated pupils may be due to anticholinergic
agents (e.g., atropine) and do not reverse with pilo-
carpine. Irregular oval, unequal pupils follow brain-
stem transtentorial herniation that leads to midbrain
infarction. Similar fixed and moderately dilated pupils
may be seen in brain death because of the loss of both
sympathetic and parasympathetic influences.

4.3.4.3. Ocular motor disorders

The position of the eyes at rest, the pattern of sponta-
neous eye movements and the presence of oculocepha-
lic and oculovestibular reflexes indicates oculomotor
function and the pattern of brainstem or higher cortical
involvement. The preservation of normal ocular moti-
lity implies the integrity of the brainstem from the ves-
tibular nuclei at the pontomedullary junction to the
oculomotor nucleus in the midbrain and cerebellum
(Leigh and Zee, 1991; Buettner, 1992). In the primary
ocular position the eyes may be either dysconjugate,
conjugate in the midline, or deviated in a conjugate
manner. Dysconjugate deviation of the eyes is common
in patients with impaired consciousness; this may
reflect loss of voluntary fusional control or represent
a pre-existing strabismus in which compensation has
been impaired (Daroff and Troost, 1978).
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A complete IIIrd nerve palsy will cause pupillary
dilatation, ptosis, and deviation of the eye downward
and laterally. Oculomotor nerve palsies occur as a
consequence of midbrain lesions, due to direct trauma,
or as a manifestation of transtentorial herniation. Inter-
nuclear ophthalmoplegia (INO), due to a lesion of the
medial longitudinal fasciculus (MLF), is characterized
by isolated failure of ipsilateral ocular adduction in the
absence of pupillary changes but with normal vertical
eye movements and ataxic nystagmus of the abducting
eye. Dysconjugate vertical gaze may be due to IVth
nerve palsy following trauma; a skew deviation asso-
ciated with otolithic, cerebellar, or brainstem lesions,
or with metabolic encephalopathy and drug intoxica-
tion. Inward deviation and failure of abduction indi-
cates a VIth nerve palsy; this is a poor localizing
sign which is common following trauma or due to
raised intracranial pressure. Tonic horizontal conjugate
ocular deviation is common in coma. The eyes usually
deviate to the side of destructive hemispheric lesions
and away from the hemiparesis (e.g., infarction,
hemorrhage, or tumor). However, the eyes may devi-
ate away from an irritative, epileptic focus and also
from a thalamic lesion. In lesions below the pontome-
sencephalic junction the eyes deviate away from the
lesion side and look towards the hemiparesis. In hemi-
spheric lesions it is usually possible to drive the eyes
across the midline with a vestibular stimulus but this
is not the case for brainstem gaze palsies. The eyes
may deviate to the side of the focus in postictal gaze
palsy but intermittent aversive horizontal deviation is
often due to seizure activity. Tonic downward deviation
of the eyes is associated with tectal compression due to
thalamic or dorsal midbrain lesions (usually hemorrha-
gic), although a similar deviation can be seen in meta-
bolic coma and rarely in pseudocoma (Keane, 1985).
Prolonged tonic upward deviation occurs as a conse-
quence of extensive hypoxic—ischemic damage but may
occur transiently in seizures or in oculogyric crises due
to encephalitis lethargica or neuroleptic medication.
Horizontal nystagmus occurring in comatose patients
suggests an irritative or epileptogenic supratentorial
focus. Nystagmus due to an aversive irritative focus
is usually associated with other motor manifestations
of seizures including movements of the eye, eyelid,
face, jaw, or tongue. Unilateral nystagmoid jerks in a
horizontal or rotatory fashion are associated with mid
or lower pontine damage.

4.3.4.3.1. Spontaneous eye movements

Spontaneous roving eye movements are slow, random,
lateral movements, which may be conjugate or dys-
conjugate. Their presence implies the ocular pathways

are intact and coma is relatively light or associated with
diffuse hemispheric involvement due to a metabolic or
toxic cause. Periodic alternating gaze disturbance
is characterized by a slow cycle of horizontal gaze
deviation in which the eyes are deviated for several
minutes before the eyes move to the opposite lateral
gaze. This occurs in metabolic coma (particularly hepa-
tic encephalopathy) and bilateral hemispheric infarc-
tion or diffuse anoxic injury. Ping-pong gaze consists
of horizontal, conjugate deviations of the eyes that
alternate every few seconds and are associated with
severe diffuse involvement of the cerebral hemispheres
or peduncles (Diesing and Wijdicks, 2004).

Conjugate vertical eye movements are separated into
different types according to the relative velocities of
the downward and upward phases (Table 4.3) (Ropper,
1981; Drake et al., 1982; Brusa et al., 1984; Keane,
1985, 1986a; Rosenberg, 1986). Repetitive rapid down-
beat saccades followed by slow movement back to the
midline (ocular bobbing) is associated with intrinsic
pontine or cerebellar lesions and metabolic or toxic
coma. The reverse situation, in which there is an initial
slow downbeat phase followed by a rapidly correct-
ing saccade (ocular dipping), has less localizing value
but may be associated with hypoxic—ischemic injury.
Rarely the eye movements may be upwards, in which
the initial movement may be a rapid saccade followed
by slow refixation (reverse ocular bobbing) or a slow
initial upgaze phase followed by a corrective saccade
(reverse ocular dipping). These movements are of little
value in localization but may be associated with
hypoxic—ischemic coma or toxic/metabolic encephalo-
pathy. Upbeat nystagmus differs from ocular bobbing
because there is no latency between the corrective
saccade and the next slow deviation. Downward nys-
tagmus (ocular myoclonus) may be rotatory or circular
and may be associated with palatal myoclonus, which
moves with the same frequency. It occurs after damage
to the lower brainstem in the region of the inferior olive
and is particularly associated with Arnold—Chiari mal-
formation or other causes of low medullary compres-
sion. Optokinetic nystagmus (OKN) is only present
when afferent visual pathways to the visual cortex and
the connections to the brainstem oculomotor systems
are intact. Its presence suggests either a light distur-
bance of consciousness or functional coma and it is lost
in stupor and coma.

4.3.4.3.2. Vestibulo-ocular reflexes

The vestibulo-ocular reflexes (VORs) (Leigh et al.,
1984; Buettner and Zee, 1989) are based in a three-
neurone pathway. Horizontal VOR is associated with
structures in or adjacent to the pons and vertical
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Table 4.3

Rhythmic involuntary vertical eye movements in coma

Ocular bobbing Acute pontine lesion
Metabolic and toxic

Extra-axial posterior fossa

masses
Monocular/paretic
bobbing
Atypical bobbing Anoxia
Ocular dipping (inverse Diffuse cerebral
ocular bobbing) Anoxia

Following status epilepticus
Reverse ocular bobbing Nonlocalizing
Metabolic
Viral encephalitis
Pontine hemorrhage

Rapid downward jerks of both eyes followed by a slow
return to the midposition

Paralysis of both reflex and spontaneous horizontal eye
movements

Co-existing oculomotor palsy alters the appearance of
typical bobbing

Ocular bobbing when lateral eye movements are preserved.

Spontaneous eye movements in which an initial slow
downward phase is followed by a relatively rapid return
reflex

Horizontal eye movements are preserved

Slow initial downward phase, followed by a rapid return
that carries the eyes past the midposition into full
upward gaze. Then eyes slowly return to mid-position

VOR is determined by regions rostral to the oculomo-
tor nucleus in the midbrain. VORs provide compensa-
tory eye movements to stabilize the eye in space on the
basis of neuronal activity arising in the semicircular
canal and the otoliths. The VOR determines ocular
movements after stimulation of the vestibular appara-
tus by mechanical rotation of the head (oculocepha-
lic) and caloric irrigation (oculovestibular). Following
rotation of the head, irrespective of the axis, if supra-
nuclear influences are absent the eyes will normally
remain fixed in space, i.e., continue to look forward.
The reflex is tested by sudden passive rotation of
the head in both directions laterally and flexion and
extension of the neck while observing the motion of
the eyes, but the VOR head turning maneuver should
not be performed on any patient until the stability of
the neck has been adequately assessed. During test-
ing of VOR incomplete abduction suggests a VIth
nerve palsy while impaired adduction suggests IIIrd
nerve palsy or INO. Reduced or absent VORs indicate
severe intrinsic brainstem impairment. The oculoves-
tibular component is tested by the irrigation of cold
water against the tympanic membrane. The maneuver
is undertaken with the head tilted 30° up from the hor-
izontal to allow maximum stimulation of the lateral
semicircular canal, which is most responsive for reflex
lateral eye movements. Iced water is slowly instilled
after ensuring that the ear canal is patent and the
tympanic membrane is free of defect. This is a more
effective stimulus than the oculocephalic reflex in pro-
ducing tonic deviation of the eyes towards the irrigated
ear. In the awake subject irrigation of cold water
causes a slow conjugate deviation of the eyes towards

the stimulated ear followed by a corrective nystagmoid
jerking of the eye back towards the midline. Warm
water irrigation causes conjugate eye deviation with a
slow phase away from the stimulated ear followed by
a normal corrective phase towards the ear. Simulta-
neous bilateral cold water application results in slow
downward deviation, whereas simultaneous warm water
application causes a slow upward deviation. Impaired
abduction suggests a VIth nerve palsy while impaired
adduction is compatible with IIIrd nerve lesion or INO.
Limited oculovestibular movements may be associated
with metabolic/toxic coma or drug intoxication. Vertical
movements are impaired by disorders of the midbrain
particularly affecting regions responsible for maintain-
ing consciousness, while pontine lesions lead to loss of
horizontal saccadic movements.

4.3.4.4. Fifth cranial nerve

The eyes are usually closed in coma but, if both the
afferent and the efferent limbs of the corneal reflex
are intact and the eye is held open, a blink reflex can
be elicited in response to stimuli or even sponta-
neously if the patient is in light coma. Stimulation
may elicit a consensual blink because of the crossover
of afferent fibers centrally. Spontaneous blinking in
coma implies intact pontine reticular formation while
reflex blinking (in response to bright light and sound)
suggests intact visual, auditory afferent pathways,
although a blink reflex induced by bright light may
be mediated by the superior colliculus and remain
even in the presence of occipital damage. Unilateral
absence of blinking suggests a lesion affecting the
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efferent pathway due to damage to the VIIth nerve and
the stimulus may induce deviation of the jaw to the
opposite side (corneopterygoid reflex). Stimulation of
the corneal reflex causes the eyes to roll upward
(Bell’s phenomenon) if the pons and midbrain are
intact. The blink reflex is lost with a lesion at the level
of the pons, interrupting the afferent pathway along the
Vth cranial nerve. The corneal reflex has a higher
threshold in comatose patients but may be totally lost
with deep sedation. In coma the jaw jerk may be brisk
and the presence of clonus suggests involvement of the
corticobulbar tract or metabolic encephalopathy but it
is also seen in the vegetative state or during weaning
from sedation.

4.3.4.5. Seventh cranial nerve

In coma the facial grimace to painful stimuli reflects
VIIth nerve function. Involvement of the descending
pathways of the VIIth nerve, the nucleus, or fascicle
leads to ipsilateral weakness and a grossly asymmetri-
cal grimace. Lesions in the pons may involve the facial
nerve nuclei and produce ipsilateral complete facial weak-
ness. UMN lesions produce contralateral facial weakness
and tend to spare the forehead and orbicularis oculi
muscles because of the bilateral cortical representation
of these structures. Furthermore, failure of facial move-
ments in response to stimuli in a deeply comatose
patient may be due to depressed sensory function
(Keane and Baloh, 1992).

4.3.4.6. Bulbar

The clinical assessment of bulbar function in patients
with altered level of consciousness is unreliable. Air-
way protection may be impaired despite the presence
of palatal movement and a pharyngeal and cough
reflex. In an intubated patient the cough reflex may
be tested by manipulating the endotracheal tube or by
suction. An impaired reflex is manifest as a poor or
absent cough response and absence of distress and
lacrimation. Loss of the cough reflex implies a central
medullary lesion although the response may also be
depressed by metabolic encephalopathy, or by lesions
of the afferent vagal pathway or efferent limb to the
respiratory muscles. The pharyngeal reflex is also dif-
ficult to assess in comatose patients. Failure of stimu-
lation of the palate or posterior pharyngeal wall failing
to elicit palatal and uvula excursion also implies low
brainstem impairment, but the reflex is suppressed by
sedation.

4.3.4.7. Respiration

It has proved difficult, in humans, to attribute precise
respiratory function to localized anatomical substrates

because lesions are rarely localized and coexisting pul-
monary, cardiovascular, or autonomic influences may
complicate the clinical picture. Furthermore accurate
diagnosis of incipient respiratory insufficiency has
led to earlier therapeutic intervention with controlled
ventilation. A number of characteristic patterns may be
seen in patients in stupor or coma (Howard and Hirsch,
2000). Primary central neurogenic hyperventilation is a
rare condition characterized by rapid, regular hyperven-
tilation that persists in the face of alkalosis, elevated
Po,, low Pco,, and in the absence of any pulmonary
or airway disorder (Rodriguez et al., 1982; Pauzner
etal., 1989). It is associated with structural mesencepha-
lic lesions or brainstem tumors (particularly lymphoma).
However, hyperventilation in coma is common and is
usually due to intrinsic pulmonary involvement (Leigh
and Shaw, 1974). In apneustic breathing there are sus-
tained inspiratory cramps with a prolonged pause at
full inspiration or alternating brief end-inspiratory
and end-expiratory pauses. The pattern has been asso-
ciated with bilateral tegmental infarcts in the pons.
Ataxic respiration is characterized by a completely
irregular respiratory cycle of variable frequency and
tidal volume alternating with periods of apnea; it is
particularly associated with medullary impairment due
either to brainstem stroke or compression caused by
rapidly expanding lesions and may be an important
sign of impending respiratory arrest. Hiccups consist
of brief bursts of intense inspiratory activity involving
the diaphragm and inspiratory intercostal muscles.
Glottic closure occurs almost immediately after the
onset of diaphragmatic contraction, thus minimizing
the ventilatory effect. Intractable hiccups may be the
result of structural or functional disturbances of the
medulla or its afferent or efferent connections with
the respiratory muscles. The development of hiccups
in this context is an ominous sign that may anticipate
the development of irregularities of the respiratory
rhythm culminating in respiratory arrest.

Voluntary control of breathing may be impaired
by bilateral lesions affecting the descending corti-
cospinal or corticobulbar tracts and is particularly seen
in association with destructive vascular lesions of
the basal pons or of the medullary pyramids and adja-
cent ventromedial portion, which may result in the
‘locked-in’ syndrome (Heywood et al., 1996). Selec-
tive interruption of the voluntary pathways in humans
leads to a strikingly regular and unvarying respira-
tory pattern, with loss of the ability to take a deep
breath, hold the breath, cough voluntarily, or initiate
any kind of volitional respiratory movement. Cheyne—
Stokes Respiration (CSR) is characterized by a smooth
waxing and waning of breath volume and frequency
separated by periods of apnea (Naughton, 1998); the
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hyperpneic phase is longer than the apnea and the entire
cycle typically lasts 1 minute or more. The respiratory
oscillations are associated with phasic changes in cere-
bral blood flow, cerebrospinal fluid (CSF) pressure,
arterial and alveolar O, and CO,, level of alertness,
and pupillary size; periodic heart block and ventricular
arrhythmias are also common. CSR is associated with
diffuse metabolic encephalopathy, vascular disease,
and raised intracranial pressure and may occur with
supratentorial or, less commonly, infratentorial lesions.

4.3.4.8. Motor responses

Examining the motor responses involves assessment
of the resting posture of the limbs and head, involun-
tary movements, spontaneous movements (purposeful
or nonpurposeful), and the response to external stimuli.
The motor response to deep, painful stimuli is one of
the most valuable signs in the diagnosis of coma.

The patient may lie in a fixed posture, which is exa-
cerbated by stimulation. A decorticate posture refers to
flexion at the elbows and wrists with shoulder adduc-
tion and internal rotation and extension of the lower
extremities. This posture is common and poorly loca-
lizing as it may result from lesions of the contralateral
hemisphere or thalamus with the structures below
the diencephalon being intact. A decerebrate response
describes bilateral extensor posture with extension of
the lower extremities, adduction and internal rotation
of the shoulders, and extension at the elbows and
wrists. This carries a poor prognosis as it is usually
due to brainstem lesions, particularly of the bilateral
midbrain or pons. Occasionally it may be due to severe
metabolic encephalopathy (e.g., hypoglycemia or liver
failure) or bilateral supratentorial lesions involving the
motor pathways. Decerebrate rigidity due to hypoxic—
ischemic encephalopathy may be associated with exten-
sion and pronation of the upper extremities and forcible
plantar flexion of the foot and intermittent opisthotonus
induced by painful stimuli. Other patterns of sponta-
neous extension and internal rotation of the arms and
weak flexion of the legs may occur with pontine or
midbrain lesions but medullary lesions are associated
with total flaccidity, although posturing may occur
spontaneously or in response to variable stimuli such
as the patient’s own breathing (Greenberg and Simon,
1982; Brown, 1994; Plum and Posner, 1995).

4.3.4.9. Tone

The pattern and asymmetry of muscle tone may help
in localizing focal structural lesions and in differentiat-
ing metabolic from structural coma. Acute structural
damage above the brainstem or metabolic encephalo-
pathy usually results in hypotonia and flaccidity, while

spasticity implies established lesions. The presence of
a unilateral grasp reflex indicates an ipsilateral frontal
lobe disturbance. The finding of plucking or clutching
movements of the limbs indicates that the coma is
relatively light and that the corticospinal pathways
are intact.

4.3.4.10. Involuntary movements

Tonic—clonic or other stereotyped movements infer the
presence of generalized or focal seizures or epilepsia
partialis continuans. Myoclonic jerking is characterized
by nonrhythmic jerking movements in single or
multiple muscle groups and may be seen in anoxic
encephalopathy, metabolic comas (e.g., hepatic ence-
phalopathy) or, occasionally, following pontine infarc-
tion. Touch, tracheal suction, or loud hand clapping
can precipitate the jerks. Rhythmic myoclonus must
be distinguished from epilepsia partialis continuans.
Myoclonic seizures typically lack a tonic component
and may involve facial muscles and other axial struc-
tures as a result of a focal hemisphere lesion. Myoclo-
nic status should be distinguished from a single
myoclonic jerk or other types of generalized seizure.
Generalized myoclonic status is seen in approximately
40% of survivors from postanoxic coma immediately
following resuscitation and is highly predictive of
permanent vegetative state or death (Wijdicks et al.,
1994; Wijdicks and Young, 1994). However, some
patients who recover from postanoxic coma may
develop late-onset multifocal stimulus-sensitive action
myoclonus (Lance—Adams syndrome). This improves
with time and is only rarely associated with persistent
or severe additional neurological deficit (Morris
et al., 1998). Cerebellar fits resulting from intermittent
tonsillar herniation are characterized by a deteriora-
tion in the level of arousal, opisthotonus, respiratory
rate slowing and irregularity, and pupillary dilatation.

4.4. Mechanisms of coma

4.4.1. Cerebral herniation

One important mechanism of coma and permanent
neurological impairment is cerebral herniation (see also
Ch. 5) in which raised intracranial pressure (e.g., cere-
bral edema) or supratentorial lesions with mass effect
(e.g., hemispheric tumors, subdural or intracerebral
hemorrhage, or massive infarcts) cause brain substance
to be forced downward towards the tentorial opening
leading to torsion or compression of the diencepha-
lon and upper brainstem structures against the tentor-
ium or bony structures (Fisher, 1995; Wijdicks and
Miller, 1997). Two major syndromes of herniation are
recognized.
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4.4.1.1. Tentorial herniation of the uncus

This occurs as a result of asymmetrical mass effect caus-
ing the temporal lobe, uncus, and hippocampus to shift
towards the midline and compress the midbrain against
the tentorial edge. The initial manifestation is the involve-
ment of the ipsilateral IIIrd nerve, initially causing a slug-
gish light reaction and pupillary dilatation. Deviation of
the midbrain leads to compression against the contralat-
eral rigid dura causing damage to the cerebral peduncles
and thus a hemiparesis ipsilateral to the lesion in addition
to a complete IIIrd nerve palsy. The rigid tentorium
carves out a notch on the lateral aspect of the midbrain
(Kernohan’s notch phenomenon). Torsion, anteroposter-
ior elongation and downward displacement of the mid-
brain cause tearing of the paramedian perforating
vessels leading to consequent brainstem infarction and
hemorrhage. Compression of the ipsilateral posterior cer-
ebral artery against the tentorial edge leads to occlusion
and hemorrhagic occipital lobe infarction. Eventually,
the dilated pupil may become a little smaller as the sym-
pathetic pathway is damaged, while the other pupil
becomes midsized and unresponsive. Established oculo-
motor paresis appears, first in the eye originally involved
and shortly afterwards in the other eye (Keane, 1986b).

Survivors of tentorial herniation may be left in a
‘locked-in’ or vegetative state and may demonstrate
blindness, oculomotor nerve dysfunction, INO, vertical
gaze paresis, pretectal signs, homonymous hemiano-
pia, spastic leg weakness, or parkinsonism and other
extrapyramidal syndromes.

4.4.1.2. Central herniation of the brainstem

This occurs as a result of diffuse, symmetrical raised
intracranial pressure. Downward displacement of the
hemispheres leads to compression and torsion of the
diencephalon and midbrain, which may descend through
the tentorial notch. Initially, compression of the mid-
brain leads to impairment of concentration and attention
with progressive stupor and unconsciousness. The pupils
remain reactive but constricted because of sympathetic
involvement and roving eye movements are gradually
lost with progressive compression. As supratentorial
pressure increases there is a further downward shift lead-
ing to compression and torsion of the pons with rupture
of the paramedian perforating arteries supplying the
tegmentum of the midbrain and pons. The patient
becomes deeply unconscious with abnormal patterns of
respiration and temperature control. The pupils are
unequal, unreactive, midsized, and irregular, VOR elicits
restricted vertical gaze and a progressive ophthalmople-
gia develops. There may be decerebrate posturing to
painful stimuli. Eventually, apnea, hypotension, and
irregularity of the pulse develop (Ropper, 1990).

Despite these classical clinical descriptions, the
mechanisms of uncal and central herniation remain
uncertain. Early depression of the level of alertness in
a patient with an acute hemispheric mass lesion may
be more clearly related to distortion of the brain by hor-
izontal displacement than to transtentorial herniation
with brainstem compression. Ropper has shown that,
with raised intracranial pressure due to an extratem-
poral mass, horizontal displacement of the pineal body
on coronal magnetic resonance imaging (MRI) scan of
0-3 mm from the midline was associated with alert-
ness, 3—4 mm with drowsiness, 6.0-8.5 mm with stu-
por, and 8—13 mm with coma (Ropper, 1986, 1989).
He found that, in the presence of an extratemporal
mass, the perimesencephalic cistern was often widened,
suggesting that the space was not necessarily filled by
a herniated temporal lobe. Thus, uncal herniation may
be due to a prominent horizontal shift and rotational
torsion at or above the tentorium, even in the absence
of significant brainstem descent.

4.4.1.3. Other forms of herniation

4.4.1.3.1. Subfalcine herniation

This occurs when the cingulate gyrus is displaced
across the midline and under the falx. This may lead
to compression of the ipsilateral anterior cerebral artery
with secondary frontal infarction and edema. It is
particularly associated with frontal tumors.

4.4.1.3.2. Upward transtentorial herniation

Upward transtentorial herniation of the brainstem may
occur as a result of lesions that compress the upper brain-
stem, including tumor or hemorrhage in the pons,
medulla, cerebellum, or region of the IVth ventricle.
The tectum of the midbrain and the anterior cerebellar
lobules are forced upwards through the tentorium leading
to signs of midbrain dysfunction including small, asym-
metrical, and fixed pupils, vertical ophthalmoplegia,
abnormal respiratory pattern, and decerebrate posturing
and coma. The process may be exacerbated by hydroce-
phalus secondary to aqueduct stenosis and compression
of the vein of Galen leading to raised supratentorial
venous pressure; compression of the superior cerebellar
arteries will result in superior cerebellar infarction.

4.4.1.3.3. Tonsillar herniation

This occurs when there is downward displacement of
the inferior medial part of cerebellar tonsils into the
foramen magnum as a consequence of an Arnold—Chiari
malformation or a posterior fossa mass lesion. This
may lead to progressive medullary compression and
ischemia characterized by cough, headache, downbeat
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nystagmus, skew deviation of the eyes, respiratory
irregularities, coma, and death.

4.4.2. Distinction of toxic and metabolic coma
from structural coma

It is often possible to distinguish metabolic from struc-
tural causes of encephalopathy and coma on the basis
of clinical examination. The preceding medical history
may indicate the presence of a metabolic abnormality
and the onset is more likely to be acute in the presence
of a structural lesion. Metabolic or toxic lesions
usually cause coma without lateralizing or brainstem
signs while structural lesions may be indicated by
asymmetrical motor signs. The presence of involuntary
limb movements (tremor, myoclonus, and asterixis),
abnormalities of the respiratory pattern (hypo- or
hyperventilation), and acid-base disturbances suggest
a metabolic etiology. The level of consciousness tends
to fluctuate and be lighter in patients with metabolic
disorders. However, these clinical features are merely
indicators and structural lesions such as subarachnoid
hemorrhage, cortical venous thrombosis, bilateral sub-
dural hematoma, or multifocal central nervous system
(CNS) disease may present with bilateral, symmetrical
signs while metabolic disorders (e.g., complication of
diabetes mellitus) may present with focal signs.

4.4.3. Psychogenic unresponsiveness

Patients with psychogenic unresponsiveness (pseudo-
coma) may be distinguished by history, examination
and, if necessary, investigations. There may be atypical
factors in the history and occasionally obvious psychia-
tric precipitating factors. In psychological unrespon-
siveness there are inconsistent volitional responses,
particularly on eyelid opening; spontaneous roving
eye movements are present and pupillary constriction
occurs on eye opening. Occasionally the patient may
appear to have no response to deep, painful stimuli
but oculovestibular stimulation with cold stimulus will
show preservation of the fast phase away from the
stimulated side. Finally, the EEG will show responsive
alpha rhythms.

4.5. Outcome from coma

Most patients who survive the initial insult only
remain in coma for 2—4 weeks before they regain signs
of responsiveness or enter a vegetative state. The
extent of eventual recovery is highly variable.

It is not possible to assess the prognosis of a
patient in coma with complete accuracy but a num-
ber of clinical factors help to guide the observer in

predicting the likely outcome. For example, coma
associated with drug and alcohol ingestion or meta-
bolic disturbance generally carries a good prognosis
for recovery providing there is no severe underlying
disorder, the patient has received adequate systemic
support while in coma and there has been no second-
ary hypoxic or hypoperfusion insult. The prognosis
for a patient in traumatic coma is generally better
than that for a patient at a similar level of coma
from nontraumatic causes. These patients are usually
younger and continued improvement may occur
despite prolonged coma and severe disability. The
most important predictive features for survival in
patients in coma due to severe head injury for more
than 6 hours are depth of coma (as defined by the
Glasgow Coma Score, pupillary responses, eye move-
ments, and motor responses) and patient age (Jennett
and Bond, 1975; Jennett and Teasdale, 1977; Levy
et al., 1985; Mueller-Jensen et al., 1987; Van de Kelft
et al., 1994; Kane et al., 1995; Combes et al., 1996).
The extent of injury and presence of skull fracture,
hemispheric damage, or extracranial injury are less
important in determining survival and residual disabil-
ity. However, secondary insults such as raised intra-
cranial pressure and low cerebral perfusion pressure
are associated with an increase in severe disability
(Hamel et al., 1995; Chen et al., 1996) and higher
mortality.

The prognosis for patients in non-traumatic coma is
poor and depends on several important factors (Bates
et al., 1978; Levy et al., 1981; Bates, 1991; Berek
et al., 1994):

1. Etiology: Patients in coma due to structural cerebral
disease (e.g., cerebrovascular disease or subarach-
noid hemorrhage) carry the poorest prognosis, with
only 7% achieving moderate or good recovery. The
outlook for hypoxic—ischemic insults is little better
in published studies but it is increasingly apparent
that patients who are resuscitated out of hospital
following cardiac arrests but remain in coma from
hypoxic insults carry a very poor prognosis. The
best outlook is in patients with coma due to meta-
bolic or toxic insults, of whom 35% achieve a mod-
erate or good recovery (Costa, 1992).

2. Depth of coma as determined by GCS augmented
by cranial nerve territory reflexes including vesti-
bulo-ocular and corneal reflexes is a sensitive guide
to outcome. At 24 hours if there is no eye opening,
vocal response, or motor function the patient has a
6% chance of making a moderate or good recovery.
In the presence of eye opening, grunting, and limb
flexion to noxious stimuli, up to 20% will make a
moderate or good recovery.
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3. Duration of coma: Nontraumatic coma lasting for
more than 1 week is said to carry only a 3% pro-
spect of good recovery while a shorter duration
(<6 hours) is associated with a 15% prospect of
good recovery.

Following hypoxic—ischemic insult, the most sensitive
predictors of a bad outcome are the absence of pupil-
lary light reflexes, corneal reflexes, and motor
responses (except extensor plantar responses) at 3
days. However, the absence of other brainstem
reflexes, GCS <5, loss of cortical N20 response on
short-latency somatosensory evoked potentials (SSEPs)
at 1-3 days, elevated serum neuron-specific enolase
level, and an EEG showing alpha coma, burst sup-
pression, or an isoelectric trace provide strong sup-
porting evidence for a poor prognosis and when
these abnormalities are seen at 3 days they provide
adequate prognostic information to allow discussion
with relatives about the patient’s wishes and likely
outcome (Geocardin et al., 2006; Wijdicks et al.,
2006). However, these indicators are not specific
and so a poor outcome may also occur even if the
initial signs suggest recovery (Levy et al., 1985;
Bassetti et al., 1996; Zandbergen et al., 1998). CT
scan findings may also be important in determining
prognosis. The presence of anteroseptal shift, tem-
poral lobe infarction, and hydrocephalus imply a
worse outlook. Intracranial pressure is also important
as a prognostic determinant, particularly in traumatic
coma. Finally, it must be emphasized that many
of these findings relate to studies that are more than
15 years old. It seems possible that with better tech-
niques of intensive care, physiological measurement,
and cerebral protection these data are no longer
accurate and should be used as a general guide only
(Garcia-Larrea et al., 1992; Krieger et al., 1993).

4.6. Brain function in coma

In a number of recent elegant studies using PET scan-
ning and functional MRI it has been possible to mea-
sure cerebral metabolism and brain activation in
response to sensory stimuli. These techniques have
shown that regional cerebral gray matter metabolism
is 50-70% of normal in patients with post-traumatic
or hypoxic coma but cerebral metabolism has a variable
correlation with clinical assessment. Even after recov-
ery from postanoxic coma the metabolic rate for glu-
cose is reduced to 75% of normal. Local impairment
in cerebral metabolism has also been described in the
thalamus, brainstem, and cerebellar cortex; a similar
reduction is noted with deep anesthesia and during
stage III and IV sleep.

4.7. Vegetative state

The diagnosis, prognosis, and management of the
vegetative state have received considerable attention
in Europe and the USA over the last few years. This
has partly been because of legal rulings on highly pub-
licized individual cases (Dyer, 1992; Angell, 1994;
Jennett, 2002; Annas, 2005; Quill, 2005) but also
because a series of professional bodies have attempted
to establish guidelines on clinical and ethical aspects
of management (BMA Medical Ethics Committee,
1992, 1994; American Neurological Association Com-
mittee on Ethical Affairs, 1993; Institute of Medical
Ethics, 1993; Multi-Society Task Force on PVS,
1994a, b; Ashwal et al., 1995; Howard and Miller,
1995; Quality Standards Subcommittee of the Ameri-
can Academy of Neurology, 1995; Giacino, 1997;
Zeman, 1997; Wade and Johnston, 1999; Royal College
of Physicians, 2003). In a comprehensive and valuable
review the American Multi-Society Task Force on
PVS sought to clarify the situation by summarizing
information on the available literature concerning prog-
nosis to facilitate consensus management recommenda-
tions (Multi-Society Task Force on PVS, 1994a, b).

4.7.1. Clinical aspects

The vegetative state occurs following acute cerebral
injuries, degenerative and metabolic disorders, or devel-
opmental malformations. The first is by far the largest
and most important group and can be subdivided
into traumatic (e.g., road traffic accidents or direct cer-
ebral injury) and nontraumatic (e.g., hypoxic—ischemic
encephalopathy, stroke, CNS infection, tumor, or toxic
insult). It usually develops after a variable period
of coma; it may be partially or totally reversible or
may progress to a persistent or permanent vegetative
state or death. The persistent vegetative state (PVS)
is defined as a vegetative state that has continued for
at least 1 month but this definition does not imply
permanency or irreversibility.

Patients in a vegetative state (Jennett and Plum,
1972) appear to be awake with their eyes open but
show no evidence of awareness of self or environ-
ment, are unable to interact with others and have no
evidence of sustained, reproducible purposeful or
voluntary behavioral responses to visual, auditory,
tactile, or noxious stimuli. There is no evidence of
language comprehension and expression. Patients are
able to breathe spontaneously. Cycles of eye opening
and closing that simulate sleep are present, as are the
hypothalamic and brainstem autonomic responses that
maintain respiration and circulation. There is bladder
and bowel incontinence but cranial nerve (pupillary,
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vestibulo-ocular, corneal, blinking, pharyngeal, cough,
sucking, and swallowing), spinal and primitive reflexes
are variably preserved. Inconsistent nonpurposive
movements, facial grimacing, smiling and frowning,
chewing, swallowing, bruxism, vocalization, grasping,
and inconsistent auditory and oculomotor orientating
reflexes to peripheral sounds or movement may occur.
Painful stimuli may elicit a withdrawal response but
no localization, there may be a brisk grasp reflex and
patients may occasionally appear to laugh or weep
inappropriately but these behaviors have no consistent
relationship to appropriate stimuli. The diagnosis of
vegetative state is not tenable if there is any degree
of voluntary movement, sustained visual pursuit or
tracking, consistent and reproducible visual fixation,
or response to threatening gestures or to command.
In occasional patients there may be isolated stereotypi-
cal episodes of complex behavior including uttering
occasional words or appropriate responses to stimula-
tion. These imply that isolated corticothalamic net-
works remain intact but do not imply awareness or
consciousness.

The absence of SSEPs is a potent indicator of death
or irreversible vegetative state (Fischer and Luaute,
2005; Guerit, 2005; Fischer et al., 2006). However,
some patients, apparently in vegetative state, show
some response to evoked potentials, suggesting the
capability to process semantic stimuli, indicating some
comprehension. Functional imaging shows that corti-
cal metabolism of patients in the vegetative state is
40-50% of normal but there is a further reduction of
30—40% when the state is permanent. There appears
to be selective impairment of frontotemporal parietal
association cortices accounting for the loss of content
(attention, language, and memory) but relative sparing
in the brainstem, hypothalamus, and basal forebrain,
explaining retained arousal and autonomic function
(Laureys et al., 2004).

Brain activation studies have suggested that isolated
activation of primary cortex may occur following
visual, auditory, or painful stimuli but that there is
little evidence for activity in the higher order associa-
tive cortices necessary for processing emotional and
behavioral responses. Single or limited stereotyped
responses including vocalization may be associated
with residual activity in isolated functional areas such
as the left-sided thalamocortical-basal ganglia loop
supporting language (Menon et al., 1998). However,
functional imaging is providing increasing evidence
that patients thought to be in a vegetative state may
retain cognitive abilities that have evaded detection
using conventional clinical testing. Owen et al. (2006)
described a 23-year-old woman who had been in vege-
tative state for 5 months after a traumatic brain injury

following a road traffic accident; functional MRI
showed appropriate speech activities bilaterally in the
middle and superior temporal gyri equivalent to those
seen in normal controls. The authors then went on to
show responses to mental imagery tasks that were also
indistinguishable from healthy conscious control sub-
jects. Thus, although apparently in vegetative state,
the subject retained the ability to understand spoken
commands and to respond to them by appropriate brain
activity, showing clear evidence of consciousness as
manifest by awareness of herself and her surroundings.

4.7.2. Pathology

There is no single pathological pattern of brain damage
that produces the vegetative state. Following hypoxic
brain damage there may be generalized or focal loss
of the neocortical ribbon, worse in parieto-occipital or
border zone regions, with widespread laminar necrosis
as seen in the brain of Terri Schiavo (see below)
(described in Wijdicks and Cranford, 2005). There is also
necrosis of the thalamus, cerebral white matter, caudate
nucleus, hippocampus, and Purkinje cells of the cerebel-
lum. Following trauma the lesions are more complex with
diffuse axonal injury disconnecting the largely intact
cerebral cortex and thalamus from other parts of the
brain. In other patients there may be prominent cortical
and thalamic involvement similar to that seen after
hypoxic—ischemic damage. There is often a secondary
progressive wallerian degeneration of subcortical white
matter leading to progress atrophy. It is likely that the tha-
lamic lesions in these patients ultimately interrupt affer-
ent and efferent connections between any structurally
intact cortical area and the brainstem (Kinney et al.,
1994; Adams et al., 2000).

4.7.3. Diagnosis

Several authors have emphasized the difficulties in
diagnosing the vegetative state and the rate of misdiag-
nosis may be up to 43% (Childs et al., 1993; Andrews
et al., 1996). In the presence of profound disability
(paralysis, spasticity and/or dysphasia), the patient
may only be able to demonstrate awareness through
specific motor acts (e.g., nonverbal gesture or specific
movement). The diagnosis of vegetative state requires
multiple observations, repeated for short periods over
a considerable amount of time using standardized
assessments and clear criteria for recording responses.
It is important to ensure that the assessments are
undertaken with the subjects in good general health,
a good nutrition state, and with any sedating drugs
withdrawn. The assessments should be undertaken in
an optimal seating position and well rested.
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4.7.4. Outcome

There are two dimensions of recovery from vegeta-
tive states: recovery of awareness and the recovery of
voluntary motor function. Recovery of awareness
may occur without functional recovery but functional
recovery cannot occur without recovery of awareness.
The Multi-Society Task Force emphasizes that the
most important factors in determining the outcome of
PVS include the patient’s age and the etiology and
duration of PVS. Overall the available data indicate
that the mortality rate for adults in PVS after an acute
brain injury is 70% at 3 years and 84% at 5 years.
Death is associated with pulmonary or urinary tract
infections, respiratory failure, and sudden death of
unknown causes. The Multi-Society Task Force
estimated the outcome probability at 12 months for
patients who remained in PVS 3 and 6 months after the
initial insult. In adults with PVS 3 months after traumatic
injury approximately one-third will recover by 12 months
with more than half being severely disabled. After
6 months in PVS, approximately 12% recover to
severe disability and 4% to moderate disability or
good recovery. The outcome is worse following non-
traumatic insults: after 3 months in PVS approxi-
mately 7% will recover, usually with severe
disability, and there were no cases of recovery after
6 months in PVS. In children the data are limited:
while the outcome for traumatic PVS at 12 months
seems to be better than adults there is little difference
from adults for nontraumatic insults. On the basis of
these data it was concluded that a persistent vegeta-
tive state can be judged to be permanent 12 months
after a traumatic injury and 3 months after a nontrau-
matic insult in adults and children. Although occa-
sionally a verified recovery has been reported after
these times, such recovery is virtually always asso-
ciated with severe disability (Andrews, 1993a; Childs
and Mercer, 1996). Recent media reports suggesting
that zolpidem may bring patients out of a vegetative
state have not been supported by experience.

4.7.5. Management

What are the implications of these findings for the man-
agement of patients in coma or a vegetative state after
acute brain injury? At the onset it is appropriate to pro-
vide aggressive medical treatment where the prognosis
remains uncertain. This will include the provision of
adequate hydration and nutrition (via nasogastric tube
or gastrostomy), airway protection, and appropriate
attention to posture, contractures, skin, bowel, and
bladder care. It is important to ensure that stimulation
and rehabilitation are available as soon as the patient

is stabilized (Andrews, 1992, 1993b), although the role
of coma arousal programs remains unproven.

Once the diagnosis of PVS is established continu-
ing treatment is justified if, as the British Medical
Association Ethics Committee states, ‘it makes possi-
ble a decent life in which a patient can reasonably be
thought to have a continued interest’” (BMA Medical
Ethics Committee, 1992, 1994; Jennett, 1992). The
level of treatment will depend on clinical assessment
by the physician and discussion with the patient’s
family or surrogate decision makers. The role of high-
technology treatments (e.g., mechanical ventilation,
dialysis, cardiopulmonary resuscitation) and routine
medications (e.g., antibiotics) or other commonly
ordered treatments (e.g., supplementary oxygen) can
only be determined in the context of the individual case.

However, the debate concerning the management
of the PVS remains volatile and the legal situation is
unclear worldwide. Many cases have now passed
through the courts leading to an important body of
case law. The first important case in this area was
that of Karen Ann Quinlan, a 21-year-old woman
who had been found collapsed following an excess of
alcohol and drugs. She sustained anoxic—ischemic
brain damage and remained in a vegetative state,
apparently dependent on ventilatory support. Her par-
ents sought the assistance of the court in discontinuing
the ventilatory support as the treating physicians
refused to do so, believing that they could be held
criminally liable for murder. The New Jersey Supreme
Court ruled that competent persons have a right to
refuse life-sustaining treatment and that this right
should not be lost when a person becomes incompe-
tent. They accepted that Quinlan would not have
wished to continue living in such a state. They there-
fore formulated a mechanism to allow the treating
physicians to remove her ‘life-sustaining treatment’
(ventilatory support) if there was no reasonable possi-
bility of her returning to a ‘cognitive, sapient state’.
In the event Quinlan was weaned from a ventilator
and lived for a further 10 years in a vegetative state.
Following the Quinlan judgment, in the USA it
became clear that, for mentally capable adults, the
doctor is bound by the person’s refusal of treatment.
This clearly also extends to the case of the mentally
incapable adult who has made an advanced refusal of
treatment while mentally capable (Angell, 1994).

In 1983 Nancy Cruzan sustained a severe head
injury and entered a permanently vegetative state.
After 3 years her parents requested the ‘right to die’
on the grounds that she would not have wished to lived
in a PVS. The physicians agreed to the removal of arti-
ficial nutrition and hydration (ANH) via a PEG tube.
However, the State of Missouri objected, citing that
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Cruzan had not completed a living will and stating that
the family and friends had not provided clear and con-
vincing evidence of her wishes not to be treated. The
State concluded that it held an unqualified interest in
the preservation of life and that this outweighed any
consideration about the quality of that life or any con-
stitutional or common law rights to have treatment
withheld. The US Supreme Court upheld the state
judgment, but eventually further evidence of Cruzan’s
wishes were submitted and withdrawal of ANH was
undertaken, leading to her death. This case, and sub-
sequent discussion, emphasized the need for clear
advanced directives, particularly relating to the provi-
sion of life-supporting treatment for patients in PVS
or with terminal illness. Although the Cruzan case
did appear to undermine the family role in reflecting
the patient’s wishes, the ultimate result was to confirm
the appropriateness of withdrawing ANH from patients
in a permanent vegetative state.

In the UK the case of Anthony Bland established
a similar legal precedent. Bland was a young man left
in a PVS after being crushed in the Hillsborough foot-
ball stadium disaster. The court supported the applica-
tion by the Trust (hospital administration) to withdraw
ANH. It recognized that the application was strongly
supported by the family and this was regarded by the
court as being of great significance. The case was
accompanied by considerable publicity and public
debate and established the following fundamental
points in UK law (Dyer, 1992; Jennett, 2002):

1. Medical decisions for a mentally incapable patient
should be made by the treating doctor in the best
interests of the patient.

2. If a decision to withdraw or withhold life prolong-
ing treatment is in the best interests of the patient
then it is lawful.

3. There is no legal difference between the decision to
withhold treatment and the decision to withdraw
treatment.

4. Artificial nutrition and hydration constitute medical
treatments and can be withdrawn if it is in the best
interests of the patient to do so.

In reviewing the case the House of Lords concluded:

1. Life-prolonging treatments could lawfully be with-
drawn from patients in PVS.

2. For such patients doctors should seek a declaration
from the courts before stopping treatment.

The unfortunate case of Terri Schiavo has emphasized
the difficulties in making appropriate decisions for these
patients. This patient sustained a cardiac arrest leading to
severe hypoxic—ischemic encephalopathy. Unlike the
cases of Quinlan, Cruzan, and Bland there was a family

dispute. The judge agreed with the independent medical
opinion that there was clear and convincing evidence
that Ms Schiavo was in a vegetative state but, in a legal
hearing 12 years after the event, doctors hired by the
patient’s parents disagreed with the diagnosis and sug-
gested that improvements might still occur. It was con-
cluded that there was clear and convincing evidence
that Ms Schiavo would have chosen not to receive life-
prolonging treatment but the situation was complicated
because of the denial of the diagnosis of vegetative state.
Following a court ruling, the feeding tube was removed
for the first time but a bill was passed by the State of
Florida demanding re-insertion. Eventually, in 2005,
the tube was removed again after a further appeal and
despite an extended and acrimonious debate in the Sen-
ate (Annas, 2005; Quill, 2005).

For a fuller account of these cases the reader is
referred to the comprehensive review by Jennett (2002)
or to the original case material. In summary however,
in the USA and UK, the rights of the competent patient
to refuse unwanted medical treatment is a settled ethical
and legal issue and thus there is now considerable pres-
sure on the population to make advanced directives con-
cerning their wishes. If a ‘living will’ has not been
prepared there remains considerable debate about further
management and courts have not always been clear in
determining responsibility. However, both medical and
legal authorities have advised that, in some circum-
stances, it may be legitimate and ethically acceptable to
withdraw life-sustaining treatment, including tube feed-
ing, when the patient’s condition is irreversible. When
the diagnosis of PVS has been established and it is
accepted that further therapy will merely prolong an
insentient life for the patient the decision should be
communicated sensitively to the relatives, who must
then be given time to consider the possibility of with-
drawing artificial means of administering food and fluid.
In the UK, at present, the courts require that the decision
to withdraw nutrition and hydration, resulting in the
inevitable death of the patient, should be referred to the
court before any action is taken. The American Academy
of Neurology and the American Medical Association
guidelines allow physicians to withhold and withdraw
ANH from permanently unconscious patients when it
has been determined that the patients or their surrogates
have expressed informed refusal of ANH (American
Medical Association, 1990; American Academy of
Neurology, 1993, 1995). However, individual state leg-
islation may require clear and convincing evidence of
intent to refuse ANH expressed prior to the onset of
unconsciousness (Larrivier and Bonnie, 2006). The deci-
sion to withdraw other life-sustaining medication such
as insulin for diabetes may also need to be referred
to the courts because the legal situation is uncertain.
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However, the decisions not to intervene with cardiopul-
monary resuscitation or not to prescribe antibiotics or
undertake dialysis remain clinical.

4.8. Minimally responsive state

Minimally responsive patients are no longer in coma or
vegetative state but demonstrate low-level behavioral
responses consistent with severe neurological impair-
ment and disability (American Congress of Rehabilita-
tion Medicine, 1995; Giacino et al., 2002). Patients who
are minimally responsive are able to show consistent evi-
dence of awareness of themselves or their environments
by following simple commands, gestural or verbal yes/
no responses, intelligible speech, or purposeful behavior
in response to a stimulus (e.g., sustained visual fixation
or tracking, appropriate smiling or crying to stimuli,
appropriate verbal or gestural responses to questions,
reaching for an object, or using it appropriately). They
are not able to communicate consistently. These patients
may remain in a minimally responsive state or become
able to communicate or use objects functionally.

Using auditory evoked potentials preserved seman-
tic processing can be observed in minimally responsive
patients although the responses are delayed (Perrin
et al., 2006). Functional imaging studies show that in
the minimally responsive state cerebral metabolism is
reduced to values comparable with the vegetative state.
Studies suggest these patients show activity in the med-
ial parietal and posterior cingulate gyrus. These are
association areas thought to subserve awareness (Burke
et al., 2002; Bekinchtein et al., 2004). The results of
brain activation studies are uncertain but there may
occasionally be preservation of large-scale association
networks in some patients, suggesting that meaningful
recovery is at least possible.

4.9. The locked-in syndrome

The locked-in syndrome is characterized by preservation
of consciousness and awareness of the environment in
the presence of horizontal gaze palsy, anarthria, and tet-
raplegia. There is dissociation between automatic and
volitional control of lower cranial nerve and limb func-
tion. Volitional respiratory, facial, bulbar, and limb con-
trol is lost but there may be involuntary phenomena
including ocular bobbing, facial grimacing, oral automa-
tisms and trismus, palatal myoclonus, and emotional
responses including laughing and crying (Patterson and
Grabois, 1986; Munschauer et al., 1991; Heywood
et al., 1996). Vertical eye movements are preserved with
synergistic elevation of the upper eyelids when looking
upwards. These vertical eye movements are slow and

incomplete, but are the only way in which the patient
can communicate. The patients are conscious and aware
of the environment around them despite being severely
restricted in motor function (Gutling et al., 1996). They
are able to communicate using residual motor function.
Because they are alert it is important to establish a con-
sistent form of communication to be used with the patient
(Smith and Delargy, 2005).

The most frequent cause of locked-in syndrome is
occlusion of the vertebrobasilar artery, usually predo-
minantly in the rostral or middle segments. Pontine
hemorrhage or embolic disease may also cause the
condition. Other causes of locked-in syndrome have
been described in which the lesion was situated in
the ventral pontine tegmentum, in the basis pontis or
in the mesencephalic region at the level of the cerebral
peduncles. Cases of locked-in syndrome due to bilat-
eral internal carotid artery lesions have also been
described. The etiologies of nonvascular cases have
included central pontine myelinolysis, trauma, ence-
phalitis, tumor, pontine abscess, multiple sclerosis,
and heroin abuse. Peripheral lesions (i.e., severe neu-
ropathy such as Guillain—Barré syndrome) may cause
an apparent locked-in syndrome with severe limb,
facial, and bulbar paresis, although respiration is fre-
quently affected because of respiratory muscle paraly-
sis (Vargas et al., 2000; Stojkovic et al., 2001).

Functional recovery is possible in both vascular and
nonvascular groups and it is therefore necessary to intro-
duce an aggressive rehabilitation program as early as pos-
sible to allow the patient to achieve the highest possible
level of recovery as soon as possible. However, the prog-
nosis for most patients in locked-in syndromes is poor
with severe residual disability and the risk of aspiration
being the usual outcome. The mortality rate is high, with
most deaths occurring in the first 4 months, either from
extension of the lesion or from respiratory complications
(pneumonia, respiratory arrest, or pulmonary embolus).

There are several important and harrowing accounts
of living in a locked-in state, which should be con-
sulted by physicians charged with the care of these
patients (Bauby, 1997; Chisolm and Gillet, 2005).
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Chapter 5

Herniation

ALLAN H. ROPPER *

Brigham and Women’s Hospital, Harvard Medical School, Boston, MA, USA

Observations on herniation, particularly its association
with coma, have occupied the attention of neurologists
and neurosurgeons for a century. Herniation, strictly
speaking, is a translocation of brain tissue from one
compartment of the cranium to another. In more recent
times it has also taken on the status of a group of clin-
ical syndromes. The unqualified term ‘herniation’ is
applied most often to the displacement of tissue that
normally resides in the anterior fossa of the skull; to
an unnatural location beneath the plane of the tentorial
membrane in to the posterior fossa, i.e., transtentorial
herniation. In the material that follows, the emphasis
is on this type of herniation because of its intimate
relation to coma.

The driving force in most of the pathological and clin-
ical changes that are called herniations is a localized
mass that distorts adjacent brain tissue and leads indir-
ectly to the squeezing of regions of the brain across
openings in dural boundaries. For this reason, the clinical
features that result from herniations, including coma,
may be considered ‘false localizing signs’ or signs that
arise at a distance from the inciting mass. An extensive
listing of various false localizing signs that include cra-
nial nerve dysfunction can be found in a series of 250
cases of intracranial meningiomas by Gessel (1961)
and is discussed in greater detail further on.

A linkage between changes in brain conformation
due to a mass and constellations of clinical signs has
been a part of the literature from the earliest writings.
Either implicitly or explicitly, certain herniations
have been associated with particular patterns of signs.
Despite a fair amount of anatomical information con-
cerning intracranial masses and the distortions of brain
tissue that they cause, the various schemes that con-
nect certain clinical syndromes to these anatomical
changes all have shortcomings.

Another basic detail has emerged from clinical experi-
ence and must be taken into account when discussing the
effects of herniations. While brain tissue displacements
may be the result of either an acutely expanding or a more
chronically evolving mass, and the pathological con-
figuration in these two circumstances is no different,
the clinical signs depend to a large degree on the abrupt-
ness with which the brain tissue distortion occurs. Also
complicating the interpretation of clinical signs in the
herniations are a number of secondary phenomena such
as hydrocephalus, vascular occlusions with ischemic
infarction, and the effects of the mass itself on local brain
tissue. These are commented upon below.

With the exception of the movement of inferior cer-
ebellar tissue into the foramen magnum, all the hernia-
tions refer to shifts between compartments bounded by
dural boundaries. Thus the names transtentorial, trans-
falcine (referable to the falx), upward cerebellar, and
cerebellar—tonsillar (through the foramen magnum) are
used. Herniation of tissue into a surgical or traumatic
defect in the skull might be included as a special case
among these. The term ‘incisura’ has been adopted
from anatomical studies and was introduced in the early
literature for the opening in the dural boundary (the ten-
torium itself is called in some papers by its proper ana-
tomical name, tentorium cerebelli, thus the term
transtentorial) through which the brainstem passes.

Before reviewing what each of the herniations of
brain tissue encompasses, a brief review of the histor-
ical developments of the understanding of herniation is
useful in framing the current state of affairs.

5.1. Historical aspects

As pointed out by Simonetti and colleagues (1997),
Pierre Marie can perhaps be credited with the earliest
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descriptions of displacements of supratentorial tissue into
the tentorial opening in 1899. He curiously emphasized
secondary compression of the superior cerebellum, a fea-
ture not often discussed subsequently. He also pointed out
that continued pressure of this nature would eventually
force the cerebellar tonsils through the foramen magnum
and that medullary compression could have contributed
to a fatal outcome in the case he described.

In the early 20th century, neurosurgeons studying cer-
ebral trauma and brain tumors were the first to draw
attention to the distortions of brain observed at the
autopsy table. In 1904, Collier attributed certain signs in
161 cases of large brain tumor to displacement of the
brainstem and cerebellum and pointed out that the tentor-
ial edge caused a crease in the medial temporal lobe under
these circumstances. This linear impression on the medial
aspect of the brain was to prove insightful since it later
directed attention to the transtentorial herniations.
Included in Collier’s observations were two cases with
third nerve palsies and 12 with sixth nerve palsies. At
approximately the same time, and less ambiguously
5 years later, Cushing described his observations on the
insinuation of the medial temporal lobe into the tentorial
opening during operation and in experimental animals.
His emphasis on the features that later came to be called
the Cushing reflex (the result of a rapidly expanding
mass) did not, however, focus on the clinical effects of
the tissue shifts referable to the upper brainstem.

It was not until 1920, in a paper read before the 46th
annual meeting of the American Neurological Associa-
tion, that Adolph Meyer framed in explicit terms the
notion of displacements of brain tissue in cases of post-
mortem material with brain tumor for which he coined
the term ‘herniation’. He was attracted to hemianopia
and a vascular bruit as important reflections of hernia-
tion. Jefferson and later Van Gehuchten confirmed these
findings in pathology material and were the first to
attempt a systematic correlation between compression
of the brainstem and clinical features (although few of
their observations would be accepted as valid today).
Spatz and Stroescu in 1934 published extensive illustra-
tions of pathological specimens with transtentorial her-
nias but emphasized mostly the features of ‘cruciate
paralysis’ that would be later attributed to Kernohan
and Woltman. Horizontal translocation was emphasized
by Kernohan and Woltman of the Mayo Clinic in 1929.
They described a paradoxical hemiplegia that arose from
an intracranial mass and made the astute clinicopatholo-
gical correlation of this sign with compression of the
contralateral cerebral peduncle against the tentorial edge.
Their pathological observations included the demonstra-
tion of demyelination along the groove on the peduncle.

Important refinements of the pathological config-
uration were brought out by Hasenjidger and Spatz

(1937), who are credited with emphasizing displace-
ment of the midbrain and thalamus as consistent fea-
tures of transtentorial herniation but who also alluded
to horizontal translocation as a potentially important
feature in producing clinical signs. However, their
study was of pathological material and they made little
attempt to infer what clinical signs would result from
compression of deep structures.

A series of clinical misinterpretation punctuated
many of the aforementioned papers and most of those
published in the first half of the 20th century. For exam-
ple, in an influential and often cited paper, Vincent and
colleagues (1936) attributed nuchal rigidity, paresthe-
sias, cardiac irregularities, headache, black vomitus,
somnolence, cyanosis, ptosis, irregular respiration,
pulmonary edema, and respiratory arrest to ‘le cone
de pression temporal’. Jefferson (1938) sought to bring
some clarity to the situation in a review in which he
cited a constellation of four clinical aspects of a mass
lesion and herniation that he called ‘vegetative storm’:
meningismus, decerebrate rigidity, and a dilated pupil.
An additional notion, expressed repeatedly in articles
of the time, typified by LeBeau’s report (LeBeau and
Houdart, 1947), was that the signs of transtentorial her-
niation presaged imminent death. In contrast, Jefferson
was of the opinion that the main clinical signs were all
the result of diencephalic pressure and that medullary
failure occurred as a much later manifestation.

For many years, the work published in 1949 by
Moruzzi and Magoun that established the central role
of the brainstem reticular formation in alertness was
not brought into relation with the concept of transten-
torial herniation. One of Jefferson’s later lectures
edged toward making the connection but was not
entirely specific, as it dealt mostly with the mechanism
of concussion. Prominent workers during this period,
such as Munro and Sisson (1952), concluded that her-
niation was not associated with any specific clinical
signs except perhaps for a dilated pupil and autonomic
instability. Nonetheless, what emerged from the cumu-
lation of literature to this point was that in fatal cases
a mass, usually a tumor, caused distortion of adjacent
tissue that eventually could be seen at autopsy to be
pressing the upper brainstem downward into the inci-
sura and that these pathological changes were impli-
cated in coma, pupillary enlargement, and eventually
respiratory and vascular collapse.

The evolution of thinking regarding pupillary dilata-
tion, a clinical staple of the terminal stages in cases of
large cerebral masses, was somewhat less disordered.
The first clear mention of pupillary enlargement with
head trauma is attributed to Cock in 1842. This sign
was later called the ‘Hutchinson pupil’ because of its
mention in the latter author’s monograph in a case with
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cerebral abscess (Hutchinson, 1878). Pupillary enlar-
gement was generally established as an accompani-
ment of severe head injury in many papers published
during the early part of the last century. The work of
Reid and Cone (1939), and later Sunderland (1958)
and Sunderland and Bradley (1953), related it to com-
pression of the third nerve by the advancing medial
temporal lobe or to the descending posterior cerebral
artery. An alternative view was offered by Fischer-
Briigge (1951), who suggested that the third nerve
was instead stretched on the clivus as a result of hori-
zontal displacement of its origin at the upper midbrain.
No cogent explanation has been offered for enlarge-
ment first of the pupil opposite a mass, but several
theories have been put forward, as noted further on.

It was on this background that the careful investiga-
tive work of McNealy and Plum (1962) and Plum and
Posner (1966) cohered and codified the relationships
between herniations and clinical signs. Their publica-
tions marked a watershed in that, for the first time, a
systematic aggregation of clinical signs was based on
serial observation at the bedside. In contrast, all prior
work had been derived from either clinical observation
devoid of pathological confirmation, or pathological
observation alone. By placing a pointed emphasis on
coma in the clinical herniation syndromes, these
authors anchored the understanding of transtentorial
herniation from a mass lesion. At the same time, they
made clear and understandable the previous disparate
clinical aspects by eliminating many of the numerous
signs incorrectly attributed directly to transtentorial
herniation, e.g., the physiological changes of the Cush-
ing reflex, stiff neck, vomiting, headache, etc. To sug-
gest that this was the limit of the scope of McNealy
and Plum’s monograph is incorrect; they made a careful
study of all aspects of coma. As alluded to above, a
deficiency of most reports to that date was simply that
a lengthy list of clinical features was given from a series
of tumor or trauma cases observed operatively or on the
autopsy table and no clinical consistency came with
them. An example of the confusion preceding the
McNealy and Plum report is an otherwise excellent
paper by Schwarz and Rosner (1941) in which 16 of
43 patients with a hemispheral mass had stiff neck but
only nine were observed to have pupillary changes on
the side of the mass (another nine had pupillary enlarge-
ment on the other side!) with later observed transtentor-
ial hippocampal herniation. Examples can be given
from many other papers of the Plum and Posner era that
gave tabular accumulations of disembodied clinical
signs.

However, the work of McNealy and Plum that formed
the basis for much of the central dictum of the Plum and
Posner (1966) monograph did not include pathological

studies of the patients under their observation. Mindful
of previous works, the authors of the original article went
to pains to emphasize that they did not endorse or imply
a relationship between the postmortem appearance of the
brain herniations and the like-named clinical syndromes.
Nonetheless, by naming the constellations of clinical
signs as ‘uncal’ and ‘central’ transtentorial syndromes,
what emerged after years of broad exposure to Plum
and Posner’s monograph was the notion that a series of
dynamically progressing brainstem signs could unam-
biguously be attributed to the pathological changes of
the same name. The net result was an equivalence in
the minds of most clinicians between clinical features,
particularly coma, and the pathological configuration of
transtentorial herniation. The elegance, simplicity, and
plausibility of an orderly deterioration of neurological
function from rostral to caudal brainstem structures as a
result of compression by mass from above had such
intellectual appeal and utilitarian value for teaching
brainstem function to students that it has led to a tacit
adoption of the so-called central and uncal herniation
clinical syndromes.

Less well recognized from the same period but
quite profitable for review are three monographs,
one by Finney and Walker (1962), the same year as
the publication of the paper by McNealy and Plum
(1962); another in 1967 by Blinkov and Smirnov of
the Burdenko Institute in Moscow (Blinkov and
Smirnov, 1971), who carefully summarized virtually
all the known data and their own observations on
what they called ‘dislocational syndromes’, and the
extraordinary paper by Fisher (1969) detailing the
signs of coma and remarking on the prognostic value
of these signs, including changes in respiration.

Other herniations were commented upon at inter-
vals in the literature. Among these are the ones listed
at the beginning of this chapter: foramen magnum—
cerebellar herniation, upward cerebellar herniation,
transfalcine herniation, and herniation of tissue
through surgical skull defects. The clinical correlates
of these brain dislocations are somewhat less certain
than for the transtentorial ones, although it has been
assumed that cerebellar—foraminal impaction is the
proximate cause of respiratory arrest from medullary
compression, as discussed below.

5.2. Intracranial pressure and herniation

Worth noting are the concurrent clinical phenomena
with herniation. These changes in systemic physiology
are broadly encompassed by the term ‘Cushing reflex’;
namely, hypertension, bradycardia, and changes in
respiratory pattern. That some of these features occur
in conditions of raised intracranial pressure but not
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necessarily in the presence of a mass and tissue distor-
tion suggests that transmission of pressure to sensitive
areas in the fourth ventricle can occur by direct com-
pression of the brainstem from a contiguous mass or
indirectly through raised pressure within the ventricular
system.

With the emergence in the 1960s and 1970s of
extensive studies of intracranial pressure, somewhat
less attention was given to the clinical syndromes
relating to herniation. Ultimately, attempts to correlate
pressure with either coma or pupillary changes were
largely unsuccessful. It became recognized, as empha-
sized by Andrews and colleagues (1988), that the loca-
tion, as well as the earlier mentioned rapidity of
enlargement of the mass and its size, were the critical
elements in the nature of tissue shift produced. Masses
in the temporal lobe were, for example, more likely to
produce early uncal herniation and pupillary changes.
Restated, raised intracranial pressure per se does not
cause herniation. However, as demonstrated by Wea-
ver and coworkers (1982), there are substantial differ-
ential pressures between intracranial compartments in
the presence of a mass and, in all likelihood, these gra-
dients are the proximate causes of tissue shifts (my
observations suggest that intracranial pressure some-
times drops suddenly in the supratentorial compart-
ment just after the appearance of signs that indicate
tissue shift). Elevated pressure and tissue shifts may
therefore be conceived of as parallel reflections of
the addition of a mass to the cranium.

5.3. Anatomy of the dural openings

The dural membrane that separates the supra- from the
infratentorial compartment (or anterior from posterior
fossa) is properly called the tentorium cerebelli, hence
the common use of the term ‘tentorium’ for this struc-
ture. It is anchored anteriorly on the petrous ridges and
the anterior clinoid process. It slopes downward in a
slightly cantilevered form to attach laterally along the
transverse venous sinuses. Posteriorly, it is attached
to the internal occipital protuberance. A large, roughly
oval opening in the center of the membrane allows
passage of the brainstem from the upper to the lower
compartment.

The size and configuration of the tentorial opening
almost certainly figure into the manifestations of
transtentorial herniations in a given individual. In most
autopsy studies, the anteroposterior diameter of the
opening ranges from 5-7 cm and the horizontal axis
from 2.5-4 cm. Sunderland (1958) gave a measure-
ment for the tentorial opening of 5.5 cm long by
3 cm wide. With the exception of one specimen he
estimated the surface area of the opening to be

between 10 and 18 cm”. Careful studies by Corsellis
(1958) and by Plaut (1963) gave similar ranges for
the width of the incisura, between 2 and 4 cm. Corsel-
lis’s photographs of the tentorial opening and compo-
site tracings indicated that there was a difference
between the male and female tentorial configurations.
His study also maintained the anachronism (popular
at the time probably because of the teachings of Boas,
the influential anthropologist) that separated white
from black patient measurements and correlated the
size of the tentorial opening with the bitemporal dia-
meter of the skull. He also pointed out that aging-
related atrophy may have played a role in changing
the outline of the opening between specimens.

Measurements from a more modern paper by Ono
and colleagues (1984; also referred to below) generally
conform to earlier studies. The average width of the
opening was 29.6 mm, range 26-35mm; average
length — dorsum sella to apex of the opening —
52 mm, range 4667 mm; and, perhaps most impor-
tantly, the average width of the space of Bichat, from
the edge of the midbrain to the tentorial margin was
0.7 mm with a range of 0—6.6 mm. It is the variability
in these sizes and the usual location of the entire mid-
brain above the tentorial opening that are notable.

The plane of the dural tentorial membranes slopes
downward at approximately 30° in most specimens
but the incisural opening is in the axial plane of the
brain (in some texts, it virtually defines the axial or
horizontal plane). The shape of the tentorial opening
simulates a U with considerable variability in its shape
at the apex posteriorly, at times being closer to a V
with a pointed posterior termination. The schematic
drawings of Sunderland (1958) give one of the best
demonstrations of the variability in shape, ranging
from a small tentorial opening that barely accommo-
dates the midbrain and allows only a small amount
of anteriosuperior vermis to show through from above
to a virtually oval and very accommodating opening.

The uncal gyrus in most cases slightly overhangs
the edge of the tentorium by 3—4 mm and the immedi-
ately posterior parahippocampal gyrus can usually be
seen from under the tentorial opening, particularly in
its anterior portion. The groove produced normally
by the tentorial edge on the uncus and parahippocam-
pal gyri is discussed above.

Also of interest is the considerable variability in the
location of the branches of the circle of Willis and
exact course of the third nerves and their relationship
to the tentorial edge. The third nerves exit from the
ventral midbrain, consistently rostral to the tentorial
plane (contrary to what is stated in many textbooks).
They then proceed superolaterally to pass under the
posterior cerebral artery and above the superior
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cerebellar artery. Their location in the crotch formed
by those two arteries is variable, at times allowing
direct contact with one or the other vessel, most often
the posterior cerebral. They then come into contact
with, or close proximity to, the uncus at the lateral ten-
torial edge and then course over the petroclinoid liga-
ment to enter the dura of the posterior cavernous sinus.

As mentioned, the vermis of the cerebellum fills the
posterior part of the tentorial opening.

Several careful studies have been made, all pointing
out that the relationship between the brainstem and the
lateral edge of the tentorium in the vertical dimension
may vary by as much as 2 cm and that the size of the
subarachnoid space (of Bichat) between the free edge
of the tentorium and the lateral edge of midbrain var-
ies from less than 1 mm (essentially bringing the two
structures into contiguity) to just over 6 mm, as
already noted. Also quite variable is the position of
the pontomesencephalic sulcus (marking the anterolat-
eral border between the pons and midbrain and created
by the transition from the cerebral peduncle to the
basis pontis). In one of the most extensive studies of
the anatomical relationships between the tentorial dura
and surrounding structures, including striking color
drawings, Ono and colleagues (1984) from Rhoton’s
neurosurgical group showed that in cadavers the pon-
tomesencephalic junction lies, on average, only
0.2 mm below the incisural plane so that considerable
damage can be done to the midbrain, diencephalon,
and upper pons by advancing temporal lobe tissue
without any displacement of tissue through the ten-
torial opening. In a way, this creates a semantic pro-
blem with regard to herniation — is the encroachment
of tissue into the perimesencephalic cisterns and
compression of the midbrain truly ‘herniation’ or sim-
ply tissue displacement that crushes the midbrain?
Since this displacement occurs on average well above
the plane of the tentorial opening, it is not per se a
herniation.

The subfalcial opening is approximately 10 cm long
and 5cm vertically (i.e., 50 cm? in cross-sectional
area). It merges posteriorly with the anterior tentorial
opening. The size of the foramen magnum and the pre-
cise location of the inferior cerebellum and medulla
also vary considerably and little is served by reviewing
the details given in the literature.

Given these observations it is not surprising that
the precise configuration of tissue displacement and
herniation also vary greatly from case to case and that
the clinical signs are not entirely predictable in any
given instance. How cerebral atrophy plays a further
role in altering these relationships has been commen-
ted on by several authors but has not been studied
systematically.

5.4. Pathological changes of herniation

Most reports in the first half of the 20th century on
the pathological appearance of transtentorial hernia-
tion parsed the different aspects of the tissue shifts
that occurred around the tentorial opening into down-
ward movement (Howell, 1961), insinuation into the
tentorial notch of the medial temporal lobe, and rota-
tional distortion of the midbrain (Sunderland, 1958)
when, in fact, most cases embodied all three changes,
at least at different stages of the evolution of the
herniation. Blackwood and Corsellis in Greenfield's
Neuropathology (1976) emphasized the pathological
results of pressure changes in the following order:

1. injury to the third cranial nerves on the side of a
space occupying lesion as it passed between the
posterior cerebral artery and the superior cerebellar
artery, suggesting that the nerve had been held
tightly against one of the vessels or across the pet-
roclinoid ligament;

2. temporal incisural herniation by which was meant
movement of a portion of the uncus or hippocampal
gyrus through the incisura, and secondary effects of
which were thought to lead to obstructive hydroce-
phalus;

3. elongation of the midbrain in the anteroposterior
plane, mainly also as a result of hippocampal
herniation;

4. compression and damage to the cerebral peduncle
opposite to a mass;

5. various secondary vascular lesions in the occipital
and temporal lobes, usually in the nature of hemor-
rhagic infarction of the cortex, suggesting obstruc-
tion of the posterior cerebral artery or one of its
branches at the tentorial edge;

6. vascular lesions in the rostral brainstem tegmental
regions and elsewhere, possibly related to shearing
of capillaries and arterioles from displacement of
the brainstem in the vertical plane (see below);

7. infrequent hemorrhages and ischemic vascular
lesions in the thalamus.

In the extreme, Howell (1961) described ‘buckling’ of the
brainstem; he used the terms ‘diencephalic drooping” and
‘shortening of the tectum’. In relation to the tectum, which
forms the roof of the aqueduct, he made measurements in
midline sagittal brainstem sections of the distance between
the superior medullary velum and the superior border of
the tectum. In 100 patients with normal brains this dimen-
sion varied between 13 and 17 mm, with an average of
about 15 mm; by contrast, in nine patients who displayed
a clinical syndrome of upper brainstem compression
in the last hours of life (not specifically defined) this
dimension was shortened to between 10 and 13 mm.
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Not typically acknowledged in discussions of these
pathological changes is the fact that they represent very
advanced stages of tissue displacement and are difficult
to correlate with clinical signs during life. The only aper-
ture through which enlarged and displaced supratentorial
brain tissue can move is, of course, the tentorial opening.
In evolved late cases, downward displacement of the
brainstem may be so extreme that the entire midbrain
and parts of the thalamus are pushed caudad and found
to be displaced below the tentorial opening (Fig. 5.1).
Similarly, large portions of the uncus, hippocampus,
and parahippocampal gyrus on one side may be found
squeezed into the space between the tentorial edge and
the medial edge of the upper midbrain (Fig. 5.2).

5.4.1. Medial temporal grooving

To the abovementioned changes should be added the
pathological feature perhaps most specifically associated
with a mass and with raised intracranial pressure, namely
grooving of the medial temporal lobe by the tentorial
edge, particularly on the parahippocampal gyrus. Klint-
worth (1968) found such a visible groove on one or both
sides in 88% of normal brains. In 1% of normal brains
the impression was on the posterior portion of the para-
hippocampal gyrus. In pathological specimens this
change may be grossly evident or detected only by a
small degree of microscopic change in the brain tissue

Fig. 5.1. Severe downward herniation of the upper brain-
stem through the tentorial aperture with ischemic changes
in the midbrain. The source of the mass effect was traumatic
contusion and swelling.

Fig. 5.2. Extreme downward and medial uncal and parahip-
pocampal herniation from a traumatic lesion. The groove
produced by the edge of the tentorium on the medial tem-
poral lobe is clearly seen and the temporal lobe tissue is
applied to, both displacing and distorting, the midbrain.
(With permission from Ropper, 1992.)

along the line of the tentorium. There has been consider-
able ambiguity in the literature regarding the necessity
for actual herniation in the creation of this change. Since
this groove has also been used as a marker of raised pres-
sure during life, another problem that arises is the degree
of grooving that should be considered pathological.

5.4.2. Secondary brainstem hemorrhages

A literature on the nature of secondary brainstem hemor-
rhages emerged in parallel with the descriptions of tissue
distortions and herniations. These hemorrhages represent
the most severe degree of brainstem compression and
displacement and are typical of cases that were acutely
fatal, usually with coma from the onset (Fig. 5.3). Vary-
ing opinions have been offered regarding the origin of
these lesions but the bulk of evidence favors arterial rup-
ture, as pointed out by Johnson and Yates (1956).
Scheinker (1945) and Poppen et al. (1952) had pre-
viously suggested venous congestion as the cause.
An often cited paper by Klintworth (1968) repeats this
view, with little substantiation, and posits venous conges-
tion from downward herniation, followed by restoration
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Fig. 5.3. ‘Duret’ hemorrhages in the midbrain (lower sec-
tion) and pons (upper section). The likely mechanism is tear-
ing of arteries as noted in the text. The pons does not appear
to be distorted but it was displaced caudally. (With permis-
sion from Ropper, 1992.)

of circulation. Articles by Moore and Stern (1938)
and others addressed this question and the predomi-
nant opinion was that small arteries were torn as a
result of the downward movement of the brainstem
and the relative fixity of the basilar artery. The pathol-
ogy studies of Fisher (1972), and of Blackwood and
colleagues (1949), provided evidence of rupture of
small penetrating branches of the basilar artery in the
end stages of downward brainstem displacement. It
has become customary in the literature to use the term
‘Duret hemorrhage’ for all of the secondary brainstem
hemorrhages created by tissue shifts. Duret’s original
description referred to medullary hemorrhages but the
terminology is so embedded in clinical and pathologi-
cal parlance that there is little point in attempting to
change it. The residua of these brainstem lesions in
surviving patients are discussed further on.

5.5. Physiological mechanism of brain
dysfunction with tissue distortion

Whatever the connection between tissue displacements
and clinical syndromes, the intervening mechanism
has been presumed to be ischemic based on pressure

from adjacent tissue. Experimental work documenting
this mechanism has, however, been sparse. Wozney
and colleagues (1985) had the opportunity to study
an instructive head-injured patient by xenon cerebral
blood flow technique. She was initially unresponsive,
with one large fixed pupil and another sluggishly reac-
tive pupil. After evacuation of subdural hematoma she
remained unresponsive with decorticate posturing but
the pupil became reactive. There was a residual right
frontal hematoma. At a time when she became decere-
brate and began to show intermittent dilatation of the
pupil on the side of the hematoma, blood flow was
reduced in the basal ganglia bilaterally. There was an
implication that thalamic blood flow was likewise
diminished but this was not clear from the data
Wozney et al. presented. Evacuation of the frontal
hematoma resulted in a restoration of blood flow in
deep structures to normal levels. In a correlative study
by Ritter and coworkers (1999) there was a rough
association between reduced blood flow (xenon) in
the midbrain and bilateral unreactive pupils.

The few related experimental studies that can be
interpreted suggest that extreme degrees of tissue dis-
tortion and greatly raised intracranial pressure are
required to produce ischemia of the brainstem.
In anesthetized dogs, Schrader and colleagues (1985)
expanded a supratentorial epidural balloon to the point
of respiratory arrest. A microsphere method was used
for cerebral blood flow. The focus of the study was
the resultant Cushing response but extensive measure-
ments were made of various areas in the thalamus and
brainstem. The extreme nature of the experiment pre-
cluded any firm conclusions, but blood flow in the
midbrain, pons, and medulla decreased dramatically
from 40-60 ml/100 g/min to single-digit values once
apnea occurred. This was despite a marked increase
in systemic blood pressure. In unpublished experi-
ments I performed 20 years ago with my colleague
K. Swann we found that brainstem blood flow (mea-
sured by hydrogen polarographic electrodes implanted
in the midbrain and pons) was initially low in anesthe-
tized animals and dropped further as an epidural bal-
loon was inflated. We could not dissociate the drop
in blood flow in the brainstem from the same degree
of reduction throughout the cerebrum as a result of a
global increase in intracranial pressure.

An alternative mechanism for the dysfunction of
neurons in compressed tissue is a reduction of neuro-
physiological activity simply from mechanical factors.
Numerous studies have demonstrated a reduction in
various components of the brainstem auditory evoked
responses in relation to either coma or pupillary changes.
However, it is notable that the wave most easily
studied (V) arises in the colliculi, not in the brainstem
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tegmentum, and none of the studies clarifies the issue of
the proximate cause of brainstem dysfunction. In other
words, it cannot be determined if the waves were lost
because of a reduction in local blood flow or from the
effects of tissue distortion.

As tissue shifts progress, hemorrhages in the brain-
stem arise as discussed in the section on pathological
changes. Also found are areas of ischemia, particularly
in the upper brainstem and diencephalon. Reversal
of coma with relief of a mass would require that
brainstem ischemia, if that is the mechanism, be
entirely reversible. Therefore, factors such as the dura-
tion of compression and mechanical changes must
come into play.

5.6. Clinical syndromes of herniation

In conformation with current practice, it is useful to
delineate the clinical features that result secondarily
from large intracranial masses according to the type
of presumed displacement of brain tissue. As an idea-
lized concept, transtentorial herniation is divided into
a central syndrome and uncal syndrome and separated
distinctly from transfalcine, upward cerebellar, and
foramen magnum herniations. In many cases, these
entities are found to occur together but to progress to
different degrees and at different rates. Emphasis is
placed here on transtentorial herniation and its putative
clinical signs, since it is of most practical interest to
the clinician. Fundamental to the transtentorial syn-
dromes is the premise that pressure on the midbrain,
particularly its rostral portion, results in a graduated
reduction in the level of consciousness. While this
tenet has been challenged, most recently by Parvizi
and Damasio (2003), observations by neuroradiologi-
cal techniques continue to support the notion that it
is necessary and sufficient to compress these regions
of the reticular activating system in order to produce
drowsiness, stupor, and coma.

5.6.1. Uncal transtentorial herniation
and pupillary enlargement

Signs of third nerve and midbrain compression from a
medially displaced uncus are more common in our
experiences than are other syndromes. Plum and Pos-
ner (1966) expressed the view that, with medial tem-
poral lobe masses, the diencephalon is not the first
structure compressed and that the initial state of alert-
ness is therefore variable. Instead, pupillary signs are,
in their opinion, the earlier feature in uncal herniation.
In our own material the first indication of third nerve
compression is usually a sluggish or absent light reac-
tion on the side of the mass (Ropper and Shafran,

1984). This sign may persist for hours or longer before
the pupil actually enlarges. Plum and Posner (1966)
also commented on the rapidity with which subsequent
signs may evolve, including deep stupor and then
coma. It is the pupillary enlargement, of course, that
is the signature feature of uncal herniation.

Fluctuations in pupillary size, corectopia (eccentric
position of the pupil) and, as pointed out by Fisher
(1980) and by Marshall and others (1983), an irregu-
larly shaped oval, oblong or ‘football’-shaped pupil
may be a transitional sign before frank enlargement
and also a transient feature during recovery of the
light reaction. These shapes probably represent incom-
plete stages of compression of the pupilloconstrictor
fibers in the third nerve. Marshall and colleagues
(1983) attributed the oval-shaped pupil to raised intra-
cranial pressure but the information contained in
their paper demonstrates pressures ranging between
6 and 34 mmHg and midline shift ranging from none
to 18 mm on computed tomography (CT). In most
of the instances they reported, the pupil returned to
normal shape after reduction of intracranial pressure.
As has already been mentioned, the correlations
between intracranial pressure and pupillary signs is
indirect, both being parallel phenomena reflecting the
presence of a mass.

The subsequent evolution in the uncal syndrome is
of deepening coma and then dilation of the contralat-
eral pupil. Plum and Posner (1966) also noted that
the contralateral pupil may become fixed in mid-
position and that later both pupils often assume a
mid-position (5-6 mm) diameter. If pressure continues
to be exerted on the structures of the posterior fossa,
there is then a loss of eye movements, loss of corneal
response, more prominent posturing, aberrant respira-
tory rhythms and, eventually, death from medullary
compression. As already discussed, it is the orderliness
of this rostral to caudal progression that makes the
Plum and Posner (and McNealy) model so appealing
by matching anatomical structures to the herniation
syndromes.

Reversal of the pupillary changes upon treatments
that reduce intracranial pressure or mass effect is a
notable phenomenon. Often such reversals occur
repeatedly before the patient is saved by operation,
or as a transitional phase to further brainstem compres-
sion and death. Fisher has raised an objection to the
attribution pupillary enlargement to uncal herniation
by pointing out that it is unlikely that herniated tissue,
once having molded itself to the space between the
free edge of the tentorium and the lateral midbrain,
would then be lifted out of this space (not to mention
extracting itself repeatedly) simply by reducing intra-
cranial pressure (Fisher, 1995).
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Fig. 5.4. Coronal section of brain at the level of the mamil-
lary bodies showing the relationship between third nerves
and posterior cerebral arteries emanating from the top of
the basilar artery in a case of cerebral hemorrhage (the clot
can be seen in the upper left). The posterior cerebral artery
is draped over the third nerve and is pulling it caudally. This
is one of the presumed mechanisms of pupillary enlargement
(see text). (With permission from Ropper, 1992.)

Plum and Posner (1966) in fact indicated that the
mechanism of third nerve compression on the side of
a mass is most likely the descent of the posterior cere-
bral artery and compression of the superior aspect of
the nerve (Fig. 5.4). For the most part, the uncus is
implicated, largely because it pushes this vessel caud-
ally. This is in accord with the work of Sunderland
(1958), Sunderland and Bradley (1953), and Weintraub
(1960). However, I have observed, and others have
posited, alternative mechanisms. Reid and Cone
(1939), based on autopsy observations, suggested that
the advancing edge of the uncus compresses the third
nerve directly against the petroclinoid ligament or the
free edge of the tentorium. Our dissections from
patients with large cerebral masses, performed in situ
by sectioning the diencephalon (Ropper et al., 1991),
indicate that this mechanism of nerve stretching is
valid. In this configuration, the laterally displaced
midbrain pulls the origin of the third nerve away from
the clivus and the entry of the third nerve into the pos-
terior cavernous sinus (Fig. 5.5). The nerve is thereby
angulated acutely over the clivus so that pressure and
hemorrhagic changes can be found at that point. This
mechanism was detailed in dissections performed by
Fischer-Briigge (1951) and termed by him ‘das Kli-
vuskantensyndrom’. It was also described in speci-
mens examined by Lazorthes and colleagues (1954)
and by Blackwood et al. (1949). In an interesting case
with magnetic resonance imaging (MRI) performed in
which pupillary changes could be induced by placing
a patient in the lateral decubitus position, Simonetti
and colleagues (1993) found that the uncus barely
touched the nerve but instead stretched it and thus
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Fig. 5.5. Dissection in situ of the third nerve and adjacent
structures from a patient with a cerebral hemorrhage who
had an enlarged pupil on the side of the mass prior to death.
The hemorrhage was on the reader’s left; the third nerve on
that side can be seen to be stretched over the clivus because
of horizontal displacement of its origin but the contralateral
third nerve is slackened. There was no uncal herniation.

(With permission from Ropper et al., 1991.)

caused this same angulation of the nerve against the
posterior clinoid (Fig. 5.6). It is worth noting that
most of the aforementioned authors inspected the
brain after it had been taken out of the skull so that
it no longer bore its in vivo relationships to the tentor-
ial membranes. The key to observing this angulation
over the clivus is performing the autopsy with reten-
tion of the in situ relationships between the midbrain,
third nerves, dural folds, and clivus — it cannot be
appreciated if the brain is removed from the skull,
which is the usual method.

In all likelihood, different configurations are res-
ponsible for pupillary enlargement in different cases
(stretching at the clivus, uncal herniation, compression

t e m > A
Fig. 5.6. MRI showing displacement of the third nerve (long
arrowhead) and the juxtaposition of the nerve against the cli-
vus (white arrow) in a patient with reversible pupillary enlar-
gement when placed in the decubitus position. The uncus is
barely in contact with the nerve. (Reproduced from the Lan-
cet, in Simonetti et al., 1993, with permission from Elsevier.)
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by descended posterior cerebral artery) but it is my
impression that uncal compression is no more common
than the others. Differences between individuals in the
shape and size of the tentorial openings and in the course
of the third nerves also plausibly change the relationships
of the structures from one individual to another.

Two problems posed in the analysis of pupillary
enlargement are 1) the cause of contralateral pupillary
enlargement and light unreactivity as the syndrome pro-
gresses, and 2) that small proportion of cases in which
the pupil opposite to the mass enlarges first. Clinical
investigation into the first problem suggests that in late
stages the upper midbrain is compressed and produces
bilateral nuclear or fascicular third nerve palsies (Ropper,
1990). This conceptualization, however, is based on
serial clinical observations of the second pupil to
enlarge and can be considered only circumstantial.

How the opposite pupil dilates first is as much of a
puzzle. Gessel (1961), Jefferson (1938), and Peve-
house and colleagues (1960) tackled the problem with
no success. The phenomenon has been said to occur in
up to 10% of subdural hematomas (Pevehouse et al.,
1960) but the proportion has been far lower in my clin-
ical experience. Uncal herniation on the opposite side
would seem to be the obvious explanation but this is
almost impossible once the midbrain has been shifted
over and the perimesencephalic cisterns are closed
off. One possible mechanism is that the posterior cere-
bral artery on the side of the mass in these cases is
considerably higher than its opposite, or has a fetal ori-
gin from the internal carotid artery and therefore does
not come into contact with the ipsilateral third nerve.
This explanation is somewhat unappealing since con-
tralateral pupillary enlargement may occur at an early
stage of brainstem compression, at a time when there
is only drowsiness or stupor. Another even less likely
possibility is that horizontal translocation of deep
structures pulls the contralateral third nerve up against
its adjacent tentorial edge.

It is the case that the uncus and part of the third nerve
lie entirely above the tentorial plane so that contact can
be made without actual transtentorial herniation but
again this is a semantic objection to the use of the term
transtentorial herniation. Nonetheless, one might take
issue with the entire notion of the advancing medial tem-
poral lobe insinuating itself into the open space over the
free edge of the tentorium as the proximate cause of third
nerve compression. Such objections are based on the
early enlargement of the perimesencephalic cisterns on
the side of a mass, as opposed to the expected compres-
sion by an advancing edge of temporal lobe (see below).
It is as likely that the uncus and parahippocampal gyrus
are passively pulled along into this open space rather
than being the wedge that opens it.

One practice that derived from the conceptualiza-
tion of transtentorial herniation as presaging coma
and imminent death was surgical removal of the her-
niated tissue in moribund patients. Scoville and Bettis
(1979) reported on 27 such cases, in 15 of which they
considered the operation to be lifesaving. The proce-
dure involved cutting directly through the then inferior
temporal lobe encompassing the lower two temporal
gyri, down to the medial hippocampus that presumably
at this time lay subtentorial, and resecting the entire
wedge of herniated temporal lobe in one piece.
LeBeau is quoted in Scoville’s article (Scoville and
Bettis, 1979) as using a subtentorial approach to
remove the hernia. Mori and colleagues (1998) treated
13 patients with pupillary enlargement and ostensible
transtentorial herniation by resecting the uncus and
parahippocampal gyrus and reported survival in 11 of
them. Others have suggested simply sectioning the
tentorial dura on one or the other side.

5.6.2. Central herniation

The central diencephalic and upper midbrain struc-
tures can be seen to be squeezed through the tentor-
ial aperture in a downward direction at autopsy in
cases with drastic mass effect, as discussed. In the
extreme, the type of buckling of the brainstem
described by Howell (1961) may be seen. This osten-
sibly corresponds to the central syndrome, which was
the more common type of clinical deterioration in
McNealy and Plum’s material (McNealy and Plum,
1962). The breathing pattern was affected early, often
in the form of a Cheyne—Stokes cyclic pattern but also
with sighs, yawning, and pauses in respiration. In dis-
tinction to the uncal syndrome, the pupils were initi-
ally small, presumably as a result of compression of
hypothalamic structures that pertain to pupillary con-
trol. Alternatively, a type of ‘functional decortication’
of the pupils was proposed by the authors. Roving eye
movements or easily elicitable oculocephalic move-
ments then follow. As the syndrome evolved, posturing
or hemiplegia ipsilateral to the cerebral lesion arise.
Plum and Posner (1966) attributed the initial clini-
cal changes, confusion and agitation or drowsiness,
to compression of diencephalic structures. (A par-
enthetical comment is made here that this implicitly
forwarded the idea that confusion lies in the spectrum
of diminished level of consciousness.) They were
further of the opinion that horizontal shift across the
midline was of less importance and more the result
of contralateral hemispheral compression than of dien-
cephalic compression horizontally. As the central syn-
drome progresses, cyclic respirations are said to give
way to sustained tachypnea. The initially small pupils
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enlarge to approximately 3-5 mm but do not dilate
until the end stages. The eye movements become dys-
conjugate including at times the presence of internuc-
lear ophthalmoplegia. There is then a presumed
progression of ischemia to caudal parts of the brain-
stem until the terminal medullary stage. In these latter
parts of brainstem deterioration, the uncal and central
syndromes converge.

While numerous examples of squeezing of the cen-
tral diencephalic and upper midbrain structures through
the tentorial opening in the purely vertical direction can
be found, including in our own material, this appear-
ance represents a very advanced stage of tissue distor-
tion and it is difficult to infer the configuration at the
time that drowsiness and small pupils are present.

Among the most compelling data in support of a
central syndrome are those few cases in which a low-
pressure cerebrospinal fluid (CSF) situation has resulted
in purely and symmetrically downward vertical dis-
placement of the midbrain. The circumstances are not
entirely comparable to downward pressure by a mass
but this configuration does speak to the clinical effects
of caudal displacement of midbrain structures; in
essence they are being pulled down rather than pushed.
In the cases reported by Pleasure and colleagues (1998),
by Bloch and Regli (2003), by Roland et al. (1992),
and by Binder and colleagues (2002), a decrease in
the level of consciousness was attributed to overdrai-
nage or leakage of lumbar CSF that causes symmetric
downward displacement of the upper brainstem through
the incisura. In some cases, the level of consciousness
could be restored by the infusion of fluid into the
lumbar space and a presumed elevation of the brain-
stem to its original position. If the ischemic theory of
midbrain—diencephalic function applies, then there must
be some type of buckling of the brainstem to alter
microvascular flow; this seems unlikely from a tugging
action exerted from below. On the other hand, Pannullo
and coworkers (1993), using as a marker the top of the
aqueduct of Sylvius (see below), found that a substan-
tial degree of downward brainstem movement could
occur in a low-pressure CSF syndrome without any
change in the level of consciousness. Three of their
seven patients also displayed cerebellar downward dis-
placement below a line drawn from the inferior tip of
the clivus to the base of the posterior foramen magnum
(twining line).

Several attempts have been made to quantitate
downward displacement of central structures from
radiographic and magnetic resonance imaging (MRI)
images. One telling observation by Fisher (1984) was
that the pineal calcification remained in the same verti-
cal plane as the choroid plexus on CT scan, despite the
presence of a cerebral mass and diminished level of

consciousness. In studying the vertical location of the
pontomesencephalic junction in relation to the tentorial
plane on sagittal MRI images, I found that vertical dis-
placement was variable, and not an obligate feature in
cases of diminished consciousness; indeed, some cases
with stupor or coma showed a slight upward displace-
ment of the midbrain (Ropper, 1989). Moreover, in
many instances the displacement of centrally placed tis-
sue was purely horizontal or even slightly upward.
In the studies by Ross and colleagues (1989) and
Andrews and coworkers (1988), vertical descent of
brain structures was slight and did not correlate with
the degree of depression in the level of consciousness.
However, the most careful study of vertical displace-
ment was by Reich and colleagues (1993), who inge-
niously identified the opening of the aqueduct (the
iter) as lying almost on a line drawn between the dor-
sum sella and the confluence of the deep venous
sinuses. (Their assumption that the line reflects the posi-
tion of the incisural opening is not in accord with all the
earlier listed studies.) In this way, it became possible to
measure downward vertical displacement of a structure
close to the area of the reticular activating system. They
found that in normal adults the iter of the aqueduct lay
0.2 £ 0.8 mm below the aforementioned line. With
supratentorial masses, the iter was displaced 2—11 mm
below the line and, in those who had recovered clinically,
the iter was restored to its normal position (Fig. 5.7).
While all cases with a mass, including those who
remained awake, showed some descent of the iter, there
was no quantitative relationship between the level of con-
sciousness and the degree of vertical displacement. Their
explanation that substantial degrees of downward displa-
cement could occur without clinical manifestations
relates to the slow progress of certain mass lesions and
that such downward shifts often preceded clinical dete-
rioration. In our own material, the iter has usually been
displaced laterally and sometimes cannot be seen in
mid-sagittal images. Also of interest is the similar study
by Feldmann and colleagues (1988) in which the older
contrivance of Twining’s line (between the dorsum sella
and the internal occipital protuberance) was used. These
authors measured the distance from the line to the ponto-
mesencephalic junction and to the apex of the midbrain
aqueduct. Technical factors regarding magnification
clouded the interpretation of their data but they were suc-
cessful in demonstrating that downward movement does
indeed occur and that it can be quantified. Their addi-
tional assessment was that lateral shifts often accompa-
nied descending transtentorial herniation but to an
unpredictable degree. Wijdicks and Miller (1997)
reported on a case with serial MRI and demonstrated
mainly downward displacement of the diencephalon
and mesencephalon that paralleled clinical deterioration.
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RELATIONSHIP OF FINDINGS TO DOWNWARD HERNIATION
(18 PATIENTS/33 SCANS)
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Fig. 5.7. Downward displacement of the iter of the aqueduct in patients with supratentorial masses and correction of the dis-
placement after treatment of the mass. (With permission from Reich et al., 1993.)

Many reports and opinion pieces comment that it is
often not possible to distinguish the clinical deterioration
caused by the uncal and the central syndromes; i.e., they
may in essence occur together. More specifically, unilat-
eral or bilateral pupillary dilatation may appear at the
same time as stupor. In observations in my critical care
unit this is perhaps more the rule than the exception. This
has been particularly true in cases of rapidly expanding
deep intracerebral hematomas. Also unverified since
the original publication is how often there is truly an
orderly progression of brainstem signs from rostral to
caudal as set forth by McNealy and Plum (1962).

5.6.3. Horizontal displacements

The horizontal shift of central structures (‘midline
shift’) was the focus of radiologists who favored mea-
surement of pineal displacement on skull X-rays for
the detection of mass lesions. Curiously, no attempt
was made to correlate the degree of displacement from
the midline with the level of consciousness. Several
authors, particularly Hasenjiger and Spatz (1937), were
of the opinion that horizontal translocation occurred
before downward herniation across the tentorial plane.
In general, when one observes the onset of drowsiness
or stupor, as in the patient with a cerebral hemorrhage
whose MRI is shown in Figure 5.8, the degree of hori-
zontal distortion tends to be more pronounced than the
degree of downward movement. Moreover, the brain-
stem cisterns on the side of the mass are usually open
and widened at this time, belying any compression of
the midbrain by the medial temporal lobe.

However, the degrees of horizontal and vertical dis-
placement are difficult to measure and, as is clear from
cases such as that shown in Figure 5.8, the vector of tis-
sue distortion includes both. My attempts to study this
phenomenon with CT scans suggested that there was
a more consistent and linear relationship in acute
cases between horizontal displacement and the level of
consciousness in cases of acute mass effect (Ropper,
1984, 1989). Almost without exception, patients
remained awake if there was less than 4 mm of pineal
shift, became drowsy with 4—6 mm shift, stuporous with
6-9 mm shift, and comatose with more than 9 mm of
midline displacement (Fig. 5.9). This data corresponds
fairly closely to several other studies including the one
by Ross and colleagues (1989), which was largely
meant to temper the importance of this measurement
by showing that there was no relationship between the
degree of initial shift and outcome after evacuation of
a cerebral hematoma. Few studies have compared hori-
zontal and vertical displacements in the same patients
but our impression, based on an MRI investigation, is
that the former is more consistently associated with
the level of consciousness, unrelated to herniated tissue
in the perimesencephalic cisterns (Ropper, 1989). It
must be acknowledged, however, that it is difficult to
determine which anatomical markers or structures
should be used in such comparisons.

One further comment pertains to the use of the term
‘midline shift’. In much of the neurosurgical literature
this refers to displacement of the septum pellucidum
rather than to the pineal or other midline structure.
In my study of midline shift using CT measurements,



HERNIATION 91

Fig. 5.8. Coronal MRI images from a patient with a large putaminal hemorrhage showing mainly horizontal displacement
of central structures and patency of the perimesencephalic cisterns on the side of the mass. There is incipient hydrocephalus
evident in the lateral ventricle opposite the mass. (With permission from Ropper, 1998).
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Fig. 5.9. Horizontal displacement from the midline of the
pineal body in cases of acute unilateral cerebral masses.
There is a graduated increase in horizontal shift with the
level of consciousness. This is an extension of the formerly
used idea of ‘pineal shift’ on anteroposterior skull X-rays.
(With permission from Ropper, 1986.)

the relationship between the level of consciousness
and septal displacement was poor; however, the series
reported by Ross and colleagues (1989) showed more
of a graduated increase in this measurement as the
level of consciousness decreased.

5.6.4. Cerebellar-foramen magnum herniation

This was the deformation that Cushing emphasized
early in the last century, to which he incorrectly attrib-
uted autonomic instability but which he correctly
aligned with respiratory arrest. Like the faint uncal

groove that may be seen in normal brains, a similar
slight impression can be found on the inferior cere-
bellum as a result of its contiguity with the lip of the
foramen magnum. On occasion, up to 2 cm of tongue-
shaped projections of the cerebellum may dip below
the foramen magnum and in a few normal specimens
the tissue from the two sides meet in the midline
(a cerebellar ectopia without Chiari malformation). In
the other extreme, as pointed out by Howell (1959)
and by others, true foraminal impaction of tissue from
downward pressure may be so pronounced as to cause
infarction and necrosis of inferior cerebellar tissue,
even to the point of causing necrotic material to drop
down into the lumbar subarachnoid space (Fig. 5.10).
In reference to foraminal herniation, Howell (1959)
stated: ‘A progressive global impairment of conscious-
ness, which is the dominant feature of upper brainstem
compression, is no part of this syndrome. The patient
may be alert one minute and dead the next.” In the
above-cited MRI study by Reich and colleagues, about
half of patients with transtentorial herniation also
showed tonsillar herniation.

That foraminal herniation may be partly reversible
was shown in the images presented by Onesti and col-
leagues (1997) in which resection of a massive hemi-
spheral meningioma was followed by elevation of
a portion of the inferior cerebellum back into the pos-
terior fossa, and resolution of neck and occipital pain.
Residual signs of cerebellar herniation are not subject
to study because few such patients survive. Among
the features produced by cerebellar herniation is a
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Fig. 5.10. Cerebellar tonsillar herniation with impressions
made by the foramen magnum in a case of cerebral tumor.

flaccid quadriplegia, as occurred in one of our patients
(Ropper and Kanis, 2000), and a hemiplegia ipsilateral
to a cerebellar mass that is the result of compression of
the pyramid (Kanis et al., 1994). The latter configura-
tion is somewhat comparable to the Kernohan—Wolt-
man phenomenon insofar as there is a horizontal
displacement that compresses the ipsilateral motor
pathways and causes a paradoxical hemiparesis.

5.6.5. Upward cerebellar herniation

This displacement is less commented on in the litera-
ture than the others. The problem occurs particularly
with masses in the posterior fossa. In past decades, it
was recognized largely by implication when an upward
displacement of the pineal calcification was detected.
Obstructive hydrocephalus is a common accompani-
ment. Few reports have attempted to make a correlation
with a clinical syndrome, but one important paper by
Cuneo and colleagues (1979) suggested that the premo-
nitory signs were due to pontine compression (reactive
but small pupils, asymmetric or absent caloric responses,
and decerebration) followed by frank upward herniation
that produced midbrain compression, reflected by a
change from round and reactive pupils to anisocoria.
Several instances have been reported of upward cere-
bellar herniation occurring immediately after ventricu-
lostomy for obstructive hydrocephalus that was
caused by a cerebellar mass, such as the case described
by Kase and Wolf (1993). Differentiating the effects of
the posterior fossa mass from the secondary effects of
upward herniation is difficult.

5.6.6. Transfalcine herniation
This refers to displacement of the cingulate gyrus

under the falx and into the contralateral frontal com-
partment of the skull as a result of pressure from a

lesion in one anterior hemisphere. The dimensions of
the opening under the falx membrane that allows
movement of the cingulate and adjacent gyri have
been mentioned earlier. Most of what can be said
regarding this herniation pertains to occlusion of the
anterior cerebral artery or its callosal branches, as dis-
cussed below. In other words, the clinical effects of
tissue shifts across the frontal region without vascular
occlusion are not at all clear. In the early literature it
was suggested that a frontal syndrome of one sort or
another emerged if there is no concurrent depression
in the level of consciousness.

5.7. Secondary effects of herniation

5.7.1. Monovascular occlusive syndromes

Numerous examples are to be found in the pathology
and radiology literature of hemorrhagic infarctions in
the posterior and anterior cerebral artery territories
that occur concurrently with transtentorial herniation
(Fig. 5.11). Probably the earliest report of occipital
infarction was included in Meyer’s series (Meyer,
1920). On occasion, it is possible by angiography to
identify compression of the proximal vessel at the
tentorial edge by brain tissue.

In the case of posterior cerebral artery infarction, it
is almost always the distal calcarine territory that
becomes ischemic and, far less often, the medial tem-
poral region is altered (Lindenberg, 1955). Usually,
the vascular occlusion and infarction in the posterior
regions is on the side of the supratentorial mass, but
there are numerous examples in which solely the con-
tralateral side or both sides are affected. One of the lar-
gest series of illustrative cases of secondary infarctions
from herniation has been given by Sato and colleagues
(1986). Of their nine patients, the contralateral occipi-
tal lobe was involved in two and there were additional
areas of infarction in the posterior limb of the internal
capsule and contralateral hippocampus in one patient
each. Papadakis (1974) reported a derivative case
of alexia without agraphia due to left occipital and
callosal infarction.

Anterior cerebral artery occlusion, usually the result
of herniated cingulate gyrus, results in limited infarc-
tion of the ipsilateral frontal lobe. Among the most
instructive of such cases are the three reported by
Rothfus and colleagues (1987) of callosal-marginal
artery branch infarction. They noted that this vessel
would be the most susceptible to compression of the
branches of the anterior cerebral because it runs adja-
cent to the falx. A pathological study of a series of
frontal lobe infarctions caused by cingulate herniation
was given by Sohn and Levine (1967). Another paper
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Fig. 5.11. MRI scans of brain shift from a massive left middle cerebral artery infarction showing secondary i) right and left
posterior cerebral artery infarctions, ii) right anterior cerebral infarction, and iii) early contralateral hydrocephalus.

by Moore and Stern (1938) is of interest mainly
because they made an implicit connection between occi-
pital infarctions and brainstem ischemic—hemorrhagic
lesions, a notion that has little support because the
mechanisms differ. They did emphasize the hemor-
rhagic component of some occipital infarctions and
made careful histologic studies.

The variability between individuals in the configura-
tion of vessels and their relationships to the tentorial
margins has already been mentioned and, conceivably,
this may account for the inconsistent appearance of
the strokes. There seems little doubt, however, that vas-
cular occlusion requires genuine herniation of tissue
from one dural compartment to an adjacent one. Patients
who survive coma and transtentorial herniation may be
left with strokes, mainly a hemianopia, but, despite the
references given above, such examples are rare.

5.7.2. Obstructive hydrocephalus

Here, the problem is apparently that a large unilateral
mass causes tissue shifts across the midline that osten-
sibly traps the contralateral lateral ventricle at the fora-
men of Munro or in the midportion of the ventricle.
However, as pointed out incisively by Stovring
(1977a), careful consideration suggests that hydroce-
phalus cannot be manifest in the ventricle on the side
of the mass since it is compressed early during expan-
sion of the lesion. Therefore, it is at least as likely that
the third ventricle or aqueduct is compressed and that
what appears to be unilateral hydrocephalus is actually

a generalized hydrocephalus but with the inability of
one ventricle to expand. Few pathological studies have
been made.

5.7.3. Sixth nerve and other cranial palsies from
a cerebral mass

This is a common but perplexing problem as alluded to
earlier in the discussion of false localizing signs. In
cases of raised intracranial pressure in which there is
no tissue shift, either vertical or horizontal (e.g., in
pseudotumor cerebri or sagittal sinus venous thrombo-
sis) unilateral or bilateral sixth nerve palsies may result.
It is difficult to conceive, however, how pressure alone
could be the causative agent and it is presumed that
some tissue shift occurs. Presumably, displacement of
the brainstem, most probably downward, tugs on the
cranial nerves in some way, but this is speculative.
A similar theoretical problem pertains to the fourth
nerve palsies that appear after head trauma.

In cases of herniation and brainstem compression,
sixth nerve palsies are often obscured by the evolution
of more prominent ophthalmoplegic signs. Lower cra-
nial nerve palsies have also been described in cases of
supratentorial tumors but there is no a priori reason to
attribute them to herniation (Needham et al., 1970).
In Collier’s series of 20 tumor cases, there were six
unilateral and six bilateral abducens palsies. He attrib-
uted the sign to posteroinferior displacement of the
tentorium (sic), brainstem, and cerebellum. The series
by Gessel (1961) mentioned in the introductory section
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of this chapter can be consulted for the relative fre-
quency of cranial nerve signs in a large collection of
meningiomas.

5.7.4. Tissue displacements from bilateral
supratentorial masses

This presents a special problem in that there is little or
no horizontal shift and there may or may not be caudal
displacement of central structures. One likely mechan-
ism of coma is that bilateral masses act in a pincer-like
manner to compress the diencephalon and upper mid-
brain above the tentorial plane (Fig. 5.12). There tends
to be a more symmetric elongation and distortion of
the brainstem than occurs in cases of a unilateral mass.
Undoubtedly, bilateral or diffuse brain swelling or
masses can push the upper brainstem downward
through the incisura, i.e., cause central herniation.
Balanced cerebral enlargement is more likely than a
unilateral mass to be accompanied by sixth or fourth
nerve palsies but one suspects that this may be because
coma and brainstem compression do not supervene
and hide the cranial nerve signs.

5.8. Persistent clinical effects of brainstem
and diencephalic damage

In addition to the occipital and anterior cerebral
artery territory infarctions discussed above, a number
of curious and often singular persistent effects of
transtentorial herniation have been reported. Among
these is a peduncular hemiplegia from the horizontal

Kernohan—Woltman displacement. A more extensive
version is a locked-in syndrome that is due to peduncu-
lar necrosis on one side and capsular infarction on the
other, as reported by Keane and Itabashi (1985). Similar
compressions of the motor tracts in the posterior fossa
have already been mentioned from our material.

Furthermore, patients may be left with any number
of upper midbrain and pontine signs. Among these are
internuclear ophthalmoplegia, vertical gaze palsy, and
persistent pupillary changes, or other residual signs
of oculomotor paralysis as recorded most extensively
by Keane (1986), whose article should be consulted.
Two notable cases described by Caplan and Zervas
(1977) had persistent third nerve palsy, one of which
was possibly central in origin.

One presumes that cases of persistent coma after
herniation would provide instructive information
regarding the nature of upper brainstem distortion with
a mass. Interpretation of such material is clouded by
the presence of the primary mass lesion or by diffuse
traumatic injury to the brain. Nonetheless, there are
instances on record in which persistent coma corre-
sponds solely to an ischemic hemorrhagic lesion in
the dorsal ventral brainstem that resulted from tissue
shifts (Ropper and Miller, 1985).

5.9. Neuroradiological features of herniation

A substantial literature on this subject existed prior to
the inception of CT and MRI scanning. Careful expli-
cations by Taveras (1961) using pneumoencephalogra-
phy and numerous studies that used major vascular

Fig. 5.12. Coronal MRI scans from a stuporous patient with bilateral subdural hematomas. There is little lateral shift but the
diencephalon and midbrain are nonetheless compressed in a ‘pincer-like’ configuration. (With permission from Ropper, 1998).
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structures as markers of displacement appeared in the
middle of the last century. Prior to that time, the loca-
tion of the pineal calcification was a staple of neuro-
radiological study, as already mentioned. Pia (1957)
and also Lilja (1948) believed that there was a corre-
spondence between the degree of herniation and the
displacement of the pineal from the midline but at
the same time they were among the first to point out
that inferior displacement was a more important
aspect. A summary of these early radiological studies
is to be found in the monograph by Finney and Walker
(1962) (see pp. 103—-125 of that monograph).

Most of the anatomical displacements that can be
detected by MRI and CT have been referred to in the
previous discussion, particularly in reference to central
herniation. The earliest changes have to do with oblit-
eration of the cisterns that abut the upper brainstem at
the incisura and also with compression of the supra-
chiasmatic cistern. Probably most relevant is the com-
pression of the lateral perimesencephalic cistern on
the side of the mass. Osborn (1977) described the early
features of mass effect on tentorial structures and she
suggested that encroachment on the lateral aspect of
the suprasellar cistern by the displaced temporal lobe
was a feature of impending transtentorial herniation.
Stovring was of the opinion that the reverse pertained,
namely that suprachiasmatic encroachment was an
early sign and herniation was evidenced by a widening
of the ambient and crural cisterns on the side of the
lesion (Stovring, 1977b) (Fig. 5.13). Once the brain-

Fig. 5.13. CT scan from a stuporous patient with a large
middle cerebral artery infarction and brain swelling showing
enlargement of the perimesencephalic cistern on the side of
the mass. See also Fig. 5.8 and text.

stem had been displaced horizontally and the contralat-
eral cerebral peduncle flattened, herniation was
considered to be actually occurring. However, Osborn
concurred that the subarachnoid space between the ipsi-
lateral free tentorial edge and the lateral midbrain
expanded as this herniation was occurring. This open-
ing up of the perimesencephalic cistern on the side of
the mass (space of Bichat) has retained its importance
as an early sign of tissue shift and reflects almost
entirely horizontal translocation of the diencephalon
well above the level of the tentorium. Once the
midbrain has been slightly rotated and the perimesen-
cephalic cisterns obliterated by medial temporal tissue,
herniation is fully evident. Many neurosurgical reports
emphasize the compression of these cisterns as a poor
prognostic feature and rough correlations have been
made with pupillary changes. Several demonstrations
of the Kernohan—Woltman phenomenon have been
made, one of the most instructive being the report of
Cohen and Wilson (1990), which showed a lesion in
the peduncle. These and related radiological changes
are reviewed by Nguyen and colleagues (1989) from
the perspective of CT anatomy and have the great
advantage of pathological correlation.

The eventual radiographic and MRI appearance of
severe transtentorial displacements are an elongation
and rotation of the upper brainstem and the complete
disappearance of the interpeduncular and quadrigem-
inal cisterns. The rotational aspect of brainstem distor-
tion was studied and quantified by Inao and colleagues
(1993) using MRI; they found it to precede herniation
in many cases.

5.10. Lumbar puncture and herniation

The risk of spinal tap in patients with a large cerebral
mass or in cases of diffusely raised intracranial pressure
has occupied the attention of neurologists for a century.
The similar problem created by the effects of severe
leakage or overdrainage of lumbar CSF on descent of
the upper brainstem have already been discussed.
In the case of lumbar puncture, it is conceptualized
that removal of lumbar spinal fluid creates a pressure
gradient from the supratentorial to infratentorial com-
partments and thus induces transtentorial or foramen
magnum cerebellar herniation resulting in coma and
respiratory arrest. Endless opinions have been expressed
regarding this risk. In the past, papilloedema was felt to
be a marker for risk but this has been largely sup-
planted by CT and MRI detection of a mass. The ubi-
quitous availability of cranial imaging has reduced
both the need for diagnostic lumbar puncture and has
reduced the risk by identifying a mass. That clinical
deterioration can occur after lumbar puncture if there



96 A.H. ROPPER

is an intracranial mass is undoubted and a proximate rela-
tionship to downward herniation is likely but, quite often,
coma occurs many hours or days after the lumbar puncture
and a direct relationship is then not as clear.
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The term ‘persistent vegetative state’ (PVS) was origin-
ally introduced by Jennett and Plum (1972) to describe
patients who recovered from coma with periods of
wakefulness but without any sign of self or environ-
mental awareness. This term was chosen to emphasize
the dissociation between the still-viable vegetative func-
tions (e.g., respiration, heart rate, blood pressure) and
the complete loss of cognition. These authors went on
to recommend that an absolute distinction be made
between patients in PVS and those who inconsistently
demonstrate signs of conscious behavior. Unfortunately,
nearly three decades passed before this latter group was
formally recognized (American Congress of Rehabilita-
tion Medicine, 1995) and the term ‘minimally conscious
state’ (MCS) was assigned to distinguish this condition
from PVS (Giacino et al., 2002). Until this time, clini-
cians tended to lump patients in PVS and MCS together
despite important diagnostic and prognostic differ-
ences between the two groups. Observational studies
of diagnostic accuracy conducted prior to the publication
of the MCS case definition reported rates of misdiag-
nosis ranging from 15% (Tresch et al., 1991) to 43%
(Andrews et al., 1996), possibly reflecting inattention
to the distinguishing features of these conditions.

The objective of this chapter is to review the salient
scientific and clinical developments that have occurred
over the last 10 years to influence the evaluation and
management of patients with disorders of conscious-
ness. Specifically, we review existing diagnostic guide-
lines, estimates of incidence and prevalence, recent
pathophysiological findings from structural and func-
tional neuroimaging studies, prognostic parameters,

assessment methods, and medical management and con-
clude with recommendations for future research.

6.1. Diagnostic criteria

In coma, the eyes remain continuously closed and there
is no evidence of coordinated or purposeful behavior.
After 2-4 weeks, spontaneous or stimulus-induced
eye-opening re-emerges. If the recovery of eye-opening
is not accompanied by behavioral signs of cognitively
mediated behavior, this signals the onset of the vege-
tative state (VS). The diagnostic features of VS were
outlined by the Multi-Society Task Force on PVS, a
multispecialty workgroup assembled by the American
Academy of Neurology, following an exhaustive review
of the world literature (Multi-Society Task Force on
PVS, 1994). Although the focus of the Multi-Society
Task Force was on PVS, the diagnostic criteria devel-
oped by the task force pertain to VS as well. The diag-
nosis is based on clinical findings obtained at the
bedside. All three of the following criteria must be
met to establish the diagnosis of VS:

1. No evidence of sustained, reproducible, purposeful,
or voluntary behavioral responses to visual, audi-
tory, tactile, or noxious stimuli;

2. No evidence of language comprehension or expres-
sion;

3. Intermittent wakefulness manifested by the presence
of sleep—wake cycles (i.e., periodic eye-opening).

In addition to the above, autonomic functions are suf-
ficiently preserved in VS to permit survival with
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adequate medical care, there is double incontinence,
and cranial nerve and spinal reflexes are variably pre-
served. Movement of the head, limbs, and eyes is
usually diminished in VS. In those who survive longer
than 2-3 months, there is usually some resumption of
spontaneous and elicited movement; however, this is
always nonpurposeful or reflexive. Complex movement
patterns (Plum et al., 1998), vocalizations (Jennett and
Plum, 1972; Multi-Society Task Force on PVS, 1994)
or emotional responses such as smiling and crying
(Giacino and Kalmar, 1997) may occur in VS but these
behaviors tend to occur infrequently and are indepen-
dent of meaningful environmental interaction.

VS may be a transient, persistent, or permanent
condition. Transient VS lasts less than 4 weeks and
is often associated with a favorable outcome (Choi
et al., 1994; Multi-Society Task Force on PVS,
1994). The term persistent is applied when VS lasts
longer than 4 weeks, regardless of etiology. VS is con-
sidered permanent (i.e., irreversible) after 3 months
following nontraumatic brain injury and after 12
months following traumatic injuries. The marked dif-
ference in the window of recovery between traumatic
and nontraumatic VS is based on the literature review
completed by the Multi-Society Task Force on PVS
(1994). Approximately 35% of patients in traumatic
VS at 1 month post-injury will recover consciousness
during the next 11 months. In contrast, approximately
5% of patients in nontraumatic VS at 1 month will
recover consciousness within 1 year. After 6 months
in traumatic VS, there is still a 15% probability of

Table 6.1

recovering consciousness by 12 months. In nontrau-
matic VS, the probability of recovering consciousness
after 6 months is near zero. There are, however, docu-
mented case reports of late recovery (Arts et al., 1985;
Childs and Mercer, 1996) which suggest that these
temporal guidelines should not be considered absolute.

Most patients recovering from coma or VS transi-
tion into the minimally conscious state before regain-
ing higher-level cognitive functions. Unlike coma
and VS, patients in MCS demonstrate minimal but
definite behavioral evidence of self or environmental
awareness. These behaviors are often subtle, occur
inconsistently, and must be differentiated from reflex-
ive or random behavior. In view of these behavioral
characteristics, serial reassessment is usually required
to accurately diagnose MCS. Specialized assessment
instruments have been developed that incorporate stan-
dardized administration and scoring procedures to
assist with differential diagnosis. Table 6.1 lists those
measures that have demonstrated adequate reliability
and validity.

Diagnostic criteria for MCS were originally pro-
posed by the Aspen Workgroup (Giacino et al., 2002).
The original criteria were subsequently refined and a
case definition was published in Neurology after
extensive review by the American Academy of Neu-
rology, the American Congress of Rehabilitation
Medicine, the American Association of Neurological
Surgeons, the American Academy of Physical Medi-
cine and Rehabilitation, and other organizations
(Giacino et al., 2002). The diagnosis of MCS requires

Standardized assessment instruments developed for use in patients with disorders of consciousness

Target Principal author (year of
Scale Target setting population publication)
Comprehensive Level of Consciousness ICU Coma Stanczak et al. (1984)
(CLOCS)
Coma-Near Coma Scale (CNC) Inpatient rehabilitation Coma/VS/MCS Rappaport et al. (1992)
unit
Full Outline of Unresponsiveness (FOUR) ICU Coma Wijdicks (2005)
JFK Coma Recovery Scale (CRS) ICU/Inpatient rehabilitation unit Coma/VS/MCS  Giacino et al. (1991,
2004)
Sensory Modality Assessment Technique Inpatient rehabilitation unit VS/MCS Gill-Thwaites (2004)
(SMART)
Sensory Stimulation Assessment Measure Inpatient rehabilitation unit VS/MCS Rader (1989)
(SSAM)
Wessex Head Injury Matrix (WHIM) ICU/Inpatient rehabilitation unit Coma/VS/MCS  Shiel (2000)
Western Neuro Sensory Stimulation Inpatient rehabilitation unit VS/MCS Ansell and Keenan (1989)

Profile (WNSSP)

MCS, minimally conscious state; VS, vegetative state.
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clearly discernible and reproducible evidence of one or
more of the following behaviors:

1. Simple command-following;

2. Gestural or verbal yes/no responses (regardless of

accuracy);

. Intelligible verbalization;

4. Movements or affective behaviors that occur in
contingent relation to relevant environmental sti-
muli and are not attributable to reflexive activity.
While not limited to the following list, the beha-
viors described below provide sufficient evidence
of contingent behavior:

(a) Episodes of crying, smiling, or laughter in
response to the linguistic or visual content of
emotional but not neutral topics or stimuli;

(b) Vocalizations or gestures that occur in direct
response to the linguistic content of comments
or questions;

(c) Reaching for objects that demonstrates a clear
relationship between object location and direc-
tion of reach;

(d) Touching or holding objects in a manner that
accommodates the size and shape of the
object;

(e) Pursuit eye movement or sustained fixation
that occurs in direct response to moving or
salient stimuli.

(98]

Disturbances of higher cognitive function, particularly
aphasia and apraxia, may also limit behavioral respon-
siveness and should be considered before establishing
the diagnosis of MCS.

The course of recovery from MCS is variable.
Some patients recover from MCS within a few weeks
while others show slow, gradual improvement across
the first year post-injury. MCS may also exist as a per-
manent outcome. While the diagnosis of MCS is based
on reproducible behavioral evidence of consciousness,
emergence from MCS requires reliable and consistent
demonstration of interactive communication or func-
tional object use. Communication may occur through
verbal responses, gestural means, or augmentative
devices. To demonstrate functional object use, two dif-
ferent items must be utilized appropriately (e.g., comb
brought to the head and toothbrush to the mouth).

6.2. Incidence and prevalence

Incidence and prevalence figures are difficult to esti-
mate for VS and MCS because surveillance varies
across settings (e.g., hospital, nursing home, private
residence), diagnoses (e.g., head injury, cardiac arrest,
stroke, dementia) and geographical regions (Jennett,
1997). In the USA, for example, the majority of patients

in VS and MCS are transferred to long-term care facil-
ities after a relatively brief hospitalization at a trauma
center or inpatient rehabilitation facility. Even among
those individuals admitted to inpatient rehabilitation
programs, most are discharged to nursing homes or pri-
vate residences within 2-3 months of the injury. Neither
of these settings is equipped to monitor patients over
time. Further complicating surveillance efforts, some
individuals who are in VS at the time of hospital dis-
charge transition to MCS, or emerge from MCS, while
they are in custodial care and escape notice.

Accepting these constraints, the best estimates sug-
gest that the annual incidence of VS at 1 month post-
injury (excluding congenital and neurodegenerative
causes) in the USA is 46 per million population (Jennett,
2002). At 3 and 6 months post-injury, these figures drop
to 27 and 17 per million, respectively, because of mortal-
ity and recovery rates.

Prevalence figures are even more difficult to estimate
because they are influenced by access to reimburse-
ment, adequacy of care, and decisions to withdraw arti-
ficial nutrition and hydration (Beaumont and Kenealy,
2005). Prevalence estimates for VS are widely discre-
pant, ranging from 25 00045 000 (Multi-Society Task
Force on PVS, 1994) to 140 000-420 000 (Spudis,
1991). Moreover, these rates usually do not take survi-
val time into account. The Multi-Society Task Force
on PVS found that mean survival was 2-5 years for
patients in VS at 1 month post-injury; however, mean
survival was approximately 10 years for those alive at
1 year and increased to 12 additional years for those
surviving at 4 years post-injury (Beaumont and
Kenealy, 2005).

Because the diagnostic criteria for MCS have only
recently been established, this condition is not yet
recognized by standard classification systems such as
the International Classification of Diseases (World
Health Organization, 1992). Consequently, estimates
of incidence and prevalence are constrained by the lack
of a systematic coding and tracking process. Strauss and
colleagues (2000) have provided the only empirically
derived prevalence estimate for MCS published to date.
These investigators extracted data from a large state
registry used by the California Department of Develop-
mental Services to track medical care and services
administered to residents between the ages of 3 and
15. Using data from a standardized functional rating
scale employed by the registry, operational definitions
were established for VS and MCS, according to
accepted diagnostic criteria. Of the 5075 individuals
who met criteria for one of these two diagnoses, 11%
were in VS and 89% in MCS. Extrapolating from US
census data for the general adult population, the preva-
lence of MCS was estimated to be between 112 000 and
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280 000. If accurate, these data suggest that MCS may
be eight times more prevalent than VS (Multi-Society
Task Force on PVS, 1994).

6.3. Pathophysiological profiles

The underlying pathophysiology of VS and MCS has
been investigated using postmortem analyses as well
as structural and functional neuroimaging techniques.
Lesion profiles are largely determined by the primary
mechanism of injury, although there is increasing evi-
dence of important pathophysiological differences that
appear to be specific to diagnosis, independent of
injury mechanism.

6.3.1. Traumatic brain injury

Postmortem neuropathological analyses of patients who
remain in post-traumatic VS until death have revealed
distinct patterns of structural damage. One of the most
common findings, noted in as many as 71% of cases,
is diffuse axonal injury (DAI) associated with moderate
to severe ischemic damage, usually involving the thala-
mus (80%) and arterial watershed areas (43%). In these
cases, grade 2 and 3 DAI predominates as manifested
by punctate lesions distributed throughout the corpus
callosum and/or rostral brainstem (Adams et al.,
2000). A second, less frequent profile has been identi-
fied in approximately 15% of cases. This lesion pattern
is characterized primarily by focal brainstem lesions not
accounted for by DAI There is some evidence that
patients with callosal and dorsolateral brainstem lesions
who remain in VS for 2-3 months have a much lower
probability of recovery of consciousness by 1 year than
those without lesions in these locations. Kampfl et al.
(1998) reported that the likelihood of VS at 1 year
was 214 times higher in patients with callosal lesions
and seven times higher in those with upper brainstem
lesions. Both of the studies described above underscore
the importance of DAI in post-traumatic VS.

The pathophysiology of post-traumatic MCS has
only recently begun to be explored. Jennett and collea-
gues (2001) compared a group of 35 individuals diag-
nosed with VS to a second group of 30 individuals, all
of whom were rated as severely disabled (SD) on the
Glasgow Outcome Scale (GOS) (Jennett and Bond,
1975) until death. The SD group was divided into
those who were mobile (n=9), bed-bound (n=9), or
in MCS (n=12) prior to death. The authors found no
evidence of grade 2 or 3 DAI and no indication of tha-
lamic damage in 50% of the SD group. In contrast, all
of the patients in the VS group had moderate to severe
DAI and thalamic lesions. In the MCS cases, grade 2
or 3 DAI was more frequent than in the SD cases

(42% versus 22%) but considerably less frequent than
in the VS group (71%). Thalamic lesions were also
notably less prevalent in MCS (50%) relative to VS
(80%). These findings suggest that MCS is char-
acterized by greater sparing of cortico-cortical and
cortico-thalamic connections, relative to VS.

Recent advances in functional neuroimaging tech-
nologies and novel applications of existing techniques
have provided new insights into the pathophysiology
of disorders of consciousness. Functional neuroima-
ging procedures such as positron emission tomography
(PET) and functional MRI (fMRI) are beginning to
make important contributions to diagnostic and prog-
nostic assessment (see recent reviews by Giacino
et al., 2006; Laureys et al., 2006; Owen et al., 2007).
fMRI and PET (H,'°O-PET) studies correlate changes
in blood oxygen level and cerebral blood flow with
neuronal activity and, in doing so, serve as a proxy
for neuronal activation per se.

Laureys and colleagues (2002) investigated cortical
processing of noxious somatosensory stimuli in a series
of patients diagnosed with traumatic and non-traumatic
VS by comparing changes in regional cerebral blood
flow (H,' O-PET) and cerebral metabolism (FDG-
PET). Although noxious stimuli activated midbrain,
thalamic, and primary somatosensory cortices, these
areas were found to be functionally disconnected from
higher-order association cortices in all 15 cases studied.
These results suggest that while pain messages are car-
ried to primary cortical regions in VS, it is unlikely that
these signals are consciously processed given the lack
of downstream activation in association cortices.

PET activation studies have also been employed
with patients in MCS. Using H,'°O-PET, Laureys
and others (2004) found differential activation patterns
in an MCS patient who was exposed to no sound, fre-
quency-modulated noise, infant cries, and the patient’s
own voice. Compared to the no-sound and random
noise conditions, the spread of activation was much
broader (encompassing multimodal association cor-
tices) following presentation of the infant cries and
the patient’s own name. A second study (Boly et al.,
2005) comparing responses to auditory stimuli in VS
and MCS patients showed significantly greater bilat-
eral activation of heteromodal frontal and temporal
regions in the MCS patients. Because these regions
are thought to mediate aspects of selective attention
and self-awareness, these data were thought to be indi-
cative of cognitive processing in the MCS group.

In order to most effectively define the degree and
extent of preserved cognitive function in patients with
DOC, some investigators have argued for a hierarchi-
cal approach to functional neuroimaging in which
tasks progress sequentially from those that rely on
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simple sensory processing to those dependent upon
complex cognitive functions. For example, Owen and
others (2005) used an fMRI paradigm to assess lan-
guage functions by comparing cortical responses to
1) spoken sentences with acoustically-matched noise
sequences, 2) degraded sentences with fully intelligi-
ble sentences, and 3) sentences with ambiguous (e.g.,
‘The creak came from a beam in the ceiling’) versus
unambiguous words. The authors illustrated this
approach in a patient diagnosed with VS. After
demonstrating activation in response to speech relative
to signal correlated noise (presumably reflecting some
perception of speech), a significant response was
observed to speech of increasing intelligibility, sug-
gesting that perceptual processes were recruited more
strongly for intelligible versus unintelligible speech.
A partially normal response was also noted to the
ambiguous sentences, which was interpreted as evi-
dence of at least partial preservation of semantic
processing.

To rule out the possibility that semantic processes
such as those described above were carried out in the
absence of conscious awareness, a fourth level of cogni-
tive complexity was added to the scanning hierarchy. At
specific points during the scan, subjects were instructed
to alternately perform mental imagery tasks involving
either tennis-playing or navigating the rooms of the
house in which they lived. The authors reported find-
ings in one exceptional patient diagnosed with VS
5 months after sustaining a traumatic brain injury
(Owen et al., 2006). When the patient was instructed
to imagine playing tennis, activation was observed in
the supplementary motor area, but when asked to ima-
gine walking through the rooms of her house, activation
shifted to the premotor cortex, parahippocampal gyrus,
and posterior parietal cortex. Similar activation patterns
were consistently observed in 34 healthy volunteers.
Because the only difference between the conditions that
elicited task-specific activation was in the instruction
given at the beginning of each scanning session, the
activation patterns observed were interpreted as a direct
reflection of the intention of the patient, rather than an
automatic process triggered simply by exposure to an
environmental stimulus. It is important to note that the
patient demonstrated visual fixation at the time of her
first scan, suggesting that she may have been in the
early stages of transition from VS to MCS, rather than
VS per se. These findings illustrate the increasing role
of functional neuroimaging procedures in identifying
important pathophysiological differences in patients
with similar behavioral presentations. While of uncer-
tain clinical significance at present, extension of such
neuroimaging research may lead to enhanced diagnostic
accuracy and prognostic specificity. These tools may

eventually enable clinicians to detect conscious aware-
ness in patients who lack behavioral signs of conscious-
ness on bedside examination and improve prediction of
recovery of consciousness during VS.

6.3.2. Hypoxic—ischemic brain injury

Cardiac arrest, hypotensive crisis, asphyxia, and near-
drowning are the most common causes of hypoxic—
ischemic VS (Multi-Society Task Force on PVS, 1994).
The signature neuropathological profile of hypoxic—
ischemic VS is diffuse laminar cortical necrosis (Dough-
erty et al., 1981; Adams et al., 2000) in which neuronal
loss increases progressively from the frontal to occipital
poles, often sparing mesial occipital structures. Cortical
necrosis is almost always accompanied by bilateral
hippocampal, amygdaloid, and thalamic neuronal loss.
Brainstem structures remain generally intact. Multifocal
cortical infarcts involving arterial border zones can
result in VS; however, the cortical lesions are almost
invariably accompanied by widespread thalamic ische-
mia. In cases of VS in which the cortex is generally well
preserved, diffuse thalamic involvement has been noted.
Neuropathological findings on autopsy in the well pub-
licized case of Karen Ann Quinlan, who remained in
VS for 10 years, showed bilateral, symmetrical atrophic
changes in the thalamic nuclei with relative sparing
of brainstem, hypothalamic, and cortical structures
(Kinney et al., 1994). In the case of Terri Schiavo, who
was reportedly in VS for 15 years, microscopic exami-
nation findings from the autopsy report issued by the
medical examiner revealed striking gradient loss of the
cerebral cortex progressing from anterior to posterior
regions, predominating in the watershed regions. The
frontal and temporal poles and insular cortex were rela-
tively well preserved. The basal ganglia and corpus
striatum were barely discernible, having been replaced
by extensive astrocytosis. The thalami were less
involved and there was relative sparing of the medial
portion. The lateral geniculate showed transneuronal
degeneration and gliosis while the medial geniculate
was largely intact. Wallerian degeneration was evident
in the pyramidal tracts and there was reactive astrocyto-
sis bilaterally in the hippocampi secondary to diffuse
neuronal loss. In the brainstem, there was severe retro-
grade degeneration of the descending fiber pathways
of the pons and no discernible Purkinje neurons in the
cerebellum. The reticular activating system, locus ceru-
leus, median raphe nuclei, and medullary structures
were relatively preserved. These findings represent
typical changes associated with long-term survival in
postanoxic VS.

Schiff and coworkers (2002) investigated the nature
and extent of residual metabolic activity in three
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patients diagnosed with hypoxic—ischemic VS using
["®F]-fluorodeoxyglucose PET. Two patients displayed
behaviors not typically observed in VS. One patient
uttered random but comprehensible single words while
the other exhibited emotional responses tied to environ-
mental events. Neither patient demonstrated purposeful
movement, followed commands, visually tracked envir-
onmental stimuli or showed any form of communicative
response. To investigate the relationship between these
behaviors and the integrity of the underlying neural
substrate, fMRI findings were co-registered to MRI to
identify regions of preserved cortical and subcortical
activity. Although global cerebral metabolic rates of glu-
cose consumption averaged 44-65% of normal, there
were isolated regions with metabolic rates ranging up
to 80% of normal. In the two patients referred to above,
these regions were well correlated with the unusual
behavioral findings noted on bedside examination. These
findings suggest that functional networks may remain
partially viable in VS, despite the loss of consciousness.

There is some evidence that diagnosis is a stronger
predictor of residual neurophysiology than etiology of
injury. Laureys and others (Laureys et al., 2000, 2002;
Boly et al., 2004) compared patterns of brain activation
in a mixed group (i.e., traumatic, anoxic, vascular, ence-
phalitic) of VS and MCS patients who were exposed
to auditory and noxious stimulation while undergoing
[H,'°O]-PET. Both patient groups were compared to
15 controls. Conjunction and functional connectivity
analyses were performed to investigate differences in
activation between patients and controls within and
across brain regions, respectively. Results indicated that
patients in VS activated primary auditory and somato-
sensory cortices bilaterally. However, only MCS patients
and controls activated higher-order association cortices
and showed significant interactions between multimodal
association cortices believed to be necessary for con-
scious processing. These results suggest that, although
differences in injury mechanism play an important role
in determining clinical outcome, the extent to which
functional networks are retained appears to be a stronger
determinant of level of consciousness.

6.3.3. Cerebrovascular disease

The effects of intracranial hemorrhage range from transi-
ent alteration in consciousness to permanent VS,
depending on the location and type of hemorrhage (see
Wijdicks, 1998 for a review). Subarachnoid hemorrhage
usually does not lead to VS as blood tends to pool in the
subarachnoid space and basal cisterns. If the volume of
the hemorrhage is sufficient to increase intracranial pres-
sure, or brainstem compression ensues, persistent or per-
manent VS may follow as a result of global ischemic

changes. Large intraparenchymal, subdural, and epidural
hemorrhages produce mass effect and midline shift,
which impinge on hemispheric and reticular structures.
Consequently, patients are initially comatose and may
subsequently evolve into transient or long-term VS. Pon-
tomesencephalic hemorrhages cause rapid loss of con-
sciousness secondary to disruption of the paramedian
segment of the reticular system. VS often follows as
the result of reticulo-thalamo-cortical disconnection.
Castaigne and others (1981) described two neuro-
pathological conditions arising from intracranial hemor-
rhage or infarction that result in behavioral syndromes
consistent with MCS. Bilateral paramedian thalamic
infarcts, which involve the intralaminar, parafascicular,
median and central nuclei, initially produce transient dis-
turbance in consciousness ranging from coma to delir-
ium. Following recovery of consciousness, cognitive
and behavioral sequelae usually include severe abulia
characterized by infrequent speech, command-follow-
ing, or purposeful behavior. When the area of infarction
extends from the thalamus into the paramedian midbrain
encompassing the thalamopeduncular arterial distribu-
tion, there is often abrupt onset of coma followed by
hypersomnia, akinesia, and mutism. Because these disor-
ders primarily result from a disturbance in behavioral
initiation and drive, it is often possible to elicit com-
mand-following, intelligible verbalizations, or other
signs of consciousness, albeit inconsistently, when suffi-
cient sensory or pharmacological stimulation is provided
(American Congress of Rehabilitation Medicine, 1995).

6.4. Prognosis and outcome

There is an extensive literature on prognostic indicators
in disorders of consciousness. Because the positive and
negative predictive value of these variables is generally
unknown, outcome prediction at the level of the indivi-
dual case is often unreliable. Moreover, many studies
simply dichotomize outcomes as ‘favorable’ or ‘unfa-
vorable’ and fail to capture salient aspects of functional
capacity such as communication ability and degree of
assistance required for self-care. Nevertheless, a num-
ber of clinical factors have been reliably shown to cor-
relate with outcome in patients with VS and MCS. Most
prognostic studies have focused on one of three out-
come dimensions: mortality, recovery of consciousness
and degree of functional disability.

6.4.1. Mortality

Prognostic studies of patients in acute coma have consis-
tently found that low Glasgow Coma Scale scores (i.e.,
<5), bilaterally nonreactive pupils, hypotension, and
advanced age increase risk of death. In patients with VS,
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the largest compilation of data on survival was pub-
lished by the Multi-Society Task Force on PVS (1994).
This report included data on 434 adults and 106 children
with traumatic brain injury and 169 adults and 45 chil-
dren with nontraumatic brain injury (primarily anoxic
brain injury and stroke). Mortality figures differ dramati-
cally for patients with nontraumatic versus traumatic
brain injury. The Task Force reported that 53% of
patients in VS due to nontraumatic causes died within
the first 12 months post-injury as compared to 33% of
those with traumatic brain injury. Of those surviving
up to 3 months, 46% of nontraumatic cases died by
12 months, as compared to 35% of traumatic cases. Mor-
tality rates are considerably lower in children but the
etiological disparity is maintained. After 1 month, 9%
of traumatic cases (n=106) and 22% of nontraumatic
cases (n =45) died within the first year. After 3 months,
the trend reversed, with 14% of traumatic cases and 3%
of nontraumatic cases dead by 12 months, but this is
probably due to the greater number of surviving trau-
matic cases at this point. It is important to note that, after
1 year, mean survival time increases significantly and,
with appropriate medical care, may approximate normal
life expectancy.

6.4.2. Recovery of consciousness

Prognosis for recovery of consciousness is also substan-
tially more favorable for patients in traumatic VS rela-
tive to those who sustain nontraumatic injury. Based on
the data from the Multi-Society Task Force Report, in
adults with traumatic brain injury who were unconscious
at least 1 month, 33% recovered consciousness by
3 months post-injury, 46% by 6 months and 52% by
1 year. Approximately 35% of patients with traumatic
brain injury who were still in VS at 3 months regained
consciousness by 1 year. In the group that remained in
VS for 6 months, 16% regained consciousness by 1 year.
In the nontraumatic VS group, only 11% of those in VS
at 1 month recovered consciousness by 3 months and
15% by 6 months. No patient with nontraumatic injury
regained consciousness after 6 months post-injury.

Prognosis in children was only slightly more favor-
able. Of those children with traumatic brain injury who
were unconscious at 1 month, 51% regained con-
sciousness by 6 months and up to 62% of children with
traumatic brain injury recovered consciousness at
1 year after injury. After nontraumatic injury, recov-
ery of consciousness occurred mainly within the first
3 months (11%), but a very small percentage (2%)
regained consciousness between 6 and 12 months.

In view of the prognostic data concerning disorders
of consciousness, the American Academy of Neurology
established a practice guideline for determining when

Table 6.2

Temporal cut-offs for determination of permanent
vegetative state

Length of time

Type of injury post-injury

After 12 months
After 3—6 months
After 3 months

Traumatic brain injury

Congenital malformations

Anoxia/stroke/other nontraumatic
causes

Metabolic diseases

Degenerative diseases

Anencephaly

After 1-3 months
After 1-3 months
At birth

Adapted from: Quality Standards Subcommittee, American Acad-
emy of Neurology (1995). Assessment and management of persons
in the persistent vegetative state. Neurology 45: 1015-1018.

VS should be considered permanent (Quality Standards
Subcommittee, 1995). Table 6.2 summarizes the tem-
poral parameters for permanent VS in adults and
children.

There are important caveats to consider when utiliz-
ing the criteria for permanent VS. First, the subject pool
assembled by the Task Force included a total of only 53
patients for whom follow-up data were available beyond
12 months post-injury (Bricolo et al., 1980; Alberico
et al., 1987; Braakman et al., 1988; Grosswasser and
Szabon, 1990; Levin et al., 1991). Of these, empirical
outcome data were available for 26 subjects while data
for the remaining 27 patients were obtained anecdotally.
In addition, the duration of follow-up was highly vari-
able, ranging from 14 months to 10 years. Second, the
Task Force calculated the probability of recovery at 3,
6, and 12 months using the number of patients who
were in VS at one month. Childs (unpublished work)
has pointed out that this procedure does not take into
account the number of patients who either die or regain
consciousness between these assessment points (i.e.,
from 1 to 3 months, from 3 to 6 months, etc.), which
may underestimate the probability of recovery at any
point prior to 12 months. Third, there are well documen-
ted accounts of recovery from VS after 12 months post-
injury (Arts et al., 1985; Childs and Mercer, 1996).
These qualifications should serve as a reminder that,
while recovery from VS is unlikely after the criteria for
permanence are met, it is not absolute.

6.4.3. Recovery of function
The majority of prognostic studies involving patients

in VS and MCS have included degree of functional
disability as the primary outcome measure. Functional
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disability scales generally incorporate ratings of self-
care (e.g., feeding, toileting, grooming, dressing) and
activities of daily living (e.g., housekeeping, use of
public transportation) and are usually assessed during
the subacute and postacute phases of recovery. The
Task Force report described functional outcome using
the Glasgow Outcome Scale (Jennett and Bond,
1975). After 3 months, adults in traumatic VS have a
19% probability of being severely disabled at 12
months and a 16% probability of achieving a moderate
to good recovery. After 6 months, these rates fall to
12% and 4% for moderate disability and good recov-
ery, respectively. Functional outcome is considerably
worse after nontraumatic injury. For patients in VS at
3 months, the probability of severe disability at 12
months is 6% with a 1% chance of achieving moderate
disability to good recovery. After 6 months, there is a
3% probability of severe disability. The Task Force
did not find any nontraumatic cases recovering to
moderate disability or good recovery after 6 months.
Outcome in children is better at 12 months. After
3 months, children in traumatic VS have a 32% prob-
ability of moderate to good recovery and a 24%
probability of severe disability.

A recently-completed multicenter study of the nat-
ural history of recovery from VS and MCS conducted
by Whyte and colleagues (2005) found that rate of
improvement over a two-week period on the Disability
Rating Scale (DRS) (Rappaport et al., 1982) was
highly predictive of functional outcome at 16 weeks
post-injury. Specifically, those patients with better
DRS scores at enrollment and faster rates of initial
improvement tended to have better DRS scores at the
16 week mark. The combination of rate of DRS recov-
ery, time between injury and enrollment and DRS
score at enrollment accounted for nearly 50% of the
variance in DRS scores at 16 weeks. These same three
variables were also highly significant predictors of
time until commands were followed.

Studies comparing functional outcome between
individuals diagnosed with VS and MCS suggest that
individuals in MCS show more rapid improvement, a
longer period of recovery and significantly less func-
tional disability at 12 months. Giacino and Kalmar
(1997) investigated functional outcome on the DRS
across the first year post-injury in patients diagnosed
with VS or MCS. The VS and MCS groups were stra-
tified further according to etiology of injury (i.e., trau-
matic or nontraumatic). Although both diagnostic
groups presented with similar levels of disability at
1 month post-injury, outcome was significantly more
favorable by 12 months in the MCS group, particularly
after traumatic brain injury. The differences in out-
come became progressively more apparent at 3, 6,

and 12 months post-injury. The probability of a more
favorable outcome (i.e., moderate or no disability) by
1 year was much greater for the MCS group (38%)
than the VS group (2%) and only occurred in those
patients with traumatic brain injury.

Giacino and Kalmar’s findings were recently repli-
cated and extended by Lammi and colleagues (2005)
who followed 18 patients in traumatic MCS for 2-5
years after discharge from an inpatient brain injury
rehabilitation program located in Australia. The
authors found that 15% of their sample had partial dis-
ability or less at follow-up while 20% fell in the extre-
mely severe to vegetative category. In comparison,
Giacino and Kalmar reported that 23% of their sample
had no more than partial disability at 12 months with
17% classified as extremely severe to vegetative. In
both samples, the most common outcome was moder-
ate disability which occurred in approximately 50% of
patients. Of particular importance, Lammi et al. also
noted that duration of MCS was not correlated with
DRS outcome and that 50% of their sample had
regained independence in activities of daily living at
follow-up. Both of these studies suggest a clear separa-
tion between MCS and VS in course of recovery and
eventual functional outcome.

6.5. Medical management

Patients with disorders of consciousness, particularly
those with traumatic brain injury, are prone to a vari-
ety of medical problems that arise directly from
damage to neural structures or represent secondary
complications of the injury. Delayed recognition of
these problems can slow the recovery course and, in
some cases, may further compromise functional out-
come. With the exception of seizure management,
there is insufficient evidence to support treatment
guidelines for injury-related medical problems.

6.5.1. Seizure

Post-traumatic seizures are arbitrarily divided into
early seizures (those occurring within the first 7 days
post-injury) and late post-traumatic seizures (those
occurring later than 1 week after injury) (Schierhout
and Roberts, 1998). Anticonvulsants have been shown
to be effective in preventing early, but not late,
post-traumatic seizures (Temkin et al., 1990, 1999),
although there is evidence that prophylaxis is less
effective in post-traumatic seizures (Chang and
Lowenstein, 2003). If a late seizure occurs, aggressive
anticonvulsant treatment is indicated as there is a
high incidence of recurrence (Haltiner et al., 1997).
A patient experiencing an isolated immediate seizure
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(one within the first 24 hours) or an early seizure may
still be a candidate for withdrawal of anticonvulsants
(Yablon and Dostrow, 2001). However, if a patient
has multiple early seizures or status epilepticus, it
may be prudent to continue treatment with an anti-sei-
zure medication. Anecdotally, withdrawal of seizure
prophylaxis is occasionally associated with improve-
ment in behavioral responsiveness in patients with
post-traumatic alteration in consciousness. In patients
who remain seizure-free for 2-5 years, the Quality
Standards Subcommittee of the American Academy
of Neurology recommended that consideration be
given to withdrawing anticonvulsant medications
when the patient meets all of the following additional
clinical criteria: 1) single type of partial or generalized
seizure, 2) normal 1Q, 3) normal neurological exami-
nation, and 4) normalization of the EEG with treat-
ment (Quality Standards Subcommittee, 1996).

6.5.2. Endocrinopathies

In traumatic brain injury, diabetes insipidus or the syn-
drome of inappropriate antidiuretic hormone (SIADH)
may occur (Watanabe and Sant, 2001). Patients may
also develop a deficiency of an isolated stimulating/
releasing factor from the anterior pituitary, panhypopi-
tuitarism or a combination of anterior and posterior
pituitary dysfunction. Growth hormone deficiency
has recently been receiving intense investigation in
patients with traumatic brain injury. Panhypopituitar-
ism should be investigated in the setting of hypoarou-
sal, hypotension, and hypothermia.

6.5.3. Hydrocephalus and ventriculomegaly

Ventriculomegaly (i.e., dilatation of the ventricles) is
very common following acquired brain injury with inci-
dence estimates as high as 77% (Jennett et al., 2001).
Hydrocephalus refers to the accumulation of excess
cerebrospinal fluid (CSF) within the head and is often
but not always associated with dilatation of the ventri-
cles, due to an abnormality of secretion, circulation,
or absorption of CSF. The great majority of cases of
hydrocephalus are the result of blockage within or at
the outlets of the ventricular system (obstructive) or
within the basal cisterns/subarachnoid space or arachnoid
granulations (communicating). Communicating hydro-
cephalus occurs most frequently following intracranial
hemorrhage, especially subarachnoid hemorrhage. These
patients may benefit from a ventriculoperitoneal shunt.
The most common reason for enlargement of the ventri-
cles is volume loss secondary to encephalomalacia or
atrophy (i.e., hydrocephalus ex-vacuo). This cause of
ventriculomegaly is not treated with shunting. The

distinction between atrophy and potentially treatable
hydrocephalus cannot be made on the basis of conven-
tional computed tomographic (CT) or magnetic resonance
(MR) scanning alone. Physiological measurements of
intracranial pressure and CSF outflow resistance may
be helpful (Pickard et al., 2005).

6.5.4. Dysautonomia

Autonomic dysfunction can occur and may be typified
by tachycardia, hypertension, diaphoresis, fever, and
orthostatic hypotension. Hypertension, tachycardia,
and increased cardiac output in the acute post-injury
period result from the increased release of epinephrine
(adrenaline) and norepinephrine (noradrenaline). In
severe brain injury, hypertension may persist beyond
the acute phase. This may be linked to injury to the
brainstem, hypothalamus, and orbitofrontal regions
(Whyte et al., 1998).

6.5.5. Cerebrospinal fluid leak

In patients with basilar skull fractures, CSF rhinorrhea
can occur with fracture of the anterior cranial fossa
and CSF otorrhea with middle cranial fossa fractures.
CSF leakage may be intermittent and associated with
position changes. If a sufficient quantity of the dis-
charge can be collected, beta-2-transferrin is the con-
firmatory test for the presence of CSF. The leakage
may resolve on its own. Occasionally, surgical inter-
vention may be required to patch the defect. There is
a risk of meningitis in patients with a communication
to the outside world; however, prophylactic antibiotics
are not recommended (Long, 1996).

6.5.6. Cranial nerve palsies

Multiple or isolated cranial nerve palsies may occur in
patients with traumatic brain injury. An afferent pupil-
lary defect can be a sign of optic neuropathy. In a coop-
erative patient, the cross-cover test can be helpful in
detecting ophthalmoplegia. Exposure keratitis and cor-
neal ulceration may occur as the result of facial nerve
injury or diminished blinking associated with distur-
bance in consciousness. Lubrication and tarsorrhaphy
can be helpful. In cases without recovery of function
of the facial nerve, gold weight placement in the upper
eyelid may be indicated to allow for eyelid closure.

6.5.7. Malnutrition
Protein calorie malnutrition can initially be treated

with a nasogastric tube; however, the tube can only
be used for a limited time because of the possibility
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of nasal septum erosion, sinusitis or gastroesophageal
reflux. Early placement of a percutaneous gastronomy
tube for administration of tube feeding, hydration,
and medication is often recommended. Some centers
advocate open gastrostomy/jejunostomy tube place-
ment as a means of being able to administer feedings
to the jejunum to decrease the risk of reflux and
aspiration of tube feedings. As behavioral responsive-
ness improves, bedside dysphagia evaluation and func-
tional endoscopic examination of swallowing should
be considered. The modified barium swallow remains
the gold standard for evaluating the consistency of
solids and liquids the patient may be able to tolerate,
and to investigate the possibility of silent aspiration.
Once the patient is able to meet his/her nutritional
and hydration needs, as well as take any medications
by mouth, the gastrostomy tube can be removed. It is
generally recommended that a gastrostomy tube remain
in place for at least 1 month prior to removal so that an
adhesion can form between the stomach and abdominal
wall to avoid a chemical peritonitis.

6.5.8. Occult fractures and heterotrophic
ossification

It is not uncommon for occult fractures to be discov-
ered as the patient’s communication status improves
and complaints of pain can be discerned. These frac-
tures may not be discovered until the patient is in a
rehabilitation setting. Heterotrophic ossification is a
common complication of acquired brain injury. Het-
erotrophic ossification is the formation of mature
lamellar bone in soft tissue sites outside the skeleton
(Haran et al., 2004). Edema, erythema, pain, and lim-
itation of joint motion may occur. Entrapment of a per-
ipheral nerve may occur as well as lymphedema.
Etidronate has been used to decrease the ossification
of the matrix. Surgical excision may be indicated at
some point to improve joint range of motion, release
an entrapped nerve, or perhaps for hygiene pur-
poses if limited joint range of motion impacts skin
care. An elevated alkaline phosphatase level may be
seen with active heterotrophic ossification. Calcifica-
tion may be noted on X-rays but a triple-phase bone
scan may be positive prior to detection of ossification
on conventional X-rays.

6.5.9. Spasticity and contractures

Spasticity, which is defined as a velocity-dependent
increase in muscle tone, is a frequent complication of
prolonged disturbance in consciousness caused by the
direct and indirect effects of motor system lesions,
and by chronic immobility. Range of motion, position-

ing, and splinting interventions are routinely used in
rehabilitation settings. While controlled studies have
not been conducted (Leong, 2002), serial casting may
help decrease spasticity and increase joint range of
motion when performed by an experienced occupa-
tional or physical therapist. Oral antispasticity agents
such as tizanidine, Lioresal, or Dantrium can be effec-
tive but side effects such as sedation, weakness, and
worsening swallowing function are often encountered
and may preclude their use. Botulinum toxin or chemi-
cal denerveration with phenol or alcohol blocks can be
utilized without the risk of sedative side effects.
Intrathecal baclofen pumps are used extensively in
patients with spasticity of cerebral origin. Since the
dose of administered baclofen is a fraction of the
effective oral dose, weakness and sedation can gener-
ally be avoided.

6.5.10. Neurogenic bladder

Neurogenic bladder is common in patients with severe
brain injury. Indwelling bladder catheters are initially
used for urinary drainage. As early as possible, the
catheter can be removed. Intermittent catherization can
be done if needed to drain the bladder. Commonly, after
indwelling catheter removal, there may be a period of
detrusor hyporeflexia with urinary retention. There can
also be detrusor sphincter dyssynergia. Usually, a
hyper-reflexive neurogenic bladder will develop and
patients may be incontinent at a lower volume of urine
than they would normally experience the urge to void.
Alpha-blockers such as tamsulosin are commonly used
to facilitate voiding. The use of bethanechol to treat
hypodetrusor is controversial at best. Complications
such as urinary tract infections, bladder calculi, and uro-
sepsis can occur. Limiting bladder distention to no more
than about 400 ml of urine may help prevent an over-
distended bladder with urethral reflux of urine and
hydronephrosis.

6.5.11. Decubitus ulcers

Decubitus ulcers are a complication of prolonged
immobilization as well as spasticity. Repositioning of
the immobile patient every 2 hours should be per-
formed. Pressure-relieving mattresses decrease the risk
of ulceration and ankle/foot orthoses can prevent heel
breakdown.

6.5.12. Persistent underarousal
Hypoarousal is a defining feature of disorders of con-

sciousness; however, sedating medications such as anti-
convulsants, benzodiazepines, antispasticity medications
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and prokinetic agents such as metoclopramide should be
considered as a contributing factor. Whenever possible,
these agents should be tapered or discontinued (Giacino
et al., 2002). There are numerous case reports suggesting
that dopaminergic agents such as amantadine hydrochlor-
ide, bromocriptine, and methylphenidate may be helpful
in improving arousal, attention, and initiation but no defi-
nitive prospective randomized controlled trials have been
completed to date (Giacino, 2005).

6.5.13. Post-traumatic agitation and delirium

Post-traumatic agitation may develop during or shortly
after emergence from MCS and is more commonly
observed in patients with traumatic brain injury.
Characteristic features typically include some com-
bination of akathisia, aggressiveness, disinhibition,
emotional lability, and post-traumatic amnesia (Sandel
and Mysiw, 1996). Post-traumatic agitation frequently
occurs in association with delirium in which fluctuation
in arousal level is the defining feature. Evaluation for
infection or hypothermia should be considered as these
disorders may produce similar symptoms. Noxious sti-
muli such as bladder distension, fecal impaction,
ingrown toenail, or decubitus ulcer should also be con-
sidered in the differential diagnosis. Medications such
as trazodone, buspirone, anticonvulsants, or atypical
antipsychotics should be considered in place of typical
antipsychotics and benzodiazepines given their poten-
tial to decrease arousal, impair motor recovery, com-
promise cognition, and result in dependence.

6.6. Conclusion and future directions

Disorders of consciousness are arguably among the most
enigmatic conditions encountered in medicine. Remark-
ably little is known about the neurophysiological
mechanisms underlying these disorders and there are
no existing treatment interventions proven to alter the
pace or extent of recovery. These problems have been
sustained, in part, by the nihilistic belief that little effort
should be invested in the study of these patients because
of the perception that they are beyond help (Fins, 2003).
Recent initiatives to establish standards for clinical man-
agement and the development of novel assessment meth-
ods have begun to change the current climate and are
expected to provide new insights into the underpinnings
of normal and impaired consciousness.

The last decade has been witness to the crafting of
more finely tuned diagnostic nosologies, the adaptation
of cutting-edge neuroimaging technologies for use in
patients with disorders of consciousness and improved
strategies for medical management. Additional research
is needed, however, to clarify the natural history of

recovery from VS and MCS, elucidate the pathophysiol-
ogy responsible for persistent impairment in conscious-
ness, identify more reliable predictors of recovery of
consciousness and function, develop more sensitive beha-
vioral assessment tools, and establish novel, theory-
driven approaches to treatment. In view of the clinical
complexity, emotional toil, and costs associated with
long-term care of this population, and the practical con-
straints associated with longitudinal research, the success
of this endeavor will require cross-cutting, multidisciplin-
ary collaboration among neuroscientists, neurologists,
and neurorehabilitation professionals. The obstacles
imposed by disorders of consciousness, although impos-
ing, seem relatively minor when weighed against the
potential benefits that an improved system of care offers
to patients, families, and society at large.
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‘Metabolic encephalopathy’ was coined by Kinnier
Wilson in 1927 to describe a clinical state of heteroge-
neous etiology wherein cerebral activity is impaired in
the absence of parenchymal inflammation or gross
structural abnormalities. Metabolic encephalopathy is
not a diagnosis but a state of global cerebral dysfunc-
tion induced by systemic stress, and can vary in clini-
cal presentation from mild executive dysfunction, to
an agitated delirium, to deep coma with decerebrate
posturing.

The ability for a neurologist to appropriately exam-
ine subtle impairments of consciousness is a manda-
tory skill. Patients with metabolic encephalopathy
may have symptoms that are detectable only with for-
mal tests of higher cognitive function. For example,
mild executive dysfunction would elude the standard
neurological assessment; therefore the earliest clinical
manifestations of hepatic encephalopathy may escape
detection, thus delaying diagnosis and treatment.

This chapter will focus on common causes of meta-
bolic encephalopathy, and will outline, when relevant,
the epidemiology, clinical presentation, laboratory and
imaging findings, and management.

7.1. Hepatic encephalopathy

Hepatic encephalopathy (HE) is a potentially reversi-
ble neuropsychiatric clinical syndrome stemming from
acute or chronic liver failure. Acute liver failure, a
manifestation of impaired hepatocellular function,
begins within 6 months from the onset of liver disease.
Fulminant hepatic failure is a subset of acute liver fail-
ure and is a particularly catastrophic condition, charac-

terized by rapid onset of hepatic encephalopathy,
coagulopathy from hepatocellular dysfunction, and
cerebral edema, and occurs within 8 weeks of the
onset of liver disease. By contrast, the hepatic ence-
phalopathy associated with chronic liver failure results
from a longer (>8 months) process, most often due to
portosystemic shunting, wherein venous blood des-
tined to the liver is shunted into the systemic system
without being ‘detoxified’ of its various nitrogenous
wastes. Common causes of acute liver failure include
viral hepatitis, drugs (e.g., paracetamol/acetaminophen,
Ecstasy, idiopathic drug reaction), toxins, vascular
disease (e.g., ischemia, Budd—Chiari syndrome, heat
stroke, malignant hyperthermia) as well as Wilson’s dis-
ease, lymphoma, Reye’s syndrome, and the acute fatty
liver of pregnancy. Common causes of chronic liver
failure include alcoholic cirrhosis, nonalcoholic cirrho-
sis (e.g., Wilson’s disease, viral hepatitis), transjugular
intrahepatic portosystemic shunt (TIPS), and urea acid
cycle impairment.

7.1.1. Clinical findings

The clinical presentation of acute and fulminant liver
failure is often dramatic. Because confusion, delirium,
and psychosis may precede obvious systemic features
of liver failure, such as jaundice, the clinical picture
of acute fulminant liver failure can often resemble
drug intoxication or a condition of primary psychiatric
etiology. The initial stages (stages I-II) are hyper-
kinetic and agitated and may be followed within
hours by stupor with preservation of arousal (stage
II), then coma (stage IV). By stage IV, cerebral
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edema is typically present and patients often have
widened pulse pressure, bradycardia and decorticate
or decerebrate posturing.

The classification of HE associated with portosyste-
mic shunt is subdivided into minimal HE and overt
(grade I-1V) HE. Minimal HE was previously dubbed
‘subclinical hepatic encephalopathy’; however, the
latter falsely implies a normal cognitive state: it
diminishes the impact of the disease on the patient’s
quality of life and it underestimates the patient’s func-
tional disability (Ferenci et al., 2002). Minimal HE
may have significant implications on fitness to drive
or operate heavy machinery. The Portal-Systemic
Encephalopathy (PSE) Syndrome Test is a bedside
mental status assessment that measures a composite
score from line tracing time, serial dotting, Trail Mak-
ing A, Trail Making B, and Digit Symbol Test and was
designed specifically to detect the impaired attention
and visuomotor skills of minimal HE (Weissenborn
et al., 2001).

The transition from grades I to IV of HE associated
with chronic liver failure is more gradual than in acute
liver failure and can follow a relapsing-remitting
course according to inciting events such as intercurrent
infection, protein load, gastrointestinal bleeds, consti-
pation, or sedative use for example. Patients demon-
strate apathy, slowness of thought, and brevity of
speech. Impaired attention and concentration is almost
universal. Mild, quiet confusion with progressive
obtundation is more common than frank delirium
(Young and DeRubeis, 1998). Table 7.1 summarizes

Table 7.1
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some of the clinical features of HE across its spectrum
of clinical severity.

7.1.2. Imaging
7.1.2.1. Structural imaging

Bilateral excessive deposition of manganese in the glo-
bus pallidi can be present in liver disease and viewed
as T, hyperintensities on magnetic resonance imaging
(MRI) (Zeneroli et al., 1991; Maeda et al., 1997).
Although T, hyperintensities in the basal ganglia most
often occur in association with liver disease and HE,
they can also be seen following exogenous manganese
toxicity and in the nonketotic hyperosmolar syndrome
with hemichorea—hemiballism (see section on Hyper-
glycemia, below). T; hyperintensities in HE can also
be found within the limbic system, within other areas
of the basal ganglia, and along cerebral white matter
tracts (Norton et al., 1994). Beyond supporting a clin-
ical diagnosis of liver disease, these imaging charac-
teristics are of questionable clinical usefulness. For
exampl