
1

Cognitive function, neuropsychological evaluation, and
syndromes of cognitive impairment

1.1 Domains of cognitive function 1
1.1.1 Attention 2
1.1.2 General intelligence (IQ) 4
1.1.3 Memory 5
1.1.4 Language 7
1.1.5 Perception 8
1.1.6 Praxis 9
1.1.7 Executive function 10

1.2 Neuropsychological assessment 11
1.2.1 Formal neuropsychological assessment 11
1.2.2 “Bedside” neuropsychological assessment 11

1.3 Syndromes of cognitive impairment 12
1.3.1 Normal aging 12
1.3.2 Mild cognitive impairment (MCI) 13
1.3.3 Dementia 13
1.3.4 Disconnection syndromes; callosal dementia 15

References 16

1.1 Domains of cognitive function

Without necessarily subscribing to an explicitly
modular concept of cerebral function, it is nonethe-
less convenient from the clinical standpoint to think
in terms of cognitive domains or functional sys-
tems (“a congeries of mental faculties”) in the brain,
specifically attention, memory, language, percep-
tion, praxis, and executive function. These sub-
divisions, all working in concert not in isolation
to produce in sum what we understand by con-
sciousness, may direct a structured approach to
the clinical assessment of cognitive function. Nowa-
days, a model of distributed neural networks with

nodal points more specialized for certain func-
tions has supplanted the idea of particular brain
centers [1].

The neurocognitive domains may be described
as either localized, implying lateralization to one
hemisphere or part thereof, focal damage to which
may impair that specific function; or distributed,
implying a nonlocalized function often involv-
ing both hemispheres and/or subhemispheric
structures (basal ganglia, brainstem), widespread
damage being required to impair these functions
[2]. Furthermore, particular domains may be
subdivided, or fractionated, into subsystems or
specific functions that may be selectively impaired,
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2 1: Cognitive function

suggesting the existence of functionally distinct
neuropsychological substrates.

1.1.1 Attention

It is surely redundant to point out that before any
meaningful assessment of “higher cognitive func-
tion” can be made, it should be ascertained that
“lower cognitive function” is intact, assuming that
the workings of the nervous system are hierarchical
(in the Jacksonian sense) in their operation. To
indulge in reductio ad absurdum, it would not
be reasonable to expect a comatose patient, or
a sleeping subject, to perform well on tests of
memory, although memory function may be intact
or impaired on recovery from coma or awakening
from sleep.

The nature of consciousness is an area of great
interest to both neuroscientists and philosophers
[3–7], but other than to assume that it is an emer-
gent property of brain function, nothing further
about its possible neuroanatomical and neuro-
physiological bases will be considered here, other
than to note that dissociation between apparent
preservation of consciousness and absence of cog-
nitive function may occur, as in vegetative states
[8], although this has been questioned on the basis
of neuroimaging [9] and electroencephalography
(EEG) studies [10].

Disturbance of consciousness may encompass
both a quantitative and a qualitative dimension.
Hence, one may speak of a “level” of conscious-
ness, perhaps in terms of arousal, alertness, or vigi-
lance, forming a continuum from coma to the
awake state; and an “intensity” or quality of con-
sciousness, in terms of clarity of awareness of the
environment, and ability to focus, sustain, or shift
attention. There are various clinical descriptors of
states of impaired consciousness including coma
[11], vegetative state [8], and minimally conscious
state [12]. Coma implies a state of unresponsiveness
from which a patient cannot be roused by verbal
or mechanical stimuli. Lesser degrees of impaired
consciousness, sometimes labeled clinically as

stupor, torpor, or obtundation (although these
terms lack precision, their meaning often vary-
ing between different observers), may also inter-
fere with cognitive assessment. These states may
be obvious clinically, such as drowsiness, or diffi-
culty rousing the patient, but may also be occult,
perhaps manifesting as increased distractibility.
Impairments in level of consciousness are a sine qua
non for the diagnosis of delirium, as enshrined in
the diagnostic criteria of the Diagnostic and Statis-
tical Manual (DSM-IV) and the International Classi-
fication of Diseases (ICD10), although these deficits
may be subtle and not immediately obvious at
the bedside but yet sufficient to impair attentional
mechanisms. These attentional deficits may be
responsible for the impaired cognitive function that
is also a diagnostic feature of delirium (Section 12.1)
[13,14].

Attention, or concentration, is a nonuniform,
distributed cognitive function. It may be defined
as that component of consciousness which dis-
tributes awareness to particular sensory stimuli.
The nervous system is bombarded with stimuli
in multiple sensory domains, only some of which
reach awareness or salience while many percepts
are not consciously noticed. Attentional resources,
which are finite, are devoted to some channels
but not to others. Attention is thus effortful, selec-
tive, and closely linked to intention. Distinction
may be made between different types of attentional
mechanism: sustained attention implies devotion of
most attentional resources to one particular stimu-
lus, whereas selective attention is the directing of
attentional resources to one stimulus among many
(the “cocktail party phenomenon”); divided atten-
tion implies a division of attentional resources
between competing stimuli. Various neuroanatom-
ical structures are thought to be important in medi-
ating attention, including the ascending reticular
activating system in the brainstem, the thalamus,
and prefrontal cerebral cortex of multimodal asso-
ciation type, particularly in the right hemisphere,
as damage to any of these areas may result in
impairments of attention [15]. Dopaminergic and
cholinergic tracts are thought to be the important
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1.1 Domains of cognitive function 3

neurotransmitter pathways mediating attention
[16].

The term “working memory” is used by neuro-
psychologists to describe a limited capacity store
for retaining and manipulating information over a
short term, one to two minutes, and for “online”
manipulation of that information. This system has
a limited capacity wherein information rapidly
degrades unless continuously rehearsed (hence
“unstable,” compared to longer-term memory).
Working memory may be fractionated into a num-
ber of subsystems: verbal (phonological or artic-
ulatory loop) and visual (visuospatial sketch pad)
components, governed by a supervisory central
executive, as well as a postulated episodic buffer
that acts as a multimodal temporary store to
interface with perception and long-term mem-
ory [17]. Working memory function is dissociable
from “long-term memory” function (Section 1.1.3);
for example, in patients with amnesia as a con-
sequence of Wernicke–Korsakoff syndrome, work-
ing memory is preserved (Section 8.3.1.1). Working
memory is perhaps better envisaged as a compo-
nent of the selective attention system (the “specious
present” of William James), and is certainly not
congruent with the usage of the term “short-term
memory” by patients, which generally refers to
recent long-term memory. Grammatical complexity,
for example in sentence construction, is associated
with working memory capacity, which mediates the
need to keep many elements in play and not lose the
train of thought before completing the sentence.

Another clinical phenomenon related to atten-
tional processes is neglect. Sometimes also known
as inattention, neglect is a failure to orient to,
respond to, or report novel or meaningful stim-
uli in the absence of sensory or motor deficits
(such as hemiparesis or hemianopia), which could
explain such behavior. Extinction, the failure to
respond to a novel or meaningful sensory stimulus
on one side when a homologous stimulus is given
simultaneously to the contralateral side (i.e., dou-
ble simultaneous stimulation), sometimes called
“suppression,” may be a lesser degree of neglect. In
the visual domain, neglect may be categorized as

a disorder of spatial attention, which is more com-
mon after right-sided rather than left-sided brain
damage, usually of vascular origin. This observa-
tion may be accounted for by the ability of the right
hemisphere to attend to both sides of space whereas
the left hemisphere attends to the right side of space
only (i.e., there is some lateralization of function).
The angular gyrus and parahippocampal gyrus may
be the critical neuroanatomical substrates under-
pinning the development of visual neglect [18,19].

In terms of clinical assessment, the Glasgow
Coma Scale (GCS) is the instrument most com-
monly used for monitoring the level of conscious-
ness [20]. Introduced originally to assess the sever-
ity of traumatic head injuries, it has subsequently
been applied in other clinical situations (e.g., delir-
ium, stroke), although its validity in some of these
circumstances remains to be confirmed. In the indi-
vidual patient, use of the individual components
of the GCS (best eye, verbal, and motor response
or EVM) is more useful than the summed score
(out of 15), although for the purposes of demo-
graphic research use of the summed score is prefer-
able. It should be noted that a GCS score of 15/15
does not guarantee intact attention, as deficits
may be subtle, and therefore it may be necessary
to undertake other tests of attentional function
before other neuropsychological instruments are
administered.

Many tests of attention are available. Examples
included the Trail Making Test, the Continuous
Performance Test, the Paced Auditory Serial Addi-
tion Test (PASAT) and its visual equivalent (PVSAT),
and the Symbol Digit Modalities Test. Simple bed-
side tests that tap attentional mechanisms include
orientation in time and place, digit span forward
and/or backward (also WAIS-R Digit Span subtest),
reciting the months of the year or the days of the
week backward, or counting back from 30 down
to 1. Distractibility may be evident if the patient
loses his or her way, or starts the more automatic
forward recital. In the Mini-Mental State Examin-
ation (MMSE), the most commonly administered
“bedside” or office test of cognitive function [21],
subtracting 7 from 100 repeatedly (serial sevens:
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4 1: Cognitive function

93,86,79,72,65, etc.) or spelling the word “world”
backward are labeled as tests of attention or concen-
tration, but it should be realized that failure in these
tests may be for reasons other than impaired atten-
tion (e.g., poor mental arithmetic abilities in serial
sevens).

Neglect may be clinically obvious, for example if
a patient fails to dress one side of the body, but it is
sometimes more subtle, in which case its presence
may be sought using cancelation tests (e.g., stars
in an unstructured array, or letters in a structured
array), figure copying (e.g., the Rey–Osterrieth com-
plex figure), line bisection tasks, numbering a clock
face, or drawing from memory.

1.1.2 General intelligence (IQ)

Formal neuropsychological assessment often
involves testing of general intelligence (IQ) before
any specific assessment of the individual domains
of cognitive function. This is legitimate as a gen-
eral intelligence factor “g” seems to account for a
significant proportion of the individual differences
among test scores for groups of people [22]. General
intellectual function is most often measured by
administration of one of the Wechsler Intelligence
Scales, most often the Wechsler Adult Intelligence
Scale-Revised (WAIS-R) [23] or the Wechsler Adult
Intelligence Scale-III (WAIS-III) [24]. Updating
of these tests is required periodically because of
changes in the abilities of the normative group from
which standardized scores are derived [22]. Studies
over time and from around the world suggest that
IQ is rising at the rate of three points every decade,
the “Flynn effect” [25].

Administration of these tests may take up to two
hours or more, sometimes necessitating more than
one testing session to avoid patient fatigue. Sub-
tests in these batteries fall into two categories, ver-
bal and performance, the former including tests
of general knowledge, vocabulary, comprehension,
and verbal abstract thinking (e.g., digit span, arith-
metic, similarities), and the latter including tests
of perceptual organization, complex visuospatial

function, and psychomotor speed (e.g., digit sym-
bol, picture completion and arrangement, block
design, object assembly). These subtests yield an
index of verbal intelligence, verbal IQ (VIQ), and
of performance intelligence, performance IQ (PIQ),
as well as an overall full scale IQ (FSIQ). Based on
extensive normative data from healthy North Amer-
icans and Europeans, these measures have a mean
score of 100 with a standard deviation of 15 such
that 95% of the population will fall within the range
70–130. Generally VIQ and PIQ are correlated, but
occasional discrepancies may be seen in normal
individuals. The belief that the VIQ–PIQ split can
be reliably used to infer the lateralization of brain
pathology (VIQ more impaired in left-sided lesions,
PIQ with right-sided lesions) should be viewed with
some caution [26].

When assessing individuals complaining of cog-
nitive disorders, especially memory disorders, an
IQ score per se may not be particularly helpful.
However, change in IQ, possibly reflecting cognitive
decline, is more useful, but it is seldom the case that
an individual patient will have undergone previ-
ous testing with which a comparison may be made.
Previous educational and occupational history may
give clues to premorbid intelligence, as may per-
formance on verbal subtests of the WAIS batteries.
This difficulty may also be partially circumvented
by administering a test specifically designed to esti-
mate premorbid intellectual abilities, such as the
National Adult Reading Test (NART) [27], because
the overlearned ability to read a series of words with
irregular spelling-to-sound correspondences is rel-
atively preserved in a number of neurodegenera-
tive disorders (there are exceptions such as fronto-
temporal lobar degenerations causing linguistic
syndromes; Sections 2.2.2 and 2.2.3). The NART IQ
may then be compared with the Wechsler FSIQ to
give some indication of whether general intellectual
function is stable or has declined. A difference of
20 points is probably significant, 40 points certainly
so.

Nonverbal tests of general intelligence are
also available, such as the Progressive Matrices
described by Raven [28,29]. Other tests examining
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1.1 Domains of cognitive function 5

general cognitive functioning by means of neuro-
psychological batteries and assessment of premor-
bid intelligence are available.

1.1.3 Memory

Memory is a nonuniform, distributed cognitive
function or “subassembly” [30]. In other words,
subdivisions in memory function may be differ-
entiated, which involve various neuroanatomical
substrates.

Current taxonomies of memory propose a dis-
tinction between declarative (also known as explicit
or conscious memory) and nondeclarative mem-
ory (implicit, procedural, unconscious memory).
Declarative or explicit memories are intentional
or conscious recollections of previous experience.
Declarative memory may be subdivided further into
episodic memory and semantic memory. Episodic
memories are specific personal events, sometimes
known as autobiographical memories, which are
time and place (context) specific, whereas seman-
tic memories are facts, a database of culturally
approved knowledge independent of any specific
context. A distinction may also be drawn between
anterograde memory, the laying down of new mem-
ories, and retrograde memory, the store of pre-
viously encoded material. An autobiographical–
semantic dissociation of retrograde memory loss
may be noted. In contrast with explicit memory,
implicit memories refer to a heterogeneous collec-
tion of faculties, such as skill learning, priming, and
conditioning, which are not available to conscious
thought or report [31–33].

In clinical practice, lay observers and primary
care physicians frequently distinguish between
problems with “short-term memory” and “long-
term memory,” most usually referring to materi-
al learned recently or in the more distant past,
respectively. Such a division persists in profes-
sional terminology, although the meanings are dif-
ferent. Professional “short-term memory” is analo-
gous to “working memory,” best conceptualized
as an attentional function (Section 1.1.1). Patient
“short-term memory” is in fact one component of

professional “long-term memory” (which encom-
passes all the subdivisions previously mentioned),
specifically that for the learning of new information.
Amnesia is the syndrome of impaired memory and
new learning, which may be variously characterized
as anterograde or retrograde and acute/transient
or chronic/persistent. Anterograde amnesia may be
clinically manifested as repeated questioning about
day-to-day matters, inability to carry out simple
chores, or repeating the same information. A better
distinction may be between “recent” and “remote”
memory.

The neuroanatomical substrates of explicit mem-
ory are partially understood, based on studies of
experimental animals and of patients developing
memory problems as a consequence of focal brain
lesions that may be examined by means of neuro-
psychological testing and, more recently, neuro-
imaging. The literature makes reference to
hippocampal, diencephalic, and frontal and
basal forebrain amnesia, largely based on lesion
and neuropathological studies. Structures in the
medial temporal lobe, centered on the hippocam-
pus, and in the diencephalon surrounding the
third ventricle are thought to be crucial to episodic
memory. Lesions anywhere along the circuit origin-
ally described by Papez (entorhinal area of the
parahippocampal gyrus, perforant and alvear
pathways, hippocampus, fimbria and fornix, mam-
millary bodies, mammillothalamic tract, anterior
thalamic nuclei, internal capsule, cingulate gyrus,
and cingulum) may lead to anterograde and ret-
rograde amnesia. Furthermore, memory functions
are lateralized in a material-specific manner, with
verbal memory functions being associated with the
dominant (usually left-sided) structures, and visual
memory with the nondominant (usually right) side
[34,35].

The experience of the patient known as HM was
a key indicator of the importance of these struc-
tures for memory function (Section 4.1). Because
of his medically refractory epilepsy, HM underwent
bilateral medial temporal lobectomy, encompass-
ing the amygdala, entorhinal cortex, anterior den-
tate gyrus, hippocampus, and subiculum. Surgery
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6 1: Cognitive function

was followed by a dense anterograde amnesia, and
retrograde amnesia covering about a decade prior
to the surgery [36]. Similar outcomes have been
reported, following unilateral surgery, presumably
because of subclinical contralateral pathology [37].
Evocative terms used to describe the predicament
of HM and other similarly affected patients include
“marooned in the moment,” “fossilized in the past,”
and living in a “world of isolated impressions.” HM
was followed up for many years with essentially no
improvement in his neuropsychological deficits. His
importance in the field of memory research contin-
ues to be emphasized [38].

There are many causes of memory disorder
[32,39,40]. Impairment of episodic memory is the
most common presenting feature of Alzheimer’s
disease (AD; Section 2.1), sometimes occurring in
isolation although other cognitive deficits may be
apparent on clinical or neuropsychological assess-
ment. For this reason, and because AD is the most
common cause of dementia, neuropsychological
test batteries, particularly “bedside” tests, are often
weighted toward memory testing, to the relative
exclusion of other cognitive domains such as execu-
tive function, which has consequences when using
such tests to try to identify other neurocognitive dis-
orders in which memory is not the principal domain
affected. Anterograde amnesia may also occur as a
consequence of open or closed head injury (post-
traumatic amnesia), Wernicke–Korsakoff syndrome
(Section 8.3.1.1), herpes simplex encephalitis (Sec-
tion 9.1.1), limbic encephalitis of paraneoplastic
or nonparaneoplastic origin (Sections 6.12.1 and
6.12.2, respectively), strategic brain infarcts (Section
3.2), and surgery to remove temporal lobe or third
ventricle lesions (Section 7.2.3). Transient amnesias
may be of epileptic origin (transient epileptic amne-
sia; Section 4.3.1) or, in transient global amnesia,
of probable vascular etiology (Section 3.6.2). Psy-
chogenic amnesia may also enter the differential
diagnosis of transient amnesia (Section 12.5.1). In
addition, a temporal gradient of retrograde amnesia
may be present in some of these conditions, but rare
cases of focal retrograde amnesia with relative spar-
ing of anterograde memory have been described,

sometimes following head injury or an encephalitic
illness [41].

Many tests are available to neuropsychologists to
probe the specific areas of episodic and semantic
long-term memory. The Wechsler Memory Scale,
now in its third edition (WMS-III), is a battery test-
ing auditory and visual declarative (and working)
memory. Other specific tests of episodic memory
sometimes deployed include the Buschke Selective
Reminding Test [42], the California Verbal Learning
Test [43], the Hopkins Verbal Learning Test [44], the
Camden Recognition Memory Test and the Topo-
graphical Recognition Memory Test [45,46], and the
Rey Auditory Verbal Learning Test. Recall of the Rey–
Osterrieth Complex Figure may be used as a test of
visual memory. Retrograde memory may be investi-
gated using the Autobiographical Memory Interview
[47], which covers both personal semantic informa-
tion and autobiographical incidents, although this
may underestimate the true extent of retrograde
amnesia, missing “islands” of memory loss unique
to the individual. The Famous Faces Test may be
used to study remote memory [48]. Integrity of
the semantic network, including semantic memory,
may be tested using category (or semantic) fluency
tests (Section 1.1.7). Reading words with irregu-
lar sound-to-spelling correspondence may produce
surface dyslexia (regularization errors) in patients
with impaired access to or breakdown of semantic
networks. Other tests accessing associative seman-
tic networks include the Pyramids and Palm Trees
Test [49].

Of the frequently used “bedside” neuropsycho-
logical test instruments, some are specific cogni-
tive tests for memory, such as the Memory Impair-
ment Screen (MIS) [50] and the Free and Cued Selec-
tive Reminding (or Five Words) Test [51]. General,
multidomain, cognitive screening instruments (e.g.,
MMSE [21], Addenbrooke’s Cognitive Examination
[52,53], and Montreal Cognitive Assessment [54])
test memory to a greater or lesser extent; for exam-
ple, the MMSE has only perfunctory examination of
memory function (registration of the names of three
objects, e.g., ball, flag, tree, and recall after distractor
items). Longer (supraspan) word lists are used in the
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1.1 Domains of cognitive function 7

DemTect [55] and the Hopkins Verbal Learning Test
[44], and the latter includes both recall and recog-
nition paradigms to try to ascertain whether fail-
ures result from encoding or retrieval defects. Gen-
erally, examination of implicit memory functions is
not undertaken in clinical practice.

Rather less has been written about forgetting, as
opposed to remembering, but this is presumably
also a physiological memory function [56]. It was
Nietzsche’s belief that “For healthy and effective
action, it is as important to forget as to remem-
ber, and forgetting, even more than memory, must
be an effect of time rather than will” (On the
Uses and Disadvantages of History for Life). The
phenomenon of accelerated long-term forgetting
has attracted increasing attention in recent times,
whereby memory tests applied at extended intervals
(usually greater than 24 hours) may disclose antero-
grade memory impairments not seen in standard
test paradigms. This may be of particular relevance
to some of the memory disorders seen in the context
of epilepsy (Chapter 4).

1.1.4 Language

Language, “the wind-swift motion of the brain”
(Sophocles Antigone, line 355), historically pro-
vided the first unequivocal evidence that loss of a
higher brain function could be ascribed to dam-
age to a specific brain region, based on the work
of Paul Broca and, possibly, Marc Dax in the mid-
nineteenth century [57]. The work of Carl Wernicke
was also seminal in establishing the neural sub-
strates of language function, indicating that lan-
guage is a localized function. Every medical student
now knows that most individuals, whether left- or
right handed, have language in the dominant hemi-
sphere, although around 30% of left handers and
less than 1% of right handers have language in the
nondominant hemisphere.

Aphasia, a primary disorder of language, is often
mirrored by similar defects in reading (alexia) and
writing (agraphia), all of which are amenable to
clinical localization, within certain limitations [58],
often on the basis of simple bedside examination.

In addition to the Broca (nonfluent, anterior, motor,
“expressive”) and Wernicke (fluent, posterior, sen-
sory, “receptive”) types of aphasia, clinical distinc-
tions may be drawn between conduction apha-
sia (impaired repetition) and transcortical aphasias
(preserved repetition). A classification of aphasias
as perisylvian (Broca, Wernicke, conduction), and
extrasylvian has also been proposed [59].

It may be necessary to test auditory comprehen-
sion before undertaking any other neuropsychologi-
cal testing of language; for example, using the Token
Test [60] in which commands of increasing length
and complexity are given for manipulating a deck
of colored tokens of differing size and shape (some
have objected to the word “token,” preferring “item”
[61]). Sentence comprehension skills may be ascer-
tained by performance of the Test for the Recep-
tion of Grammar [62]. Wernicke-type aphasia typi-
cally has marked comprehension impairments, with
fluent speech output but often with poverty of con-
tent, sometimes reduced to a meaningless jumble of
words (jargon aphasia). Although Broca-type apha-
sia is often characterized as having preserved com-
prehension, this in fact may be impaired for more
complex syntax.

There are many tests of language available to
neuropsychologists. Comprehensive batteries
include the Boston Diagnostic Aphasia Exami-
nation (BDAE) [63], the Western Aphasia Battery
(WAB) [64], the Psycholinguistic Assessment of Lan-
guage Processing in Aphasia (PALPA) [65], and the
Comprehensive Aphasia Test [66]. Specific tests of
naming often deployed include the Graded Naming
Test [67] and the Boston Naming Test [68].

At the bedside, listening to speech output will
generally permit a simple classification of apha-
sia as fluent or nonfluent, and also detect para-
phasias (phonemic or semantic) and neologisms.
From questioning or instructing the patient during
history taking and clinical examination, compre-
hension difficulties may be evident. Testing of rep-
etition may differentiate aphasias in which this abil-
ity is relatively preserved (transcortical aphasias)
or impaired (conduction aphasia). Naming skills
have less localizing value, although marked anomia
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8 1: Cognitive function

should raise the suspicion of semantic problems,
either degradation of or access to semantic stores.
Reading and writing function should also be exam-
ined, even if spoken language function seems intact,
as various syndromes of alexia and agraphia are
described. Idea density in written material reflects
language processing ability.

Of the frequently used “bedside” neuropsycho-
logical test instruments, most are heavily weighted
for language function, such that patients with pri-
marily linguistic disorders (e.g., semantic dementia,
aphasic presentations of AD) may find it difficult or
impossible to complete them.

1.1.5 Perception

That perceptions are not a faithful brain response to
external stimuli but are to some extent constructed
by the brain, based on the expectations of time
and culture, has been known by philosophers since
Kant, and perception as illusion has been impli-
citly understood by artists such as Magritte (“the
treachery of images”) and manifested by artists such
as Escher in certain of his graphical works (e.g.,
Ascending and Descending, Belvedere).

Higher-order deficits of sensory processing, not
explicable in terms of failure of primary sensory
function, or a disorder of attention, intellectual
decline, or a failure to name the stimulus (anomia),
are known as agnosias, a term coined by Sigmund
Freud in 1891 and literally meaning “not know-
ing” or “without knowledge” [69]. Before this, Lis-
sauer in 1890 [70] (abridged translation by Shal-
lice and Jackson [71]), speaking of Seelenblind-
heit, literally “soul-blindness” or technically “psy-
chic blindness,” drew a distinction between apper-
ceptive deficits and associative deficits. In the for-
mer, a defect of higher-order complex perceptual
processing was deemed to be present, whereas in
the latter, perception was held to be intact but a
defect in giving meaning to the percept was present.
The debate continues as to whether all agnosias,
although clinically distinguishable as apperceptive
or associative, are in fact attributable to faulty
perception [72].

Although auditory and tactile agnosias are
described, they seem to be relatively rare in com-
parison with visual agnosia, which has certainly
been more extensively studied. The visual agnosias
may be relatively selective; for example, an inability
to recognize previously known human faces or
equivalent stimuli, known as prosopagnosia. This
may be developmental or acquired in origin, the
latter usually a consequence of cerebrovascular
disease causing bilateral occipitotemporal lesions,
but occasionally it occurs as a feature of neuro-
degenerative disease, sometimes in relative isola-
tion, associated with focal right temporal lobe atro-
phy (progressive prosopagnosia [73]). Pure alexia
or pure word blindness is an agnosia for words
that results in a laborious letter-by-letter reading
strategy to arrive at a word’s identity. Pure alexia
may be conceptualized as a consequence of damage
to a brain region mediating whole word recognition
that may be located in the medial left occipital lobe
and posterior fusiform gyrus [74]. The rare syn-
drome of pure word deafness (Section 1.3.4) may
be a form of auditory agnosia. Finger agnosia, the
inability to identify which finger has been touched
despite knowing that a finger has been touched,
is a form of tactile agnosia, which may be seen
as one feature of Gerstmann syndrome although
it may occur in isolation [75]. Likewise, Braille
alexia may, in some instances, be a form of tactile
agnosia [76].

The existence of two visual processing path-
ways within the brain was first proposed by Unger-
lieder and Mishkin [77]: an occipitoparietal dorso-
lateral (“where”) visual processing stream and an
occipitotemporal ventromedial (“what”) stream. In
rare cases, these pathways may be affected selec-
tively; for instance, the ventral stream, specifically
the lateral occipital area, in a famous patient with
“visual-form agnosia” following carbon monoxide
poisoning. Her perceptual identification of shape
and form was lost, although she could still perceive
color and the fine detail of surfaces (visual texture),
and her visuomotor (“vision for action”) skills were
strikingly preserved [78]. Optic ataxia, impaired vol-
untary reaching for a visually presented target with
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1.1 Domains of cognitive function 9

misdirection and dysmetria, is the sign typically evi-
dent in dorsal stream lesions. The workings of the
visuomotor control system are not available to con-
sciousness (“unconscious vision”), unlike the visual
identification of objects.

A specific inability to see objects in motion, akin-
etopsia or cerebral visual motion blindness, despite
preserved perception of other visual attributes such
as color, form, and depth, has been described in
association with selective lesions to area V5 of
the visual cortex [79]. Although exceptionally rare,
such cases suggest a distinct neuroanatomical sub-
strate for movement vision, as do cases in which
motion vision is selectively spared in a scotomatous
area (Riddoch’s syndrome [80]). Perception within
a “blind” visual field without conscious awareness
has been termed blindsight [81].

Cases of isolated progressive visual agnosia were
presented by De Renzi [82], and Benson et al. [83]
drew attention to a disorder comprising alexia,
agraphia, visual agnosia, with or without compo-
nents of Balint and Gerstmann syndromes, and
transcortical sensory aphasia, but with relative
preservation of memory until late in the course,
a disorder they named posterior cortical atrophy
(PCA) in the absence of neuropathological data.
It is now believed that most PCA cases have AD
pathology, although other pathologies have been
described including dementia with Lewy bodies
(DLB), corticobasal degeneration (CBD), and prion
disease [84].

Various means may be used by neuropsycholo-
gists specifically to test visual perceptual and visuo-
constructive functions. These may be individual
tests such as Judgment of Line Orientation (thought
to tap right occipital lobe function); copy of the
Rey–Osterrieth Complex Figure ([85,86]; translation
by Corwin and Bylsma [87]) or the Taylor Fig-
ure [88]; decoding embedded (Poppelreuter) figures
[89]; or parts of test batteries, such as the WAIS-R
Block Design (visuospatial construction); or dedi-
cated batteries such as the Visual Object and Space
Perception Battery (VOSP) [90].

Of the frequently used “bedside” neuro-
psychological test instruments, the MMSE has only

perfunctory examination of visuospatial func-
tion, requiring copying a drawing of intersecting
pentagons [21]. Clock Drawing is, at least in part,
a visuospatial test, but requires other skills. The
Addenbrooke’s Cognitive Examination (ACE) adds
copying a wire (Necker) cube and clock drawing
[52], and ACE-R adds counting dots and identifying
fragmented letters [53].

1.1.6 Praxis

The term apraxia was coined by Steinthal in 1871
but the phenomena of higher-level motor control
disorders were first systematically studied by Liep-
mann [91], who defined apraxia as an inability to
perform purposeful skilled movements as a result
of neurological dysfunction, usually associated with
left-sided lesions. Part of the definition of apraxia
is one of exclusion, as the observed motor difficul-
ties should not be caused by sensory loss, weak-
ness, tremors, dystonia, optic ataxia, chorea, bal-
lismus, athetosis, myoclonus, ataxia, or epileptic
seizures. For example, deficits previously labeled
as “constructional apraxia” or “dressing apraxia”
are better explained as visuoperceptual and/or
visuospatial deficits, as is the misdirected reach-
ing for visual targets typical of optic ataxia. Trad-
itionally, a distinction has been drawn between
ideational and ideomotor apraxias, although both
are often present in left hemisphere damage [92–
95]. Ideomotor apraxia in Broca’s aphasia may
be conceptualized as a disconnection syndrome
(Section 1.3.4).

Cases of isolated progressive apraxia were pre-
sented by De Renzi [82]. Apraxia may be a feature
of neurodegenerative disease, classically CBD (Sec-
tion 2.4.4), although AD can present with a similar
phenotype (biparietal atrophy; Section 2.1), even
with alien limb behavior.

Praxic difficulties may be tested for in vari-
ous ways, including gesture naming, decision and
recognition; gesture to verbal command, to visual or
tactile tools; imitation of real or nonsense gestures;
and tool selection. There are also test batteries for
apraxia assessment [95].

www.cambridge.org© in this web service Cambridge University Press

Cambridge University Press
978-1-107-60760-6 - Neuropsychological Neurology: The Neurocognitive Impairments of Neurological Disorders:
Second Edition
A. J. Larner
Excerpt
More information

http://www.cambridge.org/9781107607606
http://www.cambridge.org
http://www.cambridge.org


10 1: Cognitive function

1.1.7 Executive function

The term executive function is used to encompass
various cognitive abilities, including the formula-
tion of goals; organization, planning, execution,
and monitoring of a sequence of actions; problem
solving; and abstract thinking. It also overlaps
with sustained attention. The term “dysexecutive
syndrome” may be used to describe dysfunction in
any or all of these areas, which is most often asso-
ciated with pathological processes in the frontal
lobes [96,97]. Because of the heterogeneity of these
functions, some authors dislike the umbrella term
of “executive function,” and prefer to describe the
specific function impaired. Moreover, frontal lobe
damage may result in various clinical phenotypes,
in which behavioral change is often the most
salient feature. Orbitofrontal injury may result in
disinhibition, as described in Phineas Gage, one
of the most famous patients in the annals of clin-
ical neuropsychology, who sustained marked
behavioral change following traumatic frontal lobe
injury [98], although other patterns of clinical and
cognitive change may be observed with frontal
lobe injury; for example, apathetic (frontal con-
vexity) and akinetic (medial frontal) syndromes
are also described. Because most tests of executive
function probe planning and strategy, mediated
by dorsolateral prefrontal cortex, some patients
with exclusive orbitofrontal damage, for example
with behavioral (frontal) variant frontotemporal
dementia (Section 2.2.1), may complete these tests
without conspicuous errors.

Because of the overarching nature of the con-
struct of “executive function,” no single test is ade-
quate to assess its integrity [99]. Many tests known
to be sensitive to aspects of executive dysfunction
are available. Perhaps the most frequently used are
the Stroop Test and the Modified Wisconsin Card
Sorting Test (MWCST). In the Stroop Test, patients
are required to read a list of color names, printed
in colors that differ from the name, followed by
reading the colors in which each name is printed,
thus having to inhibit the reading of each color
name (i.e., inhibition of inappropriate responses)

[100]. MWCST uses a set of cards marked with sym-
bols of different shape, color, and number, which
may be sorted in various ways. Sorting rules are
changed by the examiner without informing the
subject, requiring problem solving skills. Difficulty
switching category is typical of frontal lobe damage,
leading to perseveration with previous categories
[101]. Clearly MWCST, unlike the Stroop Test, calls
for novel responses. MWCST may not be specific
to frontal lobe dysfunction, as patients with hip-
pocampal lesions may commit perseverative errors
[102].

Oral tests of verbal fluency, or controlled oral
word association tests (COWAT), may be divided
into those testing phonological, letter, or lexical flu-
ency (naming to letter), such as the FAS test (name
as many words beginning with the letters F, A, or
S as possible in one minute each), and those test-
ing semantic or category fluency (naming to set;
in one minute name as many animals, fruits, or
musical instruments as possible). Letter fluency has
been characterized as a test of mental flexibility
(as well as of expressive language) probing execu-
tive function, which is particularly impaired (“defec-
tive exemplification” [103]) with left frontal lesions
(without aphasia), whereas category fluency exam-
ines the integrity of the semantic network. Design
fluency, a visual analog of verbal fluency, may be
more impaired with right frontal lesions [104]. Ver-
bal fluency tasks are attractive because they are brief
(one minute each) and require no special equip-
ment, but account may need to be taken of patient
age and education when considering test norms
[105].

There are many other tests available to neur-
opsychologists to probe executive functions, some-
times along with other domains. These include
Raven’s Progressive Matrices, the Porteus Mazes,
Tower tests (London, Hanoi), Trail-Making Test
(especially Part B), the Halstead–Reitan Cate-
gory Test, the Weigl Color Form Sorting Test
[106], the Cognitive Estimates Test [107], and
the Verbal Switching Test [108]. The Hayling and
Brixton Tests for sentence completion and spa-
tial anticipation are tests of rule following and
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