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Delirium

Delirium as a disorder of consciousness

Ravi Bhat, Kenneth Rockwood

Delirium is a common clinical phenomenon, often described as a
disorder of consciousness. Delirium is commonly under recognised.
The usual response to under recognition is to exhort practitioners to
do a better job, but perhaps under recognition should instead be
seen as a daily pragmatic challenge to how delirium is
conceptualised. Here we retain the view that delirium is a disorder of
consciousness, but propose a more multidimensional approach to
this key feature. We argue that delirium can be recognised through
evaluating arousal, attention and temporal orientation. We suggest
that this approach can be validated by testing whether it leads to
better delirium identification, accounts for the characteristic clinical
disturbances, explains why delirium is common in the extreme age
groups and why in later life its boundaries often blend with

ementia.

troop of newly graduated recruits
Aparades on final review. The march

past is a portrait of symmetry, save
for one young soldier, whose mother
nevertheless beams from the stands:
“Look! They're all out of step but my
boy John”. Such misplaced parental pride
finds a modern day counterpart in the
routine exhortation by delirium specia-
lists—including ourselves—for other phy-
sicians to get in step with the expert
when assessing the mental state of their
patients. While physician education is
important, part of the pervasive under
recognition of delirium must reflect the
teaching—that is, how delirium is
described and discussed. Here we review
some current thinking about what con-
stitutes delirium, propose an alternate
operational approach and consider some
implications of this synthesis.

THE CURRENT DEFINITION OF
DELIRIUM AND SOME
ANTECEDENTS
Can it still make sense to ask “what is
delirium”? The fourth edition of the
Diagnostic and  Statistical ~Manual
(DSM-1V) of the American Psychiatric
Association' defines delirium as a distur-
bance of consciousness and a change in
cognition that develops acutely (table 1).
Support for delirium as a disordered
level of consciousness can be found from
Hughlings Jackson and was explicit in
Lipowski’s advocacy for the study of
delirium that has so informed modern
thinking.>” But DSM-IV displaced DSM-
I1I-R,* in which delirium was grounded in

Geschwind'’s influential account of it as a
disorder of global attention.”® What is
more, some influential textbooks con-
tinue to distinguish between what DSM-
IV calls “delirium with psychomotor
retardation” (and which they term the
“acute confusional state’””) and ‘““delirium
with psychomotor agitation” which they
term simply “delirium”.” '

The persistence of this confusion about
delirium seems to us to stem from its
description being rooted in the experience
of particular types of patients at particular
historical periods, which now have
become less relevant in the face of
population ageing. The first modern
proposals of what delirium is and how it
might be defined have proceeded neither
from a model nor from a systematic
characterisation of the patients who most
commonly suffer from delirium." Now,
however, we have enough empirical
studies of delirium to allow a model to
be proposed and debated. Any new model
of delirium should not just account for its
characteristic features, but should lend
insight into why delirium is under recog-
nised, why it is common in the extreme
age groups, why in late life its boundaries
can blend with dementia and whether
delirium with psychomotor agitation
should be grouped with delirium with
psychomotor retardation.

PSYCHOPATHOLOGY OF
DELIRIUM: AROUSAL, TEMPORAL
ORIENTATION AND ATTENTION

In the late 1990s, two reviews of delirium
psychopathology noted that it was

1167

remarkably under studied."? "> The com-
monest symptoms were disorientation
(especially temporal disorientation) (78—
100%), clouding of consciousness (65—
100%) and impairments in attention/
vigilance (62-100%). Disorganised think-
ing was present in 95%, and memory
deficits (62-90%) and diffuse cognitive
deficits in 77% of people with delir-
ium."” ** Subsequent studies, constrained
by instruments that look for these defi-
cits,”'* have added comparatively little to
the record. An exception is a prospective
phenomenological study of 50 elderly
people, most of whom reported—a few
dispassionately—a sense of being trapped
in incomprehensible experiences.'” Being
confused meant that time and place were
dissolved, so that past and present, as
well as different places, seemed to coex-
ist."”

To build on this evidence base, we can
also consider “clouding of conscious-
ness”’, classically defined as “states of
reduced wakefulness or awareness that in
their minimal form may include hyper-
excitability and irritability alternating
with drowsiness”.” When delirium is
defined in relation to disturbed levels of
consciousness, impaired arousal is
obviously essential. Arousal can be
graded, but it is not readily conceptually
reduced. Likewise, while arousal can
clearly influence attention and while
there are different types of attentional
impairment, attention too is similarly
difficult to reduce further. By contrast,
other features are reducible—for exam-
ple, disorganised thinking can be refer-
able to a variety of other impairments in
delirium, including arousal, attention,
time perception and memory difficulty.

In addition to arousal and attention,
we argue that temporal disorientation is
essential, not just because it is common in
delirium but because ““time ordered-ness”
is integral to conscious experience.'®
Some might argue that disorientation
results from memory impairment and
the consequent failure to update knowl-
edge about time and environment. Most
people with memory impairment are not
temporally disoriented however'’; more
likely, disorientation is due to faulty
encoding of the temporal order of infor-
mation.* Disorientation to time may
represent impaired time perception, a
facet of which has so eloquently been
captured in the phenomenological studies
of delirium."”

PROPOSAL FOR AN ALTERNATE
CONCEPTUALISATION OF
DELIRIUM

We recognise that some part of the
difficulty of operationalising criteria for
delirium, conceptualised as a disorder of
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Table 1 Diagnostic and Statistical Manual (DSM-IV) criteria for delirium’

A Disturbance of consciousness (ie, 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 deve|ops over a short period of time (usua”y hours fo dqys) and tends to fluctuate
during the course of the day.

D DSM-IV distinguishes between delirium due to general medical conditions, substances (infoxication
or withdrawal), multiple aetiologies and others. Thus D criterion varies with aetiology.

consciousness, simply reflects the at- Clinically, temporal orientation is often

times impenetrable semantic problems
in describing fundamental aspects of
everyday human conscious experience.
Still, delirium must be faced. Based on
the frequency of their occurrence and
their relative irreducibility, we think it
reasonable to suggest that delirium can
be operationalised as an acute distur-
bance in consciousness, characterised by
impairments in arousal, time perception
and attention.

OPERATIONALISING THE
ASSESSMENT OF CONSCIOUSNESS
IN DELIRIUM BY MEASURING
AROUSAL, TIME PERCEPTION AND
ATTENTION
Arousal presents comparatively little dif-
ficulty in measurement, especially
hypoarousal, which can be graded on a
continuum of alertness through lethargy,
drowsiness, stupor and coma.”
Measuring hyperarousal is more proble-
matic. There is no readily available scale,
and the term “hyperarousal” is often
used interchangeably with “inattentive-
ness”” and “distractibility”’. The measure-
ment problem becomes easier to resolve
when arousal is defined as responsiveness
to sensory stimuli and motor activity.”
Hyperarousal then has clear behavioural
anchors, making it more measurable.
Current theories of attention explicitly
distinguish between arousal and atten-
tion, and suggest a critical role for the
noradrenergic system in mediating the
influence of arousal on attention.”> A
revealing primate study for example,
contrasted phasic locus coeruleus (LC)
firing (in response to stimulation) with
the level of tonic LC activity.* An inverted
U-shaped curve was demonstrated, such
that too low or too high a state of tonic LC
firing (corresponding to differences in
arousal) altered phasic LC firing (corre-
sponding to variability in attention).
Similar findings come from functional
MRI studies in human subjects.”” Thus
hyperarousal is not only distinct from
inattentiveness, but can be seen as a
cause of it. In consequence, we propose
that both hypoarousal and hyperarousal
should be measured and rated separately.
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measured using instruments such as the
Mini-Mental Status Examination.* The
Temporal Orientation Test,”” which
includes a question on time of day, is
likely better for this purpose than the
Mini-Mental Status Examination.*

Even though impaired attention is a
striking clinical feature of delirium, pro-
blems of ‘“attention”, writ large, are
ubiquitous in neuropsychiatric disor-
ders.”® Not all attentional tests perform
equally well, but it is not clear whether
any particular form of attentional impair-
ment is specific to delirium. In perhaps
the only systematic study of attention in
delirium, only Digit Span Backwards, a
test of both attention and working
memory, and aspects of the Digit
Cancellation Test, a test of sustained
visual attention and divided attention,
were significant independent predictors
of delirium.” Considering the historical
importance of measuring attention in
delirium, this is a surprisingly narrow
foundation for the weight that it is
expected to carry. For future studies,
Digit Span Backwards and months back-
wards are each easy to do.” The picture
recognition attention screening task from
the Confusion Assessment Method for
the Intensive Care Unit is also feasible,
even though it requires copies of the
pictures to hand.”

POSSIBLE MECHANISMS FOR
DISORDERED AROUSAL, TIME
PERCEPTION AND ATTENTION
Arousal arises from a brainstem ‘““ascend-
ing arousal system”’, which is reciprocally
innervated with specific thalamic nuclei
that in turn transmit sensory information
to the cortex.” Levels of cerebral blood
flow or metabolism are seen as correlates
of both hypoarousal’ and hyperarousal.”
Arousal appears to be modulated by
acetylcholine (ACh), y-amino butyric acid
(GABA) and monoamines. ACh released
by laterodorsal and pedunculopontine
tegmental neurons, in their projections
through the thalamus and basal forebrain
into the cortex, plays a prominent role in
arousal.”” This network is also associated
with EEG activation during wakefulness
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and the generation of paradoxical sleep.”!
In contrast to the role of ACh in learning
in the hippocampus, this perhaps better
explains the profound sleep-wake cycle
disturbance that is seen in delirium.

A role for reciprocally controlled* tonic
sensory and muscle spindle activity in
maintaining a state of wakefulness* might
also be relevant to the clinical picture of
delirium. This is seen in sharp relief
clinically when epidural anaesthesia
reduced by about half the need for general
anaesthesia in a randomised double blind
trial.” Interestingly, in both young children
and older adults epidural anaesthesia also
causes significant sedation.*

Time perception, arguably central to
human conscious experience, has been
the focus of models in psychology, philo-
sophy and neuroscience.”” ™ In animals,
the range of processed time scales spans
at least 12 orders of magnitude.*” Most
theories of time perception address short
time durations, in the range of millise-
conds to seconds, and many do not make
explicit the difference between timing
and time awareness. Timing can only be
observed in an animal that is acting or
behaving, making it possible to infer that
perhaps the animal has some notion of
duration judgment. By contrast, time
awareness is how humans perceive
time*; there is no way for us to tell if
other animals perceive time as we do.

Broadly, timing theories can be classi-
fied as those that propose timers and
those that instead attempt to model
timing on cognitive or neuronal pro-
cesses. Most timer based theories propose
the existence of an internal clock or
pacemaker.”” ®** As timing cannot be
studied independently of an animal act-
ing in its environment, models that
hypothesise the existence of some sort
of independent ‘“organ of time” are
intractable. For our purposes, and recog-
nising that many processes must be
involved,  the  oscillator-comparator
model seems to provide a relevant and
testable starting point.*” ** In this model,
cortical timing expectations are compared
with the actual sensory input timing, to
experience time passing, and whether it
seems shorter or longer than expected.

Similarly, mechanisms in humans that
are relevant for navigating in space—
processes that are continuous and auto-
matic—could also be relevant for timing.
By such processes, an observer accounts
for changes in the spatial relationship
between self and objects in the environ-
ment that result from one’s own move-
ments.” Spatial updating likely relies on
an egocentric representation of space,”
wherein the location of each object is
encoded with respect to the observer.
(The contrast is allocentric representa-
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tion, in which object locations are
encoded in an external reference frame.)
The egocentric reference frame is likely to
be influenced by vision (extrapersonal
space) and proprioceptive information
from the hand (peripersonal space).”
Egocentric tasks activate a bilateral
(R>L) frontoparieto network.”> If this
were to occur simultaneously with cogni-
tive acts, then larger scale integration
could form the basis of subjective aware-
ness of time.”” Note too that there is a
good foundation for considering subjec-
tive time awareness to be related to
personal identity.”* An egocentric frame
of reference—taking a first person per-
spective—is also considered to be the
basic constituent of ‘“‘minimal self”,
which underlies every cognitive process
that deals with perceptual experiences.”
Attention consistently activates areas in
the posterior parietal cortex, the anterior
cingulate gyrus and the frontal and
supplementary eye fields.” Of particular
interest, work on attentional orienting to
time shows preferential activation of the
left inferior parietal lobule and the left
inferior lateral premotor cortex,”* a
pattern notably similar to that found in
motor attention studies.® > Although the
regions activated in attention and ego-
centric representation frames show many
similarities, there are equally relevant
differences. Compared with the egocentric
representation frame, attention appears to
activate a relatively narrower area in the
posterior parietal cortex. Additionally, it
activates the anterior cingulate cortex,
which the egocentric representation frame
does not. In consequence, perhaps timing,
attention and action share a broadly
similar network, in which the integration
of a large scale, bilaterally represented
parietofrontal network is associated with
timing (and time awareness when it
includes internal cognitive acts). The net-
work would also be relevant in motor
attention and visuospatial attention.

SYNTHESIS

Impairments in mechanisms that under-
lie arousal, time perception and attention
impair consciousness, and thereby result
in delirium. This conceptualisation seems
to offer the following advantages, offered
as hypotheses: as it defines the concept
and measurement more clearly, it should
result in better delirium identification
and by yielding a more multidimensional,
yet not over inclusive, account of delirium
psychopathology and phenomenology
and should offer better sensitivity and
specificity; by proposing a better mechan-
istic account, it should predict new risk
factors, and; it allows for a metaphorical
understanding of delirium, which should
make teaching ecasier.

Three other  items—disorganised
speech, fluctuations in consciousness
and mobility—can each be reduced to
the proposed core features that arise from
considering delirium as a disorder of
consciousness. The assessment of disor-
ganised speech in delirium is often
unreliable, probably because of the many
ways in which speech can be disorga-
nised. It is not just a matter of “drifting
off” in the middle of a sentence, which is
easily referable to inattention. People
with delirium and disorganised speech
sometimes slur their words, confuse their
order or lack the phoneme discrimination

even to formulate them—probably
reflecting impaired arousal and/or
impaired time awareness.” Likewise,
fluctuation in consciousness is better

understood in terms of arousal for circa-
dian arousal levels in older adults, which
reduce through the day after peaking in
the morning.” It also likely reflects
varying levels of sensory stimulation,
and impaired signal/noise ratios, through
impaired ACh mechanisms. If the basis of
timing is in our navigation of space, this
could explain the navigation problems
commonly seen in delirium.

Impairments in mechanisms of arou-
sal, time and attention could predict the
following risk factors: sarcopenia; drugs
that affect arousal (anticholinergics,
monoaminergic and GABAergic agents);
increased sensory stimulation; impair-
ments in vision and proprioceptive infor-
mation, especially from the hand and;
damage to the egocentric representation
frame. Note that damage to just the
frontal lobe may not be sufficient to
produce delirium, as arousal and time
perception are not impaired.

Clearly, some risk factors, such as
visual impairment, are known. The evi-
dence for others, especially hand proprio-
ception, is not clear, although a deeply
considered argument for why hand func-
tion should impinge on consciousness has
been made.* Delirium is associated more
with late onset Alzheimer’s disease and
vascular dementia than with early onset
Alzheimer’s disease or frontotemporal
dementia.”” Even so, while seen with
posterior hemispherical strokes,* there is
no association with regional brain syn-
dromes.” This conceptualisation would
also suggest that impairments may range
from peripheral (for example muscula-
ture) (through the brainstem) to central
(frontoparietal cortex). The hypothesis
would be that, in elderly people, the risk
of delirium increases as the number of
deficits along this continuum increases.
Moreover, the clinical picture would be
determined by which mechanism is most
impaired. Thus hypoactive delirium is
likely to be associated with greater
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peripheral impairment (sarcopenia, drugs
that impair arousal) relative to central
impairment of parietofrontal networks
and vice versa. This conceptualisation is
likely to lead to better recognition of
delirium as it recognises the multidimen-
sional nature of the disturbance of con-
sciousness; identifies simple methods of
measuring the three dimensions allowing
for evaluating both acuity of onset and
fluctuations; provides a framework to
identify risk factors and; provides a
metaphor for delirium. This should also
address the common complaint that
disordered consciousness in delirium is
difficult to operationalise.”

While mental activity alone could
produce a sensation of time, it is not
anchored to the here and now: time
perception instead emerges out of “mini-
mal self”.”" Minimal self is the conscious-
ness of oneself as an immediate subject of
experience, unextended in time, includ-
ing the sense of self-ownership and sense
of self-agency. We propose that delirium,
not unlike dreams, is the unanchored
narrative self, leaving the ship lost at sea.
Dementia can be seen as the disintegra-
tion of both minimal self and narrative
self, where both the anchor and the ship
are crumbling. This might well give
delirium in dementia a distinctive phe-
nomenology, although this remains to be
clarified. Likewise, the state of develop-
ment of self and of time perception might
explain why delirium is not rare in
children.

Just as delirium has many precipitants,
there is unlikely to be a single mechanism
that accounts for its many manifestations.
By considering arousal, time perception
and attention, we are considering the
perceptual world, the body and the mind.
Delirium in this sense is likely not usefully
reducible—instead of being seen as a
specific neurotransmitter deficit, it might
more usefully be conceived of as the failure
of a high order function in a complex
system that is close to “system failure”.”
This metaphor at least allows us to under-
stand why we must embrace the many
aspects of patients’ disordered states if we
are to better be in step with their care.

ACKNOWLEDGEMENTS

Ravi Bhat was supported on academic leave at
Dalhousie University in part by the Fountain
Innovation Fund of the Queen Elizabeth II
Health Sciences Foundation and in part by
Goulburn Valley Health. The authors would
like to thank Michael Wallack, Richard Barnes
and Edmond Chiu for comments on previous
versions. Kenneth Rockwood is supported by
the Dalhousie Medical Research Foundation as
the Kathryn Allen Weldon Professor of
Alzheimer Research.

{ ]I\é%/rol Neurosurg Psychiatry 2007;78:1167-
doi: 1.0.] 136/innp.2007.115998

Www.jnnp.com



1170

Authors’ affiliations

Ravi Bhat, Goulburn Valley Area Mental Health
Service, University of Melbourne, Shepparton,
Victoria, Australia

Kenneth Rockwood, Division of Geriatric
Medicine, Dalhousie University, Halifax, NS,
Canada

Correspondence to: Professor Kenneth Rockwood,
Centre for Health Care of the Elderly, 1421-
5955 Veterans Memorial Lane, Halifax, Canada
B3H 2E1; Kenneth.Rockwood@Dal.ca

Received 19 January 2007

Revised 17 April 2007

Accepted 19 April 2007

Published Online First 8 May 2007

Competing inferests: None.

REFERENCES

1 American Psychiatric Association. Diagnostic and
statistical manual, 4th Edn, text revision. Washington,
DC: American Psychiatric Association, 2000.

2 Jackson JH, ed. Selected writings of John Hughlings
Jackson. In: Taylor J, ed. London: Hodder and
Stoughton, 1932.

3 Engel GL, Romano J. Delirium, a syndrome of
cerebral insufficiency. J Chronic Dis
1959;9:260-77.

4 Plum F, Posner JB. The diagnosis of stupor and coma,
3rd Edn. Philadelphia: FA Davis Company, 1982.

5 Lipowski ZJ. A new look at organic brain
syndromes. Am J Psychiatry 1980;137:674-8.

6 American Psychiatric Association. Diagnostic and
statistical manual, 3rd Ed (revised). Washington,
DC: American Psychiatric Association, 1987.

7 Chédru F, Geschwind N. Disorders of higher
cortical functions in acute confusional states. Corfex
1972;8:395-411.

8 Geschwind N. Disorders of attention: a frontier in
neuropsychology. Philos Trans R Soc Lond B Biol Sci
1982;298:173-85.

9 Adams M, Ropper AH. Delirium and other
confusional acute states. In: Ropper AH, Brown RH,
eds. Adams & Victor’s princi Es of neurology, 7th
Edn. New York: McGraw-Hill, 2001:432.

10 Ropper AH. Acute confusional states and coma. In:
Kasper DL, Braunwald E, Fauci AS, eds. Harrison’s
principles of internal medicine, 16th Edn. New
York: McGraw-Hill, 2005:1624.

11 Macdonald AJ. Can delirium be separated from
dementia? Dement Geriatr Cogn Disord
1999;10:386-8.

12 Meagher DJ, Trzepacz PT. Delirium
phenomenology illuminates pathophysiology,
management, and course. J Geriatr Psychiatry
Neurol 1998;11:150-6.

13 Trzepacz PT. Update on neuropathogenesis of
delirium. Dement Geriatr Cogn Disord
1999;10:330-4.

14 Marcantonio ER, Simon SE, Bergmann MA, et al.
Delirium symptoms in post-acute care: prevalent,
persistent, and associated with poor functional
recovery. J Am Geriatr Soc 2003;51:4-9.

15 Fann JR, Alfano CM, Burington BE, et al. Clinical

resentation of delirium in patients undergoing
Eematopoieﬂc stem cell transplantation. Cancer
2005;103:810-20.

16 Meagher DJ, Moran M, Raju B, et al.
Phenomenology of delirium. Assessment of 100
adult cases using standardised measures.

Br J Psychiatry 2007;190:135-41.

17 Andersson EM, Hallberg IR, Norberg A, et al. The
meaning of acute confusional state from the
perspective of elderly patients. Int J Geriatr
Psychiatry 2002;17:652-63.

18  Schiff ND, Plum F. The role of arousal and “gating”
systems in the neurology of impaired consciousness.
J Clin Neurophysiol 2000;17:438-52.

19 Varney NR, Shephard JS. Predicting short term
memory on the basis of temporal orientation.
Neuropsychology 1991;5:13-16.

Www.jnnp.com

20

21
22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38
39

40

41

42

43

44

45

Schnider A, von Daniken C, Gutbrod K.
Disorientation in amnesia: a confusion of memory
traces. Brain 1996;119:1365-75.

Strub RL, Black FW. The mental status examination in
neurology. Philadelphia: FA Davis Company, 2000.
Lydic R, Baghdoyan HA. Sleep, anesthesiology,
and the neurobio|ogy of arousal state confroﬁ
Anesthesiology 2005;103:1268-95.

Coull JT. Psycﬁophqrchobgy of human attention.
In: Itti L, Ress G, Tsotsos JK, eds. Neurobiology of
attention. Burlington: Elsevier Academic Press,
2005:51-3.

Aston-Jones G, Rajkowski J, Cohen J. Role of locus
coeruleus in attention and behavioral flexibility. Biol
Psychiatry 1999;46:1309-20.

Coull JT, Jones ME, Egan TD, et al. Attentional
effects of noradrendline vary with arousal level:
selective activation of thalamic pulvinar in humans.
Neuroimage 2004;22:315-22.

Folstein MF, Folstein SE, McHugh PR. ““Mini-mental
state’”. A practical method for grading the cognitive
state of patients for the clinician. J Psychiatr Res
1975;12:189-98.

Benton AL, Sivan AB, Hamsher K, et al.
Contributions to neuropsychological assessment,
2nd Edn. New York: Oxford University Press, 1984.
Lezak M, Howieson DB, Loring DW.
Neuropsychological assessment, 4th Edn. New
York: Oxford University Press, 2004.

O'Keeffe ST, Gosney MA. Assessing affentiveness in
older hospital patients: global assessment versus tests
of attention. J Am Geriatr Soc 1997;45:470-3.

Ely EW, Margolin R, Francis J, et al. Evaluation of
delirium in critically ill patients: validation of the
Confusion Assessment Method for the Intensive Care
Unit (CAM-ICU). Crit Care Med 2001;29:1370-9.
Steriade M. Awakening the brain. Nature
1996,383:24-5.

Nofzinger EA, Buysse DJ, Germain A, et al.
Functional neuroimaging evidence for hyperarousal
in insomnia. Am J Psyciiairy 2004;161:2126-8.
Lucas-Meunier E, Fossier P, Baux G, et al.
Cholinergic modulation of the cortical neuronal
network. Pflugers Arch 2003;446:17-29.

Lanier WL, Laizzo PA, Milde JH, et al. The cerebral
and systemic effects of movement in response fo a
noxious stimulus in lightly anesthetized dogs:
possible modulation of cerebral function by muscle
afferents. Anethsiology 1994;80:391-401.
Hodgson PS, Liu SS, Gras TW. Does epidural
anesthesia have general anesthetic effects? A
prospective, ranc?omized, double-blind, placebo-
controlled trial. Anesthesiology 1999;91:1687-92.
Kurup V, Ramani R, Atanassoff PG. Sedation affer
spinal anesthesia in elderly patients: a preliminary
observational study with the PSA-4000.

Can J Anaesth 2004;51:562-5.

Block RA, Zakay D. Models of psychological time
revisited. In: Helfrich H, eds. Time and mind.
Kirkland, WA: Hogrefer & Huber, 1996:171-95.
Poppel E. A hierarchical model of temporal
perception. Trends Cog Sci 1997;1:56-61.
Varela FJ. The specious present: a
neurophenomenology of time consciousness. In:
Petitot J, Varela FJ, Pachoud B, et al, eds.
Naturalizing phenomenology: issues in
contemporary phenomenology and cognitive
science. Stanford, CA: Stanford University Press,
1999:266-314.

Friedman WJ. Memory processes underlying
humans’ chronological sense of the past. In: Hoerl C,
McCormack T, eds. Time and memory: issues in
philosophy and psychology. Oxford: Oxford
University Press, 2001:139-67.

Block RA. Psychological timing without a timer: The
roles of attention and memory. In: HelfrichH, eds. Time
and mind Il: Information-processing perspectives.
Seattle, WA: Hogrefe & Huber, 2003:41-59.

Mauk MD, Buonomano DV. The neural basis of
temporal processing. Annu Rev Neurosci
2004,27:307-40.

Eagleman DM, Tse PU, Buonomano D, et al. Time
and the brain: how subjective time relates to neural
time. J Neurosci 2005;25:10369-71.

James W. Principles of psychology. New York:
Dover, 1898/1988.

Treisman M. Temporal discrimination and the
indifference interval: implications for a model of
internal clock. Psychol Monogr 1963;77:1-13.

46

47

48

49

50

51

52

53

54

55

56
57

58

59

60

61

62

63

64
65

66

67

68

69

70

71

72

VIEWPOINT

Thomas EAC, Cantor NE. On the duality of
simultaneous time and size perception. Percept
Psychophys 1975;18:44-8.

Gibbon J. Scalar expectancy theory and Weber's law
in animal timing. Psychol Rev 1977,84:279-325.
Gibbon J, Church RM, Meck WH. Scalar fiming in
memory. Ann N 'Y Acad Sci 1984,423:52-77.
Ahissar E, Haidarliu S, Zacksenhouse M. Decoding
temporally encoded sensory input by cortical
oscillations and thalamic pZose comparators. Proc
Natl Acad Sci U S A 1997;94:11633-8.

Ahissar E, Sosnik R, Haidarliu S. Transformation from
temporal to rate coding in a somatosensory
thalamocortical pathway. Nature 2000;406:302-6.
Wang RF, Crowell JA, Simons DJ, et al. Spatial
updating relies on an egocentric representation of
space: effects of the number of objects. Psychon Bull
Rev 2006,13:281.

Kappers AM, Viergever RF. Hand orientation is
insuEicienﬂy compensated for in haptic spatial
perception. Exp Brain Res 2006,173:407-14.
Vallar G, Lobel E, Galati G, et al. A fronto-parietal
system for computing the egocentric spatial frame of
reference in humans. Exp Brain Res 1999;124:281-6.
Galati G, Lobel E, Vallar G, et al. The neural basis
of egocentric and allocentric coding of space in
humans: a functional magnetic resonance study.
Exp Brain Res 2000;133:156-64.

Gramann K, Muller HJ, Schonebeck B, et al. The
neural basis of ego- and allocentric reference
frames in spatial navigation: Evidence from spatio-
temporal coupled current density reconstruction.
Brain Res 2006;1118:116-29.

Kerby AP. Narrative and the self. Bloomington:
Indiana University Press, 1991.

Vogeley K, Fink GR. Neural correlates of the first-
person-perspective. Trends Cogn Sci
2003;7:38-42.

Nobre AC. The attentive homunculus: now you see
it, now you don’t. Neurosci Biobehav Rev
2001,25:477-96.

Coull JT, Nobre AC. Where and when to pay
attention: the neural systems for directing attention
to spatial locations and to time intervals as revealed
by both PET and fMRI. J Neurosci
1998,18:7426-35.

Coull JT, Nobre AC, Frith CD. The noradrenergic
alpha?2 agonist clonidine modulates behavioural
and neuroanatomical correlates of human
attentional orienting and alerting. Cereb Corfex
2001;11:73-84.

Rushworth MF, Krams M, Passingham RE. The
attentional role of the left parietal cortex: the distinct
lateralization and localization of motor attention in
the human brain. J Cogn Neurosci
2001;13:698-710.

Rushworth MF, Ellison A, Walsh V. Complementary
localization and lateralization of orienting and
motor attention. Nat Neurosci 2001;4:656-61.
Rushworth MF, Paus T, Sipila PK. Attention systems
and the organization of the human parietal cortex.
J Neurosci 2001;21:5262-71.

Tallal P. Improving language and literacy is a
matter of time. Nat Rev Neurosci 2004;5:721-8.
Duffy JF, Dijk DJ, Hall EF, et al. Relationship of
endogenous circadian melatonin and temperature
rhythms to self-reported preference for morning or
evening activity in young and older people.

J Investig Med 1999,;47:141-50.

Tallis R. The hand: a philosophical inquiry into
human being. Edinburgh: University of Edinburg
Press, 2003.

Robertsson B, Blennow K, Gotifries CG, et al.
Delirium in dementia. Int J Geriatr Psychiatry
1998,13:49-56.

Caeiro L, Ferro JM, Albuquerque R, et al. Delirium
in the first days of acute stroke. J Neurol
2004;251:171-8.

Robertsson B, Olsson L, Wallin A. Occurrence of
delirium in different regional brain syndromes.
Dement Geriatr Cogn Disord 1999;10:278-83.
Gottlieb GL, Johnson J, Wanich C, et al. Delirium in
the medically ill elderly: operationalizing the DSM-
IIl criteria. Int Psychogeriatr 1991,3:181-96.
Gallagher S. Philosophical conceptions of the self:
implications for cognitive science. Trends Cogn Sci
2000;4:14-21.

Rockwood K, Bhat R. Should we think before we
treat delirium? Intern Med J 2004;34:76-8.



