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Preface

This  collaboration  on  cognitive  screening  brings  together  two
rapidly growing and overlapping fields, namely geriatric psychiatry
and neuro-psychiatry. As colleagues in the same department, we
came  to  realize  the  importance  of  sharing  our  expertise  and
experience  of  assessing  and  treating  a  wide  range  of  central
nervous  system  (CNS)  disorders.  The  fields  of  psychiatry,
geriatrics, neurology, neuropsychology and primary care all share
a  role  and  vested  interest  in  the  early  identification  of  brain
disorders  as  well  as  having  the  capacity  to  monitor  cognitive
changes over time.

The  book  focuses  on  the  brief  or  ‘quick’  cognitive  screening
instruments. Inevitably, there is a selection bias on the part of the
authors in terms of which instruments we chose to review and their
relative  emphasis.  However,  we  did  strive  for  objectivity  in
reviewing  those  instruments  most  widely  used  and  studied.  We
also felt that a chapter devoted to frontal lobe tests was necessary,
given the importance of this brain region in modulating behavior
and  cognition.  In  this  book,  we  summarize  the  current  state  of
knowledge  related  to  the  development  of  cognitive  screening
instruments.  Hopefully,  readers  will  find  the  book  of  academic
interest and practical value in their daily clinical work.

Kenneth I Shulman
Anthony Feinstein 
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Chapter 1
Introduction to cognitive screening

Why cognitive screening?

With a rapidly growing elderly population comes the ‘demographic
imperative’ that neuropsychiatric disorders will become one of the
major clinical and public health challenges of the next generation.
The dementias and neuropsychiatric disorders in this population,
as well as in younger patients, represents a challenge for which we
are  still  largely  unprepared.  While  many  of  these  conditions  are
not reversible, secondary and tertiary prevention are realistic and
important  goals  for  health-care  systems  around  the  world.
Prevention  involves  early  diagnosis  and  treatment,  but  also
disability limitation and the prevention of complications resulting
from those  disorders  (Ganguli,  1997).  Ganguli  rightly  makes  the
point that ‘No cognitive screening measure is an Alzheimer’s test;.
While  non-professionals  can  generally  perform  screening,  those
who test positive need to be targeted for more skilled and detailed
assessments. Although screening represents only the first step in
a  process  of  assessment  and  ‘work-up’,  it  still  offers  the  best
opportunity for secondary prevention (Ganguli, 1997).

Early detection carries with it a number of important potential
benefits from a clinical as well as a societal perspective:

1. The  early  diagnosis  of  a  neuropsychiatric  or  dementing
disorder  offers  the  opportunity  to  provide  an  explanation  to
patients  and families  regarding  changes  in  cognition,
functioning, behavior or mood.

2. The  establishment  of  a  firm  diagnosis  allows  for  planning  of
important issues for the patient and family. This includes the
preparation  of  Powers  of  Attorney  for  property  and  personal



care; Living Wills for end-of-life care; Last Will and Testament
for  the  distribution  of  one’s  assets  according  to  personal
wishes;  as  well  as  planning  for  an  appropriate  residential
facility which may become necessary for care in the future.

3. The  establishment  of  a  diagnosis  of  dementia  or  other  brain
disorder  identifies  an  increased  risk  for  delirium  and  also
highlights the need to monitor the risks for driving and taking
appropriate action.

4. There  have  been  significant  advances  in  the  treatment  of
cognitive  impairment  with  cognitive  enhancers  such  as
cholinesterase  inhibitors  (Herrmann,  2002).  The  earlier  the
diagnosis is established, the more likely it is that these drugs
may  provide  benefit  by  retarding  the  progression  of  the
disease, in some cases temporarily improving function.

5. The  costs  of  these  disorders  from  a  societal  perspective  are
substantial and threaten to overwhelm the health-care system
in  the  next  generation.  The  appropriate  planning  of  services
will  help  to  minimize  societal  costs,  although  this  will  not
prevent  the  inevitable  increase  in  costs  associated  with  this
growing  population  (Ostbye  and  Cross,  1994).  This  planning
includes paying close attention to the needs of caregivers.

6. Secondary  opportunities  from  a  societal  perspective  include
the  development  of  standards  for  dementia  care  and  the
development of strategies for population-based health care of
cognitively impaired individuals and their caregivers (Lorentz et
al, 2002).

7. Finally,  from  an  academic  perspective,  early  detection  and
diagnosis  of  dementia  will  allow  for  the  participation  of
individuals in clinical research at a relatively early stage and
thereby  allow  important  testing  of  a  variety  of  innovative
therapeutic interventions.

Screening  may  also  be  helpful  in  identifying  those  individuals
suffering  from  ‘mild  cognitive  impairment’  (Geda  and  Petersen,
2001).  These  are individuals  who  typically  have  memory
complaints,  corroborated  by  an  informant,  but  whose  cognitive
impairment  is  not  sufficiently  severe  to  establish  a  diagnosis  of
dementia.  Cognitive  screening  may  identify  such  individuals  for
long-term follow-up or  possible  pharmacological  intervention.  As
clinical  trials  are  underway  in  this  population,  it  may  be
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increasingly important to determine which factors associated with
mild  cognitive  impairment  predict  who  will  go  on  to  develop  a
progressive dementia.

Another important function of brief cognitive tests is not simply
initial  screening  but  also  monitoring  of  change  in  cognition  over
time. Since diagnosis is often unclear after initial assessment, the
capacity  to  retest  over  the  course  of  follow-up  is  clinically  very
useful.

Freyne  (2001)  cautions  that  there  are  potential  drawbacks  to
screening and that it  is  not an entirely benign procedure.  False-
positive results may cause distress and lead to the stigma of being
labeled mentally ill. Furthermore, in many jurisdictions a lack of
specialized neuropsychiatric, geriatric and psychogeriatric services
may raise serious questions about the capacity to manage positive
cases identified through a screening mechanism.

Who to screen?

In  general,  screening  should  be  carried  out  in  a  population  of
individuals  who  yield  the  highest  potential  of  identifying  the
disorder  (Ganguli,  1997).  This  inevitably  means  those  who  have
achieved great  age,  where the prevalence of  dementia is  highest,
especially  those  80  and  over  (CSHA,  2000).  Others  have  argued
that  individuals  who  have  subjective  complaints  of  memory
impairment should be screened, but there are two problems with
this  approach.  The  first  is  the  difficulty  of  anosognosia,  which
prevents  individuals  who  suffer  from  dementia  from  identifying
their  own  deficits  (Sevush  and  Leve,  1993).  The  second  is  that
those who complain of subjective impairment of memory also have
a  high  prevalence  of  depression  (Tobianski  et  al,  1995).  This
notion is countered by the recent work of Alexopoulos et al (1993),
who  found that  reversible  dementia  or  ‘pseudodementia’
associated  with  major  depression  often  leads  to  a  dementing
illness over time. Increasingly, depression is being recognized as a
risk  factor  for  dementia  and  the  original  dismissal  of  subjective
impairment  of  memory  concerns  may  have  been  premature
(Butters et al, 2000; Devenand et al, 1996).

Finally,  the group identified by informants as having concerns
related  to  cognition  represents  an  important  population  for
screening.  O’Connor  et  al  (1989)  showed  a  direct  correlation
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between  dementia  severity  measured  by  detailed
neuropsychological  testing  and  the  ratings  by  key  informants.
Indeed,  a  number  of  authors  suggest  that  informant
questionnaires  can  be  successfully  incorporated  into  formal
cognitive  screening  (Jorm,  1997).  Furthermore,  there  is  some
evidence to suggest that the combination of cognitive testing with
informant reports  increases the accuracy of  detecting true cases
of  dementia  (MacKinnon  and  Mulligan,  1998)  (see  Chapter  8  on
Informant questionnaires).

Obstacles to screening

Considerable evidence suggests that there are high rates of missed
dementia diagnoses in primary care settings (Borson et al, 2000).
Moreover, a recent study found that dementia was missed in 67%
of all  affected cases and in over 90% when impairment was only
mild in severity (Valcour et al, 2000). So why is cognitive screening
not implemented as widely as one would expect?

Bush et al (1997) have reviewed the major obstacles to cognitive
screening  in  general  practice.  While  general  practitioners
acknowledge and recognize the importance of cognitive screening,
they cite lack of time as one of the principal obstacles to screening
in  a  general  practice  setting.  Given  that  the  length  of  a  primary
care visit varies from 7.5 to 19 minutes (Lorentz et al, 2002), it is
unlikely  that  a  screen  that  requires  more  than  3  or  4  minutes
would  be  utilized.  For  example,  the  widely  known  Mini-Mental
State  Examination  (MMSE),  which  takes  about  10  minutes  on
average to administer, is unlikely to be utilized on a routine basis.
If screening is to be utilized in such a setting, then screening tests
need  to be  less  than  5  minutes  in  duration  in  order  to  find
practical  application  at  the  front  lines  of  the  health  service
(Lorentz et al, 2002).

The other concern expressed by general practitioners is that of
acceptability.  Many  cognitive  screening  tests  risk  offending
patients  and  this  would  deter  general  practitioners  and  other
primary  care  clinicians  from  routinely  testing  cognition.
Nonetheless, the general practitioners in the study by Bush et al
(1997)  indicated  that,  if  a  screening  test  proved  to  be  ‘effective’,
acceptable and brief, the vast majority would attempt to use it on
a  routine  basis.  If  the  intent  is  to  increase  the  identification  of
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individuals  vulnerable  to  a  dementia  or  other  neuropsychiatric
disorder, then identification by frontline clinicians is critical.

Qualities of an ideal screening test

Lorentz  et  al  (2000)  note  that  screening  instruments  tend  to
perform  best  when  the  target  sample  is  heavily  weighted  with
individuals suffering from severe cognitive impairment. Therefore,
tests  evaluated  in  different  samples  will  not  be  directly
comparable. Ideally, tests should be validated against a diagnostic
standard  that  is  applied  both  to  subjects  with  and  to  subjects
without  dementia  and  includes  those  with  mild  levels  of
impairment.  Effort  should  also  be  made  to  validate  screening
instruments in sample populations that include a broad range of
educational  levels  and  a  wide  mix  of  ethnic  and  cultural
backgrounds.  It  has been recommended that  cognitive screening
tests  should  be  formally  compared  in  order  to  choose  between
them. Receiver operating characteristic (ROC) curves are the best
methodology for doing this (Storey et al, 2001; Stuss et al, 1996).

Factors  other  than  cognitive  impairment  can  influence  test
scores  (Ganguli,  1997).  These  factors  need  to  be  taken  into
account when screening is carried out in the absence of any other
knowledge of  the individual.  Factors such as education,  cultural
and  linguistic  differences,  as  well  as  sensory  impairment,  can
significantly affect test scores. Nonetheless, clinicians need to be
aware  of  potential  confounders  before  pursuing  detailed
assessment  and investigation  in  individuals  who screen  positive.
Cognitive screening instruments should be influenced as little as
possible by these variables.

The ideal screening test should be:

• very brief (less than 2 to 3 minutes in a primary care setting)
• well  tolerated  and  acceptable  to  patients  without  producing

excessive defensiveness or catastrophic reactions
• easy to administer and score
• relatively independent of confounding factors such as education,

culture and language
• possessing  excellent  psychometric  properties  including  inter-

rater and test/retest reliability,  good sensitivity and specificity
and high positive and negative predictive validity
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• able  to  cover  a  wide range of  intellectual  functions,  i.e.  cast  a
wide net

Ultimately, there is no ‘perfect’ cognitive screening test or battery.
The  search  for  the  test  or  battery  with  the  best  psychometric
properties  must  be  balanced  against  the  practical  issue  of
implementation.  If  primary  care  physicians  and  other  busy
clinicians  will  not  implement  a  test  because  it  is  too  long,  too
cumbersome or unacceptable, then it is not an effective screening
test.  It  may  be  necessary  to  compromise  on  the  psychometric
properties  for  the  sake  of  having  a  test  that  will  be  utilized  in
order to identify those who are in need of further assessment. As
long  as  there  is  no  misconception  that  the  screening  test  is
‘diagnostic’  or  permanently  labels  anyone  as  ‘demented’  or
cognitively  impaired,  then  one  can  safely  and  comfortably
implement a compromise approach to screening.

Consideration must be given to practical issues in reviewing the
role  of  cognitive  screening  (Freyne,  2001).  Specifically,  the
resource implications at both primary and secondary levels need
to be addressed as well as the careful selection of appropriate and
effective  screening  instruments.  Certainly,  there  is  little  support
for screening of all elderly people in a general population (Brodaty
et  al,  1998).  However,  Freyne  (2001)  acknowledges  that
‘opportunistic case finding and screening of specific groups can be
useful’. She calls for further pilot studies that address   screening
questions  and  strengthen  links  between  primary  and  secondary

Table 1.1 Guidelines for development of screening programs (from
Freyne, 2001, with permission from Royal Society from Medicine).

Case finding should be a continuous process, not an isolated incident.
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care services. This is an initial step in identifying the barriers to
screening and the practical obstacles that need to be overcome for
screening  to  be  implemented.  It  would  be  well  to  keep  in  mind
guidelines for the development of screening programs as originally
described by Wilson and Junger (1968) (Table 1.1).

Definitions of psychometric properties

These  definitions  are  from  Hennekens  and  Buring  (1987).  The
validity of a screening test is measured by its ability to do what it
is supposed to do, that is, correctly categorize persons who have
preclinical  disease  as  test-positive  and  those  without  preclinical
disease  as  test-negative.  Table  1.2  summarizes  the  relationship
between the results of a screening test and the actual presence of
disease  as  determined  by  the  results  of  an  appropriate
subsequent diagnostic test.

Sensitivity and specificity are two measures of the validity of a
screening test.  Sensitivity  is  defined as  the  probability  of  testing
positive if the   disease is truly present and is calculated by a/(a+c)
(Table  1.2).  As  the  sensitivity  of  a  test  increases,  the  number  of
persons  with  the  disease  who  are  missed  by  being  incorrectly
classified as test-negative (false negatives) will decrease. Specificity
is defined as the probability of screening negative if the disease is
truly  absent  and  is  calculated  by  d/(b+d).  A  highly  specific  test
will rarely be positive in the absence of disease and will therefore
result  in  a  lower  proportion  of  persons  without  disease  who  are
incorrectly classified as test-positive (false positives). 

ROC curves are useful in describing the accuracy of a screening
test over a range of cut-off points (Jarvenpaa et al, 2002). Moreover,
the  ROC  curve  can  serve  as  a  nomogram  for  determining
specificity corresponding with a given sensitivity. It demonstrates
the clear trade off between sensitivity and specificity for cognitive
screening  tests  and  therefore  can  be  helpful  in  determining  the
best  cut-off  point.  The area under the ROC curve best  describes
the accuracy of the test. The larger the area under the curve, the
better  the  psychometric  properties  of  this  test.  Throughout  the
book we will report and provide ROC curves to reflect the accuracy
and validity of various tests and instruments.

With  respect  to  the  yield  (Hennekens  and  Buring,  1987),  or
number  of  cases  detected  by  a  screening  program,  one  measure
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that  is  commonly  considered  is  the  predictive  value  of  the
screening test (Vecchio, 1966). Predictive value measures whether
or not an individual actually has the disease, given the results of
the screening test. Predictive value positive (PV+) is the probability
that a person actually has the disease given that he or she tests
positive, and is calculated (using the notation in Table 1.2) as:

The positive predictive value is dependent on the prevalence of the
disorder in the population being studied. Analogously,  predictive
value  negative  (PV−)  is  the  probability  that  an individual  is  truly
disease-free given a negative screening test,  and is calculated as
follows:

Table 1.2 Results of a screening test (from Hennekens and Buring, 1987,
with permission from Lippincott Williams and Wilkins).

a=The number of individuals for whom the screening test is positive and
the individual actually has the disease (true positive).
b=The number f or whom the screening test is positive but the individual
does not have the disease (false positive),
c=The number for whom the screening test is negative but the individual
does have the disease (false negative).
d=The number to whom the screening test is negative and the individual
does not have the disease (true negative).
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Chapter 2
Permorbid intellectual  functioning

Intelligence

As  an  introduction  to  a  chapter  describing  the  assessment  of
premorbid  intelligence,  a  few  comments  on  the  question  of
intelligence  per  se  are  needed.  Intelligence  comprises  many
different  abilities  and,  as  such,  the  majority  of  approaches  to
assessment  comprise  sets  of  different  tasks,  both  verbal  and
performance  related.  The  most  widely  used  measures  are  the
Wechsler  Intelligence  Scales  (Wechsler,  1981)  which  have  gone
through  periodic  revisions  since  their  introduction.  Single-scale
measures of intelligence such as the Raven’s Progressive Matrices
(Raven,  1996)  are  used  less  frequently,  although  in  certain
circumstances they may be preferred.

Intelligence  tests  are  scored  and  provide  a  scaled  index  of
intelligence, with 100 taken as the mean and 15 as the standard
deviation.  Approximately  95%  of  the  population  will  have  an
intelligence  score  within  two  standard  deviations  of  the  mean,
establishing  the  ‘normal’  intelligence  quotient  (IQ)  range  as  70–
130.

This intellectual index is not, however, all-embracing of human
attributes  (Spreen  and  Strauss,  1998).  Wisdom,  practical
knowledge  and  social  skills,  to  mention  but  three,  are  not
captured  by  these  tests.  Similarly,  while  IQ  is  an  important
predictor of school grades, it accounts for no more than a quarter
of  the  overall  variance  when  it  comes  to  predicting  academic
success,  with  other  factors  such  as  persistence,  application  and
motivation proving equally, or more, important. 



Premorbid IQ

Before  beginning a cognitive  examination it  is  important  to  have
an  estimate  of  premorbid  intellectual  ability  as  a  yardstick  with
which  to  measure  possible  decline.  To  provide  such an estimate
requires  a  test  that  is  relatively  robust  to  cognitive  impairment
and  able  to  withstand  the  destructive  effects  of  degenerative
diseases  such  as  senile  dementia  of  the  Alzheimer  type  or  Lewy
body  dementia.  In  subjects  with  acquired  brain  disease,
performance  aspects  of  IQ  may  be  more  adversely  affected  than
verbal abilities, thereby providing a clue as to the greater potential
resilience  of  verbal  aspects  of  cognition.  Even  within  the  verbal
domain, certain aspects of cognition are more robust than others.
Thus,  verbal  comprehension  and  aspects  of  verbal  expression
decline moderately in patients with dementing illnesses. Similarly,
reading  comprehension  may  also  decline.  On  the  other  hand,
reading ability for irregular words is better preserved (Cummings
et al, 1986). This observation led Nelson and O’Connell (1978) to
develop the National Adult Reading Test (NART).

The National Adult Reading Test

The NART is made up of 50 orthographically irregular words. The
subject is required to read them aloud in an order of  decreasing
frequency  of  usage.  The  emphasis  is  on  pronunciation,  which
depends  on  familiarity  from  previous  exposure.  The  number  of
errors  made  (words  mispronounced)  are  tallied  and  used  to
generate  an  IQ  score.  The  NART  was  originally  standardized
against the Wechsler Adult Intelligence Scale (WAIS) (Nelson, 1982)
and more recently against the WAIS-Revised (WAIS-R) on a sample
of subjects aged 18–70 years (Nelson and Willison, 1991). On the
basis  of  NART  scores,  the  examiner  can  predict  both  a  WAIS-R
full-scale  IQ  ranging  from  69  to  131  and  a  WAIS-R  verbal  IQ
ranging from 70 to 127.

What makes a reading test such a useful marker of premorbid
intellect  is  that  NART  scores  do  not  correlate  with  age  or
socioeconomic  status. While  cognition  declines  with  age,  with
impairments  in  memory  and attention  beginning  as  early  as  the
fifth decade (Feinstein et al, 1994), the NART is fairly resistant to
the  effects  of  aging  up  until  84  years  (Brayne  and  Beardsall,
1990). Furthermore, the NART may still provide a valid indicator of
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premorbid IQ, even in patients in the early stages (Crawford et al;
1988;  Cummings  et  al,  1986;  Nebes  et  al,  1984;  O’Carroll  and
Gilleard,  1986)  and  later  stages  (Hart  et  al,  1986;  Nelson  and
McKenna,  1975;  Nelson  and  O’Connell,  1978)  of  Alzheimer’s
disease.

There  are,  however,  a  number  of  reports  suggesting  that  the
NART  may  not  be  accurate  in  patients  with  dementia,  even  in
those  at  the  milder  end  of  the  spectrum.  O’Carroll  et  al  (1995)
challenged  the  assumption  that  reading  ability  at  the  level  of  a
single word is maintained despite increasing dementia. In a study
of  68  patients  with  probable  Alzheimer  dementia  of  varying
severity,  significant,  albeit  moderate,  correlations  were  noted
between  NART  scores  and  those  on  the  Mini-Mental  State
Examination  (MMSE)  (Folstein  et  al;  1975).  When  the  authors
divided the sample according to dementia severity, with subgroups
matched  for  age,  sex  and  years  of  education,  significant
differences  in  NART  scores  between  groups  were  revealed.  The
study  concluded  that  NART  scores  were  predicated  by  dementia
severity and provided a serious underestimation of premorbid IQ
in subjects with a MMSE score of less than 13.

Further  evidence  along  these  lines  comes  from Patterson  et  al
(1994)  who  also  noted  a  close  correlation  between  severity  of
dementia and NART scores, with the added caveat that the NART
may fall  short  by  up to  15 points  in  estimating premorbid IQ in
individuals with moderately severe dementia.

Longitudinal  validity  studies  of  the  NART  demonstrate  mixed
results. In a sample of 61 healthy normal adults tested twice, 10
days apart, there was a significant but small decrease in errors at
the second testing,  which prompted the conclusion that practice
effects  were  minimal  and  most  likely  clinically  unimportant
(Crawford et al, 1989a). However, in a second study with a 1-year
test-retest  interval  and  comprising  a  sample  of  69  community-
resident,  non-dementing  adults,  a  significant  decrease  in errors
was  found,  highlighting  the  role  of  practice  effects  (J.Cockburn,
Doctoral  Thesis).  The  results  from  studies  involving  demented
patients  are  equally  equivocal.  In  a  1-year  longitudinal  study  of
subjects  with  mild  to  moderate  dementia,  a  fall-off  in  cognitive
performance  was  not  matched  by  a  similar  decrease  in  NART
scores,  suggesting  a  dissociation  between  reading  ability  and
other aspects of cognition as dementia progresses (O’Carroll et al,
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1987).  The  authors  cautioned  that  this  result  may  not  hold  for
more severe forms of dementia. Two further studies revealed that
this was indeed the case. A 3-year study of patients with probable
Alzheimer’s disease noted a deterioration in NART scores over time
with  a  discernible  pattern  in  deficits,  i.e.  regularization  in  word
pronunciation (e.g. capon becoming ‘cap on’), suggesting a loss of
semantic  memory  in  the  presence  of  intact  phonological  ability
(Fromm  et  al,  1991).  Another  longitudinal  study  (Paque  and
Warrington, 1995) of 57 Alzheimer patients produced results that
straddled both of these earlier studies. With a 10-month test-retest
interval,  an  average  5-point  decline  in  NART scores  was  notably
less  than  a  10-point  decline  in  verbal  IQ  and  8-point  decline  in
performance  IQ,  suggesting  a  relative  resilience  rather  than  a
preservation  in  reading  abilities.  Methodological  weaknesses  in
these studies have been noted and include the use of a shortened
version of the NART and the fact that subjects were tested on no
more  than  two  occasions.  In  order  to  address  these  concerns,  a
detailed  assessment  of  the  NART’s  resilience  to  decay  over  a  4-
year  period  was  undertaken  in  a  sample  of  78  patients  whose
diagnosis of  dementia was either confirmed at autopsy (n=50) or
made clinically (n=28). In addition to annual NART examinations,
subjects were seen every 4 months for a behavioral assessment, at
which  point  the  MMSE  was  also  completed  (Cockburn  et  al,
2000).  A  mean MMSE of  14.3  on entry  to  the  study attests  to  a
significant degree of cognitive impairment in the sample. The gist
of the serial results is that the MMSE and NART scores declined
over  time,  with  the  extent  of  the  NART decline  a  function  of  the
MMSE score on entry into the study, i.e. the more pronounced the
dementia, the more rapid the longitudinal decline in NART scores.

The validity of the NART has been examined in other dementing
conditions. 

Korsakoff’s syndrome

There  are  a  number  of  studies  that  have  used  the  NART  to
estimate premorbid intelligence in Korsakoff patients (Jacobson et
al,  1990; Joyce and Robbins, 1991; Kopelman 1989, 1991; Leng
and Parkin, 1988; Mayes et al, 1991; Shoqeirat and Mayes, 1991;
Shoqeirat et al, 1990) despite evidence that the disease may affect
word  pronunciation.  Crawford  et  al,  (1988)  found  that  12
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Korsakoff patients (alcohol related) made more NART errors than
control  subjects  matched  for  age;  sex  and  years  of  education.  A
second study subsequently replicated the result in a larger sample
of  Korsakoff  patients  once  again  matched  with  healthy  controls.
Of note was that only Korsakoff patients made more NART errors,
but  that  the  NART  correlated  significantly  with  memory
impairment and was less sensitive than demographic variables in
predicting premorbid intellect (O’Carroll et al, 1992a). This result
is perplexing, given that general intellect in Korsakoff patients is
intact in the face of significant memory impairment. One possible
explanation relates to the impulsivity of Korsakoff patients which
incorporates an inability to error-check coupled with the blurting-
out of responses typical of confabulators (O’Carroll et al, 1992a).

Huntington’s disease

There are two studies that have used the NART in subjects with
Huntington’s  disease  and  both  have  raised  doubts  about  the
validity of the test (Blackmore et al, 1994; Crawford et al, 1988).
This  has  raised  the  question  (yet  to  be  answered)  of  whether
demographic variables are not perhaps more sensitive indicators of
premorbid intelligence.

Schizophrenia

The NART has been used to assess premorbid ability in patients
with  schizophrenia  (Dunkley  and  Rogers,  1994;  Jones  et  al,
1994), although there is evidence that in one subgroup of patients
results may be problematic.  In a study that compared results in
community-based  and  long-stay  institutional  schizophrenic
patients,  NART  scores  in  the  latter  were  considered  severely
compromised despite close between-group demographic matching
(Crawford et al, 1992). Two possibilities could explain this result:
the long-stay patients may indeed have had a lower premorbid IQ,
a  factor  that  may  have  predisposed  them  to  chronic
institutionalization  in  the  first  place;  or  alternatively,  the  NART
performance  was  affected  by  the  disease,  which  in  the  case  of
hospital-bound  patients  may  have  been  a  more  severe  variant.
Given this finding, the use of the NART in schizophrenic patients
is probably safest in those who are acutely ill. Empirical evidence
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for  this  comes  from  a  study  that  failed  to  detect  differences  in
NART scores between 20 acutely ill, non-medicated schizophrenic
patients and 20 control subjects (O’Carroll et al, 1992b).

Depression

There  is  a  weak  consensus  that  depression  does  not  affect  the
accuracy  of  irregular  word  pronunciation  (Austin  et  al,  1992;
Crawford et al, 1987). The question of whether the robustness of
the NART in the context of depression could then be used to help
tease  out  the  diagnostic  dilemma  of  dementia  versus
pseudodementia  (i.e.  depression masquerading as  dementia)  has
been summarized by O’Carroll et al (1994). Discrepancies between
the  NART  on  the  one  hand  and  scores  on  the  WAIS-R,  Raven’s
Matrices  and  Wechsler  Memory  Scale  on  the  other  have  been
explored with unsatisfactory results. The NART may therefore be a
valid means of testing premorbid IQ in depressed patients, but its
use does not extend beyond this.

Traumatic brain injury

There is one study reported in the literature assessing the validity
of  the  NART  in  subjects  with  closed-head  injury  (Watt  and
O’Carroll,  1999).  Comparing  three  groups  of  subjects,  namely
those  with  a  closed  traumatic  brain  injury  (TBI)  (n=25),  healthy
subjects  (n=50)  and  orthopedic  patients  (n=20),  no  premorbid
differences were observed. Of note is the composition of the head-
injured sample: 60% had a severe TBI (Glasgow Coma Scale score,
3–8),  24%  had  a  moderately  severe  TBI  (Glasgow  Coma  Scale
score,  9–12)  and  16%  had  a  mild  injury  (Glasgow  Coma  Scale
score,  13–15).  Unfortunately,  the  NART  data  were  not  analyzed
according  to  TBI  severity,  thereby  neglecting  an  important
question that has been particularly germane to dementia research
in Alzheimer’s  disease,  namely,  does  the  severity  of  the
pathological  process  compromise  the  accuracy  of  what  is  being
measured?

A further important observation from this TBI study is that, of
two  other  measures  of  premorbid  intellect,  i.e.  the  Cambridge
Contextual  Reading  Test  (CCRT)  (Beardsall  and  Huppert,  1994)
and the Spot-the-Word Test (SWT) (Baddeley et al, 1993), only the
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former was considered useful  in assessing premorbid intellect in
TBI patients.

Glioma

A study of 16 patients with glioma who had received whole-brain
prophylactic  radiation  demonstrated  poor  performance  on  the
NART  relative  to  a  group  of  demographically  matched  healthy
controls  (Ebmeier  et  al,  1993).  The  preponderance  of  tumors  in
the  left  temporal  lobe  in  this  sample  hinders  extrapolating  this
result to all patients who have received similar radical therapy.

Abbreviated NART

The full NART contains 50 words. This has led some investigators
to  suggest  that  the  length  of  the  test  may  be  anxiety  provoking,
thereby  affecting  subjects’  performance.  A  study  of  a  shortened
version (Beardsall and Brayne, 1990) demonstrated minimal loss
of  predictive  ability  (Crawford  et  al,  1991).  However,  there  is  a
consensus  amongst  researchers  that  the  full  version  is  not  a
‘threatening’  test,  given  that  it  taps  well-established  knowledge.
Furthermore, the majority of subjects do not know when they are
making  an  error  by  mispronouncing  a  word  and,  therefore,  are
unlikely  to  allow  anxiety  to  intrude  into  their  performance.  The
abbreviated NART is thus seldom used.

Given the cultural specificity of words used in the NART, a North
American  version  has  been  developed,  the  NAART  (Blair  and
Spreen,  1989)  or  AMNART  (Grober  and  Sliwinski,  1991).  A
complementary  word-reading  system  is  the  Wide  Range
Achievement  Test,  third  edition  (WRAT3)  (Wilkinson,  1993).  Two
versions of the WRAT3 are given, thereby mitigating the effects of
practice. The reading test consists of two sections, namely a list of
15 letters of the alphabet followed by 42 words. As with the NART,
the  emphasis  is  on  the  correct  pronunciation.  The  words  are
read first and if subjects score fewer than five correct responses,
they  must  take  the  letter  identification  test  as  well.  If,  however,
there are more than five correct pronunciations, the letter reading
can  be  dispensed  with,  although  credit  must  be  given  for  this
section when calculating the final score. Raw scores are converted
into  standardized  scores  that  approximate  premorbid  IQ  and
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grade  scores  that  place  the  individual  at  a  school  grade
commensurate with his or her premorbid intellectual ability. The
WRAT3  has,  in  addition  to  reading  sections,  others  devoted  to
spelling and arithmetic.

Summarizing the NART data, it is important to note that validity
studies  have  generally  targeted  healthy  subjects  or  those  with
probable,  possible  or  definite  Alzheimer’s  disease.  To  a  lesser
extent,  patients  with  schizophrenia,  TBI,  Huntington’s  disease,
depression and one particular type of brain tumor have also been
investigated.  How  similar  data  stand  up  in  other  common
dementing  conditions  such  as  vascular  dementia,  Lewy  body
dementia  or  the  cognitive  impairments  associated  with  common
disorders such as multiple sclerosis and Parkinson’s disease have
not  been  assessed  with  the  same  thoroughness.  Therefore,  any
conclusions  concerning  the  NART  must  be  viewed  with  this
limitation in mind. The weight of evidence points to the NART being
a  valid  indicator  of  premorbid  intelligence  in  healthy  individuals
and  probably  those  with  early  onset  (and  thus  less  cognitively
impaired)  Alzheimer’s  disease.  In  more  severely  compromised
patients,  the  evidence  suggests  that  the  NART  underestimates
premorbid  intellect,  particularly  when  the  MMSE  score  is  less
than 13.

Other methods for assessing premorbid IQ

Cambridge Contextual Reading Test

The  concerns  over  the  validity  of  the  NART  have  prompted
attempts at  developing improved ways of  ascertaining premorbid
intellect. One approach has been to counteract the possibility that
increasing  mispronunciation  with  advancing  dementia  occurs
because individuals fail  to recognize words as familiar (Beardsall
and  Huppert,  1994).  Recognition may,  however,  be  fostered  by
embedding  the  target  word  in  a  sentence  that  confers  context.
This  semantic  association  may  therefore  address  not  only  what
Fromm and colleagues (1991) postulated was a deficit in semantic
memory  that  underlay  the  increasing  difficulties  demented
patients  experienced  with  word  pronunciation,  but  also  the
potential  confounder  of  poor  education.  Furthermore,  there  is
evidence  that  adding  a  contextual  sentence  may  enhance
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performance via a different mechanism, namely sentence priming,
which  is  probably  intact  in  demented  patients.  This  refers  to
meaning derived from the entire sentence rather than from a set
of individual word associations.

There  is  empirical  evidence  that  embedding  target  words  in
semantic  and  syntactic  contexts  improves  NART  performance,
both  in  healthy  older  subjects  and  in  those  with  minimal  and
moderate dementia. Of note, is that healthy elderly subjects with
average reading skills increased their NART scores by 28% whereas
better  readers  did  not  benefit  from  context  (Beardsall  and
Huppert, 1994). The improvements in NART scores for minimally
and moderately demented patients were 29 and 39%, respectively.

In  a  wide-ranging  study  that  attempted  to  validate  the  CCRT,
Beardsall (1998) enrolled a sample of 73 healthy older subjects (70
years and older) in a protocol that included the CCRT; NART, the
verbal  subset  of  the  Wechsler  Adult  Intelligence  Scale  (vIQ),  a
detailed set of demographic data and the Mill Hill Vocabulary Test
(MHVT)  (Raven,  1958),  since  vocabulary  is  another  putative
marker of premorbid IQ (see section on WAIS subscales).

An  example  of  some  of  the  sentences  of  the  CCRT  are  shown
below, with the NART words in italics.

Example  1:  The  bride  was  given  a  beautiful  bouquet  by  the
courteous  groom.  They  began  to  walk  down  the  aisle  as  the
organist played the first chord of the psalm.

Example 2: The prisoner was gaoled for five years, although he
said, ‘I deny all charges against me’.

The  results  largely  replicated  the  earlier  findings,  i.e.  that  the
presence of context was most beneficial in boosting the scores of
those  individuals  with  the  poorest  reading  ability.  These
individuals  posted  a  10% improvement  over  their  NART  scores.
The  CCRT  also  showed  reasonably  strong  correlations  with  the
WAIS-R  verbal  IQ  and  the  Mill  Hill  Vocabulary  Test,  thereby
illustrating that the test is a valid measure of  verbal IQ, at least
for  British  subjects.  Furthermore,  when  the  CCRT  was  entered
into a regression analysis with the aim of determining predictors of
verbal IQ, it accounted for a respectable 61% of the variance. The
author  therefore  concluded  that  the  CCRT  was  the  preferred
method for  detecting  premorbid  intellect  in  elderly  subjects  with
poor  reading  skills  and  those  with  at  least  moderately  severe
dementia.
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One  further  study  compared  the  NART  with  the  CCRT  in
estimating premorbid intelligence, but extended the methodology
by adding the third index was prompted by the recognition that, in
the face of  increasSpot  the Word Test  (SWT)  (Law and O’Carroll,
1998).  The  addition  of  a  ingly  severe  dementia,  even  the  CCRT
underestimated scores. The NART and CCRT also share a limited
effectiveness  in  the  presence  of  aphasic  and dysarthric  patients,
an additional factor that prompted the development of the SWT. In
this paradigm, subjects are not required to read aloud, but must
still  make  a  lexical  decision  by  indicating  on  a  series  of  paired
words which is the real and which is the pseudo word (Baddeley
et al, 1993).

Comparing  the  three  modalities  in  a  sample  of  21  elderly
patients  with  Alzheimer’s  disease,  94  healthy  volunteers  and  20
patients with orthopedic injuries, results indicated that, while all
three  measures,  namely  the  NART,  CCRT  and  the  SWT  were
relatively  unaffected  by  dementia,  only  the  NART  and  CCRT
correlated well with current verbal intelligence. A final observation
was that demented patients showed a significant improvement in
performance  compared  to  control  subjects  when  the  irregular
words (i.e. NART items) were placed in contextual sentences. This
led  the  authors  to  conclude  that  the  CCRT  was  the  preferred
method of assessing premorbid intellect. A similar result has been
found  in  a  sample  of  114  healthy  subjects  (Watt  and  O’Carroll,
1999).

Demographic variables

A  number  of  demographic  variables  can  be  used  to  predict
premorbid IQ. Variables such as education, occupation, race, age
and gender are introduced into a regression analysis to calculate
the  value  of  premorbid  intellect,  although  results  should  be
considered  an  approximation,  not  a  precise  estimate  of  IQ.  For
example, the Barona equation accounts for 38%, 24% and 36% of
the  vIQ,  pIQ  and  full-scale  IQ  scores,  respectively  (Barona  et  al,
1984). From these figures it can be seen that demographic indices
are  better  predictors  of  premorbid  verbal  as  opposed  to
performance  IQ.  Other  investigators  have,  however,  derived
equations  that  produced  more  robust  results.  Thus,  Wilson’s
equation (Wilson et al, 1978) predicted 54% of the variance, while
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Crawford et al (1989b) were able to predict 50% of the variance in
the full-scale WAIS IQ.

There are both advantages and disadvantages to this approach.
On the plus side, the procedure is completely independent of the
subject’s  current  cognitive  functioning.  However,  in  some
developmental disorders, including schizophrenia, the early onset
of the morbid process may adversely affect the level of education
and skill of the occupation, thereby influencing calculation-based
estimates  of  premorbid  intellect.  In  addition,  even  when  these
factors  are  not  relevant  to  the  subject,  the  regression  analyses
cannot furnish more than 50% of the variance scores. Estimates
become  particularly  suspect  when  premorbid  IQ  lies  at  the
extreme end of the normal IQ range, i.e. scores below 69 or greater
than  120  (Barona  et  al,  1984;  Sweet  et  al,  1990).  Thus,
demographic-based estimates should not be used in the gifted or
the mentally retarded subject.

Evidence  suggests  that  the  NART  and  NAART  are  better
predictors  than  demographic  variables  of  verbal  premorbid  and
full-scale IQ (Blair and Spreen, 1989).

WAIS subscales

Some of the subscales of the WAIS are more resistant to decay in
acquired  brain  injury.  Two  verbal  modalities  (vocabulary  and
information)  and  one  performance  modality  (picture  completion)
are considered best in this regard. Another view, allied to this, is
that  the  WAIS  should  be  completed  and  the  highest  score  on  a
particular  index  taken  as  the  marker  of  premorbid  functioning
and the standard by which current functioning should be judged
(Lezak, 1983). 

Combining measures

It  makes  intuitive  sense  that,  if  the  NART  and  demographic
variables  both  measure  premorbid  IQ,  combining  them  may
improve  the  accuracy  of  the  measure.  On  balance,  the  data
support  this  view,  although  not  all  studies  are  in  agreement.
There  is  evidence  that  adding  demographic  data  to  the  NART
increases the explained variance between 7 and 18%, depending
on the study quoted (Crawford et  al,  1989b;  Watt  and O’Carroll,
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1999; Willshire et al, 1991). Two North American studies refuted
this result (Blair and Spreen, 1989; Grober and Sliwinski, 1991).
There are also data to show that demographic variables enhance
the CCRT and the SWT as well (Watt and O’Carroll, 1999).

Conclusion

From  a  clinical  point  of  view,  the  NART  (or  NAART)  is  easy  to
administer, takes no more than a few minutes to complete and is
simple  to  score.  While  there  is  a  tendency  for  scores  to  be
underestimated  in  certain  conditions,  it  provides  a  good
approximation  of  premorbid  intellectual  abilities  and  places
current  cognitive  performance  in  perspective.  The  Cambridge
Contextual  Reading  Test  is  also  relatively  simple  and  quick  to
administer  and,  while  there  is  considerably  less  published
literature on this method compared to that of the NART, the test is
to be preferred in the case of those disorders, such as moderate to
severe dementia and early onset,  institutionalized schizophrenia,
where  the  validity  of  the  NART  is  compromised.  In  research
settings,  the  adjunctive  use  of  demographic  predictors  enhances
the  accuracy  of  the  assessment.  All  the  measures  mentioned  in
this chapter are in the public domain.
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Chapter 3
Mini Mental State examination

History of the development of the MMSE

On  revisiting  the  original  publication  of  the  Mini  Mental  State
Examination  (MMSE)  (Folstein  et  al,  1975),  Alistair  Burns  aptly
described  his  feelings  as  ‘akin  to  a  sense  of  awe’  (Burns,  1998).
Nowhere  in  psychiatric  practice  has  there  been  a  standardized
instrument  so  widely  used  around  the  world.  As  of  this  writing,
the  MMSE has  been cited  on 13 000 occasions!  It  crosses  every
continent, culture and language (Appendix 3.1). Moreover, it has
become  the  lingua  franca  of  cognitive  assessment.  Clinicians
naturally  ask,  ‘What  is  the  MMSE  score?’  in  order  to  have  a
measure of cognitive function.

The  MMSE  is  generally  grouped  into  seven  categories
representing different cognitive domains or functions: orientation
to  time  (5  points);  orientation  to  place  (5  points);  registration  of
three words (3 points); attention and calculation (5 points); recall
of  three  words (3  points);  language (8  points);  and visual  spatial
ability  (1  point).  Orientation,  short-term  memory  and  language
skills clearly predominate in the MMSE.

Ironically, as Marshall Folstein the prime developer of the MMSE
pointed out, its design was rather casual, deriving its component
parts  from  items  that  were  selected  from  various  sources  that
Folstein could recall from his mentors and from textbooks he had
read  (Folstein,  1998).  The  main  criterion  for  selection  was  that
items  could  be  applied  ‘without  additional  equipment  at  the
bedside’.  This simple feature appears to have been the key to its
phenomenal  usage.  In  the  1970s,  clinicians  were  gaining
awareness  of  the  importance  of  assessing  cognitive  function  in
elderly patients. The MMSE came along at a time when the need



was great, and yet no other instrument had captured the clinical
marketplace.  Perhaps  it  was  the  name  ‘Mini  Mental  State’  that
was attractive. Perhaps it was the fact that it tested a number of
different cognitive domains, and not simply orientation and short-
term memory. Its validity was assessed using the Wechsler Adult
Intelligence  Scale  (WAIS)  with  Pearson  R  correlation  of  0.78  for
verbal  intelligence  quotient  (IQ)  and  0.66  for  performance  IQ.
Excellent  inter-rater  and  test-retest  reliability  was  also
demonstrated.

Its appeal to psychiatric residents is especially great. Residents
yearn  for  standardized  methods  that  require  little  critical
thinking. The MMSE gives them such a methodology for assessing
cognition in the clinical setting. This scale seems to find a middle
ground  measuring  more  than  most  basic  areas,  but  also  one
which  could  be  administered  quickly  and  acceptably  (Brayne,
1998).  Compared  to  the  detailed  and  cumbersome
neuropsychological test batteries of the mid-1970s; the MMSE is
considered  brief  and  generally  takes  about  10  minutes  to
administer.

However,  a number of  limitations emerged with its widespread
clinical  usage  (Brayne,  1998).  Ceiling  effects  became  obvious  in
younger, more intact individuals, while severely impaired patients
showed marked floor  effects.  Many authors  have highlighted the
influence  and  bias  of  education  (Magni  et  al,  1995),  culture
(Bohnstedt  et  al,  1994)  and  sensory  impairment  (Folstein  et  al,
1985).  In  response  to  many  of  the  concerns  about  bias  and
vulnerability  of  administration,  a  standardized  MMSE  was
subsequently developed to improve inter-rater reliability (Molloy et
al,  1991).  Others  expanded the  MMSE in  order  to  make  it  more
informative  (Teng  and  Chui,  1987).  These  attempts  will  be
described elsewhere, but the original MMSE with all its flaws and
limitations has proved to be extremely robust and appears to be
the  assessment  instrument  of  choice  for  clinicians  around  the
world.

The  multiple  uses  of  the  MMSE  have  been  detailed  (Brayne,
1998).  These  include  clinical  applications  (Galasko  et  al,  1995),
use  in  clinical  research  (Chui  et  al,  1994),  correlation  with
imaging  studies  (Obara  et  al, 1994)  and  studying  community
populations (Brayne and Calloway,  1990; Jorm et  al,  1994).  The
MMSE has been used as the core cognitive measure in a number
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of  major  epidemiological  studies  and  instruments  including  the
Diagnostic Interview Schedule (DIS) used by the National Institute
of Mental Health (NIMH), the Epidemiologic Catchment Area (ECA)
study  in  the  United  States  (Farmer  et  al,  1995),  the  Canadian
Study  on  Health  and  Aging  (CSHA)  and  the  Medical  Research
Council  Cognitive  Function  and  Ageing  Study  in  the  United
Kingdom. While the test is not considered ideal by any measure,
Brayne  (1998)  pinpointed  its  particular  value:  ‘A  shorter  scale
would  never  have  been  useful  in  such  a  variety  of  settings  and
longer cognitive testing is not acceptable to the populations being
studied. It is simple and easily applied’.

A  generation  of  clinicians  seeking  an  acceptable  and  valid
cognitive  screening  test  appears  to  have  been  imprinted  (like
Lorenz’ ducklings) on the MMSE and in all likelihood will continue
to  follow  it  for  the  foreseeable  future.  Brayne  (1998)  predicted
‘heavy quotation’ of the MMSE for another decade, but it appears
that she may have sold short this feisty instrument.

Analyses and modifications of the MMSE

Before documenting the intense scrutiny to which the MMSE has
been  subjected  and  examining  various  recommendations  for  its
improvement,  let  us  review  what  Marshall  Folstein  himself  said
about its use after more than two decades of experience (Folstein,
1998). According to him, the score should be the raw number of
correct  answers  (out  of  a  total  of  30  points).  He  criticizes  the
practice of changing the total for various reasons such as sensory
impairment. Moreover, while there may be a natural inclination to
make the test easy for patients, he argues that its score should be
reported,  as  in  the rest  of  clinical  medicine,  by  simply  recording
observations  before  making  any  interpretations.  Folstein  (1998)
noted  many  of  the  limitations  of  the  MMSE  for  specific
populations, such as those with focal brain disease. Sensitivity is
limited for conditions involving frontal and subcortical changes, as
occur  in  Pick’s disease  (frontotemporal  dementia)  (Axelrod  et  al,
1992),  multiple  sclerosis  (Rao  et  al,  1991),  Parkinson’s  disease
and more recent experience with AIDS dementia.  Folstein (1998)
readily  acknowledged  the  improvement  in  detection  of  such
frontal/subcortical conditions by adding exec-utive function tests
(Royall et al, 1994). Specifically, Folstein highlighted the difference
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in difficulty between serial 7’s and spelling WORLD backwards. He
favors the practice of using the more difficult serial 7’s, unless the
patient refuses to try or is unable to perform the test at all. Others
suggest  WORLD  backwards  as  the  standard  to  be  used  (Molloy
and Standish, 1997; Tombaugh and McIntyre, 1992).

Folstein  also  noted  the  problems  in  translation  of  the  MMSE
into  other  languages.  Items  such  as  ‘no  ifs,  ands  or  buts’  are
designed as a ‘series of short words of low probability of occurring
together  in  a  sentence’.  Yet  this  phrase  clearly  favors  native
English speakers who recognize its idiomatic usage. Does spelling
‘MONDO’  backwards  in  Italian  carry  the  same  difficulty  as
‘WORLD’?

To his  credit,  Folstein is  fully  prepared to  abandon the MMSE
for  what  he  calls  a  ‘Micro  Mental’  test  that  may  enhance  the
psychometric properties of a short cognitive screening instrument
that is still ‘practical, acceptable and sensitive at the bedside’. His
willingness and openness to ‘move on’, however, is not yet shared
by the world population of clinicians, who continue to hang on to
the  MMSE  as  an  old,  familiar  friend  who  they  are  unwilling  to
abandon.

One  cannot  emphasize  enough  that  the  MMSE  score  is  not  a
diagnosis, but as Folstein himself noted, it is ‘merely a dimension
of  cognitive  impairment’.  Different  brain  syndromes  may  show
specific patterns of impairment on the MMSE, but this is a matter
of  interpretation and analysis,  and is  in  no  way reflected  by  the
score alone.

The standardized MMSE

Molloy  and  Standish  (1997)  addressed  problems  in  the
administration  and  scoring  of  the  MMSE,  as  the  original
publication (Folstein et al, 1975) provided little direction. It left too
much  discretion  to  individual raters,  who  developed  their  own
idiosyncratic  practices  such  as  awarding  half  points  for  some
answers, giving hints and encouraging the subject during the test.
The  problem  was  particularly  highlighted  in  multi-site  clinical
trials, where a great deal of time and effort was spent attempting
to develop a consensus on how the MMSE should be administered
and scored (Molloy and Standish, 1997).
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Setting up

In setting up for the assessment, raters are asked to ensure that
hearing  or  visual  aids  are  in  use.  Raters  are  instructed  that
questions  may  be  asked  up  to  three  times,  and  no  clues  or
feedback are to be given during the test. Finally, some props are
required  including  a  large  piece  of  paper  with  intersecting
pentagons on one side and the instruction ‘Close your eyes’ on the
other  side.  A  sharpened  pencil  with  an  eraser  is  required  and  a
watch or a clock is necessary to time each item. The standardized
MMSE  (SMMSE)  also  provides  verbatim  instructions  for  scoring
each item.  For  orientation to  time,  leeway and consideration are
given  for  a  date  that  is  1  day  before  or  after  the  actual  date.
Furthermore, special consideration is given on the first or last day
of the month, or the first or last week of the season.

In  order  to  decrease  variability,  the  SMMSE  exposes  explicit
time  limits  on  all  tasks;  however,  the  subject  is  unaware  of  the
timing in order not to influence performance. Specific instructions
are provided for dealing with time issues in order to preserve the
patient’s  dignity  and  avoid  upsetting  the  patient,  and  thereby
influencing the results.

Orientation to place: items are asked in order from the largest unit
(e.g. country) to the smallest (e.g. floor). Depending on the unique
circumstances  of  each  place  or  building,  a  list  of  acceptable
responses is generated.

The  three-word  registration  and  memory  tasks  are  also
standardized.  The  original  MMSE used  ‘apple,  penny  and  table’.
However,  alternative  three-word  sets  are  necessary  when  the
MMSE  is  used  repeatedly,  thus  avoiding  a  practice  effect.
Examples of other sets with similar word frequency are ‘ball, car,
man’ and ‘bull, war, pan’.

Attention  and  concentration  are  measured  by  two  alternative
tasks,  namely  the  spelling  of  WORLD  backwards  and  serial  7’s,
the latter being more difficult. For the WORLD task, the subject is
first asked to spell WORLD forward. If the subject is unable to do
this  successfully,  the  score  is  zero.  There  are  many  possible
combinations  of  errors  for  spelling  WORLD  backwards,  and  the
SMMSE  provides  such  a  list  with  corresponding  scores.  Many
centers test only the WORLD task for an elderly population.

Naming  of  ‘watch  and  pencil’  is  very  rigorously  scored.
Approximate answers such as ‘clock’ and ‘pen’ are not accepted.
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The  three-stage  command  is  also  a  curiosity  based  on  the
original design of Folstein et al  (1975).  The SMMSE provides the
following  specific  instruction:  ‘Take  this  paper  in  your  (non-
dominant) hand, fold the paper in half once with both hands, and
put  the  paper  down  on  the  floor’.  One  may  still  ask  why  it  is
necessary  to  place  the  paper  on  the  floor.  Such  bending  poses
potential  orthopedic  risks  for  both  subject  and  rater  alike
(Figure 3.1).

Sentence completion  must involve a subject,  verb and object to
score a point. Spelling mistakes are not penalized.

In the copy design task involving intersecting pentagons, a score
of 1 point is awarded only if a four-sided figure is created by the
overlap  of  the  two  pentagons.  Irregularities  created  by  hand
tremor should not be penalized.

When  comparing  the  SMMSE  to  the  MMSE,  the  authors  were
able to demonstrate significant improvements in intra- and inter-
rater variance and interclass correlation. Similarly, the mean time
of administration was reduced from 13.39 minutes for the MMSE
to 10.47 minutes for the SMMSE (p<0.004). 

Despite the obvious advantages of standardized administration
of the MMSE, it is our experience that, more than 10 years after
its  original  publication  (Molloy  et  al,  1991),  the  SMMSE  is  not
used routinely in the clinical setting. The durability of the original
MMSE with its inherent weaknesses continues to impress.

The comprehensive review of the MMSE by
Tombaugh and McIntyre

Readers  are  referred  to  a  comprehensive  review  of  the  MMSE
(Tombaugh  and  McIntyre,  1992).  This  paper  is  the  most  widely

Figure 3.1 Orthopedic hazards of the MMSE.
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cited  analysis  of  the  psychometric  properties  and  utility  of  the
MMSE.  They  review  variability  in  administration  and  scoring  of
the  MMSE,  as  well  as  its  reliability,  validity,  sensitivity  and
specificity.

Studies  involving  the  full  range  of  cognitive  impairment  in  a
variety  of  settings  were  reviewed.  The  main  outcome  measures
against  which  the  validity  of  the  MMSE  was  assessed  included
‘gold  standards’  such  as  clinical  diagnosis,  the  Diagnostic  and
Statistical Manual of the American Psychiatric Association (DSM-
III-R),  and  the  National  Institute  of  Neurological  and
Communicative  Disorders  and  Stroke-Alzheimer’s  Disease  and
Related  Disorders  Association  (NINCDS-ADRDA)  criteria.
Longitudinal  studies  of  dementia  support  the  MMSE’s  construct
validity,  as  scores  generally  decline  between  2  and  5  points  per
year in such subjects.

Analyses of individual items

For  both  normal  and  demented  subjects,  analyses  of  the  seven
cognitive  domains of  the  MMSE revealed that  most  of  the  errors
occurred in  four  of  the  domains:  recall  of  three  words,  attention
and concentration (WORLD/serial 7’s); pentagons; and orientation
to  time.  This  is  similar  to  the  findings  on  telephone  cognitive
screens (Jarvenpaa et al,  2002). Thus, the different items on the
MMSE  are  not  equally  sensitive  to  severity  of  cognitive
impairment.  The  WORLD/serial  7’s  domain  shows  marked
differences.  Spelling  WORLD  backwards  produces  higher  scores
than  serial  7’s  and  correlates  better  with  the  total  MMSE  score
(Holzer et al, 1984). Thus, WORLD should be the preferred choice
for this item.

While concluding that the MMSE has largely fulfilled its goal of
assessing severity of cognitive impairment and change over time,
Tombaugh and McIntyre (1992) cite significant residual concerns.
The  first  is  the  MMSE’s  lack  of  sensitivity  to  mild  cognitive
impairment  and  its  failure  to  discriminate  subjects  with  mild
dementia from normal. Of course, the MMSE is not alone amongst
screening instruments in this particular limitation. Clock-drawing
has  similar  limitations  (Powlishta  et  al,  2002).  Furthermore,  the
MMSE’s  relative  loading  on  verbal  skills  (versus  visual  spatial/
constructional  or  executive  functions)  limits  its  utility  in  those
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individuals suffering from focal lesions to the right hemisphere, as
well as subjects with primarily frontal deficits. The MMSE (like all
cognitive screening tests)  is  not diagnostic,  and abnormal scores
simply  indicate  the  need  for  further  evaluation.  Iverson  (1998)
suggests  the  following  guidelines  to  determine  when  more
comprehensive  evaluation  is  necessary  following  a  positive
screening assessment with the MMSE. The first situation involves
a  score  below  the  adjusted  cut-off  as  well  as  corroborative
evidence  of  cognitive  impairment  by  history  (usually  through  an
informant). The second situation occurs when the individual score
on  retest  exceeds  the  0.95  confidence  interval  for  possible
measurement error (usually a decline of three points or more).

Modified MMSE

Another attempt to deal with the psychometric limitations of  the
MMSE and its lack of standardization was the development of the
modified Mini Mental State (3MS) by Teng and Chui (1987). They
added  four  items  to  the  instrument:  date  and  place  of  birth;
animal  naming;  similarities;  and  a  second  recall  task.  This
broadened  the  range  and  difficulty  of  cognitive  testing.  For  finer
discrimination, they increased the scoring range up to 100 points
and produced a detailed manual  for  scoring and administration.
Because the 3MS requires more time to administer and score,  it
must offer significantly superior validity (McDowell et al, 1997). 

Figure 3.2 3MS vs MMSE ROC curves. (Reproduced from McDowell et al,
1997, with permission from Elsevier Science.)

MINI MENTAL STATE EXAMINATION 33



In  the  CSHA,  the  3MS  was  superior  to  the  MMSE  in  sensitivity
and  specificity,  reflected  by  areas  under  the  receiver  operating
characteristic (ROC) curves (Figure 3.2).

Despite the superiority of psychometric properties demonstrated
by  the  3MS,  once  again  our  experience  suggests  that  it  has  not
been  widely  accepted  in  the  clinical  domain,  long  after  its
publication in 1987. Cognitive screeners appear to be voting with
their feet and remain immutably resistant to changing established
practices.

Age- and education-correlated cut-off scores

Education has been repeatedly shown to influence MMSE scores,
and  hence  represents  a  potential  source  of  bias  leading  to
misclassification. Several cross-sectional studies have shown that
the level of education affects both sensitivity and specificity. Some
authors have suggested that 8 years or less of education carries a
clear potential for misclassification. Moreover, education may not
represent a psychometric bias alone, but is also associated with a
variety of biological risk factors including smoking, hypertension,
obesity  and  hypercholesterolemia.  Therefore,  education  has  also
been considered an etiological risk factor for dementia.    

The  widely  accepted  cut-off  score  for  significant  cognitive
impairment  has  been  less  than  24/30  on  the  MMSE.  However,
this  is  less  appropriate  for  the  very  old  and  those  with  limited
education (Iverson, 1998). Table 3.1 provides guidelines for cut-off
scores  utilizing  age  and  education  as  independent  variables.
Similarly,  Bravo  and  Hebert  (1997)  provided  scatter  plots  of
average test scores versus age and education (Figure 3.3).

Summary

The MMSE has been subjected to a great deal of analysis and has
been found wanting  on several  fronts.  Nonetheless,  it  remains  a
core component of cognitive assessment worldwide and continues
to  be  used  in  clinical  research.  Despite  its  clear  limitations,  its
resilience and persistence in the clinical  arena for  over  25 years
make it a truly historical instrument. As long as clinicians do not
confer  more  weight  than  is  warranted  to  the  MMSE  score,  its
function  remains  useful  as  a  signal  that  more  evaluation  and
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Table 3.1 MMSE abnormal cut-off scores and reliable change difference
scores (from Iverson, 1998, with permission from John Wiley & Sons Ltd).
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investigations  are  necessary  or  as  a  measure  of  change  in
cognitive status. Clinicians must still exercise their own executive
function in the proper interpretation of the MMSE score. Moreover,
they  must  still  take  a   full  history,  consult  informants  and
conduct appropriate auxiliary investigations. It is the clinician not
the  instrument  that  is  responsible  for  any  misuse  or  false
interpretation of the MMSE score.

These  advanced  interpretative  data  for  the  ‘Field  Survey  form’  of  the
MMSE were derived from data presented in the population forms (Crum
et al, 1993). The Field Survey was published as an appendix by Folstein
et al (1985). The abnormal cut-off scores are greater than 1.64 standard
deviations below the sample means. The reliable change difference scores
are  calculated by multiplying the estimated standard error  of  difference
score by a z-score of 1.64 or 1.96.

Figure 3.3 Effect of age and education on MMSE scores. (Reproduced from
Bravo and Hebert, 1997, with permission from John Wiley & Sons Ltd.)
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Appendix 3.1
Mini-Mental State Examination (MMSE)

The MMSE is organized in 5 sections:



Chapter 4
The Clock Drawing Test

Clock drawing was recognized for many years as a component of
cognitive  assessment.  Its  origins  can  be  traced  to  neurology
journals which reported use of this test as a measure of parietal
and hence visuospatial functioning (Critchley, 1966). Over the past
20  years,  however,  it  has  been  used  increasingly  as  a  screening
instrument  for  dementia  and  a  wide  range  of  neuropsychiatric
disorders.  Beginning  with  Goodglass  and  Kaplan  (1983)  clock
drawing was incorporated into the Boston Asphasia Battery. Since
then, there have been multiple studies in the literature addressing
the  screening  function  and  psychometric  properties  of  the  clock
drawing  test  including  international  reviews  from  Poland
(Krzyminski, 1995); Israel (Heinik, 1998); Germany (Ploenes et al,
1994); Sweden (Agrell and Dehlin, 1998); China (Lam et al, 1998)
and Japan (Nagahama et al, 2001). Over a dozen different scoring
systems have been published since 1983 (Shulman, 2000).

*Cognitive and methodological issues

The need for a wide range of intellectual and perceptual skills to
complete a task makes for a good cognitive screening instrument.
Moreover,  the  many  cognitive  skills  necessary  for  completion  of
the clock drawing  test can be observed or inferred (Mendez et al,
1992; Royall et al, 1998) and include the following:

1. Comprehension (auditory)
2. Planning
3. Visual memory and reconstruction in a graphic image

* Adapted with permission from Shulman (2000) International Journal of
Geriatric Psychiatry.



4. Visuospatial abilities
5. Motor programming and execution
6. Numerical knowledge
7. Abstract thinking (semantic instruction)
8. Inhibition of the tendency to be pulled by perceptual features

of the stimulus (i.e. the ‘frontal pull’ of the hands to ‘10; in the
instruction ‘ten past eleven’)

9. Concentration and frustration tolerance

A  mix  of  visuospatial  abilities  as  well  as  executive  control
functions  makes  clock  drawing  particularly  useful  but  also
challenging  in  terms  of  scoring  and  interpretation  (Royall  et  al,
1998).

The  scoring  systems  described  here  are  not  all  comparable
because  of  differing  emphasis  on  visuospatial,  executive,
quantitative and especially qualitative issues (Kaplan, 1990). Each
scoring  system  uses  slightly  different  methodologies  and
instructions for clock drawing. However, a consensus appears to
be emerging towards a standardized approach. Most studies use a
pre-drawn  circle  of  approximately  4  inches  (10  cm)  in  diameter.
However,  some authors  still  feel  that  there  is  value  in  observing
subjects  perform  free-drawn  circles  (Freedman  et  al,  1994).
Generally,  the  instructions  to  the  patient  are:  This  circle
represents a clock face. Please put in the numbers so that it looks
like  a  clock  and  then  set  the  time  to  10  minutes  past  11’.  This
involves  the  abstract  task  of  denoting  time  in  symbolic  fashion
using hands and the tester should not use the word ‘hands’ in the
instructions. While other times such as 3:00, 8:05 and 2:45 have
been  used,  the  11:10  task  is  particularly  useful  because  it
includes both visual fields and also invokes the inhibition of  the
‘frontal  pull’  towards  ten,  an  error  commonly  seen  in  mildly
impaired subjects. The term ‘clock drawing test’ is used to include
those  scoring  systems  that  also  involve  clock  setting  and  clock
reading.

Table 4.1 summarizes the main psychometric properties of each
screening  test.  A  brief  summary  of  the  highlights  of  each
published scoring system is provided below. The mean sensitivity
and  specificity  are  each  85%.  Most  studies  used  the  Diagnostic
and  Statistical  Manual  of  the  American  Psychiatric  Association
(DSM-III-R) and the National Institute of Neurological
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and  Communicative  Disorders  and  Stroke-Alzheimer’s  Disease
and  Related  Disorders  Association  (NINCDS-ADRDA)  criteria  as
the gold standard, although a few used clinical diagnosis. Readers
are referred to the original  references for  further details.  Figures
4.1 and 4.2 provide examples of typical qualitative errors and      
Figure  4.3  indicates  the  clinical  usefulness  of  clock  drawing  in
demonstrating  cognitive  change.  Characteristic  errors  include
perseveration;  right-left  confusion;  concrete  thinking,  especially
the tendency to ‘pull’ the minute hand towards ‘10’; and confusion
about the concept of time.

Original scoring systems

In perhaps its first systematic use, Goodglass and Kaplan (1983)
included the clock test as part of the Boston aphasia battery. The
procedure  involves  clock  setting  where  the  subject  is  given  four
pre-drawn  clock  faces  including  short  lines  marked  in  the
positions of the 12 numbers. The subject is then asked to denote
four  different  times:  1:00,  3:00,  9:15  and  7:30.  One  point  is
awarded for each correct placement of a hand and one point each
for correctly drawing the relative lengths of the minute and hour
hand. Three points can be achieved for each clock for a maximum
of 12 points on the test. Age and level of education appear to be
influential factors in only those scoring in the bottom range.

Shulman  et  al  (1986)  compared  the  clock  drawing  test  to  the
Mini Mental State Examination (MMSE) (Folstein et al, 1975) and
the  Short  Mental  Status  Questionnaire  (SMSQ)  (Robertson et  al,
1982).  The  mean  age  of  the  75  subjects  was  75.5  years.  Three
groups  included  those  with     dementia,  those  with  depression
and normal controls.  A five-point scale of  severity of  impairment
was developed, based on clinical experience. A score of 1 denoted
subtle errors while  a score of  5 was given when the subject  was
unable to make any reasonable attempt to draw a clock. In a later
study  (Shulman  et  al,  1993)  this  five-level  scoring  system  was
modified to reverse the order, giving the highest score to an intact
clock and the lowest  to  the most  impaired.  Our current  practice
(Figure 4.1) is to give 5 points for a ‘perfect’ clock. A score of 4 is
given for minor visuospatial errors; 3 for inaccurate representation
of  10 past  11 when the visuospatial  organization is  well  done;  2
for  moderate  visuospatial  disorganization  of  numbers  such  that
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Figure 4.1 Severity scores from 5 to 0. (Reproduced from Shulman, 2000,
with permission from John Wiley & Sons Ltd.)
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Figure 4.2 Errors in denoting 3 o’clock. (Reproduced from Shulman, 2000,
with permission from John Wiley & Sons Ltd.)

Figure 4.3 Sensitivity to deterioration in dementia. (Reproduced from
Shulman, 2000, with permission from John Wiley & Sons Ltd.)
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accurate  denotation  of  ‘ten  past  eleven’  is  impossible;  1  for  a
severe level  of  visuospatial  disorganization;  and zero for  inability
to make any reasonable representation of a clock.

Sunderland et al (1989), using a priori criteria, developed a 10-
point  scale  with  10  as  the  best  score  and  1  as  the  worst  score.
Five  points  are  given  for  drawing  a  clock  face  with  circle  and
numbers  intact,  while  6–10  points  are  assigned  for  accuracy  of
drawing hands to denote the time 2:45. An arbitrary cut-off score
of 6 out of 10 is considered within normal limits. Three out of 83
controls  (3.6%)  scored  less  than  6,  whereas  15  out  of  67  of
Alzheimer’s  patients  (22.4%)  scored  more  than  6  (Fisher’s  exact
test, p<0.001).

Wolf-Klein et al (1989) tested consecutive outpatients who were
screened for cognitive impairment. They compared their clock test
to  the  MMSE,  Hachinski’s  scale  (Hachinski  et  al,  1974)  and  the
Dementia  Rating  Scale  (Blessed  et  al,  1968).  Using  a  pre-drawn
circle,  ten  hierarchical  clock  patterns  were  predetermined  by  a
previous  pilot  study  involving  over  300  patients.  The  diagnostic
categories  of  their  patients  included  normals,  those  with
Alzheimer  dementias  and multi-infarct  dementias,  and others.  A
cut-off score of 7–10 reflected a normal response and an ‘abnormal’
score was less than 7. With a focus on temporoparietal function,
they found that scores of 1–6 were specific for Alzheimer’s disease
as opposed to multi-infarct dementia or mixed cases.

Tuokko  et  al  (1992)  use  a  procedure  which  involves  three
empirically  derived  tasks  including  clock  drawing,  clock  setting
and  clock  reading.  Clock  drawing  involved  a  pre-drawn circle  in
which  the  subject  is  asked to  denote  ‘ten  past  eleven’.  Clock
setting involves five different times and clock reading involves the
same clocks as in clock setting but in a different order. Errors on
clock drawing are classified according to the following categories:
omissions,  perseverations,  rotations,  misplacements,  distortions,
substitutions and additions. Clock setting achieves a maximum of
3  points  (adapted  from  Goodglass  and  Kaplan,  1983).  Clock
reading  also  achieves  a  maximum  of  3  points.  More  than  two
errors  was  considered  a  positive  (abnormal)  result  for  clock
drawing, while the cut-off for the clock setting and clock reading
tasks  was  a  score  of  less  than  13.  Four  error  categories
(omissions, distortions, misplacements and additions) contributed
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significantly  to  the  difference  between  normal  elderly  and
Alzheimer’s disease patients.

Mendez et al (1992) described the Clock Drawing Interpretation
Scale  (CDIS)  tested  on  patients  with  dementia.  Their  scoring
system  includes:  general  impression,  3  points;  ‘code  number’
items,  12  points;  ‘code  hands’  items,  5  points;  total,  20.  All
normal  subjects  scored  18  or  more  on  the  CDIS  while  8.7%  of
Alzheimer’s disease patients scored 18 or more.

Fujii (1992) developed theoretically based scoring criteria for the
clock  drawing  test  with  high  sensitivity  and  specificity.  In  a
subsequent report (Fujii et al, 1998) the clock drawing tests were
scored according to their criteria and the authors found the clock
drawing test to be better than the MMSE at detecting milder cases
of dementia.

Death et al (1993) focused on cognitive screening of elderly in-
patients, both medical and surgical. Their scoring system includes
four  classes:  1,  bizarre;  2,  major  spacing  problems;  3,  minor
spacing problems; 4, completely normal. Only classes 3 and 4 are
considered to be within normal limits.

The ‘clock completion’ test (Watson et al, 1993) includes a pre-
drawn circle and the subject is asked to draw in the numbers on a
clock face but not asked to draw the hands on the clock. Analysis
included  only  the  positioning  of  the  clock  numbers.  The  scoring
system  divided  the  pre-drawn  circle  into  four  quadrants  with
greatest  weighting  given  to  the  fourth  quadrant.  Any  error  in
quadrants  one  to  three  received  a  score  of  1;  any  error  in
quadrant four received a score of 4. A score of 0–3 was considered
normal  and  anything  ≥4  was  considered  abnormal  (i.e.  suffering
from dementia). They studied a group of patients from a geriatric
outpatient  assessment  clinic  and found an excellent  comparison
with the Blessed Orientation-Memory-Concentration test.

The  ‘10-point  clock  test’  (Manos  and  Wu,  1994)  includes  a
scoring  system  that  utilizes  a  transparent  circle  divided  into
eighths applied to the clock drawn by the patient. Points are given
for the numbers falling into their proper segment as well as points
given  for  hands  correctly  drawn,  to  a  maximum  of  ten.  Some
significant errors will not be scored by this method. These include
the  counter  clockwise  placement  of  numbers  or  numbers  placed
outside the circle. An arbitrary cut-off score of 7 out of 10 points
identified  76%  of  patients  diagnosed  with  dementia  and  78%  of
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the control patients. Other scoring systems tested, including that
of Mendez et al (1992) (cut-off 18/20), identified 90% of Alzheimer
patients and 100% of controls. Tuokko et al (1992) (cut-off at more
than two errors) identified 86% of Alzheimer patients and 92% of
controls;  while  Sunderland  et  al  (1989)  (cut-off  6/10)  identified
78%  of  Alzheimer’s  disease  patients  and  96%  of  controls.  In  a
cautionary  note  regarding  the  interpretation  of  tests  reported  in
the literature, they observed that the more impaired the dementia
sample  and  the  less  impaired  the  controls  the  better  the
discrimination by any screening test.

The  normative  study  of  clock  drawing  (Freedman  et  al,  1994)
proposes  an  empirically  derived  test  based  on  clinical
interpretation as well as the ‘process’ oriented approach of Kaplan
(1990). A scoring system is provided for a normative population in
seven  different  age  ranges  from  20  to  90  years.  Their  study
involves five test administration conditions:

1. A free drawn condition with a requirement to draw all aspects
of the clock including 15 ‘critical’ items and time setting for 6:
45

2. A pre-drawn clock set to 6:05 including 13 ‘critical’ items
3. Three different ‘examiner’  clocks denoting 11:10, 8:20 and 3:

00 o’clock.

Because  of  the  length  and  complexity  of  the  scoring  system,  it
appears best suited for research purposes. 

Todd  et  al  (1995)  studied  a  somewhat  atypical  population
consisting of a relatively small sample of patients with dementia.
The  mean  age  was  only  58  years  for  the  dementia  group  as
opposed  to  67  years  for  the  normal  population.  There  were
significant differences in education for the dementia population (8
versus 12 years for normal controls).  No specific instructions for
clock drawing were given except for the time instruction of 8:05.
The scoring system was derived from the scoring procedure of the
Rey  complex  figure  test  (Taylor;  1959).  Five  categories  were
included:  shape;  numbers  1–6;  numbers  7–12;  short  arm;  and
long  arm.  Given  the  small  numbers  and  the  rather  atypical
population  (i.e.  younger  and  less  educated),  the  impressive
psychometric  properties reported in the study need to be viewed
with some caution, because of the question of generalizability.
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Shua Haim et al (1997) performed a retrospective chart analysis
of patients with a mean age of 77 years in an outpatient memory
disorders clinic. They utilized a simple scoring system (SSS) with a
maximum  of  6  points.  The  scoring  is  based  largely  on  the
visuospatial aspects of the task and the correct denotation of time
by the hands of the clock. A formula was developed using simple
linear  regression  that  related  clock  scores  with  the  MMSE  as
follows: MMSE=2.4×(the clock score)+12.7. A clock score of zero on
the  SSS  predicts  an  MMSE score  of  <13,  whereas  a  clock  score
equal to a maximum of 6 predicts an MMSE score of ≥27.

Replication studies

Dastoor  et  al  (1991)  found  a  good  correlation  between  the  clock
drawing test (Shulman et al,  1986) and the Hierarchic Dementia
Scale  (Cole  and  Dastoor,  1983).  This  dementia  scale,  although
well  validated,  has  not  been  used  in  any  of  the  other  studies
reported in this review. Using these tests, the authors were able to
differentiate  a  group  of  elderly  depressives  from  dementing
subjects.

Huntzinger  et  al  (1992)  screened  randomly  selected  medical-
surgical  outpatients  using  the  clock  drawing  scoring  system  of
Sunderland et al (1989). They compared clock dawing to the six-
item Orientation-Memory-Concentration Test (OMCT) (Katzman et
al, 1983). Clock drawing scores of 8–10 were considered to reflect
mild impairment or normal functioning; a score of 5–7 represented
moderate  impairment;  and  a  score  less  than  5  indicated  severe
impairment.  The  OMCT did  not  identify  7% of  patients  who had
moderate to  severe impairment on clock drawing.  Unfortunately,
the  OMCT  is  not  as  widely  used  as  the  MMSE  for  comparison
purposes.

Libon et al (1993) focused on the addition of a copy condition to
the command instruction for the clock drawing test according to
Sunderland et al (1989). The ‘copy; condition places no demands
on auditory comprehension or visual memory but the subject must
have  visuospatial  ability  and  execute  the  drawing  in  a  planned
and  organized  fashion.  The  authors  attempted  to  differentiate
Alzheimer’s disease from cerebrovascular disease. They examined
the utility of the copy condition in 34 Alzheimer’s disease subjects
and 30 cerebrovascular subjects who had consecutive admissions
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to the Philadelphia Geriatric Center Consultation and Diagnostic
Program.  Normal  controls  were  community  dwelling  and  were
recruited from an Active Life Program. In the copy condition, the
Alzheimer’s  disease  patients  did  significantly  better  than  the
cerebrovascular  disease  patients.  Only  the  Alzheimer’s  disease
group  significantly  improved  from  the  command  to  the  copy
condition. The authors concluded that the clock drawing test may
differentiate  the  dementia  patients  from  normals  and  that  the
copy condition may expand the clinical usefulness of  the test by
differentiating subtypes of dementia. This study was limited by the
relatively  small  number  of  patients  with  Alzheimer’s  disease
(n=34)  and  cerebrovascular  disease  (n=30),  and  therefore  will
require replication.

Bourke and Castleden (1995) compared the clock drawing test
(Mendez et al, 1992; Shulman et al, 1993) and the pentagon test of
the MMSE and correlated these tests with the full MMSE and the
CAMCOG (Roth et al, 1986). Emphasis was placed on the need to
score  the  hand  placements  on  the  clock  drawing  test.  False
negatives  occurred  in  43%  on  the  Mendez  scale;  17%  on  the
Shulman scale and 36% on the pentagons.

Ben-Yehuda et al (1995) used the CDIS of Mendez et al (1992)
and compared it to the MMSE in a sample of hospitalized elderly
patients  admitted  via  the  emergency  department.  The  authors
considered  the clock  drawing  test  to  be  an  effective  cognitive
screening test that was ‘psychologically non-threatening’. The low
specificity  of  the  study  may  have  been  due  to  the  relatively  low
cut-off score used for normals with the MMSE.

Gruber et al (1997) compared the clock drawing test (Wolf-Klein
et  al,  1989)  to  the  Short  Portable  Mental  Status  Questionnaire
(SPMSQ)  (Pfeiffer,  1975)  in  consecutive  outpatients  in  a  geriatric
psychiatry clinic at the University of Texas. A significant limitation
of this study was the fact that only the SPMSQ score was used as
a  criterion  for  the  presence  or  absence  of  cognitive  impairment,
hence the kappa score was only 0.4. The presence of psychiatric
illness  may  have  accounted  for  the  poor  correlation  and  low
sensitivity and specificity.

Brodaty  and  Moore  (1997)  studied  consecutive  referrals  to  a
memory disorders clinic. They compared three scoring systems: the
modified system of Shulman et al (1993); that of Sunderland et al
(1989); and that of Wolf-Klein et al (1989). In support of Tuokko et
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al  (1992),  they  concluded  that  spacing  errors  may  be  a
particularly  good  discriminator  of  normal  versus  abnormal
cognition. They also noted that time setting seems to increase the
test’s  sensitivity.  With  regard  to  false  negatives  (those  patients
with a working diagnosis of dementia who scored ‘normal’ on the
MMSE), the scale of Shulman et al (1993) identified 87.5% of that
sample  as  impaired  compared  to  62.5%  with  Sunderland  et  al
(1989)  and  Wolf-Klein  et  al  (1989).  This  is  a  reflection  of  the
specificity of each test.  In the false-negative rate of normal clock
test but abnormal MMSE, Shulman et al (1993) and Sunderland
et al  (1989) were equal at 15%, while the Wolf-Klein scale had a
false-negative  rate  of  25%.  They  concluded  that  the  clock  test
adds  an  assessment  of  frontal  and  temporo-parietal  function  to
the cognitive  screening process  and recommend (like  Stahelin  et
al, 1997) the MMSE plus the clock test to increase the sensitivity
and specificity of the cognitive screening process.

Cultural, ethnic and linguistic considerations

Borson et al (1999) evaluated the clock drawing test alone without
the memory task to determine its utility in a sample of individuals
with  a multicultural,  multiethnic  and  diverse  educational
background. The clock drawing test was essentially similar in its
ability to detect dementia to two longer screening instruments (the
MMSE and  the  Cognitive  Abilities  Screening  Instrument  (CASI)).
However  for  a  poorly  educated  (fewer  than 8  years  of  education)
and non-English speaking group, the clock drawing test was able
to identify probable dementia cases with a sensitivity of 94% and
specificity  of  85%,  better  than  the  other  two  screening
instruments.  Moreover,  the  clock  drawing  test  had  less
information  lost  due  to  non-completion  (8%)  compared  to  the
MMSE (12%) and CASI (16%).

Borson et  al  (2000) argued that telling of  time by clock face is
familiar in all major cultures and civilizations, whereas the more
abstract figure copying (as in the MMSE intersecting pentagons) is
a skill more familiar to those educated in developed countries.

The  task  of  clock  drawing  ‘from  scratch’  requires  the  use  of
multiple cognitive abilities from a wide range of cerebral regions.
This is ideal for a cognitive screening instrument. However, this is
not  true  of  other  screening  and  visuospatial  copying  tasks.  This

54 QUICK COGNITIVE SCREENING FOR CLINICIANS



‘diffuse’  task  is  therefore  ideal  for  cognitive  screening  purposes.
Borson et al (1999) list a number of the cognitive abilities elicited
by  the  clock  drawing  test:  long-term  memory  and  information
retrieval,  auditory  comprehension,  visuospatial  representation,
visual perceptive and visual motor skills, global and hemispheric
attention, simultaneous processing and, perhaps most important,
executive functions (Royall, 2000).

Ainslie  and  Murden  (1993)  compared  three  scoring  systems:
those of Shulman et al (1986); Sunderland et al (1989) and Wolf-
Klein et al (1989). They demonstrated the impact of low education
on  decreasing  the  specificity  in  the  Shulman  and  Sunderland
scales  but  not  in  the  Wolf-Klein  scale.  However,  the  Wolf-Klein
scale had an unacceptably low sensitivity of 48% in their sample.
They concluded that clinicians must use caution in the use of the
clock drawing test when subjects with low education are screened
for dementia.

Silverstone et al (1993) reported on the usefulness of the clock
drawing  test  in  a  group  of  18  Russian  immigrants  who  were
unable  to  speak  English.  Screening  with  the  clock  drawing  test
identified  four subjects  with  abnormal  scores.  Follow-up  with
these  patients’  families  confirmed  a  diagnosis  of  progressive
cognitive loss and dementia. The authors suggested that the clock
drawing test may be useful where language is a serious barrier to
cognitive testing.

Predictive validity

The  predictive  validity  of  the  clock  test  was  assessed  using  a
longitudinal  method  in  order  to  identify  differences  between
subjects who were not demented and those who were in the early
stages of a progressive dementia (O’Rourke et al, 1997). Fifty-nine
subjects  were  assessed  again  if  they  had  not  met  criteria  for
dementia  at  the  initial  assessment.  The  mean  time  between  the
initial and follow-up assessment was 22 months. At follow-up, 22
of these 59 individuals with a mean age of 64 were diagnosed with
dementia  at  the  second  assessment  using  the  NINCDS-ADRDA
criteria.  The  clock  test  differentiated  the  group  that  eventually
demented from that which remained normal, with a sensitivity of
91%  and  a  specificity  of  95%.  The  relatively  small  sample  size
invites replication of this study.
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Lee  et  al  (1996)  studied  the  clock  drawing  test’s  ability  to
distinguish  the  early  stages  of  Alzheimer’s  disease  from  normal
aging.  They  studied  30  subjects  using  the  NINCDS-ADRDA
criteria.  All  patients  had  a  clinical  dementia  rating  score  of  0.5
(questionable) to 2.0 (moderate severity). Only those patients were
included  who  scored  0.5  on  the  Clinical  Dementia  Rating  (CDR)
scale (questionable dementia) and who went on to score at least 1.
0  on  the  CDR follow-up.  These  individuals  were  considered  very
mild cases of dementia at the initial assessment, and went on to a
progressive  decline  in  cognition  as  measured  by  the  CDR.  The
Sunderland and Mendez scoring systems were used as well as the
MMSE. Nine patients out of the 30 had a CDR score of 0.5 at the
initial  assessment  and  declined  in  cognition.  Only  three  out  of
these  nine  individuals  scored  less  than  6  on  the  scale  of
Sunderland  et  al  (1989)  at  baseline,  thus  yielding  an  apparent
sensitivity of  only 33%. The authors concluded that in very mild
cases  the  clock  drawing  test  had  limited  value. However,  it  is
important  to  note  that  none  of  the  normals  in  their  study  had
abnormal  clock  scores.  In  fact,  a  very  good  correlation  was
demonstrated between the mean clock scores and the mean CDR
scores from normal to increasing severity, including a significant
difference  between  the  very  mild  cases  (CDR=0.5)  and  normal
cases. This study needs to be replicated before concluding that the
clock drawing test is not sensitive to very mild cases.

Shulman  et  al  (1993)  followed  a  large  group  of  dementing
individuals  living  in  the  community  with  their  caregivers.  In  a
study  designed  to  predict  survival  in  the  community,  the  clock
test  proved  to  be  extremely  sensitive  to  cognitive  decline  in  this
group  of  dementing  individuals  on  both  quantitative  and
qualitative  measures.  Moreover,  dementing  individuals  who  had
experienced a significantly greater decline on the clock test at 1-
year  and  2-year  follow-ups  were  more  likely  to  have  caregivers
who had decided to institutionalize them. It was hypothesized that
the decision to institutionalize was based in part on the perception
of a rapid decline in the cognitive function of their dependant as
reflected  by  the  change  on  the  clock  test  itself.  The  authors
concluded  that  the  clock  test  appears  to  be  a  useful  adjunct  in
monitoring  change  in  individuals  suffering  from  progressive
dementia in the community.
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Clock drawing and other neuropsychiatric
conditions

Executive cognitive screening

Donald  Royall  and  colleagues  at  the  University  of  Texas  Health
Science Center in San Antonio have championed the notion that
executive  dysfunction  is  an  early  and  sensitive  marker  for
dementia. Royall (2000) notes that executive control function (ECF)
was  added  by  the  American  Psychiatric  Association  to  its  list  of
deficits  in  the  diagnosis  of  dementia.  Executive  functions  are
defined as ‘cognitive processes that orchestrate complex and goal-
directed activities’ (Royall, 2000). These executive deficits in turn
may lead to behavioral difficulties, disorganization and ultimately
decline in function. ECF is largely associated with the pre-frontal
cortex; however, ECF is also dependent on a well-integrated frontal
subcortical system (Cummings, 1993).

Royall argues for two types of dementia (type 1 and type 2). ECF
impairment is central to both types but in type 1 dementias there
are  clinical  signs  of  posterior  (temporal-parietal)  cortical
dysfunction.  Type  2  dementias  which  primarily  involve  ECF
include  some  potentially  reversible  conditions  such  as  major
depression,  vascular  disease  and  adult  onset  diabetes  mellitus.
Royall  (2000)  argues  that  type  2  presentations  occur  more
commonly in the very old and may indeed comprise the majority
of very late onset dementias as well as mild cognitive impairment
seen in ‘normal aging’. In light of the concern related to disorders
that  specifically  affect  frontal/executive  function,  Royall  et  al
(1998)  developed  a  variant  of  the  clock  drawing  test  (CLOX)
designed to detect executive impairment and differentiate it from
non-executive visuospatial failure.

Royall et al (1998) counter the misconception that clock drawing
tests  are  primarily  visuospatial  tasks  and  therefore  sensitive
specifically to right parietal pathology. Other studies by the same
group have  found impairment  on the  clock drawing test  in  non-
cortically impaired subjects (Royall and Polk, 1998).
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CLOX: ‘The executive clock drawing task’

This  ‘executive’  test  is  divided  into  two  parts  in  order  to
distinguish  the  executive  control  of  clock  drawing  from  the
constructional/visuospatial  ability.  The  executive  functions
relevant to the clock drawing test include goal selection, planning,
motor  sequencing,  selective  attention  and  self  monitoring  of  a
subject’s current action plan. For the first part of the test (CLOX 1),
the subject is instructed to draw a clock on blank paper with the
following  instruction:  ‘Draw  me  a  clock  that  says  1:45.  Set  the
hands and numbers on the face so that a child could read them’.
The  instructions  can  be  repeated  for  clarity  but  no  other
assistance  is  offered.  The  detailed  scoring  system for  CLOX 1  is
appended  (Appendix  4.1).  The  notion  underlying  the  method  for
CLOX 1 is that it reflects performance in a novel and ambiguous
situation  eliciting  the  executive  skills  listed  above.  Some  of  the
instructions are designed to deliberately 

Figure 4.4 CERAD scoring for CDT. (Reproduced from Borson et al, 1999,
with permission from The Gerontological Society of America.)

distract the subject. For example, the use of the terms ‘hand’ and
‘face’  may  trigger  semantic  intrusions  because  they  are  more
commonly  associated  with  body  parts  than  with  elements  of  a
clock.  The  number  ‘45’  may  elicit  a  concrete  response  to  the
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Figure 4.5 Qualitative differences in CLOX performance, in a normal
elderly control, a patient with Alzheimer's disease, and a patient with non-
cortical vascular disease. (A) An 82-year-old elderly control. EXIT25=08/50
(scores>5/50 impaired), MMSE=29/30 (scores<24/30 impaired). (B) A 74-
year-old married white woman with Alzheimer's disease. EXIT25=21/50
(24/50) comparable with six-year-old children or residents requiring skilled
nursing), MMSE=12/30. (C) A 74-year-old right-handed white man with a
history of coronary artery disease (status post myocardial infarction),
hypertension, non-insulin dependent diabetes mellitus, and falls
EXIT22=24/50, MMSE=28/30. (Reproduced from Royall et al, 1998, with
permission from the BMJ Publishing Group.)
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number itself or components ‘4 or 5’. The maximum CLOX score is
15.

CLOX 2 is a simple copying task of the pre-drawn clock already
set  at  1:45.  Differences  between  CLOX  1  and  2  scores  are
hypothesized to reflect executive contribution to the clock drawing
test  versus  constructional  and  visuospatial  ability  (Figure  4.5).
Note  that  intersecting  pen-tagons  derived  from  the  MMSE  are
essentially  copying  tasks  and  are  not  impaired  in  pure  frontal
dysfunction.

In  Alzheimer’s  disease  (Figure  4.5),  the  clock  drawing  test  is
impaired  in  both  unprompted  and  copying  tasks.  Subject  C  in
Figure  4.5  suffers  from  a  vascular  dementia  without  cortical
features  and  hence  only  the  unprompted  clock  drawing  test  is
affected,  i.e.  copy  task  is  intact.  In  subject  A,  an  independent
elderly control, the presence of an essential tremor does not seem
to affect clock scores in a qualitative way.  

The  authors  used  Exit  25  as  a  measure  of  executive  control
(Royall  et  al,  1992).  Scores  on  Exit  25  (0–50)  correlate  well  with
other measures of ECF including the Wisconsin Card Sort (r=0.54)
and  trail-making  part  B  (r=0.64).  Higher  scores  on  Exit  25  are
associated with greater impairment. The cut-off score of less than
15/50  best  discriminates  non-demented  elderly  controls.  Since
Exit  25  accounted  for  most  of  the  variance  in  CLOX  1  (the
executive  component)  scores,  the  authors  suggested  that  this
confirms construct validity. The pattern of CLOX 1/CLOX 2 scores
correctly  classified  91.9% of  Alzheimer’s  disease  subgroups  with
and without constructional impairment as measured by the MMSE
pentagons. Royall et al (1998) concluded that the CLOX test may
be  able  to  distinguish  clinically  homogeneous  groups  with
Alzheimer’s  disease  or  possibly  distinguish  Alzheimer  dementias
from non-Alzheimer cases.

In a comparison of CLOX to five other scoring methods for the
clock drawing test, the CLOX test explained more variance in ECF
than other  clock  drawing  tests  (Royall  et  al,  1999).  Nonetheless,
all  clock  drawing  tests  demonstrated  significant  correlation  with
Exit  25,  that  is  executive  function.  However,  none  of  the  other
tests  specifically  highlight  the executive  control  function in their
methodology  or  scoring.  It  appears  that  clock  drawing  tests
represent ‘a  potentially  easy,  reliable  and cost-effective means of
measuring ECF’ (Royall et al, 1999).

60 QUICK COGNITIVE SCREENING FOR CLINICIANS



Delirium

Fisher  and  Flowerdew  (1995)  used  the  clock  drawing  test  to
predict  post-operative  delirium  in  older  patients  who  were
undergoing elective orthopedic surgery. While this study has yet to
be  replicated,  it  does  represent  a  potential  use  of  the  clock
drawing  test.  Elderly  patients  undergoing  elective  hip  and  knee
surgery were examined pre- and postoperatively, using a modified
Confusion Assessment Method (CAM) Questionnaire (Inouye et al,
1990). Using step-wise multiple logistic regression, they identified
two  significant  risk  factors  for  postoperative  delirium.  The  first
was male gender, but the second was a clock drawing score of ≤6
out  of  a  possible  10  points,  based  on  a  modified  clock  drawing
scoring  system (Sunderland  et  al,  1989;  Wolf-Klein  et  al,  1989).
Overall,  17%  of  the  patients  developed  a  postoperative  delirium
(Table 4.2). 

Table 4.2 Risk factors for postoperative delirium.

(Adapted from Fisher and Flowerdew, 1995.)

Interestingly, an abnormal MMSE score did not predict delirium
in this model. The authors speculated that the clock drawing test
measures non-dominant parietal functions better than the MMSE,
and  therefore  may  be  indirectly  detecting  an  increased
predisposition to the development of delirium. By identifying high-
risk  patients  for  delirium,  one  may  be  able  to  decrease  the
morbidity associated with delirium by timely interventions.

Manos  (1998)  reported  a  case  in  which  the  clock  drawing  test
was  used  to  document  recovery  from  a  delirium  up  to  14  days
postoperatively. By postoperative day 10, the delirium had cleared
from  a  clinical  perspective,  but  cognitive  impairment  was  still
evident  on  the  clock  drawing  test,  with  minor  impairment  noted
up to day 14. This provides further evidence of the usefulness of
clock drawing in monitoring the course of delirium.
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Vascular dementia

Meier (1995) reported a unique strategy in the clock drawing task
that  appears  to  be  more  common  in  patients  with  vascular
dementia.  Specifically,  this  involves  first  dividing  the  circle  with
radial  lines  into  segments.  In  a  comparison  of  the  frequency  of
segmentation  patterns  in  clock  drawings  of  patients  with
Alzheimer’s disease compared to vascular dementia, the vascular
patients  used  the  strategy  at  twice  the  rate.  Almost  half  of  all
impaired  clock  drawings  of  vascular  dementia  patients  showed
segmentation  compared  with  only  one-quarter  of  the  impaired
clock  drawings  of  Alzheimer’s  patients.  Moreover,  patients  using
segmentation had a higher score on the MMSE than patients with
other strategies. 

Qualitative analyses of clock drawings were used in an attempt
to  demonstrate  differences  in  the  neuropsychological  profiles  of
Alzheimer’s  disease  compared  to  vascular  dementia  (Kitabayashi
et al, 2001). Using the schema proposed by Rouleau et al (1992),
they performed qualitative analyses on clock drawings and found
Alzheimer’s  disease  patients’  error  patterns  to  be  stable  and
independent  of  severity.  However,  in  patients  with  vascular
dementia,  there  was  evidence  of  increased  frequency  of  graphic
difficulties and conceptual deficits as the severity of the dementia
worsened.  However,  the  frequency  of  visuo-spatial  or  planning
deficits decreased with dementia severity (Kitabayashi et al, 2001).
In  mild  dementia,  the  frequency  of  spatial  and  planning  deficits
was lower in vascular dementia while, in the moderate dementia
group, vascular dementia patients showed an increased frequency
of graphic difficulties.

The  finding  of  increased  spatial  and  planning  deficits  in  mild
vascular dementia suggests that frontal-subcortical disturbances
are operative. However, at the moderate stage, conceptual deficits
and  graphic  difficulties  become  more  frequent,  while  the  spatial
and conceptual deficits decrease, suggesting that the impairment
of  memory  and  motor  function  mask  the  frontal  executive
dysfunction as dementia severity increases.

The  authors  suggest  that  cognitive  profiles  are  significantly
different  between  Alzheimer’s  disease  and  vascular  dementia  at
the  mild  and  moderate  levels  and  it  may  be  possible  to
discriminate between these types of dementia by using qualitative
analyses of clock drawings.
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Heinik  et  al  (2002)  used  CAMCOG-derived  clock  drawings  to
compare  Alzheimer’s  patients  with  those  suffering  from vascular
dementia. While there was no significant difference in the overall
level  of  cognitive  performance  measured  by  the  MMSE  and
CAMCOG,  the  total  clock  score  based  on  the  scoring  system  of
Freedman  et  al  (1994)  did  show  a  difference  between  the  two
groups. Only the total score and the hands sub-score of Freedman
et  al  (1994)  differentiated  the  vascular  dementia  patients.  The
authors attributed this difference to a presumed sensitivity of the
clock  drawing  test  to  executive  dysfunction,  which  tends  to  be
more  pronounced  in  vascular  dementia  patients  compared  to
those with Alzheimer’s disease. 

Roman  and  Royall  (1999)  make  the  case  for  using  ECF  as  a
mechanism  underlying  the  diagnosis  of  vascular  dementia  and
differentiating  it  from  Alzheimer’s  disease.  Royall  (2000)  have
argued elsewhere that there are essentially two types of dementia.
Type I  dementias directly affect  the posterior cortical  association
regions. Alzheimer’s disease represents the most common form of
this syndrome. In contrast, Type II dementia pathology is limited
to the frontal systems and vascular dementia is a more common
example  of  this  type.  The  distinctive  pattern  of  impairment  on
executive  measures  has  been  used  to  differentiate  the  two
conditions  (Roman  and  Royall,  1999).  Hence,  the  CLOX  test,
which is an executive clock drawing test, may very well be useful
in differentiating vascular dementia on this theoretical basis and
based on the previous work of Royall (2000).

Stroke

Suhr  et  al  (1998)  examined  the  utility  of  the  clock  drawing  test
and  localizing  lesions  resulting  from  various  strokes.  They
hypothesized that the qualitative aspects of clock drawing would
be  more  useful  than  quantitative  measures  in  discriminating
patients  with  respect  to  lesion  location.  The  qualitative
assessment was done according to the methodology proposed by
Rouleau  et  al  (1992)  and  described  above.  In  comparing  six
different  clock  scoring  methods,  they  found  no  significant
difference  between  various  lesion  groups  using  quantitative
scoring techniques in assessing localization of function. However,
qualitative  features  did  demonstrate  the  ability  to  differentiate
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between  lesion  groups.  Specifically,  right  hemisphere  stroke
patients  showed  more  graphic  difficulties  and  impaired  spatial
planning  compared  to  left  hemisphere  stroke  patients.  This  is
consistent  with  the  impaired  visuospatial/visuo-constructional
difficulties  seen  after  right  hemisphere  strokes.  Furthermore,
subcortical patients showed more graphic difficulties compared to
cortical  patients,  while  cortical  patients  demonstrated  more
perseveration  on  qualitative  assessments.  This  is  similar  to  the
findings  described  by  Rouleau  et  al  (1992)  with  respect  to  the
subcortical  dementias  associated  with  Huntington’s  disease,
where graphic difficulties were more common. 

Parkinson’s disease

In  the  description  of  clock  drawing  in  a  variety  of  neurological
disorders,  Dal  Pan et  al  (1989)  studied three  groups of  patients:
normal controls, those with probable Alzheimer’s disease and non-
demented Parkinson’s disease patients. They used a clock drawing
test with criteria that resulted in scores from a minimum of zero to
a  maximum  of  four.  These  criteria  have  not  been  validated,
although  subsequent  studies  of  simplified  scoring  systems
suggest  that  this  approach  is  probably  a  valid  method  of
measuring cognitive impairment.

Diffuse abnormalities on the clock drawing test were seen only
in patients with Alzheimer’s disease and other types of dementia.
In contrast, non-demented Parkinson’s disease patients showed a
distinct  pattern  of  abnormalities  on  clock  drawing.  Specifically,
their errors were limited to spacing of numbers within the circle;
abnormalities  of  perceptual  motor  co-ordination  (including
micrographia)  as  a  result  of  poor  planning,  and  monitoring  of
movement.  Stern  (1983)  has  postulated   that  the  basal  ganglia
play  a  role  in  planning  and  sequencing,  as  well  as  modulating
behavior  and  may  be  responsible  for  the  abnormalities  seen  in
clock drawing. The author concluded that the clock drawing test
identifies  those  with  dementia  syndrome,  but  not  subtypes.
Furthermore,  clock  drawing  may  distinguish  non-demented
Parkinson’s  disease  patients  from  those  with  dementia,  in
particular in relation to the planning function (Figure 4.6).
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White matter lesions

Skoog  et  al  (1996)  assessed  the  clock  drawing  test  in  both
demented and non-demented 85-year-old patients with respect to
white  matter  lesions.  There  was  a  significant  interaction  effect
between  white  matter  lesions  and  cerebral  infarctions  in  this
group of patients, resulting in a lowering of cognitive performance
as  measured  by  clock  drawing.  White  matter  lesions  resulted  in
lower clock scores in both demented and non-demented 85-year-
old patients.

Huntington’s disease

Rouleau  et  al  (1992)  used  both  quantitative  and  qualitative
analyses  of  clock  drawings  in  an  attempt  to  distinguish
characteristics  associated  with  Huntington’s  disease  and
Alzheimer’s disease (Figures 4.7 and 4.8). The clock drawing test
was adapted from the Boston Parietal Lobe Battery (Goodglass and
Kaplan, 1983). They added a qualitative analysis which included:
(a) graphic difficulties to stimulus-bound responses, e.g. 1:45 the

Figure 4.6 Clock drawings in neurological disorders. A-C, Alzheimer’s
disease; D-F, Parkinson’s disease. (Reproduced from Dan Pan et al, 1989,
with permission from IOS Press.) 
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hands pointing to ‘4’ and ‘5’ (Figure 4.9); (b) conceptual for 11:10,
hand  pointing  to  the  ‘10’  rather  than  ‘2’  (Figure  4.7)  and  for
deficits; (c) spatial or planning deficits; (d) perseveration.

This  study included a copy task in which Alzheimer’s  patients
showed  significant  improvement  compared  to  Huntington’s
disease patients. The authors suggest that the drawing problems
are  not  primarily  due  to  graphic,  motor  or  visual  perceptual
difficulties,  but  rather  to  the  loss  of  semantic  associations  with
the  word  ‘clock’.  Huntington’s  versus  Alzheimer’s  patients
demonstrated  moderate  to  severe  graphic  and  planning  deficits.
The planning deficits may be related to frontostriatal dysfunction
associated with Huntington’s disease. Since the overall level of 

Figure 4.7 Visuoconstructive impairment in Huntington’s disease (HD) and
dementia of the Alzheimer type (DAT). Samples of errors observed. Graphic
difficulties: (a) moderate, (b) severe. Stimulus-bound response: (c)
associated with visuospatial deficit, (d) associated with a conceptual deficit
in representing the time on the clock. (Reproduced from Rouleau et al,
1992, with permission from Elsevier Science.)
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Figure 4.8 Visuoconstructive impairment in Alzheimer’s dementia.
(Reproduced from Rouleau et al, 1992, with permission from Elsevier
Science.)

Figure 4.9 Stimulus-bound errors in clock drawing (of time 1:45).
(Reproduced from Royall et al, 1999, with permission from The
Gerontological Society of America.)
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cognitive  impairment  was  equal  between  Alzheimer’s  and
Huntington’s  patients,  the  qualitative  differences  noted  above
appear  to  be  due  to  different  involvement  of  the  limbic  cortical
regions in Alzheimer’s disease compared to the basal ganglia and
corticostriatal dysfunction associated with Huntington’s disease.  

Discussion

Despite  significant  variations  in  the  development  of  scoring
systems  that  emphasize  visuospatial  and  executive  functions  to
different degrees, the psychometric properties of all the clock tests
are  remarkably  consistent.  Sensitivity  and  specificity  levels  are
both  at  a  mean  of  85%  for  all  published  studies  with  excellent
inter-rater reliability and good concurrent and predictive validity.
Moreover,  the  clock  drawing  test  appears  to  have  achieved
widespread clinical utilization, albeit with inconsistent approaches
to  scoring  and  interpretation.  The  literature  reflects  the  interest
and  focus  on  this  test  in  recent  years,  and  conclusions  are
uniformly positive. The clock test appears to be, at the very least,
an important adjunct to the cognitive screening process and very
sensitive to cognitive change.

From a  clinical  perspective,  the  clock  test  provides  an  easy  to
use  visual  record  of  cognitive  function  that  is  appealing  to  busy
clinicians. Generally, it takes less than a minute to conduct and
score  and  appears  to  have  achieved  general  acceptability  on  the
part of patients. Clinical experience also indicates that it has had
a  tremendous  effect  on  caregivers  who  are  often  shocked  and
surprised to see the extent of difficulty on this task performed by
their impaired dependants. This has often helped to highlight the
extent of the cognitive problem when caregivers are unaware or in
denial. While there continues to be concern regarding the impact
of  education  and  language  on  the  clock  drawing  test,  it  may  be
less pronounced than other instruments such as the MMSE that
rely more heavily on language.

It is of interest that the clock drawing test, which appears to be
so sensitive to cognitive decline in dementia, does not test recent
memory,  which  has  been  considered  the  hallmark  of  dementing
disorders.  This  suggests  a  reconsideration  of  the  nature  of  the
dementing process and just how the clock drawing test is able to
reflect  brain  dysfunction  without  formally  testing  memory.
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Moreover, Royall et al (1998) who developed the ‘CLOX’ test, have
added an important  dimension to  the  interpretation of  the  clock
drawing  test,  namely,  its  ability  to  tap  into  executive  functions.
This  is  a  deficiency  in  most  of  the  available  simple  cognitive
screening tests and adds an aspect of the clock test that has been
overshadowed  by  its  obvious  visuospatial  focus.  The  ‘process’
approach of Kaplan (1990) also highlights the value of examining
the  qualitative  aspects  of  clock  drawing  that  inform  our
understanding of brain function.

In this chapter, the full range of published scoring systems have
been presented, all of which seem to have excellent psychometric
properties and all have similar conclusions regarding the use and
value  of  the  clock  drawing  test  as  a  cognitive  screening
instrument.  One  should  logically  conclude  from  this  that  the
simpler the scoring system the better. The more complicated and
lengthy scoring systems do not appear to add significant value to
the  psychometric  properties  or  clinical  utility  of  this  test.
Ultimately,  the  clinical  ‘market  place’  should  determine  which
scoring  system  has  most  practical  value.  However,  the  system
used  by  the  Consortium  to  Establish  a  Registry  for  Alzheimer’s
Disease (CERAD) seems optimal (Borson et al, 2000) (Figure 4.4,
see p. 62).

Inevitably,  the  question  of  the  impact  of  digital  clocks  arises.
While it is difficult to predict the future use of analog clocks, it is
safe to say that, for the current cohort of adults (40+), traditional
clock drawing will remain a valid test for at least 30 years. If the
clock  test  lasts  that  long,  it  will  have  outlived  the  usefulness  of
most tests in medicine.

As a single screening instrument, the clock drawing test clearly
has limitations, as described by Borson et al (2000) in their testing
of the Mini-Cog battery. Furthermore, in cases of very mild to mild
dementia, the clock drawing test does appear to be limited, as do
most  single  screening instruments  (Lee  et  al,  1996;  Powlishta  et
al,  2002;  Storey  et  al,  2001).  However,  its  very  short
administration  time,  simplicity  and  acceptability  make  its
psychometric properties especially appealing. This also makes it a
highly  desirable  item  to  include  in  a  brief  battery  that  aims  to
broaden its screening net, as in the Mini-Cog and GPCOG.
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Appendix 4.1
(reproduced from Royall, 1995, with permission

from The BMJ Publishing Group)

CLOX: An Executive Clock Drawing Task©

STEP 1: Turn this form over on a light colored surface so that
the  circle  below is  visible.  Have  the  subject  draw a  clock on the
back.  Instruct  him or  her  to  ‘Draw  me a clock that says 1:45.
Set the hands and numbers on the face so that a child could
read  them.’  Repeat  the  instructions  until  they  are  clearly
understood. Once the subject begins to draw no further assistance
is allowed. Rate this clock (CLOX 1).

STEP  2:  Return  to  this  side  and  let  the  subject  observe  you
draw a clock in the circle below. Place 12, 6, 3, and 9 first. Set the
hands  again  to  ‘1:45’.  Make  the  hands  into  arrows.  Invite  the
subject  to  copy  your  clock  in  the  lower  right  corner.  Score  this
clock (CLOX 2). 
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Chapter 5
Tests of frontal lobe function

In approaching the subject of frontal lobe tests, a brief overview of
the anatomy of the frontal lobes is helpful. While prefrontal areas
are  of  central  importance  in  various  aspects  of  cognitive
functioning, additional motor and premotor areas also fall  under
the anatomical frontal rubric. This chapter, therefore, will briefly
describe the anatomy and function of these areas. Thereafter, an
approach  to  cognitive  testing  of  frontal  lobe  functions  based  on
the anatomical divisions will be delineated. A description of more
complex, psychometric ‘frontal’ tests will be given, all of which are
in the public domain and relatively straightforward to administer.
Finally,  a  list  of  bedside,  frontal  tests  will  be  provided  and their
validity discussed.

Frontal anatomy

The motor and premotor systems

The motor cortex (Brodmann area 4), lying anterior to the central
sulcus,  subserves  motor  tasks  and  is  intricately  involved  in
pyramidal  function.  It  receives  cortical  projections  from  sensory
parietal  areas  and  subcortical  connections  from  the  thalamus.
Efferent  pathways  traverse  the  internal  capsule  en  route  to  the
pyramidal  tracts.  Lesions  in  the  motor  cortex  produce
contralateral paralysis or paresis. 

The premotor system (Brodmann 6) is important for integrating
motor and sensory function and is thus connected to the primary
sensory cortex, somatosensory cortex, primary motor cortex plus
thalamus and extrapyramidal areas such as the caudate nucleus.
Lesions in this area give rise to apraxia and difficulties with fine
movement.



Frontal eye fields

This  area  (Brodmann  8)  controls  voluntary  conjugate  eye
movement and is connected by long association bundles with other
cortical  regions,  most  prominently  the  occipital  cortex  and  by
projection  fibers  with  the  brain  stem  and  oculomotor  nerves.
Lesions in the frontal  eye fields will  produce transient ipsilateral
eye  deviation  and  contralateral  gaze  paresis  (Malloy  and
Richardson, 1994).

Broca’s area

This  corresponds  to  Brodmann  area  44,  in  the  lower  frontal
convolution.  It  is  connected  to  areas  in  the  prefrontal  cortex
(Brodmann  10)  and  supplementary  motor  areas.  A  lesion  here
produces a non-fluent speech disorder, characterized by effortful,
grossly  impaired  expression  and  agrammatism,  but  intact
comprehension.

The prefrontal cortex

The  dorsolateral  prefrontal  cortex  circuit  begins  at  the  lateral
aspect of the frontal lobe and courses to the dorsolateral head of
the  caudate  nucleus  and  then  on  to  the  globus  pallidus  and
substantia nigra via direct and indirect pathways, relaying in the
ventral  anterior  and medial  dorsal  nuclei  of  the thalamus before
reconnecting to the dorsolateral prefrontal cortex.

The ventral  prefrontal  circuit  originates in the inferior aspect of
the  prefrontal  cortex  and  sequentially  encompasses  the
ventromedial  caudate  nucleus,  the  globus  pallidus,  substantia
nigra and subthalamic nuclei and finally the ventral anterior and
medial dorsal thalamic nuclei prior to the circuit returning to the
inferior  prefrontal  cortex.  While  this  circuit  and  the  dorsolateral
prefrontal  circuit  share  superficial  similarities in  terms  of
pathways,  they  relay  with  different  sets  of  nuclei  within  the
striatum and thalamus. Thus, they should be viewed as discrete,
parallel circuits and it is this anatomical separation that dictates
their very different clinical characteristics.

The  third  frontal  subcortical  circuit  begins  in  the  anterior
cingulate,  progresses  to  the  ventral  striatum,  where  it  receives
connections  from  limbic  structures  (such  as  the  hippocampus,
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amygdala  and  entorhinal  cortex)  and  sends  connections  to  the
globus  pallidus  and  substantia  nigra  and  then  on  to  the  medial
dorsal nucleus of the thalamus, amongst other areas, before the
circuit loops back to the anterior cingulate.

Lesions affecting this circuit produce varying degrees of apathy,
ranging  from  poor  motivation  to  the  striking  clinical  picture  of
akinetic  mutism.  Here  the  patient  is  conscious,  with  eyes  open,
but displays a paucity of movement, incontinence and a profound
indifference to the external world with an absence of spontaneous
speech,  and  an  inability  to  attend  to  such  basic  functions  as
eating, drinking and continence.

Frontal tests: an anatomical taxonomy

A fundamental neuroanatomical distinction can be made between
the  dorsolateral  prefrontal  cortex  (DLPFC)  and  the  ventral
prefrontal  cortex  (VPFC).  These  two  areas  are  also  functionally
differentiated.  Thus  the  DLPFC  is  associated  with  spatial  and
conceptual  reasoning  processes  while  the  VPFC,  by  virtue  of  its
origin  in  the  paleocortex  and  rich  connections  with  limbic
structures,  is  central  to  emotional  control  and  behavior
regulation,  including  stimulus  reward associations  (Rolls,  2000).
While  experimental  research  in  the  neurosciences  has  been
successful in teasing out these frontal demarcations, this has not
always  translated  into  clinically  meaningful  and  accessible  tests
suited to the bedside or consulting room, particularly in relation
to  VPFC  function  (Stuss  and  Levine,  2002).  This  translational
limitation  also  applies  to  one  additional  frontal  subdivision.
Cognitive scientists regard the most anterior, teleological aspects
of the VPFC, termed the frontal poles, as uniquely involved in self-
awareness and autonoetic (‘self knowing’) consciousness (Tulving,
1985).

A description of the various experimental paradigms that define
these  frontal  subdivisions  has  been  articulated  by  Stuss  and
Levine (2002). In describing these tests and the deficits elicited, it
is  important  to  remember  that  lesions  frequently  encroach  on
more  than  one  anatomical  area,  thereby  obfuscating  the
presentation.  Cognizant  of  this,  three  main  cognitive  tasks  have
been linked to the dorsolateral prefrontal cortex, namely language

78 QUICK COGNITIVE SCREENING FOR CLINICIANS



functions,  memory  (including  working  memory)  and  certain
aspects of attention.

Dorsolateral prefrontal cortex

Language

Grossly abnormal aspects of language, for example the non-fluent
aphasia of Broca, will not be addressed here, as the contributing
pathology lies outside the DLPFC. One aspect of language that is,
however, affected by DLPFC pathology is verbal fluency, which can
be readily  assessed by  a  test  of  phonological  or  letter  fluency.  A
widely used and easily applied cognitive test that challenges many
of  these  functions  is  the  Controlled  Oral  Word  Association  Test
(COWAT) (Benton, 1968), also known as the Letter Fluency Test or
FAS-Test. Here the subject is required to produce orally as many
words  as  possible  beginning  with  the  letters  F,  A  and  S.  These
letters are the most commonly used, although Benton et al (1983)
have  used  C,  F,  L  and  P,  R,  W.  With  the  patient  seated  the
following instructions are given by the examiner with a stopwatch
at the ready: ‘I will say a letter of the alphabet. Then I want you to
give me as many words that begin with that letter as quickly as you
can. For you to use words that are proper names such as “Boston,
Bob or Buick”. Also, instance, if I say “B”, you might give me “bad,
battle, bed…” I do not want do not use the same word again with a
different ending such as “eat” and “eating”. Any questions? (Pause)
Begin when I say the letter. The first letter is  F. Go ahead’.  Begin
timing  immediately.  Allow  1  minute  for  each  letter  (F,  A  and  S).
Say ‘Fine’  or  ‘Good’  after  each 1-minute performance.  If  patients
discontinue  before  the  end  of  the  minute,  they  should  be
encouraged to persevere with the task. If silence ensues for more
than  15 seconds,  repeat  the  basic  instructions.  The  examiner
must either write down the patient’s responses, or, if they are too
quick,  mark  a  series  of  checks  per  word.  At  the  end  of  the  3
minutes,  the  numbers  of  words  are  added  together  and  the
presence  of  perseverative  responses  (i.e.  repetition  of  the  same
word)  noted.  There  are  published  normative  data,  age-corrected,
with which to compare the results.

The COWAT is considered a sensitive index of brain dysfunction
(Crockett  et  al,  1990;  Mutchnick  et  al,  1991)  and  there  are  a
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number of  studies demonstrating an association between frontal
pathology  and  impaired  performance  on  the  COWAT.  There  is,
however,  disagreement  about  whether  frontal  laterality  is
important.  Studies  have  found  abnormal  performance  on  the
COWAT  irrespective  of  side  of  frontal  lesion  (Bruyer  and
Tuyumbu,  1980;  Miceli  et  al,  1981),  while  others  have  noted  an
association with either left-sided or bilateral lesions (Benton, 1968;
Parks et al, 1988; Perret, 1974; Ramier and Hecaen, 1970; Ruff et
al,  1994).  A more specific  link between poor performance on the
COWAT  and  inferomedial  frontal  pathology  has  been  reported
(Crowe, 1992). The results of these studies showing a predilection
for frontal pathology have been offset by others suggesting a more
widespread cerebral  involvement.  In a wide-ranging investigation
of brain correlates of cognitive abnormalities in multiple sclerosis,
poor verbal fluency correlated with atrophy affecting the anterior
corpus callosum (Pozzilli  et al, 1991). Temporal lobe involvement
with  impaired  COWAT  performance  has  also  been  reported
(Pachana et al, 1996).

Imaging activation studies in healthy controls also reflect these
divergent  findings  with  performance  linked  to  the  dorsolateral
prefrontal  cortex  (Cantor-Graae  et  al,  1993;  Warkentin  et  al,
1991) and bilateral frontal and temporal areas (Parks et al, 1988).

These  seemingly  discrepant  findings  become  easier  to
comprehend  when  viewed  alongside  the  anatomy  of  the
dorsolateral prefrontal circuit, incorporating as it does frontal and
subcortical structures with their direct and indirect connections to
the  hypothalamus  and  medial  temporal  lobes  (hippocampus).
Thus,  a  lesion  situated  at  any  point  along  this  richly
interconnected pathway may lead to difficulties in generating lists
of  words.  An  example  is  Huntington’s  disease  where  a primary
striatal abnormality, i.e. the involvement of the caudate nucleus,
may  produce  impaired  verbal  fluency  and  a  dysexecutive
syndrome considered typical of frontal deficits.

Memory

Pathology localized to the frontal lobes does not produce amnesia
per  se.  Rather,  the  importance  of  the  frontal  lobes  in  memory
function is one of control (Moscovitch and Winocur, 1992). There
is  a  plethora  of  experimental  memory  paradigms  that  probe
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amnesia or deficits in associative learning, an aspect of cognition
more  closely  allied  with  medial  temporal  lobe  functioning.  These
tests  do  not  generally  shed  light  on  the  strategic  process
explaining how memory operates. Neuropsychological tests, such
as  the  California  Verbal  Learning  Test  (CVLT)  (Delis  et  al,  1987)
and the  use  of  activation functional  brain  imaging studies  have,
however,  confirmed  the  importance  of  the  DLPFC  in  encoding,
retrieval  and,  to  a  lesser  extent,  recognition  aspects  of  memory
(Stuss  and  Levine,  2002).  There  are  also  empirical  data
highlighting  laterality  effects,  with  the  right  prefrontal  cortex
strongly associated with episodic memory retrieval (Tulving et al,
1994).

The  role  of  the  DLPFC in  working  memory  is  not,  however,  as
clear.  Working  memory,  which  may  be  roughly  defined  as  that
aspect of memory held ‘on line’,  is subject to frontal control but,
as in other aspects of memory discussed above, the DLPFC is not
concerned with storage capacity  (for  example a 7-digit  telephone
number),  but  rather  with  the  control  and  manipulation  of  that
memory  held  on  line  (Stuss  and  Levine,  2002).  The  Digit  Span
Test  (Wechsler,  1987),  whereby a  subject  is  required to  repeat  a
series of single digits spaced at 1-second intervals, taps into more
posterior  brain  regions  (viz  parietal  lobes).  However,  asking  the
subject to repeat the digits in the reverse order does measure the
manipulation of the information stored in working memory and is
thus  linked  to  DLPFC  control.  Published  normative  data  are
available for the Digit Span Test. An additional method of testing
how memory processing operates is to challenge a subject with a
supraspan  test,  i.e.  one  that  provides  information  exceeding  the
capacity of working memory. Given that the average digit span in
a  middle-aged adult  is  7  digits  forwards,  providing  a  list  of
numbers in excess of this will demand additional strategies from a
subject when challenged with recall.

Attention

The attention neural network is widely dispersed, which can make
cerebral  lateralization  a  hazardous  task.  For  example,  consider
the network subserving spatial attention that involves the posterior
parietal cortex, frontal eye fields, anterior cingulate and reticular
activating  system (Mesulam,  1981).  The  role  of  the  frontal  lobes
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here is similar to that in memory, namely one of control.  In this
way  it  oversees  various  aspects  of  attention  that  include
switching,  selection  in  the  face  of  distractors  and  vigilance,  i.e.
sustained attention (Stuss and Levine, 2002).

There  are  two  widely  used  tests  that  probe  subjects’  ability  to
shift the focus of their attention, namely the Wisconsin Card Sort
Test  (WCST)  (Grant  and Berg,  1948),  and the Trail  Making Test,
part  B  (Reitan  and  Wolfson,  1985).  First  formulated  by  Berg  in
1948,  the  WCST  has  subsequently  been  revised  and  expanded
(Heaton,  1981).  Subjects  are  given  a  pack  of  128  cards  which
contain  four  symbols,  namely  star,  cross,  triangle  and  circle,  in
four  colors,  namely  red,  blue,  yellow  and  green.  Four  stimulus
cards  are  placed  before  them in  the  following  left-to-right  order:
one  red  triangle,  two  green  stars,  three  yellow  crosses  and  four
blue  circles.  Subjects  are  then  instructed  to  match  each
consecutive  card  from  the  deck  with  one  of  the  four  stimulus
cards, in whichever way they think they match. Subjects are told
whether they are right or wrong and the correct sorting principle
is never revealed. Once a certain number of correct responses are
made  to  the  initial  sorting  principle,  the  sorting  principle  is
changed, e.g. from color to form. This occurs without warning and
subjects have only the examiner’s responses to alert them of the
change.  The  test  proceeds  in  similar  fashion through a  series  of
shifts  in  set,  namely  color,  form,  number,  etc.  The  test  provides
scores on such indices as the number of categories completed, the
total  number  of  errors  made  and  the  number  of  perseverative
responses made, to name but three of the most sensitive indices
of conceptual reasoning. 

Performance  on  the  WCST  has  been  linked  to  the  functional
integrity  of  the  DLPFC  (Heaton  et  al,  1993),  although  there  are
dissenting  voices  (Anderson  et  al,  1991).  A  positron  emission
tomography  (PET)  study  that  demonstrated  the  inability  of
schizophrenic  patients  to  match  the  performance  of  healthy
subjects on the WCST noted a robust association between deficits
and hypoperfusion in the DLPFC (Weinberger et al, 1986), findings
subsequently replicated by others (Berman et al, 1995). Evidence
suggests  that  the  DLPFC  is  particularly  relevant  in  shifting  set
from color to form, for example (termed extra-dimensional), rather
than  from  color  to  color  (e.g.  green  to  yellow,  termed  intra-
dimensional) (Rogers et al, 2000).
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A computerized version of the test is now in the public domain
and comes with an automated scoring system.

A second, widely used test that taps similar cognitive attributes
is  the  Trail  Making  Test,  part  B  (Reitan  and  Wolfson,  1985).  In
part A, the subject is given a pencil and told to mark a sequential
trail  on  a  piece  of  paper  that  contains  a  series  of  consecutive
numbers  scattered  in  random  fashion.  Thus,  the  correct  trail
would proceed as 1→2→3→4→5 and so on. The test is timed. In
Trail  Making  B,  a  consecutive  series  of  numbers  and  letters  are
scattered on the page and the subject is now instructed to proceed
in  a  sequence  that  alternates  numbers  with  letters
1→A→2→B→3→C→4→D→5→E and so on. Once again the test is
timed, unlike the WCST. Evidence suggests that failure to switch
set  in  part  B  and  the  inability  to  sustain  attention  over  the
duration of the study is associated with DLPFC dysfunction (Stuss
et al, 2001).

One of the drawbacks to this test is that speed of performance is
dependent on good motor co-ordination which creates problems in
patients  with  neuropsychiatric  disorders  such  as  multiple
sclerosis  and  Parkinson’s  disease.  However,  Trail  Making  A  may
be regarded as a control task for time and therefore used to factor
out this potential con-founder (Stuss et al, 2001).

Selective attention may be assessed with the Stroop Test (Stroop,
1935). It assesses the ability to focus attention on one attribute of
a compound stimulus (the color in which words are written) and
simultaneously  to  ignore  another  competing  attribute  (the
meaning  of  the  word). The  effect  is  produced  by  the  primacy,  in
information  processing  terms,  of  semantic  content  over  physical
features.  Poor  performance  is  indicated  by  either  slow  speed,
frequent errors or both. In a computerized version of the test used
in our research laboratory subjects are first asked to read a list of
words  denoting  a  series  of  colors.  This  first  control  paradigm
provides  an  estimate  of  reading  speed.  In  the  second  control
paradigm they  are  asked  to  name  the  color  of  each  square  in  a
series  of  colored  squares.  In  the  third  task,  the  actual  Stroop
paradigm, subjects are presented with the names of colors written
in different colors. What they have to do is say the color the word
is written in, not the color named by the word. Thus, although the
first word in Figure 5.1 says red, the correct answer is yellow.
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Figure 5.1 The Stroop Test Subjects have to give the color the word is
written in and not the name as written.

Results  from  experimental  psychology  have  implicated  two
frontal  areas  in  the  performance  of  the  Stroop  test,  namely  the
DLPFC (right  or  left)  and the  anterior  cingulate  cortex  (Bench et
al,  1993; Stuss et  al,  1981; Vendrell  et  al,  1995).  While patients
with  frontal  damage  are  slow  on  all  three  parts  of  the  test,  the
DLPFC appears to be linked to speed of  color-naming (paradigms
1  and  2),  whereas  the  superior  medial  areas  control  selective
attention (paradigm 3).

Attention  sustained  over  time  is  termed  vigilance  (Strub  and
Black, 1977) and appears mediated by frontal regions, particularly
the right DLPFC (Stuss and Levine, 2002). Right frontal activation
is enhanced under two conditions: when the target complexity is
increased,  as  in  a  choice-  versus  simple-reaction-time  test
(Reuckert  and  Grafman,  1996)  and  when  the  speed  of  the
stimulus is reduced, i.e. slow, sustained tasks instead of rapidly
paced ones (Reuckert and Grafman, 1998).
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The ventral prefrontal cortex

In  contrast  to  the  DLPFC,  the  ventral  prefontal  cortex  controls
emotions,  self-regulation  and  decision-making  processes.
Psychometrically testing the functional integrity of these personal
attributes is almost exclusively within the research domain.

Decision-making  can  be  tested  using  the  ‘Gambling  Task;  a
novel paradigm that challenges real-life decision-making (Bechara
et  al,  1994).  This  test  has  now  been  computerized  to  facilitate
presentation and takes approximately 15–20 minutes to complete.
Subjects  are  given  $200  of  ‘virtual’  money  before  testing  begins
and instructed to select from four identical decks of cards with the
simple  instruction to  maximize  gains  and minimize  losses.  Each
deck has a programmed system of differing monetary awards and
penalties. However, the subject does not know what the program
is in advance and has to work out, as the test progresses, which
decks  are  advantageous  or  punitive.  The  final  score,  after  100
cards are chosen, is the difference between cards drawn from the
‘good’ and ‘bad’ decks.

Behavioral self-regulation is also allied to VPFC function. Stuss
and Levine (2002)  have coined the term ‘self-regulatory disorder’
(SRD)  describing  an  ‘inability  to  regulate  behavior  according  to
internal goals and restraints’.  The process of self-regulation goes
awry  when  subjects  fail  to  maintain  consistent  self-
representations and use this self-information to inform their own
decision-making in the appropriateness of their social responses.
Such behavior is most noticeable in unstructured social situations
where  an  impulsivity  often  overwhelms  the  decision-
making process,  with  adverse  long-term  consequences.
Conversely,  highly  structured  situations  induce  restraint  in
patients  with  SRD.  This  is  turn  may  superficially  obscure  their
often catastrophic social deficits (Mesulam, 1986). Self-regulatory
behavior  cannot  be  tested clinically.  While  a  laboratory  measure
has been developed, termed the Strategy Application Test (Levine
et al, 1998), a detailed history from a close informant of the patient
provides the necessary clues to diagnosis.

A straightforward means of challenging orbitofrontal functional
integrity  is  to  test  olfaction.  One  detailed  assessment  is  the
University of Pennsylvania Smell Identification Test (UPSIT) (Doty,
1983;  Doty  et  al,  1984).  This  scratch  and  sniff  test  contains  40
odors, some common and others rare. After sniffing an odor, the
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subject  is  presented  with  a  choice  of  four  possible  answers  that
are read aloud. Each odor is presented unilaterally, 20 per nostril.
Evidence points towards the importance of the medial orbitofrontal
areas  in  mediating  olfaction  (Jones-Gotman  and  Zatorre,  1988;
Zatorre and Jones-Gotman, 1991).

The cognitive relevance of a further frontal subdivision, namely
the frontal poles, has been emphasized. This region is considered
important  in  memory  of  self,  termed  episodic  memory.  Once
again, a laterality effect has been described, with the right frontal
pole associated with recall of biographical information (Craik et al,
1999). Autonoetic knowledge, the process of knowing self, is also
intricately  embedded  in  right  polar  function  (Tulving,  1985).  A
method for assessing episodic memory that consists of a detailed
autobiographical questionnaire is recommended for patients with
non-dominant prefrontal pathology (Kopelman et al, 1989). Finally,
this  same  anatomical  region  is  important  in  determining  a
subject’s ability to appreciate humor (Shammi and Stuss, 1999).

In  summary,  the  following  tests  have  been  provided  as
indicators  of  frontal  function:  the  Controlled  Oral  Word
Association Test (COWAT); Digit Span reversed; supraspan tasks;
the Wisconsin Card Sort Test; the Trail  Making Test, part B; the
Stroop Test; Choice Reaction Time tests; the Gambling Task; the
Smell  Test;  the  Strategy  Application  Test;  and  the
Autobiographical  Questionnaire.  Of  these,  only  three  (COWAT,
Digit  Span reversed,  Autobiographical  Questionnaire)  are  readily
presentable  at  the  bedside,  with  the  remainder  being  used  in
research settings. A further delimiter is the recognition that these
tests  tap  into  multiple  cognitive  domains  and  therefore  involve
brain  regions  beyond  the  frontal  lobes.  A  useful  rule  of  thumb,
cognitively speaking, is that the more complex the task, the more
likely it is to involve frontal regions (Stuss and Levine, 2002). This
in  itself  does  not,  however,  guarantee  regional  specificity.  While
they  are  of  inestimable  significance  in  helping  to  unravel  the
mysteries of cognitive neuroscience, the esoteric nature of most of
these tests places their utility beyond the reach of clinicians. For
this reason, a more strictly translational research effort has been
devoted  to  the  establishment  of  relatively  brief,  doable,  bedside-
friendly tests of frontally mediated cognitive abilities.
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Frontal lobe clinical batteries

A  multicenter  attempt  at  developing  a  bedside  mental  state
assessment of frontal lobe involvement focused on a methodology
that  emphasized  brevity  and  an  absence  of  materials  and
equipment  (Ettlin  et  al,  2000).  Four  groups  of  subjects  were
examined: those with frontal (n=27), non-frontal (n=25) and mixed,
frontal  and  non-frontal  (n=17)  lesions  plus  a  group  of  healthy
controls  (n=48).  Patients  with  aphasia,  an  age  over  70  years,
dementia, psychiatric disease and substance abuse were excluded.
A detailed literature review of putative frontal lobe tasks led to the
selection  of  22  tests,  which  were  then  combined  with  12  items
from  the  Neurobehavioral  Rating  Scale  (NRS)  (Levin  et  al,  1987)
and  seven  dysfunctional  aspects  of  spontaneous  speech  and
narrative  discourse.  To  score  the  NRS  the  patients’  own
observations  were  supplemented  by  those  of  their  relatives,
nurses, physicians and the examiner’s evaluations during testing.
Given that the aim was the production of a battery that had the
highest  sensitivity  and  specificity  for  detecting  frontal  lobe
pathology,  those  test  items  that  best  discriminated  between
frontal and non-frontal lesions were chosen.

The final result was a compendium of 14 tests, incorporating 56
variables. The clinical utility of these measures was enhanced by
the development of a simple scoring system. The tests include the
items in Table 5.1.      

The  frontal  lobe  score  (FLS)  has  a  sensitivity  of  77.7%  in
detecting  frontal  lesions,  i.e.  it  correctly  identified  21  out  of  27
patients  with  well-demarcated  frontal  lesions.  When  the  mixed
group  was  added  to  this  group,  the  sensitivity  was  reduced
slightly to 71.1%. The specificity was 84%. In healthy controls the
specificity  was  100%  (none  had  frontal  pathology).  The  results
indicate that the ability to detect frontal dysfunction is enhanced
when  cognitive  measures  are  supplemented  with  behavioral  and
language indices.

While the sensitivity and specificity of the FLS are respectable,
almost one in four patients with frontal lesions is missed, raising
the  question  to  what  degree  the  scale  compares  with  the  more
complex  psychometric  tests  outlined  earlier  in  this  chapter.  In
answer  to  this  query,  the  authors  undertook  a  subsequent
validation  study  comparing  the  sensitivity  of  the  FLS  to  the
Wisconsin Card Sort and Stroop tests (Wildgruber et al, 2000). A
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Table 5.1 Frontal lobe clinical battery of tests. (Reproduced from Eltlin et
al, 2000 with permission from Arnold Publisher.)
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sample  of  108  subjects  (26  with  frontal  lesions,  28  with  non-
frontal  cerebral  lesions,  31  with  mixed  frontal  and  non-frontal
lesions,   and 23 healthy controls) completed the FLS, WCST and
Stroop  test.  The  results  of  the  three  tests  are  summarized  in
Table 5.2.

The conclusion reached was that the FLS was superior to both
the  WCST  and  Stroop  test  in  screening  for  frontal  lesions.
Notwithstanding this impressive validation, the 22% false-negative
rate  speaks  to  the  importance  of  adjunct  investigations  such  as
computed  tomography  and  magnetic  resonance  imaging  brain
scans in arriving at a more complete assessment.

Other,  less  comprehensive,  ‘frontal’  batteries  have  been
developed  and  warrant  consideration.  The  Frontal  Assessment
Battery (FAB) is a six-item, bedside test that takes no longer than
10 minutes to complete (Dubois et al, 2000). The tests challenge
conceptualization,  mental  flexibility,  motor  programming,

A total frontal lobe score (FLS) of ≥12 indicates frontal lobe damage.

Table 5.2 Evaluation of frontal lobe score (FLS), Wisconsin Card Sort
Test (WCST) and Stroop test.
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inhibitory  control  and  environmental  autonomy,  considered
prototypical frontal functions. The six tests are as follows:

1. Similarities (conceptualization)
In what way are the following alike?

A banana and an orange

A table and a chair

A tulip, rose and daisy

Score: three correct = 3; two correct = 2; one correct = 1;
none correct = 0.

2. Lexical fluency (mental flexibility)
The number of words beginning with the letter S in 1 minute
(excluding surnames and proper nouns)
Score: >9 words = 3; 6–9 words = 2; 3–5 words = 1; <3 words =
0. 

3. Motor series (programming)
Luria’s three-step procedure (fist, edge, palm)
Score:  six  consecutive  series  alone  =  3;  at  least  three
consecutive  series  alone  =  2;  fails  alone,  but  performs  three
consecutive series with the examiner = 1; cannot perform with
examiner = 0.

4. Conflicting instructions (sensitivity to interference)
‘Tap twice when I tap once’ alternating with ‘tap once when I
tap twice’.
The following sequence of taps is given 1–1–2–1–2–2–2–1–1–2
Score: no error = 3; 1–2 errors = 2; > 2 errors = 1; subject taps
like examiner four consecutive times = 0.

5. Go-no go (inhibitory control)
‘Tap once when I tap once’ interspersed with ‘Do not tap when
I tap twice’.
The following sequence of taps is given: 1–1–2–1–2–2–2–1–1–2
Score: no error = 3; 1–2 errors = 2; > 2 errors = 1; subject taps
like examiner four consecutive times=0.

6. Prehension behavior (environmental autonomy)
The examiner sits before the patient who sits with palms up on
his/her knees. The examiner then brings his/her hands close
to those of the patient and touches the palms to see how the
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patient  will  respond  spontaneously.  If  the  earlier  instruction
not  to  take  the  examiner’s  hands  is  ignored,  repeat  the  test
with the instruction ‘Now, do not take my hands’.
Score:  does  not  take  hands  =  3;  patient  hesitates  and  asks
what  he/she has to  do = 2;  patient  takes the hands without
hesitation = 1; patient takes the examiner’s hands even when
instructed not to do so = 0.

The  FAB  was  validated  (Dubois  et  al,  2000)  in  a  sample  of  42
healthy  control  subjects  and  121  patients  with  Parkinson’s
disease  (n=24),  multi-system  atrophy  (n=6),  corticobasilar
degeneration  (n=21),  progressive  supranuclear  palsy  (n=47)  and
frontotemporal  dementia  (n=23).  Other  cognitive  measures
included the Mini Mental State Examination (MMSE) (Folstein et al,
1975) and the Mattis Dementia Rating Scale (DRS) (Mattis, 1988).
Good  correlations  were  reported between  the  FAB  and  the  DRS
(r=0.82;  p<0.01),  the  number  of  criteria  (r=0.77;  p<0.01)  and
perseverative errors on the WCST (r=0.68; p<0.01). When it came
to predictors of frontal involvement, these variables accounted for
79% of the variance with age and the MMSE having no effect. The
absence  of  an  association  between  the  FAB  and  the  MMSE,  the
latter an indicator of more global cognitive dysfunction, indicates
the relative sensitivity of the FAB to frontal dysfunction.

The aim of this chapter is not to provide a review of all the many
frontal batteries published, but rather to highlight a few of those
with  impressive  sensitivity/specificity  ratios  that  are  readily
presentable  at  the  bedside.  While  there  is  broad  consensus  on
what the processes are that underlie frontally mediated cognitive
function, the choice of tests varies according to the preferences of
the  clinicians  or  researchers.  Indeed,  some  approaches  focus
exclusively  on  behavioral  measures,  arguing  that  the  most
prominent early signs of  frontal  lobe involvement are behavioral,
not  cognitive,  with  alterations  in  personality  alerting  family
members to the impending problem. One such scale is the Frontal
Behavioral Inventory (FBI) (Kertesz et al, 1997). Drawing on their
clinical  observations  and  published  research  data  defining  the
phenomenology  of  frontal  psychopathology,  the  authors  divide
behaviors  into  what  they  term  deficit  and  positive  subgroups.
Each group comprises 12 some-times-overlapping behaviors. For
the  positive  group,  these  include  perseveration,  irritability,

92 QUICK COGNITIVE SCREENING FOR CLINICIANS



excessive  or  childish  jocularity,  irresponsibility,
inappropriateness,  impulsivity,  restlessness,  aggression,
hyperorality,  hypersexuality,  utilization  behavior  and
incontinence.  The  deficit  group  comprises  apathy,  aspontaneity,
indifference,  inflexibility,  concreteness,  personal  neglect,
disorganization,  inattention,  loss  of  insight,  logopenia,  verbal
apraxia and alien hand. Behavior is scored on a four-point Likert
scale (none, mild, moderate or severe) and a cut-off score of 30 is
used to signify predominantly frontal type behaviors.

In  a  later  study  (Kertesz  et  al,  2000)  the  Frontal  Behavioral
Inventory  was  given  to  the  caregivers  of  108  patients  with  the
following  disorders:  frontotemporal  dementia  (FTD)  (n=26),
vascular  dementia  (n=16),  Alzheimer’s  disease  (n=38),  primary
progressive  aphasia  (n=11)  and  depressive  illness  (n=17).  The
scale  differentiated  patients  with  FTD from  all  other  conditions
with  varying  degrees  of  success,  none  of  which  fell  below  a
significance  value  of  0.001.  Thus,  the  percentages  of  patients
classified  correctly  with  FTD  versus  another  disorder  were  as
follows:  vascular  dementia,  85.7%;  Alzheimer’s  dementia,  100%;
primary  progressive  aphasia,  100%;  depressive  illness,  90.7%.
Only with respect to vascular dementia did the false-positive rate
of 19% challenge the scale’s specificity. It is, however, possible that
the  one-in-five  misdiagnosis  rate  may  reflect  vascular  pathology
encroaching  on  the  frontal  lobes,  rather  than  any  construct
weakness  in  the  scale.  Nevertheless,  some  signs  were  more
powerful  indices  of  frontal  involvement  than  others,  with
perseveration,  indifference,  inattention,  inappropriateness  and
lack  of  insight  particularly  pertinent  to  frontally  mediated
behavioral  aberration.  The  breakdown in  insight  emphasizes  the
importance of access to an informant, something equally relevant
to measures such as the Neurobehavioral Rating Scale, part of the
FLS described earlier.  For  those readers  wishing to  use the FBI,
the text for the questions is within the public domain (Kertesz et
al, 1997).

Conclusions

In this chapter we have reviewed the psychometric and behavioral
data  pertaining  to  frontal  lobe  function.  The  complexity  of
mentation  ensures  that  there  is  no  single  measure  that  is
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pathognomonic  of  frontal  disease.  Nevertheless,  various
combinations of  paradigms (many of them readily presentable at
the bedside) and informant-based behavioral questionnaires have
been  used  to  create  an  index  of  frontal  dysfunction  boasting  an
impressive  sensitivity  and  specificity.  However,  from  the
perspective of a clinician in search of a neurological or psychiatric
diagnosis, these batteries should not be used in isolation, for they
cannot be considered the final arbiter of cerebral localization. They
are but  one means,  albeit  an important  one,  in  helping to  make
sense  of  a  particular  neurobehavioral  presentation.  These
inventories should therefore be one part of a patient work-up that
includes  a  thorough  history,  neurological  examination,  mental
state assessment and, wherever possible, neuroimaging. 
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Chapter 6
Short cognitive screening tests and

batteries

Abbreviated Mental Test

The Abbreviated Mental Test (AMT) has achieved its widest use in
Great  Britain  and Europe  but  is  seldom used in  North  America.
This 10-item mental test was developed by Hodkinson (1972) and
in turn was based on the instrument developed by Blessed et  al
(1968).  In  a  multi-center  study  of  mental  disorders  in  elderly
hospital  inpatients  under  the  auspices  of  the  Royal  College  of
Physicians, London, the original instrument consisted of 26 items.
However, it was determined that the test could be reduced to 10
items and still  maintain its discriminating functions (Appendices
6.1  and  6.2).  The  optimal  cut-off  for  ‘significant’  cognitive
impairment  was  considered  to  be  7/8,  as  this  maximizes
sensitivity and specificity.

The  AMT  has  been  assessed  in  a  wide  range  of  settings
including  long-stay  care  residential  homes,  general  community
samples and psychogeriatric day hospital attenders (Jitapunkul et
al,  1991).  Consecutive  patients  admitted  to  the  acute  geriatric
wards  of  the  Royal  London  Hospital  were  assessed.  Figure  6.1
shows the  frequency  of  impaired  cognitive  functioning  according
to the AMT score. Table 6.1 shows the sensitivity and specificity of
each  item  in  identifying  cognitive  impairment,  and  Table  6.2
shows the domains of each of the items on the AMT including the
seven-item  AMT,  which  proved  to  have  equivalent  psychometric
properties.

A survey conducted by Jitapunkul et al (1991) revealed that 80%
of junior doctors did not use the test accurately. Twenty per cent
of  the   doctors  surveyed  did  not  know  the  cut-off  point  for
abnormality and indeed a wide range of cut-off points were used



by  these  doctors.  In  the  study  approximately  20%  of  cognitively
normal  patients  were  mis-classified,  while  8.6%  of  cognitively
impaired  patients  were  classified  as   normal.  Like  the  Mini
Mental State Examination (MMSE), the AMT had a good internal
consistency with a high reliability co-efficient (Cronbach’s alpha=0.
90).

In  a  study  that  compared  the  AMT  to  the  Informant
Questionnaire  on  Cognitive  Decline  in  the  Elderly  (IQCODE)
(Harwood et  al,  1997),  the IQCODE was more accurate than the
AMT  in  screening  for  dementia.  Furthermore,  the  IQCODE  was

Figure 6.1 Frequency of impaired cognitive function according to the
Abbreviated Mental Test (AMT) score. (Reproduced from Jitapunkul et al,
1991, with permission from Oxford University Press.)

Table 6.1 Sensitivity and specificity of each item on the Abbreviated
Mental Test (AMT) (from Jitapunkul et al, 1991, with permission from
Oxford University Press).
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usable  in  eight  of  10  patients  who  were  unable  to  complete  the
AMT. The authors suggested that the use of both the IQCODE and
a brief cognitive screening test for dementia would be most useful
in  medical  inpatients,  as  this  would  maximize  the  number  of
patients who could be successfully screened.

Trail Making Test and the Verbal Fluency Test

The Trail Making Test (Oswald and Roth, 1978; Reitan, 1958) and
the  Verbal  Fluency  Test  (Isaacs  and  Kennie,  1973)  are  both
frequently mentioned in descriptions of effective cognitive screens
(Shulman, 2000). Figure 6.2 demonstrates the receiver operating
characteristic (ROC) curves for each of these tasks showing high
sensitivities and specificities (Heun et al, 1998). The verbal fluency
task  consists  of  naming  as  many first  names as  possible  with  a
particular  letter  and  the  naming  of  animals,  each  in  1  minute.
This is considered an indicator of frontal lobe functioning (Isaacs
and Kennie, 1973). Our experience with verbal fluency finds value
in adding a phonemic prime such as any word beginning with the
letter ‘F’ as well as a semantic prime of four-legged animals. The
Trail  Making  Test  was  derived  from  the  Reitan  battery  (Reitan,
1958).  The best  cut-off  score  for  verbal  fluency turned out  to  be
less  than  14  words  per  minute  and  corresponds  to  the
recommendations  of  the  original  study  by  Isaacs  and  Kennie

Table 6.2 The domains assessed by each item of the Abbreviated Mental
Test (AMT) (from Jitapunkul et al, 1991, with permission from Oxford
University Press).
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(1973). These results were similar to an earlier study by Monsch
et  al  (1997)  while  Koivisto  et  al  (1992)  found  comparable
psychometric  properties  for  the  verbal  fluency  test.  It  has  been
found to correlate well with the MMSE and with a variety of clock
drawing tests (Shulman, 2000). 

Lorentz et al (2002) identified the following less commonly used
short cognitive screens for consideration.

Short Blessed Test

The Short Blessed Test (SBT) was developed as a shorter version
of the original Blessed Information Memory Concentration (BIMC)
Test  (Katzman  et  al,  1983).  Six  questions  take  approximately  5
minutes to administer and address items that include orientation
(year, month, time); counting backwards from 20 to 1; months of
the year backwards; and repeating a memory phrase. Correlation
of  the  SBT  with  the  MMSE  was  high  (r=0.91).  Compared  to  the
MMSE,  the  SBT  was  reported  to  be  superior  in  detecting  mild
dementias  and  subthreshold  impairment.  Like  the  MMSE,
however, it was influenced by variables of age and education.

Figure 6.2 ROC curves. (Reproduced from Heun et al, 1998, with
permission from John Wiley & Sons Ltd.)
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Memory Impairment Screen

The  Memory  Impairment  Screen  (MIS)  (Buschke  et  al,  1999)
comprises  four  items  that  take  approximately  4  minutes  to
administer. It is purported not to be affected by age or education,
which is different from other cognitive screens.  Compared to the
three-item recall test (Kuslanski et al, 2002), it has demonstrated
superior psychometric properties.

Short Test of Mental Status

The Short Test of Mental Status (STMS) is similar in its content to
the  MMSE  including  orientation,  attention,  learning,  arithmetic,
calculation,  abstraction,  information,  construction  and  recall
(Kokmen et al, 1991). Its sensitivity and specificity were both over
90%, using a cut-off of 29 out of a possible 38 points. However, it
would  appear  that  the  results  were  significantly  correlated  with
education,  which  is  different  from  the  Memory  Impairment
Screen. 

Time and Change Test

Inouye  et  al  (1998)  set  out  to  develop  a  performance-based
indicator  of  cognitive  functioning.  They  specifically  chose  two
tasks  that  were  deemed  critical  to  the  maintenance  of
independent  functioning:  namely  telling  time  and  the  making
change task.

Telling time task

A large clock-face diagram with the hands set at 11:10 is held 14
inches  (35  cm)  from  the  participant’s  eyes.  The  participant  is
cued:  ‘Please  tell  me  what  time  it  says  on  this  clock’.  For  study
purposes,  the  participant’s  response  time  is  measured  with  a
stopwatch that is started immediately after the cue is given. The
participant  is  allowed  two  tries  within  a  60second  period.  If  the
participant  fails  to  respond  correctly  after  two  tries,  the  task  is
terminated  and  an  error  is  recorded.  Response  time  and  any
difficulties with the testing (e.g. vision, tremor, weakness, or pain)
are also recorded.
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Making change task

A standard amount  of  change  (three  quarters,  seven dimes,  and
seven nickels) is placed on a well-lighted tabletop. The participant
is  cued:  ‘Please  give  me  a  dollar’s  worth  of  change’.  For  study
purposes,  the  participant’s  response  time  is  measured  with  a
stopwatch that is started immediately after the cue is given. The
participant is allowed two tries within a 180-second period. If the
participant  fails  to  respond  correctly  after  two  tries,  the  task  is
terminated and an error is recorded. As above, response time and
any difficulties with the testing are also recorded.

In assessing concurrent validity, the investigators demonstrated
a  sensitivity  of  86%  and  a  specificity  of  71%  with  a  negative
predictive value of 97%. This represents the proportion of subjects
who have a negative result on the Time and Change Test and who
are  found  not  to  be  suffering  from  dementia.  Of  those  patients
who  had  a  false-negative  result,  their  median  MMSE  score  was
22. Convergent validity was assessed by correlating the Time and
Change  Test  with  other  cognitive measures  such  as  the  overall
MMSE score (r=0.58). The positive predictive value was only 32%,
however, on this test.

As far as efficiency is concerned, time reading took 60 seconds
on average and making change took 180 seconds for a total of 4
minutes  for  the  combined  tasks.  The  screening  test  was
considered  positive  if  either  component  was  incorrect  after  two
tries.  The  diagnosis  of  dementia  was  confirmed  if  the  mean
Blessed  Dementia  Rating  Score  (BDRS)  was  greater  than  4  or  if
the  mean  BDRS  was  greater  than  2  at  the  same  time  that  an
MMSE  score  was  less  than  20  and  the  duration  of  cognitive
symptoms was at least 6 months.

The  authors  concluded  that  the  Time  and  Change  Test  has
potential  value  in  identifying  dementia  in  elderly  hospitalized
patients. Moreover, the high negative predictive value of the Time
and  Change  Test  (97%)  could  be  useful  in  ruling  out  dementia.
The Time and Change Test adds a number of additional domains
compared to  the MMSE, including calculation,  conceptualization
and  visuospatial  functioning.  It  may  also  prove  to  be  useful  in
populations  with  diverse  educational  and  cultural  backgrounds,
as it  appears to  be less influenced by educational  level  than the
MMSE.

SHORT COGNITIVE SCREENING TESTS AND BATTERIES 103



Brief screening batteries

The ‘7 Minute Screen’

The  ‘7  Minute  Screen’  (7MS)  (Solomon  et  al,  1998)  purports  to
demonstrate a sensitivity and specificity of 100%. It also claims to
be sensitive  to  identifying patients with mild Alzheimer’s  disease
as defined by a MMSE score of 24 or higher. The battery consists
of  four  brief  cognitive  tests:  enhanced  cued  recall;  temporal
orientation; verbal fluency; and clock drawing.

Enhanced  cued  recall  is  a  test  that  takes  advantage  of  the
finding  that  elderly  control  subjects  seem  to  benefit  from
mnemonic  strategies  that  allow  storage  and  retrieval  of
information.  This  takes  the  form of  reminder  cues  (Grober  et  al,
1988).  Category  fluency  is  the  test  used  to  incorporate  word
fluency, and a semantic cue of ‘animals’ is used in this sub-test.
The  Benton  Temporal  Orientation  Test  (Benton,  1983)  reflects
orientation to time by using a graduated scoring system. This is
different from the MMSE orientation test, as the degree of error is
scored  in  this  sub-test.  Clock  drawing  is  used  as  a  measure  of
visuospatial  ability,  but  of  course  this  test  casts  a  wider  net  in
terms of screening for cognitive impairment (Shulman, 2000).

The moniker ‘7 minute’ is slightly inaccurate, in that the mean
time  for  administration  of  this  battery  was  7  minutes  and  42
seconds, actually closer to 8 minutes. The investigators obviously
utilized an obscure mathematical  rule for defining which minute
to use.

Figure 6.3 demonstrates the frequency distributions of each of
these  four  individual  test  scores  for  Alzheimer  patients  and
healthy control subjects in the community.

Table  6.3  shows  positive  and  negative  predictive  values  for
variable population base rates of dementia from 5% to 50%. The
sensitivity and specificity findings are high for the full spectrum of
dementia  severity.  The  authors  claim  that  education  does  not
appear to influence the psychometric properties of the battery, as
logistic regression analysis using education as a covariate did not
affect  the  predictions.  Similarly,  adding  age  to  the  logistic
regression analysis as a covariate did not alter the predictions.
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It remains to be seen whether the almost 8 minutes needed for
administration of this battery will result in its clinical use. Lorentz
et al (2002) noted that, while age and education did not affect the
psychometric  properties  of  this  test,  all  subjects  had  at  least  8
years of education. Furthermore, they noted that the test requires
special  training  and  a  specially  designed  hand-held  computer
which reduces its practical implementation.

The Mini-Cog

Many  of  the  clock  scoring  systems  are  far  too  complicated  for
practical  implementation  or  have  limitations  based  on  cultural
factors and use of visual aids (Shulman, 2000). Given the limited
variability  of  psychometric  properties,  no  matter  which  scoring
system has  been  utilized,  it  would  make  most  sense  to  find  the
simplest  scoring  system  possible.    Borson  et  al  (2000)  have
developed  a  very  simple  free-hand  version  of  the  clock  drawing
test. It has been validated in a diverse ethnolinguistic population
and requires little language interpretation (Borson et al, 1999). In
a low-education, non-English-speaking group it has proved to be
superior to the MMSE in predicting dementia (Borson et al, 1999).
The  clock  test  scoring  was  that  used  by  the  Consortium  to
Establish a Registry for Alzheimer’s Disease (CERAD) (Morris et al,
1989). This method of evaluation yields four possible scores based
on  an  overall  impression  of  the  clock  (0=normal  to  3=severe
impairment). The standard applied for normal rating (0) includes
the requirement that numbers be present in the current sequence
and  position  and,  second,  that  hands  readably  display  the
specified time. In their analysis, the data were reduced to binary
scores of normal (0) and abnormal (1–3). This methodology avoids
the cumbersome and often ambiguous scoring systems.

Table 6.3 Positive and negative predictive values for veriable population
base rates of dementia (reproduced from Solomon et al, 1998, with
permission from The American Medical Association).
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In a previous study, the overall sensitivity of the CERAD scoring
method  for  the  clock  drawing  test  was  only  79%  (Borson  et  al,
2000).  In  an  attempt  to  enhance  the  psychometric  properties  of
this cognitive screening method, Borson et al (2000) added a three-
item  memory  task  based  on  the  Cognitive  Abilities  Screening
Instrument (CASI) (Teng et al 1994) to the clock drawing test and
created a composite screening instrument which they named the
‘Mini-Cog’ (Figure 6.4). 

The relatively good psychometric properties of the clock drawing
test, no matter which scoring system has been utilized, has been
considered  surprising  in  light  of  the  fact  that  recent  memory  is
not  an aspect  of  this  test  (Shulman,  2000).  Long considered the
hallmark  deficit  of  dementia,  memory  testing  would  seem  to  be
critical,  hence  the  addition  of  this  task  by  Borson  et  al  (2000).
Another  perspective  has  challenged  the  primacy  of  memory
impairment in dementia, suggesting that it may be a relatively late
phenomenon (Royall, 2000) (see Chapter 4).

Borson  et  al  (2000)  compared  the  Mini-Cog  to  the  MMSE
(Folstein et al, 1975) and to the CASI (Teng et al, 1994). The latter
validated screening instrument is relatively unbiased by education
even  in  its  short  form  (Teng  et  al,  1994).  Among  the  three
screening tests, the Mini-Cog ranked first in sensitivity (99%) and

Figure 6.4 Mini-Cog scoring algorithm. (Reproduced from Borson et al,
2000, with permission from John Wiley & Sons Ltd.)
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diagnostic value (96%) and correctly classified subjects into those
with dementia and those without dementia. While less effective in
classifying non-demented subjects than the more comprehensive
CASI,  the  Mini-Cog  still  had  an  acceptable  specificity  of  93%.
Although the authors felt that the more significant component of
the screening battery was the memory task, the clock drawing test
clearly enhanced sensitivity and diagnostic value (Figure 6.4).

The  Mini-Cog  appears  to  have  comparable  psychometric
properties to other screening instruments. However, its efficiency
and practicality make it preferable, based on the preliminary data
presented  by  Borson  et  al  (2000).  Testing  time  for  the  Mini-Cog
(mean  3.2  minutes)  was  less  than  half  the  mean  time  for  the
MMSE (7.3 minutes) and less than one-sixth the time reported for
the  CASI  (Teng  et  al,  1994).  Moreover,  the  authors  found  no
education or language bias. Compared to other very brief cognitive
screens such as the Time and Change Test (Froehlich et al 1999),
it  has  better  sensitivity  and  specificity.  It  requires  less  time,
equipment and training than the 7-minute screen of Solomon et al
(1998).

Although it requires further replication, the Mini-Cog points in
the  direction  of  simplicity  and  practicality  in  the  design  of
cognitive  screening  instruments  that  still  maintain  adequate
psychometric properties. Furthermore, the results of Scanlan and
Borson  (2001)  suggest  that  expert  and  naïve  raters  have  high
levels  of  concordance.  The  Mini-Cog  has  been  tested  only  in  a
clinical setting and the authors suggest that, for population-based
screening,  the  use of  informants  should confirm concerns about
cognition prior to the initiation of the full-scale dementia work-up.
Because  of  the  diminished  time  involved  in  administering  the
Mini-Cog,  the  cost-effectiveness  of  this  screening  method will  be
better,  assuming  equal  psychometric  properties  to  more
complicated and cumbersome screening tests including clock tests
that require complex scoring evaluation.

The GPCOG

Similar in approach to the ‘Mini-Cog’, the GPCOG was designed as
a brief battery for use in general practice (Brodaty et al, 2002). It
includes  a  cognitive  assessment  section  and  an  informant
component that was refined to consist of nine cognitive items and
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six  informant  items  (Appendix  6.3).  The  original  battery  was
derived from three sources: The Cambridge Cognitive Examination
(CAMCOG)  (Roth  et  al,  1986),  the  Psychogeriatric  Assessment
Scale  (Jorm et  al,  1995)  and  the  Instrumental Activities  of  Daily
Living  (Lawton  and  Brody,  1969).  Comparison  instruments
included  the  10-item  AMT  (Hodkinson,  1972)  and  the  MMSE
(Folstein  et  al,  1975).  DSM-IV  was  used  as  the  diagnostic
standard. Satisfaction questionnaires were used for both general
practitioners and patients.

The  refinement  of  the  GPCOG  was  accomplished  by  the
elimination of items completed by less than 5% of patients, items
affirmed by less than 10% of  informants or  those items that  did
not  contribute  to  the  prediction  of  dementia  as  determined  by
logistic regression analysis (Brodaty et al; 2002) (Figure 6.5).

It has been argued that the GPCOG has an advantage because
it  combines  both  patient  and  informant  data  and  has  been
validated  in  a  primary  care  setting  with  sound  psychometric
properties, including sensitivity and specificity of approximately 0.
85  each  (Brodaty  et  al,  2002).  The  authors  argue  that  the  two-
stage procedure is time efficient in that less than half of the cases
required  the  informant  to  be  contacted.  It  had   a  negative
predictive  value of  0.933,  meaning that  only  7% of  patients  who
were identified as non-demented by the GPCOG actually did suffer
from dementia and, of the false positives identified by the GPCOG,
38%  had  definite  cognitive  impairment  but  did  not  meet  the
diagnostic criteria for dementia. The GPCOG was acceptable to the
general practitioners who were surveyed and was considered to be
efficient  in  terms  of  time  of  administration.  Nonetheless,  the
average of 6 minutes (4 minutes of direct cognitive screening and
2  minutes  of  informant  questioning)  may  still  be  high  for
widespread use in general practice.

Finally, the authors of the GPCOG commend the integration of
an informant component to the screening. This has the benefit of
encouraging  the  inclusion  of  family  members  and  ensuring
caregiver  involvement  in  the  care  planning  and  management  of
afflicted individuals. They argue that, as the general trend toward
caregiver  involvement  increases,  the  opportunity  to  change  the
approach  of  general  practitioners  to  the  identification  and
management of cognitive impairment should not be lost.
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Telephone cognitive screens

Telephone  cognitive  screens  have  been  utilized  for  the
identification  of  individuals  potentially  suffering  from  dementia.
Two  of  the  most  widely  used  telephone  screens  are  TICS
(Telephone Interview for Cognitive Status) (Brandt et al, 1988) and
TELE,  a  self-report  interview  (Gatz  et  al,  1995)  (Tables  6.4  and
6.5).  A  third  telephone  screen  was  developed  by  Kawas  et  al
(1995)  based  on  the  Blessed  Telephone  Information-Memory-
Concentration  Test  and  a  fourth  is  known  as  the  Minnesota
Cognitive Acuity Screen (MCAS) (Knopman et al, 2000).

A study in Finland used both TELE and TICS in order to identify
individuals  with  cognitive  impairment  (Jarvenpaa  et  al,  2002).
Subjects  with  Alzheimer’s  disease  were  compared  to  healthy
controls. TICS had a sensitivity of 86.7% and specificity of 88.5%
while the TELE had an even higher sensitivity of 90.0% and 88.5%
specificity. The ROC curves for both tests are shown in Figure 6.6.
Moreover, the correlations with the  MMSE were high for both the
TELE  and  TICS  at  0.87  and  0.86,  respectively.  Jarvenpaa  et  al
(2002)  argued  that  telephone  screens  for  cognitive  impairment
have potential use in longitudinal studies as well as for screening

Figure 6.5 ROC curves of dementia screens. (Reproduced from Brodaty et
al, 2002, with permission from Blackwell Science.)
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populations in epidemiological studies. The TELE appears to have
an advantage, as it is a shorter test yet with similar psychometric
properties to the longer telephone screens.    

The  most  discriminating  questions  on  the  TELE  and  TICS
telephone interviews are as follows. For TELE: orientation to time;
three-word recall;  and former Head of  State.  For  TICS:  serial  7’s
from 100; orientation to time; and current Head of State. For the
MCAS  the  three  most  discriminating  features  were  orientation;
attention;  and delayed word recall.  Summarizing the analyses of
these three telephone screens, it would appear that orientation to
time,  three-word  recall  and  knowledge  of  the  current  and/or
former  Head  of  State  are  the  most  discriminating  items  for  this
type of screening.

Table 6.4 Congnitive items used on the TELE (from Jarvenpaa et al,
2002, with permission from S.Karger AG)

Asterisks indicate points of a compeltely correct answer.
1These  questions  the  TELE  question  about  address  and  an  answer  to:
‘What kind of place is that?’.
2This question repalced the original TELE question about similarities and
differnces between pairs of nouns.
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Table 6.5 Cognitive items used on the TICS (from Jarvenpaa et al, 2002
with permission from S.Karger AG).

Asterisks indicate points of a completely coorect answer.
Questions  about  house  number  (difficult  to  verify)  and  vice-president
(does  not  exist  is  Finland)  were  elimanated  from  the  original  TICS
protocol.
1This qusetion gave 2 points (1 point question .1 point for last name to
name) on the original TICS protocol.
2proportion  control  words  on  10-word  list  in  the  patient  and  control
groups on an average.
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There  are  limitations  to  telephone  screening  because  of  the
significant  sensory  impairment,  hearing  and  visual,  in  many
elderly  people.  This  method  does  not  allow  ready  assessment  of
praxis, reading or visuospatial tasks and it cannot control for the
use of aids for orientation, such as calendars and newspapers.

The  MCAS  (Knopman  et  al,  2000)  used  a  telephone  cognitive
screen  that  consisted  of  nine  brief  tests:  orientation,  attention,
delayed  word recall,  comprehension,  repetition,  naming,
computation,  judgement  and verbal  fluency.  Experienced nurses
and psychologists were able to administer this test in less than 20
minutes (still a significant amount of time). The optimal sensitivity
and  specificity  was  found  to  be  97.5%  and  98.5%,  respectively.
However,  the main limitation of  this study was that it  compared
cognitively  impaired  subjects  in  nursing  homes  to  healthy
controls.  Thus,  the  findings  may  not  be  generalizable  to  other
populations.

An  innovative  computer-automated  dementia  screen  uses  a
touch-tone  telephone  and  an  interactive  voice  response  (IVR)
system  that  integrates  telecommunications  networks  with
computer-automated  processing  (Mundt  et  al,  2001).  The  mean

Figure 6.6 ROC curves for telephone screens. (Reproduced from Jarvenpaa
et al, 2002, with permission from S.Karger AG.)
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time  to  complete  these  calls  was  just  over  12  minutes,
significantly better than the MCAS instrument of  Knopman et al
(2000). Only a 10% hang-up rate was reported. The feedback from
cognitively  intact  individuals  revealed  that  85%  of  respondents
rated this system as ‘easy or very easy’ to use while only 7% found
the  system  ‘difficult  or  very  difficult’.  Furthermore,  76%  of
subjects who suffered from mild to moderate cognitive impairment
reported the system as easy or very easy while only 10% indicated
that  it  was  difficult  or  very  difficult.  These  are  proportions  not
dissimilar  to  the  intact  subjects.  Sensitivity  and  specificity  in
differentiating mild dementia and normals was approximately 80%.

Limitations  of  the  IVR  system  include  the  hearing  or  visual
impairment  of  subjects  and  the  limitations  posed  by  disabling
arthritis  and  manipulating  a  telephone.  The  authors  believe,
however,  that  most  cognitively  intact  senior  citizens  are
increasingly  familiar  with  IVR  systems  that  are  used  by  banks,
businesses,  airlines  and  medical  clinics.  They  conclude  that  the
components  of  a  computer-automated  telephone  system  are
currently  in  place.  This  has  the  potential  to  provide  dementia
screening, education and referrals, as well as monitoring.

A variant of the telephone cognitive screen was used by Mintzer
et  al  (1998)  to  interview  caregivers.  They  used  a  caregiver
telephone screen to identify care recipients who were likely to have
dementia. Of the 15 subjects who ultimately agreed to a complete
assessment,  all  were  confirmed  as  suffering  from  dementia  on
clinical  assessment.  The  Haycox  Dementia  Behaviour  Scale  (≥8)
and  the  Blessed  Dementia Functional  Sub-Scale  (≥4)  used  to
identify  potential  subjects  with  dementia  found  a  very  high
correlation between the telephone-administered and the in-person
assessments.

Conclusion

There  is  now  a  fair  body  of  evidence  to  suggest  that  telephone
cognitive screens may have a place in epidemiological studies and
follow-up  of  longitudinal  studies  of  cognitive  impairment.
Intuitively, one may feel that the telephone screen is not as valid
as an in-person cognitive screen, yet the data suggest otherwise.
Further  testing  and  confirmation  of  these  initial  findings  will  be
helpful.
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Appendix 6.1

Mental  Test  Score  (reproduced  from  Hodkinson,  1972,  with
permission from Oxford University Press).

Score
Name 0/1
Age 0/1
Time (to nearest hour) 0/1
Time of day 0/1
Name and address for five-minute recall; this should be
repeated by the patient to ensure that it has been heard
correctly.
Mr. John Brown 0/1/2
42 West Street 0/1/2
Gateshead 0/1
Day of week 0/1
Date (correct day of month) 0/1
Month 0/1
Year 0/1
Place: type of place (i.e. hospital) 0/1
Name of hospital 0/1
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Score
Name of ward 0/1
Name of town 0/1
Recognition of two persons (doctor, nurse, etc.) 0/1/2
Date of birth (day and month sufficient) 0/1
Place of birth (town) 0/1
School attended 0/1
Former occupation 0/1
Name of wife, sib or next of kin 0/1
Date of First World War (year sufficient) 0/1
Date of Second World War (date sufficient) 0/1
Name of present Monarch 0/1
Name of present Prime Minister 0/1
Months of year backwards 0/1/2
Count 1–20 0/1/2
Count 20–1 0/1/2
Total (34)

Appendix 6.2

Abbreviated  Mental  Test  Score.  Each  question  scores  one  point
(reproduced from Hodkinson, 1972, with permission from Oxford
University Press).

1. Age
2. Time (to nearest hour)
3. Address for recall at end of test—this should be repeated by

the patient  to  ensure that  it  has been heard correctly:  42
West Street

4. Year
5. Name of hospital
6. Recognition of two persons (doctor, nurse, etc.)
7. Date of birth
8. Year of First World War
9. Name of present Monarch
10. Count backwards 20–1
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Appendix 6.3

GPCOG  Patient  Examination.  Unless  specified,  each  question
should be asked only once (reproduced from Brodaty et al, 2002,
with permission from Blackwell Science).

Scoring guidelines

Clock drawing: For a correct response to question 3, the numbers
12, 3, 6 and 9 should be in the correct quadrants of the circle and
the other numbers should be approximately correctly placed. For
a correct response to question 4, the hands should be pointing to
the 11 and the 2, but the respondent should not be penalized for
failure to distinguish the long and short hands.

Information:  Respondents are not required to provide extensive
details,  as long as they demonstrate awareness of a recent news
story. If a general answer is given, such as ‘war’, ‘a lot of rain’, ask
for details—if unable to give details, the answer should be scored
as incorrect. 
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GPCOG Informant Interview Ask the imformant: ‘Compared
to a few yeras ago,

Yes No Don’t know N/A
I. Does  the  patient  have  more

trouble  remembering  things
that have happened recently?

□ □ □ □

II. Does  he  or  she  have  more
trouble recalling conversations
a few days later?

□ □ □ □

III. When  speaking,  does  the
patient have more difficulty in
finding the right  word or  tend
to  use  the  wrong  words  more
often?

□ □ □ □

IV. Is  the  patient  less  able  to
manage  money  and  financial
affairs  (e.g.  paying  bills,
budgeting)?

□ □ □ □

V. Is  the  patient  less  able  to
manage his  or  her  medication
independently?

□ □ □ □

VI. Does  the  patient  need  more
assistance  with  transport
(either private or public)?

□ □ □ □
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Chapter 7
Informant questionnaires

Because  of  the  nature  of  dementias  and  neuropsychiatric
disorders,  it  is  highly  desirable  (if  not  essential)  to  have  the
perspective  of  a  reliable  informant  in  assessing  cognition.
Moreover, dementia involves a deterioration or decline in cognitive
ability from a premorbid level (Jorm and Jacomb, 1989). Because
there  is  a  risk  of  both  false-positive  and  false-negative
assessments  based  on  premorbid  IQ  and  education,  it  is
necessary to have an estimate of the premorbid level of cognitive
ability.  Individuals  who  have  always  been  limited  in  intellectual
ability  may  be  falsely  diagnosed  as  demented  while  highly
intelligent  and  educated  individuals  could  be  misclassified  as
intact  despite  the  fact  that  they  have  sustained  a  substantial
cognitive decline (Jorm and Jacomb, 1989). Cognitive decline was
estimated by using informants who had knowledge of the subject’s
premorbid  level  of  functioning  and  behavior.  Informant  reports
were  postulated  to  have  greater  validity,  because  their
observations  were  based  on  the  performance  on  independent
activities of daily living rather than investigator-initiated cognitive
tests.

IQCODE

The original test developed by Jorm and Jacomb (1989) is known
as the IQCODE (the Informant Questionnaire on Cognitive Decline
in  the  Elderly).  This  is  a  26-item  questionnaire  in  which
informants are asked to rate the degree of change over a 10-year
period related to various aspects of an elderly person’s memory and
intelligence (Jorm and Korten, 1988). The informants are asked to
rate  the  subject’s  performance  on  a  scale  ranging  from  ‘much
better’  to  ‘much  worse’.  The  psychometric  properties  of  this



instrument indicated that the IQCODE measured a broad general
factor  of  cognitive  decline.  Moreover,  it  had  high  internal
consistency (Jorm and Jacomb, 1989) as well  as high test-retest
reliability  that  included  retesting  within  a  few  days  (r=0.96)  as
well  as  retesting  over  a  period  of  a  year  (r=0.75)  (Jorm  and
Jacomb,  1989;  Jorm  et  al,  1991).  As  a  measure  of  its
independence  from  premorbid  intelligence  and  ability,  the
IQCODE  showed  virtually  no  correlation  with  the  subject’s
education or occupational status. Similarly, the IQCODE has also
been found to have a poor correlation with the performance on the
National  Adult  Reading  Test  (NART),  a  measure  of  premorbid
intelligence (Jorm et al, 1991).

The validity of the IQCODE has been measured with a variety of
standards  including  correlation  with  the  Mini  Mental  State
Examination (MMSE) (Bowers et al, 1990). The predictive validity
of the IQCODE was substantiated in part on the assumption that
a  severe  dementia  would  increase  the  probability  of
institutionalization.  Indeed,  dementing  subjects  who  eventually
were moved into residential care were found to have worse scores
than dementing subjects who remained in the community (Jorm
and Jacomb, 1989).

In  a  subsequent  analysis,  Jorm  (1994)  determined  that  a
shorter  16item  form  of  the  IQCODE  performed  as  well  as  the
original 26-item questionnaire (Table 7.1). Data from four studies
were used to assess the psychometric properties of the original 26
IQCODE items. Individual items were assessed in terms of  item-
total  correlations,  test-retest  reliabilities,  correlations  with
indicators  of  current  cognitive  functioning  and  correlations  with
indicators  of  premorbid  cognitive  functioning.  Similar  to  the
original  IQCODE,  items  on  the  shorter  version  were  relatively
uninfluenced by  education.  Moreover,  the  item selection  process
used by Jorm selected out  items that  were sensitive  to  cognitive
changes  at  the  milder  end  of  the  cognitive  spectrum.  Therefore,
the  short-form  items  were  more  likely  to  detect  early  decline
rather  than  discriminating  among  more  severely  demented
individuals. However, this is precisely the use for which this test
was  designed.  The  fact  that  the  IQCODE is  likely  to  be  used  in
conjunction  with  other  questionnaires  and  tests  (see  below),
makes the short version highly desirable.
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In a direct comparison, the MMSE and the IQCODE were found
to be equally efficient screening measures for dementia (Mulligan
et al,  1996) (Figure 7.1).  The MMSE was found once again to be
significantly  affected  by  low educational  sampled.  Therefore,     
attainment,  but  the  IQCODE was  not  affected  in  the  same  way.
This  study  reinforced  the  comparability  of  cognitive  testing  and
informant  reports  as  a  way  of  screening  for  dementia  in  clinical
settings.

Jorm  (1997)  performed  a  meta-analysis  on  ten  studies  that
compared an informant questionnaire with a brief cognitive test as
a screen for dementia. Of the ten studies, seven used the IQCODE
as  the  informant  questionnaire  in  a  direct  comparison  to  the
MMSE.  The  weighted  mean  effectiveness  for  the  informant
questionnaire was 1.74 (1.39–2.09) compared to the brief cognitive
test, which had a weighted mean effective- ness of 1.48 (1.23–1.73).
Sensitivity  and  specificity  were  0.86  and  0.80  for  the  informant
questionnaire and 0.79 and 0.80 for the brief cognitive test.

Figure 7.1 ROC curves for dementia screening with the MMSE and
IQCODE. (Reproduced from Mulligan et al, 1996, with permission from the
American Medical Association.)
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In short, the most commonly used informant questionnaire, the
IQCODE, performed as well as the most commonly used cognitive
screening test, the MMSE.

DECO (Détérioration Cognitive Observée)

Ritchie  and  Fuhrer  (1996)  validated  an  informant  screening  test
using  a  randomly  selected  sample  from  community  dwelling
elderly in Bordeaux, France. The expectation was that the nature
of the sample would yield a more heterogeneous range of cognitive
abilities and thereby provide a higher standard for screening test
validation.  Thus,  adjustments  in  cut-off  points  according  to  the
predictive prevalence rate in a specific population are necessary to
maintain comparable positive and negative predictive values.

The  DECO  is  a  19-item  Likert  scale  which  covers  changes  in
behavior  including  activity  level,  semantic  and  visual  memory,
memory  for  places,  events  and  procedures,  visuospatial
performance and new skill learning. The informant is defined as a
person  who  has  had  at  least  monthly  contact  with  an  elderly
person for a minimum of 3 years. Each item on the scale is rated
from  0  to  2.  A  maximum  score  of  38  indicates  no  change  in
behavior  over  the  past  year  whereas  a  score  of  zero  implies  a
dramatic  change  on  all  items.  The  optimum  cut-off  point  was
determined at 30/29, yielding 90% specificity and 89% sensitivity.
The main limitation of  this,  instrument,  like the IQCODE, is  the
disadvantage of any informant questionnaire—that it is applicable
only to conditions that show deterioration. However, as a clinical
screening  instrument,  this  is  not  a  restrictive  condition
(Appendix 7.1).

Law  and  Wolfson  (1995)  provide  a  lucid  discussion  of  the
advantages  and  limitations  of  informant  questionnaires.  This
approach  relies  on  an  informant’s  perception  of  the  day-to-day
activities of the subject which appears to provide a more thorough
and overall  assessment than specific screening tests such as the
MMSE.  Unlike  the  MMSE,  the  IQCODE  is  not  vulnerable  to
making false-positive predictions in subjects with low education.
In  the  French  version  of  the  IQCODE,  there  was  also  no
correlation between level  of  education and the  informant  scores.
Therefore, the IQCODE may be useful in epidemiological studies in
socially and educationally underprivileged communities.
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It  has  been  suggested  that,  in  dementia,  the  impairment  of
‘active  and  effortful  information  processing’  precedes  that  of
‘automatic  information  processing’.  Hence,  the  IQCODE’s
emphasis  on  the  assessment  of  active  information  processing
allows  this  scale  to  discriminate  between  mild  dementia  and
normal aging in a way that is different from some screening tests.
The items in the IQCODE are specifically geared in this direction,
for example in the assessment of ability to learn new things, the
recall of recent events and making decisions regarding money.

The IQCODE is effective and relatively inexpensive to administer.
It is a self-administered questionnaire and can be done while the
informant is waiting for their relative to be assessed or examined.
It also highlights the importance of the informant not only in the
diagnostic  process  but  also  in  the  entire  management  of
dementia.  The  fact  that  Law  and  Wolfson  (1995)  confirmed  the
validity of  the French version in Quebec suggests that it  may be
universally  valid.  This  line  of  research  is  highlighted  by  the
IQCODE,  the  DECO  and  the  family  interview  component  of  the
Cambridge  Examination  for  Mental  Disorders  in  the  Elderly
(CAMDEX) (O’Connor, 1990).

Combining cognitive testing and informant reports

Mackinnon  and  Mulligan  (1998)  demonstrated  that  the
combination of cognitive screening using the MMSE and the short
form  of  the  IQCODE  resulted  in  more  accurate  predictions  of
caseness  than  either  test  alone.  They  demonstrated  that  the
informant report could be readily incorporated into the assessment
for dementia and thus increase the accuracy of detection of cases
and non-cases.  

A  combination  approach  is  based  on  the  assumption  that
informant  reports  and  cognitive  tests  do  not  measure  the  same
attributes.  Because  cognitive  testing  is  influenced  by  education
and  premorbid  intelligence  while  informant  questionnaires  are
not, they make for a natural complement to a screening battery.
Moreover,  scores  on  the  informant  questionnaires  can  be
influenced by the affective state of the informant and the nature of
the relationship between the patient and informant. Therefore, the
combination approach does seem to have face validity. The receiver
operating characteristic (ROC) curves for this study are shown in
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Figure 7.2 and the psychometric properties in Table 7.2. The area
under the curve of 0.96 (0.92–0.99) for the combined IQCODE and
MMSE was significantly greater than the area under the curve of
either test alone.

This ‘combination’ study was carried out in a clinical population
whose  psychometric  performance  (including  sensitivity  and
specificity)  is  significantly  influenced  by  the  nature  of  the
population  being   it  will  be  important  to  confirm  that  the
combination  approach  is  also  superior  in  general  population
samples. From a practical perspective, adding an informant report
adds  little  to  the  burden  of  clinicians  and  clinical  services.  It  is
self-administered  and  can  be  completed  by  mail  or  while  the
informant is waiting for the subject to be examined.

Lorentz et al (2002) concluded that informant-based tools could
be  as  effective  as  cognitive  instruments  for  dementia  screening
and  had  advantages  that  include  longitudinal  change,  the  focus
on  everyday  cognitive  abilities  and  their  cross-cultural  capacity.
They  noted  that  the  short  IQCODE  took  an  average  of  10–12
minutes (range 8–15) to administer.

Figure 7.2 ROC curves of the weighted sum of scores on the IQCODE and
MMSE. (Reproduced from MacKinnon and Mulligan, 1998, with permission
from the American Psychiatric Association. http://AJP.psychiatryonline.org)
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In  a  study  of  Thai  elderly  (Senanarong  et  al,  2001),  three
questions on the IQCODE were found to carry the greatest power
in classifying cognitive status. They were: (1) learning to use new
gadgets;  (2)  knowing  the  day  and  month;  and  (3)  handling
everyday  arithmetic  problems.  This  highlights  the  focus  of  the
informant questionnaires on active new learning and instrumental
activities of daily living. Cross-cultural validity is highlighted by the
IQCODE results in Chinese (Fuh et al, 1995); Japanese (White et
al, 1994); and Spanish (Morales et al, 1995) versions in addition to
the French (France) version described above (Ritchie and Fuhrer,
1996).

Lorentz  et  al  (2002)  suggested  that  a  promising  line  of
investigation was the further reduction of items in the informant
questionnaires  to  create  an  ‘ultra  short  IQCODE’  that  would
contain  only  the  essential  items  necessary  for  the  detection  of
dementia. The work with the Thai elderly suggests that as few as
three items may be sufficient, but this needs to be replicated.
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Appendix 7.1

(Questionnaire  reproduced  with  permission  from  Ritchie  and
Fuhrer, 1996, with permission from John Wiley & Sons Ltd.

We would like you to tell  us how your relative was a year ago.
The  following  questions  ask  about  a  number  of  everyday
situations.  We  would  like  you  to  tell  us  whether  in  these
situations he/she is  doing about the same,  not  as well  or  much
worse, than a year ago. Put a cross in the square to show your reply.

Better or
about the
same

Not as
well

Much
worse

Does  he/she  remember  as  well  as
before  which  day  of  the  week  and
which month it is?

□ □ □
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Better or
about the
same

Not as
well

Much
worse

When he/she goes out of the house,
does he/she know the way as well as
before?

□ □ □

Have  there  been  changes  in  his/her
ability  to  remember  his/her  own
address or telephone number?

□ □ □

In the house, does he/she remember
as  well  as  before  where  things  are
usually kept?

□ □ □

And when an object isn’t in its usual
place, is he/she capable of finding it
again?

□ □ □

In  comparison  with  a  year  ago,  how
well is he/she able to use household
appliances (washing maching, etc…)?

□ □ □

Has  his/her  ability  to  dress  or
undress changed at all?

□ □ □

How  well  does  he/she  manage  his/
her  money,  for  example  doing  the
shopping?

□ □ □

Apart  from  difficulties  due  to
physical  problems,  has there been a
reduction in his/her activity level?

□ □ □

How well can he/she follow a story on
television,  in  a  book  or  told  by
someone?

□ □ □

And writing letters for business or to
friends,  does  he/she  do  this  as  well
as a year ago?

□ □ □

How  well  does  he/she  recall  a
conversation you have had with him/
her a few days ago? Has this changed
over the past year?

□ □ □

And  if  you  remind  him/her  of  this
conversation,  does  he/she  still  have

□ □ □
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Better or
about the
same

Not as
well

Much
worse

difficulty  remembering  it  in
comparison with a year ago?
Does  he/she  forget  what  he/she
wanted  to  say  in  the  middle  of  a
conversation? Has this changed over
the past year?

□ □ □

In  a  conversation,  does  he/she
sometimes have difficulty finding the
right word?

□ □ □

In  comparison  with  a  year  ago,  how
well does he/she recognize the faces
of people he/she knows well?

□ □ □

And how well does he/she remember
the names of these people?

□ □ □

In  comparison  with  a  year  ago,  how
well  does  he/she  remember  other
details  concerning  people  he/she
knows  well:  where  they  live,  what
they do?

□ □ □

Over  the  past  year,  have  there  been
changes  in  his/her  ability  to
remember  what  has  happened
recently?

□ □ □

INFORMANT QUESTIONNAIRES 135



Chapter 8
Neuroimaging correlates of cognitive

dysfunction

It  is  a  common  misconception  that  neuropsychological  testing
alone will furnish a diagnosis. Rather, it is one part of a patient’s
work-up  that  begins  with  a  history,  physical  examination
including neurological assessment and mental state assessment.
Only  once  these  have  been  completed,  and  depending  on  the
findings, should a patient be sent for investigation. It is here that
the  results  of  a  neuropsychological  evaluation may be  enhanced
by neuroimaging.

For the purposes of this chapter, neuroimaging will be broadly
divided  into  structural  and  functional.  The  former  encompasses
computerized  axial  tomography  (CT)  scanning  and  magnetic
resonance  imaging  (MRI),  while  the  latter  will  focus  on  single
photon emission computerized tomography (SPECT). Our decision
in  choosing  these  three  imaging  modalities  is  based  on  a
recognition  that  clinicians  generally  have  ready  access  to  them,
waiting  lists  aside.  Other  useful  imaging  techniques,  such  as
functional MRI (fMRI) and positron emission tomography (PET) are
largely  research-based and,  while  their  clinical  utility  is  likely  to
be considerable, routine patient use is not yet established.

As  a  way  of  demonstrating  the  utility  of  neuroimaging  as  a
clinical  adjunct,  a  series  of  case  reports  is  presented,  each
highlighting a particular aspect of the imaging spectrum. 

Case report 1

A 44-year-old married man, riding his motorbike, was struck by a
car.  He  lost  consciousness  for  approximately  10  minutes.  On
arrival at the hospital emergency room, his Glasgow Coma Scale
(GCS) score was noted as 13. There were no other injuries other
than  his  closed  head  injury  and  he  was  admitted  to  a  trauma



ward.  His  post-traumatic  amnesia  lasted  between  36  and  48
hours. A brain CT scan was normal (Figure 8.1).

Background  information  revealed  that  he  owned  a  picture-
framing business together with a partner. His first marriage had
ended  in  divorce  while  he  was  in  his  early  twenties.  He  had
remarried  10  years  back  and  had  a  7-year-old  son.  He  had  a
number of close friends and an active, happy social life. 

After a 3-day hospital admission, he was discharged home and
advised  to  rest  for  a  week  before  returning  for  a  follow-up
appointment with the hospital’s traumatic brain injury clinic. He
kept  his  appointment,  accompanied  by  his  wife,  who  appeared
agitated  and  asked  to  speak  with  the  doctor  alone.  The  patient
agreed  to  this,  although  he  expressed  surprise  at  the  need  for
secrecy.

Figure 8.1 Normal CT brain scan in a 44-year-old man with behavioral
changes following traumatic brain injury.
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Once  alone  with  the  clinic’s  staff;  his  wife  recounted  a  tale  of
mayhem at home. Her husband was unrecognizable from the man
she married. The biggest problem was his unprovoked, explosive
outbursts of rage. These occurred a couple of times each day, were
impossible to predict and frightening to witness. Although he had
not  resorted  to  physical  violence,  his  shouting  and  verbally
threatening behavior had frightened both her and their son. The
boy  had  taken  to  avoiding  his  father  and  would  cower  in  his
presence.  Furthermore,  she  had  become  aware  of  a  new-found
impulsivity in her husband’s behavior, this impetuosity frequently
associated  with  poor  judgement  and  bellicosity.  Thus,  despite  a
recommendation from the hospital staff that he take time off work
to recuperate, he had returned to his framing shop the day after
discharge.  His  behavior  towards  customers  was  impatient  and
rudely provocative, and more than one disgruntled customer had
fled the store promising never to  return.  This in turn had led to
arguments between her  husband and his  business partner,  who
had also taken exception to the unnecessarily  rude behavior.  As
with  the  temper  outbursts,  the  patient  expressed  amazement  at
the depth of feeling and distress his behavior had engendered in
others, although he did acknowledge he was not his ‘usual self. He
described his mood as ‘up and down’.

The  patient  was  once  again  advised  to  take  time  off  work.  He
was started on carbamazepine for  his  aggression and a series of
investigations, including brain MRI with gradient echo sequences
and  brain  SPECT,  were  booked.  However,  within  days  his  wife
phoned  the  clinic  complaining  that  the  situation  at  home  was
untenable. The precipitant for her distressed call was an incident
at their son’s weekly soccer game, where her husband had become
irate and provoked an altercation with the referee. Other parents
had come to the defence of the official and her husband had been
assaulted by another parent. The children had found the episode
upsetting  and the  game had to  be  abandoned.  The patient’s  son
was now refusing to return and play for his team, an activity that
had always been one of his favorite sports.

The  patient’s  wife,  and  another  family  member  who  had  also
phoned  in  to  express  concern,  were  both  adamant  that  the
aggressive  behavior  represented  a  dramatic  departure  from  his
premorbid  personality  characteristics.  Prior  to  his  accident,  the
patient was described as hard-working and diligent while attentive
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and  caring  as  a  father.  His  wife  readily  admitted  he  had  been
somewhat dependent on her, both emotionally and with respect to
running  the  household,  but  he  had  never  been  violent  and  had
never  raised  his  voice  to  their  son.  The  paroxysms  of  rage  were
unlike  anything  she  had  experienced  during  their  10  years
together.

As  for  the  patient,  the  episode  at  the  soccer  match  had  been
upsetting and convinced him that something was wrong with his
behavior. He was able to detect the fear his presence engendered
in his son and that left him feeling guilty and remorseful. Despite
this  new level  of  insight,  he  professed an inability  to  control  his
outbursts  of  rage.  Throughout  the  verbal  conflagrations,  he  was
aware of what was going on and realized that some of his remarks
were  inappropriate.  He,  too,  was  beginning  to  find  his  lack  of
control  frightening.  In  order  to  defuse  the  atmosphere  of  crisis
that  had  developed  at  home,  the  patient  was  admitted  to  a
neuropsychiatry inpatient service.

Apart  from  intermittent  agitation,  his  mental  state  was
unremarkable. At times he would appear tetchy with the nursing
staff,  but  the  explosions  of  rage  were  not  witnessed.  Mood  was
described  as  a  little  low,  but  seemed  appropriate  to  his  current
difficult  social  situation.  Classic  depressive  cognitive  distortions
were  not  present.  A  Mini  Mental  State  Examination  (MMSE)
(Folstein  et  al,  1975)  gave  a  score  of  29/30.  Neuropsychological
testing was booked for 3 months post-injury. Neuroimaging was,
however,  undertaken while  he was an inpatient  and was grossly
abnormal. A standard spin echo MRI scan was normal, but on the
gradient echo sequence, multiple hemosiderin deposits, indicative
of  axonal  shearing  and  microhemorrhages,  were  discernible,
particularly  in  orbitofrontal  and  anterior  temporal  regions
(Figure 8.2). These findings of structural brain abnormalities were
in  turn  confluent  with  the  SPECT  data,  for  the  functional  brain
imaging revealed hypoperfusion in the vicinity of the hemosiderin
deposits (Figure 8.3). 

Over the course of  the next few months, various combinations
of  psychotropic  medications  were  tried  to  reduce  his  aggression.
Results  were  only  partially  successful,  with  the  most  beneficial
regime proving to be olanzapine 2.5 mg per day, fluoxetine 10 mg
per  day  and  carbamazepine  400  mg  twice  daily.
Neuropsychological  testing  revealed  mild  deficits  on  tests  of
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attention  and short-term memory,  with  scores  still  falling  in  the
normal  range.  While  these  represented  a  decline  in  performance
relative to premorbid intellectual levels, there remained a dramatic
discrepancy  between  his  relatively  intact  neuropsychological
profile and his marked behavioral disturbance. This was explained
by  his  cerebral  pathology  impacting  largely  on  the  orbitofrontal
cortex, where deficits on standard neuropsychological paradigms
are often not discernible. The patient was therefore tested in our
research  laboratory,  where  the  ‘Gambling’  task (Bechara  et  al,
1994)  was  administered.  His  performance  here  was  grossly
impaired,  displaying  a  marked  impulsivity  and  an  inability  to
monitor and check responses that were clearly disadvantageous.
Finally,  subtle  olfactory  deficits  were  noted  on  the  40-item
University of Pennsylvania Smell Identification Test (Doty, 1983).
Bringing  all  the  clinical,  neuropsychological  and  neuroimaging
data together, a DSM-IV diagnosis of personality change due to a

Figure 8.2 Abnormal gradient echo MRI scan showing scattered
hemosiderin deposits in anterior temporal and inferior frontal regions. The
patient’s CT scan (Figure 8.1) was normal.

140 QUICK COGNITIVE SCREENING FOR CLINICIANS



general  medical  condition,  i.e.  a  traumatic  brain  injury,  was
made.  In  the  months  that  ensued,  the  man’s  picture-framing
business  went  into  liquidation  and  his  friendship  with  his
business  partner  ended,  the  latter  bitterly  blaming  our  patient’s
erratic and extreme behavior for their loss of clientele. Our patient’s
marriage endured but only with extensive supportive therapy for
his spouse, while his son, too, needed counseling.

This case contains a number of points of singular interest. First,
from a clinical perspective is the relative insensitivity of the GCS
in  predicting behavioral  outcome.  A  GCS  score  of  13  places  the
injury in the mild category, which by definition is limited to GCS
scores from 13 to 15. A suggestion that the injury may have been
more severe comes from his post-traumatic amnesia that exceeded
24  hours.  However,  there  was  little  from  these  two  indices  that
pointed towards such a poor outcome.

The  second  point  of  interest  was  the  absence  of  cerebral
pathology on brain CT. Only once the brain MRI scan was done,
did  the  hemosiderin  deposits  show  up  on  the  gradient  echo
sequence.  While  CT  of  the  brain  is  useful  in  traumatic  brain

Figure 8.3 Abnormal brain SPECT scan showing areas of hypoperfusion in
medial orbitofrontal areas compatible with hemosiderin deposits seen on
gradient echo MRI.
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injury,  revealing  an  array  of  pathology  from  skull  fracture  to
subdural,  extradural  and  intracerebral  hemorrhages,  it  lacks
sensitivity in revealing the signs of diffuse axonal injury.

The  third  notable  feature  was  the  paucity  of  gross  deficits  on
conventional neuropsychiatric testing that included such staples
as  the  Wechsler  Intelligence  Scales  (Wechsler,  1981),  California
Verbal Learning Test (Delis et al, 1987), Wisconsin Card Sort Test
(Heaton,  1981)  and  the  Paced  Auditory  Serial  Addition  Task
(Gronwall,  1977).  The  ability  of  patients  with  primarily
orbitofrontal  deficits  to  perform  within  normal  parameters  on
these tests has been described (Damasio, 1994) and may give the
misleading impression that all is well, cognitively. Only when the
functional integrity of this region is probed with more experimental
paradigms do deficits emerge.

One practical consideration of these three points is that the mild
GCS  score,  normal  brain  CT  and  few  ‘conventional’
neuropsychological  deficits  led  many  of  the  patient’s  health-care
providers  and  the  insurance  industry  to  deem  his  injury
inconsequential  and  his  aggressive  outbursts  the  product  of
‘acting  out’  behavior  allied  to  long-standing  characterological
issues. Not only was this assessment incorrect, for there was little
on  history  to  suggest  this  man  had  an  abnormal  premorbid
personality, but mis-attributing the behavior in such a pejorative
fashion  added  to  the  patient’s  (and  family’s)  burden  by
heightening their sense of frustration in coming to terms with his
significant  neuropsychiatric  morbidity.  Only  once  the  results  of
the MRI, SPECT, UPSIT and ‘Gambling’ Test were explained to the
family  and  caregivers  did  this  situation  improve.  His  insurance
company, however, remained harder to convince, in part because
of  the  industry’s  universal  fixation  with  the GCS  as  the  single
arbiter  of  injury  severity.  This  inability  to  look  beyond  this
oversimplification  ensured  an  on-going  dispute  between  the
patient and his main source of income after the accident, namely
his  disability  settlement.  This  adversarial  relationship  was  a
perpetual source of annoyance to a man whose personality change
left him poorly equipped to deal with stressors of this nature.

From  a  neuropsychiatric  perspective,  the  case  is  a  good
illustration  that  confluence  of  findings;  clinical,  radiological  and
neuropsychological, can help explain such profound disability. Our
patient  did  not  have  an  iron  bar  driven  through  his  skull  as
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happened to the unfortunate Mr Phineas Gage (Appendix 8.1), but
his  brain  damage  was  confined  to  similar  anatomical  areas  and
his  clinical  presentation  characterized  by  impulsivity  and  poor
social  judgement  overlapped  with  his  medically  famous
predecessor.

Case report 2

A  50-year-old  man  was  brought  by  the  police  to  the  Emergency
Room. The police had initially arrested him on High Street where
his unsteady gait had resembled that of a drunk. On testing with
a  breathalyser,  the  police  were  surprised  to  see  a  reading  that
failed to register any alcohol and their perplexity increased when
the man informed them he was a celebrated ballet dancer and had
been going for a walk as a form of exercise and stamina building.
The man was well-dressed and articulate, but had trouble sitting
still while telling his story, and his squirming movements coupled
with  increasing  agitation  confirmed  the  police’s  impression  that
something ‘fishy’ was going on. When he spilled a cup of scalding
hot coffee over his clothes and hands, the officer on duty surmised
the man was ‘on something’ and he was brought to hospital for a
medical  check-up  before  being  formally  charged  with  creating  a
public nuisance.

On arrival in the Emergency Room, the man’s agitation became
pronounced  and  he  tried  to  abscond,  claiming  the  Central
Intelligence Agency was behind a plot to have him silenced. This
startling  revelation  led  to  a  psychiatric  consult  and  the  police
quietly  withdrawing  from  the scene.  To  calm  the  agitation  and
reduce  the  risk  of  flight,  a  2  mg  intramuscular  injection  of
haloperidol  was  given.  This  rapidly  settled  the  restlessness  and
apart  from  some  fidgity  hand  movements,  the  patient’s
appearance  was  unremarkable.  His  mental  state,  however,  was
anything  but.  He  initially  refused  to  talk  to  a  psychiatrist,  but
once  he  realized  that  he  would  not  be  going  home  for  the  night
and  had  been  brought  dinner  and  some  hospital  pyjamas,  he
began  telling  a  tale  composed  of  elaborate  persecutory  and
grandiose delusions.

He  claimed  to  have  found  a  cure  for  AIDS  and  was  being
hounded by the CIA who wanted his secret. To avoid capture, he
had  been  traveling  between  Canada  and  the  United  States,
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crossing  the  border  whenever  he  felt  the  secret  service  of  one  of
the countries was closing in on him. When questioned about his
private  life,  stated  he  was  single,  had  once  been  a  professional
dancer and choreographer, but had not worked in years, lived off
the charity of friends, slept in their apartments or in hostels, and
had no family, apart from an aged mother in a retirement home.
Subsequent  telephone  calls  to  four  friends  and  his  mother
confirmed all these facts to be true. Neither his mother nor friends
were  aware  of  his  beliefs  concerning  the  CIA  and  his  professed
cure  for  AIDS.  However,  they  were  all  worried  by  his  steady
downward social drift, but could offer no explanation for it.

Two days following admission, his abnormal movements became
more  apparent.  These  were  subtle,  but  writhing  in  nature.  Gait
was once again unsteady. The patient denied awareness of these
problems,  but  agreed  to  a  full  neurological  examination,  which
added little to these initial observations. A detailed family history
revealed that the patient’s father had died from natural causes in
his seventies. The patient had no siblings. There was no history of
similar  movements  in  a  relative  and  no  family  history  of  mental
illness. A brain CT scan was normal, but functional neuroimaging
demonstrated  marked  hypoperfusion  in  the  basal  ganglia
bilaterally (Figure 8.4).  A subsequent brain MRI scan  suggested
some mild ventricular enlargement confined to the lateral horns of
the  anterior  ventricles  and  pointed  towards  possible  subtle
atrophy of the head of the caudate nucleus. Despite the absence
of a family history of Huntington’s disease, the possibility of this
diagnosis  and the  need for   genetic  testing  were  discussed with
the  patient.  He  readily  agreed  to  the  blood  test  with  an
insouciance that conveyed the impression that we were all wasting
out time—the problem lay with the CIA, not Mr Huntington, as far
as he was concerned.

Genetic testing revealed the diagnosis of Huntingtons’s disease,
the  case  probably  representing  a  spontaneous  mutation  in  the
sequence  of  cytosine-adenine-guanine  repeats.  In  normal  cases,
the length of this sequence ends between 11 and 34 repeats, but
in our patient the number was 37. Other possible explanations for
the development of the disease included the family’s suppressing
knowledge  of  relatives  with  the  condition  or  uncertainty  over
paternity.  The  former  was  considered  unlikely,  given  the  small
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Figure 8.4 Brain SPECT contrasting hypoperfusion in basal ganglia and
frontal areas in a patient with Huntington’s disease (top) with normal blood
flow in a healthy control subject (bottom).

 

NEUROIMAGING CORRELATES OF COGNITIVE DYSFUNCTION 145



number of known relatives, while exploring the latter was not an
option.

The  case  therefore  presented  a  number  of  interesting  points,
including the probable spontaneous mutation of the trinucleotide
sequence, the florid early psychotic manifestation of Huntington’s
disease, the marked SPECT changes that contrasted with a normal
CT  brain  scan  and  the  subtlest  MRI  brain  changes.  The  patient
refused neuropsychological examination.

Case report 3

A man of Middle Eastern origin, in his mid-thirties, first presented
at a neurological service complaining of poor vision and difficulty
walking. It soon became apparent, however, that he had other

Figure 8.5 Brain MRI in a man with multiple sclerosis and fantastic
confabulations: confluent high signal periventricular abnormalities.
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difficulties  relating  to  his  mental  state.  He  claimed  that  his
problems began after he fell  out of  an airplane and floated 7000
metres  to  earth.  Other  outlandish  statements  included  the
assertion  that  he  had  breast  fed  his  twin  daughters,  that  his
father was 136 years old and went for a run every morning in the
desert  accompanied  by  seven  Arabian  steeds.  Should  one  of  the
horses  tire,  his  father  would  pick  up  the  animal  and  carry  it
home. The patient stated repeatedly that he was born in a Polish
shtetl and spoke Yiddish, despite immigration papers that gave his
country  of  origin  as  Iraq.  What  was  noteworthy  about  these
statements was that they remained consistent, the content never
varying, although each time one had a conversation with him new
and  fantastic  statements  were  forthcoming.  The  patient  was
oblivious to the incredulity his stories induced in his listeners.

Obtaining a factual history was difficult, for most answers were
embellished  with  fantastical  details.  Thus,  even  ascertaining  his
exact age was difficult, given his claim that he had multiple birth
certificates, all of which recorded different ages. What was known,
however,  through  the  Welfare  offices  and  a  copy  of  his  divorce
settlement, was that he was born in 1951, had lived alone since
his divorce 5 years back and had not worked during this period. A
transcript  of  the  divorce  proceedings  revealed  no  evidence  of
confabulation.

The  patient  presented  in  a  wheelchair,  stating  he  could  not
stand or walk because of lower limb weakness. He was wearing a
large pair  of  dark sunglasses and carried a white cane,  claiming
he was blind. On neurological examination, bilateral optic atrophy
and  extensor  planter  responses  were  noted.  A  mental  state
examination  revealed  a  slightly  obese,  disheveled  middle-aged
male,  whose  behavior  varied  between  apathy  and  social
inappropriateness. When left alone in his room, he displayed little
activity, sitting quietly in his wheelchair for hours. However, when
in  a  busy  day-area  he  became  lively  and  made  grossly
inappropriate  sexual  approaches  to  female  nursing  staff  and
patients.

Prompted  by  his  abnormal  neurological  examination  an  MRI
scan of the brain and spinal cord was performed. The spine was
normal,  but  brain  images  revealed  a  number  of  high  signal
confluent  periventricular  lesions  (Figure  8.5)  plus  some  discrete
lesions. The lesion volume and distribution were quantified. Of a
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total brain lesion volume of 25.63 cm3, 53% was distributed in the
frontal  lobes.  Of  greater  significance,  given  the  behavioral
observations,  was  the  presence  of  cerebral  atrophy  that  was
particularly  prominent  in  bilateral  frontal  areas  (Figure  8.6).
Thus,  not  only were the frontal  lobes more atrophied than other
areas,  but  a  little  over  half  the  lesion  burden  was  frontally
distributed.  A  mid-sagittal  slice  showed  multiple  lesions  in  an
atrophied  corpus  callosum,  giving  the  structure  a  ‘punched-out’
appearance (Figure 8.7). Consonant with the MRI result, the brain
SPECT revealed marked frontal hypoperfusion (Figure 8.8). 

Cerebrospinal fluid (CSF) analysis revealed normal protein and
glucose  levels  and  a  single  white  blood  cell,  but  was  2+  for

Figure 8.6 Brain MRI in a man with multiple sclerosis and fantastic
confabulations showing, in addition to periventricular lesions, significant
bilateral frontal atrophy.
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oligoclonal  banding  while  bilateral  visual,  right  brain  stem  and
somatosensory (right arm and leg) evoked potential readings were
abnormal.  Testing  for  syphilis  (VDRL)  was  normal,  as  was  an
arylsulfatase  level,  ruling  out  the  possibility  of  metachromatic
leukodystrophy  as  part  of  the  differential  clinical  diagnosis.  All
other  blood  tests  were  normal,  including  a  full  blood  count  and
differential,  electrolytes  and  urea  and  indices  of  a  possible
vasculitis, i.e. sedimentation rate, rheumatoid factor, antinuclear
factor  and  complement  levels.  Cerebral  angiography  was  not
considered an option, given the above results. 

Neuropsychological testing

The patient’s score on the MMSE was 24/27 (the parts requiring
vision  were  not  administered).  Other  than  hospital  name,  which
was  given  as  another  local  hospital,  he  was  fully  oriented.  His
recounting of recent political events was quite lucid, touching on
local and national politics. He was able to name all but one of the
major candidates in the national election. He used French, Italian,
Portuguese and Arabic words and maintained a brief conversation
in Portuguese with one of the examiners. Owing to his poor visual
acuity, some tests were limited or administered in a non-standard
fashion.  

His prorated verbal IQ on the Wechsler Adult Intelligence Scale
Revised (WAIS-R) (Wechsler, 1981), assuming an age range of 45–
54 years, was 92, placing him at the low end of the average range.
His spontaneous speech was fluent and well articulated with some
mild  word-finding  problems.  His  simple  comprehension  was
intact. Repetition was impaired only on long sentences demanding
attention.  His  performance  on  the  ‘FAS’  test  was  moderately
impaired (Benton, 1968). On memory testing, acquisition of verbal
material on the California Verbal Learning Test (CVLT) (Delis et al,
1987)  and  the  Wechsler  Memory  Scale  Revised  (WMS-R)
(Wechsler,  1987)  ranged  from  borderline  to  impaired  and  was
lower  than  expected,  given  his  verbal  abilities.  He  accurately
recalled  and  recognized  information  across  the  two  testing
sessions.  As  most  tests  traditionally  used  to  assess  executive
function  involve  visual  stimuli,  executive  assessment  in  this
patient  was  limited  to  verbal  abstract  conceptual  problems  and
analysis  of  his  approach  to  the  other  neuro-psychological  tests,
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which were generally concrete and stimulus-bound. For example,
the  proverb  ‘Rome  was  not  built  in  a  day’  was  interpreted  as
‘Rome was a huge city. It wasn’t built in a day’.

In  summary,  testing  was  limited  by  his  visual  difficulties,  but
certain  consistent  findings  emerged  nevertheless.  His  most
significant  cognitive  deficit  was an inability  to  maintain focused,
regulated information processing. Lack of regulation could also be
observed  in  his  mood  and  response  to  the  testing  demands.
Although  memory  deficits  were  present,  there  was  no  loss  of
information  or  impaired  everyday  memory,  and  the  nature  and
extent  of  the  deficits  were  not  those  of  a  severe amnesic
syndrome. In this regard, it was significant that delayed recall on
the Wechsler Memory Scale was not impaired.

Figure 8.7 Sagittal brain magnetic resonance image in a man with
multiple sclerosis and fantastic confabulations, showing lesions in the
corpus callosum.
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Bringing  all  the  clinical,  imaging,  biochemical  and
neuropsychological  strands  together,  there  was  little  doubt  that
our  patient  had  multiple  sclerosis.  Despite  the  exaggerated  and
inconsistent nature of his disability, the neurological examination
revealed  signs  of  two  separate  lesions  in  the  central  nervous
system, namely optic  atrophy and an extensor planter  response.
In addition to these clinical signs, paraclinical evidence (abnormal
MRI  and  evoked  potential  results)  plus  laboratory  data  (2+  CSF
oligoclonal  banding)  were  in  themselves  strongly  suggestive  of
demyelination.

The temporal sequence of how the symptoms had developed was
unclear, but there was reason to believe from a copy of his divorce
settlement  5  years  earlier  that  confabulation  was  not  present  at
that  time.  According  to  his  ex-wife’s  testimony,  however,
disinhibited  behavior  was  present  and  was  instrumental  in  her
desire  for  a  separation.  No  mention  was  made  of  any  physical
difficulties. Thus, behavioral change may well have been the first
sign of his multiple sclerosis. What makes the case unusual was
not just the nature of the man’s confabulations, but the fact that
his  ‘pseudologica  fantastica’  occurred  in  the  context  of  multiple
sclerosis.  This  presentation  of  multiple  sclerosis  had  not  been

Figure 8.8 Brain SPECT in a man with multiple sclerosis and fantastic
confabulations, showing marked frontal hypoperfusion bilaterally.
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previously reported and it was the results of the brain imaging that
gave insights into the reasons for his atypical mentation.

There is a large literature describing confabulation in the context
of severe memory difficulties, in particular the amnesic state most
often  noted  in  patients  with  Korsakoff  psychosis  (Shapiro  et  al,
1981;  Victor  et  al,  1988).  The  confabulation  is  explained  on  the
basis  of  the  patients’  attempts  to  compensate  for  their  memory
difficulties by filling in the gaps of their recall with made-up, but
incorrect,  information  (Barbizet,  1963).  However,  not  all
confabulators are amnesic. Stuss et al (1978) have delineated two
forms of confabulation in patients with neurological disorders: the
amnesic  patient  whose  responses  are,  for  the  most  part,
unremarkable;  and  the  non-amnesic  patient,  whose  less  severe
memory  difficulties  are  accompanied  by  confabulations  that  are
extravagantly  fanciful.  This  second  group  displays  evidence
of marked frontal lobe dysfunction demonstrated by abnormalities
on neuroimaging and neuropsychological testing. Patients of this
sort are thought to have strategic retrieval deficits, particularly in
the monitoring and verification of  their own responses (Baddeley
and Wilson, 1986; Moscovitch, 1989).

Should  the  amnesic  picture  be  present,  some  reports  suggest
that  additional  frontal  involvement,  particularly  in  the
ventromedial  cortex,  is  a  necessary  prerequisite  for  associated
confabulation  (Moscovitch  and  Melo,  1997).  A  published  case
report  using  serial  functional  imaging  supports  this  observation
(Benson et al, 1996). A single amnesic subject underwent a SPECT
brain  scan  while  in  a  confabulatory  state  and  thereafter  had  a
repeat SPECT scan 4 months later, by which stage confabulation,
but not the amnesic disorder, had stopped. Hypoperfusion of the
orbital  and medial frontal regions noted in the first scan was no
longer  present,  although  diencephalic  hypoperfusion  persisted.
The  cessation  of  confabulation  and  resolution  of  the  frontal
perfusion  deficits  were  accompanied  by  similar  improvements  in
performance on frontal lobe cognitive tests.

The  data  on  our  patient  have  many  similarities  to  those
described  above.  Memory  deficits  were  apparent,  but  were  not
compatible  with  a  pronounced  amnesic  syndrome.
Neuropsychological paradigms probing frontal lobe function, such
as  the  Wisconsin  Card  Sort  Test,  could  not  be  given  because  of
visual  difficulties,  but  our  patient’s  impaired  verbal  fluency  and
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concrete responses to proverb interpretation, together with some
perseverative  responses,  suggested  frontal  difficulties.  The  MRI
data demonstrated subcortical white matter lesions with over 50%
frontally  distributed.  Furthermore,  significant  cerebral  atrophy
was present, again mainly over the frontal convexities and in the
region  of  the  frontal  interhemispheric  fissure.  Finally,  frontal
cerebral blood flow was markedly reduced.

It is not, however, clear why some, but not other patients with
frontal lobe pathology confabulate. Berlyne (1972) has advanced a
psychological  explanation  positing  premorbid  personality  factors
as  potential  modifiers  of  the  process.  While  it  would  be
shortsighted for any clinician to arrive at conclusions concerning a
patient’s mental state without recourse to psychosocial data, this
explanation  is  inadequate.  Rather,  it  probably  requires  a
particular  constellation  of  frontally  mediated  cognitive  and
behavioral features to coalesce before confabulation manifests.
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Appendix 8.1

A most dramatic demonstration of the behavioral consequences of
damage  to  the  ventral  prefrontal  cortex  is  provided  by  the
celebrated case of Phineas Gage, the New England railway worker
who sustained a grievous traumatic brain injury. Gage’s physician
was John Martyn Harlow (1819–1907), who wrote two reports on
his patient, the first within weeks of the injury and the second, a
year  later,  describing  the  changes  in  behavior  he  noted.  A
summary of Dr Harlow’s observations is informative.

The  accident  occurred  in  Cavendish,  VT  on  the  line  of  the
Rutland and Burtlington Railroad, at that time being built, on the
13th  of  September  1848,  and  was  occasioned  by  the  premature
explosion  of  a  blast,  when  this  iron,  known  to  blasters  as  a
tamping iron,…was shot through the face and head…The iron is 3
feet 7 inches in length and weighs 13 and one fourth pounds…The
patient  was  thrown  back  by  the  explosion,  and  gave  a  few
convulsive motions of the extremities, but spoke in a few minutes.
His men (with whom he was a great favorite) took him in their arms
and carried him to the road…put him in an ox cart  in which he
rode, supported in a sitting posture, fully three quarters of a mile
to his hotel. He got out of the car himself, with a little assistance
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from his men and an hour afterwards walked up a long flight of
stairs…he  seemed  perfectly  conscious,  but  was  becoming
exhausted  from  the  hemorrhage…he  bore  his  sufferings  with
firmness,  and  directed  my  attention  to  the  hole  in  his  cheek,
saying, ‘the iron entered there and passed through my head.’

In tending to the wound, Dr Harlow wrote,  ‘I  passed the index
finger of the right hand into the opening it’s entire length, in the
direction of the wound in the cheek, which received the left index
finger in like manner, the introduction of the finger into the brain
being scarcely felt.’

Remarkable  as  these  observations  are,  it  is  Harlow’s  later
behavioral  observations  that  have  assured  Phineas  Gage’s  place
among  the  most  celebrated  of  case  histories.  Writing  of  a  visit
Gage  made  to  him  in  April  1849,  he  observed  the  fol-lowing:
‘General appearance good; stands quite erect,…his gait is steady,
his  movements  rapid  and  easily  executed…can  adduct  and
depress the globe,  but  cannot  move it  in  other  directions;  vision
lost…upon the  top  of  the  head and covered with  hair,  is  a  large
unequal  depression  and  elevation—a  quadrangular  fragment  of
bone, which was entirely detached from the frontal, and extending
low upon the forehead, being still raised and quite prominent. His
physical  health  is  good  and  I  am  inclined  to  say  that  he  has
recovered…His contractors, who regarded him as the most efficient
and  capable  foreman  in  their  employ  previous  to  his  injury,
considered the change in his mind so marked that they could not
give him his place again. The equilibrium or balance, so to speak,
between his intellectual faculties and animal propensities, seems
to have been destroyed. He is fitful, irreverent, indulging at times
in  the  grossest  profanity  (which was  not  previously  his  custom),
manifesting but little deference to his fellows, impatient of restraint
or advice when it conflicts with his desires, at times pertinaciously
obstinate,  yet  capricious  and vacillating,  devising  many  plans  of
future  operation,  which  are  no  sooner  arranged  than  they  are
abandoned in turn for others appearing more feasible. A child of
his  intellectual  capacity  and  manifestations,  he  has  the  animal
passions of a strong man. Previous to his injury, though untrained
in  the  schools,  he  possessed  a  well  balanced  mind,  and  was
looked upon by those who knew him as a shrewd, smart business
man,  very  energetic  and  persistent  in  executing  all  his  plans  of
operation.  In  this  regard,  his  mind  was  radically  changed,  so
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decidedly that his friends and acquaintances said he was no longer
Gage.’ 
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Chapter 9
Clinical vignettes

Case 1
‘Clock drawing and recovery from delirium’

A  75-year-old  widower  was  admitted  to  a  chronic  care  hospital
following  a  major  stroke  causing  right-sided  hemiplegia.  In  the
post-stroke  period  he  was  noted  to  be  emotionally  labile  and
tearful and was started on amitriptyline with increasing doses up
to 150 mg daily. Psychiatric consultation was requested because of
persistent  lability  and  mood  symptomatology.  On  initial
assessment, he showed evidence of marked disorientation to time
and  place.  He  was  in  a  hospital  in  London,  England  and  while
sitting in front of  the lift  (elevator)  he imagined that he was in a
tube (subway) station.

Among the cognitive screening tests done was the clock drawing
test  (Figure  9.1).  The  initial  clock  shows  evidence  of  marked
visuospatial  impairment  and  extremely  poor  planning.  He  also
showed  evidence  of  perseveration  and  concrete  thinking  when
asked to denote the time at 3 o’clock. Inattention is evident by the
omission of the number 9. A provisional diagnosis of toxic delirium
secondary  to  tricyclic  antidepressants  was  established  and  the
medication was discontinued.

He was then reassessed 2 weeks later and showed a significant
improvement  in  his  mental  state  and  level  of  alertness.  He  was
now  much  better  oriented  and  integrated  in  his  clinical
presentation.  The clock drawing test  was repeated 2 weeks later
and  a  significant  improve ment  in  his  planning  ability  was
evident,  although he  still  showed  residual  impairment.  While  he
was now able to denote time using hands, he showed evidence of
perseveration  as  a  result  of  the  residual  cognitive  impairment.



However, 5 weeks later, when he was very dramatically improved
from  a  clinical  perspective,  his  clock  drawing  test  also  reflected
significant  improvement.  He  was  able  to  draw virtually  a  perfect
clock  with  excellent  visuospatial  organization  and  was  able  to
denote 3 o’clock accurately.

Summary

The  visual  representation  of  the  improvement  in  his  central
nervous system function had a significant impact on the treating
team,  who  were  able  to  recognize  very  quickly  that  indeed  the
anticholinergic toxicity resulting from tricyclic treatment was the
clear etiology of his impairment. Moreover, its discontinuation was
responsible  for  his  significant  improvement.  The  clock  drawing
test  proved  to  be  sensitive  to  cognitive  change  and  an  efficient
practical tool for use on a medical ward.

Case 2
‘Cognitive screening vs detailed neuropsychiatric

assessment in a complex case’

A  75-year-old  retired  professor  was  seen  for  psychiatric
consultation  because  of  persistent  headaches  as  well  as
depressive  and  anxiety  symp-toms.  She  had  a  very  complex
history  that  included,  hypothyroidism,  mild  hepatic  dysfunction
and a history of narcotic analgesic use for persistent headaches.
Her mother suffered from late-onset headaches which eventually
developed into a progressive dementia.

Figure 9.1 Improvement following toxic delirium. (Reproduced from
Shulman et al, 1986, with permission from John Wiley & Sons Ltd.)
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Brief cognitive screening (2000–2003)

The cognitive screening tests, clock drawing and Mini Mental State
Examination (MMSE), demonstrated a pattern of fluctuations yet
overall  deterioration.  Of  interest  is  the  fact  that  detailed
neurosychological  testing  (see  below)  was  not  any  more
elucidating  of  the  nature  of  her  condition.  A  series  of  clock
drawings from March 2000 to February 2003 showed evidence of
deterioration (Figure 9.2).  The first clock shows evidence of  good
visuospatial organization and an

Figure 9.2 Consecutive clocks. 

accurate  denotation  of  time  at  10  past  11.  Within  1  month,
however,  her  second  clock  test  reveals  a  frontal  pull  to  the  10
while  there  is  still  preservation  of  visuospatial  ability.  In  May  of
the same year, there was more subtle impairment in the spacing of
the numbers and an attempt to correct the 11:10 denotation. She
still  showed inaccuracy  in  denoting  time by  pointing  the  minute
hand to  the  1  instead  of  the  2  and the  hour  hand pointing  just
after the 10. Some 6 months later,  in November 2000, her clock
again  reverted  to  the  frontal  pull  with  arrows  pointing  in  the
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wrong direction and some mild spacing difficulties now evident. In
January 2001 her clock drawing was more fragmented in terms of
spacing as well as in her denotation of time. Six months later, in
June  2001,  her  spacing  continued  to  be  somewhat  fragmented
and  she  showed  ambivalence  in  her  denotation  of  time  but  still
with  a  frontal  pull.  By  August  2001  the  same  pattern  persisted
until  October  2001,  when  the  spacing  fragmentation  was  more
severely impaired and the pull to 10 past 11 continued.

A  significant  deterioration  in  her  MMSE  score  occurred  in
August 2001 down to 23/30, whereas in the year previously (2000)
she had scored 28/30 on the MMSE. By August 2002 the MMSE
score  was  20/30  and  she  was  now  more  clearly  dementing.
Further assessment in December 2002 revealed an MMSE score of
16/30.

Detailed neurological, psychiatric and
neuropsychological testing

May 2000

Detailed  neuropsychological  testing  reflected  the  inconclusive
nature of her condition. The assessors postulated three potential
causes  of  her  cognitive  dysfunction:  depression,  hypothyroidism
and early dementia.

Her  full-scale  IQ  was  in  the  average  range  and  the  Dementia
Rating Scale was within normal limits. She scored low average on
some  of  the  executive  tasks  and  showed  impairment  on
psychomotor  tasks  including  trail  making  A  and  B.  Her  Boston
naming task was impaired as well as short-term verbal and non-
verbal  learning  and  recall.  Visual  constructive  tasks  were
considered to be within normal limits. 

August 2000

A detailed cognitive neurology assessment noted problems with
attention,  especially  backward  digit  span,  short-term  verbal
memory  and  visual  memory.  However,  her  remote  memory
remained reasonably intact and language tasks were considered to
be intact. She was unable to draw a cube and showed frontal pull
on  the  clock  drawing  test.  There  was  evidence  of  concrete
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interpretation on tasks of abstraction and she had difficulty with
the Luria sequences. Word-list generation for phone-mically cued
words  was  15  as  well  as  for  semantically  cued  words.  The
neurology  assessment  was  equivocal:  ‘All  of  the  above  are
compatible  with  probable  Alzheimer’s  disease,  but  mood,  anxiety
and  chronic  pain  are  contributing  factors’.  A  trial  of  the
cholinesterase inhibitor donepezil was instituted at that time.

February 2001

A headache (neurology) specialist was consulted but a review of
the  magnetic  resonance  imaging  and  single  photo  emission
computed tomography scan did not reveal any clear neurological
disorder or lesion. The conclusion was that ‘her headaches must
be somatic manifestations of depression and I would suggest a trial
of  MAO inhibitors  since  these  drugs  may  be  very  effective  in  this
situation.’

August 2001

A stroke neurologist assessed the patient after she was brought
to  the  emergency  room  with  an  acute  confusional  state.  This
neurologist had the following opinion: ‘On examination, I found her
neurologically  normal  except  on  psychological  testing.  I  found  her
answers to many of the questions of naming and clock drawing to
be  inappropriate  and  not  compatible  with  an  organic
confusional  state.  For  instance,  she  drew the  clock  rapidly  and
accurately but then put the hands at 11 and 5 when asked to draw
5 past 11. She became tearful at one point during the questioning.
Her orientation, however, was excellent and her long-term memory
was  excellent  though  her  short-term  memory  appears  to  show
difficulties in concentration. I believe all the patient’s problems can
be explained on the basis of depression.’ 

November 2001

She was seen by a second behavioral neurologist because of the
possibility  of  Lewy  body  dementia  subsequent  to  a  number  of
episodes  in  which  she  complained  of  visual  hallucinations.  The
behavioral  neurologist  formed  a  final  opinion  of  ‘differential
diagnosis  as  Lewy  body  disease  versus  depression.’  This
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neurologist  suggested  a  switch  to  a  different  cholinesterase
inhibitor  in  the  form  of  galantamine,  aggressive  treatment  of
depression as well as detailed neuropsychological testing.

Mental  Status  Examination  during  the  behavioral  neurology
assessment  was  as  follows:  ‘She  was  appropriate  and  co-
operative.  On  tests  of  memory  she  did  well.  She  was  oriented  to
year,  month,  day  and  date.  She  knew  who  the  Prime  Minister  of
Canada was but not who the Premier of Ontario was. She was able
to recall 3/3 items at 5 minutes and again at 10 minutes. She had
difficulty on tests of attention and concentration. She was unable to
do  serial  7’s  subtraction.  She  was  markedly  impaired  on  reciting
months of the year in reverse order. She was able to do serial 3’s
subtraction  and  spell  the  word  “world”  backwards.  On  tests  of
language,  her  spontaneous  speech,  auditory  comprehension,
repetition and naming were intact.

Clock  drawing  was  poor  to  command.  On  her  free-drawn  clock
she drew the numbers in reverse order. For 10 after 11:00 she put a
hand at the 10 and at the 11. On the examiner’s clock she also set
the  hands  at  10  to  11:00.  In  contrast,  her  clock  drawing  to  copy
was quite good and was significantly better than her clock drawing
to command.

On  tests  of  visuo-spatial  function  her  drawing  of  a  house  was
good except that it lacked 3-dimensional perspective. Drawing of a
cube also  lacked  3-dimensional  perspective.  Drawing to  copy of  a
house  and  the  intersecting  pentagons  was  adequate.  On  tests  of
abstraction she had difficulty on the  harder similarities items and
on  1  out  of  2  proverbs.  She  perseverated  on  drawing  alternating
square  and  triangular  figures  but  not  on  multiple  loops.  Word  list
generation for words beginning with the letter “F” was 14 and for
animal names it was 9 (this was lower than August, 2001). There
was  no  ideomotor  apraxia  for  limb,  buccofacial  and  whole  body
commands. 

Opinion

Mrs.  X  is  a  70  year  old  woman  with  an  approximately  3-year
history  of  depression  and  headache.  She  also  has  difficulty  with
cognition on history and has had 3 episodes of hallucinations. Her
Mental  Status  Examination  is  remarkable  for  marked  deficits  in
attention. She also showed perseveration. Her clock drawing is also
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poor.  In addition she had difficulty with verbal  fluency, especially
for animal names. Manipulation of information as tested by proverb
and similarities was also mildly impaired.

The  differential  diagnosis  lies  between  Lewy  body  disease  vs
Depression.  With  respect  to  Lewy  body  disease,  features  that  go
along with this disorder on mental status testing are her prominent
attentional  deficits  in  the  setting  of  good  performance  on  memory
tasks. Her verbal fluency, especially for animals, is also typical for
Lewy body disease. In contrast, her clock drawing to copy improved
and this is said to be atypical for this disorder. Nevertheless, Lewy
body disease still needs to be considered.’

Because of persistent and intractable depressive symptoms and
co-morbid  headaches,  she  was  seen  by  a  psychiatrist  with
expertise in transcranial magnetic stimulation (TMS).

With  respect  to  diagnosis,  there  is  little  doubt  that  she  suffers
from at least two conditions, one of them and the more compelling
of  the  two,  being  of  neurological  origin.  Diagnoses  of  Lewy  Body
Disease and Alzheimer’s Disease have been offered. She would, at
this time, meet criteria for Major Depressive Disorder. It is possible
that her dementia is actually a pseudodementia, but this is rather
unlikely  given  the  insidious  deteriorating  course  and  the  family
history of dementia. The differential diagnosis would include Mood
Disorder  secondary  to  other  medical  pathology  such  as  thyroid
dysfunction,  medication  toxicity,  metabolic  derangement  of  some
type  (her  sodium  levels  have  been  low  during  several
determinations,  though  I  understand  these  are  now  normal),  all
being  rather  unlikely  in  the  face  of  the  extensive  negative
investigations.’

A subsequent course of TMS resulted in transient improvement
only. 

January 2002

Follow-up  in  the  cognitive  neurology  clinic  revealed  that  ‘the
underlying basis of her memory complaints remains unclear. I think
that  Lewy  Body  Disease  remains  in  the  differential  or  it  may  be
mild Alzheimer’s disease. However, the picture is predominated by
her depression and made worse by her headaches.’

‘Mrs. X was referred for assessment of her memory and cognitive
functioning.  Currently  she  is  operating  in  the  average  range  of
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intellectual  functioning,  with  both  her  verbal  and  visual  spatial
reasoning skills  well  within  average limits.  On neuropsychological
tests she exhibited a generalized decline of function across several
cognitive domains. Relative weaknesses lie in her semantic memory,
verbal  learning,  visual  naming  to  confrontation,  immediate  and
delayed  visual  recall  and  recognition,  visual  scanning  speed  and
attention  shifting  which  are  in  the  borderline  to  impaired  range.
Visual  construction,  delayed  verbal  recall  and  recognition,  and
verbal  fluency  are  low  average  to  borderline,  while  attention/
concentration and arithmetic skills are within the borderline range.
Relative  strengths  include  sustained  auditory  attention,  practical
problem  solving/conceptual  programming/manual  praxis  are
observed.  Mrs.  X  denied  any  depressive  symptoms  in  a  self-
reported inventory of depression during testing.

Mrs.  X’s  pattern  of  neuropsychological  deficits  is  suggestive  of
generalized cognitive decline. A neurodegenerative process such as
Alzheimer’s  disease  cannot  be  ruled  out  although  her  pattern  of
deficits  is  more  widespread  than  would  be  expected  in  this  case.
Given  the  absence  of  parkinsonian  signs  and  the  fact  that  her
episodes  of  hallucination  were  apparently  isolated  incidents  that
have  not  recurred  after  discontinuation  of  certain  medications,
Lewy-body  disease  appears  unlikely.  Consideration  should  be
given to a generalized systemic disorder as a cause of her cognitive
problems. Although she has a history of depression and persistent
headaches,  these  factors  are  not  likely  contributing  to  the  overall
neuropsychological picture to a significant degree. 

May 2002

A  second  detailed  neuropsychological  assessment  was
conducted with the following test results:

Domain (Test name(s)) Results
Intellectual functioning (WAIS) Full Scale IQ: average

Vocabulary: average
Visual  spatial/matrix
reasoning—average

Attention/Concentration
(KBNA)

Mental  sequences  and  spatial
location: borderline
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Domain (Test name(s)) Results
Verbal  Learning  (KBNA
acquisition trials)

Impaired  (learned  3/12  words
by 4th learning trial)

Delayed Verbal Recall (KBNA) Low average to borderline
Delayed  Verbal  Recognition
(KBNA)

Low average

Immediate  and Delayed Visual
Recall (KBNA)

Borderline to impaired

Delayed  Visual  Recognition
(KBNA)

Impaired

Visual  Constructional  Ability
(KBNA Complex Figure; Clocks)

Low average

Visual  scanning/attention
speed (KBNA)

Impaired

Sustained  auditory  attention
(KBNA)

Within normal limits

Visual  Naming  to
Confrontation (KBNA)

Impaired

Word  List  Generation—
Phonemic (KBNA)

Low average

Word  List  Generation—
Semantic  (KBNA  animal  and
first names)

Low average to borderline

Arithmetic  Skills  (KBNA
Arithmetic)

Borderline

Motor  Programming  and
Manual Praxis (KBNA Praxis)

Within normal limits

Practical Reasoning (KBNA) Within normal limits
Conceptual shifting (KBNA) Within normal limits
Depression (BDI) Within  normal  limits,  denied

any depressive symptoms
Visual tracking (Trails A and B
speed/attention shifting

Impaired

Primary  and  working  memory
(WAIS-III Digits Span)

Average

Summary

This is  an example of  a complex case with multi-faceted aspects
that remained unclear for a number of years. This case illustrates
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the  difficulties  of  establishing  a  clear  diagnosis  with  slowly
progressive  cognitive  changes  in  the  context  of  complex  medical
and  psychiatric  symptoms  and  multiple  pharmacological
treatments.  The  marked  fluctuations  in  her  clinical  course  are
suggestive  of  a  Lewy  body  dementia  including  episodes  of
hallucinations  associated  with  certain  psychotropic  agents.
However, her clinical condition remained unclear despite frequent
follow-up  by  behavioral  neurology,  detailed  neuropsychological
testing  and  close  medical  follow-up.  Aggressive  antidepressant,
cognitive  and analgesic  therapy was ineffective.  During this  past
year  her  dementia  became  more  obvious  and  her  associated
somatic symptoms and depression improved.

Brief  cognitive  testing  (MMSE,  clock  drawing  test  and  word
fluency)  was  sufficient  to  highlight  concerns  about  her  cognitive
functioning  as  well  as  documenting  the  fluctuations  and
deterioration  in  her  clinical  course.  Detailed,  neuropsychological
testing  in  this  situation  did  not  add  significantly  to  the
understanding of the nature and etiology of this complex disorder.

Case 3
‘Somatization and depressive symptoms as

prodromal features of dementia’

An  81-year-old  woman  was  seen  in  psychiatric  consultation  in
July 1998 with symptoms of  increasing somatization.  There was
no  prior  psychiatric  history  nor  was  there  any  family  history  of
mental disorder. Her self-care was not as good as it had been and
she  had  shown  some  loss  of  interest  in  her  grandchildren,  who
previously had been a very important focus for her life. She was a
very  high  functioning  woman  with  outstanding  intellect
premorbidly.

The  following  findings  were  recorded  at  her  initial  cognitive
assessment:  ‘Premorbidly  this  woman  was  of  high  native
intelligence, but scored 27/30 on the Mini-Mental State Examination
with impairment of recall and concentration. She was also hesitant
on  a  number  of  tasks.  Clock  drawing  showed  good  visual-spatial
organization and planning, but she was unable to correctly denote
11:10, pointing to a line just after 11:00 [Figure 9.3]. She was able
to use hands to denote 3:00 accurately. Throughout the interview,
there  was  evidence  of  some  word  finding  difficulty.  On  formal
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testing,  she  showed  impairment  of  abstraction  as  tested  by
similarities. She was only able to generate 6 words beginning with
the  letter  “F”  in  1  minute,  and  only  7  animals  with  some
perseveration.  She  showed  good  right/left  orientation,  but  had
sensory  extinction  on  bilateral  stimulation  on  the  face/hand  test.
She also struggled with simple calculation instructions. She insisted
that her age was 80 even though she has just turned 81.

In summary, this 81-year-old woman presents with a one and a
half to two year history of change in mental state, characterized by
somatization and a decrease in her overall level of functioning with
increasingly constricted lifestyle. On formal testing, the main finding
is evidence of high level cognitive dysfunction. It is my opinion that
the history and clinical presentation are consistent with a primary
cognitive  deficit,  most  likely  a  dementia  of  the  Alzheimer  type.  At
this point, appropriate neuroimaging needs to be undertaken and I
am  recommending  that  we  do  neuropsychological  screening  to
further  document  the  extent  of  her  cognitive  dysfunction  and
establish a baseline for follow-up. I also need to be reassured that
she  has  had  a  good  general  medical  screen,  including  a  thyroid
screen  to  ensure there  is  not  a  medical  or  systemic  basis  for  her
central nervous system disturbance.’

As a result of  this initial  consultation, a request was made for
neuropsychological consultation. An interesting note was received
the following month from the neuropsychologist. It highlights the
problems in assessing someone of very high premorbid IQ. ‘Mrs. X
denied having any unusual memory or other cognitive problems and
this was confirmed by Mr. X. Mr. X denied that his wife repeatedly
asks questions,  forgets  information quickly,  is  disoriented to  time,

Figure 9.3 Deterioration in clock drawing.

 

CLINICAL VIGNETTES 167



gets  lost  in  familiar  or  unfamiliar  surroundings  or  has  significant
word-finding  problems.  Mrs.  X  denied  having  a  history  of  head
injury,  stroke,  cardiac  illness,  hypertension,  thyroid  deficiency,
diabetes  or  cancer.  She  is  currently  taking  Zoloft  and  Ativan  for
“nervousness”, although she reported that you have recommended
that  she  gradually  discontinue  the  Ativan.  I  discussed the  reason
and purpose of a neuropsychological assessment with the X’s and
they did not see any reason to proceed with the assessment given
that Mrs. X is not experiencing any significant cognitive problems.’

She  was  reassessed  some  3  years  later  in  July  2001.  At  that
time,  she  had  been  followed  by  a  neurologist  for  a  now  well-
established  dementia  and  was  started  on  Donepezil,  a
cholinesterase inhibitor. Her MMSE was 21/30, whereas 3 years
ago it was 28/30. Clock drawing also showed deterioration in that
her initial clock demonstrated excellent visuospatial organization
but an inability to denote 10 past 11 (Figure 9.3), whereas in July
2001 her clock drawing test revealed evidence of poor spacing and
concrete response to the denotation of 11:10.

Summary

One should always be vigilant in assessing individuals who have
high  premorbid  IQ  and  not  make  the  mistake  of  the
neuropsychologist  in simply dismissing the concerns based on a
lack of subjective impairment. The simple cognitive screening tests
at initial assessment did raise concerns about a possible dementia
at a time when functioning was still at a high level and the focus
was on her somatization. 

Case 4
‘Manic delirium and recovery associated with

chronic cardiac disease’

A retired dentist was referred for assessment following an episode
of  confusion  and  manic  disinhibition  during  a  recent
hospitalization.  He  had  a  history  of  chronic  coronary  artery
disease including heart failure, atrial fibrillation, cardiomyopathy
and  a  history  of  two  coronary  artery  bypass  operations,  two
angioplasties  and  evidence  of  renal  failure  secondary  to  renal
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artery  stenosis.  There  was  a  strong  family  history  of  vascular
disease in the family.

Associated  with  the  delirium  was  a  clear  manic  syndrome
followed  by  a  mixed  affective  state  with  depressive  features  but
evidence  during  the  hospitalization  of  disinhibition,
hyperloquaciousness,  visual  hallucinations,  perseveration,  poor
judgement  and  emotional  lability.  He  was  treated  with  mood
stabilizers with slow resolution.

At  an  initial  psychiatric  assessment  following  his
hospitalization, the following cognitive examination was recorded:
‘He  scored  28/30  on  the  Mini-Mental  State  Examination.  He
recalled  only  two  of  three  objects  and  thought  we  were  on  the
second  floor  of  the  hospital  when  we  were  on  the  ground  floor.
Clock  drawing  test  revealed  only  subtle  impairment  in  his  use  of
spacing  [Figure  9.4].  Word  fluency  revealed  that  he  was  able  to
generate  only  ten  words  with  the  phonemic  prime  of  “F”  and  16
words  with  the  semantic  prime  of  four-legged  animals.  The
remainder  of  the  cognitive  examination  was  within  normal  limits
although  typically  he  had  very  little  recollection  of  the  recent
hospitalization consistent with his delirium.’

Clinical course

Over  the  next  few months,  he  continued to  be  treated  on slowly
tapering mood stabilizing medication. His clinical state gradually
resolved after some fluctuations in his hypomanic and depressive
symptomatology. Six months later, he was essentially back to his
premorbid  level.  Repeat  cognitive  testing  using  screening
instruments  documented  the  clinically  significant  but  subtle
improvement on testing. The MMSE now improved to 30/30. Word
fluency showed an improvement to 14 words on phonemic prime of
‘F’compared to 10 words at initial assessment. Word generation in
response to the semantic prime of ‘four-legged animals’ increased
to 18 from 16 and the clock drawing test showed an improvement
in  his  use  of  spacing  compared  to  the  initial  assessment
(Figure 9.4). This was unlikely to be a practice effect as the testing
was done 6 months after the initial assessment.
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Summary

This  case  illustrates  the  sensitivity  of  cognitive  screening
instruments  to  cognitive  change  in  an  individual  with  very  high
premorbid  IQ  recovering  from  a  manic  delirium  associated  with
cerebrovascular  disease  and  significant  cardiac  disease.  Despite
the  clear  history  of  delirium,  his  cognitive  assessment  showed
only subtle deficits, probably because of his very high premorbid
level  of  intelligence  and  education.  Nonetheless,  the  cognitive
screening instruments proved to be cost-effective and acceptable
methods of documenting cognition over time.
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Figure 9.4 Subtle improvement in clock drawing.
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