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Synonyms

Practice development; Practice guidelines

Historical Background

The American Board of Clinical Neuropsychology
(ABCN) is a specialty board within the American
Board of Professional Psychology (ABPP). For
those seeking board certification in clinical neuro-
psychology, ABCN is the board responsible for
overseeing the examination process. The American
Academy of Clinical Neuropsychology (AACN) is
the organization for those awarded board certifica-
tion by the ABCN. In 2007, AACN produced the
first set of practice guidelines, which were intended
to “. . .facilitate the continued systematic growth of
the profession of clinical neuropsychology, and to
help assure a high level of professional practice.”

Current Knowledge

Given the recent growth of clinical neuropsychol-
ogy, coupled with the American Psychological

Association’s focus on evidence-based practice,
the AACN established (AACN 2007) guidelines
for the practice of neuropsychological assessment
and consultation. The guidelines are intended to
provide standards for competence and profes-
sional conduct within the practice of neuropsy-
chology by describing the “most desirable and
highest level of professional conduct” for clinical
neuropsychologists providing clinical neuropsy-
chology services. It is important to note that the
guidelines are fully compatible with the current
APA (2002b) Ethical Principles of Psychologists
and Code of Conduct (EPPCC) as well as the
Criteria for Practice Guideline Development and
Evaluation (2002a) and Determination and Docu-
mentation of the Need for Practice Guidelines
(2005). The AACN practice guidelines include
recommendations for the practice of clinical neu-
ropsychology, and they are not to be regarded as
mandatory standards. The guidelines detail con-
sideration of ethical and clinical issues as well as
specific methods and procedures for the practice
of neuropsychology.

There are several major areas of emphasis in
the guidelines. They include (1) definitions,
(2) purpose and scope, (3) education and training,
(4) work settings, (5) ethical and clinical issues
(e.g., informed consent, patient issues in third
party assessments, test security; underserved
populations/cultural issues, and (6) methods and
procedures (e.g., review of records, measurement
procedures, test administration and scoring, and
interpretation).
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Synonyms

AAMD ABS: 2; AAMR ABS-RC: 2; AAMR
ABS-S: 2

Description

The American Association for Mental Defi-
ciency Adaptive Behavior Scales (AAMD
ABS) is a revised edition (1993) of the original
assessments that were published in 1969. The
American Association for Mental Retardation
(AAMR) (formerly known as the American
Association for Mental Deficiency) has changed
its name to American Association on Intellec-
tual and Developmental Disabilities (AAIDD).
Therefore, intellectual  disabilities have
replaced mental retardation as the terminology
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of choice. The behavior scales have been
published in two versions, the Adaptive Behav-
ior Scales-Residential and Community, 2nd edi-
tion (ABS-RC: 2) and the Adaptive Behavior
Scales-School, 2nd edition (ABS-S: 2). Current
versions are a comprehensive compilation of the
past versions. These assessments seek to
develop an estimate of adaptive behaviors in
two scales defined with personal independence
and maladaptive behaviors in individuals with
intellectual disabilities. Items are rated with a
yes/no response, on a 0-3 scale, or by frequency.
Historically, the ABS-RC: 2 was used in insti-
tutions, but it is now also used in community
settings, whereas the ABS-S: 2 was designed for
school settings.

For both the ABS-RC: 2 and the ABS-S: 2,
the assessment can be administered by two
approaches. The assessment can be completed
by a professional or paraprofessional or by some-
one familiar with the individual. Interpretation of
results should be completed by someone formally
trained in psychometrics and these scales.

The ABS-S: 2 evaluates an individual’s abil-
ity to cope with challenges they encounter
in their school, and aids in the diagnosis of
intellectual disabilities at ages 3-21. There
are nine subscales in the first part of the assess-
ment, measuring personal independence and
responsibility of daily living: independent func-
tioning, physical development, economic activ-
ity, language development, numbers and time,
prevocational/vocational activity, self-direc-
tion, responsibility, and socialization. Part two
of the assessment addresses behavioral domains
and consists of seven subscales: social behavior,
conformity, trustworthiness, stereotyped and
hyperactive behavior, self-abusive behavior,
social engagement, and disturbing interpersonal
behavior.

The ABS-S: 2 was normed on 2,074 students
with intellectual disabilities and 1,254 of
their peers without intellectual disabilities.
Administration takes place in an interview for-
mat with parents or teachers and may vary from
20 min to 2 h. Scoring is completed by hand.
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Raw scores are converted into percentiles, stan-
dard scores, and age equivalents for each sub-
domain. Five factors can be derived: personal
self-sufficiency, community self-sufficiency,
personal social responsibility, social adjust-
ment, and personal adjustment. Percentiles, fac-
tor standard scores, and age equivalents are then
reported based on factor scores.

The ABS-RC: 2 is also useful for the assess-
ment of personal development and social behav-
ior in individuals with intellectual disabilities,
but it has been developed for individuals aged
18-79. Like the ABS-S: 2, the assessment has
two parts, but there are more subscales in each
part. The first part has ten subscales: indepen-
dent functioning, physical development, eco-
nomic  activity, language development,
numbers and time, domestic activity, prevoca-
tional/vocational activity, self-direction, respon-
sibility, and socialization. The second part
contains eight subscales: social behavior, con-
formity, trustworthiness, stereotyped and hyper-
active behavior, sexual behavior, self-abusive
behavior, social engagement, and disturbing
interpersonal behavior. The ABS-RC: 2 was
normed on a sample of 4,000 adults with intel-
lectual disabilities, and administration times
vary between 15 and 40 min, depending on the
informant’s knowledge of the individual being
assessed. Raw scores are recorded and then
converted to standard scores and percentiles.
The subscales yield the same five-factor scales
as the ABS-S: 2.

Historical Background

The AAMD first published the ABS in 1969 in
response to the definition of mental retardation
that was amended in 1959 to include adaptive
behavior. The ABS-S: 2, first published in 1969
by Nihira, Foster, Shellhaas, and Leland, was
revised and standardized in 1974 by Lambert,
Windmiller, and Cole and again in 1981 by Lam-
bert and Windmiller. The second and current
edition was published in 1993. The ABS-RC:2

was also first published in 1969 by Nihira, Fos-
ter, Shellhaas, and Leland. It was revised in
1974, and again in 1993. The goals of the revi-
sions were to improve the reliability of the inter-
viewer in differentiating between individuals
with intellectual disabilities who are institution-
alized and those living in the community. Previ-
ously, these individuals had been classified at
different adaptive behavior levels according to
the AAIDD.

Psychometric Data

The authors of the ABS-S: 2 report three types of
reliability: internal consistency, stability, and
interscorer. Internal consistency is reported to
range from 0.79 to 0.98, while measures of stabil-
ity range from 0.82 to 0.97. For Part I, interscorer
reliability ranges from 0.95 to 0.98 whereas it is
0.96-0.99 for Part II. Authors report criterion
validity in Part 1 moderately correlated with the
ABS and the Vineland Adaptive Behavior Scales,
although Part II was not significantly related to
either (Lyman 2007).

The ABS-RC: 2 reports an internal consis-
tency ranging from 0.81 to 0.97. Concerning
discriminant validity, adaptive behavior as mea-
sured in Part II was not related to the Vineland
Adaptive Behavior Scale and Adaptive Behavior
Inventory (ABI), other measures of maladaptive
behaviors.

Clinical Uses

The ABS: 2 assesses the status of individuals with
intellectual disability, emotional maladjustment,
autism, or developmental disability. It enables a
professional to evaluate strengths and weaknesses
of an individual in adaptive areas, document pro-
gress, and measure the effectiveness of interven-
tion/school programs. The manual cautions that
the examiner should interview a significant infor-
mant or administer the instrument to that signifi-
cant informant. If an informant is unable to



provide needed information, then another informant
needs to be interviewed. Whereas the ABS is a
standard assessment used in determining adaptive
and maladaptive behavior, its psychometric proper-
ties are limited, especially compared to other mea-
sures such as the Vineland Adaptive Behavior
Scales.

Whereas a strength of the ABS-S: 2 is that it
was normed on students with and without intel-
lectual disabilities, the ABS-RC: 2’s standard
scores and percentile ranks were not compared
to individuals without intellectual disabilities.
Another weakness is that it has not been renormed
in two decades.

Therefore, assessment may not meet criteria
for a diagnosis of mental retardation according
to the AAMR requirements.

Cross-References

Adaptive Behavior Assessment System: Third
Edition
Vineland Adaptive Behavior Scales
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Definition

This refers to an inability to walk. Abasia may be
caused by a variety of conditions including weak-
ness, spasticity, cerebellar incoordination, and
movement disorders of various types.

Cross-References
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Synonyms

Organ injury scale

Definition

The Abbreviated Injury Scale (AIS) is an anatom-
ical scoring system first introduced in 1969. It has
been revised and updated against survival data so
that it now provides a reasonably accurate way of
ranking the severity of injury.
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Ablation

Abbreviated Injury Scale, Table 1 AIS scores and their
definition of injury severity

AIS score Injury

1 Minor

2 Moderate

3 Serious

4 Severe

5 Critical

6 Unsurvivable

Injuries are ranked on a scale of 1-6, with 1 being
minor, 5 severe, and 6 representing an unsurvivable
injury (Table 1). This represents the “threat to life”
associated with an injury and is not meant to repre-
sent a comprehensive measure of severity. An addi-
tional code of AIS9 is used to indicate an injury for
which more detailed coding is not possible due to
lack of information. The AIS is not a linear scale, in
that the difference between AIS1 and AIS2 is not
the same as that between AIS4 and AISS. Organ
Injury Scales of the American Association for the
Surgery of Trauma are mapped to the AIS score for
calculation of the Injury Severity Score.

Current Knowledge

The latest incarnation of the AIS score is the 2008
update. AIS is monitored by a scaling committee of
the Association for the Advancement of Automo-
tive Medicine and has been adopted by the Amer-
ican Association for the Surgery of Trauma since
its publication in the Journal of Trauma in 1985.
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Synonyms

Resection

Definition

Ablation is the removal or destruction of an ana-
tomical structure by means of surgery, disease, or
other physical or energetic process. Ablation can be
performed on any tissue (e.g., cardiac, neurologic,
or endometrium). Ablation is employed as a treat-
ment of various medical conditions and includes
recent advances in technology. Surgical ablation of
neuronal pathways to the globus pallidus or thala-
mus has been used historically to treat Parkinson-
ism. Interventional pain experts use radiofrequency
ablation of nerves in the spine to treat chronic back
pain. Gamma radiation or “gamma knife surgery”
is used to excise brain tumors when traditional
surgical ablation is too destructive to neighboring
tissues. Even with sophisticated neurosurgical
techniques, ablation of any type in the central ner-
vous system may still produce unwanted motor,
sensory, or cognitive-behavioral impairments.
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Commissurotomy

Craniotomy

Gamma Knife

Hemispherectomy

Lobectomy

Pallidotomy

Prefrontal Lobotomy

Radiosurgery, Stereotactic Radiosurgery
Temporal Lobectomy
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Synonyms

Childhood absence epilepsy; Juvenile absence
epilepsy; Petit mal epilepsy

Absence Epilepsy
Definition

Childhood and juvenile absence epilepsy are
forms of idiopathic (genetic) generalized epilepsy
that are characterized by seizures that involve
sudden arrest in activity, awareness, and respon-
siveness, and may include some mild motor fea-
tures. Typical absence seizures usually last less
than 20 s and end as abruptly as they start. Patients
have no recollection of the event and often return
immediately to their previous activity with little or
no postictal alterations in functioning. General-
ized 3 Hz spike-and-wave discharges on EEG
are required for the diagnosis and are strongly
correlated with the clinical events.

Categorization

Childhood absence epilepsy (CAE)
Juvenile absence epilepsy (JAE)

Epidemiology

The incidence of CAE is estimated at 6-8% per
100,000 in children younger than 15 years, and
the estimated prevalence is 10-12% in children
younger than 16 years with epilepsy. The inci-
dence of JAE is less clear, but it is accepted as
being less common than CAE. Some estimates
suggest that JAE occurs in 10-15% of individuals
with epilepsy, though there is likely a pattern of
under diagnosis in this condition due to less fre-
quent seizure and the higher rate of other seizure
types. CAE is typically considered to be more
common in females, but gender differences in
JAE have not been reported.

CAE is strongly associated with a family his-
tory of seizures, and there is robust concordance
among identical twins. Siblings of patients with
CAE have about a 10% chance of having seizures,
and about one third of patients with CAE have a
family member with epilepsy. Heritability of the
spike-and-wave trait has been found to peak at the
age of 10 years and goes away almost completely
by the age of 40. Only about 20% of family
members with the spike-and-wave trait develop
epilepsy. Multiple genes likely account for
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transmission, but the causal influences are
believed to be multifactorial, depending on both
genetic and nongenetic factors. Causal factors in
JAE have not been well-studied but may be sim-
ilar to what is found in CAE.

Natural History, Prognostic Factors, and
Outcomes

Typical age of onset in CAE is between 3 and
10 years, with average age of onset of 6 years.
Rare cases of onset prior to 3 years of age have
been reported. Most cases of JAE are believed to
manifest between 10 and 17 years, and average
age of onset is 12 or 13 years. Because of vari-
ability in onset, there is diagnostic overlap
between CAE and JAE, potentially amounting to
about 22% of cases with absence seizures. EEG
and clinical findings are often useful in differenti-
ating CAE from JAE in older children and youn-
ger adolescents, and it is highly unusual for a child
with CAE to experience onset of seizures after
11 years of age.

CAE and JAE are both associated with favor-
able outcomes. Most patients with CAE experi-
ence remission of seizures by mid-adolescence,
with only a small proportion experiencing
absence seizures into adulthood. About 40% of
patients with CAE also exhibit generalized tonic-
clonic seizures that emerge around the time of
puberty, are relatively easy to control, and more
commonly persist into adulthood than absence
seizures. Generalized tonic-clonic seizures are
significantly more common in JAE and occur in
about 80% of cases. Some patients with JAE also
exhibit myoclonic seizures, but they are typically
mild and infrequent. While most patients with
CAE become seizure-free by adolescence, seizure
outcome in JAE is not well known.

CAE is considered a benign childhood epi-
lepsy because of relatively good seizure and func-
tional outcomes. Seizure control is less common
in JAE, but functional outcomes may be similar.
Further research is needed to examine this. Tonic-
clonic seizures are believed to be a marker for
poorer seizure outcome in both CAE and JAE.
Functional outcomes in CAE are thought to be

most heavily influenced by psychosocial factors,
such as family adjustment, support systems, edu-
cational attitudes, and stigma toward the condi-
tion. Cognitive and/or behavioral side effects
from antiepileptic drug (AED) therapy may also
limit outcomes.

Neuropsychology and Psychology of
Absence Epilepsy

Cognitive functioning in CAE is traditionally con-
sidered “benign” because children typically pre-
sent with normal intelligence and exhibit no
significant impairments in functional outcomes.
However, more recent research has found evi-
dence that patients with CAE are more prone to
having cognitive deficits and psychosocial prob-
lems, and they are more likely to receive special
education services and display low academic
achievement. While patients with poor seizure
control exhibit the greatest difficulties, cognitive
and behavioral problems are also experienced by
patients with good seizure control. While limited
information is known about cognitive and psy-
chological functioning in JAE, some reports sug-
gest that about one-third of patients have
attention, concentration, or memory problems
before their diagnosis of JAE. These cognitive
concerns may improve with treatment.

Patients with CAE do not have a characteristic
cognitive profile. Cognitive difficulties have been
reported in multiple domains, including attention,
executive functioning, memory, and visual-spatial
processing. A study by Caplan et al. (2008)
revealed the presence of subtle cognitive impair-
ments in children with CAE. When compared
with controls, they found that children with CAE
(ages 6.7-11.2 years) had significantly lower
intelligence, as measured by the Wechsler Intelli-
gence Scale for Children — Revised/Third Edition.
While, as a group, children with CAE performed
in the average range, they were below the perfor-
mance of a control group. Similar differences
were noted on verbally based and visually based
intellectual tasks. The difference in performance
IQ was less robust, but still significant, between
children with CAE and controls. Among their



sample of 69 children with CAE, 27% demon-
strated overall intelligence at least one standard
deviation below the mean. Similar rates were
found for VIQ and PIQ. Their spoken language
quotient (SLQ), as measured by various versions
of the Test of Language Development, was aver-
age, but it was also lower than controls. A high
percentage of children with CAE performed at
least one standard deviation below the mean on
language measures.

In the double-blind, randomized controlled
clinical trial conducted by the Childhood Absence
Epilepsy Study Group, 36% of children with CAE
had pretreatment attention problems at a rate esti-
mated to be fourfold that of the general population
(Masur et al. 2013). This was despite average
intelligence and otherwise normal neurocognitive
functioning. Attention problems were dispropor-
tionately higher for children being treated with
valproic acid. Preferential cognitive deficits in
executive functioning have been found in multiple
studies affecting problem solving, planning, and
fluency.

Caplan et al. (2008) confirmed that children
with CAE are at higher risk for emotional and
behavioral problems. Among the 69 children
with CAE in their sample, 30% had a diagnosis
of  attention-deficit/hyperactivity disorder
(ADHD), with 52% of those children diagnosed
as ADHD-inattentive type. Moreover, about 29%
of their sample were diagnosed with a form of
internalizing psychopathology. Among those chil-
dren, 75% had a diagnosis of anxiety, 20% had a
diagnosis of depression, and 5% had both anxiety
and depression. After controlling for IQ and
demographic variables, children with CAE were
found to have significantly higher ratings on
scales of the Child Behavior Checklist (CBCL)
that assess attention problems, somatic problems,
social problems, withdrawal, and thought prob-
lems. The authors discovered that children with
lower intelligence had greater social problems,
and females in the CAE sample were almost six
times more likely to be diagnosed with an anxiety
disorder. In addition, children with CAE were
more likely to be diagnosed with ADHD or anx-
iety if they had more frequent seizures or a longer
duration of illness. Verrotti et al. (2015) proposed
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that it is unclear whether psychological concerns
in CAE are a consequence of disease related fac-
tors or are part of the epileptic syndrome; how-
ever, a recent report by Schwartz and Titus (2015)
with the BASC-2 suggested that children with
CAE may be more predisposed to depression
than other epilepsy syndromes.

Evaluation

Children and adolescents with CAE and JAE typ-
ically present with no focal neurological abnor-
malities on examination. The presence of absence
seizures is a defining feature of absence epilepsy,
and hyperventilation or light stimulation can be
highly effective at eliciting an event. In CAE,
absence seizures occur multiple times per day,
but, in JAE, seizures are less frequent.

Absence seizures can be either typical or atyp-
ical, and discrimination between the two types is
typically accomplished through EEG and clinical
presentation. While typical absence seizures are
characterized by clearly delineated episodes of
activity arrest and impaired consciousness for
less than 20 s, atypical absence seizures are asso-
ciated with less abrupt onset and termination, and
they may more commonly involve various semi-
ological phenomena. Atypical absence seizures
are also frequently observed in epilepsy syn-
dromes that are characterized by more severely
impaired neurocognitive functioning, such as
Lennox-Gastaut syndrome. Tonic seizures are
also frequently present in children with atypical
absence seizures.

Typical absence seizures can be subdivided
into simple or complex. Simple typical absence
seizures constitute about 90% of cases and may
involve only minor motor mannerisms (e.g., mild
eyelid fluttering) and usually last less than 10 s.
Patients with complex typical absence seizures
display more involvement of motor features,
such as automatisms or decreased or increased
muscle tone.

Complex partial seizures can often mimic
absence seizures, particularly when their expres-
sion is limited. Typical absence seizures can be
distinguished from complex partial seizures
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because they are briefer, more frequent, and have
no postictal impairment. EEG characteristics and
the presence of various seizure types often distin-
guish atypical absence seizures from complex
partial epilepsy.

When evaluating for the presence of absence
seizures, it is important to consider whether the
episodes can be accounted for by variations in
attention. This is especially important when con-
sidering the high rate of attention problems in
children with epilepsy. Attempting to determine
the degree of responsiveness during the episodes
often helps with making the differential diagnosis;
however, this can be difficult to determine when
episodes are very brief. Moreover, it is not uncom-
mon for patients to have both absence seizures and
attention problems. Therefore, a child’s ability to
respond during an episode cannot be used to rule-
out the presence of absence seizures. Sometimes a
neuropsychological assessment can be helpful in
differentiating between absence seizures and epi-
sodes of inattention. If the examiner has experience
with absence seizures, the neuropsychological
assessment can provide multiple hours of one-on-
one observation and interaction that might provide
opportunities to observe the episodes and attempt
to elicit responses. This can also be helpful if
mental fatigue tends to elicit more events.

On EEG, absence seizures are characterized by
paroxysmal bursts of high amplitude 2.5-4 Hz
spike and slow waves that are superimposed on a
normal background. The bursts vary in length
(320 s), and the clinical absence is time-locked
to the burst period. This activity (clinical and
electrographic) can be provoked during a routine
EEG recording using the hyperventilation activa-
tion procedure and, infrequently, from photic
stimulation.

Treatment

Response to AED therapy in CAE and JAE is
good, and ethosuximide is considered the drug
of first choice. Valproic acid or lamotrigine have
also been recommended. In rare cases of more
difficult to control seizures, polytherapy may be
needed. In patients with CAE, a seizure-free

period of 2 years is often recommended prior to
discontinuation of therapy; however, this should
be determined on a case-by-case basis. About
40% of children with CAE develop generalized
tonic-clonic seizures. Patients with JAE will
require longer treatment and may continue using
AEDs indefinitely. In adolescent patients, it is
important to educate about the increased risk of
seizures with poor medication compliance, alco-
hol consumption, or sleep deprivation.

See Also

Petit Mal Seizure

Absence Epilepsy - CAE and JAE

EEQG signature Characteristic generalized 3 Hz
spike and slow wave (may slow
to 2.5 Hz during the absence and
may be faster in JAE).

Activated by hyperventilation is
more common than photic
stimulation.

CAE: 3-10 years
JAE: 10-17 years

Typical events last 4-20 s.
Seizure semiology:

(a) Frequent staring spells with
abrupt onset and offset without
aura (fewer seen in JAE).
Occasional automatic mouth or
hand movements or subtle
myoclonus.

(b) Generalized tonic-clonic
seizures are more common in
JAE.

MRI is typically normal.

Age of onset

Clinical features

Ethosuximide

Valproic acid or lamotrigine can
be helpful if generalized tonic-
clonic seizures manifest.

Good

AED management

Response to
treatment with
AEDs

Seizure freedom CAE: Expected by adolescence

JAE: Less common
CAE: Good
JAE: Unknown

Functional
outcome
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Absence Seizure

Kenneth R. Perrine

Neurological Surgery, Weill Cornell Medicine,
New York, NY, USA

Synonyms

Petit mal seizure; Psychomotor seizures

Definition

An absence (usually pronounced with a French
accent as “ab-SAWNS”) seizure is a type of

Absence Seizure

generalized seizure caused by a large burst of elec-
trical discharges that begins in broad, bilaterally
distributed networks simultaneously as opposed to
a complex partial seizure (focal seizure with altered
awareness/responsiveness).' During an absence sei-
zure, the patient will lose interaction with the envi-
ronment, stare blankly (“zone out”), and perhaps
blink the eyes (eyelid myoclonia) or have sudden
jerks (myoclonic absence). There is no true loss of
consciousness or motor functions. The seizure is
typically short in duration (only several seconds),
and patients often resume their ongoing activity
without realizing even that they had a seizure (but
will be amnestic for anything occurring during the
episode). There are no postictal problems after the
end of the seizure. Although no first aid is required,
the patient should be protected from doing anything
dangerous during the episode (e.g., cooking, cross-
ing the street), but the episodes are often so brief
that intervention is difficult.

Current Knowledge

The cause of absence seizures is unknown.
Patients with typical absence seizures have no
positive neuroimaging findings but usually have
bursts of 3-per-second bilaterally synchronous
spike/wave epileptiform activity on a routine
EEG (even when not having a seizure). Atypical
absence seizures can have a slightly different fre-
quency or pattern. Absence seizures can be differ-
entiated clinically from complex partial seizures
(focal seizures with altered awareness/responsive-
ness), in which there is a similar disruption of
consciousness and “zoning out,” by the duration
of the episode. Absence seizures last only a few
seconds, while complex partial seizures usually
last 1-1.5 min. Absence seizures typically begin
in childhood, respond well to medication, and
often remit spontaneously by adulthood. Com-
mon medications for absence seizures include
divalproex/valproate sodium (Depakote),

'The International League Against Epilepsy suggested new
terminology for seizure types (Berg et al. 2010). These new
terms have not yet been fully adopted but are given in
parentheses.
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ethosuximide (Zarontin), and lamotrigine
(Lamictal). Although the frequency of absence
seizures can approach dozens per day, only mild
(at worst) neuropsychological deficits are typi-
cally shown if the absence episodes occur without
other seizure types. They do not have a dramatic
impact on academic performance. However,
absence seizures may occur with other seizure
types in serious disorders such as Lennox-Gastaut
syndrome, in which case there is considerable
cognitive dysfunction and a worse prognosis.
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Epilepsy
Seizure
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Absolute Threshold

Mark Mennemeier

Neurobiology and Developmental Sciences,
University of Arkansas for Medical Sciences,
Little Rock, AR, USA

Synonyms

Stimulus threshold

Definition

The absolute threshold is the smallest amount of
stimulus energy necessary to produce a sensation
of'the stimulus. The idea that a mental event has to
exceed some critical amount is central to the con-
cept of a sensory threshold. The absolute thresh-
old refers to the measurement of that critical
amount.

See Also

Just Noticeable Difference
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Abstract Reasoning

David Hulac

Department of School Psychology, College of
Education and Behavioral Sciences, University of
Northern Colorado, Greeley, CO, USA

Synonyms

Logical reasoning

Definition

The neuropsychological construct of abstract rea-
soning refers to an individual’s ability to recog-
nize patterns and relationships of theoretical or
intangible ideas. Abstract reasoning is contrary
to concrete reasoning whereby an individual rec-
ognizes patterns in information obtained through
the immediate senses. When thinking abstractly,
an individual must be able to identify rules and
apply those rules to information without the aid of
empirical help or personal experience.
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Abstract reasoning is most closely related to
rational thought as opposed to empirical thought.
While using deductive reasoning, a purely rational
thinker does not look to determine the accuracy of
a premise, but seeks only to understand the rela-
tionship between the premises.

An example of deductive reasoning, which
requires abstract reasoning, may go like this:

1. Premise 1: Egypt is located in South America.

2. Premise 2: The Sphinx lies in Egypt.

3. Conclusion: The Sphinx is located in South
America.

Empirically and concretely, it is obvious that
Egypt is not in South America, but in Africa. To
complete the syllogism, however, the thinker must
ignore the concrete distortion and instead focus on
the two premises and understand if the conclusion
logically flows.

Common measures of abstract intelligence
include the similarities, picture concepts, and
matrix reasoning subtests of the Wechsler scales.
During a mental status exam, abstract reasoning
is measured by asking a subject to describe the
meanings of proverbs or to describe word
similarities.

Abstract reasoning, most commonly under-
stood as being a function of the frontal lobes of
the brain, is a precursor for using and under-
standing language and mathematics. Individuals
who struggle with abstract reasoning benefit
when an instructor uses examples to make the
concept more concrete or observable. Fre-
quently, children with learning disabilities have
difficulty with these abstract concepts, but
achieve greater success in courses with more
concrete subject matter such as social studies
and science.
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Abulia

Abulia

Irene Piryatinsky
Butler Hospital and Alpert Medical School of
Brown University, Providence, RI, USA

Synonyms

Apathy; Athymia; Loss of psychic self-activation;
Psychic akinesia
Also spelled Aboulia

Definition

The term is derived from the Greek “boul”
(will). Abulia is manifested by lack of motiva-
tion; lack of spontaneity in speech and action;
deficiency in initiation, inertia, mental, and
motor slowness; poor attention; and easy dis-
tractibility. Inactivity comes from an inability
to select a course of action, although a wish to
participate may be present. Some research indi-
cates that abulia occurs due to malfunction of
the brain’s dopamine-dependent circuitry. In
neurologic diseases, it is associated with bilat-
eral lesions in the medial or orbital frontal lobes.
The following criteria have been suggested for
the diagnosis of abulia: (i) decreased spontane-
ity in activity and speech; (ii) prolonged latency
in responding to queries, directions, and other
stimuli; and (iii) reduced ability to persist with
a task.
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Abusive Head Trauma
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Medical College of Wisconsin, Milwaukee,
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Synonyms

Inflicted childhood neurotrauma; Nonaccidental
or inflicted traumatic brain injury; Pediatric abu-
sive head trauma; Shaken baby syndrome

Short Description or Definition

Pediatric abusive head trauma (AHT) is a form of
inflicted traumatic brain injury in an infant or
small child due to blunt trauma, being shaken, or
a combination of both. Rapid rotation and
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movement, acceleration and deceleration
changes, of the brain within the cranial vault of a
small child result in significant neural trauma. The
National Center for Injury Prevention and Control
defines pediatric abusive head trauma as “an
injury to the skull or intracranial contents of an
infant or young child (<5 years of age) due to
inflicted blunt impact and/or violent shaking.”
This definition excludes unintentional injuries
and penetrating trauma (Parks et al. 2012).

Categorization

A form of child maltreatment or abuse, AHT
occurs as a result of a baby’s weak neck muscles
in relation to its proportionally large head being
unable to compensate for rapid shaking, acceler-
ating and decelerating velocity changes, and/or
impact to the head. While the injury itself can
present with a wide variety of clinical sequela,
the mechanism behind the injury is more exten-
sive force than noted in accidental or neglectful
events and different from penetrating injuries. The
most common injuries related to AHT include
subdural hematomas and retinal hemorrhage,
with additional physical injuries such as fractures,
signs of impact, and spinal injuries noted
(Nadarasa et al. 2014).

Epidemiology

Determination of frequency, morbidity, and mor-
tality is difficult because oftentimes no clear, vis-
ible injury occurs. In addition, given the abusive
nature of the injury, significant motives to avoid
detection often make investigating possible cases
of AHT difficult. AHT likely occurs most often in
children under 2 years of age, but can occur
through 5 years of age. AHT can occur in the
context of additional abusive injuries, either cur-
rent or historical. Among cases of nonaccidental
pediatric trauma, more than half of deaths are a
result of AHT (Ross and Juarez 2014). Many
children had prior additional abusive injuries or
nonspecific signs in the past of head trauma such
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that those nonfatal, non-life-threatening inci-
dences were not detected. Overall mortality is
estimated to range up to almost 40%, with upward
of 60% of infants who have been shaken dying or
experiencing profound long-term medical and
cognitive consequences (www.dontshake.org).
Incidence, according to research, is estimated to
be as many as 39.8 per 100,000 in children under
1 year of age, with rates decreasing sharply as
children age (Niederkrotenthaler et al. 2013).

Natural History, Prognostic Factors, and
Outcomes

In the early 1970s, the term “whiplash shaken
baby syndrome” was used to describe symptoms
consistent with AHT, which had been identified
over two decades prior (Caffey 1974). Over the
last four decades, debate has centered on the
methods for standardizing the diagnosis of
AHT, as well as the implications of various
nomenclature to describe the trauma. Identifica-
tion of AHT generally includes neurological dys-
function (i.e., apnea), subdural hemorrhage, and
retinal hemorrhage. As there are other possible
causes for this triad that does not include inflicted
trauma, it is difficult to correctly identify and to
convict the suspected perpetrator of committing
abuse. Formal definitions and nomenclature for
AHT have been developed in order to drive diag-
nostic classifications. The CDC currently defines
pediatric abusive head trauma “as an injury to the
skull or intracranial contents of an infant or young
child (<5 years of age) due to inflicted blunt
impact and/or violent shaking” (Parks et al.
2012). This definition excludes unintentional
injuries, such as from lack of supervision and
any penetrating trauma. Research has indicated
that medical signs such as the presence of intra-
cranial injuries in coordination with a lack of
specific signs of impact assist in differentiating
between inflicted versus accidental trauma
(Vinchon et al. 2009).

Educational campaigns help new parents
expect intense crying, to recognize frustration
that is theorized to lead to abusive shaking, and

Abusive Head Trauma

to leave the baby in a safe place and walk away.
Unlike other forms of abuse, risk for AHT cuts
across all social classes, races, and gender
although recent studies indicate that it may be
more prevalent for babies in lower socioeconomic
homes. Known risk factors of AHT include male
sex (Keenan et al. 2003), age under 1 year
(Keenan et al. 2003), having a young mother
(Overpeck et al. 1998), having parents with low
socioeconomic status (Christian and Block 2009),
and some studies indicate a higher risk for racial/
ethnic minorities (Bennett et al. 2006; Drake et al.
2011). However, research on prevalence of risk
factors related to race or socioeconomic status is
unclear and extremely variable, with possible
reporting issues related to these same factors.
Therefore, many authors urge caution when
interpreting overall risk factors (Niederkro-
tenthaler et al. 2013).

Outcomes for children experiencing AHT are
extremely variable and relate to the amount of
damage inflicted and interventions received.
More subtle signs of neurotrauma after injury
can be mistaken for flu-like symptoms or other
common presentations of childhood (i.e., colic),
and in some cases when a child is shaken into a
comatose state, the caretaker may believe that
the child has gone to sleep or finally stopped
crying. Such complicating factors may result in
significant delays before a child is brought for
medical attention and lead to significant mortal-
ity rates. Children who survive AHT may expe-
rience blindness if they have had retinal
hemorrhaging, as well as significant long-term
neurological conditions such as mental retarda-
tion, seizure disorders, muscular spasticity or
cerebral palsy, and structural abnormalities
such as microcephaly, hydrocephaly, cerebral
atrophy, or encephalomalacia as a direct result
of neural trauma.

Neural System Damage and
Neuropsychology Outcomes of AHT

Symptoms of AHT vary with the severity of
the inflicted neural trauma. The neural injury
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typically includes acceleration injury during
shaking and deceleration when the shaking is
stopped or the child is slammed or thrown into
an object. Recent research indicate differences
between AHT and accidental injury on retinal
hemorrhages, suggesting AHT causes diffuse,
multilayered hemorrhages, and additional
research suggests AHT results in increased intra-
cranial pressure, brain swelling, as well as pos-
sible rupture of bridging veins, often found in
coordination with spinal injuries (Nadarasa et al.
2014). Subdural hemorrhage and subarachnoid
hemorrhage are most often bilateral. Further,
neuronal injury occurs with resultant cerebral
edema. Additional pathology often includes
spine and neck injuries, rib fractures, and frac-
tures to the long bones of the infant (particularly,
if they have been held by an appendage while
shaken). As a result of neurological pathology,
immediate observable symptoms can include
lethargy, irritability, a high-pitched cry, poor
sucking and feeding, problems breathing, a
blue or pale pallor, vomiting, and seizures. Lit-
erature suggests that apnea and severe retinal
hemorrhages are strongest indicators of AHT.
Of those who survive, approximately two thirds
are either moderately or severely impaired
(Narang and Clarke 2014). Long-term outcomes
of these injuries are difficult to study and quan-
tify in a rigorous manner. Therefore, most
descriptions of AHT are based on the case stud-
ies, indicating that children who survive are
more severely impaired as they experience
more severe injuries, including lacerations of
brain tissue, excessively elevated intracranial
pressure, infarcts, and hemorrhage. A study of
a small number of children with inflicted head
trauma that were followed postinjury indicated
over half experienced significant cognitive
impairments, as well as language delays (Barlow
etal. 2005). Limited research indicates that com-
parisons to children experiencing nonabusive
or accidental head trauma indicate far greater
incidences of long-term cognitive impairments
(Ewing-Cobbs et al. 1998). Those with AHT more
likely experienced deeper, more extensive cortical
injury, more often resulting in impairments in
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cardiorespiratory functioning or consciousness
and resulting in more frequent bilateral and ische-
mic injuries and lower developmental scores post-
injury (Hymel et al. 2007).

Evaluation

Diagnosis of AHT requires extensive medical
evaluations including radiology studies as well
as sociological evaluations of the caregivers.
Evidence of additional physical injuries indica-
tive of abuse on the child should be documented.
The presence or absence of retinal hemorrhages
should be evaluated by a pediatric ophthalmolo-
gist or neurologist. Laboratory values can indi-
cate the presence of blood in the cerebral spinal
fluid, coagulation changes following cerebral
injury, and possible pancreas and liver damage.
X-ray can reveal rib injuries. Most significantly,
CT scan is the primary method of evaluation for
brain injury. Consecutive CT scans can reveal
ongoing changes in a recently injured child as
well as the evidence of older brain injuries. Uti-
lizing MRI as an adjunct in longer-term diagno-
sis can reveal more subtle white matter changes
related to injury.

Treatment

Treatment of AHT most often involves life-saving
measures initially, including neurosurgery to
address active bleeding and excessive intracranial
pressure. Medical life support may be required for
some time while swelling subsides. Long-term
treatment of AHT involves addressing the most
salient of the resulting neurobiological symptoms.
Children with more significant injuries often
begin rehabilitation therapies immediately, much
like other children who experience accidental
brain injuries. Neuropsychological evaluations
across development are often useful to detect
specific cognitive, functional, or educational
impairments, with the most common believed to
be attention, executive, and visual perceptual
deficits.
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Academic Competency

Kristy K. Kelly
Educational Psychology, University of
Wisconsin-Madison, Madison, WI, USA

Synonyms

Academic ability; Academic performance; Edu-
cational productivity

Definition

Academic competency is the multidimensional
characteristics of a learner — including skills, atti-
tudes, and behaviors — that factor into their aca-
demic success. These characteristics can be
separated and considered in one of two primary
domains: academic skills or academic enablers
(DiPerna and Elliot 2000; Elliot and DiPerna
2002). Academic skills are both the basic and
complex skills (e.g., reading, writing, calculating,
and critical thinking) needed to access and interact
with content-specific knowledge. Academic
enablers, however, are the attitudes and behaviors
(e.g., interpersonal skills, motivation, study skills,
and engagement) that a learner needs in order to
take advantage of education.

Research indicates that prior achievement and
interpersonal skills influence motivation, thereby
impacting study skills and engagement (e.g., time
on task), which are skills positively associated
with achievement (DiPerna et al. 2002, 2005).
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! Applied Psychology and Counselor Education,
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Definition

Academic skills refer to a student’s ability to per-
form age-appropriate school activities related to
reading, writing, and mathematics. Reading skills
include the five building blocks skills of phonemic
awareness, phonics, fluency, vocabulary, and com-
prehension. These are listed in hierarchical order, as
the ultimate goal is comprehending whatever one
reads (National Reading Panel 2015). Writing
skills begin with the basic skill of letter formation
and progress to the more advanced skills of fluency
(production of simple sentences), syntactic maturity
(production of increasingly complex sentences),
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semantic maturity or vocabulary use, organization
of thought or content, and conventions (including
grammar, spelling, and punctuation) (Howell and
Nolet 2000). Math skills include the general skills
of basic fact fluency (i.e., addition, subtraction,
multiplication, division), math computation and
operations (e.g., multi-digit addition, fractions),
and math application/problem-solving. Math skills
can further be categorized by the ten common core
math standards: counting and cardinality, opera-
tions and algebraic thinking, numbers and opera-
tions in base 10, numbers and operations-fractions,
measurement and data, geometry, ratios and propor-
tional relationships, the number system, expression
and equations, functions, and statistics and proba-
bility (Common Core Standards Initiative 2016).
These three academic skills of reading, writing,
and math allow for the acquisition of other content
area school subjects. For example, social studies
and history require reading and writing, while sci-
ence and technology require math and reading (and
often writing). These academic skills are differenti-
ated from academic enabler skills, which enable the
acquisition of academic skills and include motiva-
tion, interpersonal skills, engagement, and study
skills (DiPemna et al. 2001).
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Academic Techniques
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Definition

Academic techniques are a set of rehabilitation
strategies that are aimed at facilitating learning.
While there are a myriad of techniques available
to aid in learning, evidence continues to grow for
the effectiveness of specific instructional strate-
gies. These strategies assist individuals with cog-
nitive impairments in learning new information
and skills. Various models for improving learning
and memory have been developed, some of which
include TEACH-M (Task Analysis, FErrorless
learning, Assessment, Cumulative review, High
rates of correct practice, Metacognitive strate-
gies); PQRST (Preview, Question, Read, State,
and Test); and the pediatric neurocognitive inter-
vention (PNI) methods.

Historical Background

Much of the research for academic techniques and
strategies stems from the special education field,
which utilizes such techniques to teach those with
learning disabilities (Sohlberg et al. 2005).
Researchers in the neuropsychology field have
continued to build upon such literature in order
to highlight and develop effective interventions
for individuals with neuropsychological impair-
ments. The various models developed from such
research have their own unique origin and history,
but many have been developed in response to the
needs of specific populations. For example, the
direct instruction method was developed by
Engelmann and Carnine (Sohlberg et al. 2005)
as a model for teaching economically disadvan-
taged children. Other approaches such as the
PQRST, stemmed from the notion that individuals
with partially intact explicit memory capabilities,
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such as those with acquired brain injury, could
benefit from strategies that are aimed at improving
encoding and retrieval (Wilson 2009). Thus,
while academic techniques, and the models that
use them, are varied and diverse, they were devel-
oped to facilitate learning and in turn improve
functioning in individuals with cognitive
impairments.

Rationale or Underlying Theory

Acquiring new information and skills is an
important part of recovery for individuals with
cognitive impairment. It is through learning that
individuals are able to remediate and/or compen-
sate for impairments and improve their daily
functioning. The underlying theory behind sev-
eral rehabilitation strategies geared at improving
learning and memory is to structure the input of
information in a way that aids learning, and in
turn memory (Ehlhardt et al. 2008). For some
more extensive models, such as the PNI, hierar-
chal levels are designed so that higher-level skills
are built on lower-level skills (Limond and
Adlam 2015).

Goals and Objectives

Specific goals vary from technique to technique
and within specific models of rehabilitation.
Generally, academic techniques are meant to
facilitate the learning process for individuals
with cognitive impairments. General cognitive
rehabilitation objectives include changing target
behavior and/or restitution of cognitive abilities
(Raskin 2010). Academic techniques can be
viewed as targeting both objectives, depending
on the technique and model, in that many strat-
egies seek to change the individual’s approach to
learning (e.g. PQRST) as well as restore certain
learning and memory capacities. Academic
strategies seek to structure the manner in which
information or procedures are taught and prac-
ticed so as to facilitate learning (Ehlhardt
et al. 2008).



Academic Techniques

Treatment Participants

Given their variety, academic techniques and strat-
egies can be utilized across settings with different
individuals. Specific applications include cognitive
rehabilitation and special education instruction.
Individuals with cognitive impairment due to
developmental disabilities and neurological condi-
tions would benefit from academic techniques and
strategies.  Additionally, various treatment
approaches could be effective across populations
with learning and memory impairments, including
individuals with learning disabilities, psychiatric
disorders such as schizophrenia, and dementia
(Sohlberg et al. 2005).

Treatment Procedures

Strategies for learning can be grouped into direc-
tion instruction, strategy-based instruction, a com-
bined strategy and direction instruction approach,
and nondirect/non-strategy techniques (Sohlberg
et al. 2005). Direct instruction includes breaking
down instructions into smaller steps, modelling of
a skill, and providing frequent feedback. Strategy-
based instructions involve teaching individuals to
self-monitor, use prompts to foster self-
assessment, summarize and elaborate, and outline
important themes. A combined approach utilizes
both a direct and strategy-based approach
(Sohlberg et al. 2005). Examples of techniques
include vanishing cues, a technique in which the
amount of cuing is reduced over specific number
of'trials. Errorless learning is another example of a
technique used for learning and involves reducing
errors during learning by breaking down tasks into
discrete steps, providing sufficient examples
before the patient is asked to perform the task,
and correcting errors immediately (Raskin 2010;
Sohlberg et al. 2005).

Several models utilize academic techniques
and strategies in their protocols. TEACH-M is
an instructional package designed to identify a
sequence of strategies that would be helpful in
facilitating learning and memory in individuals
with memory impairments, specifically related to
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an acquired brain injury (Ehlhardt et al. 2005).
Techniques used include task analysis, errorless
learning, assessment of skills, review of new and
learned skills, frequent and distributed practice, as
well as encouragement of active processing and
self-reflection (Sohlberg et al. 2005). The PQRST
model encourages individuals to develop ques-
tions about the information they are learning,
read information carefully while thinking about
their questions, summarize the information, and
test the knowledge acquired (Wilson 2009). This
method allows for a systematic review of infor-
mation that encourages analysis and organization
of information, which is thought to later improve
retention. The PNI model consists of various
levels that build on previously learned skills.
The first level focuses on interventions and tech-
niques designed to aid in learning and memory in
addition to other cognitive skills (Limond and
Adlam 2015). This model is unique in that in
addition to the use of academic techniques and
strategies, it also utilizes strategies to increase
metacognitive skills and encompasses both com-
pensatory and restorative strategies.

While specific strategies and models can be used
with a variety of patients, it is important that indi-
viduals working to teach these strategies engage in
careful and specific planning for their patients. Spe-
cifically for instructional strategies, Ehlhardt et al.
(2008) recommend the following: clear specifica-
tion of intervention targets, constraining errors, suf-
ficient and distributed practice, using multiple
examples, promoting effortful processing, and
selection of ecologically valid targets.

Efficacy Information

Research on instructional methods suggests that
they are effective, although questions regarding
what and how specific strategies are implemented
for maximum benefit remain to be answered
(Glang et al. 2008; Ehlhardt et al. 2008). Several
models utilizing academic techniques have been
found to be effective in facilitating learning and
the retention of information. The PQRST method
has been found to be effective for individuals with
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memory impairments (Wilson 2009) and individ-
uals with memory impairments due to prefrontal
cortex lesions (Ciaramelli et al. 2015). The
TEACH-M method was also found to be effective
in facilitating learning in a group of four individ-
uals, as discussed by Ehlhardt et al. (2005).

Qualifications of Treatment Providers

Those individuals teaching academic strategies or
rehabilitation techniques should be individuals
trained in special education and cognitive rehabil-
itation. Some professions include special educa-
tion teachers, cognitive rehabilitation specialists,
clinicians, and speech and language pathologists.

See Also

Cognitive Rehabilitation
Errorless Learning
Evidence-Based Practice
Metacognitive Skills
Method of Vanishing Cues
Mnemonic Techniques
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Synonyms

Mathematics disability

Definition

Acalculia is an acquired impairment in which
people have difficulty performing mathematical
tasks, such as adding, subtracting, multiplying,
and dividing. Acalculia deficits can manifest in a
wide variety of number processing and calcula-
tion abilities.
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Categorization

Generally, authors have agreed on two major dis-
tinctions: primary and secondary acalculia
(Growth-Marnat 2000). These terms were first
described by Berger in 1926 (Boller and Grafman
1983). Primary acalculia refers to a basic defect in
computational abilities, not resulting from separate
cognitive deficits. It is also known as anarithmetia.
Deficits in primary acalculia include poor estima-
tion, number comparison difficulties, and difficulty
understanding procedural rules and numerical
signs. In primary acalculia, these deficits will exist
regardless of whether tasks are presented in an oral
or written format (Ardila and Rosselli 2002).

Secondary acalculia refers to calculation
defects due to primary deficits in other areas:
memory disorders, attention impairments, lan-
guage defects, spatial deficits, etc. (Berger
1926). The secondary acalculias include aphasic
acalculia, alexic acalculia, agraphic acalculia,
frontal acalculia, and spatial acalculia.

Aphasic acalculia occurs in patients with
Broca’s and Wernicke’s aphasia. The deficits
seen in patients with Broca’s aphasia are linguistic
in nature, and these individuals often have impair-
ments in the syntax of calculation. This includes
problems when translating word representations
of numbers (three hundred and forty-five) to their
numeral form (345). They may also read numbers
with morphological errors (15 is read as 50)
(Ardila and Rosselli 2002; Basso et al. 2000).
When the secondary acalculia stems from
Wernicke’s aphasia, deficits are more severe.
Reading and writing of numbers often have
semantic errors, and poor verbal memory often
impacts the calculation abilities of these patients
(Grafman and Rickart 2000).

Alexic acalculia is the inability to read number
and correlations with the inability to read text.
People with this type of acalculia may focus
only on beginning digits (538 is read as 53). For
those with alexic acalculia, mental calculation
abilities exceed written calculation abilities
(Ardila and Rosselli 2002).

Agraphic acalculia is the inability to write
numbers. Like aphasic acalculia, agraphic
acalculia correlates with Broca’s and Wernicke’s
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aphasia. In Broca’s aphasia, acalculia deficits
manifest as omissions, substitutions, and order
reversal. In Wernicke’s aphasia, difficulties are
especially evident when required to write quanti-
ties when they are orally dictated. Those with
Wernicke’s aphasia also tend to make paralexias
and paragraphias (Ardila and Rosselli 2002;
Growth-Marnat 2000).

Frontal acalculia deficits occur in conjunction
with attention difficulties, perseveration, and
impairment of more complex math concepts
(Dehaene et al. 1998). Patients with frontal
acalculia often have significant damage to the pre-
frontal areas of their brain, which can cause trouble
with mental operations, operations that need to be
carried out successively, backward operations, and
numerical problems that require multiple steps. In
these individuals, written mathematical problem-
solving is easier to do than mental math operations.
While complex concepts are difficult for patients
with frontal acalculia, more basic math concepts
are usually maintained (Ardila and Rosselli 2002).

Spatial acalculia impacts written mathematical
tasks more than mental math tasks. A difficulty
with writing numbers is quite apparent in these
cases and manifests in several ways. Writing on
only one side of the page, inability to write num-
bers in a straight line, and general disorganization
are some of the deficits that impact math perfor-
mance (Basso et al. 2000). Patients with spatial
acalculia often forget where to place remainders
and carried numbers, despite understanding the
basic division and multiplication functions. Math
procedure signs are often undetected or switched
(add instead of subtract).

Epidemiology

Acalculia can result from stroke, tumors, and
trauma. It is also seen in patients with degenera-
tive dementia (Ardila and Rosselli 2002).
Prognostic Factors and Outcomes

There is noted variability in prognosis for
acalculia, ranging from no recovery to full
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recovery. For primary acalculia, improvement is
limited. In the case of secondary acalculias, when
recovery from the primary deficit, such as aphasia,
alexia, and agraphia, occur, the corresponding
acalculia deficits tend to improve as well.

Neuropsychology and Psychology of
Acalculia

Primary acalculia is associated with left posterior
parietal lesions. More specifically, damage to the
left angular and supramarginal gyri occurs with
primary acalculia (Grafman and Rickart 2000). It
is suggested that there are separate neuropathways
for rote number knowledge and semantic number
knowledge.

Neuroimaging techniques reveal that several
brain areas are active when performing calcula-
tions and also that the pattern differs according to
what type of calculation is done (Dehaene et al.
1998). This occurs to the many abilities that cal-
culation often requires, including verbal, spatial,
executive functioning, and memory. The areas
most associated with calculation are the upper
cortical surface and anterior aspect of the left
middle frontal gyrus, the bilateral supramarginal
and angular gyrus, the left dorsolateral prefrontal
and premotor cortices, Broca’s area, inferior pari-
etal and left parietal cortex, and the inferior
occipitotemporal regions (Ardila and Rosselli
2002).

It is important to keep in mind that damage to
the right hemisphere and the frontal lobes also
impact the occurrence of acalculia, especially
when it is a secondary acalculia.

Evaluation

The arithmetic section of the Wide Range
Achievement Test (WRAT) has often been used
to test operational skills. The Key Math, which is
designed for children and adolescents, tests most
targeted and specific abilities that are suggested
for an acalculia assessment (Grafman and
Rickart 2000). Many authors have suggested
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experimental batteries that target specific func-
tions and include error analysis. These batteries
often assess skills in the following areas: number
recognition, number writing, number transcoding,
quantification, magnitude estimation, basic arith-
metic operations, calculation fact verification,
multicolumn calculations, magnitude compari-
son, fractions, algebra, and numeric knowledge.
When possible, these skills should be assessed in
both written and oral forms (Ardila and Rosselli
2002; Grafman and Rickart 2000).

Treatment

Some authors have suggested beginning rehabilita-
tion with an error analysis if it was not completed
during the assessment. This will provide explicit
areas to target during rehabilitation (Grafman and
Rickart 2000). Long-term rehabilitation programs
should begin simply and progressively work toward
more complex tasks. With secondary acalculia,
focusing rehabilitation on the primary deficit may
significantly improve the secondary acalculia defi-
cits (Ardila and Rosselli 2002).

Cross-References

Agraphia

Alexia

Aphasia

Gerstmann’s Syndrome
Spatial Dyscalculia

References and Readings

Ardila, A., Matute, E., & Inozemtseva, O. (2003). Progres-
sive agraphia, acalculia, and anomia: A single-case
report. Applied Neuropsychology, 10, 205-214.

Ardila, A., & Rosselli M. (2002). Acalculia and
dyscalculia. Neuropsychology Review, 12, 179-231.

Basso, A., Burgio, F., & Caporali, A. (2000). Acalculia,
aphasia, and spatial disorders in left and right brain-
damaged patient. Cortex, 36, 265-280.

Berger, H. (1926). Uber Rechenstorunger bei
Herderkraunkunger des Grosshirns. Arch Psychiatr
Nervenkr, 78, 236-263.


https://doi.org/10.1007/978-3-319-57111-9_851
https://doi.org/10.1007/978-3-319-57111-9_852
https://doi.org/10.1007/978-3-319-57111-9_858
https://doi.org/10.1007/978-3-319-57111-9_734
https://doi.org/10.1007/978-3-319-57111-9_786

Acceleration Injury

Boller, F., & Grafman, J. (1983). Acalculia: Historical
development and current significance. Brain and Cog-
nition, 2(3), 205-223.

Dehaene, S., Cohen, L., & Changeux, J. P. (1998). Neuro-
nal network models of acalculia and prefrontal deficits.
In R. W. Parks, D. S. Levine, & D. L. Long (Eds.),
Fundamentals of neural network modeling: Neuropsy-
chology and cognitive neuroscience (pp. 233-255).
Cambridge, MA: MIT.

Grafman, J., & Rickart, T. (2000). Acalculia. In M. J. Farah
& T. E. Fienberg (Eds.), Patient based approaches to
cognitive neurosciences: Issues in clinical and cogni-
tive neuropsychology. Cambridge, MA: MIT.

Growth-Marnat, G. (Ed.). (2000). Neuropsychological
assessment in clinical practice. New York: Wiley.

Scruggs, T. E., & Mastropieri, M. A. (2000). Acalculia. In
Encyclopedia of special education (Vol. 1, 2nd ed.,
p. 27). New York: Wiley.

Acceleration Injury

Beth Rush
Psychiatry and Psychology, Mayo Clinic,
Jacksonville, FL, USA

Synonyms

Acceleration-deceleration injury

Definition

Traumatic injury to the brain resulting from high-
speed acceleration of the brain within the skull
cavity in the direction of inertial force.

Current Knowledge

During acceleration injury, movement of the head is
unrestricted. One of the most common scenarios
resulting in acceleration injury is a high-speed
motor vehicle accident. Primary brain injury results
from brain tissue and brain structures compressing
against one another in the force of inertia. This may
result in bruising, hemorrhage, and shearing of the
underlying tensile strength of white matter
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connections deep within the brain. Secondary injury
may occur hours or even days after the inciting
traumatic event. Secondary effects of injury can
include decreased cerebral blood flow, edema, hem-
orrhage, increased intracranial pressure, and bio-
chemical changes that may cause excitotoxicity
and more extensive damage to the surrounding
brain structures and their associated connections.

Theoretical models of linear acceleration
injury now address the heterogeneity of effects
that can result from such biomechanical injuries.
Although diffuse brain damage may result from
this type of injury, a key factor that predicts the
extent of damage following acceleration injury is
the area of initial impact. Given that the structure
and projection pathways of the brain have varying
densities and tensile strengths within different
regions of the brain, the point of impact is most
likely the key in determining the extent of damage
that takes place and the likelihood and course of
recovery that is possible following injury.

Patients sustaining acceleration injury may
experience headache, photophobia, phonophobia,
nausea, and dizziness immediately following
injury onset. On neuropsychological evaluation,
patients with acceleration injuries are more likely
to demonstrate a diffuse, rather than focal, profile
of cognitive impairment when cognitive impair-
ment is present. The lateralization of cognitive
impairment that is typically observed in focal
brain injury is relatively uncommon following
acceleration injury. A diffuse profile of cognitive
impairment in acceleration injury is due to the
disruption of white matter tracts that are responsi-
ble for efficiency and coordination of communi-
cation between functional brain injuries. As such,
a patient with acceleration injury may demon-
strate cognitive slowing, executive dysfunction,
and problems with simple and complex attention
as a consequence of his/her brain injury.
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Synonyms

Lateral cuneate nucleus

Definition

Nucleus in the dorsolateral portion of the medulla
that receives sensory information likely from
touch, pressure, and stretch receptors in the
upper extremities. It gives rise to the
cuneocerebellar tract which enters the cerebellum
via the inferior cerebellar peduncle. The accessory
cuneate nucleus is thought to be the equivalent of
the dorsal nucleus of Clarke in the lumbar, tho-
racic, and lower cervical cord which is the source
of the dorsal spinocerebellar tract. These nuclei
and tracts provide unconscious (as opposed to
“conscious”) sensory feedback to the cerebellum
in its regulation of individual muscles. Lesions of
this nucleus might be expected to produce cere-
bellar type symptoms of the ipsilateral upper
extremity  (i.e.,  ataxia/incoordination  of

Accessory Cuneate Nucleus

movement), but it is relatively small and isolated
lesions are likely to be extremely rare.
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Synonyms

Reasonable accommodations

Definition

In order to provide students with disabilities the
free, appropriate public education mandated by
IDEA 2004 and Section 504 of the Rehabilitation
Act of 1973, changes typically must be made to a
child’s educational curriculum or environment.
These accommodations include changes in the
method of presentation of material, classroom
seating location, availability of an interpreter for
those with hearing impairment, response format,
testing time allowed, setting, or other reasonable
steps that do not significantly alter the content of
educational material or the validity of tests. To be
eligible to receive accommodations, students
must be identified as having a disability consistent
with the guidelines presented in IDEA 2004 or
Section 504 of the Rehabilitation Act of 1973.

Accommodations may also be required in the
workplace under the Americans with Disabilities
Act. These could include installation of a ramp to
permit wheelchair access, flexible working hours,
or provision of TTY machines.
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Synonyms

ACh; Cholinergic system

Definition

Acetylcholine has been identified as a neurotrans-
mitter substance since the mid-1920s. It is the
neurotransmitter substance present at the neuro-
muscular junction and also innervates structures
of the parasympathetic and sympathetic nervous
systems (Feldman et al. 1997; Iversen et al. 2008).
In the brain, cholinergic neurons have a wide
distribution. Projections emanate from the basal
forebrain in the medial septal nucleus and termi-
nate in the hippocampus and limbic cortex.
Among other areas receiving cholinergic input
are the neocortex, olfactory bulbs, amygdala,
neostriatum (caudate nucleus and putamen), the
hypothalamus, and various regions in the brain
stem (Feldman et al. 1997).

Acetylcholine is synthesized from the precur-
sors Acetyl CoA and choline in a chemical reac-
tion involving the catalytic enzyme, choline
acetyltransferase (ChAT). The presence of this
enzyme has been used as a marker to locate
cholinergic neurons. Acetylcholine degradation
(the primary mode of removal from synapses)
is accomplished by the activity of a group of
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enzymes known as cholinesterases. Acetylcholin-
esterase is the primary enzyme that breaks down
acetylcholine in the synapse. Thus, to enhance
cholinergic function, a number of substances
have been developed that inhibit the activity of
this enzyme (Iversen et al. 2008).

Based on differences in the agonists that stim-
ulate cholinergic receptors, two receptor sub-
types have been identified, nicotinic and
muscarinic. Nicotinic receptors are stimulated by
nicotine, are excitatory, and show a rapid response
to stimulation. Muscarinic receptors are stimu-
lated by muscarine, have either excitatory or
inhibitory effects, and show a slower response to
stimulation. Further subtypes exist within the nic-
otinic and muscarinic classes (Feldman et al.
1997; Iversen et al. 2008).

Acetylcholine is involved in a number of
behavioral processes. As a neurotransmitter sub-
stance at the neuromuscular junction, it acts on
motor neurons of the spinal cord and cranial motor
nerve nuclei, playing an important role in the
contraction of skeletal muscles. Studies also sug-
gest a role in cortical arousal, REM sleep, and
cognitive functions such as attention, learning,
and memory. Its presence in cardiac and smooth
muscles, organs, and salivary, tear and sweat
glands affect autonomic functions (Feldman
et al. 1997).

Current Knowledge

Applications

Dysfunction in the cholinergic system has been
implicated in a number of clinical conditions
including Alzheimer’s Disease (AD), Diffuse
Lewy Body Dementia (Londos et al. 2003), and
Huntington’s Disease and Myasthenia Gravis
(Iversen et al. 2008). Recent work also suggests
a reduction in cholinergic activity in Parkinson’s
disease that may appear relatively early in the
course of the condition (Shimada et al. 2009).
Acetylcholinesterase inhibitors are used in the
palliative treatment of AD and myasthenia gravis.
Cholinergic or anticholinergic compounds are
also used as a muscle relaxant for surgery,



26 Achenbach System of Empirically Based Assessment (ASEBA)

treatment of parkinsonism, glaucoma, urinary
retention, and in nonclinical applications such as
insecticides in agriculture and neurotoxins (and
their antidotes) in warfare (Feldman et al. 1997;
Iversen et al. 2008). Antagonism of brain cholin-
ergic function has been associated with worse
cognitive performance, particularly in older
adults. One longitudinal study reported that con-
tinuous use of medications with anticholinergic
effects was associated with poorer reaction time,
attention, delayed nonverbal memory, narrative
recall, visuospatial construction, and verbal flu-
ency, but no increase in conversion to dementia
after an 8-year follow-up (Ancelin et al. 2006).
However, a recent study reported that use of med-
ications with medium or high anticholinergic
effects was associated with worse performance
in delayed narrative recall and executive func-
tions. Use of anticholinergic medications was
also associated with lower cortical volumes and
reduced cortical thickness of the temporal lobe as
well as greater ventricular volumes. Conversion to
Alzheimer’s disease was significantly greater in
users of anticholinergic medications, and espe-
cially among those with evidence of Amyloid
Beta deposition on scans or inferred in cerebro-
spinal fluid (Risacher et al. 2016).

See Also

Alzheimer’s Disease
Anticholinesterase Inhibitors
Cholinergic System
Cholinesterase Inhibitors
Donepezil
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Synonyms

Achenbach System of Empirically Based Assess-
ment (ASEBA)

Description

The Achenbach System of Empirically Based
Assessment (ASEBA) comprises a family of
forms for rating behavioral/emotional/social prob-
lems and adaptive characteristics. For ages 1% to
90+ years, developmentally appropriate forms are
designed to be completed by collaterals who know
the person who is being assessed. These forms
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Achenbach System of Empirically Based Assessment (ASEBA), Table 1 ASEBA assessment instruments

Instrument Ages Completed by
CBCL/1%-5 1525 Parent figures

C-TRF 125 Daycare providers, preschool teachers
CBCL/6-18 6-18 Parent figures

TRF 6-18 Teachers

YSR 11-18 Youths

TOF 2-18 Psychological examiner
DOF 6-11 Observer

SCICA 6-18 Interviewer

ASR 18-59 Adults

ABCL 18-59 Collaterals

OASR >60 Older adults

OABCL >60 Collaterals

include versions of the Child Behavior Checklist
(CBCL), completed by parent figures for 1%2- to 5-
year-olds and for 6- to 18-year-olds; the Caregiver-
Teacher Report Form (C-TRF) for ages 1%2—5, com-
pleted by daycare providers and preschool teachers;
the Teacher’s Report Form (TRF) for ages 618,
completed by teachers and other school personnel;
the Adult Behavior Checklist (ABCL) for ages
18-59, completed by spouses, partners, family
members, friends, therapists, and other collaterals;
and the Older Adult Behavior Checklist (OABCL)
for ages 60 and older, completed by caregivers as
well as by collaterals.

The ASEBA also includes parallel forms com-
pleted by the people being assessed, including the
Youth Self-Report (YSR) for ages 11-18, the Adult
Self-Report (ASR) for ages 1859, and the Older
Adult Self-Report (OASR) for ages 60 and older.
The collateral and self-report forms assess function-
ing in everyday contexts over periods of 2—6 months.

In addition to the collateral and self-report
forms, other ASEBA forms are designed for rating
behavior observed in specific situations. These
forms include the Direct Observation Form
(DOF), which is completed by observers who
rate two or more 10-min samples of children’s
behavior observed in classrooms and other group
settings; the Semistructured Clinical Interview for
Children and Adolescents (SCICA), which pro-
vides an interview protocol and a rating form
completed by the interviewer who administers
the SCICA to 6- to 18-year-olds, and the Test
Observation Form (TOF), which test examiners

Reference

Achenbach and Rescorla (2000)
Achenbach and Rescorla (2000)
Achenbach and Rescorla (2001, 2007a)
Achenbach and Rescorla (2001, 2007a)
Achenbach and Rescorla (2001, 2007a)
McConaughy and Achenbach (2004)
McConaughy and Achenbach (2009)
McConaughy and Achenbach (2001)
Achenbach and Rescorla (2003)
Achenbach and Rescorla (2003)
Achenbach et al. (2004)

Achenbach et al. (2004)

use to rate the behavior observed during the
administration of individual ability and achieve-
ment tests to 2- to 18-year-olds. Table 1 summa-
rizes the ASEBA forms, ages covered, who
completes the forms, and references to manuals
for each form.

Normed Profiles
Scores obtained from all ASEBA forms are
displayed on profiles in relation to norms that are
based on distributions of scale scores obtained by
large samples of peers. For the collateral and self-
report forms for ages 1% to 90+ years, norms are
based on a US national probability sample of people
who had not received mental health or substance
abuse services in the preceding 12 months. For the
CBCL/6-18, TRF, and YSR, norms are provided
for many cultures in addition to the USA, as
detailed later (Achenbach and Rescorla 2007a, b).
Multicultural norms for the CBCL/1%2-5 and C-
TRF were released in 2010 and for the ASR and
ABCL in 2015 (Achenbach and Rescorla 2010,
2015). For the DOF, SCICA, and TOF, norms are
based on ratings of children observed in the con-
texts for which these instruments are designed.
Each profile displays an individual’s scale
scores in terms of standard scores (7 scores) and
percentiles based on the normative sample of that
individual’s peers, as rated by a particular type of
informant (e.g., parent, teacher, self). The profiles
also display demarcations between the normal
range, borderline clinical range, and clinical
range on each scale. Figure 1 illustrates a profile
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of syndrome scales scored from the YSR com-
pleted by 15-year-old Wayne Webster (not his real
name).

Scales on Which ASEBA Instruments Are
Scored

ASEBA problem items are scored on scales for
syndromes derived empirically via exploratory
factor analyses (EFAs) and confirmatory factor
analyses (CFAs). These empirically derived syn-
dromes reflect patterns of problems found to co-
occur in ratings by each kind of informant.

In addition to the syndrome scales, each form is
scored on DSM-oriented scales constructed by
having experts from many cultures select
ASEBA problem items that are very consistent
with particular diagnostic categories of the Amer-
ican Psychiatric Association’s (2013) Diagnostic
and Statistical Manual-Fifth Edition (DSM-5).
Like the syndrome scales, the DSM-oriented
scales are displayed on profiles in terms of T
scores, percentiles, and normal, borderline clini-
cal, and clinical ranges. Most forms are also
scored on scales comprising critical items that
are of particular concern to clinicians.

The collateral and self-report forms are addi-
tionally scored on scales for favorable charac-
teristics, such as competence, adaptive
functioning, and personal strengths. The partic-
ular items and scales are geared to the develop-
mental level of people being assessed and to the
informants’ knowledge of people being
assessed. For example, parents of 6- to 18-
year-olds provide data regarding their children’s
involvement in sports, nonsports activities,
organizations, jobs and chores, friendships, and
relationships with parents, siblings, and peers.
Teachers provide data on children’s academic
performance and adaptive characteristics at
school. For adults, data are requested regarding
friendships, relations with spouse or partner,
children, job, and enrolment in educational pro-
grams. Only the items relevant to the adult being
assessed are scored. For example, adults who
lack a spouse or partner, children, job, or enrol-
ment in educational programs are not scored on
those items. Adult forms also have normed
scales for substance use.

Cross-Informant Comparisons

Meta-analyses have revealed that correlations
between parent, teacher, and self-reports of chil-
dren’s problems are typically only low to moder-
ate (Achenbach et al. 1987). Consequently,
professionals who work with children recognize
the need to obtain reports from multiple infor-
mants. Meta-analyses of correlations between col-
lateral and self-reports of adult psychopathology
have also revealed only modest correlations that
argue for using multi-informant data to assess
adults (Achenbach et al. 2005).

Because each informant may provide valid and
useful information that differs from what other
informants provide, data from multiple infor-
mants should be compared. Software for scoring
ASEBA forms facilitates cross-informant com-
parisons by printing scores obtained from parallel
forms on parallel profiles. In addition, it prints
side-by-side comparisons of ratings by up to ten
informants on all problem items that have coun-
terparts on forms completed by different infor-
mants. It also prints O correlations that measure
the degree of agreement between each pair of
informants and compares them with Q correla-
tions between pairs of informants in large refer-
ence samples.

An especially useful kind of comparison
between informants’ reports is illustrated in
Fig. 2. This is a comparison between syndromes
scored from the YSR completed by Wayne Web-
ster, CBCLs completed by Wayne’s parents, and
TRFs completed by three of Wayne’s teachers.
For each syndrome, such as the Anxious/
Depressed syndrome shown in the upper left-
hand corner, the bars reflect the magnitude of
standard scores (7 scores) obtained from ratings
by each kind of informant. Because the 7 scores
are based on ratings by each kind of informant for
a normative sample of children, the height of the
bar indicates the level of the problems reported by
a particular kind of informant compared to prob-
lems reported by that kind of informant for a
normative sample of children. For example, the
leftmost bars indicate that the Anxious/Depressed
syndrome scores obtained from CBCL ratings by
Wayne’s parents are above the top broken line
compared to parents’ CBCL ratings of a



30 Achenbach System of Empirically Based Assessment (ASEBA)

Cross-informant comparison - CBCL/TRF/YSR Syndrome scale T Scores (2001 version)

ID: 2301251405 Name: Wayne webster Gender: Male

Birth date: 03/03/1986 Comparison date: 04/13/2001

100

Form  EvallD ~ Age Informant name Relationship Date Form EvallD Age Informant name Relationship Date
CBC1 001 15 Alice N. Webster Biological mother 04/04/2001| TRF5 005 15 Carmen Hemandez Classroom teacher {F} 04/11/2001
CBC2 002 15 Ralph F. Webster Biological father 04/05/2001| TRF6 006 15 Charles Dwyer Classroom teacher {M} 04/12/2001
YSR3 003 15 Self Self 04/08/2001
TRF4 004 15 George jackson Classroom teacher {M} 04/10/2001

Anxious/depressed Wtihdrawn/depressed Somatic complaints

90

80

70 -

60

<50 -

72-C 72-C 70-C 68-B 61 63
CBC1 CBC2 YSR3 TRF4 TRF5 TRF6

100

82-C 70-C 83-C 79-B 74-C 74-C 58 61 64 50 58 62
CBC1 CBC2 YSR3 TRF4 TRF5 TRF6

Social problems Thought

I L Tl

CBC1 CBC2 YSR3 TRF4 TRF5 TRF6

problems Attention problems

90
80

70 9-

60 -

<50 "69-B 69-B 80-C 70-C 65-B 69-B

CBC1 CBC2 YSR3 TRF4 TRF5 TRF6

100

69-B 66-B 77-C 70-C 60
CBC1 CBC2 YSR3 TRF4 TRF5 TRF6

Rule-breaking behavior Aggressive behavior

66-B 71-C 76-C 63

68-B 65-B 64
CBC1 CBC2 YSR3 TRF4 TRF5 TRF6

80

70 A

60

<50 -

L m | u
57 62 56 63 53 53
CBC1 CBC2 YSR3 TRF4 TRF5 TRF6

B= = Borderline clinical range; C = Clinical range
Broken lines = Borderline clinical range

{F} = Femal {M} = Male

73-C 73-C 67-B 82-C 65-B 67-B
CBC1 CBC2 YSR3 TRF4 TRF5 TRF6

Achenbach System of Empirically Based Assessment (ASEBA), Fig. 2 Cross-informant comparisons of syndrome
scores for Wayne Webster (Copyright Achenbach and Rescorla 2001, p. 39)

normative sample of adolescent boys. As scores
above the top broken line are in the clinical range,
the CBCL bars indicate that Wayne’s parents
reported more problems of this syndrome than
were reported by parents of 97% of boys in the
normative sample.

Multicultural Norms

Norms obtained in one society may not be gener-
alizable to other societies. To determine the
degree of generalizability across societies, the
same assessment instruments must be adminis-
tered to large representative samples of people in
different societies. This has been done with
ASEBA instruments in many societies. CFAs of
CBCL, TRF, and YSR data from many societies
support the generalizability of syndromes that
were initially derived from US samples. Compar-
isons of scale scores show that the distributions of
CBCL, TRF, and YSR scores in many societies
approximate those obtained in the USA.

However, some societies have substantially
lower or higher mean scores. To take account of
societal differences in scale scores, separate sets
of norms have been constructed for the societies
obtaining relatively low scores, societies
obtaining intermediate scores, and societies
obtaining relatively high scores. Because parent,
teacher, and self-ratings often yield different
scores, the multicultural CBCL, TRF, and YSR
norms were constructed separately. For some
societies, problem scores obtained from one kind
of informant are relatively low, while scores
obtained from another kind of informant are inter-
mediate or high. For example, CBCL and TRF
problem scores obtained from Japanese parents
and teachers are in the low range, whereas YSR
scores obtained from self-ratings by Japanese
youths are in the intermediate range.

To enable practitioners and researchers to com-
pare CBCL, TRF, and YSR scores with culturally
appropriate norms, the scoring software provides
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options for displaying problem scale scores in
relation to norms for low-scoring, intermediate-
scoring, and high-scoring societies. For example,
CBCL and TRF scores for a Japanese youth
would typically be displayed in relation to norms
for low-scoring societies. However, the youth’s
YSR scores would be displayed in relation to
norms for intermediate-scoring societies. If the
Japanese youth lived in the USA and attended an
American school, the TRF scores would be
displayed in relation to US norms for teachers’
ratings. If the youth’s parents were well accultur-
ated to the USA, the CBCL scores could be
displayed in relation to US norms and also in
relation to Japanese norms to see whether the
scores were clinically deviant according to either
set of norms.

Historical Background

The ASEBA stems from Achenbach’s (1966)
factor-analytic derivation of syndromes of child
and adolescent psychopathology. Since then, five
decades of research and practical experience have
produced ASEBA instruments for ages 1% to 90+

years. Achenbach (2009) documents the historical
development of ASEBA research, instruments,
theory, and applications, as well as directions in
which the ASEBA is now moving. Translations
are available in 100 languages. Over 9500 publi-
cations by some 15,000 authors report use of the
ASEBA in 100 cultural groups and societies
(Bérubé and Achenbach 2017). ASEBA instru-
ments are available in paper and Internet-based
electronic versions in many countries around the
world for practical assessment in clinical, educa-
tional, forensic, and other services, as well as for
research on countless topics, such as genetics,
medical conditions, outcome evaluations,
epidemiology, development, diagnosis, and mul-
ticultural comparisons. Because the ASEBA’s
conceptual framework is open ended and
generative, it continues to advance in multiple
directions.

Psychometric Data
Table 2 summarizes psychometric data for all

ASEBA instruments in terms of mean alphas,
test-retest reliability, and the percentage of

Achenbach System of Empirically Based Assessment (ASEBA), Table 2 Summary of ASEBA psychometric data

Alpha®
Instrument Narrow Broad
CBCL/1%2-5 0.76 0.92
C-TRF 0.80 0.94
CBCL/6-18 0.83 0.94
TRF 0.86 0.94
YSR 0.78 0.92
TOF 0.82 0.90
DOF 0.68 0.79
SCICA 0.70 0.84
ASR 0.78 0.93
ABCL 0.80 0.94
OASR 0.80 0.96
OABCL 0.83 0.97

Reliability” Validity®

Narrow Broad Narrow Broad
0.82 0.89 11 17
0.78 0.85 13 20
0.88 0.92 24 32
0.84 0.90 15 20
0.78 0.85 10 14
0.76 0.84 9 14
0.51 0.72 7 20
0.75 0.80 9 16
0.84 0.91 10 14
0.84 0.88 6 8
0.86 0.95 13 20
0.94 0.95 19 29

Narrow = mean for syndrome and DSM-oriented scales; broad = mean for internalizing, externalizing, and total
problems. Data are from manuals listed in the Further Reading

“Cronbach’s coefficient alpha for the internal consistency of scales
®Pearson s for test-retest reliability over 8- to 16-day intervals. SCICA rs are between ratings by different interviewers

who interviewed children over intervals averaging 12 days

“Percentage of variance accounted for by clinical referral status (referred vs. nonreferred) in multiple regressions of
referral status on ASEBA scale scores with demographic variables partialed out
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variance in ASEBA scale scores accounted for
by clinical referral status, after partialing out
demographic effects. Many additional psycho-
metric findings — including goodness of fit
obtained from CFAs in diverse samples — are
reported in ASEBA manuals and in refereed
publications listed by Bérubé and Achenbach
(2017).

Clinical Uses

ASEBA instruments have numerous clinical uses.
Bérubé and Achenbach (2017) list publications
reporting use of the ASEBA in relation to over
150 medical conditions. Over 1100 publications
report use of the ASEBA for evaluating treat-
ments and outcomes for many kinds of psychopa-
thology and other problems.

ASEBA instruments can be used at many stages
of clinical processes, including screening to identify
needs for help, documentation of problems and
adaptive functioning for use in clinical referrals,
and intake assessment on which to base treatment
decisions. During the course of treatment, ASEBA
instruments are useful for determining whether
goals are being met. Following the treatment,
ASEBA instruments can be readministered to eval-
uate outcomes and subsequent functioning. At any
point, ASEBA instruments can be used to assess
behavioral/emotional/social concomitants of neuro-
psychological and medical disorders. The availabil-
ity of similar ASEBA instruments for children and
adults facilitates family assessment, as well as close
coordination between interventions for parents and
their children.
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Achromatopsia

Sophie Lebrecht and Michael J. Tarr
Visual Neuroscience Laboratory, Brown
University, Providence, RI, USA

Synonyms

Acquired achromatopsia; Color agnosia; Color
blindness; Cortical color blindness

Short Description or Definition

Following damage to the ventral medial region
ofthe occipital lobe, known as the “color center”
of the brain (Bartels and Zeki 2000), patients
lose the ability to perceive color and therefore
experience the world as varying shades of gray.
This disorder is termed cerebral achromatopsia.
The loss of color vision in these patients cannot
be explained by the photoreceptors typically
damaged or absent in patients with other types
of color blindness.

Categorization

Cerebral achromatopsia results from bilateral
damage to the V4/V4a region of the color center.
If patients experience complete ablation of V4,
they lose color vision in their entire visual field.
However, if patients experience unilateral damage
to V4, hemi-achromatopsia ensues, where
patients only lose color vision in the contralateral
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half of their visual field. In less extreme cases,
known as dyschromatopsia, patients lose the abil-
ity to perceive selective colors and/or color con-
stancy. These neuropsychological disorders,
which are the result of damage to the cerebral
cortex, should not be confused with congenital
achromatopsia, which occurs as a malfunction of
the cone photoreceptors.

Epidemiology

Cerebral achromatopsia arises following brain dam-
age to V4/V4a located in the ventral medial region
of the occipital lobe, typically caused by a tumor, a
hemorrhage, or some sort of brain trauma. Due to
the low incidence rate of cerebral achromatopsia, it
is difficult to provide a reliable estimate of its prev-
alence. However, it seems safe to say that it is
extremely rare. A review of the documented cases
showed that of the 27 cases reported, 3 patients
recovered, 3 partially recovered, and 21 showed
no recovery (Bartels and Zeki 2000).

Natural History, Prognostic Factors, and
Outcomes

The first cases of cerebral achromatopsia were
reported by Verrey (1888). In response to these
patients, Verrey introduced the concept of a “color
center” in the brain. Continued research con-
firmed the existence of a cortical region devoted
to color processing. Almost a century later,
Meadows demonstrated a correlation between
the cortical regions sensitive to color and the
damaged cortical regions in achromatopsic
patients (Meadows 1974).

Neuropsychology and Psychology of
Achromatopsia

The region of damage in the visual field of
achromotopsic patients, V4/V4a, is organized
retinotopically; therefore, damage to a particular
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region of V4 results in a loss of color vision at the
corresponding location in the visual field. For
example, if damage to V4 occurs in the leff hemi-
sphere, the patient will lose color vision in the
right half of their visual field. Because V4 is
located in the vicinity of the fusiform gyrus and
the lingual gyrus, known to process faces
(Kanwisher et al. 1997), the comorbidity between
achromatopsia and prosopagnosia is extremely
high (Bouvier and Engel 2006). In addition,
patients with achromatopsia also have a higher
incidence of spatial and shape deficits. It has
been noted that patients with complete
achromatopsia cannot even imagine color, which
means they cannot dream in color or use color
during mental imagery. This absence of color
vision often leaves patients with no appetite for
foods, which appear gray, and no desire for inti-
macy, as flesh appears gray. An insightful case
study of a color-blind painter describes these
experiences in detail (Sacks 1995).

Evaluation

Cerebral achromatopsia can be diagnosed using
a range of color vision tests. The simplest test is
an explicit color-naming task that requires
patients to name the color of individual flash
cards. The most common test for color blindness
is the Ishihara plate test. These plates contain
isoluminant colored dots of varying sizes that
together create the perception of a number
embedded in noise. In order to perceive the
number, patients must be able to distinguish
between the different colored dots. Another
widely used test is the Farnsworth-Munsell
100-Hue test, in which patients are required to
order colored caps based on gradual shifts in hue
from light to dark. Patients with color blindness
are unable to perform this task. Rarely, a diag-
nosis is made using a Nagel anomaloscope. This
apparatus is typically used to determine whether
a patient is a monochromat or a dichromat; how-
ever, some experimenters/practitioners use it in
the study of cerebral achromatopsia.

Achromatopsia
Treatment

There is a period of spontaneous recovery for
neurovisual lesions, which typically lasts 3 months
post-lesion, but can occur for up to a year. With
regard to the treatment and diagnosis of cerebral
achromatopsia, experimenters report that some
patients are not conscious of the absence of color
vision. This phenomenon has been explained by
the ablation of a color module leaving patients
without even the concept of color post-lesion.
This symptom of achromatopsia should be noted
when addressing patients, because pushing a
patient to describe a condition they are not aware
of could be distressing for the patient.
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Acoustic Neuroma

Acoustic Neuroma

Ethan Moitra
Department of Psychiatry and Human Behavior,
Brown University, Providence, RI, USA

Synonyms

Neurolemmoma; Vestibular schwannoma

Definition

A benign tumor of the Schwann cells occurring
near the cerebellopontine angle of the brain stem.
Typically, it arises from the vestibulocochlear or
eighth cranial nerve, which connects the brain to
the inner ear. It is commonly associated with
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neurofibromatosis type 2 and often occurs bilater-
ally. Tumor growth is usually slow and may result
in some hearing loss or deafness, tinnitus, vertigo,
and vestibular dysfunction. Most acoustic neuro-
mas are diagnosed in patients between the ages
30 and 60. Etiology is possibly related to gene
malfunction on chromosome 22. Treatment
options include radiosurgery and microsurgical
removal (Figs. 1 and 2).
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Acquired Immunodeficiency
Syndrome (AIDS)

Bruce J. Diamond, William Tsang, Cody
Curatolo, Savannah Crippen and C. Michael Nina
Department of Psychology, William Paterson
University, Wayne, NJ, USA

Short Description or Definition

Acquired immunodeficiency syndrome (AIDS) is
a disease caused by infection with the human
immunodeficiency virus (HIV) (Portegies and
Berger 2007). HIV is a viral pathogen that targets
CD4+ T cells (also called T4 or T helper cells),
which are lymphocyte cells with cluster determi-
nant 4 + surface receptor sites, originating in the
thymus of the human body’s immune system. HIV
is known to cause damage to the immune system
as well as the central nervous system. The exact
cause of this damage is unclear, but explanatory
models have been proposed. For example, the
“Trojan horse” or neuroinflammation model is
thought to involve immune system cells known
as macrophages which conceal and convey HIV
into the brain, where they can disrupt supportive
brain cells such as astrocytes and microglia. In the
neuroinflammation model, the body’s over-
stimulated immune system causes an increased
production of CD14+ CD16+ monocytes which
flood the brain, causing inflammation and damage
to brain cells and structures (Bartlett and
Finkbeiner 2006) (Table 1).

Acquired Immunodeficiency Syndrome (AIDS),
Table 1 Differentiation between human immunodefi-
ciency virus (HIV) infection and acquired immunodefi-
ciency syndrome (AIDS) in individuals infected with HIV

Symptom Diagnosis
CD4+ T cell count of 200 or higher per HIV
mm>/blood infection
CD4+ T cell count below 200 per mm®/ AIDS
blood

Presence of one or more opportunistic AIDS
infection

Acquired Immunodeficiency Syndrome (AIDS)

AIDS is the name given to the end stage of HIV
infection when the body’s ability to fight off
microorganisms is compromised, resulting in
debilitating or fatal diseases, which are known as
“opportunistic infections.” An individual with
HIV infection receives a formal diagnosis of
AIDS when the individual has at least one oppor-
tunistic infection or when the individual’s CD4+
T cell count is below 200 per mm® of blood
(normal count is typically 500—1500 per mm?).

In the absence of anti-HIV or antiretroviral
drug therapy, progression to AIDS can take an
average of 8—12 years for adults and adolescents
and 3 years from birth in prenatally infected chil-
dren. A quarter of a century after the first deaths
from AIDS were identified, the AIDS pandemic
has killed approximately 25 million people world-
wide. UNAIDS, a joint program of the United
Nations and the World Health Organization, esti-
mates that globally, in 2014, 36.9 million people
lived with HIV, two million became newly
infected, and 1.2 million died from AIDS. In
Western and Central Europe and North America
alone, 2.4 million lived with HIV, 85,000 became
newly infected, and 26,000 died from AIDS
(UNAIDS 2015).

Categorization

Differentiation between diagnoses of HIV or
AIDS depends on CD4+ T cell count and the
presence of opportunistic infections.

Etiology/Epidemiology

In 1981, the US Centers for Disease Control and
Prevention (CDC) began receiving reports about
unusual cases of Pneumocystis carinii pneumonia
(PCP) and Kaposi’s sarcoma in young men who
have sex with men (MSM) and PCP in injection
drug users. These diseases were uncommon in
individuals with healthy immune systems, and in
early 1982, similar disease patterns were seen in
blood transfusion recipients, hemophiliacs, and
female partners of those already infected
(Portegies and Berger 2007). In late 1982, the
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CDC officially named this disease pattern as
acquired immune deficiency syndrome (AIDS).
In 1984, a previously unknown human retrovirus
was discovered in the blood of individuals with
AIDS by teams in the United States and France
and in 1986, the retrovirus was officially named
human immunodeficiency virus (HIV) by
the CDC.

In 1985, a second strain of the virus was dis-
covered, which was designated as HIV-2. The
original strain of the virus was designated as
HIV-1. HIV-1 is much more common throughout
the world, while HIV-2 is more common in certain
parts of Africa. HIV-2 appears to be milder than
HIV-1, with a slower progression to AIDS. Since
its establishment in humans, HIV-1 has undergone
mutation of its genome, and there are now three
groups of HIV-1.

Globally in 2014, there were approximately
36.9 (34.3—41.4) million people living with HIV
(PLHIV), with 2.0 [1.9-2.2] million new infec-
tions. Sub-Saharan Africa has the highest global
HIV rates, with 25.8 [24.0-28.7] million PLHIV
in 2014 (WHO 2015). In recent years, there has
been a global increase in prevalence and decrease
in incidence attributable to a variety of factors
including reduced infectiousness of PLHIV indi-
viduals on antiretroviral therapy medications
(ART) and expansion of HIV prevention pro-
grams focusing on mother-to-child transmission,
safer sex, and outreach to high-risk populations.
From 2000 to 2015, new HIV infections have
decreased by 35% and AIDS-related deaths by
24% (WHO 2015).

HIV transmission varies worldwide depending
upon the geographic region. In the United States,
the estimated incidence is 50,000 new HIV infec-
tions per year. At the end of 2013, 70% of HIV
infections were attributed to male-to-male sexual
contact, 11% to injection drug use, 10% to hetero-
sexual contact, 7% to male-to-male sexual contact
and injection drug use (IDU), and 1% to perinatal
transmission (CDC 2014). Transmission in
women is primarily associated with heterosexual
contact and IDU. The HIV incidence rate among
women was 20% in 2010, and prevalence rate was
23% in 2011 (CDC 2015). In 2014, males
accounted for 81% of all diagnoses of HIV
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infection among adults and adolescents. Black,
Latino, younger White MSM bear the greatest
burden of HIV infection, due to higher-risk sexual
behavior (CDC 2012).

In Africa, transmission is primarily due to
male-to-female sexual contact. Asia has the sec-
ond greatest rates associated with IDU, paid sex,
and MSM. In the Middle East, infection is thought
to be associated with commercial sex work and
IDU. In Latin America, transmission is primarily
due to IDU, paid sex, and MSM. Females consti-
tute a higher proportion of PLHIV (60%) in Latin
America and the Caribbean than in any other
region. In Eastern Europe, the major vectors are
IDU and heterosexual sexual contact. Western
Europe and Oceania are similar to North America
in HIV transmission from MSM, IDU, and male-
to-female sexual contact. The HIV epidemic is
most severe in developing countries with inade-
quate medical and health education resources.
Among high-income nations, racial and ethnic
minority groups experience higher HIV preva-
lence compared with the general population
(Fettig et al. 2014).

Natural History, Prognostic Factors, and
Outcomes

HIV is not transmitted through casual contact,
such as touching. It can be transmitted when the
bodily fluids of infected individuals — primarily
blood, semen, vaginal fluid, or breast milk —
comes into contact with the bloodstream or muco-
sal tissues of uninfected individuals. Transmission
can occur through:

1. Unprotected sexual contact (anal, vaginal, or
oral) with an individual infected with HIV

2. Sharing needles or syringes with HIV-infected
individuals

3. Transfusion of infected blood or other bodily
incorporation of infected blood

4. A fetus or infant exposed to HIV before or
during birth or through breastfeeding

The natural progression of HIV infection can
be divided into three stages: primary infection,
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clinical latency, and symptomatic disease stage.
The symptomatic disease stage is further divided
into early and late stages, with AIDS being
equated with the late-symptomatic disease stage.
After a person is initially infected with HIV, a
primary or acute infection stage commences, in
which HIV replicates up to ten billion copies of
itself daily; high levels of HIV in the blood or
viremia is evident. Approximately 24 weeks
after exposure, nearly 70% of those newly infected
will experience an acute illness, which has symp-
toms similar to influenza or mononucleosis, includ-
ing fever, fatigue, muscle weakness, headache,
ocular pain, sensitivity to light, sore throat, diar-
rhea, and lymphadenopathy. This illness is due to
the temporary reduction of CD4+ T cells; it lasts for
approximately 2 weeks and then resolves sponta-
neously. It is during this stage that the individual
typically first begins to produce antibodies to HIV,
which is designated as seroconversion.

Serological testing of blood can reliably detect
HIV antibodies 2—6 months after seroconversion.
Testing typically begins with an enzyme-linked
immunosorbent assay (ELISA) or test that looks
for antibodies to HIV. A second positive ELISA is
needed in order to confirm the result. This would
then be followed by the Western blot procedure to
confirm the presence of at least two specific HIV
antigen groups. A diagnosis of HIV infection is
given after a positive Western blot test follows two
positive ELISA tests. If HIV is confirmed, addi-
tional tests for plasma viral RNA (viral load) and
CD4+ T cell counts are then typically completed,
in order to assess the state of the immune system
and disease prognosis. Higher viral load counts
are typically related to faster disease progression.
Lower CD4+ T cell counts are typically related to
greater clinical vulnerabilities.

After the acute illness disappears, the individ-
ual enters the clinical latency stage in which
symptoms are typically absent, other than possible
chronic lymphadenopathy. This stage lasts an
average of 10 years. During the clinical latency
stage, HIV continues to replicate and attack CD4+
T cells, which in turn continue to counter attack.

As the immune system becomes progressively
compromised, individuals eventually enter the
early symptomatic disease stage, when a variety
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of symptoms begin to manifest, including lymph-
adenopathy, lack of energy, diarrhea,
unintentional weight loss, chronic low-grade
fever and sweats, frequent rashes or fungal infec-
tions, headaches, or short-term memory loss.

Finally, individuals enter the late stage of the
symptomatic disease stage or AIDS when the
person has at least one opportunistic infection or
when the individual’s CD4+ T cell count is below
200 per mm® of blood. The most common oppor-
tunistic infections are PCP, Kaposi’s sarcoma,
HIV wasting syndrome, and HIV encephalopathy
(also known as dementia due to HIV disease or
AIDS dementia complex).

People who benefit from access to ART and
lifelong treatment no longer see AIDS-related ill-
nesses as primary threats. Instead, new HIV-
related complications have emerged; serious
non-AIDS events include cardiovascular disease,
cancer, kidney disease, liver disease, osteopenia/
osteoporosis, and neurocognitive disease. Addi-
tional vulnerabilities include myocardial infarc-
tion, hypertension, hyperlipidemia, and diabetes
mellitus. There can also be complications from
opportunistic infections such as human papillo-
mavirus, Epstein-Barr virus, and hepatitis B and
C (Deeks et al. 2013).

Psychological and Neuropsychological
Correlates of HIV Infection

As HIV infection progresses, various psycholog-
ical and neuropsychological complications
involving both the central and peripheral nervous
systems can arise. During primary infection,
reports of headaches and aseptic meningitis are
common. During the clinical latency stage, an
acute inflammatory demyelinating neuropathy
(similar to Guillain-Barre syndrome and charac-
terized by progressive muscle weakness) can
occasionally develop. During the early symptom-
atic disease stage, peripheral neuropathy is com-
mon. This is characterized by spontaneous pain
(dysesthesia), pain due to light touches or changes
in temperature (hyperesthesia), and weakness and
wasting in arms/legs (distal atrophy).
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Several major neuropsychological complica-
tions can develop during the late symptomatic
disease stage or AIDS, including:

1. HIV encephalopathy (HIV dementia)
2. Opportunistic infections
1. Viral (cytomegalovirus, herpes simplex
virus I and II, herpes zoster, and JC virus,
a polyomavirus or papovavirus which
causes PML [progressive multifocal
leukoencephalopathy])
2. Fungal/protozoan (toxoplasmosis, Crypto-
coccus, Candida, Mycobacterium)
3. Lymphomas
1. Primary central nervous system lymphomas
2. Systemic (metastatic) lymphomas (The
most common systemic lymphomas are
Hodgkin’s, immunoblastic; Burkitt’s; and
non-Hodgkin’s, which is particularly
prevalent.)

HIV encephalopathy is the term used to
describe the pathological features of encephalitis
of the brain due to HIV, while HIV dementia (also
known as AIDS dementia complex) is used to
describe the clinical syndrome. This syndrome is
characterized by behavioral, cognitive, and motor
declines and difficulties (Table 2). Initial symp-
toms typically manifest as cognitive difficulties
(loss of concentration and mild deficits in mem-
ory) with motor and behavioral difficulties

Acquired Immunodeficiency Syndrome (AIDS),

Table 2 HIV dementia symptoms
Behavioral difficulties

Depression

Apathy, anhedonia, social withdrawal

Personality changes, including spontaneous, sudden, and
strong emotions

Cognitive difficulties
Confusion

Short-term memory lapses
Loss of concentration

Motor difficulties

Lack of muscular coordination
Tremors

Muscle weakness

Loss of balance
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frequently occurring. This early stage is often
labeled as HIV-associated minor cognitive motor
disorder. Later symptoms include partial paraly-
sis, incontinence, and severe cognitive impair-
ment. Death usually occurs within 1-6 months
after onset of severe symptoms. Individuals who
are co-infected with hepatitis C or were intrave-
nous drug users (IDU) typically display more
severe symptoms faster. As HIV-infected individ-
uals now live longer from ART, it is estimated that
47% experience HIV-associated neurocognitive
disorders (McGuire et al. 2013).

While HIV can be present in any region of the
brain, it is commonly observed in the basal ganglia
and central white matter (and to a lesser extent in
neocortical gray matter, the brainstem, and the cer-
ebellum) in individuals not receiving highly active
antiretroviral therapy (HAART) (see below). In
those receiving HAART, there is evidence of greater
inflammation in the hippocampus and surrounding
entorhinal and temporal cortex which would
account for associated memory difficulties.

Peripheral mitochondrial DNA oxidative dam-
age has been found to be associated with reduced
hippocampal and subcortical gray matter volumes
in chronic stable HIV disease. Oxidative stress-
mediated neuroinflammation, caused by dysfunc-
tional reactive oxygen species producing mitochon-
drial DNA, may contribute to neuronal loss in HIV.
Findings have shown that volumes of multiple brain
regions (e.g., enlarged lateral ventricles, reduced
hippocampal volume) are negatively correlated
with mitochondrial DNA in peripheral blood mono-
nuclear cells of HIV-infected individuals
(Kallianpur 2016). HIV infection may initiate sev-
eral potentially inflammatory cascades that cause
demyelinating lesions (Lescure et al. 2013).

A therapeutic gap seems to exist between the
salutary effects of antiretroviral regimens and the
normalization of neurological function in HIV-
associated neurocognitive disorders. Despite the
advances in antiretroviral therapy, CNS opportu-
nistic infections remain a serious health burden
worldwide (Tan et al. 2012). ART regimens differ
in their ability to penetrate CNS, and the problem
is that most of them do not. The current goal is to
develop new medications that can penetrate the
CNS and eradicate HIV (Ene et al. 2011).
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While there is no cure or vaccine for HIV or AIDS
at this time, there are currently four different clas-
ses of antiretroviral drugs that interfere with the
ability of HIV to replicate: reverse transcriptase
inhibitors (nucleoside and non-nucleoside types),
protease inhibitors, entry/fusion inhibitors, and
integrase inhibitors. In 1987, the US Food and
Drug Administration (FDA) approved azidothy-
midine (AZT, also known as zidovudine), the first
nucleoside-reverse transcriptase inhibitor
(NRTIs). Saquinavir, the first protease inhibitor,
was approved in 1995. Nevirapine, the first non-
nucleoside-reverse transcriptase inhibitor, was
approved in 1996. Enfuvirtide, the first fusion
inhibitor, was approved in 2003. Maraviroc, the
first entry inhibitor, and raltegravir, the first
integrase inhibitor, were approved in 2007.

In 1996, combination drug therapy began and
was called “highly active antiretroviral therapy”
(HAART) (Portegies and Berger 2007). Three or
more drugs are used in combination in order to
counter the development of drug resistance by
HIV. Strict adherence to medication intake sched-
ules is required. Not only is this schedule difficult to
follow for many individuals, HAART often pro-
duces unpleasant and toxic side effects, including
stomach problems and lipodystrophy. If followed
correctly, HAART typically and drastically reduces
viral load, often to undetectable levels in the blood,
which allows the immune system to rebound. Anti-
retroviral drug therapy and treatments for opportu-
nistic infections have greatly increased life
expectancy of those with HIV infection, but due to
the presence of HIV in cells that remain out of reach
of antiretroviral drugs, eradication of HIV from the
human body is unattainable at this time.

Several recent widespread interventions involve
treatment as prevention (TASP), preexposure pro-
phylaxis (PrEP), and postexposure prophylaxis
(PEP). In TASP, treatment through adherence to
ART reduces likelihood of transmission. In 2011,
the World Health Organization found a 96% trans-
mission risk reduction in PLHIV who used ART.
PrEP is a preventative combination ART pill regi-
men (tenofovir and emtricitabine) that has been
shown to reduce HIV transmission up to 92% but

Acquired Immunodeficiency Syndrome (AIDS)

is significantly less effective if not taken consis-
tently. Lastly, PEP exists as a postexposure ART
regimen that must be taken within 72 h (Department
of Health and Human Services 2016).

Current treatment investigations are seeking
approaches that carry fewer side effects and do not
require daily administration and thus increase com-
pliance. Many vaccine trials have taken place with
nonsignificant results, but the Thai RV144 trial
could lead to improved approaches in vaccines.
A major recent development involves the “Berlin
patient” and a gene called CCRS. In this case, a
patient with HIV and leukemia no longer showed
evidence of either disease, after stem cell transplan-
tation from a donor with CCR5 (Levy et al. 2012).

Cross-References
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Encephalitis (Viral)
Meningitis
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Synonyms

Intention tremors
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Definition

Action tremor is a rhythmic, oscillatory, and
involuntary movement of the limb that is seen
with movement of an extremity. It may be seen
in isolation with a cerebellar lesion or associated
with other tremor types such as the postural
tremor of essential tremor or the rest tremor of
Parkinson’s disease.
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Synonyms

Abulia; Akinesis; Hypokinesis; Motor impersistence
(These terms are not fully synonymous with action-
intentional disorders, but comprise important ele-
ments of the syndrome and are often used when
describing specific these elements.)

Definition

In the absence of weakness, patients can have a
disability with initiating (akinesia, hypokinesia,
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abulia) or sustaining actions (impersistence),
inhibiting irrelevant actions (defective response
inhibition), and stopping an action when the task
has been completed (motor perseveration).

Current Concepts

The motor system allows humans to interact with
their environment and alter themselves as well as
others. The human corticospinal motor system
together with the motor units and muscles can
mediate an almost infinite number of movements,
and thus the human motor system needs to be
guided by at least two major types of programs:
praxic and intentional. The praxic programs pro-
vide the corticospinal system with the knowledge
of how to make skilled movements (spatial and
temporal aspects of movements), and the inten-
tional programs provide the corticospinal system
with information about when to move. In this
section, we will discuss disorders of the inten-
tional, or “when,” systems. When interacting
with environmental stimuli or the self, there are
four “when” questions that must be addressed:
these are (1) when to move, (2) when to persist
at a movement or movements, (3) when to end a
movement or a series of movements, and (4) when
not to move. The inability to initiate a movement
in the absence of a corticospinal or motor unit
injury is called akinesia. Some patients are able
to move after a delay, and we call this hypokinesia.
Motor impersistence is when a patient cannot
sustain a movement or a series of movements
that are needed to complete a task. The inability
to stop a movement or an action program when it
is no longer required is called motor perseveration
and the inability to withhold a response to a sen-
sory stimulus is called defective response
inhibition.

These motor intentional disorders are parallel
to disorders of sensory attention, akinesia being
akin to unawareness, impersistence being the
motor parallel of decreased vigilance, motor per-
severation being parallel to failures of extinction
or habituation, and defective response inhibition
being similar to distractibility. There are also cog-
nitive defects that mirror four types of intentional
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motor disorders mentioned above, but these will
not be discussed here.

In the next section, we briefly describe each of
these intentional disorders, including subtypes of
each category, and in the final section, we briefly
discuss the possible pathophysiology.

Clinical Manifestations

Akinesia

An organism might fail to initiate a movement for
many reasons, but comprehension, attentional,
perceptual, sensory, and motor disorders that
lead to a failure of movement initiation should
not be termed akinesia. In contrast to these disor-
ders, akinesia is caused by a failure of the systems
that are responsible for activating the motor
system.

There are three methods by which akinesia can
be distinguished from extreme weakness. Certain
forms of akinesia are present under certain sets of
circumstances and absent in others. Thus, using
the behavioral method, if it can be demonstrated
that a patient makes movements in one set of
circumstances (e.g., a motionless left hand is
brought over to the right side of the body, and
the patient is able to now move this hand) and not
in the other, this failure to move is related to an
akinesia. If the akinesia is not limited to a set of
circumstances then the clinician may have to
depend on brain imaging, or physiological tech-
niques such as magnetic stimulation of the motor
cortex to demonstrate that the brain lesion did not
involve the motor system and thus the failure to
move is not caused by weakness.

There are at least three subtypes of akinesia:
(1) body part: akinesia may involve the eyes, the
neck and head, a limb, or the total body; (2) action
space: akinesia of the limbs, eyes, or head may
depend on where in space the body part is moved
or in what direction it is moved. The former is
called spatial akinesia (e.g., a hand that does not
move in left hemispace but does move in right
body-centered hemispace), and the latter is called
directional akinesia (e.g., a horizontal gaze palsy
where patients cannot move their eyes to the left);
(3) stimulus-response conditions: some patients,
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such as those with Parkinson’s disease, are
impaired in spontaneously initiating a movement,
but in response to a stimulus often have no trouble
initiating a movement. We call this endogenously
evoked akinesia (endo-evoked). Patients who fail
to move to an imperative stimulus but will move
spontaneously, we call exogenously evoked
akinesia. A patient may have both exo-evoked
and endo-evoked akinesia, which we term mixed
or global akinesia.

Hypokinesia

A milder defect in the intentional motor (“when”)
systems might not induce a total inability to initi-
ate a response (i.e., akinesia), but rather these
patients’ intentional deficit might be manifested
by a delay in initiating a response. We call this
delay hypokinesia. The hypokinesias may also be
subtyped into body part (e.g., limb or eyes) and
action space (e.g., directional and hemispatial).

Motor Extinction

Patients with sensory extinction are able to detect
single stimuli on either side of their body, but
when presented with two stimuli one on each
side of their body, they remain unaware of
contralesional stimuli. Motor extinction is a form
of akinesia or hypokinesia where a patient who is
without sensory extinction is asked to respond by
moving the hand (or hands) that was (were)
touched. The examiner then delivers stimuli to
the right, left, and both hands, and patients with
motor extinction are aware that both hands have
been touched, but either fail to lift the
contralesional hand to simultaneous stimuli or
lift it after a delay.

Motor Impersistence

The inability to sustain a motor act or a series of
motor acts that are required to complete a goal is
impersistence. Like akinesia,
impersistence can be associated with various
body parts including the limbs, eyes, neck, eyelids
(e.g., keep your eyes closed for until I tell you to
open them), jaw, and tongue. Patients can even
demonstrate impersistence in activities such as
walking. Like akinesia, it may also be directional
(e.g., inability to maintain leftward gaze) or
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hemispatial (inability to maintain dorsiflexion of
the wrist in left space with the left arm but able to
do so in right space).

Defective Response Inhibition

Not all stimuli require a response, and sometimes
a response might interfere with goal-oriented
behavior. Defective response inhibition is defined
as responding when no response of that body part
is required. It can be seen in a variety of body parts
and might also be directional and perhaps
hemispatial.

There are several forms of defective response
inhibition. One means of testing for this disorder
is to use the crossed response task. A blindfolded
patient is instructed to raise the hand opposite to
that touched. Patients with defective response
inhibition will often raise the touched hand first.
This type of defective response inhibition may be
termed motor (limb or eye directional) response
disinhibition. These can be either contralesional
or bilateral. The eye directional defective
response inhibition has also been called a visual
grasp. There are some patients, however, who
have a perceptual disorder and when stimulated
on one side (e.g., left hand), feel that they were
stimulated on the other (e.g., right hand). This
phenomenon is called allesthesia, and it should
not be confused with defective crossed response
inhibition.

Patients with defective response inhibition
may also fail on the types of go-no-go tasks
described by Luria. For example, the patient may
be instructed to put up two fingers when the
examiner puts up one finger and to put up no
fingers if the examiner puts up two fingers. If the
patient mimics the examiner such that when the
examiner puts up one finger, the patient puts up
one finger and when the examiner puts up two
fingers, the patient puts up two fingers, the patient
has echopraxia.

Motor Perseveration

When a patient incorrectly repeats a prior
response or when a patient continues to perform
the same act when the goal of the act has been
completed, it is called motor perseveration. In one
type of motor perseveration, when the task
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requirements have changed, the patient is unable
to switch to a different motor program and incor-
rectly repeats the movements. Luria (1965) calls
this inertia of program action, and Sandson and
Albert (1987) call this recurrent perseveration. In
the second type, the patient continues to perform
movements even though the task is completed.
Luria (1965) called this efferent perseveration;
however, Sandson and Albert (1987) call this
continuous perseveration.

Pathophysiology of Intentional
Disorders

Intentional motor disorders are often associated
with bilateral hemispheric lesions, but when these
disorders are caused by a unilateral hemispheric
lesion, they are more commonly associated with
right than left-hemisphere lesions. The intentional
disorders that have been reported to be induced by
primarily right-hemisphere lesions include
akinesia (e.g., left-sided limbs, leftward arm
movements, and even left horizontal gaze), hypo-
kinesia  (slowed reaction times), motor
impersistence of the left-sided limbs, left-sided
gaze), and motor (continuous) perseveration.
Many of the intentional defects associated with
right-hemisphere dysfunction, however, are not
just limited to the left limbs. For example, patients
with a right-hemisphere lesion are more often
abulic, have slowed reaction times of their right
hand, and have motor impersistence of eye clo-
sure. These clinical studies suggest that the right
hemisphere may be dominant for intentional con-
trol of the motor systems. Studies with normal
subjects provide further evidence for right-
hemisphere intentional dominance. The anatomic
and physiological basis for this dominance is not
entirely understood.

Studies of patients with focal lesions and
studies of monkeys suggest that the frontal
lobes may play a critical role in mediating inten-
tional activity. The most important areas of the
frontal lobes appear to be the medial and lateral
frontal lobes. The frontal cortex has strong pro-
jections to the striatum. The lateral portion of
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the frontal lobe projects to the caudate. The
premotor cortex projects to the putamen and
the cingulate gyrus projects to the ventral stria-
tum. The striatum projects to the pars reticularis
of the substantia nigra and the globus pallidus.
The globus pallidus projects to specific thalamic
nuclei, and these thalamic nuclei project back to
the frontal cortex. Just as injury of the frontal
lobes can induce intentional deficits, injuries, or
diseases that injure the basal ganglia, the sub-
stantia nigra (e.g., Parkinson’s disease), por-
tions of the thalamus, as well as the white
matter connections can also induce intentional
deficits.

Future Directions

Disorders of intention have received considerably
less neuroscientific study than have disorders of
sensory selective attention. There is a need for
additional experimental and clinical neuropsycho-
logical studies of these disorders. Furthermore,
assessment batteries are needed that will facilitate
the assessment of the subtypes of motor intention
disturbances and which may provide additional
quantitative data for experimental analysis and
normative comparison between patient groups
and healthy individuals.
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Synonyms

Limb activation

Definition

Active limb activation is a rehabilitation technique
for individuals with unilateral neglect. In a series of
studies, Robertson and North (1992, 1993, 1994)
and others (Mattingly et al. 1998) have demon-
strated that moving the upper or lower extremity
on the affected side can reduce neglect symptoms.
The effect is seen only with active movement, as
opposed to passive movement, and only when the
limb is moved in the effected hemispace. However,
the limb need not be observed visually. It should be
noted that the effect has not been demonstrated
universally (e.g., Brown et al. 1999), and treatment
effects may be specific to movements in peri-
personal space (Priftis et al. 2013).

Cross-References
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Synonyms

Adaptive functions; Functional abilities

Definition

Activities of daily living (ADLs) are self-care
activities that are important for health mainte-
nance and independent living. ADLs comprise a
broad spectrum of activities, traditionally classi-
fied as basic and instrumental ADLs (BADLs and
IADLs, respectively). BADLs, also called physi-
cal or self-maintenance ADLs, are life-sustaining
self-care activities such as feeding, grooming,
bathing, dressing, toileting, and ambulation.


https://doi.org/10.1007/978-3-319-57111-9_1080
https://doi.org/10.1007/978-3-319-57111-9_9134
https://doi.org/10.1007/978-3-319-57111-9_1085
https://doi.org/10.1007/978-3-319-57111-9_1384

46

IADLs are more complex activities that are nec-
essary for independent living, such as using the
telephone, preparing meals, shopping, managing
finances, taking medications, arranging appoint-
ments, and driving. These activities are important
for participating in one’s usual work, social, or
leisure roles.

Historical Background

The evolution of the concept of ADLs is reflected
in the development of instruments to measure
these abilities. Measures of BADLs were first
developed in the 1940s and 1950s, primarily to
determine the required levels of care for institu-
tionalized older adults and those with chronic
illnesses. These early measures include the
PULSES profile, the Barthel Index, and the Katz
Index of ADL, among others. Later, in the 1960s
and 1970s, there was increased interest in caring
for older and disabled individuals in the commu-
nity, and this spawned the need for tools to mea-
sure IADLs that are important for independent
living. Some of the first of these measures were
Lawton and Brody’s IADL Scale and the Disabil-
ity Interview Schedule. Recent work has focused
on the development of disorder-specific measures
that take into account characteristics of the disor-
der that can systematically impact ADLs, such as
changes in motivation, behavior, vision, or motor
functioning.

Current Knowledge

ADLs are of interest across various health disci-
plines. Current knowledge in this area is based on
research conducted by psychologists, occupa-
tional therapists, nurses, psychiatrists, neurolo-
gists, and social workers, among others.

Relevance to Neuropsychology

For the neuropsychologist, an understanding of
the patient’s level of independence in ADLs, and
in particular IADLs, is of interest for several rea-
sons. The diagnosis of a number of cognitive and
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mental disorders requires an appraisal of the
patient’s functional ability (American Psychiatric
Association 2013). For example, impairment in
adaptive or functional ability is a diagnostic crite-
rion for intellectual disability and for schizophre-
nia. Impaired daily functioning is also required for
the diagnosis of dementia and is one of the defin-
ing differences between dementia (in which
IADLs are impaired) and mild cognitive impair-
ment (in which IADLs are intact or minimally
affected).

Increasingly, the evaluation of daily function-
ing is also used to identify appropriate treatments
for cognitive and mental disorders. In particular,
an important part of determining the effectiveness
of behavioral or pharmacological interventions is
measuring the impact of the intervention on the
patient’s daily functional ability, in addition to
cognitive or affective outcomes.

The ability to perform ADLs, and IADLs in
particular, is related to sensory, motor, cognitive,
and behavioral functioning. Within cognition, the
domain most consistently related to IADLs is
executive function, although memory, language,
visuospatial ability, and attention also play a role
(Royall et al. 2007). Thus, neuropsychologists can
expect that their clients with executive dysfunc-
tion are most likely to experience difficulties with
daily functioning.

Assessment of ADLs

Assessment of ADLs can be accomplished in a
number of ways. Real-world observation of the
patient in his or her own home provides relevant,
objective information about daily function. How-
ever, this method is obviously time and labor
intensive, and there are practical limits to the
number of behaviors that can be observed within
a given time period. An alternative is the use of
performance-based measures, which require the
patient to complete functional tasks — such as
preparing a meal, using the telephone, or making
personal financial transactions — that are pre-
sented in a standardized way in the laboratory or
clinic. A number of such instruments have been
developed to measure single or multiple func-
tional domains. Tests include the Direct
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Assessment of Functional Status, the Indepen-
dent Living Scales, the Structured Assessment
of Independent Living Skills, the Medication
Management Abilities Assessment, and many
others.

The use of questionnaires administered either
on paper or by interview allows the sampling of
a large number of behaviors in a short period of
time. Self-report questionnaires may be appro-
priate for use with cognitively normal or mildly
impaired populations. In the evaluation of
dementia and other cognitive disorders, how-
ever, self-reported abilities may be difficult to
interpret because of disease-related decreases in
self-awareness. The use of informant-based
questionnaires avoids this limitation, although
informants can also be biased in their reports and
may not always be available. Nevertheless, this
is one of the most common methods for measur-
ing IADLs, and a large number of informant-
based questionnaires exist, such as the Lawton-
Brody IADL Scale, the Bristol ADL Scale,
Vineland Adaptive Behavior Scales, and the
ADL questionnaire.

The choice of which particular method of
assessment to be used will depend, in addition to
practical considerations such as time, on the pur-
pose of the assessment. Real-word observations
and performance-based measures provide infor-
mation about what the person is capable of
doing. Questionnaires, on the other hand, measure
what the individual is actually doing in his or her
day-to-day life.

Future Directions

Although there are a large number of relevant
instruments that have been developed to assess
ADLs, they vary in terms of how well their psy-
chometric properties have been characterized.
Systematic literature reviews (e.g., Floyd et al.
2015; Moore et al. 2007; Sikkes et al. 2009)
indicate that, for many of these measures, there
is a need for better theoretical justification of the
content of the instrument, additional information
about test validity and reliability, indication of
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what constitutes a meaningful change over time,
information about the relation between test
performance and actual real-world functioning,
and the development of comprehensive normative
data.
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Activities of Daily Living
Questionnaire

Jessica Fish
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Synonyms

ADLQ

Description

The activities of daily living questionnaire
(ADLQ) was developed to measure the func-
tional abilities of people with dementia. It is an
informant-rated questionnaire and should be
completed by the patient’s primary caregiver.
It consists of 28 items covering both basic and
instrumental activities of daily living, orga-
nized into six subscales: self-care activities,
household care, employment and recreation,
shopping and money, travel, and communica-
tion. The informant rates the subject’s compe-
tence in each area according to a set of four
descriptions of different competence levels;
scores range from 0 to 3 where higher scores
indicate greater impairment. A fifth response
option, “don’t know/has never done” is also
available, and if this option is selected, the
item is excluded from scoring. Scores from
individual items are summed (with adjustment
for any items marked “don’t know/has never
done”) to form subscale scores and then trans-
formed to a percentage impairment total score.
Scores of 0-33% are classified as no/mild
impairment, those of 34-66% as moderate
impairment, and those of 67-100% as severe
impairment.

Historical Background

The first reported use of the ADLQ was in a
longitudinal study looking at cognitive test
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performance and daily functioning in patients
with Alzheimer’s disease (Locascio et al. 1995).
However, the development and psychometric
properties of the measure were first reported in
Johnson et al. (2004). Since then, a Chinese ver-
sion has been developed and evaluated (ADLQ-
CV; Chu and Chung 2008), and it has been used in
several studies involving people with non-
Alzheimer’s dementia.

Psychometric Data

Johnson et al. (2004) collected ADLQ data from
the primary caregivers of 140 people with demen-
tia of various types (Alzheimer’s disease, vascu-
lar/mixed, and frontotemporal/primary
progressive aphasia). The scale was completed
twice, with a 1 year interval between completions.
Evidence of convergent validity was in the form
of correlations with global severity ratings
(clinical dementia rating » = 0.5 and 0.55 for
first/second  ratings, respectively; MMSE
r = —0.42 and —0.38 for first and second ratings,
respectively). Further evidence of its validity
came from the finding that scores declined signif-
icantly over the year-long interval between test-
ings, as would be expected in people with
degenerative conditions. A subgroup of 28 partic-
ipants took part in a test-retest reliability study,
with a 2—-8 week interval between testings (mean
25.6 days, SD 12.2). Correlations between first
and second ratings for the six subscales were
high, between 0.86 and 0.92, with the exception
of the employment subscale, which correlated at
0.65. Kappa scores for 25% of scale items were
0.42-0.60 (classified as “moderate”), for 54% of
scale items were 0.61-0.80 (classified as “good”),
and for 21% of scale items 0.81—1.0 (classified as
“very good”). The validity of the ADLQ was
investigated via correlations between 29 partici-
pants’ scores on the ADLQ and the record of
independent living (RIL), another ADL measure.
In line with Johnson et al.’s predictions, there
were significant correlations between the ADLQ
and the “activities” and “communication” sub-
scales of the RIL but not the “behavior” subscale
of the RIL.
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Chu and Chung (2008) conducted a study exam-
ining the psychometric properties of a Chinese
translation of the ADLQ (ADLQ-CV), with
125 caregivers of people with moderate
Alzheimer’s disease. The ADLQ-CV was shown
to have good internal consistency (o = 0.81), test-
retest reliability at a 2-week interval (intra-class
correlation (ICC) = 0.998), and inter-rater reliability
(ICC = 0.997, for primary and secondary caregiver
ratings). Correlations with the disability assessment
for dementia were strong (r = 0.92), suggesting that
it is a valid measure. A factor analysis also con-
firmed that the ADLQ-CV has a six-factor structure,
following the six proposed subscales.

Clinical Uses

The ADLQ may be used to assist in the diagnosis
of dementia, in decision-making regarding neces-
sary intervention and/or assistance, and in moni-
toring change over time or in response to
treatment.
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Activity Restrictions,
Limitations

Brian Yochim

Department of Psychology, University of
Colorado at Colorado Springs, Colorado Springs,
CO, USA

Definition

This idea refers to restrictions prescribed by clini-
cians who treat patients with recent strokes, head
injuries, or other neurological conditions, after a
neurological event has left the patient with deficits
in important areas of functioning. Patients are
often restricted from driving, cooking, managing
finances, or completing other instrumental activi-
ties of daily living after a neurological event. The
activities of focus must be tailored to the patient
and can range from restrictions in playing profes-
sional sports to restrictions in managing small
amounts of cash.

Current Knowledge

Rehabilitation professionals encounter patients
whose injuries have left them with deficits both
in physical and cognitive realms. Strokes and
traumatic brain injuries can cause physical impair-
ments in walking, swallowing, use of an arm
and/or leg, communication, and other important
skills. Injuries can also lead to cognitive deficits in
memory, executive functioning, social function-
ing, language, visuospatial skills, attention, and/or
processing speed. These basic deficits in turn lead
to impaired functioning in everyday life. Rehabil-
itation professionals must assess patients’ abilities
to complete these daily activities and often must
place restrictions on what activities patients can
continue to complete. If patients are deemed to be
unable to drive, for example, clinicians must fol-
low appropriate legal and ethical channels to pro-
tect the patient and public.

These limitations in activities can lead to diffi-
culties in adjustment for the patient, which can
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sometimes result in depressed mood and other
affective symptoms. This notion is related to the
Activity Restriction Model of Depressed Affect
(Williamson and Shaffer 2000), which has been
studied as one etiology of depressive symptoms
among older adults.
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Actus Reus

Moira C. Dux
US Department of Veteran Affairs, Baltimore,
MD, USA

Definition

Actus reus is Latin for “guilty act.” Under most
circumstances, a crime consists of at least two
factors. The first factor is the physical conduct or
act associated with the crime, which is known as
the “actus reus.” In order for an individual to be
convicted of a crime, it must be demonstrated
beyond a reasonable doubt that the defendant
committed the physical act of the crime or the
“actus reus.” However, it must concurrently be

Actus Reus

established that the defendant also possessed
“mens rea,” which translates to “guilty mind,”
referring to the mental element of the crime.
Thus, a conviction necessitates, beyond reason-
able doubt, establishment of an illegal act
coupled with a particular mental state (e.g.,
intent, knowledge, recklessness, or negligence).
Description of the actus reus is typically classi-
fied into one of three categories: commissions,
omissions, and/or commonwealth. Commission
refers to an affirmative act; omission refers to a
failure to act; and commonwealth refers to a state
of affairs or circumstances. Commissions and
omissions necessitate causation; commonwealth
does not always require voluntariness; and
instead the actus reus is viewed in light of the
severity of the offense.
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Synonyms

ALL
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Acute Lymphoblastic Leukemia
Definition

Acute lymphoblastic leukemia (ALL) is a form of
cancer of the white blood cells (leukocytes). ALL
is the most common type of childhood leukemia
and is distinguished from chronic lymphoblastic
leukemia  (CLL) and acute  myeloid
(or myelogenous) leukemia, which are more prev-
alent in adults.

Current Knowledge

Symptoms

ALL is characterized by the rapid proliferation
of immature blood cells (lymphoblasts), which
crowd out mature, functional cells. It is associ-
ated with the enlargement of lymphoid tissue in
areas including the lymph nodes, spleen, bone
marrow, and lungs and with increased lympho-
cytic cells circulating in blood and in various
tissues and organs. Persons afflicted will expe-
rience weakness and fatigue, anemia,
unexplained fever and infections, weight loss,
or loss of appetite.

Pathophysiology
Cancer, including ALL, is caused by damage
to DNA.

Treatment

The earlier the ALL is detected, the more effective
is its treatment. The goal is to induce a lasting
remission, considered to be a prevalence of less
than 5% of lymphoblasts in bone marrow.
Advances made in the ability to match the genetic
properties of the blast cells to treatment options, in
association with the availability of new drugs and
improvements made in bone marrow and stem cell
transplantation, have changed the prognosis for
ALL from a zero to a 75% survival rate over the
past 40 years.

Most (if not all) patients with a childhood
history of ALL have brain atrophy. MRI has
also demonstrated white matter changes in a
minority of children. A large study identified
reduced cortical gray and white matter, caudate
nucleus, amygdala, and hippocampus in adult
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survivors in both those who were not treated
with cranial irradiation and those who were.
Whereas atrophy is associated with treatment-
effects of cranial irradiation therapy and intra-
thecal chemotherapy (usually methotrexate), it
can also occur as a result of the condition, itself,
rather than as an outcome of treatment, as it
appears to cause atrophy of the brain, which is
not specific to certain brain tissues (Lucy Rorke,
M.D., personal communication); however, few
children with ALL are naive to chemotherapy
and radiotherapy, and the effects of time are not
controlled in studies so that the developmental
effects of damage from the disease and from the
treatments both magnify over time. A study to
discriminate the effects of treatment versus dis-
ease would require studies of children with ALL
at diagnosis and prior to treatments. Nonethe-
less, the strongest detrimental impacts on cog-
nition are attributable to treatment effects and
their damaging influence on the biological sub-
strates of core neurocognitive abilities, includ-
ing executive functions (self-regulation,
inhibitory  control, cognitive flexibility,
problem-solving), memory, verbal skills, and
information processing. Such impacts disrupt
the secondary abilities, i.e., those that are
acquired and knowledge-based. The main
approaches to alleviating neurocognitive effects
of treatment include cognitive remediation,
pharmacology, and ecological alterations in the
classroom.

The presentation of survivors in adulthood is
highly variable in both IQ and neuropsychological
tests, with clinical factors intermediating, includ-
ing polymorphisms that regulate inflammatory
cytokine expression, cumulative dose, intensity
of cancer therapy, age at diagnosis, years since
diagnosis, and gender. Adult survivors are at
heightened risk of neurocognitive disorders.
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Acute Myelogenous Leukemia
Jacqueline L. Cunningham

Department of Psychology, Children’s Hospital of
Philadelphia, Philadelphia, PA, USA
Synonyms

Acute myeloid leukemia; AML

Acute Myelogenous Leukemia
Definition

Acute myelogenous leukemia (AML) is a form of
cancer of the white blood cells (leukocytes). It is a
relatively rare cancer that occurs more commonly
in adults than in children, with more men affected
than women. The median age at diagnosis is
63 years.

Current Knowledge

Symptoms

Acute forms of leukemia are characterized by the
rapid proliferation of immature blood cells which
rapidly crowd out mature, functional cells. In
AML, the cell type is granuloid, whose cancerous
change disrupts its normal ability to form red
cells, some types of white cells, and platelets.
Resulting symptoms are anemia, easy bruising
and bleeding, and disruption to the body’s ability
to resist infection. Impaired cognition and fatigue
are also strongly associated with AML. Whereas
impairments in these areas have been attributed to
effects of chemotherapy, recent research by
Meyers, Albitar, and Estey (2005) has identified
differing cytokine levels present prior to chemo-
therapy as also contributing to these symptoms.

Pathophysiology

The malignant cell in AML is the myeloblast, a
mutated and immature cell in the granulocytic
series, which undergoes combinations with other
mutations, to produce a leukemic clone of cells.
Because the process contributes to much diversity
and heterogeneity in cell differentiation, the diag-
nosis of AML can be challenging. It remains
important, however, since the chromosomal struc-
ture of the leukemic cells is the disease’s most
critical prognostic factor.

Treatment

Treatment in AML consists primarily of chemo-
therapy, with the goal of achieving remission.
Without postremission (consolidation) therapy,
almost all patients eventually relapse. Neuro-
cognitive and neuropsychiatric symptoms are
highly prevalent in patients with cancer and
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Acute Respiratory Distress Syndrome

cause significant impairments in their ability to
function. Whereas such impairments are known
to be associated with aggressive cancer treatment,
they are additionally attributed to biologic mech-
anisms underlying the cancer itself. Recent
research (Meyers et al. 2005) on AML has made
linkages between cytokine-immunologic activa-
tion and factors including cognitive functioning,
significant fatigue, and quality of life in AML
patients studied prior to the initiation of treatment.
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Acute Radiation Somnolence

Jacqueline L. Cunningham
Department of Psychology, Children’s Hospital of
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Definition

Acute radiation somnolence is a relatively tran-
sient and benign effect of cranial irradiation. It is
manifested as sleepiness occurring during irradi-
ation used to treat brain tumors. Multiple variables
are associated, including total dose, fraction size,
time between fractions, treatment volume, and
concurrent chemotherapy. It occurs in both
children and adults and usually affects daily func-
tioning during the course of treatment and is a less
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common acute side effect during radiotherapy
than other complications that depend on the spe-
cific structures in the pathway of the target of the
radiation. Although it is self-limiting, and resolves
with medication and with the termination of irra-
diation, symptoms can be upsetting to patients.
Nursing intervention which focuses on prepara-
tion through counseling and education serves to
alleviate distress. Acute radiation somnolence is
usually treated with steroids.
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Acute Respiratory Distress
Syndrome

Dona Locke
Psychiatry and Psychology, Mayo Clinic,
Scottsdale, AZ, USA

Synonyms

Adult respiratory distress syndrome; Respiratory
distress syndrome

Definition

Acute respiratory distress syndrome (ARDS) is
the presence of pulmonary edema in the absence

of volume overload or depressed left ventricular
function and is characterized by the development
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of sudden breathlessness within hours to days of
an inciting event. ARDS is not a specific disease;
instead, it is a type of severe, acute lung dysfunc-
tion that is associated with a variety of diseases
and trauma.

Historical Background

In the past, ARDS signified adult respiratory dis-
tress syndrome to separate this from infant respi-
ratory distress syndrome seen in premature
infants. However, this type of pulmonary edema
can also occur in children, so ARDS has gradually
evolved to mean acute rather than adult.

Current Knowledge

ARDS typically develops within 12—48 h after the
inciting event, although, in rare instances, it may
take up to a few days. Persons developing ARDS
are critically ill, often with multisystem organ
failure. It is a life-threatening condition; therefore,
hospitalization is required for prompt
management.

ARDS is associated with severe and diffuse
injury to the alveolar-capillary membrane (the air
sacs and small blood vessels) of the lungs. Fluid
accumulates in some alveoli of the lungs, while
some other alveoli collapse. This alveolar damage
impedes the exchange of oxygen and carbon diox-
ide, which leads to a reduced concentration of
oxygen in the blood. Low levels of oxygen in
the blood cause damage to other vital organs of
the body such as the kidneys.

The 1994 American-European Consensus
Committee defines ARDS as the acute onset of
bilateral infiltrates on chest radiography, a partial
pressure of arterial oxygen (PaO,) to fraction of
inspired oxygen (FIO,) ratio of less than
200 mmHg and a pulmonary artery occlusion
pressure of less than 18, or the absence of clinical
evidence of left arterial hypertension. Revised
definition in 2012 (JAMA) describes criteria for
mild, moderate, and severe ARDS based on PaO,
and FIO,, Mortality rate is approximately 27% for
mild, 32% for moderate, and 45% for severe.

Acute Respiratory Distress Syndrome

Death usually results from multisystem organ fail-
ure rather than lung failure alone.

Causes: A number of clinical conditions are
associated with the development of ARDS.

+ Sepsis and the systemic inflammatory response
syndrome (SIRS) are the most common condi-
tions associated with the development
of ARDS.

+ Severe traumatic injury (especially multiple
fractures), severe head injury, and pulmonary
contusion are strongly associated with the
development of ARDS. In traumatic injury,
factures of the long bones can cause ARDS
through fat embolism. In severe brain injury,
ARDS is thought to develop owing to a sudden
discharge of the sympathetic nervous system,
which then leads to acute pulmonary hyperten-
sion and injury to the pulmonary capillary bed.
In pulmonary contusions, ARDS develops
through direct trauma to the lung.

+ Multiple blood transfusions are an independent
risk factor for ARDS. The risk is independent
of the reason for the transfusion or the coexis-
tence of trauma. The incidence of ARDS
increases with the number of units of blood
transfused. If the patient has preexisting abnor-
mal liver functioning or a coagulation abnor-
mality, the risk is further increased.

* Near drowning can be another cause of ARDS.
Development of ARDS is slightly more com-
mon with saltwater than with freshwater.
Aspiration leads to an osmotic gradient that
favors movement of water into air spaces of
the lung. Aspiration may be visible with chest
radiography, although the chest radiograph
may be normal early in the course of the
disease.

* Smoke inhalation is another possible cause of
ARDS. Smoke inhalation causes lung tissue
damage from direct heat, toxic chemicals, and
particulate matter carried into the lung. Patients
with smoke inhalation initially may be asymp-
tomatic, but patients with airway burns, expo-
sure to toxic fumes, or exposure to carbon
monoxide should be monitored closely for the
development of ARDS, even if the symptoms
are initially absent.



Acute Stress Disorder

* Overdoses of narcotics, tricyclic antidepres-
sants, and other sedatives have been associated
with the development of ARDS. Overdoses of
tricyclic antidepressants are the most common.
This risk is independent of the risk from con-
current aspiration.

Medical treatment for ARDS:

» People with ARDS require hospitalization and
treatment in an intensive care unit.

* There is no specific treatment for ARDS, but,
rather, treatment is primarily supportive using
a mechanical respirator and supplemental
oxygen.

» Diuretics can be given to eliminate fluid from
the lungs. However, fluids are often given via
IV to provide nutrition and prevent dehydra-
tion, but fluids must be carefully monitored to
avoid fluid accumulation in the lungs.

* Antibiotic therapy may be administered to treat
infection, which is often the underlying cause
of ARDS.

+ Corticosteroids may sometimes be given late in
the process of ARDS or if the patient is in
shock. If the patient is in shock, drugs to coun-
teract low blood pressure caused by shock may
be administered.

+ If the patient is experiencing anxiety, this can
be treated with antianxiety medications.

Respiratory therapists may see these patients to
provide inhaled drugs to decrease inflammation
and provide respiratory comfort.

Because of the acute and medically serious
nature of ARDS, it would be unlikely for neuro-
psychological exam to be requested when a per-
son is acutely ill with ARDS. Mortality with
ARDS is 30-40%, and the person would typi-
cally be treated in an intensive care unit. If the
person survives, outpatient neuropsychological
evaluation could be requested, and results may
show memory deficits related to the hypoxia as
well as neuropsychological deficits related to the
underlying medical cause for ARDS (e.g.,
severe TBI, near drowning, sepsis, medication
overdose).
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Acute Stress Disorder

Daniel W. Klyce
Virginia Commonwealth University — School of
Medicine, Richmond, VA, USA

Synonyms

Acute stress response; Stress reaction

Short Description or Definition

Acute stress disorder (ASD) is defined in the
Diagnostic and Statistical Manual of Mental Dis-
orders (5" ed.; DSM-5; American Psychiatric
Association 2013) by a pattern of symptoms asso-
ciated with exposure to an actual or threatened
trauma or stressor. Exposure may involve (1)
direct experience of traumatic events, (2) person-
ally witnessing events, (3) learning of events that
occurred to others, and (4) repeated or extreme
exposure to details of traumatic events. Symptoms
associated with the exposure may include intru-
sion symptoms (i.e., involuntary memories,
distressing dreams, flashbacks, intense responses
to triggers), negative mood, dissociative symp-
toms, avoidance symptoms, and symptoms of
physiological arousal (i.e., sleep disturbance,
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irritability/anger, hypervigilance, poor concentra-
tion, and exaggerated startle response). To be
diagnosed as ASD, symptoms must persist for at
least 3 days and not longer than a month (at which
point they might be more representative of post-
traumatic stress disorder).

Categorization

The disorder is classified with the trauma- and
stressor-related disorders in DSM-5.

Current Knowledge

Development and Course

Prevalence rates for ASD tend to vary in associa-
tion with the nature or severity of the stressor and
situational factors following the onset of the
stressor (e.g., the persistence of the initial threat).
Prevalence rates tend to be higher if the trauma
involves interpersonal violence, and these rates
have been reported to range from as much as
20% to 50% of such cases. Other common index
traumas include motor vehicle accidents, severe
burns, work-related or industrial accidents, and
traumatic medical events. In a 2011 review of
studies reporting incidence of ASD associated
with a variety of stressors, Bryant found rates of
ASD ranging from 7% to 28%, with a mean inci-
dence rate of 13%. By definition, ASD cannot be
diagnosed beyond 1 month from the onset of the
stressor or trauma. During this period, symptoms
may worsen along with exacerbation of stress.
Women appear to be at higher risk for the devel-
opment of ASD. The risk of ASD also appears to
increase among individuals who have a history of
other psychological disorders and who perceive
the index trauma as more severe.

Associated Disorders and Current Research

Originally, ASD was developed to identify indi-
viduals who may eventually develop symptoms of
posttraumatic stress disorder (PTSD). Acute stress
disorder remains strongly associated with PTSD,
with at least half of trauma survivors who have a
diagnosis of ASD progressing to PTSD. Among

Acute Stress Disorder

individuals with a diagnosis of PTSD, it is esti-
mated that 48% originally had symptoms of ASD.
Acute stress disorder is a narrower form of an
acute stress reaction with a prominent anxiety or
fear component. The diagnosis of adjustment dis-
order more appropriately captures the breadth of
disruptive psychological reactions to stress or
trauma that may be characterized by grief, anger,
depression, etc. Acute stress disorder may also be
difficult to distinguish from postconcussive symp-
toms following head trauma. These two disorders
share many physiological, cognitive, emotional,
and behavioral sequelae (e.g., sensitivity to envi-
ronmental stimuli, difficulty concentrating, and
irritability). Recent research has revealed that
individuals exposed to experimentally induced
acute psychosocial stressors exhibit impairments
in attentional processes and spatial working mem-
ory (e.g., Sanger et al., 2014; Olver et al., 2015).

Assessment and Treatment

A diagnosis of ASD should capture an individual’s
current distress and indicate the importance of facil-
itating treatment and resources. An essential feature
of assessment involves the identification of an index
stressor or trauma. Assessment and treatment may
be complicated in situations involving persistent
threat. Given the temporal proximity to traumatic
events associated with a diagnosis of ASD (i.e., as
little as 3 days), it may be important to rule out
physical or medical conditions associated with
trauma or to facilitate medical stabilization and
treatment. Acute stress disorder may be assessed
with measures such as the Acute Stress Disorder
Scale (Bryant et al., 2000) and the National Stress-
ful Events Survey Acute Stress Disorder Short
Scale (Kilpatric et al., 2013).

Given the relatively brief course of symptoms
associated with ASD, it has been difficult to estab-
lish an evidence base for potential interventions.
Generally, once ASD has been diagnosed, it is
helpful to provide psychoeducation and normali-
zation regarding common psychological reactions
to trauma, along with normative expectations for
recovery. Given the likelihood that individuals
with ASD may go on to develop PTSD, it may
be helpful to facilitate case management and refer-
rals for mental health treatment including
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psychopharmacological or psychotherapeutic
treatments for posttraumatic stress.

During the acute phase of recovery from a
stressor or trauma, it may also be possible to
provide brief interventions for cognitive and
physiological symptoms of anxiety. These may
include strengths-based coping strategies, behav-
ioral strategies for addressing symptoms of anx-
ious arousal (e.g., relaxation training), and
elements of trauma-focused cognitive-behavioral
therapies to address common negative or cata-
strophic thoughts associated with the trauma.

See Also

Adjustment Disorder
Postconcussion Syndrome
Post-traumatic Stress Disorder
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Patti L. Harrison' and Thomas Oakland?

'School Psychology, The University of Alabama,
Tuscaloosa, AL, USA

’Department of Educational Psychology, College
of Education University of Florida, Gainesville,
FL, USA

Synonyms

ABAS; ABAS-II; ABAS-3

Description

The Adaptive Behavior Assessment System — Third
Edition (ABAS-3; Harrison and Oakland 2015)
provides an assessment of adaptive behavior and
skills for persons from birth through age 89. Five
forms are available: parent/primary caregiver form
(for ages 0-5), teacher/day-care provider form (for
ages 2-5), parent form (for ages 5-21), teacher form
(for ages 5-21), and adult form (for ages 16-89).
The ABAS-3 standardization samples are large
(4,500) and representative of 2010 US census data
with respect to gender, race/ethnicity, and socioeco-
nomic status and included individuals with typical
abilities as well as those with disabilities. Forms are
available in Spanish in the USA and are being
adapted for use in a number of other countries,
including in Europe and Asia.

Foundation and Structure

Criteria for a diagnosis of intellectual disability
have been identified in policy and legislation for
community services and special education. A
diagnosis of intellectual disability requires docu-
mentation of deficits in both intelligence and

Thomas Oakland: deceased.
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adaptive behavior. Although supported by its
foundation in assessment for intellectual disabil-
ities, adaptive behavior assessment has broader
uses for numerous individuals with a variety of
disabilities and challenges. Adaptive behavior
assessment is conducted routinely to identify
strengths and weaknesses and plan supports and
services for children and adults with limitations
that may interfere with daily functioning.

The ABAS (Harrison and Oakland 2000) and
ABAS-II (Harrison and Oakland 2003) preceded
the development of the ABAS-3. As with previous
editions, the ABAS-3 was developed to be a mea-
sure of adaptive behavior consistent with current
definitions (e.g., most recently those promulgated
by the American Psychiatric Association’s (APA
2013) Diagnostic and Statistical Manual of Mental
Disorders and the American Association on Intel-
lectual and Developmental Disabilities’ (AAIDD
2010) models of adaptive behavior) that
underscored the importance of three broad
domains of adaptive behavior: conceptual, social,
and practical. In addition, the three editions of the
ABAS have included measurement of ten specific
adaptive skill areas commonly identified in defini-
tions and measure of adaptive behavior: commu-
nication, community use, functional academics,
health and safety, home or school living, leisure,
self-care, self-direction, social, and work skills.

Scaled scores (M = 10, SD = 3) for adaptive
skill areas are provided (Table 1). Ten skill area
scores combine to produce standard scores
(M = 100, SD = 15) in their respective domains:
conceptual (communication, functional academics,
and self-direction), social (social skills and leisure),
and practical (self-care, home or school living, com-
munity use, health and safety, and work for adults).
Motor skill is an additional adaptive skill area
assessed for young children but is not included in
a broad domain. A General Adaptive Composite
standard score (M = 100, SD = 15) also is derived
from the adaptive skill area scores.

Item Rating Data

ABAS-3 items are administered in rating scales
completed by respondents (e.g., parents,

Adaptive Behavior Assessment System: Third Edition

caregivers, teachers, other relatives) familiar
with the daily functioning of an individual. All
items are scored on a four-point scale: 0 (cannot
perform the behavior), 1 (can perform the behav-
ior yet does not), 2 (performs the behavior some-
times), and 4 (performs the behavior most or
all of the time). This feature is consistent with
the World Health Organization’s International
Classification of Functioning (Mpofu and Oak-
land 2010) effort to distinguish abilities and
performance.

Respondents may indicate that they guessed
item scores for behaviors that they have not
observed but can estimate based on the person’s
performance of other skills. Data from adaptive
skill areas with four or more guesses should not be
used. The ABAS-3’s scoring and reporting system
informs clinicians of interventions likely to pro-
mote the development of selected behaviors asso-
ciated with critical items.

Psychometric Data

General Adaptive Composite and domain stan-
dard scores generally range from 40 to 120. Con-
sistent with all measures of adaptive behavior, the
ABAS-3 is more sensitive to the assessment of
adaptive behavior and skills at lower to average
ranges than at higher ranges. Cut scores are not
provided by disability category; instead, reliance
is placed on diagnostic standards established by
state and national authorities.

The ABAS-3 demonstrates suitable psycho-
metric qualities. Internal consistency is high,
with reliability coefficients of 0.85-0.99 for the
General Adaptive Composite and three adaptive
behavior domains and somewhat lower coeffi-
cients for the briefer adaptive skill areas. Test-
retest and interrater reliability coefficients gener-
ally are in the 0.70s and 0.80s for the General
Adaptive Composite, three domains, and skill
areas. The ABAS-3 construct validity is strong
as displayed through factor analyses. Its concur-
rent validity with the Vineland Adaptive Behavior
Scales — Second Edition — is generally high. The
validity of the ABAS-3 also is supported by evi-
dence that its scores distinguish between
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Adaptive Behavior Assessment System: Third Edition, Table 1 Adaptive skills and three adaptive domains

(Adapted from Harrison and Oakland 2015)

Adaptive skills
Communication
Community use

Functional academics (functional pre-
academics for young children)

Home living (school living for teacher
forms)

Health and safety

Leisure

Self-care

Self-direction

Social

Work

Motor skills?

Three domains and associated skill areas

Conceptual
Practical
Social

Speech, language, and listening skills needed for communication with
others, including vocabulary, responding to questions, and participating
in conversations

Skills needed for functioning in the community, including use of
community services, shopping, and getting around in the neighborhood
Basic reading, writing, math, and other skills needed for daily
functioning, including telling time, measurement, writing, and counting
money

Skills needed for basic care of a home or school setting, including
cleaning, straightening, cooking, and completing chores

Skills needed to promote health and safety and respond to illness and
injury, including following safety rules, using medication, and staying
away from danger

Skills needed for participating in leisure and recreational activities,
including playing, attending community activities, and following game
rules

Skills needed for personal care including eating, dressing, bathing,
toileting, and grooming

Skills needed for independence, responsibility, and self-control, including
completing tasks, keeping schedules, following directions, and making
choices

Skills needed to interact socially and get along with others, including
having friends, demonstrating emotions, and helping others

Skills needed for successful functioning in a part-time or full-time work
setting, including completing tasks, working with supervisors, and
following a schedule (completed only for individuals who have a job)
Basic gross and fine motor skills needed for movement and manual
manipulation of objects, including sitting, standing, walking, and fine
motor control

Includes communication, functional academics, self-direction,
Includes social skills and leisure skills

Includes self-care, home/school living, community use, health and safety,
and work skills

General adaptive composite: Derived from all adaptive skill areas

#Although fine and gross motor development is not included as one of the ten skills identified by the American Association
on Intellectual and Developmental Disabilities, it is included in some scales of adaptive behavior, including the ABAS-3
parent/primary caregiver form (for ages 0-5) and teacher/daycare provider form (for ages 2-5)

individuals with typical functioning and those in
clinical groups, such as individuals with intellec-
tual disabilities, autism, and attention disorders.

Clinical Uses
Measures of adaptive behavior have been most

important in the assessment of persons with intel-
lectual disabilities The ABAS-3 is useful in this

diagnosis as well as in intervention planning and
monitoring for this and other disorders. The
ABAS-3 also may assist in promoting an under-
standing of the impact on daily life activities for
people with a number of other disorders and lim-
itations, as described in resources about the
ABAS-II and applicable to the comparable
ABAS-3 (e.g., Ditterline et al. 2008; Harman et
al. 2009; Oakland and Harrison 2008; Olley and
Cox 2008).
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The ABAS-3 provides important information
for the assessment and planning services for chil-
dren with limitations often diagnosed first during
infancy or early childhood including autism; dis-
orders of attention, communication, conduct,
elimination, feeding and eating, learning, and
motor skills; and pervasive developmental disor-
ders. The ABAS-3 is useful with children and
adolescents who display disorders including
attention deficit hyperactivity, acquired brain
injury, auditory or visual impairment, autism,
developmental delays, emotional/behavioral dis-
orders, learning disabilities, and physical
impairments.

Adults diagnosed with such disorders as anxi-
ety, acute stress, or adjustment disorder, bipolar
disorder, depression, mood disorders, psychosis,
Parkinson’s, postpartum depression, substance
abuse, schizophrenia, and sleep disturbance may
display impairments in their functional daily liv-
ing skills. Older adults diagnosed with
Alzheimer’s type dementia and other cognitive
and neuropsychological disorders with late-life
onset often display impairments in their functional
daily living skills. Although data from the ABAS-
3 may not be crucial in the diagnosis of some of
these disorders, ABAS-3 data will promote an
understanding of their impact on daily living
skills. The ABAS-3 is used in the assessment of
intellectual disabilities among death row inmates
in light of the 2002 US Supreme Court Atkins
decision.

Cross-References

Activities of Daily Living (ADL)
Activity Restrictions, Limitations
Intellectual Disability

References

American Association on Intellectual and Developmental
Disabilities. (2010). Intellectual disability: Definition,
classification, and systems of support (11th ed.). Wash-
ington, DC: Author.

Adenoma

American Psychiatric Association. (2013). Diagnostic and
statistical manual of mental disorders (5th ed.). Wash-
ington, DC: Author.

Ditterline, J., Banner, D., Oakland, T., & Becton, D.
(2008). Adaptive behavior profiles of students with
disabilities. Journal of Applied School Psychology,
24, 191-208.

Harman, J., Smith-Bonahue, T., & Oakland, T. (2009).
Assessment of adaptive behavior development in
young children. In E. Mpofu & T. Oakland (Eds.),
Rehabilitation and health assessment: Applying ICF
guidelines. New York: Springer.

Harrison, P., & Oakland, T. (2000). Adaptive behavior
assessment  system. San Antonio: Psychological
Corporation.

Harrison, P., & Oakland, T. (2003). Adaptive behavior
assessment system (2nd ed.). San Antonio: Psycholog-
ical Corporation.

Harrison, P., & Oakland, T. (2015). Adaptive behavior
assessment system (3rd ed.). Torrance: Western Psy-
chological Services.

Mpofu, E., & Oakland, T. (2010). Assessment in rehabili-
tation and health. Upper Saddle River: Merrill.

Oakland, T., & Harrison, P. (2008). Adaptive behavior
assessment system-1I: Clinical use and interpretation.
New York: Elsevier.

Olley, J. G., & Cox, A. (2008). Assessment of adaptive
behavior in adult forensic cases: The use of the ABAS-
II. In T. Oakland & P. Harrison (Eds.), Adaptive behav-
ior assessment system-I1: Clinical use and interpreta-
tion. Boston: Elsevier.

Adenoma

Ethan Moitra
Department of Psychiatry and Human Behavior,
Brown University, Providence, RI, USA

Definition

A benign tumor of glandular origin. There are
three types of adenomas: tubular (most common,
tubelike structure), villous (least common, most
likely to become cancerous, ruffled structure), and
tubulovillous (blend of tubular and villous struc-
tures). Adenomas do not metastasize, though they
can develop into malignancies known as adeno-
carcinomas. Most adenomas occur spontaneously.
The tumor may occur throughout the endocrine
system, including the pituitary gland.


https://doi.org/10.1007/978-3-319-57111-9_1077
https://doi.org/10.1007/978-3-319-57111-9_385
https://doi.org/10.1007/978-3-319-57111-9_1566

Adjustment Disorder

Pituitary adenomas occur at a much higher
incidence in adults than in children. Because
their invasiveness is local, they are almost always
benign and can be difficult to detect. There is the
secreting and the nonsecreting type. Clinical
symptoms come from the endocrine dysfunction
or from mass effect and include headaches, hypo-
pituitarism, and visual loss (caused by compres-
sion in the optic chiasm). Treatment of pituitary
adenomas includes correction of electrolyte dys-
function, replacement of pituitary hormones, sur-
gical resection, and radiotherapy.

Cross-References
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Adjustment Disorder

Daniel W. Klyce
Virginia Commonwealth University — School of
Medicine, Richmond, VA, USA

Synonyms

Stress reaction

Short Description or Definition

Adjustment disorders are defined in the Diagnos-
tic and Statistical Manual of Mental Disorders
(5th ed.; DSM-5; American Psychiatric Associa-
tion 2013) by patterns of clinically significant
behavioral or emotional symptoms related to a
distinct stressor. The behavioral or emotional
response is usually disruptive to everyday
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functioning, disproportionate to the intensity or
severity of the stressor, and must begin within
3 months of the stressor’s onset. Symptoms do
not last for longer than 6 months from the time the
stressor or its consequences have resolved. The
adjustment disorder may be characterized by
depressed mood, anxiety, mixed anxiety and
depressed mood, disturbance of conduct, mixed
disturbance of emotions and conduct, or other-
wise unspecified. The adjustment disorder is spec-
ified to be “acute” if the pattern of response lasts
less than 6 months or “persistent” if longer than
6 months. Adjustment disorders are distinguished
from normal bereavement or the exacerbation of a
preexisting psychological disorder.

Categorization

The disorder is classified with the trauma- and
stressor-related disorders in DSM-5.

Current Knowledge

Development and Course

An adjustment disorder may develop from a
variety of stressors, including single events,
recurrent events, ongoing or continuous
stressors, and developmental or social mile-
stones (e.g., graduation, marriage, retirement,
etc.). The prevalence rate for adjustment disor-
ders as a primary diagnosis in outpatient mental
health settings is estimated to range from 5% to
20% (Casey and Bailey 2011; American Psychi-
atric Association 2013). Adjustment disorders
are frequently diagnosed in medical settings
and associated with such conditions as cancers,
critical illness, traumatic injuries, childhood-
onset diabetes, etc. The disorder accounts for
as much as 50% of diagnoses encountered by
psychiatric consult and liaison services in hos-
pital settings (American Psychiatric Associa-
tion, 2013). The expected course of an
adjustment disorder is that symptoms will remit
within 6 months of the resolution of the initial
stressor.
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Associated Disorders and Current Research
Adjustment disorders are often associated with
symptoms of depressed mood, anxiety, grief, and
acute or posttraumatic stress. Up to 25% of adoles-
cents and 60% of adults with a diagnosis of an
adjustment disorder have been noted to engage in
suicidal behavior (Kryzhanovskaya and Canter-
bury, 2001; Pelkonen et al., 2005; Casey and Bailey,
2011). Suicidal behavior associated with an adjust-
ment disorder tends to occur earlier in the course of
the disorder, whereas suicidal behaviors associated
with major depression tend to occur later. When
compared to major depressive disorder, adjustment
disorders tend to be associated with shorter time
between communication of suicidal ideation to
completion, lower hospital readmission rates, and
shorter hospital stays. Common criticisms of the
validity of adjustment disorder have been related
to the diagnosis being too broad, overused to justify
reimbursement, and resulting in overpathologizing
reactions to everyday stressors.

Assessment and Treatment

Diagnosis of an adjustment disorder depends upon
identifying a distinct stressor and distinguishing
normal from pathological psychological responses
to the onset of a stressor in the context of factors
such as cultural normativity and relative personal
circumstances. It may also be challenging to diag-
nose an adjustment disorder among individuals
with neurological injuries or illnesses due to factors
such as emotional lability or injury-related sequelae
that impact social functioning.

Given the expectation for a relatively brief
course of symptoms (i.e., less than 6 months
after resolution of the stressor), it is challenging
to establish an evidence base for empirically
supported interventions. Treatment tends to
involve brief interventions with emphasis on
problem-solving skills, stress management strate-
gies, and medical management or behavioral
health interventions for health-related stressors.

See Also

Acute Stress Disorder
Major Depression

Admissibility

Post-traumatic Stress Disorder

Stress

Stress Management

Trauma- and Stressor-Related Disorders
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Admissibility

Moira C. Dux
US Department of Veteran Affairs, Baltimore,
MD, USA

Definition

Admissibility of evidence refers to any testimo-
nial, documentary material, or other form of tan-
gible evidence that can be considered by the trier
of fact, most typically a judge or a jury, in the
context of a judicial or administrative proceeding.
In order for evidence to be admissible, it must be
relevant, non-prejudicial, and possess some indi-
cia of reliability. For example, if evidence consists
of a witness testimonial, it must be established that
the witness is credible and that he/she has knowl-
edge of that which he/she is declaring. For


https://doi.org/10.1007/978-3-319-57111-9_9182
https://doi.org/10.1007/978-3-319-57111-9_2129
https://doi.org/10.1007/978-3-319-57111-9_2068
https://doi.org/10.1007/978-3-319-57111-9_2061
https://doi.org/10.1007/978-3-319-57111-9_429
https://doi.org/10.1007/978-3-319-57111-9_9212

Adoption Studies

neuropsychologists, a central issue is the admissi-
bility of one’s data and opinions. Rules 401, 402,
and 702-705 from Article VII of the Federal
Rules of Evidence (FRE) relate to “Opinions and
Expert Testimony.” Perhaps of most relevance to
psychologists is rule FRE 702 which states, “If
scientific, technical, or other specialized knowl-
edge will assist the trier of fact to understand the
evidence or to determine a fact in issue, a witness
qualified as an expert by knowledge, skill, expe-
rience, training or education, may testify thereto in
the form of an opinion or otherwise.” In other
words, the expert should possess some form of
knowledge that a typical judge or juror would not
be expected to know or understand. Rule
703 states, “The facts or data in the particular
case upon which an expert bases an opinion or
inference may be those perceived by or made
known to the expert at or before the hearing. If
of a type reasonably relied upon by experts in the
particular field in forming opinions or inferences
upon the subject, the facts or data need not be
admissible in evidence in order for the opinion
or the inference to be admitted. Facts or data that
are otherwise inadmissible shall not be disclosed
to the jury by the proponent of the opinion or
inference unless the court determines that their
probative value in assisting the jury to evaluate
the expert’s opinion substantially outweighs their
prejudicial effect.”

Several important cases have addressed the
admissibility of scientific testimony. In the case
of Frye v. United States (1923), the Frye standard
was established which stated that only scientific
methods and concepts with “general acceptance”
within a particular field are admissible. In the
more recent case of Daubert v. Merrell Dow
(1993), it was determined that scientific testimony
has to abide by two criteria; the testimony must be
(a) scientifically valid and (b) relevant to the case
at hand.

Cross-References
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Adoption Studies
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Definition

Adoption studies typically compare pairs of per-
sons, e.g., adopted child and adoptive mother or
adopted child and biological mother to assess
genetic and environmental influences on
behavior.

Current Knowledge

Design

Familial resemblance of behaviors is due to
genetic and/or common familial environmental
influences. Adoption studies provide a direct test
of the role of both factors. This is possible by
drawing comparisons between families that share
genetic and environmental influences and families
that share only genetic or environmental factors.
Adoption creates two types of families. The
“genetic family” consists of pairs of genetically
related individuals who do not share a common
family environment (e.g., biological parent and
adopted-away child). The similarity between
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these pairs of relatives provides a direct estimate
of genetic effects on behaviors. The second type
family is the “environmental family,” which is
made up of pairs of individuals who are not genet-
ically related but who share a common family
environment (e.g., adoptive parent and adopted
child). The similarity between pairs of relatives
from an “environmental family” indicates the
presence of environmental influences on behavior.
Adoption studies utilize either parent-offspring
pairs or sibling pairs. Because data on biological
parents and siblings of adoptees are sometimes
rare, comparison between “genetic-plus-environ-
mental” families (i.e., intact families) and adop-
tive families also provides evidence of genetic and
environmental influences.

Relevance to Neuropsychology

The Colorado Adoption Project has been
collecting longitudinal data on biological and
adoptive parents and their biological or adopted
children for over 30 years (Petrill et al. 2003). In
one set of analyses from that project reported by
Plomin et al. (1997), parent-offspring correla-
tions were calculated for children aged
3-16 years. The results of the analyses show
increasing correlations across those ages
between biological parents and their adopted-
away children on such special cognitive abilities
as verbal skills and perceptual speed. Correla-
tions between adoptive parents and adopted chil-
dren remained about zero across those ages. The
authors interpret the results to indicate that heri-
tability increases for those special cognitive abil-
ities with age and that the role of shared
environment is low or nonexistent.

Today, adoption study data are used to
assess the genetic and environmental influence
on a variety of clinical outcomes that include
drug addiction (Young et al. 2006) and age of
sexual initiation (Bricker et al. 2006), to name
a few.
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Adrenocorticotropic Hormone

David J. Libon
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Definition

Adrenocorticotropic hormone (ACTH) is pro-
duced by the anterior pituitary gland and is a
component of the hypothalamic-pituitary-adrenal
axis. The release of ACTH is associated with the
biological response to stress. The production of
ACTH from the pituitary gland stimulates the
adrenal glands to produce cortisol. The ACTH
stimulation test is a common procedure used to
assess the integrity of the adrenal glands. This test
is used to identify a number of medical conditions
including adrenal insufficiency, Addison’s dis-
ease, and related medical conditions (Melmed
and Kleinberg 2008).

Cross-References
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Synonyms

APM

Description

First developed in the 1940s as an additional form
of the Raven’s progressive matrices, the advanced
progressive matrices (APM) were developed to
test intellectual efficiency in people with greater
than average intellectual ability and to differenti-
ate clearly between people of superior ability.
A nonverbal test of inductive reasoning, the
APM contains 48 items, presented as one set of
12 (Set I) and another of 36 (Set II). As in the
standard version of the test (SPM), items are pre-
sented in black ink on a white background and
become increasingly difficult as progress is made
through each set. Although it is an untimed task,
some clinicians administer the APM under time
constraints. Set II can be used without a time limit
to assess the examinee’s total reasoning capacity.
In this case, the examinee would first be shown the
problems of Set I as examples to explain the
principles of the test and would then be given
approximately 1 h to complete the task. Alter-
nately, Set I can be given as a short practice test
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followed by Set II as a speed test. In this case,
40 min is the time limit most commonly given for
Set II.

Historical Background

The APM was designed in the 1940s to assess
nonverbal abstract conceptualization skills of
individuals for whom the standard version was
too easy, that is, those achieving a raw score of
50 or above on the SPM. For children over
10 years of age with high intellectual functioning,
the APM may be the appropriate version to ensure
an adequate ceiling (Mills et al. 1993). For addi-
tional information about the historical back-
ground of the original test, please refer to the
entry for Raven’s Progressive Matrices.

Psychometric Data

Norms for adolescents (ages 12—16.5) and adults
(18—68+; Sets I and II) for untimed (ages 12—70+)
and timed (ages 17-28) versions are provided for
North America (Raven et al. 1998). The reliability
of the test is considered good, with high internal
consistency of APM Set 11, and split-half reliabil-
ity coefficients varying between 0.83 and 0.87
(Strauss et al. 2006). Set I, as it has only
12 items, yields lower figures. Reliability of the
original 48-item version was found to be high for
adults and children aged 11.5 years + (>0.80); for
younger children, it was only reasonably reliable
(0.76). Overall, Set II scores increased by three
points on retest (Raven et al. 1998).

Clinical Uses

The SPM and CPM have been found to be sensi-
tive to a variety of neurological and neuropsychi-
atric conditions (Raven’s Progressive Matrices).
The APM, designed for use with higher function-
ing individuals, may be more appropriately
employed for assessing an individual’s capacity
for decision-making or strategic planning at the
management level in the workplace or in a higher
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education setting. However, clinical utility for the
APM has been more recently realized, in that
discrepancy between expected (via regression-
based prediction models using NART scores;
Freeman and Godfrey 2000) and observed APM
scores has been used to detect intellectual decline
in older adults (van den Berg et al. 2013). Addi-
tionally, the first set of items of the APM has been
validated for use as a short form of Raven’s SPM
to assess fluid intelligence (Chieri et al. 2012).
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Advocacy

Reading Test discrepancy as a measure of intellectual
decline in older adults. Applied Neuropsychology:
Adult, 20, 7-14.

Advocacy

Amy J. Armstrong

Department of Rehabilitation Counseling,
Virginia Commonwealth University, Richmond,
VA, USA

The process of supporting or acting on behalf of a
cause, facilitating equal community access and
participation of individuals or groups that have
typically been socially and/or economically mar-
ginalized. There are several types of advocacy to
include:

Systems advocacy: the process in which any system
(public, private, community based) is made more
responsive to the needs of the individual served by
the system. This process may include increasing
awareness of services and resources available
within a community, identifying unmet needs of
individuals, identifying existing barriers that
impede access to community services and
resources, and developing strategies to eliminate
legislative, regulatory, social and economic barriers
that may impede access to one’s community sup-
ports and resources.

Individual advocacy: the process of increasing
awareness of unmet needs and procuring rights or
benefits on behalf of another individual or group of
individuals.

Self-advocacy: the process of empowering an
individual to rely upon him or herself to make
his/her own choices and decisions in order to direct
the course of his/her life.

The People First movement of the 1970s was a
progenitor of self-advocacy as a civil rights move-
ment. The independent living movement engaged
in systems advocacy and also fostered self-
advocacy, providing a foundation for self-
advocacy activism in which people with signifi-
cant disabilities had a right to live in an accessible
community of their choice. A core service of Cen-
ters of Independent Living is individual and sys-
tems advocacy, including providing opportunities
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Affect

for skill development in self-advocacy. The Pro-
tection and Advocacy (P&A) System protects the
rights of people with disabilities by providing legal
representation and other advocacy services associ-
ated with state and federal laws. P&A Offices exist
in each state.
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Adynamia

Irene Piryatinsky
Butler Hospital and Alpert Medical School of
Brown University, Providence, RI, USA

Synonyms

Asthenia

Definition

Adynamia refers to a general weakness and lack
of energy evident through lack of verbal or overt
behavior due to a disease or neurological condi-
tions. It can manifest as lethargy, loss of strength,
weakness in extremities, and difficulty initiating
activities or completing tasks. Adynamia can be
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observed after trauma to the frontal lobes, multi-
ple sclerosis, and other conditions. In language,
verbal adynamia (lack of spontaneity of speech) is
seen with lesions of the medial frontal lobes and
refers to difficulty in initiation and maintenance of
language output.
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Transcortical Motor Aphasia
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Affect

Joel W. Hughes
Department of Psychology, Kent State University,
Kent, OH, USA

Synonyms

Affect display

Definition

Affect is the displaying and experiencing of emo-
tion. It includes positive dimensions such as joy,
interest, and contentment, as well as negative
dimensions of emotion such as disgust, fear, and
anger. Affect is a very rapid response to internal
(e.g., thoughts, memory) or external stimuli (e.g.,
other people). It is different from mood, in that it is
more momentary and observable by others,
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whereas mood is longer lasting and constitutes a
symptom that patients may report (e.g., depres-
sion). Affect can be observed from facial expres-
sion, gestures, posture, and speech (e.g., word
choice, tone, rate).
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Affective Disorder

Joel W. Hughes
Department of Psychology, Kent State University,
Kent, OH, USA

Synonyms

Emotional disorder; Mood disorder

Short Description or Definition

An affective disorder is a mental disorder predom-
inantly characterized by altered mood character-
ized by feelings of emptiness, irritability, or
sadness for a prolonged period that results in a
significant impairment in social, occupational, or
another important area of functioning. Affective
disorders include depressive disorders such as

Affective Disorder

major depressive disorder and dysthymia, as
well as manic disorders such as bipolar disorder
and cyclothymic disorder. Affective disorders
may be primary or caused by medical conditions
or substances.

Categorization

Mania and depression seem to anchor the ends
of an emotional and behavioral continuum, an
observation that dates from ancient times. In Hip-
pocrates’ humoral theory, mania resulted from an
excess of yellow bile and depression to an excess
of black bile. In the early twentieth century, Ger-
man psychiatrist Emil Kraepelin described affec-
tive disorders as belonging to a manic-depressive
form of psychosis, which he differentiated from
dementia praecox. The term “manic depression”
was replaced by more contemporary language,
including major depressive disorder and bipolar
disorder in the twentieth century, and for example,
major depressive disorder was first incorporated
into the third edition of the Diagnostic and Statis-
tical Manual (DSM-III).

Depressive disorders include major depressive
disorder and persistent depressive disorder. Diag-
nosis of major depressive disorder is made by
symptoms, as there is no physiological test that
reliably diagnoses depression. Major depressive
disorder requires at least 2 weeks of depressed
mood and loss of interest in usually pleasurable
activities (anhedonia). In addition, at least four of
the following seven symptoms must also be pre-
sent: significant weight gain or loss or appetite
changes, sleep disturbance (e.g., early morning
awakening with difficulty returning to sleep),
observable disturbances in psychomotor speed
(increased or diminished), loss of energy or exces-
sive fatigue, feelings of low self-worth or inap-
propriate guilt, cognitive changes such as the
subjective experience of difficulty concentrating,
and thinking about or planning suicide.

Persistent depressive disorder is similar to
major depressive disorder, although the depres-
sion must be chronic (i.e., 2 or more years of
depressed mood), and during the first 2 years of
dysthymia, there must not have been an episode
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of major depression or a period of longer than
2 months with no symptoms.

Bipolar disorder is diagnosed when there is a
“manic” mood disturbance characterized by
markedly expansive, elevated, or irritable mood,
lasting at least 1 week. The mood disturbance
must be accompanied by additional symptoms
such as grandiosity, excessive risky behavior
such as sexual behavior or irresponsible spending,
and decreased need for sleep. A “mixed” episode
denotes mood disturbances that are characterized
by both manic and depressive symptoms.
A “hypomanic” episode is a less pronounced ele-
vation of mood that would not qualify as a true
manic episode. Bipolar disorders follow a course
in which periods of elevated mood alternate with
periods of depression and are categorized
according to the nature of these episodes. For
example, bipolar I involves alternating manic
and depressive episodes; in bipolar II, there are
alternating hypomanic and depressive episodes;
cyclothymic disorder involves alternating hypo-
manic and depressive episodes that do not meet
full criteria for major depression.

Epidemiology

Affective disorders are very common. At any one
time, approximately 10% of the adult population,
or nearly 20 million Americans, have a depressive
illness. Rates of depression are even higher in
patients with comorbid medical conditions, and
for example, about 30% of patients with cardiac
disease have clinically significant depression.
Bipolar disorder is much less common than uni-
polar depression, occurring in between 2% and
4% of the population (including bipolar I, bipolar
11, and cyclothymic disorder). While depression is
twice as common among women as men, bipolar
is equally common in men and women.

Natural History, Prognostic Factors, and
Outcomes

Affective disorders often start in adolescence.
For example, the onset of bipolar disorder is
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typically 15-24 years of age. However, the
most likely ages for a first major depressive epi-
sode are 30—40 years of age. Depressive disor-
ders often remit spontaneously, but recurrence is
common, and about 15% of individuals
experiencing an initial major depressive episode
will develop chronic recurrent depression. The
bipolar disorders are highly heritable, and
research continues to determine genetic risk
markers for bipolar disorder. Brain imaging stud-
ies also suggest that a broad risk for unstable
moods may underlie bipolar disorder, but more
research is warranted. The causes of depression
are not fully understood, but appear to involve
the interaction of genetic and environmental fac-
tors such as stress and disruptions in interper-
sonal relationships. Thus, in addition to female
gender, risk factors for depression include severe
life stress such as traumatic events and loss of
significant relationships. Depression is associ-
ated with shorter life expectancy from suicide
and other causes of death. For example, depres-
sion increases the risk of cardiac disease, as well
as the risk of mortality among individuals with
cardiac disease.

Neuropsychology and Psychology of
Affective Disorder

Depression is common in neurological condi-
tions such as stroke and traumatic brain injury
(Robinson 2006; Rosenthal et al. 1998). Even
without an obvious neurologic insult, individ-
uals with alterations in executive control, mem-
ory, and emotion regulation are at increased risk
for depression. Furthermore, individuals with
depression often show neuropsychological def-
icits in the absence of neurological conditions.
The neuropsychological deficits specified in the
diagnostic criteria for depression include diffi-
culty concentrating and making decisions. Thus,
depressed patients often exhibit deficits in exec-
utive control, memory, and processing speed.
For bipolar disorder, distractibility is typically
present, as well as impaired decision-making
reflected in the criterion relating to distractibil-
ity of excessive involvement in activities that
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present a significant risk of negative conse-
quences. Current neuropsychological theories
of depression emphasize the frontal lobes and
basal ganglia, including abnormalities in neural
circuitry involving the prefrontal cortex,
mesiotemporal cortex, striatum, amygdala, and
thalamus (Chamberlain and Sahakain 2006).
These areas may also be implicated in bipolar
disorder, as they appear to underlie mood symp-
toms and treatment effects.

Evaluation

Assessment of affective disorders focuses on
self-report instruments and clinical interviews.
Neuropsychological testing may reveal deficits
in executive function, attention psychomotor
slowing, and biases in the processing of emo-
tional stimuli. Specifically, depressed individuals
have exaggerated responses to negative feed-
back, including rumination. Neuropsychological
evaluations in depression and bipolar disorder
are frequently used in research, as tests with
broad clinical utility in the context of assessing
or treating affective disorders have not been
widely disseminated.

Treatment

Depression is often treated with medication and
psychotherapy. A large number of medications are
available to treat depression, including selective
serotonin reuptake inhibitors, which typically
have relatively milder side effects and lower
risks than older drugs such as monoamine oxidase
inhibitors. Treatment of bipolar disorders requires
pharmacotherapy. In contrast to major depressive
disorder, bipolar cannot be successfully treated by
psychotherapy alone.
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Afferent

John Bigbee
Anatomy and Neurobiology, Virginia
Commonwealth University, Richmond, VA, USA

Synonyms

Sensory

Definition

Afferent is an anatomical term that indicates func-
tional directionality. In nervous tissue, afferent is
often used synonymously with sensory informa-
tion when it refers to nerves carrying impulses
from peripheral receptors toward the central ner-
vous system. Afferent can also be used in general
to refer to any connection coming into a structure
within the nervous system. The opposite direction
of conduction is efferent.
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Afferent Paresis

Maryellen Romero

Department of Psychiatry and Behavioral
Sciences, Tulane University School of Medicine,
New Orleans, LA, USA

Definition

A deficit in the ability to perform voluntary
movements due to loss of kinesthetic feedback.
The primary and secondary motor cortices have
extensive inputs from the somatosensory areas in
the parietal lobes. Following lesions to this latter
area, particularly the post-central gyrus or to the
lemniscal system which provides proprioceptive
information to it, motor difficulties may be
observed either in the limbs or in speech produc-
tion. Although the muscles involved in such
activities are not weak per se, the loss of sensory
information results in a disruption of motor con-
trol and an imprecise excitation of muscle groups
required to execute specific, voluntary fine-motor
responses.
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Age Decrements

Michael Franzen
Allegheny General Hospital, Pittsburgh, PA, USA

Synonyms

Age-associated cognitive decline

Definition

The concept of age decrements in neuropsychol-
ogy refers to a decline in cognitive performance
due to normal aging rather than due to an extra-
neous or internal event that is known to negatively
affect cognitive performance, such as a traumatic
brain injury, stroke, psychiatric condition, or
extensive drug use history.

Current Knowledge

Variability in the performance of aging individuals
adds complexity to the determination of specific age
decrements on neuropsychological tests. It is gener-
ally thought that individuals are more likely to retain
“crystallized” knowledge (e.g., that which is prac-
ticed, overlearned, and skill-based) than ‘“fluid”
knowledge (e.g., problem-solving). As there are fac-
tors that heighten the risk for age decrements, pro-
tective factors may counteract the risk. For instance,
higher levels of education and positive health status
may slow down the rate of cognitive decline that
would otherwise occur with increasing age.

One concept that illustrates age decrements is
age-associated memory impairment (AAMI),
which pertains to age-related decline in perfor-
mance specifically in terms of memory.
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Agenesis of Corpus Callosum

John E. Mendoza

Department of Psychiatry and Neuroscience,
Tulane Medical School and SE Louisiana
Veterans Healthcare System, New Orleans,
LA, USA

Definition

A developmental defect in which either all or part
of the corpus callosum fails to develop.

Current Knowledge

Agenesis can result from various etiologies,
including genetic predisposition, chromosomal
abnormalities, or intrauterine trauma, such as
infection. When present, this condition is com-
monly associated with other neuroanatomical
anomalies, metabolic disturbances, and/or
neurobehavioral deficits. The latter might include
mental retardation, seizures, motor deficits, and
psychiatric disturbances. However, some patients
may be relatively asymptomatic, the callosal
defect being discovered only serendipitously late
in life. The latter is more likely to occur when the
agenesis is not accompanied by other neurological
or metabolic defects. Whereas “disconnection
syndromes” are routinely present following surgi-
cal commissurotomy for intractable epilepsy, they
are generally not present with agenesis.
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Agent Orange

Ben Dodsworth
PM&R, University of South Florida, Tampa,
FL, USA

Synonyms

None

Definition

A tactical herbicide and defoliant (chemical used
to remove leaves from trees and plants)
employed by the US military during the Vietnam
War during “Operation Ranch Hand.” It was
sprayed from aircraft with the purpose of depriv-
ing the enemies of food and removing dense
tropical foliage that provided enemy cover. The
name was derived from the orange stripe that
identified the large drums in which it was stored.
It was composed of two active ingredients: 2,4-
dichlorophenoxyacetic acid (2,4-D) and 2.,4,5-tri-
chlorophenoxyacetic acid (2,4,5-T). Studies
involving US military personnel have linked expo-
sure to these chemicals with higher incidence of
various cancers, diabetes, heart disease,
Parkinson’s disease, and other medical issues (US
Department of Veterans Affairs).

See Also

Parkinson’s Disease
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Ageusia

Maryellen Romero

Department of Psychiatry and Behavioral
Sciences, Tulane University School of Medicine,
New Orleans, LA, USA

Definition

Ageusia is the loss of the sense of taste. The
disorder should be distinguished from a disruption
in the ability to perceive flavor, which requires a
combination of olfactory, gustatory, and somato-
sensory functions. Frequently, complaints of
ageusia are often explained by olfactory dysfunc-
tion rather than a disruption in taste perception,
per se. The majority of taste receptors (buds) are
located on the tongue and this information is
carried by the VIIth (anterior two thirds) and
IXth (posterior third) cranial nerves, with other
taste receptors (cranial nerve X) located in other
regions of the mouth and throat. These taste fibers
enter the solitary nucleus (rostral portion) in the
upper medulla and from there second-order neu-
rons travel to the ventral posterior medial nuclei of
the thalamus. Thalamic projections carrying this
gustatory information then project to the post-
central gyrus in the region of the parietal opercu-
lum and to the underlying insular cortex where the
sensation of taste is likely experienced.

Lesions of the VIIth nerve can result in loss of
taste in the ipsilateral anterior two thirds of the
tongue which is more readily assessable to clinical
testing than lesions of the IXth or Xth nerve.
However, total loss of taste (ageusia) is seldom
seen as a result of structural lesions because of
the multiple and bilateral pathways involved.
Ageusia (or hypogeusia) is more likely to result
from more systemic problems such as treatments
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for cancer (radiation, chemotherapy), certain types
of influenza, diabetes, or certain medications.
Taste acuity (hypogeusia) can decline with age
and may contribute to the anorexia and weight
loss often seen in elderly persons. The prognosis
in acquired ageusia is often correlated directly with
the expected course of the illness or injury causing
the dysfunction.
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Aggravating Factors

Robert L. Heilbronner
Chicago Neuropsychology Group, Chicago,
IL, USA

Definition

Refers to any relevant circumstances in corre-
spondence with the evidence presented during
the trial that, from the perspective of the jurors,
makes the harshest penalty appropriate. By con-
trast, mitigating factors refer to evidence regard-
ing the defendant’s character or circumstances
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related to the crime that would provide foundation
for a juror to vote for a lesser sentence.

Historical Background

In 1972, the US Supreme Court considered the
death penalty to be a cruel and an unusual pun-
ishment because the manner in which capital
sentences were decided in Georgia was capricious
(Furman v. Georgia 1972). This decision
discontinued death penalty litigation in the USA
at that time because none of the states had a
system that was substantially different. In 1976
(Gregg v. Georgia), the Court accepted as consti-
tutional Georgia’s rewrite of their statute which
included a capital sentencing process that required
presentation before a judge or jury of aggravating
and mitigating factors. It required at least one or
ten specified aggravating circumstances to be
established beyond reasonable doubt to impose
the death penalty. Some examples include
whether the crime (murder) was particularly
cruel and atrocious, if more than one victim was
murdered, whether the murder occurred during
the commission of a felony, etc.

Current Knowledge

Laws regarding how aggravating or mitigating fac-
tors should be weighed by jurors vary based on
state laws. Neuropsychological assessments in
death penalty cases typically focus on mitigating
factors, such as neuropsychological or
neurobehavioral impairments, as there is an
increased body of evidence demonstrating a pre-
ponderance of neurocognitive deficits in violent
criminals. Neuropsychological assessment with
respect to aggravating factors is less common and
typically addresses increased risk of future
dangerousness.
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Synonyms

ABS

Description

The agitated behavior scale (ABS) was designed to
evaluate agitation and other problematic behaviors
that commonly occur during the acute recovery
phase following traumatic brain injury (Corrigan
1989). The ABS is composed of 14 items that
represent a number of commonly occurring prob-
lematic behaviors such as short attention span,
impulsivity, uncooperativeness, violence, and
angry outbursts. Information that assists in ABS
scoring is available from the author (Corrigan) and
includes descriptions of item ratings and other
examples. Each item on the ABS is rated on a
1-4-point scale based on the intensity or frequency
of the behavior’s occurrence. Additionally, when
assigning ratings, the degree to which the behavior
interferes with functional behavior is also consid-
ered. If the behavior is absent, a rating of 1 is
assigned. When the behavior is present, a rating of
2 or greater is assigned, with a rating of 4 indicating
the presence of a behavior to an extreme degree.
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A total score is derived through a summary of all
14 items (range 14-56) and interpreted as normal
range (<22), mild agitation (22-28), moderate agi-
tation (29-35), or severe agitation (35-56). Sub-
scale scores can also be calculated for
disinhibition, aggression, and lability although it
appears that ABS primarily measures a single con-
struct (Bogner et al. 2000), so interpretation of the
total score may be most appropriate.

Current Knowledge

The ABS is often used to perform serial assess-
ments and track changes in agitation that occur
as a natural part of the recovery process and as a
result of treatment. Although designed for
assessment of traumatic brain injury, the ABS
has also been used to assess agitation in other
populations, such as patients with progressive
dementia (Corrigan et al. 1996; Tabloski et al.
1995). No differences have been found between
males and females with brain injury on the total
score or the subscale scores (Kadyan et al.
2004). Internal consistency estimates range
from 0.74 to 0.92 (Bogner et al. 1999; Corrigan
1989), with interrater reliability of 0.92 for the
total score and with comparable reliabilities of
0.90, 091, and 0.73 for the disinhibition,
aggression, and lability scores, respectively.
Subscale to total score correlations range from
0.43 to 0.55. The construct validity of the ABS
has been supported by factor-analytic studies
that demonstrated the presence of three factors:
disinhibition, aggression, and lability (Corrigan
and Bogner 1994). ABS scores account for a
substantial portion of the variance (from 36%
to 62%) in independent observations of agitation
(Corrigan 1989) and are able to predict changes
in cognition (Corrigan and Mysiw 1988), which
provide additional support for its validity. The
ABS was also translated into German (ABS-G)
and Danish, and both translations demonstrated
interrater reliability in individuals with trau-
matic brain injury (0.85 and 0.75-0.91, respec-
tively) with an internal consistency of 0.66 in the
ABS-G (Hellweg and Schuster-Amft 2016;
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Wolftbrandt et al. 2013). Thus, there is evidence
for the clinical utility of the ABS, a highly prac-
tical measure with sound psychometric proper-
ties that allow for assessment of agitation in
populations  with  brain injury (Amato
et al. 2012).
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Synonyms
Posttraumatic agitation
Definition

Agitation is an excess of one or more behaviors
that occur during the course of delirium when
cognition is impaired. The behaviors most often
in excess during agitation include aggression,
akathisia, disinhibition, and/or emotional lability.
Specific examples of agitated behavior may
include pacing, hand wringing, pulling at tubes
or restraints, inappropriate verbalizations, exces-
sive crying or laughter, etc.

Agitation is often conceptualized to result from
an inability to cope with overstimulation. Stimula-
tion may be internal (e.g., pain or hallucinations) or
external (e.g., noise, light, or conversation). One’s
ability to cope with stimulation may be viewed as a
threshold. Adverse changes to the brain’s typical
functioning have the potential to lower this thresh-
old. Thus, individuals with traumatic brain injury or
dementia may become agitated at lower levels of
stimulation than noninjured individuals.

Current Knowledge

There was no consensus on the definition of agita-
tion within the greater health-care profession for
many years. Clinicians in neuro-rehabilitation
were using the term in the early 1980s to describe
a pattern of behavior observed during recovery from
traumatic brain injury. The development of the Agi-
tated Behavior Scale by Corrigan and associates in
the late 1980s to measure this brain-injury-related
behavior led to a more refined definition of the term.
The term is not limited to just traumatic brain injury

Agitation

as agitation can manifest in any setting in which an
individual experiences delirium and impaired cog-
nition (e.g., dementia).

The importance of the concept of agitation and its
measurement was vital to the establishment of the
now accepted viewpoint that recovery from agitation
is preceded by improvement in cognition. Or con-
versely, interventions that decrease arousal and/or
cognition can lead to a worsening of agitation.
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Definition

Agnosia is a failure to recognize a sensory stim-
ulus that is not attributable to dysfunction of
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peripheral sensory mechanisms or to other cog-
nitive impairments associated with brain dam-
age (Bauer 2012). Agnosia is often described as
a percept that is “stripped of its meaning”
(Teuber 1968). The individual can respond to
the presence of the stimulus but has difficulty
processing the perceptual information in suffi-
cient detail to make sense of and meaningfully
recognize the stimulus. The difficulty is modal-
ity specific (e.g., visual), so the stimulus can be
recognized through other sensory modalities
(e.g., tactile or auditory).

Current Knowledge

Different forms of agnosia have been described
that depend upon the detail with which the incom-
ing stimulus is processed and the sensory modal-
ity and type of materials that pose difficulty.
Lissauer (1890) used the terms apperceptive and
associative, to classify the agnosias, terms that
continue to guide descriptions of agnosia (Farah
2004). Agnosia is also described with respect to
the sensory modality affected (e.g., auditory agno-
sia, tactile agnosia), although it is most commonly
reported to affect the visual modality (Farah
2004). Rarely, multimodality forms of agnosia
also have been described (Feinberg et al. 1986).
Finally, agnosia is discussed in the context of the
material to be perceived, for example, objects,
sounds, or faces (i.e., prosopagnosia, Gainotti
2014). Lesions that lead to agnosia vary across
sensory modalities, usually affecting bilateral
post-Rolandic  cortical sensory regions or
disconnecting incoming pathways from one hemi-
sphere to the other (Bauer 2012).

Apperceptive agnosia is associated with dis-
ruption at early stages of perceptual processing
beyond primary sensory appreciation of a stim-
ulus. For example, in the visual modality, the
person can see the percept but has difficulty
copying or matching an incoming percept to a
like stimulus and may make perceptual confu-
sions, yet when asked can conjure up some
visual information from memory or answer
questions about visual attributes of a named
stimulus in visual imagery tasks (e.g., What
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number does a peanut look like in its shell? 8).
In contrast, Lissauer’s associative agnosia refers
to a pattern in which the person can perform
elementary perceptual tasks, such as copying or
matching, but is not able to conjure up informa-
tion about perceptual characteristics of a stimu-
lus from memory and also has difficulty
interpreting the meaning of a percept, its cate-
gory, context, associated objects, and actions,
despite the ability to perform those interpreta-
tions through alternative sensory modalities
(e.g., failure to sort pictures by category and
retained ability to identify the category for the
same spoken words). Accurate diagnosis of
agnosia depends upon careful examination
across modalities to rule out alternative cogni-
tive and linguistic bases for processing failure
(Bauer 2012).
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Synonyms

Agrammatic aphasia

Definition

Agrammatism refers to language production that
is lacking in grammatical structures. The basic
signs of agrammatism are short phrase length,
simplified syntax, errors and omissions of main
verbs, and omission or substitution of grammat-
ical morphemes such as plural markers or func-
tors (Saffran et al. 1989). There may also be
errors in tense, number, and gender, and diffi-
culty in producing sentences with movement of
grammatical elements, such as passive
sentences, Wh- questions, and complex
sentences (Benedet et al. 1998; Caplan and
Hanna 1998; Goodglass 1997; Faroqi-Shah and
Thompson 2004). Spoken and written produc-
tion typically shows similar error patterns. Typ-
ically, individuals with agrammatic aphasia also
show impaired comprehension of grammatical
structures, particularly noncanonical semanti-
cally reversible sentences (e.g., “the boy was
kicked by the horse”; Berndt et al. 1996;
Caramazza and Zurif 1976).

Historical Background

Historically, agrammatism was thought of as a
syndrome typically associated with nonfluent
aphasia (Goodglass 1997). More recent studies
(e.g., Dick et al. 2001) have shown that features
of agrammatism are present in the production of
many individuals with various forms of aphasia,
as well as in normal speakers under stressful

Agrammatism

conditions, and agrammatism is not attributable
to any single site of lesion.

Current Knowledge

The underlying mechanisms of agrammatism
have been debated in the literature over the past
several decades. Some authors have argued that
agrammatism reflects an underlying impairment
in language representation and/or processing
(Grodzinsky 1986, 1990, 1995; Zurif et al.
1993), while others contend that they represent
the speaker’s strategic adaptation to an underly-
ing language processing impairment that is not
specific to grammar (Kolk and Heeschen 1990;
also see discussion in Beeke et al. 2007). Consis-
tent with the processing deficit view, individuals
with agrammatic aphasia show problems comput-
ing syntactic structures in real time (Dickey et al.
2007; Swinney et al. 2000; but see Blumstein et al.
1998); and may have deficits that impact both
production and comprehension, although not
always the same structures (Dickey et al. 2008);
and their performance is influenced by contextual
factors such as elicitation task (Faroqi-Shah and
Friedman 2015). Also, the structures that typically
are impaired in agrammatic aphasia are similar
across many languages. In support of the adapta-
tion view, there is evidence that the grammatical
structures used by individuals with agrammatic
aphasia vary as a function of the task. For exam-
ple, individuals with agrammatic aphasia may
produce more complex sentences on standardized
language tests, in which grammatical complete-
ness is the focus, than in conversational interac-
tions, in which the message and interaction are the
focus and the communication partners are
coconstructing a dialog (Beeke et al. 2008).
There is evidence of treatment efficacy for
interventions aimed improvement of underlying
representation/processing impairments and defi-
cits in adaptation. Verb as Core (Loverso et al.
1986), Mapping Therapy (Schwartz et al. 1994),
and Treatment of Underlying Forms (TUF;
Thompson et al. 2003; Thompson et al. 2010)
focus treatment on verbs and verb argument struc-
ture, training patients to map form to meaning in
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both simple and complex sentences. Notably,
TUF results in strong generalization from com-
plex to simple structures by controlling the lexical
and syntactic variables of sentences trained (see
Thompson and Shapiro 2007, for review). Various
approaches to treatment of grammatical morphol-
ogy, such as deficits in verb tense and agreement,
also have been shown to be efficacious (Faroqi-
Shah 2008; Friedmann et al. 2000; Mitchum and
Berndt 1994; Weinrich et al. 1999).
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Synonyms

Dysgraphia; Written language disorders

Short Description or Definition

Agraphias are acquired disorders of spelling or
writing caused by neurological damage in indi-
viduals with normal premorbid literacy skills.
There are several different agraphia profiles
that variously result from impairments of
spelling knowledge, sound-to-letter correspon-
dences, letter-shape information, or motor con-
trol for handwriting. Although agraphia can
occur in relative isolation (pure agraphia),
more often agraphia co-occurs with acquired
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impairments of reading (alexia) and spoken lan-
guage (aphasia).

Categorization

Historically, the term agraphia was introduced in
1867 by Ogle with a description of two types:
amnemonic and atactic (Lorch 2013). As
researchers have developed models of writing
processes, these types have become termed cen-
tral and peripheral syndromes, each with subcat-
egories. Generally speaking, several distinct
forms of acquired agraphia occur that reflect spe-
cific combinations of impaired and preserved
spelling and writing abilities following damage
to certain brain regions.

Central agraphia produces one of five types
of word spelling difficulties, each associated
with damage to a part of the linguistic pro-
cessing model and having specific distinctive
features and characteristic errors (Rapszak and
Beeson 2000). Agraphia may result from dam-
age to multiple areas of linguistic processing;
therefore, multiple subtypes may occur
concurrently.

Some central agraphia syndromes:

* Phonological agraphia refers to an impaired
ability to manipulate the sound system of the
language (phonology) which manifests as a
disproportionate difficulty with the spelling of
nonwords (e.g., flig, merber) compared with
real words.

* Deep agraphia is characterized by a marked
impairment of spelling ability for nonwords, as
seen in phonological agraphia, but with the
additional hallmark feature of semantic errors
(e.g., car for vehicle).

* Surface agraphia (also called
agraphia) is characterized by relatively pre-
served ability to spell nonwords and regularly
spelled words in the face of marked impair-
ment of spelling words with irregular sound-
to-letter correspondences, such as choir.

lexical

Peripheral agraphias have been described as
disorders of writing based on the final stage of
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production; they often spare oral spelling. The

disorder occurs in the peripheral processing com-

ponents that guide the selection and production of

appropriate letter shapes. Individuals can display

both central and peripheral type agraphias if, for

example, there is coexisting motor dysfunction.
Some peripheral agraphia syndromes:

* Allographic agraphia is an impairment of writ-
ten spelling due to errors in letter selection.

* Apraxic agraphia is an impairment of the
selection and implementation of graphic
motor programs necessary to move the hand
to form letter shapes.

* Nonapraxic disorders of motor execution, due
to motor system control of movements. This
subcategory includes micrographia, which is
the production of abnormally small letters due
to defective control of the force, speed, and
amplitude of handwriting movements.

Writing disorders also occur at the sentence
and narrative levels. These are behaviors that
occur when the left language dominant hemi-
sphere is affected. Disorders of syntax include
written agrammatism, with limited or misuse of
low content or function words (e.g., articles, prep-
ositions), and decrease in clausal complexity, as in
fragmented clauses, restarts, and abandoned
sentences (as seen in cases of dementia). Persev-
erative letters and words are also observed in
dementia-type written language, occurring along
with decline in meaning.

Individuals with both left and right hemisphere
damage can also demonstrate written disorders
related to visuoperceptual deficits (e.g., hemispatial
neglect), characterized by avoiding one side of the
page, slanted writing, overwriting letters, etc. The
reader is encouraged to seek entry on hemispatial
neglect.

Epidemiology

Agraphia is commonly observed following dam-
age to the language-dominant hemisphere and can
follow any kind of focal damage to the brain
regions critical for implementing the various
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cognitive operations necessary for normal spell-
ing and writing. One primary cause is a stroke
with the agraphia being worse immediately fol-
lowing or in the acute stages post stroke. Agraphia
post stroke often occurs concurrently with apha-
sia, motor apraxia, or dysarthria (when affecting
the writing 1imb), but specific prevalence data are
not available. Agraphia is also observed in indi-
viduals with neurodegenerative disorders includ-
ing (but not limited to) those with primary
progressive aphasia, amyotrophic lateral sclero-
sis, multiple sclerosis, or Alzheimer’s disease.
Detection of deterioration in writing is easily
done when comparison is made to premorbid
samples. Sampling of written narratives over
time provides information about communicative
and cognitive declines as seen in Alzheimer’s
disease (Neils-Strunjas et al. 2006; Kemper
et al. 2001).

Natural History, Prognostic Factors, and
Outcomes

The prognosis for recovery from agraphia
depends on the etiology of the lesion and the
extent of the underlying brain damage. Agraphia
following stroke or traumatic brain injury tends to
show some spontaneous recovery in the first
months after damage occurs, but residual impair-
ments often persist. Additional improvements
may be achieved with behavioral treatment
directed toward strengthening the weakened cog-
nitive processes that support spelling, syntax, and
morphology, or motor control for writing. In indi-
viduals with neurodegenerative disorders, pro-
gressive worsening of the spelling impairment is
observed along with the gradual deterioration of
other language and cognitive functions.

Neuropsychology and Psychology of
Agraphia

Neuroimaging of normal functioning individuals
provides knowledge of brain pathways involved
in writing, which aids in describing the impaired
neurologic processing of writing. A recent meta-
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Agraphia, Fig. 1 A
cognitive model indicating Semantics
the component processes
involved in spelling and
writing
Phonology Orthography
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Motor speech
programs

Speech

analysis of 18 neuroimaging studies during hand-
writing provides a template for cortical and sub-
cortical involvement, with support for superior
parietal involvement in the language dominant
hemisphere that could function to interface between
linguistic and motor systems (Planton et al. 2013).
Meanwhile, research that identifies regions of brain
damage associated with various types of agraphia
continues to help us understand the disorder and its
subtypes. Nonetheless, researchers have not entirely
unraveled specific brain regions for each step of the
process (Lorch 2013).

Written words are typically produced in
response to activation of a concept in the seman-
tic system. The motivation to write a word may
be driven by the desire to convey a message or in
response to an auditory stimulus, as in the con-
text of writing a word to dictation. As depicted in
the cognitive model of single-word processing
in Fig. 1, the word meaning (semantics) and
the phonological word form (phonology)
both provide access to spelling knowledge
(orthography). In literate adults, the spellings
of familiar words are easily recalled as whole
words from one’s spelling vocabulary (i.e.,
orthographic lexicon). In contrast to this lexical
approach, spellings can be assembled on the

|

Graphic motor
programs

|

Writing

basis of the knowledge of sound-to-letter corre-
spondences using a sublexical processing strat-
egy as depicted in Fig. 1. A sublexical approach
is often employed when one is unsure about the
spelling of a word, or when required to spell an
unfamiliar word or a nonword, such as glope.
Spelling via sound-to-letter correspondences is
likely to yield correct responses for regularly
spelled words, such as drive, but overreliance
on the sublexical route will result in phonologi-
cally plausible errors for irregularly spelled
words, such as kwire for choir. Thus, according
to a dual-route model as depicted in Fig. 1, only
the lexical route can deliver correct spellings for
irregularly spelled words. The final stages of
writing require translation of abstract spelling
knowledge into letter shapes and selection and
implementation of the graphic motor programs
for the appropriate handwriting movements. The
various agraphia syndromes reflect specific
impairments to these component processes nec-
essary for spelling and writing.

Phonological/Deep Agraphia

Phonological agraphia is characterized by diffi-
culty in the generation of spellings on the basis
of sound-to-letter correspondences. This problem
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is particularly evident during clinical evaluation
when an individual is asked to generate plausi-
ble spellings for nonwords. The disproportion-
ate difficulty in spelling nonwords compared to
familiar words gives rise to an exaggerated /ex-
icality effect (Henry et al. 2007; Rapcsak et al.
2009). According to a dual-route model (Fig. 1),
poor nonword spelling in phonological agraphia
is attributable to damage to the sublexical route,
while the better preserved real-word spelling by
these patients reflects the residual functional
capacity of the lexical and semantic routes.
There is evidence to suggest that phonological
agraphia reflects a central impairment of phono-
logical processing ability that is also apparent
on reading tasks; however, the spelling impair-
ment is typically of greater severity due to the
fact that spelling is a harder task than reading
(Rapcsak et al. 2009). Although spelling accu-
racy for words (both regular and irregular) is
better preserved than spelling of nonwords, per-
formance is often degraded to some extent rela-
tive to premorbid performance. Due to the
reliance on lexical processing with limited sub-
lexical input, real-word spelling is typically
influenced by lexical-semantic variables such
as word frequency (high > low), imageability
(concrete > abstract), and grammatical class
(nouns > verbs > functors). Deep agraphia

Agraphia, Fig. 2 Cortical
regions involved in spelling
and writing

includes all of the characteristic features of pho-
nological agraphia, but it is distinguished from
the latter by the production of semantic errors
(e.g., husband written as wife). In essence, deep
agraphia can be considered a more severe form
of phonological agraphia.

Like phonological/deep alexia, phonological/
deep agraphia is typically encountered in patients
with aphasia syndromes characterized by phono-
logical impairment including Broca’s, conduc-
tion, and Wernicke’s aphasia. In such cases,
there is damage to a network of perisylvian corti-
cal regions involved in speech production/percep-
tion and phonological processing including
Broca’s area, precentral gyrus, insula, Wernicke’s
area, and supramarginal gyrus (Fig. 2). The con-
tribution of these regions to phonological pro-
cessing skills is evident from both lesion studies
and also in functional imaging studies of healthy
individuals performing a variety of written and
spoken language tasks requiring phonological
processing (Jobard et al. 2003; Vigneau et al.
2006; Rapcsak et al. 2009). In individuals with
deep agraphia, the left hemisphere damage tends
to be more extensive than that associated with
phonological agraphia, and it has been hypothe-
sized that the right hemisphere may be responsible
for the characteristic deep agraphia profile
(Rapcsak et al. 1991).
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Surface Agraphia

Surface agraphia is characterized by difficulty in
spelling irregular words — i.e., those that contain
atypical sound-to-letter correspondences. Regular
words are spelled with significantly better accu-
racy, thus yielding a regularity effect. Nonword
spelling is relatively preserved. In a manner anal-
ogous to surface alexia, a dual-route theory attri-
butes surface agraphia to dysfunction of the
lexical spelling route (Fig. 1). Specifically, it has
been suggested that the spelling disorder results
from damage to the orthographic lexicon
(Rapcsak and Beeson 2004). The loss of word-
specific orthographic knowledge prompts reliance
on a sublexical phoneme-grapheme conversion
strategy that produces phonologically plausible
regularization errors on irregular words, a finding
that is most pronounced for low-frequency items
(e.g., yot for yacht). A functional MRI study with
normal right-handed adults recently identified
cluster of brain regions more activated with irreg-
ular spelling: specifically involving the “left pos-
terior IFG (pars, triangularis/opercularis) and
adjacent insula, left mid-posterior superior tem-
poral sulcus (STS) and the anterior cingulate/sup-
plementary motor area (SMA)” and suggesting a
network of cortical processing engaging ortho-
graphic and phonological systems (De Marco
etal. 2017, p. 121).

Surface agraphia may also result from damage
to central semantic representations as observed in
individuals with semantic dementia (Graham et al.
2000). The reduction in the ability to process
lexical-semantic information in such individuals
results in overreliance on sublexical spelling pro-
cedures and regularization errors. As expected, it
is not uncommon to observe co-occurrence of
surface alexia and agraphia in individuals with
semantic dementia (Graham et al. 2000).

Surface agraphia, like surface alexia, is typi-
cally associated with extrasylvian brain pathology
(Fig. 2). Focal lesions that give rise to surface
agraphia have been documented in the left inferior
occipito-temporal cortex (Rapcsak and Beeson
2004). This region includes a portion of the fusi-
form gyrus known as the visual word form area
that has been shown to be engaged in healthy
adults during reading (Cohen et al. 2002) and
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spelling tasks (Beeson et al. 2003) and may rep-
resent the neural substrate of the orthographic
lexicon. Surface agraphia has also been described
following focal damage to posterior middle/infe-
rior temporal gyrus and angular gyrus (Rapcsak
and Beeson 2004) and in patients with left anterior
temporal lobe atrophy (Graham et al. 2000). In
these cases, the spelling deficit may reflect dam-
age to a distributed extrasylvian cortical network
involved in semantic processing (Fig. 2).

Allographic Agraphia

Allographic agraphia refers to a disturbance of the
ability to activate or select appropriate letter
shapes for the abstract orthographic representa-
tions generated by central spelling routes. This
impairment of handwriting is characterized
by letter selection errors that often include the
substitution of physically similar letter forms
(e.g., b for h). The allographic difficulty may be
specific to letter case (upper vs. lower) or style
(print vs. cursive). When allographic agraphia
occurs in isolation, oral spelling is preserved, as
well as the ability to correctly arrange component
letters that make up a word (i.e., anagram spelling)
and typing. Allographic agraphia is often associ-
ated with damage to left temporo-parieto-occipital
regions.

Apraxic Agraphia

Apraxic agraphia is characterized by poor letter
formation in handwriting that is not attributable
to allographic disorder or sensorimotor, cerebel-
lar, or basal ganglia dysfunction. The difficulty
arises at the level of motor programming for the
skilled movements of the hand so that the spa-
tiotemporal aspects of writing are disturbed.
Individual letters are often difficult to recognize
and may simply appear to be meaningless
scrawls. Lesions associated with apraxic
agraphia have been noted in the hemisphere
contralateral to the dominant hand. Thus, in
right-handed individuals, the damage typically
involves the left superior parietal lobe in the
region of the intraparietal sulcus, the dorsolat-
eral premotor cortex just anterior to primary
motor cortex for the hand, or the supplementary
motor area. More recently, cases of thalamic
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damage have also demonstrated disturbances
of the graphomotor process (Vandenborre
et al. 2015).

Nonapraxic Disorders of Motor Execution

In addition to apraxic agraphia, there are several
additional disorders of motor execution that affect
the ability to form legible letter shapes. These
writing difficulties include disturbances of the
regulation of movement force, speech, and ampli-
tude. Micrographia (the production of small let-
ters with reduced legibility) is a common example
that is associated with the basal ganglia pathology
in Parkinson disease. Cerebellar pathology can
also result in poor handwriting due to irregular
and disjointed hand movements. Handwriting dif-
ficulty is also associated with damage to primary
sensorimotor cortex and/or associated corticospinal
tracts that cause hemiparesis of the dominant hand.
When the hemiparesis is marked, individuals typi-
cally shift to writing with the nondominant hand.
Improvement in graphomotor control of the non-
dominant hand is apparent with practice and often
provides a fully functional substitute; however, the
automaticity of motor movements is rarely compa-
rable to the premorbidly dominant hand.

Evaluation

The evaluation of writing in individuals with neu-
rological impairments is often part of a broader
language and cognitive assessment. No current
modality-specific formal test tool is available for
acquired agraphia. An evaluation of adult writing
must first include information regarding educa-
tional level, premorbid reading level, visual abil-
ity (e.g., access to glasses if needed), and
observations of any dominant hand paresis/paral-
ysis/praxis. If the evaluation is proceeding with an
unimpaired dominant limb, then the focus can be
primarily on linguistic features. However, if either
an impaired dominant limb or use of unimpaired
nondominant limb is used, then consideration
must be given for slow productions, poor legibil-
ity, and possible apraxic-type errors. In some
cases, keyboard writing can be assessed particu-
larly if the individual used a keyboard
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premorbidly. In addition, access to premorbid
handwriting samples is beneficial for identifica-
tion of change in ability via comparisons
(Papathanasiou and Cséfalvay (2013).

To evaluate word level spelling and determine
the agraphia subcategory type(s), several tasks
should be included: spelling aloud, written spell-
ing of regular and irregular words, comparing
word class (content vs functor), and word length.
Input stimuli to test routes of processing include
written picture naming (pictorial visual), writing
to dictation (auditory), and manipulation of letters
(graphemic visual). The Johns Hopkins Univer-
sity Dyslexia and Dysgraphia Batteries (JHU Bat-
tery: Goodmann and Caramaaza 1986b, published
in Chapey 2008) is a word-only tool that includes
data on word frequency, word length, regular
vs. irregular spelling, and nonwords, but is pri-
marily dictated task.

To evaluate sentence level writing acquired dis-
orders, the tasks of writing to dictated sentences or
picture description are used in formal tests.
Researchers are also finding valuable diagnostic
information from narrative discourse samples,
using picture description, story retell, story scripts
from sequential picture, or generated essays (e.g.,
Groves-Wright et al. 2004; Mitzner and Kemper
2003; Neils et al. 1989; Pennebaker and Stone
2003, Nippold et al. 2005). Discourse samples
will provide information on ability to express con-
tent (information units) and demonstrate syntactic
and morphological forms and clausal complexity
and measures of semantic usage (number of words,
and type token ratio -TTR).

Standardized tests with writing
include:

subtests

* Boston Diagnostic Aphasia Examination-3
(Goodglass et al. 2001) — writing subtests
include person’s name, dictated letters and
numbers, abbreviations, one copied sentence,
the alphabet, dictated primer words, regular
and irregular spelling words, nonsense words
of irregular spelling, written picture naming of
objects and actions, functor words, morpho-
logical endings, functor loaded sentences, and
picture description of the Cookie Theft line
drawing.
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» Examining for Aphasia-4 (EFA-4; LaPointe
and Eisenson 2008) — writing subtests include
dictated letters, numbers, words, and short
sentences (six to eight words in length) and a
written narrative (either self-generated or
story-retell) based on a Beach scene line
drawing.

*  Multilingual Aphasia Examination 3rd Ed
(MAE-3; Benton et al. 1978) — writing subtest
includes word level only for oral spelling, dic-
tated words, and manipulation of tactile letters.

* Psycholinguistic Assessment of Language Pro-
cessing in Aphasia (PALPA: Kay et al. 1992) —
writing subtests include writing at word level
for word length, imageability and frequency of
words, grammatical class, morphological end-
ings, regularity, nonwords, and homophones
and option of written picture naming.

»  Western Aphasia Battery-R (WAB-R; Kertesz
2007) — writing subtests include dictated letters
and numbers, dictated words of increasing
length, irregular words and nonwords, one dic-
tated sentence, name and address, and written
description of a Picnic scene line drawing.

Treatment

Several behavioral treatment approaches have
shown positive outcomes in the rehabilitation of
agraphia (for reviews see Beeson and Henry 2008;
Murray and Clark 2015; Papathanasiou and
Cséfalvay 2013; Peach and Shapiro 2012). In
general, treatment is directed toward strengthen-
ing impaired processes and training the use of
compensatory strategies necessary to bypass the
functional deficit. Most evidenced-based practice
researches on clinical application of spelling inter-
vention are case studies. For example, one
approach involves phoneme-to-grapheme corre-
spondence learning (e.g., Beeson et al. 2010;
Tsapkini and Hillis 2013).

Treatment programs also include hierarchical
cueing, with the intention of providing cues to
trigger accessing at the graphemic, phonologic,
or semantic level (e.g., cue to the grapheme,
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visual shape of word, or provide letter ana-
grams) (Murray and Clark 2015). To address
peripheral dysgraphia or visual perceptual diffi-
culties, clinicians can employ techniques such as
using prompts (e.g., lined paper), encouraging
print or typing in lieu of handwriting, verbal
cues to attend to left visual field, or writing
prosthesis. Facilitated writing with technology
also provides functional abilities for use with
computer or tablets. Software and apps with
word prediction and cued choices (auditory and
visual) are growing in use, but research is
needed to demonstrate efficacy in the adult
populations (Dietz et al. Griffith 2011).
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Definition

Inability to determine by touch alone certain phys-
ical properties of an object such as its texture,
density (weight), or resistance to pressure, with
difficulties in perceiving size or shape is referred
to as amorphognosia. While perhaps seeming a bit
artificial, according to Bauer and Demery (2003),
the distinction between ahylognosia and
amorphognosia apparently traces back to 1935
when a French neurologist, Delay, divided
astereognosis into two subtypes of deficits:
amorphognosia, which was defined as a difficulty
in recognizing the size or shape of an object by
touch, and ahylognosia, which was described as a
failure to differentiate the “molecular qualities” of
an object, such as its density, weight, thermal
conductivity, or roughness. Delay also defined a
third type of astereognosis, tactile asymboly,
which was characterized as the inability to iden-
tify an object by touch in the absence of
amorphognosia and ahylognosia. These same dis-
tinctions were followed by Critchley (1969) and
continue to be used by more recent authors (Bauer
and Demery 2003). Hecaen and Albert (1978) in
their book, Human Neuropsychology, attempted
to explain these distinctions by suggesting that
ahylognosia was “the loss of the capacity to
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differentiate structural components of objects,
resulted from impairment of intensity analyzers.”
By contrast, amorphognosia, was thought to
reflect “the loss of the capacity to differentiate
forms, resulted from impairment of the analyzers
of extent.” Because determining any of these qual-
ities requires discriminatory judgments, in the
absence of more elementary tactual defects, such
disturbances suggest pathology involving the
somatosensory areas of the parietal lobe.

Cross-References

Amorphognosis
Astereognosis
Tactile Agnosia

References and Readings

Bauer, R. M., & Demery, J. A. (2003). Agnosia. In
K. Heilman & E. Valenstein (Eds.), Clinical Neuropsy-
chology (4th ed., pp. 236-295). New York: Oxford Uni-
versity Press.

Critchley, M. (1969). The parietal lobes. New York:
Hafner Publishing Co.

Delay, J. (1935). Les astereognosis. Pathologie due
Toucher, Clinque, Physiologie, Topographie. Paris:
Masson.

Hecaen, H., & Albert, M. L. (1978). Chapter 6, Disorders
of somesthesis and somatognosis. In Human neuropsy-
chology. New York: Wiley.

Akathisia

Anna DePold Hohler' and Marcus Ponce de
Leon?

"Boston University Medical Center, Boston,
MA, USA

*Madigan Army Medical Center, Tacoma,
WA, USA

Synonyms

Restlessness
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Definition

Akathisia is a syndrome characterized by unpleasant
sensations of inner restlessness that manifests itself
with an inability to sit still or remain motionless.

Current Knowledge

It is most often seen as a side effect of medica-
tions, mainly neuroleptic antipsychotics. Patients
may have difficulty describing their symptoms,
leading to a misdiagnosis of anxiety and worsen-
ing of the condition upon treatment with neuro-
leptic antipsychotic agents. Several medications
have been used to treat the condition, including
benztropine and beta-blocking agents. With-
drawal of the offending agent is often most effec-
tive. It may be seen with Parkinson’s disease.
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Akelaitis, Andrew John
Edward (“A.J.”) (1904-1955)

Michael J. Larson and Joseph E. Fair

Brigham Young University, Provo, UT, USA
Major Appointments

* Dr. A.J. Akelaitis began his career as an assis-

tant professor in the Department of Medicine,
Division of Psychiatry, at the University of
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Rochester School of Medicine and Dentistry.
At the same time, he also held appointments at
the clinics of the Strong Memorial and Roch-
ester Municipal Hospitals in Rochester,
New York. He left these appointments to
serve in the Navy during World War IL
Following his service in the war, Dr. Akelaitis
worked as an Assistant Professor of Neurology
atthe New York Medical College and Assistant
Professor of Clinical Medicine in Neurology at
Cornell University Medical College. He also
served as the attending neuropsychiatrist at
Mount Vernon (New York) Hospital and on
the staff of the Bellevue Hospital and the
New York Hospital.

Major Honors and Awards

* Dr. Akelaitis was a Fellow of the American
Psychiatric Association. He was specialty cer-
tified by the American Board of Psychiatry and
Neurology and held membership appointments
in the American Medical Association, the
New York State Medical Society, the
New York Society for Clinical Psychiatry,
and the New York Neurological Society.

Landmark Clinical, Scientific, and
Professional Contributions

* Dr. AJ. Akelaitis is best known for his observa-
tions of patients who underwent sectioning of
the corpus callosum (i.e., “split-brain” patients).
Beginning in the late 1930s, the neurosurgeon
Dr. William P. van Wagenen pioneered surgical
sectioning of the corpus callosum for the treat-
ment of intractable epilepsy (Mathews et al.
2008). Dr. Akelaitis worked closely with
Dr. van Wagenen and performed pre and post-
operative tests of cognitive and neurological
functioning on many of these individuals.
According to Akelaitis’ reports, patients who
underwent callosotomy surgery largely did not
show lasting changes in cognitive, intellectual,
or motor functioning, although their seizure
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activity was consistently alleviated. For nearly
two decades, Akelaitis’ reports of largely normal
functioning after callosotomy perpetuated the
generally accepted belief that sectioning the cor-
pus callosum did not impact cognitive or motor
functioning in humans.

Despite his reports of few neurological changes
following callosotomy, Akelaitis noted periodic
cases with hemiplegia and praxic disturbances.
He was slow, however, to include the sectioning
of the corpus callosum in his explanations for
these changes; rather, he attributed the symp-
toms to unintended operative damage to adjacent
cortical areas. In some cases, postoperative
symptoms were seen as exacerbations of pre-
callosotomy characteristics or were attributed
to preexisting and/or postoperative psychologi-
cal or behavioral factors. Further, many of the
symptoms observed by Akelaitis were transient
and consequently not considered to be conclu-
sively linked with callosal sectioning
(Sauerwein and Lassonde 1996).

Several factors most likely influenced
Akelaitis’ reports of minimal neurological
changes following callosotomy surgery. First,
the majority of patients Akelaitis observed did
not have complete callosotomies, nor were
neurosurgical procedures well standardized at
the time. Of the 28 patients he studied, only
one third were reported to have undergone
“complete” callosal sectioning, with the
remainder “nearly complete” or “partial” sec-
tioning (Bogen 1995). The patients with only
partially sectioned callosal fibers undoubtedly
continued to have interhemispheric transmis-
sion, thereby contributing to Akelaitis’ find-
ings of generally intact functioning. Next,
emerging research at the time reported no cog-
nitive changes following sectioning of the cor-
pus callosum. For example, Walter Dandy
stated in 1936 that when “the corpus callosum
is split longitudinally. . . no symptoms follow
its division. This simple experiment at once
disposes of the extravagant claims to the func-
tions of the corpus callosum” (see Zaidel et al.
2003). Finally, Akelaitis lacked the technolo-
gies, such as the tachistoscope used by his
successors, to present stimuli to one visual
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field. Such technology would possibly have
given him insight into the specialization of
the two hemispheres and interhemispheric
transfer of information via the corpus callosum
(Mathews et al. 2008).

* Despite his contributions as one of the first indi-
viduals to study neurological functioning fol-
lowing callosotomy, Akelaitis has been
criticized for employing insensitive or inade-
quate testing procedures. However, reviews of
his cases have confirmed that his patients did
exhibit what are now considered typical symp-
toms, although his explanations for these mani-
festations, while consistent with much of the
research of the time, were often inadequate
(Sauerwein and Lassonde 1996). In the 1950s
and 1960s, researchers including Roger Sperry,
Michael Gazzaniga, Norman Geschwind, Edith
Kaplan, and Joseph Bogen began to publish
articles involving callosotomies in animals and
humans, which contradicted many of Akelaitis’
findings. This sparked renewed interest in the
function of the corpus callosum and eventually
earned Sperry the Nobel Prize in 1981.

¢ Through the course of his short career,
Dr. Akelaitis made significant contributions
toward research on the corpus callosum and
advanced the treatment of intractable epilepsy.
He also published articles regarding the psy-
chiatric aspects of myxedema (severe hypo-
thyroidism), hereditary and vascular cerebral
atrophy, lead encephalopathy, acute demyelin-
ating processes (multiple sclerosis), and Pick’s
disease.

Short Biography

Andrew John (“A.J.”) Akelaitis was born in Balti-
more, Maryland, on July 11, 1904. He studied
medicine at Johns Hopkins University and received
his M.D. in 1929. In the early 1930s, he practiced
clinical neurology in Rochester, New York. He
subsequently became an Assistant Professor of
Medicine at the University of Rochester School of
Medicine and Dentistry. Dr. Akelaitis joined the
Navy during World War Il where he served with
distinction at the rank of Commander. He married
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the former Victoria Chesno. The couple had one
son, Andrew, and a daughter, Lillian. Akelaitis died
at the New York Hospital on November 24, 1955 at
the young age of 51.
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Akinesis

Douglas I. Katz
Department of Neurology, Boston University
School of Medicine, Braintree, MA, USA

Synonyms

Akinesia; Akinetic

Definition

Akinesis is an absence or paucity of movement,
resulting from an abnormal motor control. It is a
problem that may occur in Parkinson’s disease
when patients develop freezing or inability to
initiate movement. It may also occur as a result
of a paralyzed muscle, such as with an anesthetic
nerve block.

Cross-References

Action-Intentional Disorders
Akinetic Mutism
Bradykinesia

Parkinson’s Disease

Akinetic Mutism

Michael S. Mega
Center for Cognitive Health, Portland, OR, USA

Synonyms

A spectrum of motivational impairment has abulia
at one end and akinetic mutism at the other. Coma
vigil is not akinetic mutism; it arises when a
comatose patient regains the sleep-wake cycle,
eyes open during the day and closed during
sleep at night, usually after 2 weeks of a brain
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lesion that produces irreversible coma. Coma vigil
is also referred to as a persistent vegetative state.
When brain lesions disconnect all descending
motor output but preserve conscious awareness
the patient is said to be locked in. In akinetic
mutism, patients still respond to their internal
and external environment — and thus are not in
coma, and they are not locked in since they can
accomplish motor output, given sufficient
motivation.

Short Description or Definition

The fully formed akinetic mute state usually
results from bilateral anterior cingulate lesions
(Fig. 1). Patients are profoundly apathetic,
incontinent, and akinetic. They do not initiate
eating or drinking and if speech occurs, it is
restricted to terse responses. They seem awake,
visually tracking objects, but displaying no emo-
tions — even during painful circumstances, they
remain indifferent. The akinetic mute state also
results from bilateral subcortical paramedian
diencephalic and midbrain lesions possibly
affecting the ascending reticular core, medial
forebrain bundles, and isolated bilateral globus
pallidus lesions.

Akinetic Mutism,

Fig. 1 Arrows show the
left greater than right
anterior cingulate lesions
due to bilateral anterior
cerebral artery (4CA)
ischemic stroke. Bilateral
ACA lesions usually result
in death due to loss of all
limbic motivational input to
prefrontal cortex

Categorization

When anterior cingulate lesions are bilateral, lim-
bic, cognitive, and motor activation is disrupted
producing profound akinetic mutism. Loss of
ascending input from the reticular core, due to
bilateral lesions of the medial forebrain bundle,
may also produce akinetic mutism. Rarely are
complete bilateral lesions seen in humans, more
frequently partial circuit disruption results in a
graded loss in motivation depending upon which
circuit is damaged.

Five frontal-subcortical circuits have been
named according to their function or cortical site
of origin: the motor circuit, originating in the sup-
plementary motor area, and the oculomotor circuit,
originating in the frontal eye fields, are dedicated to
motor function. The dorsolateral prefrontal, lateral
orbitofrontal, and anterior cingulate circuits support
executive cognitive functions, personality, and
motivation, respectively (Mega and Cummings
1994). Each of the five circuits has the same mem-
ber structures: the frontal lobe, striatum, globus
pallidus, substantia nigra, and thalamus. There is a
progressive spatial compaction of the circuits as
they travel through the basal ganglia. A lesion any-
where along the path of a circuit will produce the
same clinical result but only in the globus pallidus
interna are all the frontal-subcortical circuits in such
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a compact spatial volume that a relatively small
lesion can have profound effects.

Epidemiology

Akinetic mutism is exceedingly rare when perma-
nent, since a bilateral lesion is necessary and
usually results in death. Unilateral anterior cere-
bral artery (ACA) strokes are the usual cause of
transient akinetic mutism, but ACA strokes only
make up 1% of all cerebral vascular lesions.

Natural History, Prognostic Factors, and
Outcomes

The natural history of akinetic mutism, when it
arises from a unilateral lesion, is usually a 2-week
period of gradual improvement from the fully
formed syndrome to near-complete recovery pre-
sumably enabled by contralateral limbic activa-
tion gaining access to deafferented networks. The
outcome from bilateral lesions is usually death,
given no ability for cross-hemispheric motivation.
Thus, prognosis will rely upon neuroimaging
documenting the extent of the lesion.

Neuropsychology and Psychology

Extracingulate connections support a segregation
of the cingulate into functional subregions (for a
complete discussion of these circuits, Cingulate
Gyrus). Paralleling the general distinction
between posterior granular sensory cortices and
anterior agranular executive cortices, the anterior
cingulate can be considered an executive region
for affective motivation and cognition, while the
posterior cingulate, with its prominent granular
layer IV receiving sensory input, is engaged in
visuospatial and memory processing. The inter-
connections between the anterior and posterior
cingulate allow for regulatory control by the ante-
rior executive effector regions over posterior sen-
sory processing and reciprocal modulation of that
regulatory input by the posterior cingulate.
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Three anterior effector regions include a vis-
ceral effector region inferior to the genu of the
corpus callosum encompassing area 25, the ante-
rior subcallosal portions of 24a-b, and 32; a cog-
nitive effector region that includes most of the
supracallosal area 24, and areas 24a’-b’ and 32';
and a skeletomotor effector region within the
depths of the cingulate sulcus, that includes
areas 24¢'/23c¢ on the ventral bank, with 24cg
and 6¢ on the dorsal bank. These three cingulate
effector regions integrate ascending input
concerning the internal milieu of the organism
with visceral motor systems, cognitive-attentional
networks, and skeletomotor centers to produce the
affective motivation necessary for the organism’s
engagement in the environment.

Circumscribed lesions in humans are rarely
confined to one region of the cingulate. With an
anterior lesion, the cognitive, skeletomotor, and
visceral effector regions are often affected. Bilat-
eral lesions result in an akinetic mute state. The
loss of spontaneous motor activity results when
the lesion involves the supplementary motor area
and the skeletomotor effector region. When these
two motor regions are spared, motor activity will
be normal but the patient will demonstrate pro-
found indifference, docility, and the loss of moti-
vation to engage in a task. They can be led by the
examiner to engage in a task but will fail to self-
generate sustained directed attention. They lack
cognitive motivation.

The role of the anterior cingulate as a cognitive
effector is appreciated within the realm of lan-
guage. Language, a cognitive function, is distin-
guished from the motor function of speech.
Transcortical motor aphasia (TCMA) is the usual
result of left anterior medial or anterior dorsolat-
eral prefrontal lesions. The classic syndrome of
TCMA is initial mutism that resolves in days to
weeks, yielding a syndrome featuring delayed
initiation of brief utterances without impaired
articulation, excellent repetition, inappropriate
word selection, agrammatism, and poor compre-
hension of complex syntax. Activation of dorso-
lateral prefrontal cortices enabling language and
speech arises from two sources: the anterior cin-
gulate and the supplementary motor area (with the
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cingulate skeletomotor region). When the execu-
tive prefrontal cortex (areas 9, 10, and 46) is
disrupted, cognitive language deficits are promi-
nent (TCMA, type I); when motor neurons in area
4, devoted to the speech apparatus, are discon-
nected from their activation, speech hesitancy
and impoverished output ensues (TCMA, type
IT). These two functional realms are separable
and can be disconnected anywhere along two
pathways. Direct damage to the supplementary
motor area or its outflow to the motor cortex
traveling in the anterior superior paraventricular
white matter will produce TCMA type II. Direct
damage to the anterior cingulate, its outflow to
areas 9, 10, and 46, or to the caudate — via the
subcallosal fasciculus, just inferior to the frontal
horn of the lateral ventricle — will disrupt frontal-
subcortical circuits involved in motivation and
executive cognitive function. The initial muteness
has been described by a patient after recovery
from an anterior cingulate/supplementary motor
infarction as a loss of the “will” to reply to her
examiners, because she had “nothing to say,” her
“mind was empty,” and “nothing mattered”
(Damasio and Van Hoesen 1983).

The loss of will to initiate a motor function
results from supplementary motor or cingulate
skeletomotor region damage, while poor initiation
of a cognitive process results from lesions in
supracallosal cingulate areas. Loss of emotional
vigilance ranging from flattened affect to neglect
can be produced by surgery in this region. Ante-
rior cingulate lesions in monkeys — difficult sub-
jects in which to evaluate subtle behavioral
changes — produce either no observable change
or result in a transient stupor with ensuing leth-
argy, tameness, disturbed intraspecies social
behavior, and decreased pain sensitivity (Pribram
and Fulton 1954). Removal of the anterior cingu-
late (areas 24 and 32) in humans (cingulectomy)
has been employed as a treatment for epilepsy,
psychiatric, and pain disorders.

The cingulum bundle has also been the site of
surgical lesions (cingulumotomy when only the
bundle is transected, or cingulotomy when cin-
gulate cortex is also removed) to treat psychiat-
ric and pain disorders. The cingulum contains
the efferents and afferents of the cingulate to the
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hippocampus, basal forebrain, amygdala, and all
cortical areas, as well as fibers of passage
between hippocampus and prefrontal cortex,
and from the median raphe to the dorsal hippo-
campus. Surgical ablation of the anterior portion
(sparing fibers relevant to memory function) is
most successful when treating aggression,
extreme anxiety, obsessive-compulsive behav-
iors, and severe pain. Psychotic symptoms
show only a temporary response. The only pro-
spective long-term follow-up of patients under-
going supracallosal anterior cingulotomy for the
treatment of medically refractory obsessive-
compulsive disorder revealed a clear response
in 28% and a partial response in 17% (Baer et al.
1995). Including the subcallosal anterior cingu-
late/medial orbital cortex may provide the best
result in treating the refractory obsessive-com-
pulsive patient (Hay et al. 1993) due to the
elimination of the visceromotor aspects of the
disorder. Postsurgical personality changes are
subtle after the acute attentional disorder
resolves. Although formal cognitive testing is
unaltered, affect is flattened. Motivation for pre-
vious enjoyments, such as reading, hobbies, and
even spectator sports, is lost (Tow and Whitty
1953) subtle changes that reflect the loss of
higher cognitive motivation. The three anterior
cingulate regions, by virtue of the distinct func-
tional systems they coordinate, are the conduits
through which limbic motivation can activate
feeling, thought, and movement — partial lesions
produce partial aspects of the akinetic mute state
depending upon their location.

Subcortical lesions can also produce the fully
formed syndrome. Carbon monoxide poisoning
with resultant apathy and placidity was described
in a patient with a ventral pallidal lesion who also
had hypoperfusion on single photon emission
computed tomography (SPECT) predominately
in the cingulate bilaterally (Mori et al. 1996).
Hypometabolism on '*F-fluorodeoxyglucose pos-
itron emission tomography (FDG-PET) in frontal
cortex has also resulted from pallidal lesions
(Laplane et al. 1989) disconnecting their cortical
targets. Yet, when pallidal lesions result from car-
bon monoxide poisoning, microscopic cortical
lesions may contribute to the functional imaging
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abnormalities. Ventral extension of a pallidal
lesion appears to disconnect the anterior cingulate
circuit, in nonhuman primates and humans (Mega
and Cohenour 1997), from limbic drive. Bilateral
paramedian or anterior thalamic lesions
(Nagaratnam et al. 2004) caudate (Grunsfeld and
Login 2006) or putamen (Ure et al. 1998) lesions
will also disrupt the anterior cingulate frontal-
subcortical circuit.

Evaluation

Evaluation of the patient suspected of suffering
from akinetic mutism is to first rule out other
causes of possible unresponsiveness.
Documenting the response to first verbal stimuli,
and then sensory stimuli, will provide evidence
for or against coma. Patients in coma will not
respond to internal (e.g., hunger) or external (e.
g., pain) stimuli. All patients who survive the
myriad of insults producing coma will regain the
sleep-wake cycle and will eventually open their
eyes spontaneously. They are then described as
being in a persistent vegetative state. The locked-
in patient will blink to command and can be taught
to use blinking as a form of communication. The
patient with akinetic mutism will respond to stim-
uli but will not initiate an unprovoked response.
When any patient with limited response is
encountered, a brain imaging study is required in
their evaluation.

Treatment

Time is the best treatment for unilateral lesions
producing akinetic mutism since after the acute
phase of the lesion (4—6 weeks) the patients usu-
ally recover limbic activation from unaffected
regions. When subcortical lesions destroy ascend-
ing dopaminergic fibers in the medial forebrain
bundle, patients may respond to dopaminergic
agonist (Psarros et al. 2003), or paradoxically
antagonists of the D2 receptor (Brefel-Courbon
et al. 2007) and GABA activation (Spiegel et al.
2008), perhaps due to blocking feedback-loop
inhibition.
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Synonyms

Alcoholism; Binge drinking; Excessive alcohol
use

Short Description or Definition

Alcohol abuse refers to a “maladaptive pattern of
alcohol [use] leading to clinically significant
impairment or distress.” The DSM-5 criteria for
substance use disorders as applied to alcohol
abuse are presented below.

DSM-5 Criteria for Alcohol Use Disorder

1. A minimum of 2-3 criteria is required for a
mild substance use disorder diagnosis, while
4-5 is moderate and 6-7 is severe (APA 2013):
» Taking alcohol in larger amounts and for
longer than intended

*  Wanting to cut down or quit but not being
able to do it

» Spending a lot of time obtaining alcohol

Alcohol Abuse

» Craving or a strong desire to use alcohol

* Repeatedly unable to carry out major obli-
gations at work, school, or home due to
alcohol use

» Continued use despite persistent or recur-
ring social or interpersonal problems caused
or made worse by alcohol use

+ Stopping or reducing important social,
occupational, or recreational activities due
to alcohol use

» Recurrent use of alcohol in physically haz-
ardous situations

+ Consistent use of alcohol despite acknowl-
edgment of persistent or recurrent physical
or psychological difficulties from using
alcohol

* Tolerance as defined by either a need for
markedly increased amounts to achieve
intoxication or desired effect or markedly
diminished effect with continued use of the
same amount

» Withdrawal manifesting as either character-
istic syndrome or alcohol is used to avoid
withdrawal

Although alcohol abuse is diagnosed primarily by
observed or reported impairment and distress
related to alcohol use, the Dietary Guidelines for
Americans recommends no more than one drink
per day for women and two drinks per day for men
(USDA 2005).

Categorization

In the DSM-5, alcohol abuse and dependence are
combined into alcohol use disorder (AUD) with a
severity specifier from mild to severe (DSM-5
2013). Individuals with AUD may continue to
drink despite awareness of the potential negative
physical, social, and legal consequences.

Epidemiology
Alcohol abuse is associated with diseases of the

liver, hypertension, neurological damage, and car-
diac diseases such as heart failure. In 2000,
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alcohol abuse was responsible for 85,000 deaths
in the USA. National data suggest that the preva-
lence of DSM-IV-TR alcohol abuse (not including
alcohol dependence) was 4.65% in 2001-2002
(Grant et al. 2004). More recent data on 12-
month and lifetime prevalence on AUD (which
combines abuse and dependence diagnoses) was
13.9% and 29.1%, respectively. Being male,
white, Native American, younger, low income,
and having a disability has been associated with
AUD prevalence. Approximately one out of five
individuals with AUD has ever been treated
(Grant et al. 2015). It appears that alcohol abuse
is generally more severe with earlier onset in age
of alcohol use (Grant et al. 2001). Results from a
national survey suggest that close to one fifth of
adolescents and adults engaged in binge drinking
one or more times within the last 30 days (US
DHHS 2002).

Natural History, Prognostic Factors, and
Outcomes

In The Natural History of Alcoholism Revisited,
George Vaillant (1995) described alcohol depen-
dence as a condition of gradual onset over
5-15 years of continuous alcohol abuse. He
found that the average age of onset was 29 years
among a cohort of delinquent youth and 41 among
a higher-educated group. In the cohorts that
Vaillant (1995) studied, the prevalence of alcohol-
ism increased until age 40 and then declined at a
rate of 2-3% per year thereafter.

Potential risk factors for alcohol abuse in ado-
lescence and early adulthood include being in
areas of high availability and accessibility, early
alcohol use (DeWit et al. 2014), sensation seeking
and low harm-avoidance in youth, family history
of alcohol abuse, liberal family attitude toward
alcohol use, lack of family closeness, and early
behavioral problems (Hawkins et al. 1992).
Another risk factor appears to be comorbid mental
disorders. Epidemiological data suggest that 37%
of people who have an alcohol disorder also have
another mental disorder (Regier et al. 1990),
emphasizing the importance of mental and behav-
ior health screening.
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In Vaillant (1995) delinquent youth cohort, by
age 70, 54% had already died, 32% were absti-
nent, 12% were still abusing alcohol, and 1% were
controlled drinkers (i.e., drinking but not
abusing).

In terms of prognostic factors, Vaillant (1995)
suggests that those who achieve “long-term sobri-
ety usually [are characterized by] (1) a less harm-
ful, substitute dependency; (2) new relationships;
(3) sources of inspiration and hope; and (4)
experiencing negative consequences of drinking.”
From a neurobiological perspective, a pattern of
long-term structural damage with region-specific
recovery is observable in alcoholics who have
achieved long-term abstinence (O’Neill et al.
2001). Neuropsychologically, early gains from
abstinence include improved short-term memory
and visuospatial, attentional, and balance abilities
(Sullivan et al. 2000).

Neuropsychology and Psychology of
Alcohol Abuse

In a review of the literature of neuropsychological
deficits in chronic alcohol abusers, Chelune and
Parker (1981) found patterns of neurological dam-
age such as cerebral atrophy, ventricular enlarge-
ment, and decreased cerebral blood flow.
Approximately 10% of chronic alcohol abusers
have neurocognitive deficits commensurate with
diagnoses of alcohol-related amnesia or dementia.
A large portion of those without diagnosable
neurocognitive deficits still evince disturbed neu-
ropsychological performance (Rourke and Grant
2009). Alcoholics generally function in the aver-
age to above average range on IQ tests with con-
sistently lower performance 1Q (PIQ) scores
relative to verbal IQ (VIQ). Their PIQ scores are
similar to those of persons with brain damage,
whereas VIQ scores are comparable with those
of normal controls (Chelune and Parker 1981;
Rourke and Grant 2009). However, this discrep-
ancy is not diagnostic of alcoholism. Within the
Wechsler subtests, Block Design appears to be the
most frequently impaired relative to normal con-
trols in all studies reviewed. Block Design impair-
ment has been cited as an effective discriminator
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between alcoholics and nonalcoholics. Object
Assembly and Digit Symbol were also impaired
relative to normal controls in more than 3/4 of the
studies. Other tests that have revealed impairment
in alcoholics include the Category Test, Wiscon-
sin Card Sorting Test, Raven’s Progressive Matri-
ces, Shipley-Hartford Abstract Age, and other
tests of abstract thinking. Alcoholics also gener-
ally perform poorly on Part B of the Trail Making
Test relative to matched control groups (Chelune
and Parker 1981).

Overall, the most consistently impaired neuro-
psychological domains include verbal and non-
verbal learning and perceptual motor skills.
More broadly, most reviews conclude that
abstraction-executive abilities are impaired
among alcohol abusers (Rourke and Grant
2009). Despite the consistency of these neuropsy-
chological findings, many of the samples from
these studies are recently detoxified adults. Grant
and Adams (2009) point out that neuropsycholog-
ical recovery typically occurs following the first
year — and perhaps more — of detoxification.

Although the exact mechanisms of these neu-
ropsychological deficits are not known, some of
the major hypotheses attempting to explain these
deficits have been (Chelune and Parker 1981):

1. Chronic alcohol abuse results in premature
aging of the brain.

2. Chronic alcohol abuse leads to global general-
ized CNS dysfunction.

3. Chronic alcohol abuse differentially disrupts
the right hemisphere of the brain.

4. Chronic alcohol abuse exerts its detrimental
effect on the anterior-basal regions of the brain.

5. Chronic alcohol abuse produces a generalized
CNS impairment that is particularly disruptive
of the frontoparietal association areas of the
brain.

More recent neural hypotheses of the mecha-
nisms of neuropsychological deficits include
reduced regional blood flow to the frontal lobes,
reduction in metabolites (e.g., NAA) that indicate
lack of neuronal integrity, and frontal-striatal and
cerebellar dysfunction manifesting as loss of
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dendritic arbor (Rourke and Grant 2009). Grant
and Adams (2009) note that molecular mechanisms
of the influence of chronic alcohol abuse on neuro-
psychological functioning are largely unknown.

Evaluation

A common screening tool for alcohol abuse is the
CAGE questionnaire (Ewing 1984; see An even
briefer CAGE Questionnaire, Table B).The
CAGE is highly effective at identifying problem
drinkers among adults (Bernadt 1982). Two “yes”
responses on the CAGE indicate that the respon-
dent should be investigated further. The question-
naire asks the following questions:

* Have you ever felt you needed to Cut down on
your drinking?

* Have people Annoyed you by criticizing your
drinking?

* Have you ever felt Guilty about drinking?

* Have you ever felt you needed a drink first
thing in the morning (Eye-opener) to steady
your nerves or to get rid of a hangover?

Other brief assessments for alcohol abuse
include the POSIT and CRAFFT for adolescents
(Knight et al. 2003), the Michigan Alcoholism
Screen Test (MAST) for adults (Magruder-Habib
etal. 1993), and the AUDIT-C for both adults and
adolescents (Bush et al. 1998). According to
Fiellin et al. (2000), the CAGE and the AUDIT
are the superior screening instruments in primary
care settings compared with other alcohol abuse
screeners and other clinical methods. The CAGE
is superior at detecting diagnosable abuse and
dependence, and the AUDIT is superior at
detecting at-risk and harmful drinking (Fiellin et
al. 2000). AUDIT-C has been shown to be effec-
tive in screening for alcohol use disorder in DSM-
5 (Dawson et al. 2012).

Treatment

Treatment ranges from support groups to rehabil-
itation centers. Treatments of alcohol abuse
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appear to be largely psychosocial. In a systematic
review, brief psychosocial interventions among
primary care patients were found to be effective
at reducing alcohol consumption (Kaner et al.
2007). Although well-known support groups
such as Alcoholics Anonymous (AA) have been
helpful to many people and likely constitute the
most accessible form of treatment, evidence has
not supported AA’s effectiveness at reducing alco-
hol problems (Ferri et al. 2006). Medical treat-
ments of alcohol abuse focus on reducing
craving. Naltrexone (Chick et al. 2000) and
acamprosate (Garbutt et al. 1999) have been
found to be effective at reducing craving. How-
ever, most medications are aimed at dependence,
not abuse symptoms. A common framework
called SBIRT (screening, brief intervention, and
referral to treatment) has shown promising out-
comes toward a population-based management
approach of AUD (Babor et al. 2007). Secondary
effects of alcohol abuse, such as Wernicke-
Korsakoff syndrome, can be treated through mon-
itoring and infusion to correct for vitamin defi-
ciency (Isenberg-Grzeda et al. 2012); however,
longer-term neurocognitive consequences can
only be managed and can lead to placement in
long-term care facilities (Bommersbach et al.
2015).
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Synonyms

Alcoholism
Definition

This diagnosis no longer exists and has been
replaced by “Alcohol Use Disorder” in DSM-5

As described in DSM-1V, alcohol dependence is a
set of symptoms encompassing dysfunction in cog-
nitive, behavioral, and physiological domains
caused by continued alcohol use. A pattern of
repeated alcohol ingestion exists, resulting in
increasing amounts consumed in order to obtain
the desired effect (i.e., tolerance) and characteristic
symptoms if use is suddenly suspended (i.e., with-
drawal). There is a perceived loss of control over
drinking, exhibited by repeated failed attempts to
decrease or quit drinking. Individuals may spend
increasing amounts of time in drinking-related
behaviors without being able to stop, despite being
aware that drinking is causing, or exacerbating,
psychological or medical problems. Cognitive con-
sequences can include memory loss, difficulty
performing familiar tasks, poor or impaired judg-
ment, and problems with language.

Cross-References

Alcohol Abuse


http://www.oas.samhsa.gov/nhsda/2k1nhsda/vol1/Chapter3.htm
http://www.oas.samhsa.gov/nhsda/2k1nhsda/vol1/Chapter3.htm
https://doi.org/10.1007/978-3-319-57111-9_2107

Alcohol Use Disorders Indentification Test (AUDIT), The

Alcoholic Brain Syndrome
Substance Abuse

Substance Use Disorders
Wernicke-Korsakoff Syndrome

References and Readings

American Psychiatric Association. (1994). Diagnostic and
statistical manual of mental disorders (4th ed.).
Washington, DC: American Psychiatric Association.

Alcohol Use Disorders
Indentification Test (AUDIT),
The

Matthew P. Martens
University of Missouri, Columbia, MO, USA

Synonyms

AUDIT; AUDIT Alcohol Consumption Questions
(AUDIT-C)

Description

The Alcohol Use Disorders Identification Test
(AUDIT: Saunders et al. 1993) consists of ten
questions that assess quantity/frequency of alco-
hol consumption (e.g., number of drinks typically
consumed when drinking alcohol), symptoms of a
potential alcohol use disorder (e.g., frequency of
not engaging in expected activities due to alcohol
use), and specific problems associated with alco-
hol use (e.g., injuring someone else). It is not a
formal diagnostic measure but is used to identify
individuals who may be engaging in harmful alco-
hol use. Scores on each item range from O to 4,
with higher scores indicating more problematic
alcohol use. Scores of 8+ on the measure have
generally been used to identify individuals engag-
ing in potentially hazardous or harmful alcohol
use. The developers of the measure recommend
that those who exceed the screening threshold
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should be advised to consider cutting down
on their alcohol use and/or receive further in-
depth assessment (e.g., a structured diagnostic
interview).

Researchers and clinicians sometimes use
a shortened measure of the AUDIT that assesses
only alcohol consumption, the AUDIT-C (AUDIT
Alcohol Consumption Questions; Bush et al.
1998). The AUDIT-C consists of the first three
items of the full measure, which assess frequency
of alcohol use, typical number of drinks con-
sumed on a drinking day, and number of days
engaging in heavy drinking (64 drinks). The
brevity of the AUDIT-C makes it appealing as an
alcohol use screener in very busy clinical settings.
For example, the Veterans Administration uses the
AUDIT-C for annual routine alcohol screening
(Bradley et al. 2006), and those who exceed the
screening threshold (4+ for men, 34 for women)
are required to receive a brief alcohol counseling
session from their provider.

Historical Background

The Alcohol Use Disorders Identification Test
(AUDIT) is one of the most commonly used
measures to screen for at-risk alcohol use and is
available for public use. It was originally devel-
oped as part of a World Health Organization
initiative (Saunders et al. 1993), and has been
used extensively by researchers and clinicians
throughout the world. The original article detail-
ing its development has been cited in the Web of
Science Core Collection database over 3,000
times and in Google Scholar over 5,000 times.
The primary rationale for developing the AUDIT
was the need for a screening measure that iden-
tified problematic alcohol consumption at the
lower end of a severity continuum. Measures
that existed at the time, such as the Michigan
Alcoholism Screening Test (MAST) or the
CAGE, were reasonably effective at identifying
individuals with the most severe alcohol-related
problems. However, they were considerably less
effective at identifying those experiencing
milder alcohol-related problems that might be
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in an emerging phase. Without an effective
screening measure for less-severe alcohol-
related problems, it would be impossible to pro-
vide early intervention services that could inhibit
the development of a formal alcohol use disorder.
Researchers subsequently examined an even
shorter version of the AUDIT, the AUDIT-C,
due in part to logistical concerns about the will-
ingness of physicians and others in primary care
settings to administer a ten-item screening instru-
ment (Bush et al. 1998).

Psychometric Data

A vast array of research studies have examined
reliability and validity of scores on both the full
AUDIT and the AUDIT-C. Scores on the AUDIT
are consistently associated in the expected direc-
tion with other alcohol-related constructs, such as
alcohol cravings and drinking motives. Consider-
ing that the measure is designed to classify indi-
viduals into potential at-risk drinking categories,
it is particularly important to assess the accuracy
of cutoff scores on the measures. In general,
research has shown that both the AUDIT and
AUDIT-C have relatively high sensitivity (i.e.,
accurately identifying those with an alcohol use
disorder and/or who are engaging in high-risk
drinking) and specificity (i.e., accurately identify-
ing those without an alcohol use disorder and/or
who engage in low-risk drinking). For example, in
a national study of over 40,000 adults, a cutoff
score of 4+ on the AUDIT-C yielded sensitivity
values of 91.2 for alcohol dependence and 92.6
for at-risk drinking, with corresponding specific-
ity values of 80.2 and 92.0 (Dawson et al. 2005).
Similar findings have been reported for the full
AUDIT with specific at-risk subgroups, such as
young adults.

Clinical Uses

The AUDIT and its shortened version are excel-
lent measures to screen for at-risk alcohol con-
sumption and related problems in a variety of
settings, including those where individuals may

Alcohol Use Disorders Indentification Test (AUDIT), The

be experiencing neuropsychological problems.
The AUDIT or AUDIT-C has been used as a
screening measure when neuropsychological
researchers were interested in recruiting partici-
pants experiencing alcohol-related problems
(e.g., Houben et al. 2011), or when researchers
were interested in association between harmful
alcohol consumption and cognitive abilities
(e.g., following a brain injury, see Ponsford
et al. 2007, 2013). The full ten-item version
can be used in research settings and in clinical
settings where patients have more time to com-
plete assessment measures, and the three-item
AUDIT-C can be completed in less than a minute
and provide an accurate picture of an individ-
ual’s drinking risk. Cutoff scores on the AUDIT
can be easily adjusted to meet the needs of a
specific setting (e.g., using a lower cutoff score
to increase sensitivity and/or identify individ-
uals experiencing even mild alcohol-related
problems).

See Also

Alcohol Abuse
Alcohol Dependence
Michigan Alcoholism Screen Test
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Synonyms

Alcoholic dementia; Alcoholic hallucinosis;
Delirium  tremens; Korsakoff’s syndrome;
Wernicke-Korsakoff syndrome

Short Description or Definition

“Alcoholic brain syndrome” is a collection of
several syndromes associated with the acute or
chronic use of alcohol, resulting in significant
impairment on normal brain functioning (APA
Dictionary of Psychology 2007), also referred to
as alcohol-related dementia (ARD).

Categorization

As mentioned in the definition, alcoholic brain syn-
drome encompasses several syndromes (newly
named “major neurocognitive disorder (NCD)-sub-
stance/medication induced” in DSM-5):

1. Alcohol withdrawal delirium (ICD-9):
A reversible condition that develops after
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cessation of chronic, extreme alcohol
intake. Symptoms include disturbed con-
sciousness (e.g., disruption in attention/
concentration) and disruption in memory,
orientation, and language beyond what
would be expected from typical alcohol
withdrawal.

. Alcohol-induced persisting dementia (ICD-9):

A chronic condition that includes multiple cog-
nitive deficits as a result of prolonged alcohol
abuse. Cognitive areas generally impaired
include memory, speech, motor/sensory func-
tions, and executive functions. Global impair-
ment in intellectual functioning evolves
gradually over time.

. Alcohol-induced persisting amnestic disorder

(ICD-10): A persistent disturbance in memory
functioning caused by chronic alcohol abuse.
Memory impairment is severe enough to cause
significant disturbance in occupational or
social functioning.

. Wernicke's encephalopathy (WE) (ICD-10):

A syndrome resulting from chronic alcohol-
ism leading to nutritional deficiency (i.e.,
vitamin B1 [thiamine]) and characterized by
acute confusion, ataxia, sluggish pupillary
reflexes, nystagmus, and memory deficits.
The syndrome can result in coma or death.
Lesions are centered in the midbrain, cerebel-
lum, and diencephalon.

. Korsakoff's syndrome (ICD-10): This condi-

tion often follows episodes of WE. Thiamine
deficiency, as a result of chronic, severe alco-
hol abuse, leads to a dense anterograde and
retrograde amnesia. Patients with Korsakoff’s
syndrome can store information for only a few
seconds before they forget it. The resulting
amnesia is thought to be due to damage in the
mammillary  bodies and anterior or
dorsomedial nuclei (or both) of the thalamus.
Another common feature is confabulation, in
which the patient recounts detailed and con-
vincing memories for events that have never
happened.

. Alcohol-induced psychotic disorder (ICD-10):

A condition involving the presence of delu-
sions and/or hallucinations due to the physio-
logical effects of alcohol.
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Epidemiology

Up to two million alcoholics have developed per-
manent and debilitating conditions that require
lifetime custodial care. A number of factors influ-
ence how and to what extent alcohol affects the
brain. These include the age at which the person
started drinking, duration of drinking, amount of
alcohol consumed, drinking style/pattern,
patient’s age, education, genetic background,
family history of alcoholism, neuropsychiatric
risk factors (e.g., prenatal alcohol exposure), and
general health status. Studies comparing men and
women’s sensitivity to alcohol-induced brain
damage have not been conclusive. Of all cases
of dementia, ARD accounts between 4% and
20%.

Poor nutrition has been a major contributor to
the development of alcohol-induced brain dam-
age. Up to 80% of alcoholics have a deficiency in
thiamine (i.e., vitamin B1). This vitamin is an
essential nutrient required by all tissues including
the brain. Some of these people will progress to
WE. Approximately 80-90% of alcoholics with
Wernicke’s develop Korsakoft’s psychosis, which
is more prevalent in men aged 45-65. Women
who develop this condition tend to do so at a
younger age (i.e., 35-55).

Natural History, Prognostic Factors, and
Outcomes

Wernicke ‘s encephalopathy is a medical emer-
gency and requires immediate treatment, as it can
lead to death in approximately 20% of untreated
cases. Symptoms can develop within hours and
can be easily missed as many mimic intoxication.
If treatment is given in time, usually through the
administration of thiamine, progression of symp-
toms can be slowed or stopped. Ocular abnormal-
ities usually recover within a few days to a few
weeks, but ataxia takes 1-2 months longer to
resolve. The acute confusion/delirium usually
improves within 1-2 days after the treatment but
may take 1-3 months to completely clear.

If treatment is not provided, then irreversible
brain damage, or even death, is possible. Of those
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who survive, approximately 85% develop
Korsakoff’s syndrome. However, not every per-
son who develops Korsakoff’s syndrome has a
previous episode of Wernicke’s. Some will
develop Korsakoft’s gradually with either no
known history or brief episodes of Wernicke’s.
Some patients are initially comatose or semicon-
scious and only when the acute disorder has
resolved is the underlying Korsakoff’s syndrome
manifests. These patients are still susceptible to
developing Wernicke’s, especially if drinking
were to continue.

Loss of some cognitive functions including
memory in Korsakoff’s syndrome may be perma-
nent. Once the patient has developed Korsakoff’s,
the treatment strategies are not clear. However, it
is important for patients to remain abstinent from
alcohol. Depending on the degree of memory and
executive function impairment, and availability of
family support, patients with Korsakoft’s may
require long-term custodial care.

Neuropsychology and Psychology of
Alcoholic Brain Syndrome

The classic symptom in Korsakoff’s syndrome is
the inability to form new memories (i.e., antero-
grade amnesia). However, patients also demon-
strate significant deficits in their ability to recall
incidents or events from their own past as well
(i.e., episodic memory). Memory for facts, con-
cepts, and language (i.e., semantic memory) is
variable, while perceptual-motor memory is
thought to be preserved.

The inability to recall previously learned infor-
mation (i.e., retrograde amnesia) can often extend
back 20-30 years in a person’s life with
Korsakoff’s patients. Generally, a temporal gradi-
ent exists such that memories from the more dis-
tant past are recalled better than the more recent
ones. The basis of this extensive retrograde amne-
sia is still a matter of great controversy.

These patients are typically younger than most
patients presenting to dementia services, and
because they often present as initially confused,
with concomitant frontal lobe pathology, they are
more likely to demonstrate aggressive, agitated
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behaviors and anxiety. Those with irreversible
brain damage are unlikely to be able to live
alone but also typically lack available social ser-
vices. These patients often have a difficult time
maintaining social and familial relationships and
live isolated lives.

The classic triad of symptoms for Wernicke’s
encephalopathy is:

» Encephalopathy — demonstrative of damage to
the frontal lobes, mammillary bodies, thala-
mus, and cerebellum

+ Ataxic gait

* Some variant of oculomotor dysfunction

Evaluation

For patients who meet the ICD-10 criteria for
Wernicke ‘s encephalopathy or Korsakoff’s syn-
drome, neuropsychological assessment is useful
for documenting functions that are impaired, the
severity of impairment, and the prognostic factors
involved in determining the patient’s ability to
manage daily life either independently or with
assistance. However, it is preferable for the neu-
ropsychological assessment to occur when the
patient has been abstinent from alcohol for a
long enough period of time to insure that the
acute symptoms of alcohol withdrawal have sub-
sided. Cognitive dysfunction includes aphasia,
apraxia, agnosia, memory impairment, and
decreased executive functions. Neuroimaging
evidence of cerebellar atrophy/shrinkage also sup-
ports the diagnosis.

Treatment

The primary treatment option for patients
experiencing alcoholic brain syndrome is to stop
drinking and remain abstinent. Without additional
alcohol exposure, the recovery from the delirium
caused by alcohol is usually good. This is obvi-
ously the first treatment to be utilized. As men-
tioned above, thiamine deficiency is an important
contributor to alcohol-related brain damage;
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therefore, vitamin B1 supplementation is neces-
sary. Initially, the vitamins can be given intrave-
nously or intramuscularly followed by oral
administration. Wernicke ‘s encephalopathy
responds well to high-dose vitamins, and such
treatment can prevent the occurrence of severe,
chronic Korsakoff’s syndrome. Secondarily,
nutritional counseling to promote a vitamin-rich
and balanced diet is also part of this initial treat-
ment protocol, especially for longer-term recov-
ery and prevention.
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Synonyms

Alcohol abuse; Alcohol addiction; Alcohol
dependence; Problem drinking; Substance abuse

Definition

The term “alcoholism” has a variety of definitions.
For some, it is a disease that makes a person
dependent on alcohol and causes an obsession
with alcohol and inability to control how much
they drink even though their drinking causes seri-
ous problems in their relationships, health, work,
and finances. Others do not define it as a “disease”
per se but rather a “condition,” behavioral in
nature, which results in continued consumption
of alcohol despite health problems and negative
social consequences. For some, the definition
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must include the concepts of addiction and phys-
iological withdrawal mechanisms, while for
others, these are consequences of drinking.

It is common for laypeople to equate any kind of
excessive drinking with alcoholism. Those in the
mental health fields see that disorders related to
alcohol use lie along a continuum of severity that
may include physical dependency/withdrawal (i.e.,
alcohol dependence) or may involve impaired
drinking habits that lead to health or social prob-
lems/consequences but without dependency/with-
drawal (i.e., alcohol abuse). According to the APA
Dictionary of Psychology, alcoholism is the popular
term for “alcohol dependence.” “Alcoholism” is not
an official diagnostic term. The DSM-5 term for
alcohol-related problems is alcohol use disorder.

Historical Background

The term “alcoholism” was first used in 1849 by a
physician, Magus Haas, to describe the systematic
adverse effects of alcohol overconsumption. In
the USA, it became a popular term in the 1930s
as a result of the growth of Alcoholics Anony-
mous (AA). Previously, society viewed those who
drank to excess as immoral, weak of character,
and irresponsible. Society’s response was punish-
ment and removal of over-consumers from sober
society to protect the community. With the rise of
AA, and their publication (i.e., the “Big Book”),
the view of alcoholism changed from character
flaw to medical disease. AA viewed alcoholism
as a physical allergy to alcohol accompanied by an
obsession with drinking. This organization began
to dispel the previously held beliefs that alco-
holics were unemployable, destitute, and isolated
individuals by demonstrating that some highly
respected people who had been alcohol dependent
had eventually overcome their disorder and went
on to lead productive lives.

Epidemiology
The epidemiology of alcoholism can be confusing

and contradictory, depending on the definition
being utilized and the measurement tool. The
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generally accepted overall rate of occurrence of
alcoholism in the USA is 10%. The US National
Longitudinal Alcohol Epidemiologic Study con-
cluded that alcoholism is prevalent in 20% of
adult hospital inpatients and in 17% of
community-based primary care practices.
A 1985 US National Hospital Survey found that
528,000 patients were discharged from hospitals
with a primary diagnosis of substance abuse, and
for 81% (428,000), alcohol was the abused
substance.

According to a 2001 survey conducted by the
National Institute on Alcohol Abuse and Alco-
holism (NIAAA) in the USA, approximately
48% of adults (aged 12 or older) are reported
being current drinkers of alcohol (approximately
109 million). That number drops to 44% when
the age is 18 or older. A 2014 survey found that
87.6% of people over age 18 reported they drank
alcohol at some point in their lifetime and 56.9%
within the last month. Approximately 20% of
persons aged 12 or older participated in binge
drinking at least once in 30 days prior to the
2001 survey. In the 2014 survey, that number
was 24.7%.

“Heavy drinking” was reported by 5.7% of the
12 or older population (12.9 million). The highest
prevalence for both binge and heavy drinking was
for those in the 18-25 age groups with the peak
rate occurring at age 21. Studies have found those
who begin drinking at an earlier age are at higher
risk to develop dependency. Those Americans
who wait till age 21 are four times less likely to
become dependent than those who begin drinking
before the age of 15 (i.e., 40% who start before
age 15 develop dependency on alcohol at some
point in their lives). The risk for developing
dependency declines with age, as the prevalence
rate for alcoholism in those persons greater than
65 years old is 3%.

There are other nonage risk factors as well.
Those with lower education and lower socioeco-
nomic status are also at higher risk. There are also
gender differences as men are at minimum 2.5
times more likely to be defined as “alcoholic” as
women; however, the proportion of female alco-
holics is increasing. White, non-Hispanic individ-
uals are more likely to develop alcoholism than
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African-Americans. The risk for Hispanics is gen-
erally the same as Whites.

Alcoholism is estimated to be the third leading
cause of preventable death in the USA (after
smoking and obesity). In the USA, 85,000 deaths
are attributable to alcohol each year at a cost of
$185 billion. The NIAAA estimates that intoxica-
tion is present in 30-60% of homicides, 22% of
suicides, 33-50% of automobile accidents, 67%
of drownings, and 70-80% of fire-related deaths.
More than 50% of American adults have a close
family member who has or has had alcoholism.
Approximately one in four children younger than
18 in the USA is exposed to alcohol abuse or
alcohol dependence in their family.

Internationally, the World Health Organization
estimates that there are 140 million people world-
wide that are alcohol dependent and they account
for 3.5% of the total cases of disease worldwide,
which is a higher rate than tobacco or illicit drugs.
They estimated that 5.9% of all global deaths were
attributable to alcohol consumption.

Current Knowledge

Causes

There is no identifiable single cause of alcohol-
ism. Scientists believe that a myriad of factors
play a role in the development of alcoholism:

1. Genetics: Previous twin and adoption studies
have demonstrated that genes play an impor-
tant role in the development of alcoholism.
Researchers found that identical twins (i.e.,
identical genes) have a higher concordance
rate for drinking behavior than fraternal
twins. Other studies have cast some doubt on
these twin studies by suggesting the environ-
ment of identical twins is more alike than fra-
ternal twins, thus suggesting a weakening of
the argument in favor of genes. In the adoption
studies, researchers found that whether reared
by biologic or adoptive parents, the sons of
males with alcohol problems are four times
more likely to have alcohol problems than
sons of persons who are not. In either case,
epidemiologic studies indicate that alcoholism
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tends to run in families. Alcoholics are six
times more likely than nonalcoholics to have
blood relatives who are alcohol dependent. In
summary, a person’s genetic makeup can pre-
dispose them to alcoholism or not.

. Peer influence: Social networks that include
heavy drinkers and alcohol abusers increase
an individual’s risk for alcoholism.

. Cultural influence: Cultures that include well-
established taboos against drunkenness and
rules regarding drinking have lower alcohol-
ism rates than those who do not.

. Psychiatric conditions: Certain psychiatric
diagnoses increase the risk of alcoholism.
These include ADHD, panic disorder, schizo-
phrenia, and antisocial personality disorder.

Screening
There are a variety of measures for alcoholism
including the following:

1. CAGE: The CAGE is named for the four ques-

tions asked of a patient before any questions
regarding quantities drank are asked.
1. Have you ever felt the need to Cut down on
your drinking?
2. Have people Annoyed you by criticizing
your drinking?
3. Have you ever felt Guilty about drinking?
4. Have you ever felt you needed a drink in the
morning to steady your nerves or get rid of a
hangover? (Eye-opener)
The CAGE has been extensively validated.
Those who answer “YES” to two or more
questions are seven times more likely to be
alcohol dependent. It is not an adequate mea-
sure by itself but can alert a health-care pro-
vider to probe further. Another weakness is that
it tends to be less reliable with populations with
lower alcoholism rates (e.g., elderly) and does
not identify “hazardous drinking.”
. Alcohol Use Disorders Identification Test
(AUDIT): The AUDIT can detect both hazard-
ous drinking and alcohol abuse. It does not
need to be administered face to face like the
CAGE. It was developed by the World Health
Organization and yields scores for
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consumption, dependency, and alcohol-related
problems.

3. Short Alcohol Dependence Data Questionnaire
(SADD): More sensitive than the CAGE and
can distinguish abuse versus dependence.

Diagnosis

Alcoholism is not a diagnosable term. The current
term to describe “problem drinking” is alcohol use
disorder found in the Diagnostic Statistical Man-
ual of the Mental Disorders, Fifth Edition
(DSM-V). The diagnosis requires:

1. A problematic pattern of alcohol use leading to
clinically significant impairment or distress as
manifested by at least two of the below occur-
ring in the same 12-month period.

(a) Tolerance (as defined by either of the
following).

(i) A need for markedly increased
amounts of alcohol to achieve intoxi-
cation or desired effect

(i) A markedly diminished effect with
continued use of the same amount of
alcohol

(b) Withdrawal (as manifested by either of the
following).

(i) The characteristic withdrawal syn-
drome for alcohol.

(ii) Alcohol (or benzodiazepines) is taken
to relieve or avoid withdrawal
syndrome.

(c) Alcohol is often taken over longer period
of time or in larger amounts than intended.

(d) Persistent desire to drink or unsuccessful
efforts to cut down or control use.

(e) Great deal of time spent in acquiring/using
alcohol or recovering from its effects.

(f) Important social, occupational, or recrea-
tional activities given up or reduced
because of alcohol.

(g) Drinking continues despite knowledge of
persistent or recurrent physiological or
psychological problems caused or exacer-
bated by drinking.

(h) Craving, or strong desire or urge to use
alcohol.
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Treatment

There are several well-accepted avenues of
treatment:

1. Psychosocial: Studies have shown that simple,

2.

brief interventions can be effective in those not
severely alcohol dependent. One of those get-
ting an extensive trial has been “motivation
interviewing” based on Prochaska’s five stages
of change model. A summary of the treatment
approach is as follows:

» Precontemplation — Patient expresses no
interest or need for change. The health-
care professional’s options are limited.
They can point to discrepancies between
the patient’s goals and behavior and recom-
mend 2 weeks of abstinence.

» Contemplation — Patient expresses ambiva-
lence or skepticism about change. The pro-
vider should work to influence them in
direction of change, provide information
about the dangers of alcohol abuse, and
recommend an abstinence trial.

» Preparation — Patient accepts need for
change and makes plans to accomplish
changed drinking goal.

* Action — Patient recognizes problem in
drinking behavior and takes observable
steps to decrease alcohol use. Professional
reinforces decision for change and may
introduce  self-help  groups  and/or
medications.

* Maintenance — Patient and professional
work together to maintain change and pre-
vent relapse.

Medications: The most common medications

in the treatment of alcoholism are:

* Disulfiram (Antabuse) — Prevents the elim-
ination of acetaldehyde, which is a
by-product of alcohol metabolism. Results
in unpleasant side effects in persons still
drinking including nausea, dizziness, head-
ache, flushing, vomiting, heart palpitations,
and sudden drop in blood pressure. Disulfi-
ram needs to be taken daily to be effective.
However, in at least one large clinical trial,
it did not increase abstinence.
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* Naltrexone (ReVia) — May work by
blocking the positive effects felt from drink-
ing by blocking opiate receptors in the brain
thereby decreasing craving for alcohol.
Clinical studies have found a modest
decrease in relapse (12-20%). This drug
has an unknown cause of action.

*  Acamprosate (Campral) — Used to maintain
abstinence once alcoholics have stopped
drinking. Thought to work by stabilizing
the chemical balance in the brain. In clinical
trials, the 1-year abstinence rates have been
18% and 12% at 2 years.

3. Self-help groups: Perhaps the best-known orga-

nization involving alcoholism is AA. Until the
mid-1930s in the USA, alcohol-dependent per-
sons who could not afford a private hospital or
private psychiatrist could only find help in state
hospitals, jails, or churches. AA was the first
self-directed approach toward treatment. The
AA treatment model includes self-help groups,
utilizing psychological principles organized in
small local community groups. The “12 steps”
of AA encourage confrontation of denial and
admission of powerlessness over alcohol and
strives for people to atone for harm caused by
their behavior while drinking. It encourages its
members to live ethically with a reliance on a
“higher power.” It is this sense of AA as a
“religion” that has led to nonreligious self-help
groups including rational recovery, LifeRing,
and SOS.

Future Directions
The following are areas needing continued study:

1. Genetic research — Current and future studies

are looking at individuals with a family history
of alcoholism to pinpoint the location of genes
that influence vulnerability to alcoholism. This
line of study will assist in the early identifica-
tion of individuals at risk and of new, gene-
based treatment approaches.

. Treatment approaches — The NIAAA has been

funding a study called “Project MATCH”
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whose goal is to identify variables important in
predicting outcome based on patient character-
istics and treatment design.

3. Medications — Naltrexone was the first drug
approved by the FDA in 45 years to help alco-
holics stay sober following detoxification.
More research is needed.
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Synonyms

Awareness; Consciousness;

Watchfulness

Vigilance;

Definition

A state of being mentally perceptive and respon-
sive to external stimuli. A “readiness to respond”
that can be detected by electroencephalography
(EEG). Alertness is susceptible to fatigue;
maintaining a constant level of alertness is diffi-
cult, particularly for monotonous tasks demand-
ing continuous attention. Stimulants such as
nicotine, caffeine, and amphetamines can tempo-
rally boost alertness. Diminished alertness is often
associated with the physiological response of
yawning, which may boost the alertness of the
brain. Impaired alertness is a common symptom
of a number of conditions, including narcolepsy,
attention deficit disorder, traumatic brain injury,
chronic fatigue syndrome, depression, Addison’s
disease, and sleep deprivation. Although a broad
neurological network modulates alertness, the
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basal forebrain and a distinct group of neurons
located in the periventricular areas of the mid-
brain, pons, and medulla, referred to as the retic-
ular activating system (RAS), appear to be most
directly responsible for modulating alertness and
sleep.
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Synonyms

Acquired reading disorder

Short Description or Definition

The term alexia is applied to acquired disorders of
reading produced by neurological injury in indi-
viduals with normal premorbid literacy skills. We
differentiate here from developmental dyslexia
which reflects a failure to attain normal reading
skills. Clinically, patients with alexia have diffi-
culty in recognizing, pronouncing, or
comprehending written words. Although alexia
can occur in relative isolation, it is more
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frequently encountered in the context of spoken
language dysfunction or aphasia. Most individ-
uals with alexia have concomitant spelling impair-
ment, suggesting that reading and spelling rely on
shared cognitive representations and neural
substrates.

Categorization

Alexia is not a single clinical entity. Instead, there
are several distinct forms of alexia characterized
by specific combinations of impaired and pre-
served reading abilities and associated with
unique lesion profiles. The three most common
alexia syndromes include pure alexia/letter-by-
letter reading, phonological/deep alexia, and sur-
face alexia. Some individuals may also have a
coexisting visual field deficit, which causes errors
in reading. Clinicians should attempt to differen-
tiate the linguistic processing aspect from the
visual deficit. In order to understand the neuro-
psychological mechanisms underlying different
subtypes of alexia, it is important to briefly review
the cognitive processes involved in normal
reading.

Reading is a complex cognitive skill that
requires rapid visual discrimination of letters and
words, as well as the ability to link information
about visual word forms (orthography) with
knowledge about word sounds (phonology) and
word meanings (semantics). According to an
influential ~ dual-route model of reading
(Coltheart et al. 2001), perceptual processing of
written words begins with visual feature analysis
and letter shape detection (Fig. 1). Following the
letter identification stage, the model postulates
two distinct procedures or processing routes for
deriving phonology from print. The lexical route
requires the activation of memory representations
of written word forms stored in the orthographic
lexicon, followed by the retrieval of the
corresponding spoken word forms from the pho-
nological lexicon. The lexical route is normally
used to read familiar words and can support the
processing of both regular words that have pre-
dictable spelling-sound relationships (e.g., spring)
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Alexia, Fig. 1 A cognitive
model indicating the
component processes
involved in reading
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and irregular words that contain atypical Woollams etal. 2007). In summary, skilled reading

letter-sound or grapheme-phoneme mappings
(e.g., choir). By contrast, the sublexical route
operates on units smaller than the whole word
and is thought to rely on the serial conversion of
individual graphemes to the corresponding pho-
nemes. The sublexical route is essential for accu-
rate reading of unfamiliar words or nonwords (e.g.,
nace) because these novel items, by definition, do
not have preexisting representations in the ortho-
graphic or phonological lexicon. The sublexical
route can also be used to generate plausible pro-
nunciations for regular words that strictly obey
spelling-sound conversion rules. However, pro-
cessing irregular words by the sublexical procedure
results in regularization errors (e.g., have read to
rhyme with save). Thus, according to dual-route
theory, only the lexical reading route can deliver a
correct response to irregular words. Note that the
model depicted in Fig. 1 also includes an indirect
route from orthography to phonology via the
semantic system. The activation of word meanings
by this semantic reading route is critical for written
word comprehension. However, whether semantic
mediation is also normally required for accurate
oral reading of familiar words is a topic of contro-
versy (Coltheart et al. 2001; Plaut et al. 1996;

depends on interactions among visual/orthographic
processing, phonology, and semantics. Damage to
these functional domains or the disruption of the
transfer of information between the cognitive/brain
systems that support these operations results in
alexia.

Epidemiology

Alexia is commonly observed following damage
to the language-dominant hemisphere. Although
it is most frequently caused by stroke, alexia can
follow any kind of focal injury (e.g., trauma,
tumor) to the brain regions critical for
implementing the various cognitive operations
necessary for normal reading. Data on stroke
prevalence in the USA, Canada, and worldwide
can be accessed via the Internet Stroke Center
(n.d.); however, data on prevalence with alexia
as an outcome is not well known. Alexia is also
often seen in the setting of neurodegenerative
disorders, especially in patients with primary pro-
gressive  aphasia/semantic  dementia  or
Alzheimer’s disease. In general, the specific
alexia profile is determined not so much by the
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etiology of the brain damage as by the location of
the responsible lesions.

Natural History, Prognostic Factors, and
Outcomes

The prognosis for recovery from alexia depends
both on the etiology of the lesion and the extent of
the underlying brain damage. Alexia following
stroke tends to show some spontaneous recovery
over time, but patients with extensive brain dam-
age may never regain useful reading function and
typically stop reading for pleasure. In individuals
with neurodegenerative disorders, progressive
worsening of the reading impairment is observed
along with the gradual deterioration of other lan-
guage and cognitive functions.

Neuropsychology and Psychology of
Alexia

Pure Alexia/Letter-by-Letter Reading

In pure alexia, the rapid visual identification of
familiar words that characterizes normal skilled
reading is disrupted. Reading is slow and labori-
ous, often relying on a serial letter-naming strat-
egy known as “letter-by-letter” reading. Typically,
there is a monotonic increase in reading latencies
as a function of the number of letters in the word,
giving rise to an abnormal word length effect that
is considered the hallmark feature of the syn-
drome. Varying degrees of letter identification
difficulty are present, and visual reading errors
are common (e.g., chain — charm). Collectively,
these behavioral observations suggest that visual
processing impairment plays a critical role in the
pathogenesis of pure alexia (Behrmann et al.
1998). Although the reading disorder may be
unaccompanied by significant aphasia or
agraphia, many patients with pure alexia dem-
onstrate concomitant anomia and spelling
impairment (Rapcsak and Beeson 2004). Fur-
thermore, patients often perform poorly on non-
reading tasks that require fine-grained visual
discrimination, suggesting that the reading
impairment is part of a more general visual
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processing deficit (Behrmann et al. 1998).
Within the framework of the cognitive model
depicted in Fig. 1, pure alexia is attributable to
dysfunction at the visual feature analysis and/or
letter identification stages of reading, or it may
be produced by damage to the orthographic lex-
icon. Damage to any of these visual processing
components would be expected to interfere with
the rapid perceptual identification of familiar
orthographic word forms and result in an abnor-
mal word length effect in oral reading.

Pure alexia/letter-by-letter reading is most
commonly seen following left inferior occipito-
temporal damage caused by posterior cerebral
artery strokes. It has been proposed that the criti-
cal lesions degrade or disrupt visual input to the
visual word form area (VWFA) or directly dam-
age the VWFA itself (Cohen et al. 2003;
Epelbaum et al. 2008). The VWFA is consistently
activated in functional imaging studies of reading
in normal individuals and has been localized to the
mid-lateral portions of the left fusiform gyrus
(BA37) (Cohen et al. 2002; Jobard et al. 2003)
(Fig. 2). The VWFA receives converging input
from bilateral posterior occipital areas (BA17,18/
19) involved in visual feature analysis and letter
shape detection, and it integrates this information
into larger perceptual units corresponding to
whole words (Fig. 2). Activation of the VWFA
is sensitive to the orthographic familiarity of the
letter string, consistent with the notion that this
cortical region may constitute the neural substrate
of the orthographic lexicon. The orthographic
codes computed by the VWFA are subsequently
transmitted to cortical systems involved in the
phonological and semantic components of read-
ing (Fig. 3). Importantly, it has been shown that
spelling familiar words also activates the VWFA
(Beeson et al. 2003). These observations confirm
the central role for the VWFA in orthographic
processing and support the view that the same
orthographic lexical representations mediate read-
ing and spelling. Consistent with this hypothesis,
patients with damage to the VWFA are likely to
show evidence of reading and spelling impair-
ment attributable to the loss of word-specific
orthographic  representations (Rapcsak and
Beeson 2004).
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Phonological/Deep Alexia

Phonological alexia is characterized by a dispro-
portionate difficulty in processing nonwords
compared with familiar words, giving rise to an
exaggerated lexicality effect in reading (Crisp and

Alexia, Fig. 2 Location of the visual word form area
(VWFA) (indicated by green circle) as determined by func-
tional neuroimaging studies of reading. This region
receives input from bilateral posterior occipital visual
areas (shown in purple). Arrow indicates callosal transfer
of information initially processed by right visual cortex

Alexia, Fig. 3 Cortical
regions involved in reading

Semantics

Alexia

Lambon Ralph 2006; Patterson and Lambon
Ralph 1999; Rapcsak et al. 2009). Attempts to
read nonwords often result in real word responses
known as lexicalization errors (e.g., nace —
name). Although in phonological alexia reading
of familiar words (both regular and irregular) is
relatively preserved, performance is typically
influenced by lexical-semantic variables includ-
ing word frequency (high > low), imageability
(concrete > abstract), and grammatical class
(nouns > verbs > functors). Deep alexia includes
all the characteristic features of phonological
alexia, but it is distinguished from the latter by
the production of prominent semantic reading
errors (e.g., boy — son) (Coltheart et al. 1980).
Although phonological and deep alexia were
originally considered separate entities, there is
now much evidence to suggest that the difference
between these syndromes is quantitative rather
than qualitative. Thus, phonological and deep
alexia are more appropriately considered as
points along a continuum, with the latter
representing a more severe version of the former
(Crisp and Lambon Ralph 2006; Rapcsak
et al. 2009).

Phonological alexia is typically encountered in
patients with aphasia syndromes characterized by
phonological impairment (i.e., Broca’s, conduc-
tion, Wernicke’s). Furthermore, it has been shown
that most patients with phonological alexia dem-
onstrate prominent deficits and increased

Orthography
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lexicality effects in spoken language tasks that
require the manipulation and maintenance of sub-
lexical phonological information (e.g., repetition,
rhyme judgments, phoneme segmentation, and
blending) and also that such non-orthographic
measures of phonological ability correlate with
and are predictive of reading performance (Crisp
and Lambon Ralph 2006; Rapcsak et al. 2009).
These observations suggest that the written and
spoken language impairments in phonological
alexia have a common origin and are merely dif-
ferent manifestations of a central or modality-
independent phonological deficit (Crisp and
Lambon Ralph 2006; Patterson and Lambon
Ralph 1999; Rapcsak et al. 2009). Consistent
with this view, the reading disorder in phonolog-
ical alexia is usually accompanied by a qualita-
tively similar spelling impairment (phonological
agraphia) (Rapcsak et al. 2009). According to
dual-route models (Fig. 1), poor nonword reading
in phonological alexia is attributable to damage to
the sublexical route, while the relatively preserved
real word reading performance of these patients
reflects the residual functional capacity of the
lexical and semantic routes. The general phono-
logical impairment observed in the vast majority
of patients suggests that the most common site of
damage may be at the level of the phoneme units
(with additional damage to the phonological lex-
icon in more severe cases), as these phonological
processing components are shared between writ-
ten and spoken language tasks.

Phonological alexia is most often associated
with damage to a network of perisylvian cortical
regions involved in speech production/perception
and phonological processing in general. Compo-
nents of this distributed phonological system
include posterior-inferior frontal gyrus/Broca’s
area (BA44/45), precentral gyrus (BA4/6), insula,
superior temporal gyrus/Wernicke’s area (BA22),
and supramarginal gyrus (BA40) (Rapcsak et al.
2009). Consistent with the phonological deficit
hypothesis, there is an excellent neuroanatomical
correspondence between the location of the
lesions that produce phonological alexia and the
location of the perisylvian cortical areas that show
activation in normal individuals during a variety
of written and spoken language tasks requiring
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phonological processing (Jobard et al. 2003;
Rapcsak et al. 2009; Vigneau et al. 2006). As
predicted by the continuum model, there is con-
siderable overlap between the perisylvian lesion
profiles of patients with phonological and deep
alexia, although the damage in deep alexia tends
to be more extensive. In fact, the massive destruc-
tion of left-hemisphere language areas in deep
alexia has led to the hypothesis that reading per-
formance in these patients may be mediated by the
intact right hemisphere (Coltheart et al. 1980).

Surface Alexia

In surface alexia, the main difficulty involves
reading irregular words, especially when these
items are of low frequency. Regular words of
comparable frequency are processed more effi-
ciently, and the discrepancy in performance
between words with predictable versus atypical
spelling-sound relationships is reflected by an
increased regularity effect in reading. Nonword
reading is typically preserved. According to
dual-route theory, surface alexia is attributable to
dysfunction of the lexical reading route (Fig. 1).
Specifically, it has been suggested that the reading
disorder in some cases may result from damage to
the orthographic lexicon (Coltheart et al. 2001;
Patterson et al. 1985). Due to the loss of word-
specific orthographic knowledge, patients with this
type of deficit will be forced to rely on a sublexical
grapheme-phoneme conversion strategy that pro-
duces phonologically plausible regularization
errors on irregular words. Low-frequency irregular
words are especially vulnerable because the acti-
vation of representations in the orthographic lexi-
con is normally modulated by word frequency, and
the relative refractoriness of low-frequency items
may be further exaggerated by the brain damage.
Consistent with the notion that reading and spell-
ing rely on shared orthographic representations,
patients with surface alexia following damage to
the orthographic lexicon show similar difficulty in
spelling irregular words (surface agraphia)
(Patterson et al. 1985; Rapcsak and Beeson
2004). Alternatively, surface alexia may result
from damage to central semantic representations
(Woollams et al. 2007). Specifically, it has been
proposed that accurate oral reading of low-
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frequency irregular words normally requires addi-
tional support from the semantic reading route and
cannot be mediated efficiently by pathways that
rely on direct transcoding between orthographic
and phonological representations (Plaut et al.
1996). With the degradation of semantic knowl-
edge, the relative inadequacy of non-semantic
reading routes is revealed and manifests itself
as surface alexia. Consistent with the semantic
deficit hypothesis, many patients with surface
alexia perform poorly on verbal and nonverbal
cognitive tasks requiring semantic processing
(e.g., picture naming, verbal fluency, spoken
word, and picture comprehension). Furthermore,
the severity of the semantic impairment on these
nonreading tasks has been shown to correlate
with reading accuracy for low-frequency irregu-
lar words (Woollams et al. 2007). The proposed
central semantic deficit may also explain the
frequent co-occurrence of surface alexia and sur-
face agraphia (Graham et al. 2000).

In contrast to the strong association between
perisylvian damage and phonological alexia, sur-
face alexia is typically encountered in the setting
of extrasylvian brain pathology. Although
uncommon in patients with stroke, surface alexia
has been described in individuals with left
temporoparietal lesions centered on posterior
middle/inferior temporal gyrus and angular
gyrus (BA20/21,37/39), and also following infe-
rior occipitotemporal lesions that involved the
VWFA (Rapcsak and Beeson 2004; Vanier and
Caplan 1985). As expected, patients with surface
alexia following VWFA damage also showed
evidence of visual processing impairment and
features of pure alexia/letter-by-letter reading
(Rapcsak and Beeson 2004). A particularly dra-
matic and pure form of surface alexia is consis-
tently observed in patients with semantic
dementia (SD) (Woollams et al. 2007). SD is a
subtype of primary progressive aphasia/
frontotemporal dementia in which the neurode-
generative process has a predilection for left
anterior and inferolateral temporal cortex,
including the temporal pole, middle/inferior tem-
poral gyri, and anterior fusiform gyrus

Alexia

(BA38,20/21) (Galton et al. 2001; Mummery
et al. 2000). Surface alexia has also been
described in patients with Alzheimer’s disease
(Patterson et al. 1994) and is likely to reflect the
frequent involvement of left temporoparietal cor-
tex by the disease process. Although distributed
over a large anatomical area, the disparate extra-
sylvian lesion sites in surface alexia seem to have
in common the potential for disrupting either
lexical orthographic or semantic processing.
Specifically, in patients with VWFA involve-
ment, the reading disorder may reflect damage
to the orthographic lexicon resulting in the loss of
word-specific orthographic knowledge. By con-
trast, in patients with anterior temporal lobe
lesions, and possibly also in patients with poste-
rior temporoparietal damage, surface alexia may
be attributable to the degradation of central
semantic representations. The latter hypothesis
is supported by functional imaging studies of
semantic processing in normal individuals that
have shown activation of a large-scale left-
hemisphere extrasylvian cortical network that
included both anterior temporal lobe and poste-
rior temporoparietal sites (Vigneau et al. 2006;
Binder et al. 2009) (Fig. 3).

Evaluation

In evaluating adults with alexia, it is important to
assess the status of all the relevant component
processes involved in reading (Fig. 1). A compre-
hensive battery should include tests of letter and
word recognition, as well as measures of oral
reading and reading comprehension. The evalua-
tion should allow the clinician to identify the
nature of the functional impairment and to locate
the level of breakdown with reference to a cogni-
tive model of normal reading. It is equally impor-
tant to document relatively spared reading abilities
and the use of compensatory strategies by the
patient, as this information may be helpful in
planning treatment.

As reading inherently is a visual task, the
examiner must inquire as to any visual limitations
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with or without corrective lenses. One compensa-
tion may be to change font size or spacing, which
if successful, will help distinguish a reading dis-
order from a visual limitation. In addition, the
examiner should consider the age-level readabil-
ity of the material, in comparison to the premorbid
reading level of the client.

Silent reading is an internal event which may
be processed differently depending on the type of
reading. Stories and books for pleasure are often
read with a mental image of the story with no
effort to memorize or learn material. Reading
texts or articles for learning requires acquisition
of knowledge, and readers vary in their style.
Most formal test does not prepare the examiner
for these differences. Test measurement has tra-
ditionally required a technique to judge the inter-
nal comprehension. Usually this is done by
asking questions on content information in a
series of yes/no questions or multiple choice
with visual choices or matching word or sentence
to a picture.

Oral reading accuracy can be monitored by the
examiner during the event. This task will help to
reveal visual spatial or attention errors, such as
skipped words or lost place. Recording the oral
words per minute provides information on word
fluency.

The only reading modality-specific commer-
cially available reading test is the Reading Com-
prehension Battery for Aphasia-2 (RCBA-2;
LaPointe and Horner 1998), which includes
oral and silent reading at word, sentence, para-
graph levels, and functional reading tasks (i.e.,
calendar).

Standardized tests with reading subtests
include:

* Boston Diagnostic Aphasia Examination-3
(Goodglass et al. 2001) — reading subtests
include symbol letter and number recognition,
word identification given choice of 4 words
with visually and semantically similar foils,
lexical decision of real word from nonwords,
homophone matching, nonword to homophone
matching, matching written to spoken target
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(including bound morphemes, derivational
morphemes(suffixes), word and sentence
(4-14 words) oral reading, and sentence and
paragraph comprehension with word and
phrase choices.

» Examining for Aphasia-4 (EFA-4; LaPointe and
Eisenson 2008) — reading subtests include silent
reading interrogative sentences (five to seven
words) with semantic matching from set of
four words, silent paragraph reading with inter-
rogative sentence to test comprehension from
set of four sentence choices, and oral paragraph
reading with interrogative sentences to test com-
prehension given set of four short phrases or
sentences.

*  Multilingual Aphasia Examination 3rd Ed
(MAE-3; Benton et al. 1978) — provides a
picture matching words and two to four word
phrases to picture choices of four items.

* Psycholinguistic Assessment of Language
Processing in Aphasia (PALPA English Ed:
Kay et al. 1992) — reading subtests include
letter discrimination (mirror reversal, upper
and lower case matching), spoken letter to
written letters, recognition of non- and real
words, homophones, oral reading tasks for
letter and syllable length, word frequency
and grammatical class, regularity of spelling,
and sentence-level oral reading (five to seven
words), and defining with reading word
tasks.

Treatment

A variety of behavioral treatment approaches have
shown positive outcomes in the rehabilitation of
alexia. In general, treatment is directed toward
strengthening the impaired reading procedure/
route or it encourages the use of compensatory
strategies to bypass the functional deficit (for a
review, see Beeson and Rapcsak 2006; Murray
and Clark 2015; Riley and Kendall 2013; Peach
and Shapiro 2012). Treatment approaches often
align with the underlying problem, e.g., syntactic,
visual-attention, memory.
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Material choices have extended beyond tradi-
tional text and into using supported technology
such as highlighted text, read-aloud technology
(text to speech), and electronic access to dictionary
(Deitz et al. 2011; Helm-Estabrooks et al. 2014). The
number of software programs and apps designed for
stimulation and practice are ever increasing (e.g.,
Lingraphica TalkPath, Bungalow software). Readers
are encouraged to view the online tables for evi-
dence-based treatment for individuals with aphasia
(Beeson, n.d.) for a list of reading treatments.

See Also

Aphasia

Boston Diagnostic Aphasia Examination
Multilingual Aphasia Examination

Reading Comprehension Battery for Aphasia-2
Western Aphasia Battery
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Definition

A deficit in apprehending, experiencing, and
describing emotions, including difficulty perceiv-
ing and understanding the feelings of others. In
particular, difficulty distinguishing between emo-
tions and bodily sensations that indicate emo-
tional arousal.

Current Knowledge

The term “alexithymia” was coined by the late
psychiatrist Peter Sifneos to describe patients
who could not find the appropriate words to
describe their emotional states. Literally meaning
“without words for emotions” in Sifneos’ native
Greek, alexithymia is a trait that overlaps with a
number of medical and psychiatric disorders.
Alexithymia is associated with somatic com-
plaints such as headaches, lower back pain, irrita-
ble bowel syndrome, and fibromyalgia. It is also
associated with psychiatric conditions such as
anorexia nervosa, autism spectrum disorders
including Asperger’s, major depressive disorder,
panic disorder, post-traumatic stress disorder, and
substance abuse.

See Also

Emotional Intelligence
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Synonyms

Alien limb phenomenon; Anarchic hand; Callosal
apraxia; Diagnostic dyspraxia; Dr. Strangelove
syndrome; Intermanual conflict; Magnetic
apraxia; Wayward hand

Short Description or Definition

Alien hand syndrome (AHS) is a relatively rare
manifestation of damage to specific brain regions
involved in purposive voluntary movement. It is
postulated to be an impairment of the “sense of
agency” or, alternatively, an impairment of intention-
ality. The core observation is the patient report that
one of his/her hands is displaying purposeful, coor-
dinated, and goal-directed behavior over which the
patient feels he/she has no direct voluntary control.
The patient fails to recognize the action of one of
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their hands as their own. The hand, effectively,
appears to manifest a “will of its own.” This unique
involuntary movement disorder is characterized by
coordinated, well-organized, and clearly goal-
directed limb movements that would otherwise be
indistinguishable from normal voluntary movement.
This definition excludes disordered, non-purposeful,
and dyskinetic movements associated with other
involuntary movement disorders such as chorea,
athetosis, hemiballism, and myoclonus.

The alien hand can be engaged in performing a
specific goal-directed task or the purposeful use of an
external object. Distinguishing this condition from
asomatognosia, there is typically normal awareness
and recognition of the limb reported by the patient.
However, the patient perceives a lack of self-agency
(“Iam not doing that. . .””) with regard to the observed
behavior of the limb but displays an intact “sense of
ownership” (“...even though I know this is my
hand”). While the original description of this condi-
tion occurred in patients with well-defined focal
lesions of cerebral cortex, with the majority of
cases due to cerebral infarction, it has since been
described in a variety of different clinical conditions
including corticobasal syndrome, progressive supra-
nuclear palsy, Alzheimer’s disease, and Creutzfeldt-
Jakob disease. Furthermore, while the alien limb is
typically and most often noted in an upper extremity,
it has been described in the lower extremity as well.

This suggests that the alien hand syndrome
reflects a phenomenon that may result from
impaired function at a variety of different points
in a widely distributed brain system involved in
the intentional preparation and generation of pur-
poseful voluntary movement. This system would
be expected to include both specifically defined
motor and premotor regions of the cerebral cortex
as well as related interconnected subcortical
regions such as the basal ganglia. The different
clinical variants of AHS associated with
circumscribed cortical damage which will be
reviewed below may reflect varying clusters of
clinical manifestations resulting from disrupted
functions at different points and levels within
this distributed brain system. As noted, this dis-
tributed brain system would be expected to
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involve a variety of both cortical and associated
subcortical regions engaged together in the
emerging brain process linked to voluntary move-
ment generation, with the common pathophysio-
logic manifestation being a dissociation between
self-perceived will and action.

One of the significant difficulties in conceptual-
izing and studying AHS in the context of a conven-
tional scientific paradigm is that a mechanistic
explanation alone cannot adequately account for
the process linked to intentionality and the teleolog-
ical aspect of goal-directed behavior. The emerging
field of “biosemiotics” that recognizes the process
of semiosis through which meaning and action-
associated intentionality emerge in the behavior of
living organisms promises to provide a new per-
spective and, in the process, provide potential
insights into this disorder.

Categorization

Two major forms of AHS can be distinguished.
One form is related to focal cortical and
intercortical white matter damage and the other
is associated with more diffusely distributed cor-
tical/subcortical damage (e.g., as seen in
corticobasal syndrome). Three variants of the
focal cortical form of AHS have been described,
each with unique behavioral manifestations and
neuroanatomical correlations. These variants
include the frontal, callosal, and posterior forms.

Cortical Form
Frontal Variant

Neuroanatomy The most common variant is the
“frontal” form. It is typically associated with dam-
age to the medial surface of the cerebral hemi-
sphere in the frontal region. This variant has been
described in cerebral infarction in the territory of
the anterior cerebral artery, with tumors involving
the medial surface of the cerebral hemisphere, and
in other conditions affecting the function of the
medial frontal lobe region. When the region of
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injury extends posteriorly to involve the medial
aspect of the prefrontal gyrus associated with the
primary motor cortex (PMC), the patient may
present with crural hemiparesis, with greater
weakness in the leg as compared to the arm. This
presentation corresponds to the topographical
organization of the PMC with control of lower
limb movement located more medially than the
areas on the exterior lateral surface that control the
upper limb and face. The frontal variant is seen
with involvement of the medial aspect of the pre-
motor cortex anterior to PMC including the pre-
supplementary (pre-SMA) and supplementary
motor area (SMA), and anterior cingulate cortex
(ACC), as well as connections to the posterior
cingulate cortex (PCC). In functional activation
studies, the medial frontal cortex has also been
found to activate spontaneously with complex
purposeful movements and with internal imaging
of voluntary movement, suggesting that it may
serve as a higher-level system that modulates the
activation of PMC in accordance with volitional
features of the performance. The readiness poten-
tial, or Bereitschaftspotential, a slowly developing
surface-negative shift that precedes an overt vol-
untary movement by over 1200 ms, arises through
activation of the anteromedial frontal cortex,
suggesting that excitation of this system precedes
the appearance of the overt movement and activa-
tion of the PMC. Activation of the ACC is
involved in intentional suppression of prepotent
responses as tested with the Stroop test. These
areas may serve as a higher-level system modu-
lating the activation of PMC in accordance with
the volitional self-referenced aspects of the per-
formance. Alternatively, they may be part of a
feed-forward system that generates an efference
copy of the generated motor command that is
transmitted to sensory cortex as a means of
distinguishing active self-generated limb move-
ment with its associated sensory re-afference,
from passive movement produced by external
forces associated with sensory ex-afference.

Clinical Presentation Behaviors seen frequently
with the frontal variant include involuntary,
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visually driven reaching and grasping onto
objects, an inability to voluntarily release these
objects, and utilization behavior in which the
presence of a frequently encountered object used
in daily activities such as a comb or a toothbrush
elicits behavior in which the object may be put to
use independent of the general interpersonal con-
text. A grasp reflex to tactile stimulation is often
present in the affected hand. The patient may
wake themselves up from sleep by grasping onto
and pulling at their own body parts. Patients may
show a prepotent tendency to be drawn toward
external objects. They also may demonstrate
alien-associated sexual self-stimulation or invol-
untary fondling of another’s body, a great source
of public embarrassment (Ong Hai and Odderson
2000). Interestingly, while the patient clearly
manifests purposeful involuntary coordinated
behaviors in the affected limb that appear to flow
effortlessly, attempts to willfully move the limb
are effortful and arduous. Voluntary movement in
the affected limb is often hypokinetic and hypo-
metric with greater activation of the axial and
proximal limb muscles compared to the distal
muscles controlling the wrist and fingers, even
though these muscles are fully and dexterously
activated in the alien movements. Generally,
these alien behaviors appear in the hand contra-
lateral to the damaged hemisphere regardless of
hemispheric dominance. When the dominant
hemisphere is damaged, in addition to alien
hand behavior in the dominant hand, they may
experience difficulty with the initiation of spon-
taneous speech while still being able to follow
verbal commands and repeat phrases without dif-
ficulty. These findings are consistent with a trans-
cortical motor aphasia that affects spontaneous
verbalization and production of propositional
speech more than repetition and generally respon-
sive language output. Alternatively, this has been
interpreted as a partial mutism manifesting as an
inability to initiate spontaneous propositional
verbal output.

Callosal Variant

Neuroanatomy The “callosal” variant is seen
with an isolated lesion of the corpus callosum.
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The voluntary motor systems of the two hemi-
spheres are isolated from each other due to lost
interhemispheric communication resulting in
impaired intermanual coordination. This variant
has been described most frequently as a transient
condition following callosotomy in the treatment
of intractable seizures. It may also be seen follow-
ing infarction or tumors selectively involving the
corpus callosum.

Clinical Presentation In the “callosal” variant of
AHS, the appearance of “intermanual conflict” or
“self-oppositional” behaviors is the predominant
feature. Grasping behaviors and externally driven
reaching movements seen in the frontal variant are
notably less prominent. When there is a major
disconnection between the two hemispheres
resulting from callosal injury, the language-linked
dominant hemispheric agent that maintains its
primary control over the contralateral dominant
limb effectively loses its direct and linked control
over the separate “agent” based in the non-
dominant hemisphere (and, thus, the nondominant
limb), which had been previously responsive and
“obedient” to the dominant agent. The possibility
of purposeful action in the nondominant limb
occurring outside of the realm of influence of the
dominant agent thus can occur. In the callosal
variant, the problematic alien hand is consistently
the nondominant hand, while the dominant hand
is the identified “good” normally controlled hand.
The patient may express frustration and bewil-
derment at the conflicting and disruptive behav-
ior of the alien hand whose motivations remain
inaccessible to consciousness. There may be an
attentional component that modulates the
appearance of these episodes of self-oppositional
behavior since intermanual conflict is observed
more frequently when the patient is fatigued,
stressed, or is engaged in effortful multitasking
and divided-attention activity. Occasionally,
rather than acting in a contradictory manner, the
two hands are observed to be engaged in two
different and entirely unrelated activities as if
being guided by completely separate and inde-
pendent intentions.

In a dramatic example of this behavior, one
patient was observed to initiate smoking a
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cigarette by pulling the cigarette out of the pack-
age and placing it in her mouth with the controlled
dominant hand followed by the alien non-
dominant hand, rather than beginning to light the
cigarette, suddenly reaching up, pulling it out of
her mouth, and throwing it across the room.
Astonished, the patient reasoned that perhaps the
alien hand was not in favor of her smoking!

The callosal and frontal variants are often seen
in combination with a corresponding overlap of
observed behaviors. For example, following
cerebral infarction in the territory of the anterior
cerebral artery, there may be ischemic injury to
both the medial frontal lobe and the corpus
callosum. In this circumstance, there may be
both visually directed reaching and grasping
alien behaviors in the limb contralateral to
the area of injury as well as episodes of
intermanual conflict. However, a clear differen-
tiation between apparent intermanual conflict
due to attempts to restrain alien behaviors asso-
ciated with the frontal variant (e.g., as in the case
of “self-grasping” described below), and true
intermanual conflict, in which the two hands are
directed toward independently contradictory
purposes, may be difficult to differentiate.

Posterior or “Sensory” Variant

Neuroanatomy The third identified variant of
AHS is the “posterior” or “sensory” form, which
appears most often with a parietal or parieto-
occipital focus of circumscribed damage. As in
the frontal variant, the alien behavior appears in
the hand contralateral to the damaged hemisphere.

Clinical Presentation In the patient with the
posterior variant, the movement of the affected
alien limb is typically less organized and often
has an ataxic instability particularly with visually
guided reaching. The limb also may show propri-
oceptive sensory impairment with hypesthesia, so
that kinesthetic impairment limits the monitoring
of limb position. Visual field deficits as well as
hemi-inattention may be seen on the same side as
the alien hand. In this variant, the limb may be
observed to lift up off of support surfaces invol-
untarily and “levitate” in the air seemingly to
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avoid contact between the palmar surface of the
affected hand and support surfaces. It may also be
seen to withdraw from objects approaching the
hand in distinct contrast to the reaching and grasp-
ing behaviors that are seen in the frontal variant.
The alien hand may assume a characteristic posture
of fully extended digits with the palmar surface
retreating from environmental objects, and support
surfaces an observation that has been labeled an
“instinctive avoidance reaction” by Denny-Brown
and has also been referred to as a “parietal hand.”
At times, grasping behaviors can also be observed
with the posterior variant.

Alien hand behavior has also been reported in
association with focal subcortical thalamic
infarction.

Distributed Cortical/Subcortical Form

In addition to having been observed in the context
of stroke, tumors, and callosotomy, alien hand
behavior has been described in a second general
form linked to degenerative neurological condi-
tions that tend to affect cortical and subcortical
regions together. The progressive neurodegenera-
tive disorders associated with this form of AHS
include corticobasal syndrome, progressive
supranuclear palsy, multiple sclerosis, spongiform
encephalopathy, and Alzheimer’s disease. When
AHS appears with these progressive encephalop-
athies, it is usually accompanied by various forms
of motor apraxia, along with multiple additional
cognitive and motor disturbances characteristic of
the particular condition.

Epidemiology

While there are no epidemiologic studies of the
occurrence of AHS variants in association with
acquired brain damage, it can be assumed that this
is a relatively rare but striking manifestation of
neurologic pathology.

Pathophysiology and Prognosis

Adapting the concept developed by Derek Denny-
Brown regarding positive and negative cortical
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tropisms based in the parietal lobe and frontal
lobes (Denny-Brown 1956, 1966), respectively,
a heuristic model has been proposed. In this
model, there are two separable but interactive
components of an intrahemispheric premotor
intentional system that modulate the output of
the PMC of the hemisphere and its direct influence
via the corticospinal tract over the spinal motor
nuclei innervating the distal muscles of the con-
tralateral limbs (Goldberg and Bloom 1990).

The first component is a posterolateral pre-
motor system (PLPS) based in the posterior pari-
etal region that is involved in generating
movements of the contralateral arm and hand, as
well as the lower limb, that are perceptually driven
toward external objects and are responsive to
externally sensed, contextually relevant, ecolog-
ical contingencies. The second component is an
anteromedial premotor system (AMPS) based in
the medial frontal region including medial pre-
frontal, pre-SMA, SMA, and ACC that is
involved in generating movements in the contra-
lateral upper limb that are guided by an out-
wardly directed intentional action plan and
driven by an anticipatory internally based
model of projected future contingencies. It pre-
sumably is also involved in activating with-
drawal movements that pull the limb back and
away from external stimuli. It also functions to
withhold action directly responsive to surround-
ing objects through inhibitory influence over
the PLPS. These two systems are proposed to
be in a metastable balance through mutually
inhibitory influence. Together, these two hemi-
spheric agency systems form an integrated
intrahemispheric agency system. Furthermore,
each intrahemispheric agency system has the
capability of acting autonomously in its control
over the contralateral limb, although overall uni-
tary control by a singular conscious agent is
maintained through interhemispheric communi-
cation between these systems via the corpus
callosum at the cortical level and other
interhemispheric commissures linking the two
cerebral hemispheres at the subcortical level.
Thus, conscious human agency can be thought
of as emerging through the linked and coordi-
nated action of at least four major premotor
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systems, two in each hemisphere. The overall
general configuration of this postulated heuristic
model is shown in Fig. 1.

It is proposed that AHS, in its different variants
described above, appears due to damage either to
the corpus callosum in the callosal variant (Fig. 2),
the AMPS of either hemisphere in the frontal
variant (Figs. 3 and 4), or to the PLPS of either
hemisphere in the posterior variant (Figs. 5 and 6).

The common factor in these anomalous condi-
tions is the relative sparing of the PMC region
controlling the contralesional alien hand, while
the premotor regions involved in the intentional
selection of action and the inhibition of automatic
behaviors in response to external factors are
impaired. A recent fMRI study of cortical activa-
tion patterns associated with alien and non-alien
movement has demonstrated that alien movement
is in fact characterized by isolated activation of
PMC without concomitant activation of
intrahemispheric premotor regions, while volun-
tary behavior includes the activation of PMC in
concert with activation of intrahemispheric pre-
motor regions (Assal et al. 2007).

Neuropsychology and Psychology
of AHS

The presence of AHS can cause the patient signif-
icant psychological distress as the hand seems to
possess the capability for acting autonomously,
independent of their conscious voluntary control.
The patient may become fearful that they will be
held accountable for consequences of an action of
the alien hand over which they do not feel control.
The patient may display “autocriticism”
complaining that the alien hand is not doing
what it has been “told to do” and is therefore
characterized as disobedient, wayward, or “evil.”
The hand is felt to be under the control of an
external unknown agent to whose narrative and
intentions the patient is not privy. They may even
physically strike the alien hand with the controlled
hand as a “punishment” intended to discourage its
wayward behavior, or restrain the movement of
the alien hand by grasping tightly onto it with the
controlled hand (“self-grasping”). They may
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PLPS

Alien Hand Syndrome, Fig. 1 Heuristic Model for
Understanding Alien Hand Syndrome (AHS). Abbrevia-
tions: RH right hemisphere, LH left hemisphere, CC corpus
callosum, PMC primary motor cortex, AMPS anteromedial
premotor system, PLPS posterolateral premotor system.
This view is shown looking down from above the vertex
with the face located at the rop of the drawing and the back
of the head noted at the bottom of the drawing, the left side
to the left and the right side to the right of the diagram. The
open bidirectional arrow between the AMPS and the PLPS
indicates an interaction characterized by mutually

verbally address and instruct the hand as if it were
an unruly child acting autonomously and in need
of disciplinary intervention. Conversely, they may
respond to these contrary actions with
amusement.

Given the predicament created, the patient may
develop depersonalization and dissociate them-
selves from the unintended actions of the hand.
They often choose to identify an external “alien”
source for the voluntary control of the hand, or
assign a distinct personality to the hand as a way
of seeking a satisfactory narrative to explain this
perplexing and disturbing situation.

From a psychological perspective, it is helpful
to counsel the patient regarding the organic basis of
their problem and provide assurance that there is a

PLPS

18 "
interactive inhibition creating a complementary metastable
control of the contralateral hand. Solid arrows indicate
facilitatory connections or connections that maintain syn-
chrony and coherence between the connected structures.
Output from PMC is directed primarily to the distal con-
tralateral limb with some less potent ipsilateral projections
to primarily axial postural muscles illustrated by a dotted
line. See text for further detail. Note that the left hemi-
sphere is stippled in the diagram designating this as the
dominant hemisphere for most individuals in correspon-
dence with a dominant right hand

rational explanation for their concerns and that
there is evidence that these problems can be treated
and are likely to gradually improve over time.

In AHS, different regions of the brain are able
to command purposeful limb movements, without
generating the conscious feeling of self-control
over these movements. There is thus a dissocia-
tion between the actual execution of the physical
movements of the limb and the process that pro-
duces an internal sense of voluntary control over
the movements. This latter process, impaired in
AHS, normally produces the conscious sense of
agency that conveys that the movement is being
internally initiated and produced by an active self.
Presumably, this process differentiates reliably
between “re-afference” (i.e., the return of
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Alien Hand Syndrome, Fig. 2 The Callosal Variant of
AHS. Theoretical explanatory model for the alien behav-
iors observed in callosal damage. In this instance, there are
findings consistent with callosal apraxia in addition to
intermanual conflict associated with the complete separa-
tion of the two intrahemispheric premotor intentional con-
trol systems. The limbs appear to be operated by two
relatively autonomous hemispheric control systems that
function as two distinct agents. The intentional premotor

kinesthetic sensation from the self-generated
“active” limb movement) and “ex-afference”
(i.e., kinesthetic sensation generated from an
externally produced “passive” limb movement).
It may do this by giving rise to a parallel output
signal from motor regions, a so-called efference
copy. The efference copy is then translated into a
corollary discharge, which conveys the expected
re-afferent sensory response from the commanded
movement. The corollary discharge can then be
used in somatosensory cortex as a referent to
distinguish re-afference from ex-afference and
thus differentiate a self-produced active move-
ment from a passive movement resulting from

RH/

system in the dominant hemisphere is linked to the lan-
guage system while that of the nondominant hemisphere is
separated from it. The dominant hand is understood as
connected to the language-mediated narrative “self,”
while the nondominant hand is not directly accessible to
this narrative self. The alien hand in this variant is the
nondominant hand that operates outside of the dominant
narrative. This is indicated by the stippled overlay in the
diagram on the left nondominant hand

external forces. AHS may thus involve impaired
production and transmission of either an efference
copy or a corollary discharge signal.

Evaluation

Evaluation of the patient with AHS involves care-
ful observation of limb movement in various natu-
ralistic contexts, along with reports from the patient
regarding their sense of control over these move-
ments. The relative dependence of movement on
external context should be evaluated through
assessment for utilization behaviors elicited by the
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Alien Hand Syndrome,
Fig. 3 The Non-dominant
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Frontal Variant of AHS.
Theoretical explanatory
model for the alien

behaviors observed in the
frontal variant associated
with damage to the AMPS
of the nondominant
hemisphere. In this case, the
contralesional nondominant
hand develops alien hand
findings due to the release
by disinhibition of the
reaching and grasping
behaviors driven from the
nondominant PLPS

Alien Hand Syndrome,

RIGHT

Fig. 4 The Dominant /""'\. LEFT
Frontal Variant of AHS.

Theoretical explanatory
model for the alien

5

behaviors observed in the
frontal variant associated
with damage to the AMPS
of the dominant
hemisphere. In this case, the
contralesional dominant
hand develops alien hand
findings due to the release
by disinhibition of the
reaching and grasping
behaviors driven from the
dominant PLPS. In

addition, spontaneous e
expressive language 2 PLPS
initiation is impaired due to S
the role of the AMPS of the

“' = PLPS

dominant hemisphere in the
initiation of propositional
verbal output

presentation of external objects commonly encoun-
tered in daily activities. A phenomenological
approach to assessing and documenting the motor
behavior and linking it to introspective first-person
report of the patient’s own experience is essential.

\ RH /

Not only should the verbal reports of the patient be
noted but also the associated affect. The limb
should be evaluated for evidence of a grasp reflex
with both tactile and visual stimulation. The ability
to release objects that have been grasped should
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Alien Hand Syndrome,
Fig. 5 The Non-dominant
Posterior Variant of AHS.
Theoretical explanatory
model for the alien
behaviors observed in the
posterior variant associated
with damage to the PLPS of
the nondominant
hemisphere. In this case, the
contralesional nondominant
hand develops alien hand
findings due to the release
by disinhibition of
behaviors driven from the
nondominant AMPS

Alien Hand Syndrome,
Fig. 6 The Dominant
Posterior Variant of AHS.
Theoretical explanatory
model for the alien
behaviors observed in the
posterior variant associated
with damage to the PLPS of
the dominant hemisphere.
In this case, the
contralesional dominant
hand develops alien hand
findings due to the release
by disinhibition of
behaviors driven from the
dominant AMPS

Alien Hand Syndrome
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also be assessed. Evaluation for callosal apraxia the affected limb should be completed as well as
and impairment of interhemispheric transfer of assessment for hemi-inattention. Evidence of an
information should be included. When the poste- avoidant tendency to withdraw the limb from tactile
rior variant of AHS is suspected, a visual field and visual stimulation should also be elicited and
assessment and careful sensory examination of noted when present.
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Treatment

There is no definitive specific treatment for AHS but
anumber of different rehabilitative approaches have
been described. Furthermore, in the presence of
unilateral damage within a single cerebral hemi-
sphere, there is often a gradual reduction in the
frequency of alien behaviors observed over time
and a gradual restoration of normal voluntary con-
trol over the affected hand. This suggests that
neuroplasticity in the bihemispheric and subcortical
brain systems involved in voluntary movement pro-
duction can serve to reestablish functional connec-
tion between the executive production process and
the internal self-generation and volitional registra-
tion process. Exactly how this may occur is not well
understood but could involve a reorganization
within residual elements of the intrahemispheric
premotor systems both at the cortical and subcortical
levels. In addition, some degree of expanded partic-
ipation of the intact ipsilateral hemisphere may be
involved in the recovery process by extending ipsi-
lateral motor projections and influence.

Different strategies can be used to reduce the
interference of the alien hand behavior in the
ongoing coherent controlled functional actions
of everyday life being performed by the patient.
In the frontal variant, an object such as a cane can
be placed in the grip of the alien hand so that it
does not reach out to grasp onto other objects, thus
impeding the patient’s forward progress during
walking. In another approach, voluntary control
of the limb is developed by training the patient to
perform a specific task with the alien limb, such as
moving the alien hand to contact a specific object
or a highly salient environmental target. Through
training to enhance volitional control, the patient
can effectively override the alien behavior when it
occurs. Recognizing that alien behaviors in the
frontal variant are often sustained by tactile
input, another approach involves simultaneously
“muffling” the actions of the alien hand and lim-
iting sensory feedback by placing it in a restrictive
“cloak” such as a specialized soft foam hand
orthosis or, alternatively, an everyday oven mitt.
Of course, this then limits the degree to which the
hand can engage in functional tasks. It may also be
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possible to develop improved participation of
ipsilateral hemispheric premotor mechanisms by
engaging the patient in coordinated bimanual
activities that necessitate cooperative coherent
coordinative mechanisms within residual intact
components of the motor control systems in both
hemispheres.

Cross-References

Anterior Cingulate Cortex
Apraxia

Corpus Callosum
Environmental Dependency
Movement Disorders
Utilization Behavior
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Definition

Allele is an alternate form of a gene, which is the
basic unit of inheritance. A gene is located at a
particular site on the chromosome and can have
several alleles for that locus. For example, A, B,
and O are different alleles for the ABO blood-type
marker locus of a gene. Alleles greatly influence
the expression of physical and behavioral pheno-
types or traits such as eye color. For instance, the
apolipoprotein E (APoE) gene is a well-known
risk factor for developing Alzheimer’s disease.
The APoE gene has three common alleles: epsilon
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Allokinesia

2, epsilon 3, and epsilon 4. There is some evi-
dence that carriers of the APoE epsilon 4 allele are
at a greater risk for the development of
Alzheimer’s disease. In contrast, the APoE epsi-
lon 3 allele has been suggested as a “protective”
factor in the development of Alzheimer’s disease
(Plomin et al. 2003).
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Gene
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Definition

Misperception of the location of a stimulus.
Although it can occur in other modalities, it is
most commonly elicited by tactile stimulation
and is often seen in the presence of other symp-
toms of unilateral asomatognosia. If a tactual
stimulus is applied to the side of the body contra-
lateral to a hemispheric lesion, the allesthetic
patient may perceive the nature of the stimulus
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correctly but identify it as being applied to the
comparable area on the opposite (unaffected) side
of the body. In some instances the stimulus may
be perceived as being on the same side of the
body to which it was applied, but displaced sig-
nificantly from the point of the actual stimulation
(usually toward the midline). When present, this
phenomenon likely results from post-rolandic
(parietal) lesions of the right rather than the left
hemisphere. More rarely it has been associated
with brainstem lesions.

Cross-References
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Allokinesia
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Definition

This phenomenon refers to a motor response in the
wrong limb, contralateral to the requested side,
sometimes opposite to the direction requested. It
can include nonvoluntary, mirror movements.

Current Knowledge

Allokinesia is often associated with neglect syn-
dromes, usually involving damage to the right hemi-
sphere. It is the motor counterpart of allesthesia.
Typically, a patient moves the right limb in response
to a request to move the left limb or moves toward
the right, away from the neglected side, when asked
to move toward the neglected side. In animal models,
the phenomena has been associated with frontal,
arcuate gyrus lesions (Heilman et al. 1995) and
disconnections of frontal and posterior parietal corti-
ces (Burcham et al. 1997).
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Synonyms

Alpha waves; Berger’s waves

Definition

Normal electromagnetic oscillations produced by
the brain when in a state of relaxation. They are in
the frequency range of 8—12 Hz and arise from
synchronous and coherent electrical activity of the
thalamic pacemaker cells in the human brain. Also
called Berger’s waves.

Current Knowledge

Alpha waves are believed to arise from the white
matter of the occipital lobes. They increase during
periods of relaxation with eyes closed. Alpha
waves are thought to represent activity in the

Alpha Rhythm

visual cortex and are associated with feelings of
calmness and relaxation. Alpha waves increase
when eyes are closed and during meditation and
are associated with creativity and mental
coordination.

After sustained wakefulness and during the
transition from waking to sleeping when the
ability to respond to external stimuli ceases,
upper alpha power decreases, whereas theta
increases.

It is suggested that the encoding of new infor-
mation is reflected by theta oscillations in
hippocampo-cortical feedback loops, whereas
search and retrieval processes in (semantic)
long-term memory are reflected by upper alpha
oscillations in thalamocortical feedback loops.

The neuronal currents resulting from spontane-
ous alpha wave activity have been shown to gen-
erate the largest extracranial magnetic fields. An
important application of this knowledge is the use
of eye closure as a way to modulate alpha wave
reactivity. There is technology that allows para-
lyzed individuals to operate hand-free controls
with the use of eye closure.

See Also

Electroencephalography
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Generic Name
Alprazolam

Brand Name
Xanax, Xanax XR, Niravam

Class

Antianxiety agents, anxiolytics, benzodiazepines
Proposed Mechanism(s) of Action

Binds to benzodiazepine receptors at the
GABA-A ligand-gated channel, thus allowing
for neuronal hyperpolarization. Benzodiazepines
enhance the inhibitory action of GABA via
boosted chloride conductance.

Indication

Generalized anxiety and panic disorder

Off-Label Use

Other anxiety disorders, irritable bowel syn-
drome, insomnia, adjunctive treatment in mania
and psychosis, premenstrual dysphoric disorder.
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Side Effects

Serious

Respiratory depression, hepatic dysfunction
(rare), renal dysfunction and blood dyscrasias,
grand mal seizures

Common

Sedation, fatigue, depression, dizziness, memory
problems, disinhibition, confusion, ataxia, slurred
speech
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Additional Information

Drug Interaction Effects: http:/www.drugs.com/drug_
interactions.html

Drug Molecule Images: http://www.worldofmolecules.
com/drugs/

Free Drug Online and PDA Software.: www.medscape.
com

Free Drug Online and PDA Software: www.epocrates.com

Gene-Based Estimate of Drug interactions: http://mhc.dayt
ondcs.com:8080/cgibin/ddiD4?ver=4&task=getDrug
List

Pill Identification.: http://www.drugs.com/pill_identifica
tion.html
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Synonyms

Equivalent forms; Parallel forms
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Alternate test forms are designed to avoid or
reduce content- or item-specific practice effects
that are associated with repeated administrations
of the same neuropsychological test(s) (Fastenau
etal. 2002). Examination of the manuals for many
intellectual and neuropsychological tests illus-
trates that practice effects are common, especially
over brief retest intervals (e.g., days or weeks).
Regarding test construction, alternate test forms
should include the same number of items, and
the items should be of equivalent difficulty. More-
over, the test instructions, time limits, examples,
and format should be identical to the original
instrument developed during standardization,
to reduce measurement error (Jackson 2009).
Of course, measurement error can never be elim-
inated. For example, content-sampling error and
time-sampling error — inherent in all test-retest
paradigms — are always concerns in developing
alternate test forms (Strauss et al. 2006). Addi-
tionally, alternate test forms cannot control other
factors such as positive carry-over effect (i.e.,
developing better test-taking strategies), familiar-
ity with the testing context (i.e., novelty effects),
performance anxiety, and regression to the mean,
among others (Busch et al. 2006; Salinsky et al.
2001). This might, to some extent, explain why
some studies show that alternate test forms reduce
or eliminate practice effects, whereas other studies
do not.

Current Knowledge

Alternate test forms are developed by administer-
ing an equivalent test — comprising items of sim-
ilar difficulty — to the same group of examinees
or normative sample, shortly before or after being
administered the original test form. Scores from
the two forms are then correlated (This is called
alternate form reliability, or equivalent or par-
allel form reliability), which yields a reliability
coefficient — otherwise known as the coefficient
of equivalence. If the original and alternate
test forms are truly equivalent, then there
would be (theoretically) a one-to-one

Alternate Test Forms

correspondence between the two sets of scores
(Petersen 2008). Moreover, their means and
variances would also be very similar. Therefore,
the coefficient of equivalence should be high
(i.e., >0.80; Sattler 2001). Of course, though
they appear similar, the two forms are often not
of equivalent difficulty, or otherwise parallel.
Thus, in the absence of employing special
empirical procedures like test equating, which
“fine-tune the test construction process”
(Petersen 2008, p. 99), the two forms cannot be
used interchangeably.

Test equating refers to a class of statistical
concepts and procedures that adjust for differ-
ences in difficulty level on alternate test forms
(please note that these procedures adjust for
differences in test difficulty, not differences in
content (see Kolen and Brennan 2004)), so that
the forms can be used interchangeably (see Kolen
and Brennan 2004, pp. 2-3, for a discussion
of this procedure; White and Stern 2003). Test
equating establishes, empirically, “a relationship
between raw scores on two test forms that can then
be used to express the scores on one form in terms
of the scores on the other form” (Petersen et al.
1989, p. 242; see also Dorans and Holland 2000;
Petersen 2008). Common types of test equating
are Item Response Theory (IRT), linear, and
equipercentile (Ormea et al. 2001).

The Neuropsychological Assessment Battery
(Stern and White 2003), Hopkins Verbal Learning
Test-Revised (Brandt and Benedict 2001), Brief
Visuospatial Memory Test-Revised (Benedict
2001), and Wide Range Achievement Test-
Fourth Edition (Wilkinson and Robertson
2006) are several examples of tests (or test
batteries) that provide alternate test forms.
With the above caveats in mind, alternate test
forms can be useful in serial neuropsychological
evaluations.
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Landmark Clinical, Scientific, and
Professional Contributions

e Alois Alzheimer was both an excellent clini-
cian and a notable researcher. He is best
remembered for being the first to definitively
describe the symptoms and cerebral lesions of
the disease now known as Alzheimer’s disease.
Nonetheless, his contributions to science and
medicine did not begin, nor do they end, there.
He was one of the leaders of the movement
to implement the nonrestraint principle
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(explained more fully below) in asylums. His
neurohistological work advanced the idea that
psychiatric diseases were biological in origin.
And, through his roles as both doctor and sci-
entist, he contributed to our understanding of a
variety of conditions such as cerebral athero-
sclerosis, alcoholism, and general paresis.

Short Biography

In the German municipality Marktbreit, Alois
Alzheimer was born on June 14, 1864, to Eduard
and Theresia Alzheimer. Eduard, a Royal Notary,
provided his family with a comfortable upbring-
ing. Although Alois had only an older brother
when he was born, six more siblings followed
him. Alois spent the first 4 years of his education
at Catholic school in Marktbreit, until his family
left the area to find a new home with superior
educational opportunities for the children. The
family’s chosen residence was in Aschaffenburg,
and in 1874, Alois moved there in order to study
at the Royal Humanistic Gymnasium. Alois
completed his high school degree in 1883 with
excellent grades. He then decided to study med-
icine because of his aptitude and fondness for the
natural sciences, as well as a sense of duty to
mankind.

He enrolled at the Royal Friedrich-Wilhelm
University in Berlin for the 1883-1884 winter
semester. In his psychiatry lecture there, he
learned of John Conolly’s nonrestraint principle.
Also called open treatment, the nonrestraint prin-
ciple proposed the novel view that the mentally ill
should be treated with a minimal amount of phys-
ical constraint. Although Berlin was the medical
capital of Germany, Alois disliked Berlin and its
distance from his family. Therefore, he was
transferred to the University of Wiirzburg
(Lower Franconia, Germany), where his older
brother was studying. As an aside, due to the
influence of his older brother, Alois joined and
later held several officer positions in the Franco-
nian Corps. His histology professor, Alfred von
Kolliker, gave him his first experience with
microscopes and staining techniques, which
lead to his passion for forensic psychiatry. In
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the fall of the following year, Alois left to
spend his winter semester at the Eberhard Karls
University of Tiibingen. He returned in 1887 to
the Wiirzburg Anatomical Institute’s department
of microscopy to write his doctoral thesis, “On
the Earwax Glands.” The intricate figures he
presented in the paper, as in all his papers, were
proof of how scrupulously he conducted his
research and clinical work. With the completion
of his thesis, Alois Alzheimer received his doctor
of medicine degree. He passed the state medical
examination and was awarded a license to prac-
tice medicine in 1888.

Shortly thereafter, he became a personal phy-
sician to a mentally ill woman and traveled with
her for 5 months. Emil Sioli, the director of the
Municipal Asylum for the Insane and Epileptic in
Frankfurt am Main had advertized for an intern,
specifically hoping for a competent doctor who
was also adept with a microscope. Upon his
return, the 24-year-old Dr. Alzheimer was hired
immediately. Dr. Franz Nissl also was hired as
senior physician for the asylum. Nissl not only
became one of Alzheimer’s closest friends but
also taught him a powerful staining technique for
highlighting neuronal cell bodies (the Nissl stain),
which helped Alzheimer achieve success in his
histological studies. Sioli’s main goal for the asy-
lum was to fully employ the nonrestraint princi-
ple. Alzheimer was particularly skilled at gaining
the trust of patients through conversation, and he
often documented these conversations. The dia-
logues often were central to diagnosing a patient
and even more so to research. His talent in clinical
interviewing was such that clinicians who later
read his notes had sufficient information to eval-
uate his opinions and to make their own diagno-
ses. Alzheimer drew on his microscopy and
forensic psychiatry training, to do histological
investigations into the physical origins of psychi-
atric disorder. In Frankfurt, his topics of study
included epilepsy, senile dementia, criminal
minds, and a variety of psychoses. He established
himself as a well-rounded physician by publishing
papers on a wide variety of topics. Aside from his
duties as a physician and researcher, he also
appeared as an expert before courts and presented
at many scientific meetings. While at Frankfurt,
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Alzheimer became an expert on general paresis,
which later became the subject of his postdoctoral
thesis.

In Algeria, a personal physician who had been
traveling with a man suffering from general pare-
sis sent a telegram to Alzheimer in 1892 to request
that he treat the worsening patient. Alzheimer
obliged and went to North Africa. He intended
to bring the patient back to his hospital in Ger-
many, but the patient died before reaching Ger-
many, leaving his wife, Cecilie, a widow.
Alzheimer and Cecilie became close friends, and
eventually the widow asked him to marry her.
They were married in April 1894 in the registry
office of Frankfurt. Because Cecilie was Jewish,
she had to convert to Catholicism before the two
could be married by the church in February 1895.
On March 10, 1895, their first child, Gertrud, was
born, and Dr. Nissl was chosen to be her godfa-
ther. But Nissl soon moved to work with Emil
Kraepelin in Heidelberg. Nissl’s departure created
room for Alzheimer to be promoted to senior
physician within Sioli’s asylum. Also that year,
to lessen the overcrowding of the main hospital, a
new branch asylum opened. With this addition,
Sioli and Alzheimer furthered their goal of fully
implementing the nonrestraint principle by insti-
tuting duration baths rather than isolation. The
asylum became known as a revolutionary clinic,
and it elevated the reputations of all its doctors.
But above all, in 1901, Alzheimer met the patient
who would immortalize his name: Auguste
D. Auguste had been admitted to the asylum
because of delusional and excessively forgetful
behavior. Although at admission she was
disoriented, anxious, and suspicious, over time
she became unruly and disruptive. Alzheimer
was particularly intrigued by her case for the
duration of her stay in the hospital.

Alzheimer’s second child, Hans, was born in
1896, and his third, Maria, was born in 1900.
However, the lavish lifestyle he had lived with
Cecilie ended when she died in February 1901.
Alzheimer’s sister, Elisabeth, took over his house-
hold. Though she was strict, she became an inte-
gral part of the family. Without Cecilie, Alzheimer
no longer had a reason to stay in Frankfurt. After
his application to be director of a regional asylum
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was rejected, he joined Nissl in Heidelberg in
1903 and went to work for Emil Kraepelin. The
group he joined there was an international team of
researchers. Later that same year, Kraepelin was
named director of the Royal Psychiatric Clinic
and the District Mental Asylum in Munich.
Alzheimer followed him, but was not paid in
Munich due to the lack of a position for him and
also his desire to manage his own time. Despite
his absence from Frankfurt, Alzheimer still
received updates on Auguste D.

By this point, Alzheimer’s thesis on general
paresis was finished, but because he moved
twice in such a short time, he had not yet turned
it in. Alzheimer submitted his postdoctoral thesis
to the Ludwig-Maximilian University in Munich
with the hopes of gaining associate professorship.
In it, he published not only his clinical dialogues
but also his postmortem histological findings.
With this paper, he asserted that histological
examinations could definitively show the pres-
ence of general paresis. Until then, few doctors
suspected that syphilis was a cause of general
paresis, but shortly thereafter the link between
the two was found. His work was surpassed by
the discovery of a way to diagnose syphilis, with-
out resorting to autopsies. In August 1904, he
joined the university’s medical faculty.

Because of his experience at remodeling the
Frankfurt clinic, Alzheimer was fundamental in
finishing the plans for the new Munich clinic. He
furnished his anatomic laboratory with the best
equipment and the brightest students — many of
whom went on to make great contributions to
science, including Ugo Cerletti, electrical shocks
to generate convulsions; Hans Gerhard
Creutzfeldt and Alfons Jakob, Creutzfeldt-Jakob
disease; Frederic Lewy, Lewy bodies; and others.
Alzheimer was made chief physician in 1906, a
paid position, but also one that took away much of
his time in the laboratory.

Two topics that consumed Alzheimer in
Munich were psychiatric symptoms resulting
from pathological anatomy and classification of
mental illnesses by etiology. The latter faced
much opposition from the scientific community.
Yet, the most opposition he ever faced was his
presentation of the Auguste D. case. Auguste
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D. had always fascinated Alzheimer. He had paid
special attention to her, taking copious notes about
their conversations. When he moved away, he still
received updates about her condition, which
worsened progressively until her death. When
Auguste D. died in 1906, her files, brain, and
spinal cord were sent to Munich. Alzheimer,
along with his student Gaetano Perusini, immedi-
ately began examining the case. In Tiibingen,
Alzheimer presented her case in a lecture entitled
“On a Peculiar Severe Disease Process of the
Cerebral Cortex,” in which he described the
lesions (now known to be neurofibullary tangles)
that he believed caused Auguste’s symptoms.
Based on records from the time, his peers did not
bother to ask questions, nor were there any com-
ments about the lecture in the minutes. He later
published the entire lecture, but still it received
little attention. He then tasked Perusini to find
more patients, similar to Auguste D. in the
clinic. Perusini found four cases and published
an article entitled “On Clinically and Histologi-
cally Peculiar Mental Illnesses in Advanced Age.”
Another student of Alzheimer’s, Francesco
Bonfiglio, found another case of presenile demen-
tia and also published on the disease. Spurred by
Bonfiglio’s paper, Kraepelin included a section on
“Alzheimer’s Disease,” in the 1910 edition of his
textbook Clinical Psychiatry. This publication is
acknowledged as the origin of the term.
Alzheimer himself never referred to it as
“Alzheimer’s disease,” though he had later publi-
cations on the disease. Alzheimer decided to
resign his post as chief physician in order to
devote more time to research, specifically travel-
ing to study epilepsy. Although he was no longer
employed by Kraepelin, Alzheimer undertook the
responsibilities of coeditor of Kraepelin’s Journal
of Complete Neurology and Psychiatry.
Recognition for Alzheimer and the disease car-
rying his name began to spread. In 1912, the Sile-
sian Friedrich-Wilhelm University in Breslau asked
him to join their faculty as a full professor of psy-
chiatry. During the move to Breslau, Alzheimer fell
ill, but nevertheless assumed his duties with vivac-
ity. His patients and coworkers, including Georg
Stertz, Ottfried Forster, and Ludwig Mann, took
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notice of his kind, yet authoritative presence. In
1913, his health forced him to visit a private
clinic. Though he returned to work, his health had
not improved. This did not impede his ability to
make significant contributions to science: in 1913
he found the syphilis pathogen in the central ner-
vous system of a patient with general paresis.

After a long illness, Alois Alzheimer died on
December 19, 1915, from a heart condition and
kidney failure. Though no one immediately took
over his pursuit of an understanding of Alzheimer’s
disease, people recommenced research on
Alzheimer’s disease cases in the 1950s. Studies of
the disease began in earnest after Martin Roth’s
assertion in the 1960s that Alzheimer’s disease
was the most common cause of senile dementia.
In the 1970s, Robert Katzman further propelled the
surge of interest in Alzheimer’s disease by stating
that it was one of the most widespread diseases.
Since then, the amount of research on Alzheimer’s
disease has increased exponentially, resulting in
multiple foundations and centers devoted solely to
the disease that Alois Alzheimer’s colleagues con-
sidered trivial.
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Synonyms

Alzheimer’s disease; Early-onset Alzheimer’s dis-
ease; Familial Alzheimer’s disease; Late-onset
Alzheimer’s disease; Senile dementia of the
Alzheimer’s type

Short Description or Definition

One of the leading causes of dementia in late life,
Alzheimer’s dementia (AD) is a progressive neuro-
degenerative disorder characterized by a gradual
onset and progressive course, affecting memory
and other cognitive domains. Traditionally, a diag-
nosis of AD is made if the cognitive impairments do
not occur exclusively in the context of other condi-
tions that affect cognitive status (e.g., delirium,
depression, medication side effects, thyroid mal-
function, or certain vitamin deficiencies) and are
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of sufficient severity to cause impairment in social
or occupational functioning. Recent changes to the
Diagnostic and Statistical Manual of Mental Dis-
orders, Fifth Edition (DSM-V), allow a diagnosis of
AD under either major or mild neurocognitive dis-
order. The criteria for major neurocognitive disor-
der state that cognitive decline must be significant
and interfere with daily activities (e.g., paying bills,
managing household chores, or shopping), whereas
mild neurocognitive disorder represents “modest”
decline that does not necessarily interfere with
accomplishing daily tasks. A diagnosis of mild
neurocognitive disorder due to Alzheimer’s disease
can be made if the condition has not yet progressed
to interfere with daily functioning (American Psy-
chiatric Association 2013). Diagnoses of AD are
based on the history and presentation of clinical
symptoms, evidence of cognitive impairment, and
the exclusion of other causes of dementia such as
stroke, metabolic disorders, or other conditions that
may account for the cognitive impairment. A diag-
nosis of definite AD is based upon postmortem
neuropathological analysis and is made when
there are sufficient numbers of senile plaques and
neurofibrillary tangles in specific brain regions.

Categorization

AD may be categorized according to onset age,
family history, or presenting clinical features. Age
categories distinguish between early (occurring
before age 65) and late (occurring at age 65 and
older) onset. Classifications based on family his-
tory (familial AD vs. sporadic AD) distinguish
AD forms that show high heritability. Familial
AD is rare, generally of early onset, and has
been associated with mutations in the APP gene
on chromosome 21, presenilin 1 gene on chromo-
some 14, and presenilin 2 gene on chromosome 1
(Hardy 2003). Its transmission resembles an auto-
somal dominant pattern (Morris and Nagy 2004).

AD has also been classified according to the
clinical presentation of symptoms. Its most com-
mon presentation involves early and significant
memory impairment. Variants to this presentation
have been reported in the literature and include a
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visual (posterior) form with significant impair-
ment in higher-level processing of visual stimuli,
an aphasic form with significant language
involvement, and a frontal form with prominent
impairment of executive functions. At autopsy,
these variants usually exhibit AD neuropathology
in brain regions typically involved in the specific
neuropsychological domain (Grabowski and
Damasio 2004).

Epidemiology

AD is the most common cause of dementia in late
life, accounting for 60-80% of all cases (“2015
Alzheimer’s” 2015). Current estimates suggest
5.3 million individuals suffer from AD in the
United States, and projections based on popula-
tion trends suggest an increase to 13.8 million by
2050, including approximately seven million
individuals aged 85 and older (Hebert et al.
2013). The overall prevalence of AD is about
11% in individuals age 65 years or older in Amer-
ica and increases with age to include 32% of
persons aged 85 and older (Hebert et al. 2013).
Incidence rates also exhibit an age-related
increase. For example, of the 473,000 individuals
that are projected to develop AD in 2015, just
61,000 new cases represent those aged 65 to 74,
while 172,000 new cases are among those age 75
to 84, and the final 240,000 cases are among
individuals aged 85 and older (the “oldest-old”)
(“2015 Alzheimer’s” 2015; Hebert et al. 2013).
Studies report differing patterns of AD prevalence
and incidence at the upper end of the life span,
with some reporting a plateau at very old ages (age
90 or 100; Mendez and Cummings 2003). Addi-
tionally, research demonstrates racial differences
in the prevalence of dementia with higher rates
among Black and Latino populations. Some of
these differences are attributed to differences in
cardiovascular risk (“2015 Alzheimer’s” 2015).

Risk Factors

Increasing age is among the strongest risk factor
for AD. Other risk factors include the e4 allele of
the apolipoprotein E (APOE) gene, positive
family history (also in sporadic AD), low
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education (possibly due to less neural reserve),
female sex (even after accounting for differential
survival), history of head trauma, and cardiovas-
cular factors (“2015 Alzheimer’s” 2015;
Tschanz et al. 2013). Well-established vascular
risk factors include hypertension, high choles-
terol, and diabetes (Tschanz et al. 2013). Some
of these risk factors affect AD risk when occur-
ring earlier in the life span. For example, studies
suggest that high blood pressure, high serum
cholesterol, and obesity in midlife increase the
risk of AD later in life (“2015 Alzheimer’s”
2015; Kivipelto et al. 2005). Although inconsis-
tent, some studies report treatment with antihy-
pertensive medications or cholesterol-lowering
agents reduces risk for AD (Soininen et al.
2003). Among potential “protective” factors,
data from epidemiological studies suggest a
lower risk of AD among women receiving hor-
mone replacement therapy (Zandi et al. 2002b;
Kawas et al. 1997). However, a large random-
ized clinical trial of estrogen and estrogen-
+progesterone in elderly women suggested an
increase in all-cause dementia in those receiving
the combination hormone treatment. Thus hor-
mone therapy is not recommended for cognitive
health (Malaspina et al. 2008). Other modifiable
risk factors that have shown potential benefits
for cognitive health and reduced risk for demen-
tia include diet, nutrients, and nutrient supple-
ments such as antioxidant vitamins, omega-3
fatty acid, medications such as nonsteroidal
anti-inflammatory agents, and lifestyle practices
such as physical activity and cognitive and
social engagement (Scarmeas et al. 2009; Zandi
etal. 2002a; Wengreen et al. 2009; Morris 2012;
Engelhart et al. 2002; Norton et al. 2012; Wang
etal. 2012).

Natural History, Prognostic Factors,
Outcomes

The clinical course of AD is usually one of the
gradual onset of symptoms with progressive
decline. Many scientists believe the disease pro-
cess starts in the brain decades before overt symp-
toms emerge. A preclinical phase, characterized
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primarily by episodic memory deficits, heralds the
onset of symptoms. This stage, also referred to as
mild cognitive impairment (MCI), lasts approxi-
mately 1-3 years. Progression to dementia is
characterized by increasing severity of cognitive
impairment with severe memory deficits, visuo-
spatial impairment, and other perceptual distur-
bances. Language impairment begins with mild
naming difficulties and circumlocutory speech
but progresses to include comprehension defi-
cits. Apraxia (difficulty performing learned
motor tasks in the absence of impairment in
primary motor or sensory functions) and
impaired executive functions and computational
ability are also apparent. Behavioral changes are
common with indifference, irritability, and

Alzheimer’s Dementia,
Fig. 1 (a and b) Displays
the brains from a
cognitively normal elderly
individual and an individual
who suffered from
advanced AD, respectively.
Note the severe atrophy
apparent in the AD brain
(Photo courtesy of Christine
Hulette, M.D., Bryan
Alzheimer Disease
Research Center, Duke
University. Used by
permission of Elsevier
Limited)
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sadness, progressing to delusions and, in some
individuals, more severe psychiatric distur-
bances such as hallucinations and agitation. In
end stages, there is severe deterioration of all
cognitive functions, speech is generally
unintelligible, and motor rigidity and urinary
and fecal incontinence are present. Death may
occur as the result of other causes such as pneu-
monia or infections (Mendez and Cummings
2003). On postmortem exam, the brain is char-
acterized by generalized atrophy and sulcal and
ventricular enlargement. Figure 1a and b display
gross atrophy of an AD brain compared with a
brain from a cognitively normal elderly individ-
ual. Figure 2 displays a coronal section of an AD
brain at the level of the hippocampus.

T L AR R I I
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Alzheimer’'s Dementia,
Fig. 2 Displays atrophy in
AD in this coronal section
including the hippocampi.
Note dilated lateral
ventricles and loss of
inferior temporal mass are
present bilaterally (Photo
courtesy of Steven S. Chin,
M.D., Ph.D., University of
Utah Health Sciences
Center)

The duration of the entire disease course from
MCI to death is highly variable. Mean survival
estimates from symptom onset range from 4 to
8 years, but some studies have reported consider-
ably longer duration of 20 years (“2015
Alzheimer’s” 2015). Regardless of duration, one
study suggests that individuals will spend the
majority of their total years with AD in the most
severe stage (Arrighi et al. 2010). More rapid rate
of disease progression has been associated with
early, prominent language impairment, frontal
features, and extrapyramidal signs (Mendez and
Cummings 2003). Studies examining risk factors
of progression after AD onset indicate more rapid
decline of cognitive and functional deficits for
females, those with earlier onset ages, and those
with comorbid vascular risk factors. Alternatively,
use of various vascular treatments and cholines-
terase inhibitors has been associated with slower
rates of decline (Tschanz et al. 2013).

Neuropsychology and Psychology of
Alzheimer’'s Dementia

Neuropsychological Deficits

The neuropsychology of AD follows the clinical
progression. In early stages, memory is almost
always involved, with specific deficit in learning
new information. Remote memory such as mem-
ory for autobiographical or other knowledge-
based systems (semantic memory) is relatively

unaffected. In early stages, standardized testing
with word lists may reveal relative preservation
of immediate or working memory but impairment
in delayed (free) recall. There is usually some
benefit from cuing or recognition procedures.
With progression, cuing is no longer helpful, and
remote recall is affected. Implicit memory may be
relatively spared as patients show evidence of
learning on priming or procedural motor tasks.
Orientation to time and place is also affected in
AD (Knopman and Selnes 2003).

Language impairments progress from mild
anomia and word finding difficulties in early
stages to include impairment in comprehension
and writing. Errors in speech (paraphasias)
become more common, and word substitutions
become progressively less related to the target
words. Repetition of speech may be relatively
unaffected until late in the disease course (Mendez
and Cummings 2003; Knopman and Selnes
2003). Sensitive to changes in language are tests
of verbal fluency and confrontation naming.
Visuospatial disturbances may be subtle or non-
existent in the earliest stages of AD. In moderate
and severe stages, impairment may be evident
on figure copying tasks or judgment of
line orientation (Knopman and Selnes 2003).
Figure 3 displays characteristic examples of
visuoconstructional impairment in four represen-
tative patients with AD.

Impaired abstract reasoning, sustained atten-
tion, planning, judgment, and problem-solving
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Alzheimer’'s Dementia, Fig. 3 Displays visuocon-
structional impairments in the drawings of four individuals
with possible or probable AD. The stimulus is the left-most

may characterize impairment in executive func-
tions. Deficits in executive functions may be dem-
onstrated on tests of verbal fluency, trailmaking,
and set shifting. Tests such as the Rey complex
figure and clock drawing may also elicit impair-
ment in executive functions with poor planning
and execution of the tasks. Deficits in working
memory may be evident on tasks requiring mental
manipulation or divided attention (Knopman and
Selnes 2003).

Other neurocognitive aspects of AD include
apraxia and anosognosia. In mild AD, deficits in
praxis are not common but emerge later in the
disease course. Assessment of apraxia may
involve pantomiming the execution of a task.
Anosognosia or an unawareness of disability is
extremely common (Knopman and Selnes 2003).
Standardized assessment approaches are few.
Some approaches rely on clinical observation,
noting a discrepancy between self-report of cog-
nitive impairment and test performance or a dis-
crepancy between caregiver and patient report of
impairment.

Behavioral Symptoms

Behavioral changes are extremely common in
AD, with nearly all individuals exhibiting at
least one symptom at some point over the disease
course. Among the most common of these
changes is apathy, characterized by a lack of inter-
est and indifference. Anxiety, irritability, and
depression are also common, as are delusions.
Some patients may exhibit hallucinations, and
particularly challenging for caregivers and family
are disruptive behaviors such as agitation and
aggression. The course of behavioral symptoms
is variable, with severe episodes alternating with

figure (Photographs courtesy of Norman L. Foster, M.D.,
and Angela Y. Wang, Ph.D., Center for Alzheimer’s Care,
Imaging and Research, University of Utah)

milder ones, raising questions about environmen-
tal triggers. Noting the co-occurrence of several
behaviors, some scientists believe these symp-
toms are better conceptualized as behavioral syn-
dromes, with implications for underlying brain
pathology. Several questionnaires are available
for assessing behavioral symptoms, ranging from
a single symptom questionnaire to a large inven-
tory of symptoms. Assessment of behavioral
symptoms is particularly important in an AD eval-
uation as their presence may suggest other causes
for dementia.

Evaluation

A thorough dementia work-up is important for
diagnosing AD or determining the etiology of
dementia. Critical elements of an evaluation
include a detailed clinical history, mental status
and physical exam, and, due to potential inaccu-
racies in patient reporting, an interview with a
reliable informant. Neuropsychological testing,
laboratory, and neuroimaging are important to
exclude other causes of dementia.
Neuropsychological testing is especially
important in determining severity of cognitive
decline and developing a differential diagnosis
between dementia and cognitive deficits due to
other conditions. Neuropsychologists may admin-
ister a battery of standardized assessments of
memory, visuospatial functioning, language, and
executive functions and estimate a discrepancy
between current and premorbid functioning
based on normative data associated with those
tests. Alternatively, many neuropsychologists
may administer several follow-up examinations
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to identify patterns of cognitive change over time
in establishing a diagnosis. Psychometric proper-
ties of these assessments as well as reliable change
methods should be considered when determining
the validity and reliability of results. While prac-
tice effects are generally considered problematic,
recent research has elucidated the utility of prac-
tice effects for prognosis and differential diagno-
sis (Chelune and Duff 2013).

Laboratory testing may include a blood count,
routine chemistries, thyroid function, and B12
levels. Neuroimaging with MRI or CT may reveal
generalized cerebral atrophy with associated
sulcal widening and ventricular enlargement. In
early stages of the disorder, the brain may appear
normal on MRI/CT. PET imaging is a more sen-
sitive technique for detecting changes in brain
function in early stages. Reduced glucose metab-
olism, usually in the temporoparietal regions, is a
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consistent pattern in early AD. Figures 4, 5, and 6
display the pattern of glucose hypometabolism in
MCI and AD compared with a cognitively normal
elderly individual. Additional examination of bio-
markers, such as sampling cerebrospinal fluid for
tau and amyloid-B42 assays, may be helpful as
supplemental procedures for complex cases
(Mendez and Cummings 2003).

All acquired data are used in differential diag-
nosis under the DSM-V and National Institute of
Neurological and Communicative Disorders and
Stroke and the Alzheimer’s Disease and Related
Disorders  Association (NINCDS-ADRDA)
criteria (American Psychiatric Association 2013;
McKhann et al. 1984). In 2011 the National Insti-
tute on Aging (NIA) and Alzheimer’s Association
workgroup proposed updated criteria to increase
diagnostic range and specificity, including a pre-
clinical stage of AD before symptom onset and
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Alzheimer’s Dementia, Fig. 4 These images are pro-
cessed FDG-PET images obtained from elderly subjects.
The images have been processed using Neurostat stereotactic
surface projections to illustrate the changes of the brain in
Alzheimer’s disease. Subject scans are shown in two rows in
each figure, depicting projections onto six surfaces: R-lateral,
L-lateral, R-medial, L-medial, superior, and inferior. The top
row in each figure displays regional glucose metabolism with
“cooler” colors (purple, blue) reflecting areas of hypo-
metabolism. The bottom row in each figure displays relative
glucose metabolism for each participant as compared with a
normative sample of 27 cognitively normal elderly individ-
uals. In this bottom series, the images display the statistical

significance, expressed as Z-scores, of the hypometabolism
when compared to those of the normative sample. The
brighter colors (red, white) represent areas of significant
hypometabolism, and the cooler colors of blues and purples
represent relatively normal brain metabolism. 74-year-old
control subject with normal cognition. The top row shows
normal brain metabolic activity, and the lower row shows
very few regions of hypometabolism. The areas of significant
hypometabolism indicated in the medial views are due to this
individual having enlarged lateral ventricles relative to nor-
mative subjects (Photographs courtesy of Norman L. Foster,
M.D., and Angela Y. Wang, Ph.D., Center for Alzheimer’s
Care, Imaging and Research, University of Utah)
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Alzheimer’s Dementia, Fig. 5 These images are pro-
cessed FDG-PET images obtained from elderly subjects.
The images have been processed using Neurostat stereotactic
surface projections to illustrate the changes of the brain in
Alzheimer’s disease. Subject scans are shown in two rows in
each figure, depicting projections onto six surfaces: R-lateral,
L-lateral, R-medial, L-medial, superior, and inferior. The top
row in each figure displays regional glucose metabolism with
“cooler” colors (purple, blue) reflecting areas of hypo-
metabolism. The bottom row in each figure displays relative
glucose metabolism for each participant as compared with a
normative sample of 27 cognitively normal elderly individ-
uals. In this bottom series, the images display the statistical
significance, expressed as Z-scores, of the hypometabolism
when compared to those of the normative sample. The

brighter colors (red, white) represent areas of significant
hypometabolism, and the cooler colors of blues and purples
represent relatively normal brain metabolism. 60-year-old
subject clinically diagnosed with MCI. The top row shows
symmetric decreases in metabolic activity in both hemi-
spheres of the brain. Abnormalities are primarily in the pari-
etal lobe (shown in the R-lateral and L-lateral views) and the
posterior cingulate cortex (shown in the R-medial and L-
medial views), as seen in the green regions. The bottom row
confirms that these regions (green, yellow, and red areas) are
indeed significantly (Z-scores > = 2.5) hypometabolic. This
pattern is a distinguishing feature of AD seen in FDG-PET
studies (Photographs courtesy of Norman L. Foster, M.D.,
and Angela Y. Wang, Ph.D., Center for Alzheimer’s Care,
Imaging and Research, University of Utah)

Alzheimer’s Dementia, Fig. 6 These images are pro-
cessed FDG-PET images obtained from elderly subjects.
The images have been processed using Neurostat stereotac-
tic surface projections to illustrate the changes of the brain in
Alzheimer’s disease. Subject scans are shown in two rows in
each figure, depicting projections onto six surfaces: R-lat-
eral, L-lateral, R-medial, L-medial, superior, and inferior.
The top row in each figure displays regional glucose metab-
olism with “cooler” colors (purple, blue) reflecting areas of
hypometabolism. The bottom row in each figure displays
relative glucose metabolism for each participant as com-
pared with a normative sample of 27 cognitively normal
elderly individuals. In this bottom series, the images display
the statistical significance, expressed as Z-scores, of the

hypometabolism when compared to those of the normative
sample. The brighter colors (red, white) represent areas of
significant hypometabolism, and the cooler colors of blues
and purples represent relatively normal brain metabolism.
72-year-old subject clinically diagnosed with AD. This sub-
ject shows an even greater and more widely distributed
decrease in glucose metabolism. Parietal and temporal
lobes and posterior cingulate cortex (green and blue regions
in the top row) are affected. The statistically significant
changes in metabolic pattern (red and white regions in the
lower row) are much greater than the MCI case (Photo-
graphs courtesy of Norman L. Foster, M.D., and Angela Y.
Wang, Ph.D., Center for Alzheimer’s Care, Imaging and
Research, University of Utah)
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incorporation  of  diagnostic  biomarkers
(McKhann et al. 2011). These criteria are gaining
supporting scientific evidence toward their valid-
ity although further evaluation is required before
they are adopted in clinical settings (“2015
Alzheimer’s” 2015).

Treatment

Treatment for AD is palliative, with medications
and therapies for symptom management. Medica-
tions most commonly used are cholinesterase inhib-
itors that functionally address the cholinergic deficit
of AD by blocking the activity of the acetylcholine-
degrading enzyme, acetylcholinesterase (see

“Cholinesterase Inhibitors™). These medications
are modestly effective, and patients and family may
note an improvement in some cognitive and behav-
ioral symptoms. However, the medications do not
modify the trajectory of disease progression. In
general, cholinesterase inhibitors are well-tolerated.
The use of the first FDA-approved drug of this
class, tacrine, however, is rarely administered now
due to risk of liver toxicity. Other medications
include donepezil, rivastigmine, and galantamine.
Side effects include gastrointestinal symptoms such
as diarrhea, nausea, and vomiting (Orgogozo
2003). Memantine, an NMDA glutamate recep-
tor blocker, has been approved for use in moder-
ate and severe AD with the mechanism of action
presumably reducing neuronal excitotoxicity.
Additionally, a sixth drug combining donepezil
and memantine was approved in 2014 for use in
moderate and severe AD (“2015 Alzheimer’s”
2015). Other treatments include the use of psy-
chotropic medications (such as antidepressant
and antipsychotic medications) to address the
behavioral symptoms. Cognitive rehabilitation
may be attempted early in the disease course
while patients are still able to participate, and
personalized psychosocial interventions such as
reminiscence therapy and music therapy have
gathered support (Cotelli et al. 2012). Further-
more, psychoeducation, behavioral techniques,
and caregiver support and interventions are also
important elements of clinical care.

Alzheimer’'s Dementia
See Also

Cholinesterase Inhibitors
Neurofibrillary Tangles
Senile Dementia
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Definition

A neurodegenerative disease of the brain charac-
terized clinically by insidious, chronic, and pro-
gressive cognitive decline and histologically by
cerebral accumulations of the proteins beta amy-
loid (plaques) and tau (tangles).
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Historical Background

In 1902, a woman called Auguste D. came under
the care of Dr. Alois Alzheimer and then at the
University of Frankfurt. The patient manifested
changes in behavior and cognition. Her clinical
course was characterized by progressive paranoia,
delusional thinking, disorientation, and poor
memory. She was institutionalized for the last
3 years of her life. Upon her death, Alzheimer
analyzed her brain using a silver stain and
described both extracellular and intracellular pro-
tein accumulations. The extracellular protein
accumulations were termed plaques, and the
intraneuronal protein accumulations were called
tangles. Alzheimer presented the results of this
autopsy in 1906. Several other similar cases of
relatively “presenile” (i.e., arbitrarily defined as
an onset prior to age 55-65) clinical dementia
associated with plaques and tangles were noted
by Alzheimer and others over the next 4 years. In
1910, Alzheimer’s departmental chair, Emil
Kraepelin, published a textbook covering the
fields of neurology and psychiatry and referred
to patients with presenile dementia, plaques, and
tangles as having “Alzheimer’s disease.”

Concurrently, other investigators, such as
Oscar Fischer, also reported plaque presence in
elderly demented individuals. These individuals
were older than those with “presenile” dementia
(i.e., generally older than age 55-65). As the com-
monality of progressive dementia in the elderly
was well recognized, the presence of plaques in
elderly demented individuals was felt to represent a
normal phenomenon. Such individuals were not
diagnosed with Alzheimer’s disease. Instead, cog-
nitive decline in elderly adults was attributed to
normal aging or other poorly described conditions,
such as “hardening of the arteries.” As a result,
Alzheimer’s disease remained relatively uncom-
mon for a number of subsequent decades.

In the 1960s, investigators began comparing
elderly demented subjects to those diagnosed
with “presenile” Alzheimer’s disease. Notable
similarities were observed regarding the clinical
course (chronic and progressive), the clinical fea-
tures (cognitive decline that featured evolution of
an amnestic state, followed by behavioral
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changes), and histopathology (plaques and tan-
gles). By the 1970s, the number of demented
elderly was growing fast as demographic shifts
in the aging population combined with increased
recognition of the syndrome. At this point, the
original definition of Alzheimer’s disease
(as described by Alzheimer and named by
Kraepelin) was expanded to account for all
dementing individuals with plaques and tangles,
although some separation of these groups was
envisioned. Those meeting the original criteria
of plaque and tangle dementia in presenile adults
were designated as having dementia of the
Alzheimer type (DAT), while the previously
unconsidered elderly cases were designated as
having senile dementia of the Alzheimer type
(SDAT). With increasing recognition of the prob-
lem, Alzheimer’s disease very quickly became
incredibly common, as well as a Western civiliza-
tion health priority.

In the USA, the 1980s saw the establishment of
federally funded Alzheimer’s disease research
centers, which began to systematically study the
clinical course of this progressive dementia,
mostly in the common SDAT form. Academic
research began to unravel the chemical makeup
of plaques and tangles. Investigations into pat-
terns and causes of neurodegeneration were
performed. This advancing knowledge enhanced
the ability of clinicians to diagnose Alzheimer’s
disease at increasingly subtle stages, as well as the
ability to pharmacologically intervene to achieve
partial, temporary symptomatic benefits in at least
some individuals.

Current Knowledge

Scientific Perspective

The plaques seen in persons with Alzheimer’s
disease contain several aggregated proteins. The
major constituent is a protein called amyloid beta
(AB). “Beta” is a chemical term that specifies a
certain pattern of protein folding. “Amyloid” is a
general term that refers to proteins that give a
particular appearance when exposed to a particu-
lar type of stain, Congo red. The beta amyloid, or
AP, found in the brains of Alzheimer’s disease
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patients derives from a particular protein called
the amyloid precursor protein (APP).

In the human brain, the APP is 695 amino acids
long. It is a transmembrane protein. One end (the
carboxyl end) is found inside neurons, in the
cytoplasm. The other end (the amino end) extends
outside the cell. In between the cytoplasmic and
extracellular portions is a stretch that runs through
the membrane. The normal function of APP is not
well known. APP is digested by different
enzymes, which cut the protein at different points.
An enzyme complex called the beta secretase
(BACE) cuts APP in its extracellular portion. An
enzyme or group of enzymes referred to as the
alpha secretase cuts APP in its intramembrane
segment. The gamma secretase cuts APP twice,
both times in its intramembrane segment. Both of
the gamma secretase cuts occur closer to the car-
boxyl end of the APP than the alpha secretase cut.

Different cutting combinations generate vari-
ous APP by-products. Cutting of an APP by beta
and gamma secretases generates a 38—43 amino
acid stretch, and this stretch tends to assume a beta
folding conformation and has the features of an
amyloid protein (i.e., birefringence under the
microscope when stained with Congo red). The
40 and 42 amino acid-long variants of AP pre-
dominate in plaques and are often designated
AB40 and AB42. AB42 seems to be particularly
important to the formation of the amyloid plaques
of Alzheimer’s disease, probably because this
version of the protein is quite insoluble. When
AP accumulations begin to form in brain, they
are not associated with disrupted cell elements
and are called “diffuse plaques.” Another type of
more evolved plaque can also be found in
Alzheimer’s disease patients, in which Af
becomes condensed at the center of the plaque,
and the vicinity of the plaque is associated with
disrupted cell elements such as degenerating
axons and dendrites. As axons and dendrites are
collectively called “neurites,” this type of plaque
is called a “neuritic plaque.”

The tangles of Alzheimer’s disease are found
primarily in neurons. Under the microscope tan-
gles have a fibrous quality to them, and hence
tangles in Alzheimer’s disease are referred to as
“neurofibrillary tangles.” Neurofibrillary tangles
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consist of a protein called tau. Normally, tau is
found in association with microtubules, which act
as a skeleton, or “cytoskeleton” supporting the
cellular structure. The function of tau appears to
be the stabilization of these microtubules. Like
many proteins, after its production tau is modified
by the addition and subtraction of phosphate
groups on certain amino acids, especially serine
and threonine. During embryonic development, tau
is heavily phosphorylated, but during youth and
early adulthood, this heavily phosphorylated pat-
tern is rare if at all seen. In Alzheimer’s disease,
though, tau again takes on a heavily phosphorylated
pattern, which is felt to reflect an abnormal physi-
ologic event and is referred to as tau “hyper-
phosphorylation.”  Hyperphosphorylated  tau
molecules begin to pair off, a process called “dimer-
ization.” Hyperphosphorylated tau dimers, also
called “paired helical filaments,” are quite insoluble
and begin to aggregate with each other. This aggre-
gation, typically visible extending from cell bodies
into axons, comprises the neurofibrillary tangle.
As impressive as this advancing understanding
of plaque and tangle composition is, recognizing
what constitutes these aggregations does not
address why they form. In this regard, genetic
studies of DAT subjects who inherit the disorder
in an autosomal-dominant fashion have had a
large impact. Several hundred such families have
been documented. In these families the disease
affects about 50% of each generation, with typical
onset occurring in the third, fourth, fifth, or sixth
decades. A small number of these families have
demonstrable mutations in the gene that encodes
the APP. This gene is located on chromosome
21, the same chromosome that is present in excess
in Down’s syndrome. Down’s syndrome patients
invariably accumulate AP plaques in their fifth
decade. A somewhat larger number of these fam-
ilies have mutations in the gene that encodes a
protein called presenilin 1. This gene is found in
chromosome 14. Presenilin 1 protein constitutes
part of the gamma secretase complex. A smaller
number of families have mutation of a related
gene on chromosome 1, which encodes a related
protein, presenilin 2. Presenilin 2 can also partic-
ipate in formation of the gamma secretase. Muta-
tions in the genes that encode APP, presenilin 1,
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and presenilin 2 all enhance the production of
AP42. This has lent support to the “amyloid cas-
cade hypothesis,” which posits as AB42 is gener-
ated it begins to interfere with neuronal function,
kill neurons, and generate the other histologic
features seen in Alzheimer’s disease. While the
logic underlying this hypothesis is obvious, it is
important to keep in mind it assumes the very
small subset of early-onset, autosomal-dominant
Alzheimer’s disease (which accounts for far less
than 1% of those affected) have a similar if not
identical etiology to the common sporadic, late-
onset cases that constitute the vast majority. In
those subjects, what initiates AP42 production
remains an open area of debate. Conceivably,
population diversity in genes that contribute to
APP production or processing could cause Ap42
to appear. Environmental factors could lead to
AP42 formation. Also, a variety of age-related
factors promote AB42 formation.

Other factors are recognized to play a role in
Alzheimer’s disease, and where these factors fit
into or what they tell us about the etiologic hier-
archy of the disease is unclear. One factor relates
to the APOE gene on chromosome 19. The APOE
gene shows population variability due to the pres-
ence of two polymorphic positions. The common
APOE variants are the €2, €3, and €4 forms. The
APOE €4 form is over represented in those with
Alzheimer’s disease, where it seems to move up
the age of presentation in those destined to
develop the disorder. Mitochondrial function is
also altered in Alzheimer’s disease, and these
alterations are not limited to the brain.

Diagnostic Perspective

Dementia is defined as a cognitive decline that has
advanced to that point it interferes with activities
of daily living. While dementia has many different
etiologies, Alzheimer’s disease is the most com-
mon cause of dementia, accounting for 50-60% of
dementia verified by neuropathological examina-
tion of the brain at autopsy. The clinical diagnosis
(i.e., diagnosis in life) of Alzheimer’s disease is
made in patients who have progressive dementia
with no other systemic or brain diseases that could
account for the progressive cognitive decline.
A diagnosis of “definite Alzheimer’s disease” is
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traditionally diagnosed at autopsy by the presence
of plaques and tangles (although in some older
schemas tangles are not requisite) in an individual
with a clinical history suggestive of dementia. The
presence of plaques and tangles in typical brain
regions (mesial temporal, parietal, and inferior
frontal structures) is quite common in elderly per-
sons with the clinical syndrome of Alzheimer’s
disease. As a result of the high prevalence of
Alzheimer’s disease with advancing age (at least
one commonly quoted study estimates approxi-
mately half of those over the age of 85 have it), the
specificity of the clinical diagnosis is high. Rec-
ognition of how common Alzheimer’s disease is
in later life has also served to enhance clinician
awareness, thus improving sensitivity of the diag-
nosis. In the hands of an experienced physician,
clinical diagnostic accuracy is excellent.

Criteria originally designed to facilitate identi-
fication of subjects for clinical trials have helped
to standardize clinical diagnostic approaches.
These criteria, such as those proposed by the
National Institute of Neurologic, Communicative
Disorders, and Stroke (NINCDS) and the
Alzheimer’s Disease and Related Disorders Asso-
ciation (ADRDA) in the 1980s emphasize the
importance of establishing that a progressive
dementia exists in a patient. Two basic approaches
are commonly used toward this end. One is to
demonstrate a pattern of cognitive domain strengths
and weaknesses that reliably suggest decline from a
previous level of cognitive function has emerged.
For example, defective memory retention in the
presence of another defective cognitive domain
(language, executive function, visuospatial func-
tion, and praxis) in an elderly patient with cognitive
complaints and an otherwise unremarkable physi-
cal exam is strongly suggestive of Alzheimer’s
disease. The other approach focuses more on defin-
ing the degree and nature of emerging declines in
daily living activities. This latter technique focuses
extensively on collateral history obtained from fam-
ily members or friends of the patient.

The diagnosis is made primarily through clin-
ical impression, although that impression is
influenced by a small set of recommended labo-
ratory and imaging tests. These tests are serologic
(vitamin B12 level, thyroid function tests,
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electrolytes with renal and hepatic indices, and a
blood cell count) and structural (brain imaging by
either computed tomography or magnetic reso-
nance imaging) in nature. As currently used,
they mostly serve to rule out the presence of
concomitant pathologies that can interfere with
cognition. Although this has contributed to the
view that the Alzheimer’s disease diagnosis is one
of'exclusion, it should be noted that certain patterns
of cognitive decline elicited by clinical history or
demonstrable by neuropsychological testing are so
typical of Alzheimer’s disease they can be used to
support a diagnosis of inclusion. It is important to
note, though, that while fluorodeoxyglucose PET
and APOE genotyping are occasionally used to
address specific questions, such as whether the
presence of Alzheimer’s disease versus a
frontotemporal dementia is more likely in a patient,
these tests are not routinely used in the diagnosis of
Alzheimer’s disease and cannot by themselves
establish a diagnosis of Alzheimer’s disease.

Another PET application is also now available,
which reveals the presence of brain fibrillary Af
deposition (in essence, the presence of amyloid
plaques). At the time of this writing amyloid
plaque scanning, which is expensive and not cov-
ered by third-party payers, is not routinely used to
diagnose Alzheimer’s disease although the utility
of this test is under study and this may change in
the future. Spinal fluid measurements of AP and
tau protein levels yield similar information to that
which is obtained through an amyloid scan, but
this test is currently used more in research settings
than it is in the clinic setting.

An increasing emphasis on Alzheimer’s disease
biomarker measurements is apparent in new
Alzheimer’s disease diagnostic research criteria
that were formulated in 2011. In addition to essen-
tially continuing recognition of existing Alzheimer’s
disease criteria, two new largely biomarker-driven
Alzheimer’s disease categories were proposed.
One new category, “prodromal Alzheimer’s dis-
ease,” captures individuals with a mild cognitive
impairment (MCI) syndrome and evidence of
fibrillary brain amyloid plaque deposition. “Pre-
clinical Alzheimer’s disease” is defined as intact
cognitive function in an individual with evidence
of fibrillary brain amyloid plaque deposition.
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Treatment Perspective
Although Alzheimer’s disease is currently neither
reversible nor curable, it is possible to treat its
symptoms. The first approved treatment for
Alzheimer’s disease was tacrine, a cholinesterase
inhibitor. This drug increased levels of brain ace-
tylcholine by antagonizing its synaptic degrada-
tion. Increasing brain cholinergic tone was
identified as a pharmacologic target because
Alzheimer’s disease patients show a profound
loss of acetylcholine due to degeneration of cho-
linergic neurons in the basal forebrain. Safer cho-
linesterase inhibitors (donepezil, rivastigmine, and
galantamine) have since superseded tacrine.
In addition to inhibiting acetylcholinesterase,
rivastigmine also inhibits butyrylcholinesterases
that also hydrolyze acetylcholine, and galantamine
is an allosteric modulator of acetylcholine nicotinic
receptors. Each agent shows a similar overall
degree of efficacy, although the individual with
Alzheimer’s disease may respond to or tolerate
one drug better than the other. Treatment cohorts
followed for 12 weeks to 3 years indicate that as a
group, those started on cholinesterase inhibitors
tend to perform and appear slightly improved com-
pared to their immediate pretreatment baseline.
This improvement appears detectable for
6-12 months. By 12 months, though, treatment
groups return to their pretreatment performance as
ascertained by cognitive testing, clinical impres-
sion, and caregiver impression. Beyond 12 months,
patients continuously decline below their pre-
treatment baseline, although for at least the next
several years, patients appear to perform better on
cognitive testing than would otherwise be expected.
The clinical meaningfulness of this sustained bene-
fit has fueled considerable debate. Benefits have
been observed on measures of cognitive ability,
functional ability, behavior, and caregiver stress.
At the time of this writing, memantine is the
only non-cholinesterase inhibitor specifically
approved for the treatment of Alzheimer’s dis-
ease. Under in vitro conditions, memantine blocks
a cation channel associated with the NMDA type
of glutamate-activated ionotropic receptors.
Whether or not this is its primary mechanism of
action in Alzheimer’s disease has been
questioned. In any case, cohorts of patients with
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moderate or severe Alzheimer’s disease, when
randomized to memantine, perform better on mea-
sures of cognitive and functional performance
than do concurrent placebo treatment groups. In
severe Alzheimer’s disease, the magnitude of
observed benefit is similar to that obtained with
donepezil. Memantine and donepezil have been
studied in combination with each other. Subjects
with mini-mental state exam scores of 5—-14, who
were already on donepezil, did better as a group
when memantine was added to their treatment
regimen than when placebo was added. Demon-
strable benefits in mild Alzheimer’s disease are
lacking, and thus the role of memantine in the
mild stages of Alzheimer’s disease is not clear.

Two studies concluded high-dose vitamin
E (2000 IU each day) might slightly slow decline
in Alzheimer’s disease patients. Other studies,
though, suggest taking more than 400 IU of vitamin
E on a daily basis increases overall mortality. The
marginality of any vitamin E benefit, in conjunction
with safety concerns, has reduced enthusiasm for the
use of vitamin E in Alzheimer’s disease. Although a
variety of other prescription medications (estrogens,
statins), nonprescription medications (nonsteroidal
anti-inflammatories), and nutraceuticals (gingko
biloba) have been considered for the treatment of
Alzheimer’s disease, published data to date on all
other treatment options has been at worst negative
and at best insufficient to earn regulatory approval.

Other drug categories are commonly used
to treat targeted symptoms associated with
Alzheimer’s disease. For instance, antipsychotic
medications are often used to treat agitated behav-
ior. Some studies do show efficacy in this regard,
although other studies have argued the limited
behavioral benefits antipsychotics may confer is
canceled out by increased morbidity.

Future Directions

Scientific Perspective

In the short term, considerable effort will be
directed at additional studies of AP dynamics and
homeostasis. Research will focus on the toxicities
of different degrees of AP aggregation (especially
oligomers, defined as short, soluble polymers of
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amyloid), cellular mechanisms of AP disposal, and
tissue-level mechanisms of A disposal.

Research over the longer term will need to
address the fact that the predominant etiologic
hypothesis, the amyloid cascade hypothesis, can-
not yet explain why AP homeostasis changes in
most of those affected or how AP might give rise to
other aspects of Alzheimer’s disease pathology. It
is possible the amyloid cascade hypothesis will
prove valid in those with early-onset, autosomal-
dominant Alzheimer’s disease caused by mutations
of the genes encoding APP, presenilin 1, and pre-
senilin 2 proteins, but not the late-onset cases (the
vast majority). Disproving the amyloid cascade
hypothesis in the late-onset cases will likely require
two events. First, interventions that attempt to treat
Alzheimer’s disease by targeting AP will need to
show absent or limited efficacy. Second, other
hypotheses better able to explain the overall
Alzheimer’s clinical, and pathological big picture
will need to demonstrate viability and durability.

Diagnostic Perspective

Because it may prove easier in the future to pre-
vent neurodegeneration rather than reverse it, the
ability to render an early, accurate diagnosis is
crucial. Also, the ability to treat the disease (either
symptomatically or disease modifying) increases
the importance of early diagnosis. This has led
the field to recently define prodromal and preclin-
ical Alzheimer’s disease categories. A key question
is how these new categories, which were proposed
for research purposes, should extrapolate to the
clinical setting. The use of biomarkers to define
how close an asymptomatic or very mildly
impaired individual is to clinical Alzheimer’s dis-
ease outside of the research setting requires, and is
receiving, careful consideration.

Treatment Perspective

None of the treatments approved for use in
Alzheimer’s disease are approved for use in
MCl/prodromal Alzheimer’s disease, although
available data argue cholinesterase inhibition
(at least with donepezil) may provide a marginal
benefit. Such a benefit would not be surprising,
especially if MCI represents very early
Alzheimer’s disease in most people.
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Over a decade of experience with symptomatic
treatment has made it abundantly clear that
disease-modifying treatments are required. Most
current approaches toward disease modification
are targeted to AP homeostasis. Inhibition of its
production (gamma secretase inhibitors and mod-
ifiers), its targeted removal (active and passive
immunization approaches), prevention of its
aggregation, and enhancement of enzymatic deg-
radation are all under active pursuit. To date, a
phase I AP vaccination trial (AN1792) was halted
when several of the subjects developed encepha-
litis. Other data obtained through this trial suggest
the approach was successful in reducing cerebral
amyloid plaques. However, the most extensive
published clinical data from AN1792 indicate
that 1 year after vaccination, the rate of cognitive
decline was similar to (unchanged from or only
very slightly reduced from) the rate of decline
shown by the placebo group of that trial. Other
anti AP trials have featured drugs designed to
prevent generation of AP from APP, drugs
designed to prevent the collection of A mono-
mers into oligomers, and the administration of
antibodies to A that are intended to remove A
from the brain. To date a number of trials of these
agents have not succeeded in reaching their pri-
mary end point, while other trials are still under-
way. It is worth noting that anti-Af trial design
increasingly is focusing on subjects whose brains
show AP deposition, but who are clinically
asymptomatic or only mildly affected from a clin-
ical perspective. The proposed but unproven ratio-
nale for this is that if it turns out to be the case that
AP does initiate neurodegeneration in
Alzheimer’s disease, once the neurodegeneration
proceeds to a certain point, it may continue to
advance whether or not AP is present.

If attacking AP fails to meaningfully benefit
Alzheimer’s disease patients, the validity of the
amyloid cascade hypothesis in late-onset, spo-
radic Alzheimer’s disease will be called into ques-
tion. If this happens, new models for drug design
will be needed. Currently, mice expressing a
mutant APP transgene, sometimes in conjunction
with other mutant human transgenes, serve as the
gold standard for preclinical testing of potential
Alzheimer’s disease treatments.
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Synonyms

Alzheimer’s disease cooperative study ADL scale
for mild cognitive impairment (ADCS-ADL-MCI);
Alzheimer’s disease cooperative study ADL scale
for severe impairment (ADCS-ADL-sev)
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Alzheimer’s Disease Cooperative Study ADL Scale

Description

The ADCS-ADL assesses the competence of
patients with Alzheimer’s disease (AD) in basic
and instrumental activities of daily living
(ADLs). It can be completed by a caregiver in
questionnaire format or administered by a clini-
cian/researcher as a structured interview with a
caregiver. All responses should relate to the
4 weeks prior to the time of rating. The six basic
ADL items each take an ADL (e.g., eating) and
provide descriptions of level of competence, with
the rater selecting the most appropriate option
(e.g., ate without physical help and used a knife,
used a fork or spoon but not a knife, used fingers
to eat, was usually fed by someone else). The
16 instrumental ADL items follow the format
“In the past 4 weeks, did s/he use the telephone,”
with the response options of yes/no/don’t know.
If the response is “yes,” a rating is then made
regarding his/her competence according to a set
of descriptions tailored to that activity (e.g., for
the telephone item, whether the person looked up
phone numbers and made calls, made calls only
to well-known numbers without referring to a
directory, made calls only to well-known num-
bers using a telephone directory, answered the
phone but did not make calls, or only spoke
when put on the line). Adapted versions of the
scale suitable for people with MCI (ADCS-MCI-
ADL) and moderate—severe AD (ADCS-ADL-
sev) have also been developed. Scores on the
24-item ADCS-ADL range from 0 to 78, those
on the 18-item ADCS-MCI-ADL range from 0 to
57, and on the 19-item ADCS-ADL-sev from 0 to
54, where higher scores reflect greater compe-
tence (see section “Psychometric Data” for fur-
ther details). The entire instrument takes
15-30 min to administer.

Historical Background

The ADCS is a US-based initiative that aims to
conduct research informing the prevention and
treatment of AD, as well as developing measures
for use in people with AD, particularly in clinical
trials. The ADCS-ADL was the first ADL scale to
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be developed for use specifically in clinical trials
with people with AD across the range of severity.
The 24 items in the standard version were selected
from a pool of 45 items based upon a stringent set
of psychometric criteria (see section “Psychomet-
ric Data”). Using the same criteria, Galasko et al.
(2005) developed a version of the ADCS-ADL for
more severely impaired participants, which is
known as the ADCS-ADL-sev, and a version for
people with MCI has also been developed
(ADCS-MCI-ADL, Perneczky et al. 2006). The
ADCS-ADL has been used in a variety of clinical
trials.

Psychometric Data

Galasko et al. (1997) selected the items for the
ADCS-ADL from a pool of 45 items thought to be
relevant to the target population on the basis of
existing scales and clinical experience. To deter-
mine which ADLs were most suitable for inclu-
sion, the 45-item version was administered at
baseline, 6 months and 12 months later to
64 elderly controls and 242 people with AD,
stratified by MMSE score at baseline assessment.
Half of participants were additionally assessed at
1 and 2 months post-baseline. An item was
included in the final measure if it fits the criteria
that it was performed either premorbidly or at
baseline by >90% of participants (showing it
was applicable to the target group), had a kappa
agreement statistic at 1-2 months of >0.4
(indicating good test-retest reliability), had a sig-
nificant correlation with MMSE score (indicating
appropriate scaling and validity), and showed
decline over 12 months in at least 20% of partic-
ipants (indicating validity and sensitivity to
change).

Galasko et al. (2005) used the same criteria in
the development of the ADCS-ADL-sev, based on
longitudinal data of 145 patients with Mini-
Mental State Examination (MMSE) scores
between 0 and 15. Galasko et al. reported good
test-retest reliability (baseline-1 month » = 0.94,
baseline-2 months » = 0.89, monthl-month2
r = 0.94), and there was evidence of convergent
validity based upon the strong correlation
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between ADCS-ADL-sev and other global
impairment measures (ADCS-ADL-sev —
MMSE r = 0.64; ADCS-ADL-sev — severe
Impairment Battery » = 0.71). The mean score
on the first test was 25.4 (SD 12.7, maximum
obtainable 54), with a mean decline of 5.6 points
(SD 7.5) over 6 months and 10.3 points (SD 10.3)
over 12 months.

Perneczky et al. (2006) have found that the
ADCS-MCI-ADL scale can discriminate people
with MCI from control participants (a cutoff score
of 52 gives sensitivity of 0.89 and specificity of
0.97). Further the scale has been shown to have
high discriminatory power to distinguish between
MCI and AD (a cutoff score of 37/38 has a sensi-
tivity of 85% and specificity of 87%) (Pedrosa
et al. 2010).

Clinical Uses

The ADCS-ADL and its variants are the only ADL
scales designed with AD specifically in mind and
can provide a fairly detailed assessment of compe-
tence in a variety of ADLs. Galasko et al. (2005)
state that the measure takes too long to administer
for it to be widely adopted in clinical practice, but
it would be useful in intervention studies, and the
ADL-sev in particular where the severity of the
disorder may render measures such as the MMSE
unsuitable due to floor effects. The careful selec-
tion of items for the ADCS-ADL suggests that
they are eminently suitable for use in clinical trials.
Perneczky et al. (2006) found that even patients
with a diagnosis of mild cognitive impairment
exhibit deficits in instrumental ADLs on the
ADCS-ADL-MCI and that scores can successfully
discriminate patients with MCI from healthy con-
trols; as such, results from this scale may be useful
in forming an MCI diagnosis.
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Definition

Ambidexterity is the tendency for one to be more
or less equally proficient in carrying out complex
or skilled motor tasks with either the right or the
left hand. While complete ambidexterity is rela-
tively rare, mixed proficiencies or preferences are
not uncommon, with men more frequently dem-
onstrating such mixed preferences than women.
Tan (1988) found that approximately 66% of the
population was noted to express a strong right-
handed preference, while a little more than 3%


https://doi.org/10.1007/978-3-319-57111-9_1790
https://doi.org/10.1007/978-3-319-57111-9_1929
https://doi.org/10.1007/978-3-319-57111-9_1800
https://doi.org/10.1007/978-3-319-57111-9_1842
https://doi.org/10.1007/978-3-319-57111-9_1842

American Academy of Clinical Neuropsychology (AACN)

were predominately left handed. The remaining
30% evidenced mixed hand preferences. As noted
elsewhere in this volume, handedness is a com-
mon, but not the only measure of what is referred
to as “cerebral dominance.” Another of the more
frequent indices of dominance is language, which
is typically organized primarily in the left hemi-
sphere. While in the majority of non-brain-injured
individuals, the control of both complex motor
skills and language functions rest within the left
hemisphere, this may not always be the case, par-
ticularly for those who are either left handed or
ambidextrous. It has been shown that while right
hemisphere dominance for language is quite rare in
right-handers, it could approach 30% in strong left-
handers. Individuals who are ambidextrous or
whose parents are left handed tend to fall some-
where in between these two groups with regard to
the hemispheric localization of language. Further-
more, the localization of language may not be an
all-or-none phenomena. While one hemisphere
may be more predominant, language functions
may be mediated to some extent by both hemi-
spheres. Individuals with mixed or anomalous
dominance, including those who were ambidex-
trous, tend to have a greater incidence of at least
some degree of bilateral representation of language.
In the event of unilateral strokes, such individuals
may evidence less severe residual aphasic deficits
when compared to patients with strongly lateralized
language when that hemisphere is affected.
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Membership

American Academy of Clinical Neuropsychology
(AACN) is an organization for psychologists who
have achieved board certification in the specialty
of clinical neuropsychology, under the American
Board of Clinical Neuropsychology (ABCN).
Membership in the Academy consists of three
classes: active, senior, and affiliate. Active
members are elected from among psychologists
who have been certified in clinical neuropsy-
chology by the ABCN in affiliation with the
American Board of Professional Psychology
(ABPP). Senior members are elected from
among active members who have been academy
members, for a period of no less than the five
preceding years, are age 65 or older or disabled,
and are fully retired from the active practice of
clinical neuropsychology. They continue to be
listed in the membership directory of the acad-
emy, and they continue to receive any newslet-
ters distributed to academy members. Senior
members have no financial obligations to the
academy and are allowed to continue to sub-
scribe to any journal available through the acad-
emy. At the time of this publication, there were
1045 members listed in the online directory.
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Affiliate members are elected from among all
others who are intellectually interested in the
purposes of the academy and wish to participate
in its nonvoting activities. All members are pro-
vided with a subscription to The Clinical Neu-
ropsychologist, access to the AACN Clinical
Discussion Email List, and discounted fees to
meetings and workshops.

Presidents of the Academy include Byron
P. Rourke, (1995-1996), Wilfred van Gorp
(1996-2002), Catherine A. Mateer (2002-2004),
Robert L. Mapou (2004-2006), Jerry J. Sweet
(2006-2008), Gregory J. Lamberty (2008-2010),
Michael A. McCrea (2010-2012), Aaron Nelson
(2012-2014), E. Mark Mahone, (2014-2016), and
Karen Postal (2016-2018).

Major Areas or Mission Statement

AACN?’s stated mission is to advance the profes-
sion of clinical neuropsychology through its advo-
cacy of outstanding educational and public policy
initiatives. The academy holds the following
objectives:

1. To promote board certification by the ABCN as
the standard for competence in the practice of
clinical neuropsychology

2. Support for those principles, policies, and prac-
tices that seek the attainment of the best in
clinical neuropsychological patient care

3. The pursuit of excellence in psychological
education, especially as it concerns the clinical
neuropsychological sciences

4. The pursuit of high standards in the practice of
clinical neuropsychology and support of the
credentialing activities of the ABCN

5. Support for the quest of scientific knowledge
by support for research in neuropsychology
and related fields

6. The communication of scientific and scholarly
information through continuing education, sci-
entific meetings, and publications

7. Provision for communication with other
groups and representation for clinical neuro-
psychological opinion to best achieve and pre-
serve the purposes of the academy

American Academy of Clinical Neuropsychology (AACN)

Landmark Contributions

AACN was founded in 1996. The first appointed
president was Byron Rouke, Ph.D., and the first
elected president was Wilfred Van Gorp, Ph.D.
AACN cosponsored the Houston Conference on
Specialty Education and Training in Clinical Neu-
ropsychology in 1997. This conference was a
national consensus conference of neuropsycho-
logical organizations held with the purpose of
establishing training guidelines for clinical neuro-
psychology. The Houston Conference guidelines
have since become the model for most programs
offering formal training in clinical neuropsychol-
ogy. AACN held its first annual conference in
2003. During that same year, The Clinical Neuro-
psychologist became AACN’s official journal. In
2007, AACN began online continuing education
(CE) programs. In 2009, the American Academy
of Clinical Neuropsychology Foundation
(AACNF) was established to help fund outcome-
oriented research for neuropsychological services.
The first AACNF outcome grant was awarded in
2011. During that same year, Child Neuropsychol-
ogy became the official journal of AACN’s Pedi-
atric Special Interest Group.

Major Activities

AACN hosts one conference each year. This con-
ference is open to both members and nonmem-
bers. The official journal published by AACN is
The Clinical Neuropsychologist.
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Membership

The American Academy of Neurology (AAN) is
the world’s largest professional association of
neurologists and the leading online resource for
neurologists across the world.

Founded in 1948, the AAN now represents
33,000 members and is dedicated to promoting
the highest quality patient-centered care and
enhancing member career satisfaction.

Major Areas or Mission Statement

The vision of the AAN is to be indispensable to its
members by providing guidance and inspiration
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through education, information, policy develop-
ment, and advocacy for our members and their
patients while maintaining the highest ethical and
professional standards.

The mission of the AAN is to promote the
highest-quality patient-centered neurologic care
and enhance member career satisfaction.

Landmark Contributions

The AAN was founded in 1948 by A. B. Baker, M.
D., chair of the neurology department of the Univer-
sity of Minnesota, in response to the difficulties of
one of his residents, Joseph Resch, M.D., in finding a
society that he could join to continue his education
and network with fellow neurologists. Baker was
aided by Adolph L. Sahs, M.D., of the University
of Towa; Francis M. Forster, of Jefferson Medical
Hospital in Philadelphia; and Russell DeJong, M.D.,
of the University of Michigan. Baker served as the
first academy president, and Forster and Sahs later
had terms as president. DeJong was the founding
editor in chief of the journal Neurology®, which
began publication in 1951.

The AAN had 52 founding members. The
establishment of the academy, coupled with the
increased need for neurologists due to World War
II, helped elevate the status of neurology as a
practice distinct from psychiatry. In 1947, there
were between 300 and 325 physicians in the USA
who designated themselves as primary neurolo-
gists, and there were 32 residency positions avail-
able nationwide. By 1970, there were 2,727
primary neurologists and some 700 residents in
training. By the end of 2007, there were more than
16,000 neurologists in the USA. In 2016, the
AAN has over 33,000 members worldwide.

Major Activities

Physician Education and Lifelong Learning

The AAN Annual Meeting is one of the largest
gatherings of neurology professionals in the
world. Held each spring, the event attracts over
14,000 clinicians, academicians, researchers,
exhibitors, and media representatives to share
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the latest in neurology science and education. The
AAN also offers members a yearly 3-day regional
Educational Fall Conference, The Sports Concus-
sion Conference in the summer and a Break-
throughs in Neurology science conference in the
winter. Education activities and programs are
structured to support the ongoing development
of neurology professionals from medical students
to accomplished clinicians and scientists.

Science and Research

The annual meeting is a leading forum for sharing
the latest developments in science and research, as
is the weekly peer-reviewed Neurology™ journal
along with its spoke journals Neurology™
Neuroinflammation & Neuroimmunology and Neu-
rology™ Genetics. AAN scientific awards, pre-
sented at the annual meeting, honor outstanding
achievements in neurology, from aspiring medical
students to veteran researchers. The American
Academy of Neurology Institute provides support
to young researchers through clinical research train-
ing fellowships, enabling them to pursue research
initiatives and helping them to secure academic
appointments and future fundings.

Clinical Practice

The AAN develops evidence-based clinical prac-
tice guidelines to assist its members in clinical
decision making related to the prevention, diag-
nosis, treatment, and prognosis of neurologic dis-
orders. Each guideline makes specific practice
recommendations based upon a rigorous and com-
prehensive evaluation of all available scientific
data. The AAN develops position statements on
a variety of ethical issues to help guide neurolo-
gists and others in decision making. Members also
rely on the AAN for the latest information on
coding, reimbursement, quality initiatives, patient
safety, and practice management issues.

Advocacy

To help foster changes in health care that will
benefit patients and enhance the practice of
neurology, the AAN presents advocacy training
opportunities for members through the Donald M.
Palatucci Advocacy Leadership Forum. Members
also participate in the annual Neurology on the
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Hill visits to the Capitol in Washington, DC. The
Brain PAC political action committee also is
instrumental in representing neurology’s interests
on the federal level and supporting federal legis-
lators who support the profession and patients
with neurologic disorders.

Publishing
The AAN has several highly successful publications
published by Lippincott Williams and Wilkins.

+ The weekly scientific journal Neurology®™ is
the most widely read peer-reviewed neurology
journal in North America.

« Neurology®™ Clinical Practice, published
bimonthly, is the first “spoke” journal in the
Neurology family of publications.

«  Neurology® Neuroinflammation &
Neuroimmunology is the first open-access online
journal in the Neurology portfolio of publications.

. Neurology® Genetics, launched in 2015, is the
academy’s latest open-access online journal.

« Neurology Today®™, published biweekly, leads
all other neurology tabloids in readership.

« Neurology Now®, a bimonthly patient-oriented
magazine available to patients and caregivers
currently, has a readership of 1.6 million.

« Continuum: Lifelong Learning in Neurology®,
the AAN’s bimonthly continuing education
monograph, is recognized by the American
Board of Psychiatry and Neurology as a key
tool for maintenance of certification.

* The AAN also publishes the monthly member
magazine AANnews®, which focuses on AAN
activities, events, and services; a book series
for patient and their families on treating and
living with neurologic disorders; and text-
books geared toward professionals.
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for independent practice of Clinical Neuropsy-
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Membership

As of June 2017, ABCN/ABPP has awarded
specialty certification in clinical neuropsychology
to 1201 specialists practicing across the United
States and Canada. Of these, 91 have been
awarded subspecialty certification in the practice
of pediatric clinical neuropsychology. Neuropsy-
chologists certified through ABCN demonstrate
their scientific knowledge and clinical expertise
through a staged examination process that
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includes (1) review of training credentials, (2)
written examination, (3) review of case materials
from the candidate’s clinical practice, and (4) oral
examination.

Candidates who pass all stages of the ABCN
examination process are awarded specialty certi-
fication in clinical neuropsychology and are eligi-
ble for membership in the American Academy of
Clinical Neuropsychology (AACN). All board-
certified specialists in good standing may vote in
elections for the ABCN Board of Directors
(BOD), which is comprised of 15 members each
elected to S-year terms. Officers of the ABCN
BOD include the president, vice president, secre-
tary, treasurer, the ABCN representative to the
ABPP board of trustees, and other agents as may
be directed by the board.

Neuropsychologists who possess subspecialty
education, training, and clinical expertise in pedi-
atric clinical neuropsychology may pursue sub-
specialty certification after passing all stages of
the ABCN specialty examination process. Sub-
specialty candidates must resubmit credentials
for review of education and training specific to
the science and practice of pediatric neuropsy-
chology. Once subspecialty credentials are
approved, candidates may take a subspecialty
written examination and, when passed, may sub-
mit a case sample from their pediatric neuropsy-
chology practice for peer review.

Mission Statement

The mission of ABCN is to (1) develop and con-
duct examinations to determine the qualifications
of individuals who apply for board certifications,
(2) award certification in clinical neuropsychol-
ogy and its subspecialties to candidates who pass
all stages of the examination process, and (3)
evaluate compliance of certified specialists with
maintenance of certification requirements.

Landmark Contributions

Origins of ABCN. In June 1981, a joint task force
of the International Neuropsychological Society
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and Division 40 of the American Psychological
Association met to discuss education, credential-
ing, and accreditation in the specialty of clinical
neuropsychology. The task force concluded that
training as a neuropsychologist was poorly stan-
dardized and that many professionals claimed
expertise in clinical neuropsychology without
proper training or skill sets. During the meeting,
several members of the task force discussed the
need to develop a formal credentialing process to
assist the public in identifying professionals capa-
ble of providing competent neuropsychological
services (Report of the Division 40/INS Joint
Task Force on Education, Accreditation, and
Credentialing 1984; Reports of the INS — Division
40 Task Force on Education, Accreditation, and
Credentialing 1987). A small planning group was
subsequently formed to create a peer-review
mechanism for this purpose, and in August
1981, the American Board of Clinical Neuropsy-
chology was incorporated in the state of Minne-
sota as an independent credentialing body.

The ABCN planning group included Linas
Bieliauskas, Louis Costa, Edith Kaplan, Muriel
Lezak, Charles Matthews, Steven Mattis,
Manfred Meier, and Paul Satz, who together
developed a three-stage board certification pro-
cess. At its inception, the ABCN examination
process included (1) review of training creden-
tials, (2) submission of case materials reflecting
the candidate’s practice of clinical neuropsychol-
ogy, and (3) an oral examination of, but not lim-
ited to, clinical and scientific knowledge,
assessment practices, and ethical/legal issues.
Prominent neuropsychologists of national reputa-
tion were chosen by consensus of the planning
group to serve as the first board of directors of
ABCN. The inaugural board examined each other
and, in 1983, conducted the first formal set of
board examinations in clinical neuropsychology.
Following the first formal exams, ABCN affiliated
with ABPP, the unifying governing body for spe-
cialty examining boards in psychology. The first
official ABPP/ABCN certifications in the spe-
cialty of clinical neuropsychology were awarded
in 1984. Twenty years later, in 2004, ABCN
awarded its 500th certification (Yeates and
Bieliauskas 2004), demonstrating continued
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interest among clinical neuropsychologists in the
peer-review process. In 2014, ABCN awarded
board certification to its 1000th specialist, dou-
bling the previous milestone in half the time
(Lucas et al. 2014).

Enhancements to the Board Certification Pro-
cess. Bieliauskas and Matthews provided detailed
facts and data regarding the development and
enhancement of ABCN policies and procedures
in updates published in 1987, 1990, and 1996
(Bieliauskas and Matthews 1990, 1997, 1987).
In 1997, representatives from each professional
neuropsychology organization were invited to
meet in Houston to review current training models
and propose universal standards for education and
training in the specialty. The proceedings and
consensus statement of the Houston Conference
on Specialty Education and Training in Clinical
Neuropsychology were published the following
year (Hannay et al. 1998). Although largely aspi-
rational at the time of publication, by 2002 the
ABCN Board determined that a sufficient number
of neuropsychology training programs had suc-
cessfully incorporated the Houston Conference
(HC) model and voted to include HC training
and education guidelines as criteria for passing
credential review. In recognition of earlier training
models and to allow enough time for transition,
the board allowed that only those applicants earn-
ing their doctoral degree on or after January 1,
2005, would be held to HC criteria. Others con-
tinued to be held to the eligibility criteria that were
in place at the time they earned their doctoral
degree (or completed respecialization in clinical
neuropsychology). A survey conducted in 2012
by Sweet and colleagues (2012) indicated that HC
guidelines have become widely adopted by train-
ing programs in clinical neuropsychology and that
professionals who complete training in HC-adher-
ent programs report being well prepared to engage
independently in key professional activities.

In 1988, ABCN partnered with Psychological
Examination Services to develop a 100-item writ-
ten examination whereby candidates could objec-
tively demonstrate the scientific knowledge
acquired during their training and years of prac-
tice. The written examination was implemented in
1993 as the second stage of the certification
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process and must be passed before a candidate
may submit practice samples. The content and
psychometric properties of the written examina-
tion are reviewed and updated on an ongoing
basis. In 2012 ABCN transitioned the written
examination from a paper-and-pencil test admin-
istered at national meetings to a computer-based
test administered on an electronic platform during
2-week examination windows, four times per
year. Candidates who are eligible to sit for the
written examination may do so locally at any of
nearly 300 PSI testing sites across the United
States and Canada. In 2015 a set of 25 beta-test
items were added to the core 100 test items to
provide psychometric data for informed item
selection of subsequent versions of the exam.
Only the 100 core test items contribute to candi-
date’s final exam score. In late 2015, the ABCN
Board of Directors contracted with Alpine Testing
Solutions, Inc. to develop and implement the next
revision of the written exam.

ABCN partnered with Thomson-Reuters in
2012 to create an electronic portal in the
ScholarOne online manuscript management sys-
tem to allow candidates to upload electronic cop-
ies of their practice sample case materials rather
than mailing paper copies, as had been the prior
practice. Additionally, the ABCN Practice Sample
Committee engaged in a multifaceted approach to
enhance both the standardization and turnaround
time of reviews. The committee recruited a cohort
of dedicated specialists and provided standardized
guidelines and training for practice sample
reviews, thus allowing candidates to move more
efficiently through the board certification
pipeline.

Subspecialty Certification. In 2006, the ABPP
Board of Trustees requested that ABCN form a
work group to consider issues regarding the
emerging interest of subspecialty practices within
psychological specialties (Baron et al. 2011).
After careful deliberation, the work group pro-
posed a model whereby subspecialties reflect the
normal evolution of psychological specialty prac-
tice, emerging naturally as the core knowledge
base of a specialty grows and begins to be applied
or tailored to unique populations, settings, or
methods. The work group proposed that
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subspecialty development begins with the aggre-
gation of board-certified specialists into a “special
interest group” (SIG) representing shared exper-
tise and interests in a component of the specialty.
This model was endorsed by the ABPP BOT in
December 2008 and incorporated into the formal
policies and procedures of the ABPP Affiliations
and Standards Committee.

In 2009, a group of pediatric clinical neuropsy-
chologists formed the first official SIG within
ABPP. The pediatric SIG (P-SIG) met over sub-
sequent years to vet the interest, feasibility, and
viability of developing a subspecialty of pediatric
clinical neuropsychology within ABCN. Simulta-
neously, the ABCN BOD tasked its committee on
subspecialization to consider and recommend a
model of requirements and procedures by which
specialists might attain certification in a sub-
specialty area of neuropsychology practice. The
committee reasoned that subspecialty candidates
have already demonstrated competencies required
for neuropsychology practice by virtue of their
board certification through ABCN. Thus, certifi-
cation in a subspecialty of clinical neuropsychol-
ogy should require only (1) clear demonstration of
subspecialty-specific education, training, and
practice requirements as determined by the
ABCN Board in consultation with the sub-
specialty SIG, (2) a written examination of sub-
specialty knowledge and clinical application, and
(3) demonstration of competent, evidence-based
clinical practice in the subspecialty as determined
by review of a single representative assessment
case. In October 2013 ABCN submitted this pro-
posal to ABPP and in December 2013 pediatric
clinical neuropsychology was approved as the
first official subspecialty within ABPP. In January
2014, all ABCN specialists with expertise in pedi-
atric clinical neuropsychology were invited to
submit applications for subspecialty credential
review. Those who demonstrated the required
education and training were subsequently invited
to sit for a calibration administration of an objec-
tive written examination. The data from the cali-
bration examination was used to create two
parallel 30-item subspecialty written examina-
tions which were fielded in June 2015. The sub-
specialty written examination is currently
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administered once per year. As of June 2017, 91
ABCN specialists had passed the practice sample
peer-review stage and successfully earned ABPP/
ABCN subspecialty certification in pediatric clin-
ical neuropsychology.

Maintenance of Certification. ABCN has
always recognized that competence in any field
of medical practice is dynamic and that specialists
must continuously maintain and update their com-
petencies through ongoing professional education
and engagement. In 2010, the ABCN Board
endorsed a plan proposed by ABPP to require
specialists to formally document the ways in
which they maintain the competencies required
of ongoing specialty practice. In 2013, ABCN
created a maintenance of certification (MOC)
committee to develop and implement procedures,
materials, and criteria to allow neuropsychology
specialists and subspecialists the formal means of
demonstrating MOC. This process adapts the core
requirements expected across all ABPP special-
ties in a way that is relevant to the functional
competencies specific to ABCN. The MOC policy
and procedures developed by ABCN were
approved by the ABPP Standards Committee in
2014 and implemented on January 1, 2015.

The American Academy of Clinical Neuropsy-
chology (AACN). ABCN expanded its mission from
being a board certification body to being a mem-
bership organization of board-certified specialists in
1983. The reason for this transition was to collect
dues to fund the development of the written exam-
ination. In 1996, ABPP legal counsel advised
examining boards against having a dual role of
being both a certifying body and membership orga-
nization. In response, the ABCN BOD voted to
incorporate its membership organization as a sepa-
rate academy, with an independent board of direc-
tors and separate mission statement. The AACN
took on the important task of promoting board
certification, advocating for standards of training
and education in clinical neuropsychology, and dis-
seminating information about the field of neuropsy-
chology to the general public, forensic settings,
schools, healthcare professionals, and clinical train-
ing programs. The AACN provides mentorship and
study support for candidates seeking board certifi-
cation through ABCN (Armstrong et al. 2008).
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Although AACN began as an organization
restricted only to board-certified neuropsychology
specialists, membership opportunities at this time
also extend to students, individuals who are in the
midst of the board certification process, and non-
neuropsychology professionals (Table 1).

Major Activities

As noted above, ABCN focuses its primary activ-
ities on developing, maintaining, reviewing,
revising, and implementing the board certification
examinations in clinical neuropsychology and its
subspecialties. As of 2015, ABCN also conducts
reviews of documentation from specialists who
wish to demonstrate maintenance of certification.

The ABCN Specialty Certification Examina-
tion. A comprehensive overview of the ABCN
examination process was published in 2008 (Arm-
strong et al. 2008) and can also be found within
the Candidate’s Manual on the ABCN website
(www.theaben.org). Briefly, the specialty exami-
nation process consists of four distinct and
sequential steps. First, the education and training
experiences of the applicant are reviewed by
ABPP for appropriate graduate training, intern-
ship, and licensure status in psychology. Applica-
tions that pass the ABPP general review are then
forwarded to ABCN for review of advanced spe-
cialty credentials. Applicants who completed their
doctoral training on or after January 1, 2005, must
demonstrate training consistent with the Houston
Conference on Specialty Education and Training
in Clinical Neuropsychology, including required
coursework and completion of a formal 2-year
postdoctoral residency program in clinical neuro-
psychology. Policies and exceptions regarding
candidates who received their training before
implementation of the Houston Conference
criteria respecialized in neuropsychology after
obtaining a doctoral degree in another specialty
or received training in Canada are detailed on the
ABCN website (www.theabcn.org).

Once an applicant’s credentials are approved,
they may sit for the written examination. The
exam consists of 125 multiple-choice questions
that cover a range of topics in neuropsychology.
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Only 100 items contribute to the candidate’s
final score. The other 25 items are included to
gather psychometric data to determine the
item’s suitability as a future exam question.
The written examination tests the candidate’s
breadth of knowledge and assures that they
have the scientific foundation necessary for
competent practice in clinical neuropsychology.
Since 2012, the written examination has been
administered electronically. It is currently
offered in 2-week windows, four times per
year through PSI testing centers across the
United States and Canada.

Candidates who pass the written examination
may submit a practice sample consisting of two
typical cases from their neuropsychology prac-
tice. The practice samples are peer-reviewed by
at least three independent, board-certified neuro-
psychologists. Reviewers follow a standardized
rubric to determine whether the candidate’s clini-
cal practices, conclusions, and recommendations
as demonstrated in the sample would be defensi-
ble upon oral examination.

If the practice sample is approved by at least
two reviewers, the candidate is invited to partici-
pate in an oral examination of their specialty com-
petencies. The oral examination consists of three
1-h exercises that cover (1) defense of the practice
sample, (2) fact-finding, and (3) ethics and pro-
fessional development. During the practice sam-
ple exercise, the candidate is given opportunities
to discuss their clinical practice as applied to the
specific cases they submitted. The cases also serve
as a starting point leading to more in-depth dis-
cussion and evaluation of competencies such as
assessment, intervention, consultation, and scien-
tific knowledge. The fact-finding exercise pre-
sents a brief description of a case that is new to
the candidate. The candidate must then gather
appropriate information from the clinical history,
test data, and medical record to generate an appro-
priate case conceptualization and differential
diagnosis. The ethics and professional develop-
ment exercise allows candidates to demonstrate
knowledge of important ethical considerations as
presented in a brief vignette. Candidates are eval-
uated not only on their ability to identify the
ethical issues in the vignette but also on their
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ability to demonstrate understanding of why the
issues are problematic. During this portion of the
exercise, candidates are also invited to discuss
their own contributions to research, teaching,
practice administration, patient advocacy, or
other activities that contribute to their professional
development. Currently, oral examinations are
conducted twice annually in Chicago, Illinois,
hosted by the Neuropsychiatric Institute of the
University of Illinois at Chicago.

The ABCN Subspecialty Examination in Pedi-
atric Clinical Neuropsychology. ABCN special-
ists who wish to become certified in the
subspecialty of pediatric clinical neuropsychol-
ogy may submit their credentials for review.
Applicants who have been engaged in an active
pediatric neuropsychology practice within the
2 years prior to submission of their application
and document a minimum of 4000 h of postdoc-
toral experience within pediatric neuropsychol-
ogy meet criteria to pass subspecialty credential
review. Applicants who completed doctoral train-
ing or respecialization in clinical neuropsychol-
ogy on or after January 1, 2005, must meet the
additional requirement that at least 1000 of their
4000 h of postdoctoral clinical practice was
obtained under the direct supervision of a pediat-
ric neuropsychologist. Two letters of reference
must verify that the above criteria were met. Can-
didates who pass the credential review process
may take the 30-item subspecialty written exam-
ination  containing questions related to
neurodevelopment, functional neuroanatomy,
pediatric clinical syndromes, specialized neuro-
psychological assessment techniques, develop-
mental psychology, and the ethical and legal
issues of pediatric neuropsychological practice.
Candidates who pass the written examination
may submit a single pediatric neuropsychological
case evaluation of a patient age 16 or under that
clearly demonstrates independent practice at the
subspecialist level of competence. The sub-
specialty review process differs in important
ways from that of the ABCN specialty review
process because the specialty review is intended
to determine whether a candidate’s practice would
be defensible at oral examination. In contrast, the
subspecialty review process must determine if the
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American Board of Clinical Neuropsychology (ABCN), Table 1 Timeline for major ABCN milestones

1981 | ABCN incorporated in Minnesota

1983 | Inaugural ABCN examinations completed and formal affiliation between ABCN and ABPP established

1984 | First ABPP/ABCN certifications awarded

1988 | Bylaws revised to create membership organization of board-certified neuropsychologists

1988 | ABCN partners with professional examinations services to develop a specialty written examination

1993 | Written examination implemented as the second stage of ABCN certification process

1996 | The American Academy of Clinical Neuropsychology (AACN) becomes independently incorporated as the
membership organization of ABCN specialists

2002 | ABCN endorses the Houston Conference on Specialty Education and Training in Clinical Neuropsychology

2004 | 500th ABCN certification awarded

2005 | Houston Conference guidelines implemented as criteria for ABCN credential review process

2006 | ABCN Committee on Innovations and Technology established to transition examination components to
electronic platforms

2007 | Committee on subspecialization formed

2008 | ABCN introduces fast-track credential review for applicants completing postdoctoral training in APPCN
member programs and APA-accredited specialty training programs

2009 | First meeting of the ABCN Pediatric Special Interest Group (P-SIG)

2010 | ABCN endorses the ABPP model for maintenance of certification

2011 | P-SIG activities transfer from ABCN to AACN

2012 | Written examination transitions to computer-based administration through Prometric

2012 | Online ScholarOne portal implemented for electronic submission of practice sample materials

2013 | Oral examinations move from Rush Presbyterian Hospital to University of Illinois, Chicago, Neuropsychiatric
Institute to accommodate growth of exams

2013 | ABPP Board of Trustees approves ABCN subspecialty in pediatric clinical neuropsychology

2014 | ABPP Standards Committee approves ABCN MOC procedures

2014 | Specialty written examination expands from 100 to 125 items

2014 | Implementation of the ABCN Practice Sample review cadre

2014 | ABCN awards 1000th board certification.

2015 | Credential reviews for the pediatric clinical neuropsychology subspecialty commence

2015 | Written examination for the pediatric clinical neuropsychology subspecialty developed and implemented

2015 | ABCN contracts with Alpine Testing Solutions and PSI Exams Online to manage and administer the specialty
written examination.

2016 | Implementation of maintenance of certification policies

case sample on its own sufficiently demonstrates
competent practice in the subspecialty.
Maintenance of Certification. Maintenance of
certification (MOC) is a process of self-examination
of a specialist’s professional development since his
or her initial board certification or last MOC review.
The ABPP MOC model asserts that competence for
independent specialty practice is established at the
time of initial board certification and can be contin-
uously maintained thereafter through lifelong learn-
ing, ongoing participation in professional activities,
and self-evaluation related to core competencies. In
accordance with ABPP policy, MOC is required of
all ABCN specialists awarded with board certifica-
tion on or after January 1, 2015. Specialists who

completed board certification prior to that date may
“opt in” to the process but are not required by ABPP
to do so.

In the course of self-examination, specialists
survey their professional activities during the
2 years prior to MOC submission and report/
describe the means by which those activities
served to maintain the ABCN-defined competen-
cies required for independent practice in clinical
neuropsychology. Five broad categories of profes-
sional activities support the maintenance of spe-
cialty competencies. These include (1)
collaborative clinical consultation; (2) teaching
and training; (3) ongoing education; (4) research,
methodologies, and programs; and (5)
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professional leadership. Numerous activities fall
within each of these categories and specialists
must indicate how the activities in which they
engaged served to support the competencies
defined by ABPP and ABCN as essential to neu-
ropsychological practice. Those with subspecialty
certification must further ensure that MOC activ-
ities support competencies required for sub-
specialty practice.

Beyond engagement in professional activities,
all ABCN specialists must also demonstrate
appropriate self-evaluation by describing their
practice, approaches to ethical or diversity issues,
and the means by which they evaluate their clin-
ical efficacy (e.g., ongoing peer review, perfor-
mance evaluations, patient satisfaction data,
etc.). Members of the ABCN MOC Committee
review all submissions against established ABCN
standards to determine if criteria for passing MOC
review have been met.

Conclusion

With over 1200 certifications in clinical neuropsy-
chology now awarded, ABCN specialists can be
found across a multitude of practice settings, geo-
graphic locations, advocacy efforts, training pro-
grams, and research endeavors involving
pediatric, adult, and older adult populations.
Board certification through ABCN reflects valida-
tion of competence by one’s peers and assures the
public that the neuropsychologist has successfully
completed the education, training, and experience
requirements of the specialty, including examina-
tions designed to assess the competencies
required to provide quality services in clinical
neuropsychology.
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The American Board of Pediatric Neuropsychol-
ogy (ABPdAN) was developed in 1996 by a coali-
tion of clinical practitioners representing
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institutions hiring pediatric neuropsychologists.
The original group conceived the board to
advance their belief that a unique interplay exists
between neurodevelopmental issues and neuro-
psychological assessment that requires special
sets of expertise not readily assessed by then
existing boarding entities. Following discussion
with colleagues who were members of medical
practice and psychology boards, the coalition
elected to establish an independent certifying
authority. The examination process evolved into
a comprehensive and multi-level process that
includes a written application including clinical
case vignettes used to determine decision-making
strategies of the applicant, scope of practice and a
thorough assessment of organized training in
pediatric neuropsychology (from graduate school
to continuing education), written examination, a
practice sample submission, and an oral examina-
tion. The ABPdN does not have a “grand father-
ing” policy and thus all existing board members
were required to complete all new phases of the
examination process to ensure equality of stan-
dards among boarded members.

As of early 2015, one hundred and eighty seven
(187) neuropsychologists have submitted applica-
tions to ABPdAN, and one hundred and thirty
(130) members have passed the ABPAN examina-
tion process. At present, there are ninety-three
(93) active and five (5) emeritus members of the
board from 28 states, Canada, and Puerto Rico.

Major Areas or Mission Statement

Board certification in pediatric neuropsychology
serves to assist consumers by offering supportive
evidence of the competence of the pediatric
neuropsychologists. The ABPAN is the only
board certification organization with the sole pur-
pose of examining and certifying competence in
pediatric neuropsychology.

Landmark Contributions

Members of ABPdN practice in a variety of set-
tings include universities, teaching hospitals,
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general hospitals, hospital trauma centers, private
practices, rehabilitation facilities, stroke centers,
memory disorders centers, group practices, and
child development centers. Current members
hold academic affiliations at over 40 colleges
and universities including Ivy League institutions
and several university medical centers. Publica-
tions from members of ABPdN include over 5000
edited books, book chapters, and scholarly arti-
cles. Several members have developed tests com-
monly used in the practice of pediatric and general
neuropsychology. Member accomplishments
include:
Professional Contributions

* Two past presidents of APA Division 40

* Past president of APA Division 2, 5 and 16

* Current and past presidents of eight state psy-
chology boards

+ Three past presidents of the National Academy
of Neuropsychology

* Two past editors of Archives of Clinical
Neuropsychology

e Current editor
Neuropsychology

+ Current editor, Psychological Assessment

* Current editor, Journal of Attention Disorders

o Current editor, Journal of Pediatric
Neuropsychology

* Past editor, Journal of School Psychology

* Past editor, Applied Neuropsychology

+ FEight prescribing psychologists

of Archives of Clinical

Major Activities

The American Board of Pediatric Neuropsychol-
ogy is the board-certifying arm of the American
Academy of Pediatric Neuropsychology (AAPN),
which is devoted to training and promotion of the
field of pediatric neuropsychology. The AAPN
holds an annual conference each spring with
topics related to the field of pediatric
neuropsychology.

The primary activity of ABPdN is conduct of
the Board certification process. Board examina-
tion through the ABPdN involves several stages.
The format of the ABPdN’s examination
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processes has been constant since the examina-
tions held in 2004, but the procedures continue to
be reviewed and amended. The purpose of the
ABPdN examination process is to ensure that the
examinee has demonstrated competency to prac-
tice pediatric neuropsychology. The specific stages
are discussed below and more detail can be
obtained from the ABPAN Web site (Beljan et al.
2006). The overall pass rate for each stage of the
examination process is between 73% and 81%.

Credential Review

Minimum training and education standards
include completion of a doctoral degree from a
regionally accredited program in applied psychol-
ogy that was, at the time the degree was granted,
accredited by the APA and CPA or was listed in
the publication Doctoral Psychology Programs
Meeting Designation Criteria (“ASPPB National
Register designation committee”, 2008). Mem-
bership in the National Register of Health Service
Providers in Psychology, the Canadian Register of
Health Service Providers, or those holding the
Certificate of Professional Qualification qualify
as meeting the doctoral requirements for member-
ship. Licensure or certification at the independent
practice level as a psychologist in the state, prov-
ince, or territory in which the psychologist
actively practices is also required. The applicant
must be practicing as a pediatric neuropsycholo-
gist and must have completed an APPIC or APA
accredited internship that included a documented
rotation or concentration in neuropsychology, and
2 years of postdoctoral supervised experience in
neuropsychology, at least 50% of that being
pediatric-oriented. In addition, each applicant
reviewed by the Board must provide the
following:

(A) Education
(I) Undergraduate degree transcript

(II) Graduate degree transcript

(IIT) Internship verification contact
information

(IV) Postdoctoral residency verification
contact information

(V) Postdoctoral fellowship verification

contact information (if applicable)
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(VD) Detailed description of training in pedi-
atric neuropsychology (narrative)
(B) Continuing Education
(I) Verification of CEUs in pediatric neuro-
psychology for past 3 years
(C) Clinical Work
(I) Clinical appointment verification con-
tact information
(I) Breakdown of clinical practice by age,
disorders, and ethnic background
(IIT) Completion of clinical vignettes
(D) Educational Appointment (if applicable)
(I) Academic institution verification contact
information

The application 1is first reviewed by
the examination chair for completion and accu-
racy of documents and licensure status. The
application is then reviewed by a panel of three
reviewers. A passing score by two of the three
reviewers is required to move to the next stage
of the examination. Each reviewer evaluates the
application for consistent and thorough training
in pediatric neuropsychology at multiple levels
of training.

Practice Sample

The purpose of the practice sample is determined
by the applicant’s clinical knowledge. While the
written examination was designed to assess
content-specific knowledge with regard to pediat-
ric neuropsychology, the practice sample allows
the board to evaluate the day-to-day skills of the
applicant. To that end, the sample should reflect a
typical patient seen in the applicant’s clinical
practice. Practice samples may include assess-
ment or intervention techniques. After an appli-
cation is reviewed and the candidate is
determined to be board-eligible, they will then
be invited to provide a practice sample that
reflects their typical work in pediatric neuropsy-
chology. Prior to taking the objective and oral
examination, the candidate must prepare and
tender one written sample of an original pediatric
neuropsychological examination performed
solely by the candidate. Appropriate samples
may include case analysis/interventions and
supervision sessions.
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Written Examination

The third step is the written exam, a 100-question,
multiple-choice  instrument  designed and
constructed by other pediatric neuropsychologists
whose purpose is to assess the candidate’s breadth
of knowledge in pediatric neuropsychology. The
questions were first assessed for face validity,
clustered for content area, rank ordered, deleted
or refined, reanalyzed, debated, approved, and
then compiled into a larger item pool for random
selection by domain each year. A passing score of
70% is required. Each exam includes the follow-
ing basic core areas:

» Psychometrics

* Pediatric Neurosciences

* Psychological and Neurological Development

* Neuropsychological and Neurological
Diagnostics

* Ethics and Legal Issues

* Research Design Review for
Application

 Intervention Techniques

» Consultation and Supervisory Practices

Clinical

Oral Examination

This part of the examination process is comprised
of a review of the candidate’s practice sample, the
nature and application of neuropsychological
knowledge to their current practice, appreciation
for ethical issues and obligations, and a review of
the candidate’s views and philosophy on pediatric
neuropsychology. The oral examination also
includes a mock case review, in which the candi-
date is given information about a fictional case,
and they develop and articulate their working
hypothesis. The oral examination is intended to
be a collegial opportunity for the reviewers to
validate the candidate’s ability to “think on their
feet” and discern their preparation and readiness
for board certification.

The first portion of the oral examination per-
mits the examination team to consider the scope of
the candidate’s body of training and how they
practice pediatric neuropsychology (e.g., acute
care, rehabilitation, outpatient, assessment,
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and/or treatment) so that the fact-finding and prac-
tice sample review can be conducted in the most
relevant fashion. This section is broken into two
parts:

Part 1. The examinee will their
background.

» The examinee will provide a history of their
educational and professional background.
Special consideration should be given to
their pediatric neuropsychological training
and background.

+ The examinee will explain their current role
as a pediatric neuropsychologist and the
issues their typical clientele present.

Part II: The examinee will demonstrate
pertinent knowledge of practical pediatric
neuropsychology.

Part III: Review of the practice sample.

This segment of the oral examination allows
the candidate to present the material in their
practice sample and to provide an overview of
the history, evaluation process, and outcome of
the case. The examiners evaluate their ability
to articulate the major findings and their ratio-
nale. Candidates discuss their rationale in such
areas as:

1. Test selection (if applicable)

Psychometric properties, test validity/
reliability, limitations for use, and exclusion
of all competing diagnoses

2. Test interpretation (if applicable)

Alternate interpretations of findings,
conflict resolution within the data, discus-
sion of strengths and weaknesses, and envi-
ronmental and cultural factors

3. Diagnostic conclusions

Alternate diagnosis, ultimate under-
standing of neuropathology, prognosis, pro-
gression, lateralizing/localizing effects,
pathognomonic signs, causality, environ-
mental conditions, and effects on neural
development

4. Recommendations and treatment planning

Best practices for treatment, availabil-
ity, prognosis, funding, delivery options,

explain
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cost/benefit analysis, iatrogenic outcomes,
parental compliance/agreement, and ethi-
cal issues
5. Consultation and supervision (if applicable)

Best practices for communication of
data, delivery options, supervisee needs/
relationships, and  rapport/therapeutic
relationship

This process is intended to be collegial
and the examiners endeavor to be sensitive
to the different and yet equally viable
approaches within pediatric neuropsychol-
ogy. The purpose is to ascertain the candi-
date’s logic and thought processes and to
allow them to demonstrate these skills.

Part IV: Fact finding.

The purpose of the fact finding portion of the
oral examination is to provide the candidate
with the opportunity to review a clinical case
vignette including history, medical reports,
and test data and to generate diagnoses and
recommendations for treatment based on
that information. The candidate is expected
to use relevant information to generate
hypotheses regarding the underlying pathol-
ogy. Candidates will thoughtfully weigh eth-
ical and clinical considerations in the light of
the APA ethics principles, professional prac-
tice standards, and relevant statutes.

See Also

American Psychological Association (APA),
Division 40

National Academy of Neuropsychology (NAN)
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Membership

The American Board of Professional Neuropsy-
chology (ABN) is comprised of over 400 neuro-
psychologists who have doctoral degrees, are
licensed as psychologists, and have completed
the ABN diplomate examination process.

ABN was established in 1982 by a group of
clinical neuropsychologists, all of whom were
diplomates of the American Board of Professional
Psychology (ABPP), to provide peer regulation of
the practice of professional neuropsychology. The
process of obtaining the ABN diplomate is a
dynamic one which has changed over the years
and is expected to continue to evolve as the field
of neuropsychology evolves. Initially, in addition
to obtaining a doctoral degree, acquiring licensure
as a psychologist, and completing a number of
years of postdoctoral experience in neuropsychol-
ogy, early applicants were required to show evi-
dence of specialized training in neuropsychology
and to provide supervisory evaluations of their
competency in clinical neuropsychology.

Between 1982 and 1985, following a review of
credentials and supervisory evaluations, work
samples were required. These were evaluated by
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multiple examiners on a pass/fail basis. Individ-
uals who passed this final step were awarded a
diplomate. Individuals who did not pass the eval-
uation were allowed to apply for a “Certificate in
Professional Neuropsychology,” indicating that
they had some training in neuropsychology but
not sufficient enough to be awarded diplomate
status. This was initially intended as an interim
credential as part of the process of obtaining a
diplomate. After 1985, this process was aban-
doned as increasing numbers of neuropsychology
training programs became available.

In February of 1989, the ABN was reorganized
and the bylaws were modified. An annual dues
structure was instituted and ABN became a mem-
bership organization whose only credential is a
diplomate. This newly established organization
mandated continuing education for active
membership. It was required that all those who
had a “Certificate in Professional Neuropsychol-
ogy” complete the diplomate process to maintain
membership. At this time, an oral examination
and essay examination were added to the case
study reviews, and all previous members were allo-
wed the opportunity to undergo the expanded
examination process. Those who successfully com-
pleted the process, including the new oral examina-
tion, were given full diplomate status in ABN.

After 1991, those who did not successfully
complete the additional oral examination were no
longer listed as diplomates through ABN. The
examination process included the essay examina-
tion, and three 1 h oral examinations covering
ethics, the work sample, and general knowledge.
ABN no longer required letters of competency
from supervisors but instead required letters of
recommendation from other neuropsychologists.

In 2004, the diplomate evaluation process was
again reevaluated and work began on substituting
amultiple-choice general knowledge examination
for the oral examination on the same subject. This
process took several years to complete, and as of
January 1, 2009, all applicants were required to
complete the multiple-choice written examina-
tion; the essay examination was dropped in favor
of the multiple-choice exam. The continuing edu-
cation requirement was expanded to a
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Maintenance of Certification requirement. ABN
prefers an APA approved education program and
internship and for those who graduated after 2005
requires a 2-year postdoctoral fellowship. ABN’s
application criteria are designed around the
Houston Conference Guidelines for postdoctoral
training in neuropsychology, though some flexi-
bility is allowed in meeting the internship and
postdoctoral requirement, and graduated training
requirements are in place tied to era of gradua-
tion, to accommodate those who trained prior to
2005. In 2008, the original acronym for ABN
was changed from ABPN to ABN to avoid con-
fusion with the American Board of Psychiatry
and Neurology. In January 2014 ABN created an
affiliate organization the Academy of the Amer-
ican Board of Professional Neuropsychology
(AABN), which is a postdoctoral fellowship
organization.

The current examination procedure includes:
1. Review of credentials and letters of
recommendation
A 100-question multiple-choice examination
Case study/work samples review
A 1 hour ethics oral examination and
A 1 hour work style oral examination

wk N

The multiple-choice written examination
covers areas of general knowledge based on the
recommended guidelines of the Houston Confer-
ence. The ethics examination addresses ethical
situations and current ethical dilemmas, and the
work style examination covers clinical vignettes
and clinical decision-making.

Major Areas or Mission Statement

ABN recognizes and encourages the pursuit of
excellence in the practice of clinical neuropsy-
chology. ABN’s primary objective is the estab-
lishment of professional standards of expertise
for the practice of clinical neuropsychology.
Through its credentialing and examination pro-
cesses and its continuing education requirement,
the ABN offers to the medical community, the
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public, and to individuals who have a need for
applied neuropsychological services, a process
whereby competent clinical neuropsychologists
can be identified.

To achieve the standards set forth by the ABN
for competent professional practice of neuropsy-
chology, the following outcome objectives have
been developed:

+ Validate the skills of clinical practitioners

* Identify competent practitioners

* Provide public information about clinical
neuropsychology

* Document the maintenance of competence of
professional neuropsychology practitioners
with continuing education requirements

* Provide individuals, organizations, and agen-
cies who use neuropsychology services with a
referral directory of ABN diplomates

Recognition by ABN signifies to the public
and to other health professionals a high level of
competency in applied neuropsychology. The
ABN does not ascribe to any specific theoretical
framework. While recognizing the importance
and contribution of a graduate education in neu-
ropsychology and subsequent specialty training,
the ABN believes that the critical element in the
practice of professional neuropsychology is the
application of that training to client issues and
needs.

Landmark Contributions

Applied Neuropsychology: Adult, a peer-reviewed
edited journal, is an official journal of the ABN.

Applied Neuropsychology: Child, a peer-
reviewed edited journal, is an official journal of
the ABN.

The Academy of ABN (AABN) is a postdoc-
toral training site recognition organization. The
AABN uses a standard didactic curriculum to
ensure that all sites can meet the Houston Confer-
ence Training Guidelines.

ABN actively participates in national and inter-
national neuropsychological specialty initiatives
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and interorganizational activities supporting the
development of neuropsychology.

Major Activities

ABN holds an annual board of directors meeting
at the National Academy of Neuropsychology
(NAN) conference. Associated with ABN is the
American College of Professional Neuropsychol-
ogy (ACPN) whose purpose is to provide continu-
ing education programs in neuropsychology.

ABN holds monthly meetings of the board of
directors and committee chairs to organize ABN’s
professional activities. ABN candidate examina-
tions and examiner training workshops are typi-
cally held a minimum of twice a year at locations
throughout the country. A workshop on the ABN
examination process is held at least once a year.
Individual candidate mentoring is offered
throughout the year.

ACPN is approved by the American Psycho-
logical Association to sponsor continuing educa-
tion for psychologists. ACPN typically holds at
least one general meeting each year, covering
various subjects, offering continuing education
credits to attendees.
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Membership

The American Board of Professional Psychology
(ABPP) has over 3100 currently active board-
certified specialists in membership. As a national-
in-scope credentialing organization in profes-
sional psychology, its membership is comprised
doctoral-level psychologists who provide profes-
sional services and consultation and are licensed
to practice psychology in the jurisdiction in which
they practice. Completion of a doctoral degree,
completion of a qualified internship, relevant
postdoctoral experience, and relevant jurisdic-
tional licensure as a psychologist are the mini-
mum prerequisites for approval to take an ABPP
board certification exam. However, through its
Early Entry Option, ABPP permits psychology
graduate students, interns, and residents to begin
the application process at a reduced fee, sub-
mitting credentials as they are completed until
full eligibility criteria are met for the selected
specialty area.

Major Areas or Mission Statement

The American Board of Professional Psychology
(ABPP) is a national-in-scope credentialing
organization that has been awarding board certifi-
cation in professional psychology specialties for
over 60 years (Bent et al. 1999; Finch et al. 2006;
Packard and Reyes 2003). ABPP describes the
value of its credential as one that “provides peer
and public recognition of demonstrated compe-
tence in an approved specialty area in professional
psychology” (American Board of Professional
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Psychology 2008). Moreover, ABPP board
certification is increasingly associated with
greater opportunities for career growth, including
employment opportunities, practice mobility
between jurisdictions, and financial compensation
(American Board of Professional Psychology;
Sweet et al. 2000).

ABPP is currently a unique and unitary
umbrella organization with multiple specialty
boards that include Clinical Child and Adolescent
Psychology, Clinical Health Psychology, Clinical
Neuropsychology, Clinical Psychology, Cogni-
tive and Behavioral Psychology, Counseling
Psychology, Couple and Family Psychology,
Forensic Psychology, Geropsychology, Group
Psychology, Organizational and Business Con-
sulting Psychology, Police and Public Safety
Psychology, Psychoanalysis in Psychology,
Rehabilitation Psychology, and School Psychol-
ogy. Many professional psychologists seek dual
certifications that reflect the full scope of their
specialties. Examples of these might include
clinical and cognitive behavioral, clinical neuro-
psychology and rehabilitation, or counseling and
group. Uniquely, the Clinical Neuropsychology
board also offers a subspecialty in pediatric neu-
ropsychology, though, as of this writing, other
subspecialties are being considered by other
ABPP boards.

For a licensed psychologist to be “board eligi-
ble,” each of the 15 boards requires that he or she
meets both generic and specialty eligibility
criteria concerning education, professional
training, and licensure in the jurisdiction where
professional services are provided. Once an indi-
vidual’s credentials are reviewed and approved,
the individual seeking board certification moves
to the next phase of their candidacy process.
In clinical neuropsychology and forensic special-
ties, this necessitates passing a written examina-
tion. In all other specialties, the candidates are not
required to take a written exam and may move
directly to the final phases in the process. For all
specialties, this includes first submitting a profes-
sional practice sample. After the practice sample
is approved, the oral examination (final phase) is
typically scheduled. Specialty boards may also
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provide a “senior option” regarding practice sam-
ples submitted by candidates with at least 15 years
of experience post licensure who may submit
samples of their professional work such as publi-
cations, treatment manuals, program manuals, or a
comprehensive summary of their professional
practice, to satisfy the requirements of a profes-
sional practice sample.

With regard to both practice samples and oral
exams, the candidate’s competency is assessed
across various domains. These competency
domains may be functional in nature and include
the day-to-day activities of specialty practice, such
as assessment, intervention, and/or consultation
that are informed by a scientific literature base.
They also include foundational competencies,
such as ethics, individual and cultural diversity,
and interpersonal competence, which cut across
all of a specialist’s other activities. The compe-
tency model upon which ABPP board certification
is based draws from several important sources such
as the APA-sponsored Competencies Conference
in 2002 and resulting Task Force on Assessment
of Competence in Professional Psychology
(Kaslow et al. 2007), and a review of competency
assessment models developed both within (e.g.,
Assessment of Competence Workgroup from
Competencies Conference — Roberts et al. 2005;
Leigh et al. 2007) and outside (e.g., American
Council for Graduate Medical Education and
American Board of Medical Specialties 2000) of
the profession of psychology.

There is a strong consensus among many pro-
fessional psychologists that the American Board
of Professional Psychology represents a high
degree of integrity regarding specialty board cer-
tification and serves as a gold standard for dem-
onstration of specialty competency in professional
psychology. In recent years, ABPP has turned its
attention to maintenance of professional compe-
tency over the specialist’s career. From 2006 to
2014, ABPP encouraged specialists to periodi-
cally review their performance to maintain quality
of professional care and to serve and protect con-
sumers of psychological services. ABPP has
recently adopted formal Maintenance of Certifi-
cation (MOC) procedures to standardize this
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process across specialty boards. Specialists certi-
fied after January 1, 2015, must successfully dem-
onstrate maintenance of competency every
10 years to maintain their ABPP board-certified
status. This requires detailed reporting of continu-
ing education and other professional competency-
related activities, appropriate for the certifying
specialty board. Specialists certified before
January 1, 2015, may participate in formal MOC
but also have the option of waiving this
requirement.

Landmark Contributions

The origins of ABPP can be traced back to its
establishment in 1947 as the American Board of
Professional Examiners in Psychology (Bent et al.
1999). The intention of the original board was to
ensure that individuals were qualified to perform
the professional service activities associated with
clinical and counseling psychology. However,
as professional psychology expanded its scope
and depth, the organization changed its name to
the American Board of Professional Psychology
to reflect the expansion of specialization activities
that were emerging for professional psycholo-
gists. As a result, the number of its affiliated
specialty boards and associated academies has
grown from 3 to 13, reflecting this professional
expansion and the breadth of specialties that have
emerged in recent decades (Finch et al. 2006;
Packard and Reyes 2003).

Major Activities

Each of the psychology specialty boards under the
ABPP umbrella has an elected trustee who partic-
ipates as a member of the ABPP Board of Trustees
as the overall governance group of the ABPP.
Each specialty board assumes the responsibility
for developing and carrying out the ABPP spe-
cialty examinations. The ABPP central office,
under the management of a full-time executive
officer, executes important day-to-day functions
for all of the 13 specialty boards. These include
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generic candidacy verification of applicants, bud-
get maintenance and accounting responsibilities,
record keeping, development and maintenance of
an ABPP Directory, development and editing
responsibility for the ABPP website, monitoring
the organization relative to ethical/legal issues,
planning of conference and governance activities,
and general administrative support. The primary
publication of the organization, The Specialist, is
published twice annually and available to all
members in both electronic and printed format.
The organization website (www.ABPP.org) con-
tains important information regarding the mis-
sion, governance, and organizational documents.
For the public, the website contains listings of
board-certified specialists across specialties and
practice jurisdictions. For interested applicants, it
contains application instructions as well as other
helpful information. The organization published
its first book, Becoming Board Certified by the
American Board of Professional Psychology
(ABPP), in 2009. This has been followed by pub-
lication of separate guides to become board certi-
fied by many individual specialties.

Cross-References

American Academy of Clinical Neuropsychol-
ogy (AACN)

American Board of Clinical Neuropsychology
(ABCN)

American Board of Rehabilitation Psychology
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American Board of
Rehabilitation Psychology

Daniel E. Rohe
Mayo Clinic, Rochester, MN, USA

Membership

The American Board of Rehabilitation Psychol-
ogy (ABRP) is 1 of 15-member boards of the
American Board of Professional Psychology
(ABPP). The ABRP has certified 186 (as of
2017) doctoral-level psychologists who are
engaged in provision of rehabilitation psychology
services to individuals and their families affected
by a wide range of disabilities and chronic health
conditions including brain injury, spinal cord
injury, amputations, chronic pain, multiple sclero-
sis, cancer, and sensory impairment such as
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blindness and deafness. In addition to clinical
services, the majority of the board certified reha-
bilitation psychologists also engage in research,
teaching, and administration of rehabilitation pro-
grams. Rehabilitation psychologists are also
involved in interdisciplinary teamwork with
other medical and rehabilitation providers. Reha-
bilitation psychologists who are boarded in the
specialty reside in 30 states and 1 Canadian
province.

Major Areas or Mission Statement

The mission of the ABRP is to protect the public
and enhance the quality of health care by certify-
ing rehabilitation psychologists who demonstrate
the knowledge, skills, and attitudes essential to
maximize quality of life for individuals with dis-
abilities and chronic illness. The vision of the
ABRRP is that all psychologists practicing in reha-
bilitation will be boarded in the specialty. Psy-
chologists who become board certified in
Rehabilitation Psychology must meet the generic
requirements for specialty certification by the
ABPP that include a doctoral degree in psychol-
ogy from an accredited degree program and licen-
sure as a psychologist for independent practice in
the USA or Canada. The ABRP-specific eligibil-
ity requirements include completion of a recog-
nized internship program and 2 years of
supervised practice in Rehabilitation Psychology.
Given the diverse training experiences of rehabil-
itation psychologists, the credential review relies
on the ratings of supervisors (two required) and
the endorsement of colleagues and peers (two
required). The candidate then submits a two-part
practice sample (typically two case reports) that is
evaluated by three ABRP examiners. Finally, the
candidate completes an oral examination on two
clinical vignettes, their clinical practice sample,
and ethics. The entire examination process is
designed to ensure that each candidate demon-
strates the foundational and the functional com-
petencies required of a psychologist who is board
certified in Rehabilitation Psychology. The foun-
dational competencies fall in four domains:
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interpersonal interactions, individual and cultural
diversity, ethical and legal foundations, and pro-
fessional identification. The functional competen-
cies encompass science base and application,
assessment, intervention, consultation, and con-
sumer protection.

Landmark Contributions

The primary contribution of ABRP is providing
the opportunity for psychologists, dedicated to the
health and psychological welfare of individuals
with a wide range of disabilities and chronic
health conditions, to unite and be boarded in a
single specialty. The ABRP began as a credentials
committee within the Division of Rehabilitation
Psychology of the American Psychological Asso-
ciation in 1993. This committee incorporated as
the American Board of Rehabilitation Psychology
in 1995. On December 4, 1994 they established
bylaws and elected officers: Richard Cox (presi-
dent, 1994-2000), Bernard Brucker (vice presi-
dent), Mitchell Rosenthal (secretary), and Daniel
Rohe (treasurer). The initial members at large
were Bruce Caplan, David Cox, Harry Parker,
Anthony Ricci, James Whelan, and Mary
Willmuth. Subsequent board presidents have
included Mitchell Rosenthal (2000-2003), Ber-
nard Brucker (2004-2007), Daniel Rohe
(2008-2011), Lester Butt (2012-2013), and
Michele Rusin (2014—present). The second
major contribution is crafting an organizational
structure that reflects the values of Rehabilitation
Psychologists. The ABRP designed an innovative
examination process that is user-friendly, colle-
gial, inclusive, competency-based, and affirming
of the candidate. The ABRP was the first ABPP
board to devise a proactive mentoring program
that has a credentialed colleague guide the appli-
cant through the process. The ABRP examination
and mentoring process has been emulated by other
ABPP boards. The third major contribution is
cosponsorship of the Rehabilitation Psychology
Annual Conference with the Division of Rehabil-
itation Psychology from 1999 to the present. The
annual meeting has become an institutionalized
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opportunity for rehabilitation psychologists to
meet, present research, and promote the specialty
to students.

Major Activities

The primary activity of ABRP is examination of
psychologists entering the field of Rehabilitation
Psychology. The second major activity is provid-
ing mentoring in the boarding process by the
members of the board. The third major activity
of ABRP has been cosponsoring the Rehabilita-
tion Psychology Annual Conference. This confer-
ence typically occurs the last weekend of
February and provides the opportunity to earn
continuing education credits specific to Rehabili-
tation Psychology. The conference provides
ABRP sponsored educational sessions that
explain the process of attaining board certification
in Rehabilitation Psychology to interested candi-
dates. The conference features nationally recog-
nized leaders in the field of Rehabilitation
Psychology. The ABRP board works in concert
with the newly created Academy of Rehabilitation
Psychology (ARP). The ARP is a separate orga-
nization that is assuming the role of providing
logistical support for the Rehabilitation Psychol-
ogy Annual Conference.

Cross-References

American Board of Professional Psychology
(ABPP)

American Psychological Association (APA),
Division 22

Rehabilitation Psychology
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American College of
Professional
Neuropsychology (ACPN)

John E. Meyers
Department of Neuropsychology, Comprehensive
Medpsych Systems, Sarasota, FL, USA

Membership

The American College of Professional Neuro-
psychology (ACPN) is a membership organiza-
tion formed on September 1, 1995, that is
composed of over 400 neuropsychologists who
have doctoral degrees, are licensed as psycholo-
gists, and have completed the Diplomate exami-
nation process of the American Board of
Professional Neuropsychology as well as 122
Affiliate members.

Major Areas or Mission Statement

ACPN is the academic arm of the American Board
of Professional Neuropsychology (ABN). The
mission of the ACPN is to promote and provide
the highest levels of services related to profes-
sional neuropsychology for the benefit of the pub-
lic and the profession.

Landmark Contributions

In addition to the continuing education benefit,
ACPN also has two official quarterly journals —
Applied Neuropsychology: Adult and Applied Neu-
ropsychology: Child, which are dedicated to the
presentation of practitioner-based scholarly research.

Diplomates of the ABN who are in good stand-
ing are automatically Fellows of ACPN and may
use the acronym FACPN on their signature line.
Members of other neuropsychological organiza-
tions may also join the ACPN as Affiliate mem-
bers and receive a subscription to the Applied
Neuropsychology Journals and can participate in
ACPN continuing education programs.
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Major Activities

ACPN is approved by the American Psychologi-
cal Association to sponsor continuing education
for psychologists. ACPN typically holds at least
one general meeting each year, covering various
subjects, and offering continuing education
credits to attendees.

Cross-References

American Board of Professional Neuropsy-
chology (ABN)

American Congress of
Rehabilitation Medicine

Marcel P. J. M. Dijkers

American Congress of Rehabilitation Medicine,
Reston, VA, USA

Department of Rehabilitation Medicine, Icahn
School of Medicine at Mount Sinai, New York,
NY, USA

Membership as of December 2016

Membership is about 2,300, consisting of clini-
cians and nonclinicians with an interest in medical
rehabilitation (rehabilitation medicine, physical
medicine and rehabilitation) research, and training
in medicine, (neuro)psychology, occupational and
physical therapy, nursing, speech and language
pathology, vocational counseling, rehabilitation
engineering, medical sociology, etc. Medical
rehabilitation concerns restoration of function for
individuals who as a result of stroke, traumatic
brain injury, spinal cord injury, amputation, can-
cer, neurodegenerative diseases and other disor-
ders have impairments and activity limitations
that are primarily physical in nature but often
also include cognitive and behavioral deficits; it
is to be distinguished from psychiatric rehabilita-
tion, addiction rehabilitation, etc., although there
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is an overlap in methods and sometimes clientele.
ACRM members share an interest in rehabilitation
research, and the translation of research-based
knowledge into formats that are of use to medical
rehabilitation clinicians. Within the organizations
that employ them, ACRM members may play one
or more roles: rehabilitation practitioner, rehabil-
itation researcher, knowledge broker, research
funder staff, clinical administrator, teacher, etc.
About 550 members are located outside the
United States in over 50 countries.

Mission Statement

The slogan currently used by the organization
expresses its mission: “Improving lives through
interdisciplinary rehabilitation research.” This is
further clarified by “We enhance the lives of peo-
ple living with disabilities through a multi-
disciplinary approach to rehabilitation. As
leaders in the physical medicine and rehabilitation
field, we promote innovative research, new tech-
nologies, and sharing information, and encourage
evidence-based practices in clinical settings”
(About ACRM 2015). The interdisciplinary char-
acter and research focus of the organization are
further expressed by another slogan: “Excellence
in the science of rehabilitation medicine through
interdisciplinary collaboration” (About ACRM
2015). ACRM supports research that promotes
health, independence, productivity, and quality
of life and meets the needs of rehabilitation clini-
cians and people with disabilities. In order to
enhance current and future research and knowl-
edge translation, the organization:

+ Assists researchers in improving their investi-
gations and dissemination of findings

+ Shares this information via education meetings
and its journal, Archives of Physical Medicine
and Rehabilitation

* Encourages leaders in rehabilitation to identify
current best practices at all levels of care

» Serves as a forum for creating and discussing
new treatment paradigms to achieve optimal
functional outcomes for people with chronic
disease and disabilities
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* Educates providers to deliver best practices
* Advocates for funding of future rehabilitation
research

Landmark Contributions

The American Congress of Rehabilitation Medi-
cine was established in 1923 as the American
College of Radiology and Physiotherapy, a profes-
sional organization of physicians who had a clini-
cal interest in diagnostic and therapeutic radiology,
as well as the therapeutic application of electricity
and other physical therapies (Dijkers 2009).
Reflecting the ongoing differentiation between
radiologists and what (much later) would be called
physiatrists, the name was changed to American
Congress of Physical Therapy in 1925. To empha-
size its link to medicine rather than allied health,
the organization renamed itself American Con-
gress of Physical Medicine in 1944.

While World War I had given rise to the devel-
opment of rehabilitation, the involvement of physi-
cians had been limited — rehabilitation was centered
on the vocational rehabilitation of discharged ser-
vicemen. During World War 11, however, a number
of military physicians became specialists in reha-
bilitation; after the war they started to apply the
methods they had developed with injured service-
men to the treatment of civilians with amputations,
spinal cord injury, stroke, and developmental dis-
abilities such as cerebral palsy. To avoid the crea-
tion of a separate organization involving physicians
with very similar interests and therapeutic regi-
mens, a “shotgun marriage” between physiatrists
and these rehabilitation physicians was acknowl-
edged in 1952 with the expansion of the name of
the organization to American Congress of Physical
Medicine and Rehabilitation (Zeiter 1954).

In the 1960s, the Congress opened its member-
ship to nonphysician rehabilitation professionals,
first only those holding a doctoral degree (1965)
and then also to nurses and therapists with a
(earned) master’s degree (Anonymous 1998). To
acknowledge the diminishing emphasis on phys-
ical medicine, the Congress changed its name
again, to American Congress of Rehabilitation
Medicine, in 1966. ACRM accepted rehabilitation
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professionals with a bachelor’s degree as mem-
bers starting in 1986. The first nonphysician to
become president of the organization took office
in 1977; neuropsychologists who have served as
president include Leonard Diller, Mitchell
Rosenthal, and Wayne Gordon.

In recent years, ACRM has redefined itself as
an organization focusing on rehabilitation sci-
ence, with strong interest in both generating
knowledge through research and knowledge
translation to bring research results to clinical
practice in a format that practitioners can use
(Hart 1997; Heinemann 2006; Wilkerson 2004).
It is now primarily a group of creators, transmit-
ters, and users of research-based rehabilitation
knowledge, both those with clinical training (phy-
sicians, occupational and physical therapists, psy-
chologists, etc.) and those without (engineers,
social scientists, etc.), bound by the conviction
that the collaboration of disciplines is the best
way to solve the problems inherent in disablement
and the rehabilitation of persons with impairment,
activity limitations, and participation restrictions.

The seal of the organization until very recently
still reflected ACRM’s roots in physical medicine,
including the traditional symbols for medicine and
for the four elements: water, earth, fire, and air. In
2013 a new logo was unveiled, showing the over-
lapping petals of a lotus flower, to visually commu-
nicate the interdisciplinary culture of the
organization.

Major Activities

ACRM communicates with its members through
its scientific journal (the Archives of Physical
Medicine and Rehabilitation — APM&R), a news-
letter (Rehabilitation Outlook), electronic news-
letters for various special interest groups, and the
weekly E-news, an electronic digest of time-sen-
sitive news. An annual scientific meeting of
3—4 days, often held jointly with other scientific
and professional organizations, brings together
members and nonmembers to discuss research
findings, research methods, and issues relevant
to the funding, implementation, and dissemina-
tion of rehabilitation research. A midyear meeting
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brings together members of task forces across the
many special interest groups to further their mul-
tiple ongoing projects.

A number of standing committees offer mem-
bers an opportunity to work on issues of special
interest. Current committees include the Interna-
tional Committee (focusing on the communica-
tions between US and foreign rehabilitation
research specialists), the Evidence and Practice
Committee (dealing with issues of evidence-
based rehabilitation and related matters), and the
Health Policy Networking Group. The Early
Career Committee aims to assist individuals new
to rehabilitation research in mastering the scien-
tific, administrative, and personal aspects of a
career in rehabilitation research.

Over the years, a number of interdisciplinary
special interest groups (ISIGs) have existed under
the aegis of ACRM; current groups include ISIGs
focused on pain, spinal cord injury, stroke, mea-
surement, pediatric rehabilitation, geriatric reha-
bilitation, cancer, and traumatic brain injury.

The Brain Injury ISIG (BI-ISIG) grew out of
the ACRM Head Injury Task Force, first called
together in 1979. The BI-ISIG, which attracts
large numbers of psychologists and especially
neuropsychologists, has played a crucial role in
the development of services for individuals with
traumatic brain injury (TBI) in the United States.
A definition of mild TBI often used in the litera-
ture emerged from the work of this group (ACRM
Head Injury Interdisciplinary Special Interest
Group 1993). The Journal of Head Trauma Reha-
bilitation (JHTR) was founded by a physician
(Sheldon Berrol) and a psychologist (Mitchell
Rosenthal) who were active in the BI-ISIG, as
well as involved with the fledgling National
Head Trauma Foundation, now the Brain Injury
Association of America. There is significant over-
lap between the BI-ISIG membership and both the
Editorial Board of JHTR and the leadership of the
TBI Model Systems of Care, demonstration, and
research grant programs supported by the
National Institute on Disability, Independent Liv-
ing and Rehabilitation Research since 1987
(Dijkers et al. 2010). There also is considerable
overlap between the membership of the BI-ISIG
and Divisions 22 (Rehabilitation Psychology) and
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40 (Clinical Neuropsychology) of the American
Psychological Association. Intense collaboration
in research and clinical care occurs among the BI-
ISIG members, who have their own task forces;
communicate through the BI-ISIG newsletter,
Moving Ahead; and come together at the ACRM
midyear meeting.

APM&R began in 1920 as the Journal of Radiol-
ogy and changed its name to the Archives of Physical
Therapy, X-ray, Radium, in 1926. Later changes in
its name parallelled those in the name of its owner:
Archives of Physical Therapy in 1938 and the
Archives of Physical Medicine in 1945. In 1953,
the journal became the Archives of Physical Medi-
cine and Rehabilitation, the name it still has (Nelson
1969). However, the content has shifted gradually
from emphasis on physical medicine, with a
fairly low research basis, to an accent on rehabil-
itation as carried out by all disciplines that play a
role in medical rehabilitation. It is now almost
exclusively a research journal, with non-US con-
tributions constituting over half the contents. It
has a respectable impact factor (3.3) ranking it
fifth in the “rehabilitation” category, but because
of the large number of papers published each
year, it has more influence than higher-ranked
journals. In fact, the annual number of citations
is about is larger than those of the four higher-
ranked publications together.

The journal probably gives the best indication
of the role of neuropsychology in rehabilitation
settings and of neuropsychologists in ACRM. The
first paper with neuropsychology in its title or
abstract was distributed in 1975. About 300 have
been published since, but they did not become an
annual presence until 1984. The number now
averages over 15 a year. In scanning the contribu-
tions of neuropsychologists to APM&R, a number
of characteristics of neuropsychology in rehabili-
tation stand out:

* Many of these papers are coauthored with rep-
resentatives of other disciplines, especially
physicians.

+ Several straddle neuropsychology and rehabil-
itation psychology, reflecting the fact that in
many rehabilitation programs, psychologists
need to wear multiple hats.
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* The focus, especially in recent years, is as
much on treatment as on diagnosis, with cog-
nitive rehabilitation for TBI and other diagnos-
tic groups most prominent.

* A great variety of diagnostic groups have been
studied, including peripheral vascular disease
amputations, post-polio fatigue, multiple scle-
rosis, sickle-cell disease, progressive supra-
nuclear palsy, myotonic muscular dystrophy,
and spinal cord injury.

» However, over the years and especially recently,
stroke and TBI have been the etiologies of dis-
ability that rehabilitation neuropsychologists
have most often been concerned with.

While the American Congress of Rehabilita-
tion Medicine is not an organization of psycholo-
gists, let alone neuropsychologists, it is safe to say
that it has played a key role in the development of
neuropsychology for medical rehabilitation
patients in the United States. In the foreseeable
future, it probably will continue to be the forum in
which these specialists, especially those who are
interested in research, interact with nurses,
speech/language pathologists, neuroscientists,
and other specialists who contribute to rehabilita-
tion and its evidence base.
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Membership

As 0f 2017, the American Psychological Associ-
ation (APA) had a total of 115,492 members
(76,174 full members and 39,318 affiliate mem-
bers, including 31,560 students).

Mission Statement
APA is the leading scientific and professional

organization representing psychology in the
United States. Its mission is to “advance the
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American Psychological Association (APA)

creation, communication, and application of psy-
chological knowledge to benefit society and
improve people’s lives.” APA achieves this mis-
sion through four interrelated directorates, which
focus on education, science, practice, and the
public interest. APA’s current strategic plan has
three primary goals: (1) maximize organizational
effectiveness, (2) expand psychology’s role in
advancing health, and (3) increase recognition of
psychology as a science.

History

The APA was founded in 1892 at Clark University
by a small group of scholars interested in the “new
psychology” (Fernberger 1932). G. Stanley Hall
was elected as the inaugural president. The orga-
nization’s first meeting occurred in December
1892 at the University of Pennsylvania. APA’s
founding at this time can best be understood in
the context of myriad changes occurring in the
United States, including the emergence of the
modern university system; a broad reorganization
of American knowledge production; the forma-
tion of several now-standard academic disci-
plines, including psychology; and mounting
societal demands for individuals with advanced
degrees to serve in new professional niches. The
“new psychology” grew and prospered as it
responded to the changing needs of modern
American society and contributed to the manage-
ment of an increasingly complex and diversified
world (Benjamin 2009).

Psychology expanded even further after World
War 1II, and funding from various governmental
offices began influencing psychology research,
training, and practice (Pickren and Schneider
2005). This expansion was largely due to the
increased prominence of the applied areas of psy-
chology. Realizing that the growth of applied psy-
chology represented a potential threat to its
preeminence, APA’s leaders responded via a reor-
ganization plan in which APA merged with other
psychological organizations. It was at this time
that APA began creating divisions that
represented  specialized fields of interest
(Dewsbury 1997). Seventeen divisions were
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initially created, with the two most populated
being clinical and personnel (now counseling).
Growth in the number of divisions was slow
until the 1960s in part because there was resis-
tance among APA leaders to increasing the num-
ber of divisions. The trajectory with regard to the
addition of divisions since the 1960s has been
slow but steady, with many of the newer divisions
reflecting the growth of particular practice areas
(e.g., addictions). Currently, there are 54 divisions,
with the most recent division being approved in
2006 (trauma psychology). This divisional struc-
ture has resulted in a more broad-based and inclu-
sive organization. In conjunction with APA’s four
directorates, the organization’s scope includes
supporting professional practice, promoting
human welfare, advancing psychological science,
and fostering psychology education and training.

Over the years, concerns mounted among
some of the scientists in the organization that
APA was no longer providing an adequate home
for them and was drifting away from a primary
focus on scientific psychology. As a result, in the
1950s, a group of experimental psychologists
formed the Psychonomic Society with the aim of
fostering psychology as a science. A more serious
division occurred in the mid- to late 1980s, as
tensions escalated between those who wanted
APA to remain a primarily scientific organization
and those who sought a greater emphasis on pro-
fessional practice issues. After a proposed reorga-
nization plan was defeated by a vote of the
membership, a group of dissident psychological
scientists, including several former APA presi-
dents, left the APA to form what is now the Asso-
ciation for Psychological Science (Evans et al.
1992). Today, all three of these organizations are
strong, stable representatives of psychology, with
many psychologists belonging to two or more of
these associations.

There are multiple smaller organizations that
represent various areas of psychology, as well as a
growing number of interdisciplinary and
interprofessional organizations in which psychol-
ogy plays a major role. In addition, there are sepa-
rate organizations for psychologists with various
ethnic and racial identities, most notably the Asian
American Psychological Association, Association
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of Black Psychologists, National Latina/o Psycho-
logical Association, and Society of Indian Psychol-
ogists. These four ethnic minority psychological
associations have partnered with the APA to form
the Alliance of National Psychological Associa-
tions for Racial and Ethnic Equity.

The APA is a nonprofit 501 (c)(3) organization
that has a companion 501 (c)(6) organization for
practitioners and educators of practitioners, the
APA Practice Organization (APAPO). The
APAPO is tasked with advancing and protecting
the profession of psychology and the economic
interests of practicing psychologists. The APAPO
focuses on legislative advocacy and mental health
policy, as well as serving as a resource for mem-
bers’ professional needs.

Over the past few years, APA has undergone
periods of tension and conflict. These have been in
response to myriad internal and external chal-
lenges, such as those related to the organizational
critiques launched in the Independent Review
(IR) Relating to APA Ethics Guidelines, National
Security Interrogations, and Torture
(a.k.a. Hoffman Report); efforts at organizational
restructuring; concerns about the lack of prioriti-
zation of social justice in the organization’s stra-
tegic plan; the alienation of marginalized groups;
the lack of clarity with regard to the functions of
the 501 (c)(3) (i.e., APA) versus the 501(c)(6)
(i.e., APAPO); the APA Assessment Fee Litiga-
tion (i.e., class action settlement) that impacted
both the (c)(3) and (c)(6); and the sharp member-
ship decline of the APAPO.

Despite these challenges, APA remains the
largest scientific and professional organization
representing psychology in the United States. Its
members are scientists, educators, practitioners,
and psychologists working for the public interest,
as well as students in psychology. It is also the
most prominent national organization that advo-
cates at the federal level for psychology. Further,
APA is a major publisher of professional books,
children’s books, journals, magazines and news-
letters, the Publication Manual of the American
Psychological Association, reports and brochures,
videos, and data bases. It takes seriously its
responsibility to not only communicate with its
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members but also to inform the general public and
the media about the breadth and depth of psychol-
ogy and its relevance to societal issues. For exam-
ple, it hosts on its website the Psychology Help
Center, which is an online resource for consumers
that offers information regarding psychological
factors that impact emotional and physical well-
being. Moreover, it continues to create, dissemi-
nate, and evaluate innovative and state-of-the-art
programs designed to enhance psychology educa-
tion, science, public interest, and practice.

Organizational Structure

At the time the organization was founded, its basic
governance structure consisted of a small council
that was overseen by an executive committee. This
structure remained in effect until the reorganization
of APA during World War II. While the APA has
undergone a number of reorganizations since this
time, its governance structure continues to include a
Board of Directors, which includes the Chair of the
American Psychological Association of Graduate
Students (APAGS), and a large Council of Repre-
sentatives. Over the years this council has expanded
to include more diverse constituent-based represen-
tation. For example, in 2017, this Council of Rep-
resentatives has 177 members, with individual
representing the 54 divisions of the APA, the
State, Provincial, and Territorial Psychological
Associations, and APAGS.

This large governing body creates an inherent
tension between representation and a cumber-
some and somewhat unwieldy structure that has
been criticized. The most recent attempt at struc-
tural reorganization has occurred under the aus-
pices of the Good Governance Project (GGP),
which had as its aim the enhancement of APA’s
organizational effectiveness. Recommendations
were made regarding distinguishing and clarify-
ing the roles of the Board of Directors and the
Council of Representatives, increasing APA’s
operational efficiency, and becoming a more
inclusive organization with a pipeline of diverse
and well-trained leaders. While some of the
recommended changes have been instituted
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already, many others have been challenging to
implement and/or require a vote of the member-
ship. One of the most controversial sets of recom-
mendations, tabled at the present time, is the
reduction of the overall size of the council
along with a reconsideration of how membership
in this body would be determined. The size of
the Council and the issues of representation
and loss of voice continue to be debated among
governance members. A related challenge has
pertained to who should have a seat on the Coun-
cil, and there have been three failed votes by the
members with regard to the inclusion of repre-
sentatives from the four major ethnic minority
psychological associations. Challenges related to
the inclusion of diverse psychologists within
psychology and APA have a long history
(Guthrie 2004).

There also are a significant number of standing
boards and committees that help to advance APA’s
mission, support policy initiatives, and focus on
content specific to the discipline. In response to a
recent vote by the Council of Representatives,
each of these boards and committees is now
expected to include at least one Early Career Psy-
chologist (ECP) member in an effort to acknowl-
edge their contributions and to expand the
pipeline of emerging leaders.

Membership

Membership growth has fluctuated over time.
Growth was modest over the first 50 years of
APA’s existence; by 1940 there were only
664 members. In 1926, a new class of nonvoting
membership was formed, deemed associate mem-
bers (now affiliate members). Membership
growth reflected the increased interest in the pro-
fession following World War II, with rapid growth
occurring between 1945 and 1970. During this
time, membership increased 630%. Membership
continued to boom through the early 2000s, with
the peak of membership occurring in 2010, when
the association had a robust 155,138 full and
affiliate members. The upward trend began to
reverse beginning in 2011, when membership
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dropped 11.6%. Membership has continued to
decline at a slow but steady rate since this time,
which is consistent with broader trends in associ-
ation management (Yohn 2016). This decline may
also reflect specific sociopolitical factors within
the discipline, the profession, and the organiza-
tion. To alter this membership trajectory, improve
the member value proposition and strengthen
membership recruitment, retention, and engage-
ment, APA named its first executive director for
membership in 2015. Member benefits include,
but are not limited to, access to a directory of
members, an attendance discount at the annual
convention, a subscription to the American Psy-
chologist and the Monitor on Psychology, access
to continuing professional development pro-
grams, and discounts on both non-APA- and
APA-produced products (e.g., books, journals,
apps, videos).

Major Activities

For detailed descriptions of APAs major activi-
ties, the reader is referred to the APA website. This
section highlights some of the key activities across
the organization and is meant to be illustrative
rather than inclusive.

APA’s Central Office includes the Executive
Office, which is responsible for overseeing and
managing the association’s key functions and
implementing APA policies. Associated with the
Central Office is APA’s Center for Psychology
and Health, a cross-directorate center that collab-
orates with the APAPO in order to provide coor-
dinated activities designed to secure and expand
psychology’s central role in improving health and
healthcare in the United States. Another center
that bridges APA’s component parts is the recently
launched Center for Organizational Excellence,
which aims to enhance employee well-being and
strengthen organizational performance. Also
associated with the Executive Office is APA’s
Ethics Office, which oversees the development
and implementation of the APA’s Ethical Princi-
ples of Psychologists and Code of Conduct (APA
2002), educates members and the public about
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ethics throughout the field of psychology, pro-
vides ethics consultations, and supports the Ethics
Committee’s efforts to adjudicate ethics com-
plaints against APA members.

The Central Office also includes the Office of
the General Counsel, which is responsible for all
aspects of legal counsel and representation of
APA. The Office of the General Counsel has
often spearheaded the development of amicus
briefs, documents used to educate courts on
issues relevant to legal cases that include
supporting scientific research. These briefs have
focused on diverse topics such as abortion, affir-
mative action, family law, the insanity defense,
scientific research, and sexual orientation
(discrimination).

Reflecting a life cycle perspective, the Educa-
tion Directorate focuses on Pre-K to 12, under-
graduate, graduate and postgraduate, and
continuing education efforts. Through the Educa-
tion Government Relations Office, it leads federal
advocacy efforts relevant to policies and funding
for psychology education and training. The Direc-
torate offers tools for teaching psychology,
engages in activities that enable APA to be a
leader in ensuring that education and training are
competency-based, provides information and pro-
grams for trainers and trainees about the education
and training pipeline and the range of employment
opportunities, and collects and disseminates data
about the profession of psychology through its
Center for Workforce Studies. To support the
accreditation of doctoral, internship, and postdoc-
toral programs, it houses the Office of Program
Consultation and Accreditation and the APA
Commission on Accreditation. Staff and gover-
nance members collaboratively address critical
issues facing the field and impacting high-quality
education and training, such as the internship
imbalance (i.e., more trainees seeking accredited
internships than available positions). For exam-
ple, they were instrumental in APA’s 2012 Intern-
ship Stimulus Package, in which APA committed
$3 million to increase the number of accredited
internship positions. Finally, APA sponsors con-
tinuing education programs that support psychol-
ogists’ professional development.
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The Science Directorate aims to advance psy-
chological science, address the needs of psycholog-
ical scientists, promote the integration of
psychological science with other core science dis-
ciplines, and advocate for psychological science at
the federal level (Science Government Relations
Office). The Directorate offers a broad array of
services, including a Psychology: Science in Action
program that underscores how science benefits
society and enhances people’s lives, guidelines on
pertinent topics (e.g., Ethical Conduct in the Care
and Use of Nonhuman Animals in Research), and a
toolkit for science advocacy. It shares with its con-
stituents information about research funding, ana-
lytic tools and methods, and publications. The
Directorate houses the Science Student Council to
promote trainees in the leadership pipeline and
offers fellowships for burgeoning and Early Career
Psychologists (e.g., the Summer Science Fellow-
ship, the APA Executive Branch Science Fellow-
ship Program). The Science Directorate is also
committed to ensuring that psychological science
is translated in meaningful ways to the public.

APA’s Public Interest Directorate aims to apply
psychological science to the fundamental prob-
lems of human welfare and social justice and to
promote equitable and just treatment for all indi-
viduals through education, training, and policy. It
supports offices, programs, governance activities,
and the creation of guidelines related to aging;
HIV/AIDS; children, youth, and families; disabil-
ities; ethnic minority affairs; lesbian, gay, bisex-
ual, and transgender concerns; socioeconomic
status; violence prevention; women; and work,
stress, and health. It has a strong Government
Relations Office that takes an active role in advo-
cacy related to the aforementioned issues as well
as other human rights and social justice concerns,
such as health disparities. The Directorate also
houses APA’s Minority Fellowship Program,
which provides funding support to racial and eth-
nic minority graduate students during their educa-
tion and training, as one mechanism for increasing
the diversity of the profession.

APA’s Practice Directorate has as its mission
the promotion of the practice of psychology and
the availability of behavioral health services
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through advocacy, public education and outreach,
and research. It participates actively in crafting
policies and practice guidelines for specific areas
of psychological practice and service delivery. It
oversees a major Public Education Campaign
designed to educate the public about the value of
psychology. This campaign has addressed school
violence, the mind/body health connection, and
the promotion of psychologically healthy work-
places. The Disaster Response Network also falls
within the auspices of the Practice Directorate. In
collaboration with the American Red Cross, this
program involves licensed psychologist volun-
teers who help individuals and communities
cope with and heal from disasters. The Directorate
creates and disseminates a range of resources for
practitioners, such as information on transitioning
to electronic medical records, evidence-based
practice in psychology, and documents on self-
care and colleague assistance.

Through its Office of International Affairs,
APA is very invested in its relations with interna-
tional psychology organizations. As one example
of this, APA engaged in an agreement with the
International Union of Psychological Science to
provide technical assistance to the World Health
Organization (WHO) with regard to the revision
of the WHO’s International Statistical Classifica-
tion of Diseases and Related Health Problems
(ICD-10; World Health Organisation 1992)
“Mental and Behavioural Disorders” chapter.

Concluding Comments

APA continues to adapt and redefine itself in light
of a changing healthcare climate, the ongoing
implementation of the GGP’s recommended
structural reorganization, and declining member-
ship trends and in the context of recent contro-
versies and conflict. APA remains the world’s
largest membership organization of psycholo-
gists. It has a fascinating past, marked by growth,
conflict, and increasing diversification. Its
response to current challenges will likely have
long-standing impacts on the association and pro-
fession of psychology as a whole. The present
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moment appears to be a pivotal one in APA’s
history; how so, only time will tell.
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The American Psychological Association (APA)
Division 22 — Rehabilitation Psychology is
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composed of 1164 psychologists (as of December,
2017) who provide health services, teach, manage
rehabilitation programs, conduct research, and
perform other professional activities. They work
in hospitals and clinics, in independent practice, in
other human service settings, and in universities
and colleges.

Major Areas or Mission Statement

The Division of Rehabilitation Psychology works
to unite psychologists and others interested in the
prevention and rehabilitation of disability and
chronic illness. Rehabilitation Psychology prac-
tice is a specialty within the domain of profes-
sional healthcare psychology, which applies
psychological knowledge and skills on behalf of
individuals with disabilities and chronic health
conditions in order to maximize their health and
welfare, independence and choice, functional
abilities, and social role participation. Such dis-
abilities include spinal cord injury, brain injury,
stroke, amputations, burns, work-related injuries,
multiple traumatic injuries, chronic pain, cancer,
heart disease, multiple sclerosis, neuromuscular
disorders, AIDS, developmental disorders, psy-
chiatric impairment, substance abuse, impair-
ments in sensory functioning, and other physical,
mental, and/or emotional impairments. The broad
field of Rehabilitation Psychology also includes
rehabilitation program development and adminis-
tration, research, teaching, public education and
development of policies for injury prevention and
health promotion, and advocacy for persons with
disabilities and chronic health conditions.

APA Division 22 — Rehabilitation Psychology
participates in the Rehabilitation Psychology Spe-
cialty Council. In accordance with the policy of
the Council of Specialties in Professional Psy-
chology (CoS — https://www.cospp.org/), this
Rehabilitation Psychology Specialty Council con-
sists of the professional groups and organizations
that represent the major educational, training, and
professional constituencies and stakeholders rele-
vant to Rehabilitation Psychology, that is, APA
Division 22, the American Board of Rehabilita-
tion Psychology, The Foundation for
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Rehabilitation Psychology, the Academy of Reha-
bilitation Psychology, and the Council of Reha-
bilitation Psychology Postdoctoral Training
Programs. The Rehabilitation Psychology Spe-
cialty Council selects one of its members to
serve as the specialty’s representative to CoS,
and this representative serves as a voting member
on CoS.

Landmarks

+ Rehabilitation psychologists have worked in
medical settings as part of teams of healthcare
professionals for more than 70 years, long
before psychologists were regularly involved
in other healthcare settings.

« Division 22 was established in 1958, one of the
earlier divisions in APA.

+ Division 22 members conducted the initial
research on individual, interpersonal, and
social changes related to changes in appear-
ance and physical capacity, as well as the social
psychology of stereotyping and prejudice
faced by persons with disability.

+ Division 22 members were among the pioneers
helping psychology understand the world of
work, how work can be affected by impairment
and disability, and issues about vocational
rehabilitation.

+ Rehabilitation psychologists have developed
the principles of cognitive rehabilitation and
have served as leaders in the federal model
systems programs for traumatic brain injury,
spinal cord injury, and burns.

* Board Certification in Rehabilitation Psychol-
ogy was established in 1997.

+ Rehabilitation Psychology is recognized by the
Commission for the Recognition of Specialties
and Proficiencies in Professional Psychology
since 2015.

Major Activities

* The journal Rehabilitation Psychology is
published quarterly by the APA http://www.
apa.org/pubs/journals/rep/.
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* Division 22, in conjunction with the American
Board of Rehabilitation Psychology, holds an
annual conference in the early spring of each
year.

Resources

* American Psychological Association (APA) —
http://www.apa.org
— General information about psychology and
about the divisions or sections within APA
* Rehabilitation Psychology — http://www.
div22.org/
— Specific information about the specialty of
Rehabilitation Psychology

Cross-References

American Board of Professional Psychology
(ABPP)

American Board of Rehabilitation Psychology
American Psychological Association (APA)
Rehabilitation Psychology
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Membership

The Society for Clinical Neuropsychology (SCN),
Division 40 of the American Psychological Asso-
ciation (APA) is one of 56 specialty divisions
recognized by the APA. Since its inception, it
has become one of APA’s most visible and active
divisions. In its nearly 40 years, membership has
grown from 433 psychologists to its current
(based on 2016 statistics) membership of 3,423,
which currently makes it the largest of all APA
divisions. The division’s representation to the
APA council has grown over the years from its
initial one representative to the current allotment
of four seats. This trend coincides with SCN’s
increasing influence within APA and increasing
recognition of neuropsychology as a clinical
specialty.

The division voted to change its name to SCN
in 2013 as part of a branding and public relations
effort to enable greater flexibility in communica-
tions and greater clarity for the public. Eligibility
for division membership was previously based
on membership in APA. That criterion is no
longer required. Any psychologist, trainee, or
individual with an interest in clinical neuropsy-
chology is encouraged to join SCN. All members
are provided access to SCN’s Internet LISTERVs
and publications. All members of the division
who are APA members have additional rights
and privileges to hold office and serve on divi-
sion committees and vote in APA elections.
Information for joining SCN can be obtained on
the division’s website at http://www.scn40.org/
mc.html.

APA statistics indicate that the majority of
SCN members are women by a slight majority
(49.9%). Ethnic minority members constitute 8%
of the membership, consistent with larger APA
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trends. Approximately, 80% of the division mem-
berships have a Ph.D. in clinical psychology or a
related field. Based on the previous statistics,
nearly half of the members work in independent
settings. Most other members work in medical
schools, hospitals, and university settings. Many
combine their work in institutional and private
practice settings. Prior membership surveys have
indicated that psychologists in SCN spend a sub-
stantially larger amount of time (>40%) in
assessment activities than other APA members
(<15%). Approximately, one third of the mem-
bers are actively involved in research activities.
Approximately, 40% are involved in clinical
training.

Major Areas or Mission Statement

Division 40 was formed in 1980 with the mis-
sion of enhancing the understanding of brain-
behavior relationships and the application of
such knowledge to human problems. Activities
of the division encompass the areas of science
(e.g., presentations at the annual meeting of
APA, awards for outstanding scientific contri-
butions), practice (e.g., Current Procedural
Terminology, “CPT,” billing codes, educa-
tional brochures for patients), education and
training (e.g., neuropsychology graduate stu-
dent organization), and specialty public inter-
est groups (e.g., women, minorities, geriatrics,
rural, etc.).

The division upholds APA bylaws and
enacted its own divisional bylaws in 1980,
which were subsequently revised to their
current form in 2005. Over the years, SCN
has provided published guidelines on many
aspects of neuropsychological practice and
training while also fostering continued develop-
ment of the science of neuropsychology through
activity of its committees. The division
advances scientific knowledge in the field of
neuropsychology through its support of publi-
cation and presentation of scientific papers at
professional conferences, including the APA’s
annual convention.

American Psychological Association (APA), Division 40
Landmark Contributions

Psychologists interested in the developing field of
neuropsychology began participating on a regular
basis at APA meetings during the 1960s. The ori-
gins of SCN can be traced back to the development
of the International Neuropsychological Society
(INS), which is known as the field of neuropsy-
chology’s first formal organization. Informal meet-
ings of  psychologists interested in
neuropsychological issues were held at the annual
APA meeting dating back to 1965. The INS was
formally organized in 1967 as an outgrowth of these
meetings with the goal of serving as a scientific and
educational organization. The need for formal rep-
resentation in APA became increasingly apparent as
professional issues regarding practice, education,
and training in neuropsychology began to emerge.
Leaders in the field, including Arthur Benton, Louis
Costa, and Manfred Meier, saw the need for the
development of an organization to promote the
growing specialty of clinical neuropsychology that
was independent of INS and APA’s Division of
Clinical Psychology (Division 12). The application
to establish a Division of Clinical Neuropsychology
was submitted to APA and approved by its Council
of Representatives in September 1979. The forma-
tion of Division 40 was made effective in January
1980, consistent with APA procedures. The divi-
sion’s first President was Dr. Harold Goodglass
with Dr. Gerald Goldstein serving as both the Sec-
retary and Treasurer. The presidents of the division
include many of the most prominent names in the
field of neuropsychology (Table 1).

One of the division’s earliest activities
included working with the INS Task Force on
Education, Accreditation, and Credentialing
(TFEAC) in establishing guidelines for doctoral,
internship, and postdoctoral training in clinical
neuropsychology. Recommendations provided
by that group, calling for a combination of train-
ing experiences in psychology and the neurosci-
ences, continue as the field’s dominant model of
training. The INS Task Force was eventually
discontinued as it became increasingly evident
that professional issues were becoming the
domain of Division 40. A listing of early
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American Psychological Association (APA), Division 40, Table 1 The Society for Clinical Neuropsychology
(SCN), Division 40 of the American Psychological Association (APA). Presidents of division, 1979-2017

1980s

1979-1980 Harold Goodglass
1980-1981 Harold Goodglass
1981-1982 Louis Costa
1982-1983 Nelson M. Butters
1983-1984 Thomas J. Boll
1984-1985 Lawrence C. Hartledge
1985-1986 Manfred J. Meier
19861987 Edith F. Kaplan
1987-1988 Byron P. Rourke
1988-1989 Gerald Goldstein

1990s 2000s

1989-1990 Charles G. Matthews| 1999-2000 Gordon J. Chelune
1990-1991 Raymond S. Dean | 2000-2001 Jason Brandt
1991-1992 Steven Mattis 2001-2002 Allan F. Mirsky
1992-1993 Oscar Parsons 2002-2003 Antonio Puente
1993-1994 Robert K. Heaton 2003-2004 Kathleen J. Haaland
1994-1995 Carl Dodrill 2004-2005 Robert J. Ivnik
1995-1996 Kenneth M. Adams | 2005-2006 Russell M. Bauer
1996-1997 Eileen B. Fennell 2006-2007 Keith O. Yeates
1997-1998 Linas A. Bieliauskas| 2007-2008 Thomas A. Hammeke,
1998-1999 Cecil R. Reynolds | 2008-2009 Glenn E. Smith

2010s

2009-2010 Celiane M. Rey-Casserly
2010-2011 H. Gerry Taylor
2011-2012 William B. Barr
2012-2013 Munro Cullum
2013-2014 Paula K. Shear
2014-2015 Neil Pliskin

2015-2016 Jennifer Vasterling
2016-2017 Mark Bondi

American Psychological Association (APA), Division
40, Table 2 Published guidelines and online toolkits
from Division 40 committees and task forces

Year | Activity

1987 | Guidelines for Doctoral Training Programs in
Clinical Neuropsychology

1987 | Task Force Report on Computer-Assisted
Neuropsychological Evaluation

1988 | Guidelines of Continuing Education in Clinical
Neuropsychology

1989 | Definition of a Clinical Neuropsychologist

1989 | Guidelines Regarding the Use of Nondoctoral
Personnel in Clinical Neuropsychological
Assessment

1991 | Recommendations for Education and Training
of Nondoctoral Personnel in Clinical
Neuropsychology

1991 | Guidelines for Computer-Assisted
Neuropsychological Rehabilitation and
Cognitive Remediation

2013 | Webkit for Interdisciplinary Health Service
Psychology Trainees (www.wihpt.com)

2013 | Health Care Reform and Neuropsychology
Toolkit (https://iopc.online/practice-tools/)

2015 | The Concussion Toolkit for Psychologists

(www.ucdenver.edu/academics/colleges/
medicalschool/departments/pmr/documents/
concussion_toolkit/index.htm)

publications of other professional guidelines,
statements, and online toolkits developed by Divi-
sion 40 committees and task forces is provided in
Table 2. The purpose of these guidelines was to
facilitate an adherence to standards for profes-
sionals in the field of clinical neuropsychology
with the ultimate goal of ensuring the quality of
services provided to consumers.

There has been a more recent trend to publish
online WebKits and toolboxes with other APA
divisions and neuropsychology organizations.
The division has also continued to publish posi-
tion statements on a variety of topics in associa-
tion with other neuropsychological organizations,
including the National Academy of Neuropsy-
chology (NAN) and the American Academy of
Clinical Neuropsychology (AACN). The divi-
sion, in collaboration with these organizations,
became a member of the Inter Organizational
Practice Committee (IOPC), which was devel-
oped in 2013 to coordinate advocacy efforts and
improve the practice climate for neuropsychology
as a profession.

During the 1990s, a task force from SCN led by
Manfred Meier successfully submitted a petition for
clinical neuropsychology to become the first psy-
chological specialty recognized by the APA’s Com-
mission on Recognition of Specialties and
Proficiencies in Professional Psychology (CRSPP).
Recognition of clinical neuropsychology as a spe-
cialty became official in 1997. This was followed by
a set of activities, working in conjunction with
NAN, AACN, American Board of Clinical Neuro-
psychology, and the Association of Postdoctoral
Programs in Clinical Neuropsychology (APPCN)
in developing an integrated model for specialty
training in clinical neuropsychology. Representa-
tives from these organizations and various training
programs across the USA met in 1997 for what was
termed the Houston Conference on Specialty Train-
ing in Clinical Neuropsychology. The conference
led to the development and publication of a docu-
ment describing an integrated model of education
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and training. Interactions between SCN and these
other groups continued through an organization
called the Clinical Neuropsychology Synarchy
(CNS). In 2013, the division joined other organiza-
tions in forming the Inter Organizational Practice
Committee (IOPC), with the goal of joining forces
to increase the breadth and reach of grassroots’
advocacy for issues having local and national impli-
cations. The group published its 360 Degree Advo-
cacy model in TCN and a Neuropsychology Toolkit
for Healthcare Reform on its website (http://
neuropsychologytoolkit.com).

Major Activities

Officers of SCN include President, President-
Elect, Past President, Secretary, and Treasurer.
These positions are elected by the general mem-
bership with the term of President lasting 1 year
and the roles of Secretary and Treasurer lasting
3 years. The officers serve on an Executive Com-
mittee (EC) joined by various Division Commit-
tee Chairs, Divisional Representatives to APA
Council, and three Members-at-Large. Meetings
of the EC are held twice yearly, with one of the
meetings held at the North American meeting of
the INS in midwinter and the other coinciding
with the APA convention in the summer. Presi-
dents of the division preside at meetings and serve
as the Chairperson of the EC. Terms of office
begin and end at the completion of the annual
business meeting held during the summer.

The division has four standing committees
including Membership, Fellowship, Elections,
and Program Committees and four continuing
committees consisting of the Science Advisory,
Education Advisory, Practice Advisory, and Pub-
lic Interest Advisory Committees. Special Com-
mittees, including Task Force Committees, can
also be established by vote of the Executive Com-
mittee, when the need arises. The Committee on
APA Relations and the Publications and Commu-
nications Committee are examples of these. The
President, in consultation with the EC, appoints
chairs of all divisional committees and task forces.
Summaries of divisional activities, minutes of
executive committee meetings, and committee

American Psychological Association (APA), Division 40

reports are published biannually in Newsletter
40, the official division newsletter. Additional
communications are provided electronically
through the SCN News, SCN NeuroBlog, and the
division’s five LISTERVs.

Continued commitments to training and entry
level members have been demonstrated by the
formation of the Association for Neuropsychol-
ogy Students in Training (ANST) and the estab-
lishment of an Early Career Psychologists
committee. Committees and mentoring programs
have been established for women entering the
field and for ethnic minority members. Bro-
chures describing an introduction to clinical neu-
ropsychology are available through the
division’s Public Interest Advisory Committee
(PIAC). The Practice Advisory Committee
(PAC) provides monitoring of legislative activi-
ties and both local and national activities affect-
ing the practice of clinical neuropsychology.
This committee is also responsible for interac-
tions with government agencies such as the Cen-
ters for Medicare and Medicaid Services (CMS).
The PAC worked with other organizations in
establishing a new set of CPT testing codes
aimed at optimizing reimbursement for neuro-
psychological services. These codes were offi-
cially implemented in 2006.

The division has maintained its goal of integrat-
ing science and practice. The Science Advisory
Committee (SAC) continues in its role of produc-
ing scientific programs for the APA’s annual con-
vention. Studies on neurologic syndromes,
assessment, and developmental issues are among
the topics most commonly presented in the SCN
program at the annual APA meeting. The SAC also
provides a number of awards for students and early
career psychologists establishing careers in neuro-
psychological research. More recent SAC activities
include integration of neuropsychology’s scientific
activities with APA and government agencies such
as the National Institutes of Health (NIH).

SCN does not publish or provide an official
journal. However, over the years, the division
has maintained a close relationship with The
Clinical Neuropsychologist (TCN), a journal
focusing on clinical issues relevant to neuropsy-
chologists. The journal has published a number


http://neuropsychologytoolkit.com
http://neuropsychologytoolkit.com

American Speech-Language-Hearing Association (ASHA)

of statements and guidelines prepared by SCN
task forces relevant to the practice of neuropsy-
chology and abstracts from SCN’s scientific pro-
gram at APA. In 1989, TCN also began to publish
regular listings of training programs in neuropsy-
chology. In 2006, a user-interactive revision of
the list was developed by the Education Advi-
sory Committee (EAC) and transferred to the
SCN website. The listing currently includes
40 doctoral training programs, 59 internships,
and 114 sites offering postdoctoral residencies
for specialty training in clinical neuropsychol-
ogy. The website also includes descriptions of
other divisional activities and links to the divi-
sion’s archival material.

Cross-References

American Academy of Clinical Neuropsychol-
ogy (AACN)

American Board of Clinical Neuropsychology
(ABCN)

American Psychological Association (APA)
Association for Postdoctoral Programs in Clin-
ical Neuropsychology (APPCN)

Houston Conference

International Neuropsychological Society
National Academy of Neuropsychology (NAN)
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American Speech-Language-
Hearing Association (ASHA)

Lemmietta McNeilly

Speech-Language Pathology, American Speech-
Language-Hearing Association, Rockville, MD,
USA

Membership

The American Speech-Language-Hearing Asso-
ciation is the national professional, scientific,
and credentialing association for 191,500 mem-
bers and affiliates who are audiologists, speech-
language pathologists, and speech, language,
and hearing scientists, audiology and speech-
language pathology support personnel, and
students.

Vision

Making effective communication, a
human right, accessible and achievable
for all.

Vision:

Mission

Empowering and supporting audiologists, speech-
language pathologists, and speech, language, and
hearing scientists through:

* Advancing science

 Setting standards

» Fostering excellence in professional practice

* Advocating for members and those they serve

Landmark Contributions

ASHA has had several names during its more than
90-year history. The first was the American Acad-
emy of Speech Correction (1925). The current
name, the American Speech-Language-Hearing
Association (ASHA), was adopted in 1978.
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ASHA is the nation’s leading professional,
credentialing, and scientific organization for
speech-language pathologists, audiologists, and
speech/language/hearing scientists. ASHA has
been the guardian of these professions for over
85 years, initiating the development of national
standards for each discipline and certifying pro-
fessionals since 1952.

ASHA began in 1925 at an informal meeting of
the National Association of Teachers of Speech
(NATS) in Iowa City, IA, an organization of peo-
ple working in the areas of rhetoric, debate, and
theater. Robert W. West was the first president of
the association from 1925 to 1928. Its members
were becoming increasingly interested in speech
correction and wanted to establish an organization
to promote “scientific, organized work in the field
of speech correction.” Accordingly, in December
of that year, the American Academy of Speech
Correction — ASHA’s original predecessor —
was born.

ASHA has grown exponentially since its
inception — from 25 members in 1925 to
191,500 in 2016. ASHA opened its first national
office on January 1, 1958, in Washington,
DC. The association subsequently moved four
times, most recently settling in its current location
in Rockville, MD, in 2008. ASHA’s new national
office is a LEED certified green building — the first
nonprofit company’s building of that distinction in
Maryland.

Major Activities

The ASHA Leader; American
Journal of Audiology; American
Journal of Speech-Language
Pathology; Journal of Speech,
Language, and Hearing
Research; Language, Speech,
and Hearing Services in Schools;
and SIG Perspectives.

Annual convention and niche
conferences addressing topics
in healthcare and schools, as
well as several web events
annually.

Publications:

Conferences:
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Synonyms

ASHA FACS

Description

The American Speech-Language-Hearing Asso-
ciation Functional Assessment of Communica-
tion Skills for Adults (ASHA FACS) was
designed as a quick and easily administered
measure of functional communication behaviors
at the level of disability in adults with speech,
language, and cognitive-communication impair-
ments (Frattali et al. 1995; Frattali et al. 2017).
The ASHA FACS uses the following definition
of functional communication: “the ability to
receive or to convey a message, regardless of
the mode, to communicate effectively and inde-
pendently in a given [natural] environment”
(ASHA 1990, p. 2). The World Health Organi-
zation (WHO 2001) International Classification
of Functioning, Disability and Health (ICF) pro-
vides the framework for functional assessment.
The ICF consists of two components: function-
ing and disability (body functions/structures and
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activity/participation) and contextual factors
(environmental and personal). The ASHA
FACS assesses communication in the context
of daily life activities. The ASHA FACS is
based on direct observations by speech-lan-
guage pathologists or significant others who
are familiar with the client’s typical communi-
cation performance across four assessment
domains: social communication; communica-
tion of basic needs; reading, writing, and num-
ber concepts; and daily planning. Within each
domain, specific functional behaviors are rated
on a seven-point Scale of Communication
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Independence, which ranges from “does” the
activity independently, through five levels of
“does with” varying degrees of assistance, to
“does not” perform the activity. A second scor-
ing system, the Scale of Qualitative Dimensions
of Communication, uses a five-point scale to rate
adequacy, appropriateness, promptness, and
communication sharing.

Assessment Domains

Table 1 shows the behaviors that are included
within the four assessment domains. The measure
yields domain and dimension mean scores,

American Speech-Language-Hearing Association Functional Assessment of Communication Skills for Adults,

Table 1 ASHA FACS conceptual framework

Qualitative dimensions
Adequacy
Definitions

Appropriateness

Frequency with which
client understands gist of
message and gets point
across

Frequency with which client’s
communication is relevant and
done under the right
circumstances

Assessment domains

Social communication Communication of basic

needs
Behaviors
Uses names of familiar Recognizes familiar faces/
people voices
Expresses agreement/ Makes strong likes/dislikes
disagreement known
Explains how to do Expresses feelings
something Requests help

Makes needs/wants known
Responds in an emergency

Requests information
Exchanges information
on the telephone
Answers yes/no
questions

Follows directions
Understands facial
expressions/tone of
voice

Understands nonliteral
meaning and intent
Understands
conversations in noisy
surroundings
Understands TV/radio
Participates in
conversations
Recognizes/corrects
communication errors

Promptness Communication sharing

Frequency with which
client responds without
delay and in an efficient
manner

Readings/writing/
number concepts

Understands simple
signs

Uses references
materials

Follows written
directions

Understands printed
material
Prints/writes/types name
Completes forms
Writes messages
Understands signs with
numbers

Makes money
transactions
Understands units of
measurement

Extent to which a client’s
communication poses a
burden to the
communication partner

Daily planning

Tells time

Dials telephone numbers
Keeps scheduled
appointments

Uses a calendar

Follows a map



196

overall scores, and profiles of both communica-
tion independence and qualitative dimensions.
The ASHA FACS includes:

A revised manual (Frattali et al. 2017) detailing
the project rationale, review of functional com-
munication measures, description and valida-
tion data, and administration and scoring
procedures

A score summary and profile forms

A case example

A pull-out rating key with the Scale of Commu-
nication Independence and the Scale of Quali-
tative Dimensions of Communication

Historical Background

The ASHA FACS evolved from the wave of
healthcare accountability and the widespread
need for an effective instrument to measure the
functional communication of adults who have
speech, language, or cognitive impairments for
purposes of justifying payment, defining service
eligibility, and judging the value of care. Devel-
oped in 1995 by ASHA, it reflects the collabora-
tive effort of more than 70 individuals, both
ASHA members and related professionals. The
ASHA FACS was supported in part by the U.S.
Department of Education/National Institute on
Disability and Rehabilitation Research (NIDRR)
and the U.S. Department of Veterans Affairs. The
Psychological Corporation provided expert
advice and data analysis.

The ASHA FACS originally was validated
on adults with aphasia following left hemi-
sphere stroke and adults with traumatic brain
injury (TBI). The original validation study
was conducted primarily with African Ameri-
can and White adults with these communication
impairments. ASHA conducted further valida-
tion testing from 1998 to 2003 with other racial/
ethnic groups and patient populations and cre-
ated an addendum to the ASHA FACS (Paul et
al. 2004a). The research was supported in part
by NIDRR. A revised manual includes the val-
idation data from the addendum (Frattali et al.
2017).

American Speech-Language-Hearing Association Functional Assessment

Psychometric Data

The usability, sensitivity, reliability, and validity
of the ASHA FACS were demonstrated through
two separate pilot tests and one field test. The first
version was piloted to determine the measure’s
usability, resulting in the development of a
seven-point observational rating scale. A second
pilot test confirmed the usability of the revised
version, and acceptable levels of reliability and
validity were found. A more sensitive scoring
system for capturing qualitative information
about the nature of a client’s functional commu-
nication led to the addition of a second scoring
feature, a five-point rating scale of qualitative
dimensions.

To establish interrater reliability during the
field test, the ASHA FACS was completed inde-
pendently for 35 subjects by two examiners within
a 48-h period after a minimum of three subject-
examiner contacts. Interrater reliability correla-
tions on the four assessment domain scores ranged
from 0.88 to 0.92. Overall communication inde-
pendence scores had high interrater agreement
(mean correlation = 0.95). Interrater consisten-
cies of the four qualitative dimension mean scores
ranged from 0.72 to 0.84. The interrater reliability
of overall qualitative dimension mean scores was
0.88. Intrarater reliability (38 subjects) for com-
munication independence mean scores by assess-
ment domain ranged from 0.95 to 0.99 and
intrarater reliability of overall communication
independence scores was 0.99. Intrarater reliabil-
ity of qualitative dimension mean scores ranged
from 0.94 to 0.99 and 0.99 for the overall quali-
tative dimension scores.

The ASHA FACS was moderately correlated
with other measures of language and cognitive
function as demonstrated by external criterion
measures used with subjects with aphasia and
cognitive-communication impairments from
TBI. For subjects with aphasia, a correlation of
0.73 was obtained between the Western Aphasia
Battery (WAB) Aphasia Quotient (AQ) (Kertesz
1982), and the ASHA FACS overall communi-
cation independence score. Correlations were
obtained between ASHA FACS domain scores
and WAB subtest scores, with a range of .038 to
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0.81. Correlations between the ASHA FACS
domain score and overall score and each of the
Functional Independence Measure (FIM) scales
(FIM 4.0; SUNY at Buffalo Research Foundation
1993) ranged from 0.61 to 0.83. For the subjects
with aphasia, correlations also were computed
between ASHA FACS qualitative ratings and
external criterion measures, the WAB and the
FIM. These results indicated moderate correla-
tions. External validation data for the subjects
with  cognitive-communication impairments
ranged from 0.66 to 0.78 between the Scales of
Cognitive Ability for Traumatic Brain Injury
(SCATBI) (Adamovich and Henderson 1992)
severity scores and the ASHA FACS domain
scores and a 0.78 correlation between the
ASHA FACS overall domain score with the
SCATBI severity scores. Correlations ranging
from 0.72 to 0.86 were found between ASHA
FACS overall mean communication indepen-
dence scores and FIM scores for subjects with
cognitive-communication impairments. Moder-
ate correlations also were found between ASHA
FACS qualitative ratings and the SCATBI and
the FIM for this subject group.

High internal consistency and social validity
were reported. Internal consistency indicated that
most item scores covered the full seven-point
communication independence rating scale,
showed high inter-item correlations between
items within assessment domains, were internally
consistent with respect to assessment domain, and
that all items were measuring the same underlying
construct. The data indicated that all domain
scores correlated with overall ASHA FACS
scores. Evaluation of social validity was accom-
plished by correlating overall ASHA FACS
scores with measures scored by family members
or friends of subjects. These measures included
the Communicative Effectiveness Index (CETI;
Lomas et al. 1989) and a rating of overall com-
munication effectiveness, a single overall index
of each subjects’ communication effectiveness
rated on a scale from 1 (lowest) to 7 (highest).
These data indicated high positive correlations
between ASHA FACS overall scores and ratings
of overall communication effectiveness by clini-
cians (i.e., r = 0.81). The ASHA FACS overall

197

scores did not correlate well with family mem-
bers’ or friends’ ratings of overall communication
effectiveness or CETI scores. CETI ratings were
consistently higher than those measured using the
ASHA FACS.

Clinical Uses

The ASHA FACS was designed for clinicians to
rate functional communication behaviors of adults
with speech, language, and cognitive-communi-
cation impairments resulting from left hemisphere
stroke and from TBI. In a review of the evidence
leading to recommended best practices for assess-
ment of individuals with cognitive-communica-
tion impairments after TBI, the ASHA FACS
was one of a few standardized, norm-referenced
tests that met most established criteria for validity
and reliability for use with this clinical population
(Turkstra et al. 2005). It was one of only four of
the 31 tests reviewed that evaluated performance
outside clinical settings. It was unique in that it
was based on research about daily communication
needs in the target population and incorporated
consumer feedback about ecological validity into
the design. The research is rich in the many clin-
ical benefits of the ASHA FACS. For example,
this instrument has been used to measure commu-
nication disability relative to quality of life in
adults with chronic aphasia (Ross and Wertz
2002; Davidson et al. 2003), to evaluate the effec-
tiveness of functionally based communication
therapy (Worrall and Yiu 2000), and to evaluate
real-life outcomes of aphasia interventions
(Kagan et al. 2008). Using Rasch analysis of the
ASHA FACS Social Communication Subtest
(SCS), Donovan et al. (2006) demonstrated that
caregivers were reliable respondents who could
use the SCS to rate therapy progress and func-
tional outcomes.

Additional research (Paul et al. 2004a) demon-
strated that the ASHA FACS is a reliable and valid
measure of functional communication for African
American, Hispanic, and White adults with cog-
nitive-communication impairments resulting from
right hemisphere stroke or dementia. Validity
could not be determined for Asian Americans
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and Native Americans due to the small sample
size. Further research is needed to determine the
validity of the ASHA FACS for adults with
dysarthria.

ASHA established an international advisory
group to determine the validity, reliability, and
usability of the ASHA FACS in other English-
speaking countries (Australia, Canada, Ireland,
New Zealand, South Africa, England, and Scot-
land). Generally, the ASHA FACS was consid-
ered to be appropriate for use in these other
countries with adults with aphasia or TBI. Cer-
tain test items were not relevant across groups,
and there were difficulties in administration in
countries where multiple primary languages are
used. A Portuguese version was found to be
valid and reliable for adults with mild or moder-
ate Alzheimer’s disease (de Carvalho and
Mansur 2008). There continues to be broad
interest in functional communication assess-
ment for populations with communication
impairments.

The ASHA FACS should be used as part of a
comprehensive communication assessment, in
conjunction with measures of impairment and
quality of life. Treatment decisions should not be
made on the basis of a single instrument. The
ASHA Quality of Communication Life Scale
(QCL) may be used to assess the impact of com-
munication impairment on an adult’s participation
in social, leisure, work, and education activities
(Paul et al. 2004b).
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Americans with Disabilities
Act of 1990
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Historical Background

The Americans with Disabilities Act (ADA) was
signed by President George Bush in 1990 and
went into effect in 1992. It is regarded by many
as the most sweeping civil rights legislation since
the Civil Rights Act of 1964, with its intent to
assist people with disabilities to obtain jobs and
achieve the goal of full functioning in the work-
place. The ADA contains provisions that outlaw
discrimination against people with disabilities
(including those with learning disabilities and
mental disorders) in hiring, training, compensa-
tion, and benefits (Bell 1997) and mandates that
employers provide “reasonable accommodations”
for disabled workers who could qualify for jobs if
such assistance is provided. It also protects indi-
viduals against retaliation for filing charges or
otherwise being involved in an Equal Employ-
ment Opportunity Commission (EEOC)-related
action. The act requires that people with disabil-
ities be treated like nondisabled persons, unless it
is determined that a certain individual’s disability
produces significant hindrances to one’s
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involvement in a particular endeavor. It was
established due to Congress’s recognition of a
large number of Americans with one or more
disabilities and the discrimination experienced
by such individuals with respect to employment
and access to services.

Current Knowledge

The ADA includes several sections that cover
different types of activities, most notably, employ-
ment (Title 1), public services (Title II), public
accommodations and services operated by private
entities (Title IIT), access to telecommunications
(Title IV), and miscellaneous provisions (Title V).
Psychologists often conduct evaluations of dis-
abled individuals to determine “reasonable
accommodations” in accordance with the ADA.
The most common referral involves Title 1,
employment issues. The ADA requires that an
evaluator assesses four distinct areas:
(a) disability, (b) qualifications to perform an
essential function of the job, (c) reasonable
accommodations, and (d) threats to others. The
“reasonable accommodations” are typically bro-
ken down by short-term accommodations as well
as long-term accommodations.
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Amitriptyline
Efrain Antonio Gonzalez
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Generic Name

Amitriptyline

Brand Name

Elavil, Levate

Class

Tricyclic antidepressant

Proposed Mechanism(s) of Action

Increases available norepinephrine and serotonin,
blocks serotonin reuptake, and may desensitize
both serotonins 1A and beta adrenergic receptors.

Indication

Depression

Off-Label Use

Postherpetic neuralgia, neuropathic pain, fibro-
myalgia, headache, eating disorder, and insomnia.

Side Effects

Serious
Paralytic ileus, hyperthermia, lowered seizure
threshold, sudden death, cardiac arrhythmias,

Amitriptyline

tachycardia, QTc prolongation, hepatic failure,
mania, and potential for activation of suicidal
ideation.

Common

Blurred vision, constipation, urinary retention,
increased appetite, dry mouth, diarrhea, heart-
burn, weight gain, fatigue, weakness, dizziness,
anxiety, sexual dysfunction, sweating, rash, and
itching.
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Additional Information

Drug Interaction Effects. http:/www.drugs.com/drug_
interactions.html.

Drug Molecule Images. http://www.worldofmolecules.
com/drugs/.

Free Drug Online and PDA Software. www.epocrates.com.

Free Drug Online and PDA Software. www.medscape.
com.

Gene-Based Estimate of Drug interactions. http://mhc.
daytondcs.com:8080/cgi bin/ddiD4?ver=4&task=
getDrugList.

Pill Identification. http://www.drugs.com/pill_identifica
tion.html.
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Definition
Amnesia refers to the loss of ability to recall

facts, events, or concepts encountered prior to
the onset of illness (retrograde amnesia) or to
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the loss of the ability to form new memories
(anterograde amnesia), or both. Although anter-
ograde and retrograde amnesia can each occur in
isolation, they frequently appear together follow-
ing a single cause. The cause is commonly an
organic neurologic insult or illness, but it can
also be psychogenic. Although in most organic
cases the memory loss is permanent, it can also
be temporary, as for example in transient global
amnesia.

Cross-References

Anterograde Amnesia
Memory Impairment
Retrograde Amnesia
Transient Global Amnesia
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Short Description or Definition

Amnestic disorders are defined by a decline in
explicit memory in the absence of other signifi-
cant cognitive impairments and represent a dete-
rioration from previous levels of function. The
hallmark feature of classic amnestic disorders is
anterograde amnesia (impairment in the ability to
form new explicit memories), although retrograde
amnesia (inability to remember previously
learned information) can be seen, usually in a
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temporal gradient with recent memories affected
more than earlier ones. This entry focuses on
persistent, nonprogressive etiologies of amnestic
disorders, excluding etiologies such as transient
global amnesia, neurodegenerative conditions
(e.g., Alzheimer’s disease), and psychogenic
amnesias.

Categorization

Amnestic disorders can result from a variety of
causes, including hypoxic/anoxic events, infec-
tions, nutritional deficiencies, and lesions such
as those occurring following stroke or surgical
ablation, and are associated with damage to sev-
eral brain regions. Two subtypes of amnestic dis-
orders have received the most attention:
bitemporal amnesia and diencephalic amnesia
(e.g., Korsakoff’s syndrome and patients with dis-
crete thalamic or mammillary body lesions).
A third subtype, basal forebrain amnesia, is

viewed as clinically distinctive (Bauer
et al. 2003).
Epidemiology

Amnestic disorders can be observed in several
classes of patients, including following viral
infections (e.g., herpes encephalitis), anoxic/hyp-
oxic events (e.g., after heart attack or near-
drowning, carbon monoxide exposure), nutri-
tional impairments (e.g., Korsakoff’s syndrome),
bilateral temporal lobectomies, traumatic brain
injury, and cerebrovascular events; epidemiolog-
ical data are available by specific etiology,
although pure global amnestic syndromes them-
selves are relatively rare. For example, herpes
simplex encephalitis carries a 70% mortality
rate without treatment. The cognitive impair-
ments in survivors are ranging, and in one study
of long-term survivors, 19 of 22 participants
experienced some form of memory impairment,
although only five subjects had memory difficul-
ties that were categorized as severe (Utley et al.
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1997). In a review of studies of cerebral anoxia,
Caine and Watson (2000) concluded that while
54% of case studies describe memory impair-
ments, only 19% report memory deficits in
isolation.

Natural History, Prognostic Factors, and
Outcomes

The amnestic disorder is exemplified by the case
study of H.M., a patient who underwent a radical,
experimental surgery in which the medial tempo-
ral lobes were removed bilaterally in an attempt to
treat intractable epilepsy. His resection included
the hippocampal formation and adjacent struc-
tures including most of the amygdala and para-
hippocampal gyrus, including the entorhinal
cortex. Following surgery, H.M. developed severe
anterograde amnesia which manifested as
impaired episodic memory. In addition, he devel-
oped partial retrograde amnesia for events within
19 months before his surgery. However, earlier
memories were unaffected, and his working mem-
ory and procedural memory (skill learning) also
remained intact (Corkin 2002; Scoville and
Milner 1957).

Course: Onset is often acute due to the nature
of the pathological processes that cause amnestic
disorders (e.g., cerebrovascular events, anoxic/
hypoxic events, surgical ablation, and infections
such as herpes encephalitis). Although some
degree of improvement may occur in some
patients, for example during the immediate period
of natural recovery which occurs following cere-
brovascular infarcts or traumatic injuries, deficits
typically are persistent. Barring any additional
injury, worsening of memory over time would
not be anticipated.

General neuropsychological profile: Patients
exhibit deficits in explicit memory marked by
significant anterograde amnesia. They may also
exhibit retrograde amnesia, although this is typi-
cally less severe and exhibits a temporal gradient
with older memories less likely to be disturbed.
Attention, working memory, procedural memory,
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implicit learning, and general cognition remain
largely intact.

Amnestic disorders resulting from bitemporal
or diencephalic insults are the most frequently
studied and similar in their neuropsychological
profiles. Although early studies suggested that
individuals with bitemporal amnesias have a
more rapid forgetting rate, McKee and Squire
(1992) found equivalent forgetting curves for pic-
tures when severity of amnesia was controlled.
Both subtypes of amnesia display a degree of
retrograde amnesia (Kopelman et al. 1999).
Bauer et al. (2003) argue that despite these simi-
larities, some deficits are unique to patients with
diencephalic amnestic disorders; although some
studies suggest patients with Korsakoff’s syn-
drome display a unique deficit in memory for
temporal order (e.g., Squire 1982; Kopelman
et al. 1999), others fail to support this finding
(Downes et al. 2002).

Basal forebrain amnesia typically results from
vascular lesions or aneurysm surgery in the region
of the anterior communicating artery. After basal
forebrain damage, patients may demonstrate
extensive anterograde amnesia (Bottger et al.
1998; Tidswell et al. 1995). Confabulation is com-
mon and may relate to the extent of orbitofrontal
involvement (Hashimoto et al. 2000), but it often
subsides following the acute phase, while the
amnestic state remains. There is evidence that
patients with basal forebrain amnesia benefit
from the presentation of cues to enhance recall
(Osimani et al. 2006).

Evaluation

As amnestic disorders are defined by deficits in
new learning, memory is the cognitive domain
that should be emphasized within a comprehen-
sive neuropsychological evaluation that also
includes assessment of other areas of cognitive
function such as orientation, attention, language,
executive functions, visuospatial skills, and psy-
chological functioning. Patients fitting the classic
amnestic disorder profile will exhibit deficits in
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memory with generally intact cognition within
other domains.

It is important to establish the specific nature of
patients’ memory impairments. Immediate mem-
ory span (typically assessed through tests such as
Digit and Spatial Span from the Wechsler Mem-
ory Scales) should be within the normal range.
Anterograde learning may be assessed with mea-
sures such as list learning, story learning, or figure
memory. While patients will be able to retain
items and repeat them back as long as they can
keep them in memory, learning curves are typi-
cally flat, and an intervening distractor task will
typically cause items to be lost completely. It is
important to examine free recall vs. cued/recogni-
tion formats, as patients with frontally medicated
amnestic disorders may show some benefit (typi-
cally no benefit seen for patients with bitemporal
or diencephalic etiologies). Some degree of
laterality to memory profiles may be expected
depending on the nature of injury (e.g., left hemi-
sphere damage leading to verbal memory impair-
ments, right hemisphere damage impacting visual
memory).

In addition, retrograde amnesia and memory
for remote events can be examined in a qualitative
manner by inquiring about autobiographical
events or memories that one can assume to be
present in most people from a given society
(e.g., pictures of famous individuals, questions
regarding salient historical events). The aspects
of memory that remain intact in classic amnestic
disorder patients (such as semantic memory and
motor skill learning) could also be assessed.

The main differential diagnoses to consider
include delirium and neurodegenerative demen-
tias (e.g., Alzheimer’s disease). Delirium is
defined by a disturbance in attention and con-
sciousness, both of which are intact in amnestic
disorders. Although neurodegenerative demen-
tias present similarly to amnestic disorders in
that patients often present with memory impair-
ments, cognitive decline (rather than stability)
occurs and impairments in other cognitive
domains such as language or executive functions
are present.
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Treatment

Treatment of amnestic disorders is nonspecific
and focused primarily on compensation for mem-
ory impairments. Cognitive rehabilitation and
memory training programs often emphasize the
teaching of mnemonic strategies or the use of
external memory aids such as note-taking or
audiotaping in order to enhance patients’ func-
tioning in daily life, although patients would con-
sciously need to recall learning these strategies
and to utilize them. Implicit training procedures,
such as those involving errorless learning strate-
gies, can be helpful, as are environmental supports
(e.g., electronic reminders) and assistance from
family, friends, and/or caregivers.

The use of pharmacologic agents to treat
amnestic disorders is not well studied, and large
randomized controlled trials are lacking. In an
open-label pilot study, Benke et al. (2005) admin-
istered donepezil, a cholinesterase inhibitor, to
patients with a chronic amnestic syndrome from
a ruptured and repaired aneurysm of the anterior
communicating, anterior cerebral, or pericallosal
artery. Some measures of performance on a list-
learning task improved significantly during the
12-week medication administration period,
suggesting future double-blind controlled studies
would be useful to more thoroughly examine the
potential utility of cholinergic medications. Stud-
ies have also examined the use of cholinesterase
inhibitors following traumatic brain injury; a
recent review (Bengtsson and Godbolt 2016)
found only three studies meeting somewhat
relaxed inclusion criteria (no studies located
using their initial inclusion criteria). One study
found no effect of treatment, and two studies
showed limited effects. Given that included stud-
ies had several methodological limitations, further
studies are needed to examine whether acetylcho-
linesterase inhibitors may be beneficial in this
population.

In addition, due to their memory impairment,
patients are likely to experience impairments in
their social and vocational activities and may also
require supervision and/or support in their living



204

environment and a guardian or conservator to
assist with legal and medical concerns in more
severe cases.

Cross-References

Amnesia

Amnestic Syndromes
Dissociative Amnesia
Korsakoff’s Syndrome
Temporal Lobectomy
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Short Description or Definition

The amnestic syndromes are a group of neuro-
logic disorders characterized by a dense global
amnesia. This amnesia is comprised of an inability
to form new memories (anterograde amnesia) and
an inability to retrieve old memories (retrograde
amnesia) (Anterograde Amnesia and Retrograde
Amnesia). A unique feature of these disorders is
that the dense memory loss occurs within the
context of relatively preserved intelligence, lan-
guage, attention, and perceptual abilities.

Categorization

The amnestic syndromes can be classified
according to cause or site of damage. Possible
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etiologies include herpes simplex encephalitis,
anoxia, Wernicke-Korsakoff syndrome, cerebro-
vascular accidents, anterior communicating artery
aneurysm (ACoA), and tumors. These disorders
can give rise to amnesia by damaging any of an
array of structures, such as the medial temporal
lobes (including the hippocampus), the midline
diencephalic nuclei, and the basal forebrain, or by
disrupting some of their interconnections such as
the fornix. In such cases, the resulting amnestic
syndrome tends to be permanent because the struc-
tural damage to the brain is irreversible. However,
amnesia can also be transient when it is due to a
functional disruption of these brain structures (see
Transient Global Amnesia) or psychogenic causes.

Neuropsychology of the Amnestic
Syndromes

Herpes Simplex Encephalitis (HSE)

HSE is a viral infection of the brain that begins as
a flu-like illness with headaches and fever,
followed by lethargy, confusion, and disorienta-
tion. If treatment is delayed, severe neurological
deficits, including amnesia, agnosia (loss of the
ability to recognize sensory impressions such as
objects, people, and sounds), and aphasia (loss of
aspects of speech production or reception) can
develop. Recovery varies even with treatment,
and many are left with a broad range of cognitive
deficits. For a few, an isolated amnestic syndrome
persists. Their presentation is similar to that of the
well-known amnesic patient HM who became
unable to form new memories after undergoing a
neurosurgical operation in which a large portion
of the medial temporal lobe of his brain was
removed bilaterally.

Neuropathologically, the virus preferentially
affects limbic regions in the temporal lobe, includ-
ing the hippocampus and adjacent medial tempo-
ral lobe regions, as well as the amygdala and polar
limbic cortices. Damage often extends to the lat-
eral aspect of the temporal lobe, affecting the
anterolateral aspect, the inferior aspect, or both.
Anterior extension of damage into ventromedial
areas of the brain, such as the insular cortex and
the basal forebrain, has also been documented.
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The severity of memory impairment following
HSE shows substantial variation that is directly
proportional to the extent of medial temporal lobe
damage (Stefanacci et al. 2000). Lesions are often
asymmetrical, and this will define the clinical
presentation. If damage to the left medial temporal
region is greater, verbal memory problems domi-
nate, whereas if right medial temporal damage is
greater, nonverbal aspects of memory, such as
memory for faces and designs, are predominantly
impaired.

In addition to an inability to acquire new infor-
mation (anterograde amnesia), patients also have
difficulty remembering events that occurred prior
to their illness (retrograde amnesia). Retrograde
amnesia can vary considerably in severity but is
particularly marked when lesions extend into lat-
eral temporal regions. Impairments in episodic
memory, which is memory for specific events of
your life, for example, remembering your college
graduation, are the primary complaint. Semantic
memory, which is memory for non-personal facts,
such as remembering that Paris is the capital of
France, may be more or less affected depending
on the damage. Damage primarily to right anterior
temporal regions is more likely to result in exten-
sive loss of personal (i.e., episodic) memories
(O’Connor et al. 1992) while damage to the left
temporal cortex is associated with the loss of
general world knowledge (i.e., semantic memory)
(DeRenzi et al. 1987). Unusual selective impair-
ments can also occur, such as the ability to identify
inanimate objects but not living things or foods
and the ability to comprehend concrete but not
abstract words (Warrington and Shallice 1984).

Anoxia

Anoxic brain injury can result from any of a
number of diverse etiologies including cardiac
arrest, respiratory distress, carbon monoxide poi-
soning, and drug overdose. These conditions all
diminish or cut off the supply of oxygen to the
brain, either through reduced blood flow or
reduced blood oxygen saturation. The physio-
logical consequences of such anoxic events are
complex. Brain areas particularly vulnerable to
anoxic injury include the hippocampus, the basal
ganglia, and other areas where the distributions
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of the cerebral arteries overlap in the cerebral
cortex. The clinical manifestations of anoxia are
highly variable, but memory impairment is a
common symptom. A review of 58 studies of
cerebral anoxia showed that while damage to
hippocampal structures was common, damage
restricted to the hippocampus was seen in only
18% of patients (Caine and Watson 2000).
Accordingly, in a majority of patients, memory
impairment occurs in the context of more diffuse
cognitive deficits with executive problems and
motor dysfunction being particularly common
(Alexander et al. 2011). In a minority of patients,
the anoxic injury leads to an isolated amnesia,
that is, a memory disorder in the absence of other
neuropsychological impairments. In these cases,
bilateral hippocampal damage is thought to
underlie the amnesic syndrome (Di Paola et al.
2008). As with other forms of amnesia, the sever-
ity of the amnesia is proportional to the damage
to the hippocampal formation (Zola-Morgan et
al. 1986; Rempel-Clower et al. 1996). While
anterograde memory impairment is typically
accompanied by some degree of retrograde
impairment, anterograde amnesia can occur in
the absence of retrograde amnesia as evidenced
by patient R.B. who exhibited bilateral damage
that was limited to the hippocampus (Zola-Mor-
gan et al. 1986).

Relatively selective amnesia has been
documented in children and adolescents who
experienced a hypoxic-ischemic event at birth or
shortly after birth (i.e., developmental amnesia:
Vargha-Khadem et al. 1997). Gadian et al.
(2000) reported on five cases, all of whom
exhibited bilateral damage that was limited to
the hippocampus. All had a profound inability to
form new episodic memories, but strikingly, they
were able to acquire a considerable amount of new
factual knowledge, which allowed them to attend
mainstream schools and maintain a relatively
higher level of functioning compared to adult
onset cases of amnesia described above. The rel-
ative preservation of semantic learning in these
children has been ascribed to the integrity of
medial temporal areas outside of the hippocam-
pus. Research on developmental amnesia has pro-
vided additional support for the notion that the
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hippocampus itself is critical for episodic memory
but not semantic memory.

Wernicke-Korsakoff Syndrome
See » Wernicke-Korsakoff Syndrome entry.

Cerebrovascular Accidents

Bilateral posterior cerebral artery (PCA) infarc-
tion is a well-recognized cause of amnesia.
Because the left and right PCA arise from the
bifurcation of a common source, strokes that
occur upstream from the bifurcation can affect
the medial temporal lobes bilaterally, causing a
dense amnesia with dysfunction in both antero-
grade and retrograde memory. Neuroanatomical
studies of patients with PCA infarction have
revealed that lesions in the posterior para-
hippocampus or the collateral isthmus (a pathway
connecting the posterior parahippocampus to
association cortex) are critical for the develop-
ment of memory impairment (Von Cramon et al.
1988). When damage extends posteriorly to
include occipitotemporal cortices, deficits beyond
amnesia are often seen.

Early in their clinical course, patients with
PCA infarction exhibit a confusional state that
eventually resolves into an amnestic syndrome
with or without additional neuropsychological
symptoms involving primarily the processing of
visual information. The memory disturbance is
characterized by a classic profile of consolidation
deficits in the context of normal short-term mem-
ory and normal intelligence. There may or may
not be associated retrograde amnesia. Memory
problems have also been described with unilat-
eral, usually left, PCA infarction. In such cases,
the memory impairment can be transient or per-
manent and is typically limited to verbal material.
Memory deficits in patients with right PCA infarc-
tion have been less well studied, in part because
such examination is complicated by the percep-
tual problems that frequently accompany right
PCA infarction.

Thalamic strokes can also lead to significant
memory problems. Because the relevant thalamic
centers are small and adjacent to one another, it is
difficult to establish associations between site of
damage and clinical deficits. A review by Van der


https://doi.org/10.1007/978-3-319-57111-9_1164

Amnestic Syndromes

Werf et al. (2000) led to the conclusion that dam-
age to the mammillothalamic tract (MTT)
invariably causes anterograde amnesia and that
no amnesia occurs in the absence of damage
to the MTT. Medial dorsal thalamic lesions
cause a memory disturbance that is mild in com-
parison to the severe amnesia that arises when
the lesion extends to the MTT. Patients with
thalamic amnesia exhibit executive dysfunc-
tion, increased sensitivity to interference, and
variability in the persistence and extent of ret-
rograde amnesia.

ACoA Aneurysm

Rupture of the ACoA can result in a memory
disorder that ranges from mild to severe. The
ACoA provides blood supply to the basal forebrain,
the anterior cingulate, the anterior hypothalamus,
the anterior columns of the fornix (an important
neural pathway leading to and from the hippocam-
pus), the anterior commissure, and the genu of the
corpus callosum. The pathological consequences of
a ruptured aneurysm may be a result of infarction
directly, or secondary to subarachnoid hemorrhage,
vasospasm, or hematoma formation. Because of the
various neuropathological consequences, the clini-
cal profiles associated with ACoA aneurysm are
more variable than those seen with diencephalic
or medial temporal lobe injuries, and the impair-
ments are often more diffuse in nature (see DeL.uca
and Diamond 1995 for review).

The acute phase of recovery following rupture
and repair of ACoA aneurysm is characterized by a
severe confusional state and a marked attentional
disorder. As the confusion resolves, memory prob-
lems become more apparent. These can vary from
mild impairments to severe amnesia and can
include a retrograde amnesia. Other symptoms,
including executive dysfunction, confabulation,
and poor insight, are likely to be part of the
resulting clinical syndrome if the lesion extends
to the medial frontal lobes. The clinical outcome
of patients with more extensive lesions is typically
worse than that of patients with lesions limited to
the basal forebrain (Alexander et al. 1984).

The amnesia associated with ACoA aneurysm
has a marked frontal dysexecutive component.
Performance on recognition tests of memory is
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often better preserved than performance on recall
tests, particularly following a delay with interfer-
ence. This reflects a disruption of strategic
retrieval processes that allow access to informa-
tion stored in memory. Deficient strategic memory
processes also contribute to poor encoding, and
the use of organizational strategies during the
learning phase can enhance patients’ perfor-
mance. A failure to monitor whether the outcome
of a memory search led to the sought after infor-
mation can lead to a high number of false alarms
in recognition tests. In extreme cases, this can lead
to impairment in recognition memory that
exceeds that seen in recall. Other features linked
to frontal dysfunction include impaired source
memory, which refers to when, where, and how
information was learned.

Evaluation

Although a primary focus of the assessment in
amnesia is on memory function, it is important
to assess other cognitive domains as well, includ-
ing general intelligence, attention, executive func-
tions, language, and visuospatial skills. This
comprehensive approach is required to establish
whether a patient presents with a pure amnestic
syndrome or with memory impairment in the con-
text of more pervasive cognitive difficulty. New
learning abilities should be assessed using mea-
sures that include free recall (unassisted by the
examiner), cued recall (with some guidance from
the examiner), and recognition (deciding whether
an item was or was not part of a learned list of
items). Assessments should examine both imme-
diate and delayed retention. Information derived
from specific aspects of performance, such as the
shape of the learning curve, the comparison of
recall and recognition performance, and the
impact of delay, all provide important pointers to
the nature of the memory breakdown and will
serve to inform remediation.

A variety of standardized tests are available to
assess memory function, and the reader is referred
to Lezak et al. (2004) for specific examples. The
most commonly used standardized memory test is
the Wechsler Memory Scale-III or IV, which
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consists of a series of subtests that probe various
aspects of verbal and nonverbal memory in differ-
ent formats. The assessment of retrograde mem-
ory should cover knowledge of public events and
people, personal facts, and autobiographical
events. With respect to public knowledge, areas
of assessment include the knowledge of famous
names and faces, public news events, and new
vocabulary that has recently entered the language.
The assessment of personal facts and events can
be challenging, because there are few standard-
ized measures available, and corroboration from a
caregiver may be needed to establish the accuracy
of reported personal memories.

Treatment

There is no pharmacological or cognitive treatment
that can restore memory in organic amnesia. How-
ever, cognitive rehabilitation approaches have been
developed that aim to foster routines and habits that
will increase independence, productivity, and qual-
ity of life. The choice of rehabilitation approach
should be informed by both cognitive and psycho-
social/emotional factors. Cognitive factors include
premorbid skills and abilities and current neuro-
psychological functioning. A clear delineation of
impaired and preserved aspects of memory is crit-
ical to guide rehabilitation efforts, as is the identi-
fication of other areas of cognitive impairment that
might hamper therapeutic efforts. Of the psychoso-
cial/emotional factors, insight and motivation are
perhaps the two most influential predictors of reha-
bilitation success. Patients need to have some
awareness of their deficits and have some degree
of internal drive to understand the value of, and
engage in, the rehabilitation process.

Several approaches have been developed to
help patients with severe memory impairment
learn new information. These approaches take
advantage of preserved non-declarative (i.e.,
implicit) memory abilities to help amnesic
patients acquire new information or skills. One
approach that capitalizes on preserved implicit
perceptual memory is the vanishing cues tech-
nique (Glisky et al. 1986). Patients are guided to
provide the correct information in response to

Amnestic Syndromes

perceptual cues, through the use of implicit mem-
ory. Once successful, cues are gradually reduced,
eventually leading to the spontaneous generation
of the to-be-learned information. This technique
has proven successful for learning new vocabu-
lary and concepts. A caveat, however, is that such
learning is a slow and laborious, and the informa-
tion learned is typically inflexible and only acces-
sible in the exact form in which it was learned. An
important consideration in the use of implicit
memory techniques is the avoidance of errors, as
patients have no recollection of their mistakes,
and consequently, errors, just like correct
responses, can be strengthened. Other methods
capitalize on preserved procedural learning and
use repetition to teach skills and habits that support
activities of daily living. Examples of external
compensatory aids that rely on procedural memory
are the use of notebooks, diaries, and alarm clocks.
Electronic  devices such as computers,
smartphones, and paging systems have great flex-
ibility as compensatory aids, but training in the use
of such technology requires very lengthy practice
sessions, and transfer of learning outside of the
training sessions can be difficult. Such training is
therefore more appropriate for individuals who
have had premorbid experience with such devices
and are highly motivated to use them.

For individuals with milder memory impair-
ments, it may also be possible to directly focus
on enhancing impaired forms of memory through
the use of internal strategies. The choice of strat-
egy will be dependent on the nature of the mem-
ory process that appears defective. Examples of
such techniques include enhanced organization of
the to-be-learned information through chunking
(i.e., breaking down or grouping information in
short-term memory to make it more manageable)
or through categorization and elaboration of the
material, whether through verbal associations or
the creation of visual images. Such strategies fall
under the category of internal memory aids.

There are no specific methods of treatment
available to restore memories from the past. Infor-
mation and pictures about one’s life, such as
places where one has resided, can be reintroduced
and incorporated into the selected treatment
approach. However, emotionally laden facts,
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such as the death of a family member, can trigger
repeated emotional responses that can interfere
with adjustment and are best avoided in the early
stage of treatment. By nature, relearned personal
information about one’s life will be recalled with-
out the emotional texture of the original event;
however, it can play an important role in helping
patients fill in the narrative of their own life.
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Definition

Amorphognosis is that aspect of tactile agnosia
which refers specifically to deficits in the ability to
appreciate (identify) the external form of an object
such as its shape, size, or other contour features by
tactual manipulation alone. In the absence of more
elementary somatosensory disturbances resulting
from either peripheral nerve or the dorsal column
system, such deficits suggest lesions in the con-
tralateral postcentral gyrus of the parietal lobe or
in its adjacent association cortices.
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Generic Name

Amoxapine

Brand Name

Ascendin

Class

Tetracyclic antidepressant

Proposed Mechanism(s) of Action

Amoxapine inhibits reuptake of norepinephrine
and noradrenaline. It is also known to antago-
nize serotonin 2A receptors, thus increasing pre-
synaptic release of amines. Mild dopamine
2 blockade.

Amoxapine
Indication

Depression, reactive depressive disorder, psy-
chotic depression, and depression accompanied
by anxiety or agitation.

Off-Label Use

Depressive phase of a bipolar disorder, anxiety,
insomnia, neuropathic pain, and treatment-
resistant depression.

Side Effects

Serious

Paralytic ileus, hyperthermia, lowered seizure
threshold, sudden death, cardiac arrhythmias,
tachycardia, QTc prolongation, hepatic failure,
intraocular pressure, mania, and potential for acti-
vation of suicidal ideation.

Common

Blurred vision, constipation, urinary retention,
increased appetite, dry mouth, diarrhea, heart-
burn, weight gain, fatigue, weakness, dizziness,
anxiety, sexual dysfunction, sweating, rash, and
itching. Can cause extrapyramidal symptoms such
as akathisia and potentially tardive dyskinesia.
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Additional Information

Drug Interaction Effects. http:/www.drugs.com/drug_
interactions.html.

Drug Molecule Images. http://www.worldofmolecules.
com/drugs/.

Free Drug Online and PDA Software. www.epocrates.com.

Free Drug Online and PDA Software. www.medscape.com.

Gene-Based Estimate of Drug interactions. http://mhc.
daytondcs.com: 8080/cgi bin/ddiD4?ver=4&task=
getDruglList.

Pill Identification. http://www.drugs.com/pill_identifica
tion.html.
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Synonyms

Dexedrine; Dextro-amphetamine; d-amphetamine

Definition

Amphetamine refers to a group of synthetic
chemicals with psychoactive stimulant effects.
Amphetamines are similar in molecular structure
to the catecholamine neurotransmitters, norepi-
nephrine and dopamine. They compete with the
endogenous monoamine (norepinephrine, dopa-
mine, and serotonin) transporters to be transported
into the nerve. Once inside the presynaptic termi-
nal, amphetamine displaces the monoamines from
the cytosolic pool, which reverses the direction of
the reuptake transporter and thereby increases
synaptic concentrations of monoamine neuro-
transmitters (Heal et al. 2014). There are two
forms, dextro-amphetamine (d-amphetamine)
and levo-amphetamine (l-amphetamine), of
which d-amphetamine is the more active form.
Chemical modifications to the basic structure
have led to derivatives with even more potent
psychoactive properties. For example, addition
of'a second methyl group to the chemical structure
creates methamphetamine, a highly addictive
drug. Modification of the benzene ring of the
amphetamine structure creates methylenedioxy-
methamphetamine (MDMA) or ecstacy, another
drug with high addiction and abuse potential
(Iversen et al. 2009).

The behavioral effects of lower doses of
amphetamine include increased alertness, confi-
dence, euphoria, and well-being (Freberg 2014).
The drug also reduces fatigue and enhances per-
formance on cognitive tasks, possibly by
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increasing attention and working memory. How-
ever, cognition is reportedly enhanced only
among those with poor baseline working memory
ability, and even detrimental to those with high
baseline ability (Iversen et al. 2009). At higher
doses, the drugs produce symptoms similar to
schizophrenia (hallucinations, thought disorder,
flat affect, and anhedonia) (Freberg 2014). In ani-
mals, there is a dose-dependent effect of increas-
ing activity such as locomotion or at higher doses,
stereotyped motor behaviors. Amphetamine’s
reinforcing properties have been demonstrated in
operant conditioning studies. The drug also
increases both systolic and diastolic blood pres-
sure and increases respiration and heart rate,
among other sympathetic effects (Feldman et al.
1997). Amphetamine or its derivatives have been
used for clinical purposes (see “Historical Back-
ground and Clinical Relevance”). However, its
clinical use has been limited due to its abuse
potential and dangerous sympathetic effects
(Iversen et al. 2009).

At high doses, the drug also inhibits the metab-
olism of catecholamines by the enzyme mono-
amine oxidase. Chronic use has been associated
with damage to selective dopamine neurons and
receptors (Feldman et al. 1997). The derivative
methamphetamine is also a potent neurotoxin,
although unlike amphetamine, this drug predom-
inantly affects the serotonergic system (Feldman
etal. 1997). The reinforcing properties of amphet-
amine are hypothesized to reflect increased dopa-
mine neurotransmission in the subcortical
structure, the nucleus accumbens.

Historical Background and Clinical
Relevance

First commercially introduced in 1930s as a
nasal or bronchial decongestant, amphetamine
was sought after for its psychoactive effects and
as an appetite suppressant. One of amphet-
amines’ first clinical uses was for the treatment
of narcolepsy. By 1946 there were more than
30 uses for amphetamine, including schizophre-
nia, opiate addiction, infantile cerebral palsy,
seasickness, radiation sickness, and persistent



212

hiccups. At the beginning of the Spanish Civil
War, amphetamine was used to promote military
alertness (Sulzer et al. 2005). Amphetamine was
then used in subsequent wars to enhance atten-
tion and fight the effects of sleep deprivation
(Iversen et al. 2009; Meyer and Quenzer
2005). Early efforts to synthesize amphetamine
on the basis of structure and function have
resulted in trimethoxyamphetamine (TMA),
which led to nearly 200 potentially hallucino-
genic substituted amphetamines (Sulzer et al.
2005). Amphetamine and its derivatives have
been used for the treatment of narcolepsy, atten-
tional problems, and as a stimulant to combat
fatigue and the need for sleep (Meyer and
Quenzer 2005). In the 1930s, amphetamine
was discovered to have beneficial effects for
treating children with attention deficit/hyperac-
tivity disorder (ADHD). Stimulants (e.g., meth-
ylphenidate) persist to this day as one of the
most effective drugs available for treating the
condition (Heal et al. 2013).

Over time, the addictive properties of amphet-
amine were realized, particularly of its potent
derivatives. The acute effects of the drug could
be enhanced by using a rapid route of administra-
tion such as an intravenous injection. Following
the short-term “rush,” however, is a period of
restless agitation, depression, irritability, and
other symptoms. Repeated, continuous adminis-
trations will ultimately lead to a let down, with a
prolonged period of sleep. This alternating cycle is
often repeated, resulting in a physical toll on the
body. As with other drugs of abuse, dependence
and tolerance can develop with chronic use,
resulting in the administration of increasing doses
to achieve the desired effects. With sustained
chronic use, negative effects may emerge
consisting of repetitive, stereotyped behaviors as
well as a psychotic syndrome consisting of hallu-
cinations and paranoid delusions. This syndrome,
referred to as “amphetamine psychosis,” was nota-
bly similar to the symptoms of paranoid schizo-
phrenia and provided some support for the
dopamine hypothesis of schizophrenia. However,
qualitative differences between the two conditions
were also noted (e.g., greater tendency for visual
hallucinations in  amphetamine  psychosis
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vs. schizophrenia; Iversen et al. 2009). Other neg-
ative effects of chronic amphetamine abuse
include possible neurotoxic damage to the dopa-
mine system with reduced numbers of transporters
and receptors. Impairments in attention and mem-
ory have been reported with abuse, but their long-
term persistence, particularly with abstinence, is
unknown (Iversen et al. 2009).

Future Directions

Research into the psychoactive and behavioral
effects of amphetamine has helped advance
knowledge of the psychological role of several
monoamine neurotransmitters and their relevance
to several clinical conditions such as addiction
and schizophrenia and the neurochemistry under-
lying some cognitive processes such as attention
and working memory. Future research will
undoubtedly utilize advances in technology to
build on past research such as elucidating the
neural structures and pathways associated with
reward circuits, examining the neuroplasticity of
the nervous system after chronic substance abuse,
and clarifying the moderating role of genetics in
the behavioral response to amphetamine and other
compounds (Iversen et al. 2009).

References and Readings

Feldman, R. S., Meyer, J. S., & Quenzer, L. F. (1997).
Stimulants: Amphetamine and Cocaine. In Principles
of neuropsychoparhmacology (pp. 549-568). Sunder-
land: Sinauer Associates, Inc.

Freberg, L. (2014). Discovering behavioral neuroscience
(pp. 107-108). Boston: Cenage Learning.

Heal, D. J., Smith, S. L., Gosden, J., & Nutt, D. J. (2013).
Amphetamine, past and present — A pharmacological
and clinical perspective. Journal of Psychopharmacol-
ogy (Oxford, England), 27(6), 479—496. https://doi.org/
10.1177/0269881113482532.

Iversen, L. L., Iversen, S. D., Bloom, F. E., & Roth, R. H.
(2009). Psychostimulants. In Introduction to Neuropsy-
chopharmacology (pp. 447-472). New York: Oxford
University Press.

Meyer, J. S., & Quenzer, L. F. (2005). Psychomotor stim-
ulants: Cocaine and the amphetamines. In
Psychopharmacoogy. Drugs, the brain and behavior
(pp- 292-300). Sunderland: Sinauer Associates, Inc.


https://doi.org/10.1177/0269881113482532
https://doi.org/10.1177/0269881113482532

Amygdala

Sulzer, D., Sonders, M. S., Poulsen, N. W., & Galli,
A. (2005). Mechanisms of neurotransmitter release by
amphetamines: A review. Progress in Neurobiology,
75(6), 406-433. https://doi.org/10.1016/j.
pneurobio.2005.04.003.

Amusia

John E. Mendoza

Department of Psychiatry and Neuroscience,
Tulane Medical School and SE Louisiana
Veterans Healthcare System, New Orleans,
LA, USA

Current Knowledge

“Music” involves both complex qualities such as
familiar melodies, rhythm, or tempo, and more ele-
mentary aspects such as discrimination of timbre,
pitch, or tone. While lesions of the temporal lobes
are fairly consistently implicated, the hemispheric
localization of lesions responsible for specific defi-
cits has been more controversial. Music, like lan-
guage, is composed of individual, temporally
sequenced stimuli (musical notes, melodies, tunes),
each capable of being analyzed with regard to par-
ticular features such as pitch and timbre, functions
that would appear to be more in keeping with the
suspected operations of the left hemisphere. By
contrast, melodies may also be perceived as a
gestalt, which is more characteristic of right hemi-
sphere functions. There is evidence that well-trained
musicians come to rely more heavily on the left
hemisphere for processing certain aspects of music
when compared with non-musicians. However, the
right hemisphere evidences superiority for both the
perception and expression of music in studies of
non-musicians. Thus, the strategies by which vari-
ous musical elements are approached, as well as the
leading hemisphere in appreciating those elements,
are most likely determined in part by one’s prior
musical experience or training. In summary, while
both the right and left hemispheres are apparently
involved in the expression and perception or appre-
ciation of music, the specific contributions of each
are still somewhat of a mystery.
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Synonyms

Amygdaloid body; Amygdaloid nucleus

Historical Background

The amygdala was originally described by
Burdach in the late nineteenth century as an
almond-shaped structure situated deep in the ante-
rior temporal lobe of the central nervous system.
The amygdala was subsequently shown to be
important for the appropriate processing of emo-
tional information in nonhuman primates by
Kluver and Bucy in the 1930s. This permitted
McLean to include the amygdala in the group of
brain structures that make up the limbic system
thought to be involved in processing of emotional
information. Since then, progress has continued
toward understanding the role that the amygdala
plays in processing and encoding emotional infor-
mation in the mammalian central nervous system.

Current Knowledge

The amygdala is an almond-shaped structure
located in the medial temporal lobe of mammals.
However, the first description of this almond-
shaped structure only referred to a portion of the
amygdala called the basal nucleus. Currently, the
amygdala is described as a collection of different
subnuclei or subareas, one of which is the basal
nucleus. The nuclei have been grouped together
based on their phylogenetic similarities or simi-
larities in their neuronal elements. Older phyloge-
netic nuclei include the olfactory areas (i.e.,
cortical nucleus and nucleus of the olfactory
tract) and the central and medial nuclei. More
recent phylogenetic structures include areas
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similar to the neocortex such as the lateral, basal,
and accessory basal nuclei, which are collectively
referred to as the basolateral region or complex.
Based on similarities in their neuronal compo-
nents, various nuclei of the amygdala have been
defined as neocortical-like nuclei (such as the
basolateral complex) that consist of glutamatergic
pyramidal-like neurons or striatal-like nuclei
(such as the central and medial nuclei) that consist
of GABAergic medium spiny neurons.

In humans, the amygdala is located under the
uncus of the limbic lobe at the anterior end of the
hippocampus. It also merges with the peri-
amygdaloid cortex and abuts the putamen and
tail of caudate nucleus. As a whole, the amyg-
dala receives diverse inputs from throughout the
central nervous system. The basolateral complex
receives inputs encoding somatosensory, visual,
auditory, gustatory, olfactory, and visceral infor-
mation from the dorsal thalamus, prefrontal cor-
tex, cingulate, parahippocampal gyrus, insular
cortex, and sensory associational areas. The cen-
tral and medial nuclei receive inputs from olfac-
tory centers, hypothalamus (ventromedial and
lateral), dorsomedial and medial nuclei of the
thalamus, and visceral inputs from the para-
brachial nuclei, solitary nucleus, and peri-
aqueductal gray of the brainstem. Outputs from
the amygdala are equally diverse. They leave via
two predominant pathways. The central nucleus
contributes to the stria terminalis where its effer-
ents make connections with the hypothalamus
(preoptic nuclei, ventromedial nucleus, anterior
nucleus, and lateral hypothalamic areas),
nucleus accumbens, septal nuclei, and rostral
portions of the caudate and putamen. However,
the primary output of the amygdala is the ventral
amygdalofugal pathway. Through this pathway,
the basolateral complex sends inputs to the
hypothalamus, septal nuclei, substantia
innominata, prefrontal, cingulate, insular, and
inferior temporal cortices. Through the same
pathway, the central nucleus projects diffusely
in the brainstem innervating the dorsal vagus,
raphe, locus coeruleus, parabrachial nuclei, and
the periaqueductal gray. It is the interplay
between the diverse afferents projecting to the
amygdala, processing within the amygdala, and
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the effect of the amygdala on its targets that
contribute to the emotional assessment of
incoming sensory information and coordinated
behavioral responses.

Most of what is known about human amyg-
dala function comes from studies of patients
with damage to the amygdala. However, most
damage in humans is not restricted to the amyg-
dala alone, and patients with damage to larger
areas of the medial temporal lobe have more
profound deficits. Nonetheless, patients with
temporal lobe damage including the amygdala
display a number of emotional and inappropriate
behavioral deficits. These include impaired fear
responses, hypersexuality, hyperorality, and
hyperattention. These behaviors were originally
described by Kluver and Bucy in nonhuman
primates.

Much of what is known about functional cir-
cuitry within the amygdala and how it relates to
encoding of emotion has been gleaned from stud-
ies in rodents. The amygdala can be divided into
many subareas based on functional circuitry. Lat-
eral to the amygdala is the piriform cortex, which
encodes olfactory information. Olfactory infor-
mation from the piriform cortex, and other olfac-
tory structures, projects to the most ventral and
lateral portion of the amygdala, the cortical nuclei.
The cortical nuclei in turn project medially to the
ventrally located medial nuclei, which is a major
output for olfactory information from the amyg-
dala. However, less is known about the ventrally
located olfactory-associated amygdala nuclei
compared to the more dorsal multisensory nuclei.
The more dorsal nuclei receive information from
all sensory modalities. The major inputs to the
amygdala innervate the lateral nuclei. The lateral
nuclei are the most dorsally located within the
amygdala, medial to the piriform cortex, and
underneath the striatum. The lateral nuclei receive
associational inputs encoding a single sensation
(somatosensory, visual, auditory, gustatory, olfac-
tory, or visceral). This is the first stage where
sensory input is assigned emotional value and
also where some emotional memories may be
stored (however, the amygdala as a site for storing
emotional memories remains a contentious issue).
Although the lateral nuclei project to multiple
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areas within and outside the amygdala, a major
output is the basal nuclei (located ventral to the
lateral nuclei) where the initial sensory processing
of the lateral nuclei is integrated with inputs from
highly processed areas including polymodal sen-
sory areas and areas involved in memory forma-
tion like the hippocampus. The lateral and basal
nuclei project medially to the central nucleus
either directly or indirectly through intercalated
cells (intercalated cells separate the basolateral
complex from the central and medial nuclei).
The central nuclei send much of the processed
emotional content from the amygdala to the rest
of the brain. Thus, the central nucleus is seen as
the output region of the amygdala. The central
nucleus produces emotional responses through
its effects on its various targets throughout the
central nervous system. For example, the central
nucleus produces arousal through its innervation
of modulatory systems in the brain stem that
release norepinephrine, dopamine, serotonin, and
acetylcholine. Its input to the periaqueductal gray
produces freezing, startle, analgesia, and cardio-
vascular changes associated with fear. It also
innervates the parabrachial nucleus where it
affects pain processing. Its inputs to the dorsal
motor vagal nucleus controls parasympathetic
nervous system function, and it also affects vagal
nerve function through its projection to the soli-
tary nucleus. Finally, the central nuclei projects to
the hypothalamus where it controls the release of
hormones and activates the sympathetic nervous
system.

In summary, the amygdala is a complex group
of nuclei that receive diverse inputs from various
regions of the central nervous system to assess
emotional value. Similarly, after extensive pro-
cessing, its outputs innervate a diverse group of
regions in the central nervous system to exert its
effect. The result is that the amygdala is involved
in encoding fear, reward, aggression, and sexual,
maternal, and ingestive behaviors. This results in
effects on cognition, attention, perception, and
memory formation. Therefore, it is not surprising
that amygdala dysfunction has been associated
with anxiety disorders such as posttraumatic stress
disorder, phobias and panic attacks, depression,
and schizophrenia.
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Future Directions

Most of what is known about emotional informa-
tion processing performed by the amygdala has
been gleaned from studies of fear conditioning.
However, the amygdala also likely plays a role in
the encoding of positive emotions associated with
rewarding stimuli. Currently, efforts are being
made toward understanding the different types of
emotional values encoded in the amygdala. Also, it
remains somewhat contentious whether emotional
memory is actually stored by the amygdala. It is of
great interest to determine where emotional mem-
ories are stored in the amygdala (possibly the lat-
eral nuclei) and precisely what types of memories
are being stored by the amygdala, that is, whether
these memories are of conscious declarative forms
or more procedural reflexive forms. Understanding
how the amygdala contributes to the formation of
different forms of emotional memory will likely
provide insights for the treatment of several psy-
chiatric illnesses such as posttraumatic stress dis-
order, phobias, anxiety, and depression.
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Synonyms

Diffuse plaques; Senile

plaques

Neuritic plaques;

Definition

An aggregation of beta-amyloid protein found in
the extracellular space between neurons in the
brain. Amyloid plaques may be of diffuse, pre-
amyloid type or neuritic, mature senile type. The
latter is recognized as one of the neuropatholog-
ical hallmarks of Alzheimer’s disease (AD).
Mature amyloid plaques are spherical in shape
and consist of a central beta-amyloid core,
fibrillary outward extensions, and surrounding
dystrophic neurites (elements of degenerating
neurons). Unlike the mature, senile plaques, dif-
fuse plaques have an amorphous, irregular shape

Amyloid Plaques,

Fig. 1 Amyloid plaques
stained with a modified
Bielschowsky silver stain
(Photo courtesy of Steven S.
Chin, M.D., Ph.D.,
University of Utah Health
Sciences Center)

and lack the surrounding neurites (Serrano-Pozo
etal. 2011).

Current Knowledge

It is unknown if the diffuse plaques later form into
senile plaques. Both plaque types contain the
amyloid B protein (AB), a portion of a larger
neuronal transmembrane protein of unknown
function. Other differences between senile and
diffuse plaques include the constituent A protein
and their regional distribution in the brain. Diffuse
plaques are common in the basal ganglia struc-
tures of the caudate nucleus and putamen as well
as the cerebellum, where neuritic plaques are rare.
In AD, neuritic plaques are more commonly
found in the neocortex (Morris and Nagy 2004).
Distribution of amyloid plaques over the
course of AD. In AD, amyloid plaque deposition
is less predictive than neurofibrillary tangles but
can be characterized by using staging system of
Braak and Braak. Braak and Braak suggest three
stages of progression of amyloid deposition:
Stage A is characterized by amyloid deposition
in the basal regions of the temporal, frontal, and
occipital lobes; Stage B is characterized by
involvement of isocortical areas with mild depo-
sition in the hippocampus; and Stage C is char-
acterized by deposition in primary isocortical
areas (sensory and motor regions) and less
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commonly, but in some cases, involving the cer-
ebellum and the striatum, thalamus, hypothala-
mus, and other subcortical nuclei (Braak &
Braak 1991). Other researchers have posited
five proposed stages in the progression of amy-
loid deposition in AD: Stage I, isocortical; Stage
I1, allocortical deposition (e.g., entorhinal cortex,
hippocampal formation, amygdala, insula, and
cingulate cortex); Stage III, subcortical nuclei
(e.g., striatum, cholinergic nuclei in the basal
forebrain, thalamus, and hypothalamus) and
white matter; Stage IV, involvement of brainstem
structures (e.g., red nucleus, substantia nigra,
portions of the medulla oblongata, and superior
and inferior colliculi); and Stage V, additional
deposition in pontine structures (reticular forma-
tion, raphe nuclei, locus ceruleus) (Thal et al.
2002). Recent studies have reported that amyloid
burden does not correlate with the severity or
duration of dementia, but early amyloid deposi-
tion has been correlated with the preclinical stage
of AD, where there is AP accumulation but no
apparent clinical symptoms of the disorder (Ser-
rano-Pozo et al. 2011) (see also Alzheimer’s
Disease) (Fig. 1).

See Also

Senile Plaques
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Synonyms

Lou Gehrig’s disease

Short Description or Definition

The features of amyotrophic lateral sclerosis (ALS)
were first described by Charcot in the nineteenth
century. ALS is a progressive, fatal neurodegener-
ative disease affecting upper and lower motor neu-
rons, although increasingly ALS is recognized as a
multisystem disorder whose manifestations may
also include cognitive and behavioral changes.
Most patients present with motor neuron symp-
toms at disease onset, and as the disease progresses,
persons with ALS demonstrate impairments in
speech, swallowing, breathing, and use of upper
and lower limbs, with eventual paralysis. The prev-
alence of cognitive changes, which is not well
studied, is estimated to range from about 20% to
50% and most often involve executive dysfunction.
Deficits in visuospatial, language, and memory
functions are more inconsistently observed. When
dementia is seen, it resembles a frontotemporal
lobar degeneration or frontotemporal dementia
characterized by personality change, irritability,
diminution of insight, poverty of planning, abstrac-
tion and initiation, and obsessiveness.

Categorization

Categorizations can be based on genetics, neuro-
logical levels inferred from symptoms, severity
defined by number of neurological levels
involved, and need for gastrostomy or noninva-
sive ventilation (King’s stages) and diagnostic
probability (El Escorial criteria). At least eight
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familial variants of ALS (ALS 1-8) have been
identified, though the vast number of cases
(about 90%) is sporadic. Of these eight, six
forms are inherited in autosomal dominant man-
ner and two in autosomal recessive manner. A
large expansion of a hexanucleotide repeat in an
intron of the gene C90rf72 (a gene also implicated
in frontotemporal dementia) is responsible for
about 30-60% of familial ALS cases. Mutations
in the superoxide dismutase 1 gene (SODI)
account for about another 20% of familial cases.

Three neurological levels are most often iden-
tified in the expression of ALS symptoms: bulbar,
cervical, and lumbar. A fourth (thoracic) level
is rarely encountered clinically. Persons with bul-
bar onset demonstrate problems with speech (dys-
arthria) and/or swallowing (dysphagia), and may
have disease that affects lower or upper motor
neurons (or both), showing features of bulbar
palsy (facial weakness, limited palatal movement
and lingual atrophy, weakness, and fasciculation)
and/or pseudobulbar palsy (emotional lability,
dysarthria, and brisk jaw jerk). Persons with cer-
vical onset can also show upper and or lower
motor neuron involvement and have upper limb
signs. Such signs may include proximal weakness
(shoulder abduction as required in toothbrushing
or combing) or distal weakness (carrying out pin-
cer grip movements). Lumbar onset patients have
involvement of lower motor neurons and proxi-
mal weakness (e.g., difficulty in climbing stairs)
or foot drop (resulting in tripping).

The most widely accepted clinical diagnostic
criteria (the El Escorial criteria) define definite
ALS by the presence of both upper and lower
motor neuron signs in three regions, probable
ALS by signs in two regions, possible ALS by
signs in one region, and suspected ALS by only
lower or upper motor neuron signs in one or more
regions. The suspected ALS category may be the
most controversial, and some consider the pres-
ence of only upper motor neuron signs to repre-
sent primary lateral sclerosis, while the presence
of only lower motor neuron signs represents spi-
nal muscular atrophy. The King’s stages of sever-
ity are related to the El Escorial criteria. There are
four clinical stages (the fifth stage is death), and
the first three stages are identified by the
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involvement of either one, two, or three neurolog-
ical levels. The fourth stage is identified by the
need for either noninvasive ventilation or
gastrostomy.

The notion that FTD and ALS may be part of
the same spectrum of disorders has become less
controversial with the implication of the C9orf72
gene in both conditions and the observations that
persons with ALS may develop FTD and persons
with FTD or primary progressive aphasia (PPA)
may develop ALS as well as by pathologic
(ubiquitin-positive, tau-negative, and synuclein-
negative neuronal inclusions in some forms of
ALS and FTD). Nonetheless, some propose a
categorization of ALS dependent upon the pres-
ence or absence of cognitive and behavioral fea-
tures, namely, ALS, ALS with cognitive
impairment, ALS with behavioral impairment,
and ALS with FTD. This categorization appar-
ently failed to consider that about 25% of patients
may have both cognitive and behavioral abnor-
malities. Revised consensus criteria for the diag-
nosis of frontotemporal spectrum disorders in
ALS were published in 2017 and these criteria
do recognize a group of persons with ALS having
both cognitive and behavioral impairment. Addi-
tionally, the criteria list both ALS-Frontotemporal
dementia and ALS-Parkinsonism-dementia com-
plex, thus highlighting further the neuropsycho-
logical heterogeneity of ALS.

Epidemiology

The incidence of ALS is about 1.5-2.5 per
100,000 per year and a prevalence of about 6
per 100,000. Prevalence and incidence of cogni-
tive impairment are not well studied in ALS.
Although one study in a specialty clinic indicated
a prevalence of FTD features in about 40% of
patients with ALS, this might represent an over-
estimate, given sampling bias, and the figure may
be as low as 5%. Generally it has been estimated
that dementia may occur at rates of 6-15% and
milder cognitive impairment in 20-51% of
patients. Other behavioral abnormalities (e.g.,
disinhibition, apathy) may occur in 14—40% of
patients.
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Natural History, Prognostic Factors, and
Outcomes

Incidence of ALS peaks in the 1960s and drops
rapidly thereafter. A broad estimate of mortality
is that 50% of patients do not survive beyond
3 years from symptom onset but that some may
survive 10 years or more. Three epidemiologic
studies provide fairly consistent survival data
using time of diagnosis as the reference point
(though diagnostic confirmation may lag onset
by 13-18 months): 78% at 1 year, 56% at
2 years, and 32% at 4 years. Several factors are
associated with poorer prognosis: low-forced vital
capacity, bulbar onset (often less tolerant of forced
ventilation), older age at onset, and shorter inter-
val between first symptom and presentation.
Patients attending tertiary and specialized ALS
clinics tend to show longer survival, and treatment
with riluzole, on average, extends life by
3 months. Longer survival is seen in persons
with only upper or lower motor neuron disease,
though as noted, it is controversial whether vari-
ants such as primary lateral sclerosis are ALS.

Neuropsychology and Psychology of
Amyotrophic Lateral Sclerosis

Most common among cognitive declines in ALS
is executive dysfunction. A recent meta-analysis
has revealed that ALS produces impairments in
cognitive domains (without bias due to motor
impairment) of medium effect size in verbal
fluency, language, and social cognition and of
small effect sizes in verbal memory and execu-
tive functions. Individual tests, within a domain
do, however, reveal impairments of varying
magnitude. Card-sorting tasks demanding of
conceptualization and cognitive flexibility are
less sensitive to executive deficits in ALS than
are verbal fluency tasks demanding initiation
and deployment of efficient word retrieval strat-
egies. Retrieval of verbs, putatively more depen-
dent upon frontal lobe integrity than upon
phonemic or semantic fluency tasks (requiring
word retrieval by initial sound or membership in
semantic categories, respectively), may be the
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most susceptible to ALS. Verbal fluency decre-
ments are observed even if one controls for
motor and speech impairments. Another task
sensitive to deficits in ALS, and particularly to
pseudobulbar ALS, are Tower tasks that place a
premium on spatial working memory and plan-
ning. Similarly, another test of working memory
(digit span backward, requiring examinees to
repeat increasingly long series of digits in
reverse order of presentation) has also been
shown to be sensitive to ALS.

Language (unlike motor speech) is less likely
disrupted by ALS, although language task impair-
ments are observed in patients with ALS and
dementia. Despite performing well on nonverbal
semantic knowledge and grammar tasks, patients
with ALS and dementia perform poorly on verbal
tasks, making semantic paraphasic errors on nam-
ing tests. Some studies have observed tendencies
toward echolalia, stereotypy of expression, and
perseveration in ALS.

When deficits in memory are observed in ALS,
they are more likely to be evident on immediate
than delayed recall tasks. Some take this to impli-
cate poorer executive control over encoding
processes, whereas others might invoke slowed
information processing as an explanation. The
finding that patients can benefit disproportion-
ately from the provision of recognition cues rela-
tive to free recall formats suggests that retrieval
deficits might also be implicated or that shallow
levels of encoding are sufficient to support recog-
nition but not recall.

Recent interest has focused on social cognition
and especially on theory of mind (the ability to
infer another’s thoughts, beliefs, intentions, and
emotions). Patients with ALS seem to show sig-
nificant impairments in both the cognitive and
affective components of theory of mind.

Concerning behavioral changes, rating scales
have revealed that as many as two thirds of per-
sons with ALS show one or more of irritability,
disinhibition, inflexibility, restlessness, and apa-
thy. Apathy and questionable or poor social judg-
ment are more likely to be observed in patients
with bulbar onset ALS. Surprisingly, although
reactive depressive reactions may occur after
diagnosis, major depression is quite rare among
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ALS patients (about 10%). Symptoms of depres-
sion are common, occurring in about half of
patients. Persons with ALS may in particular
experience hopelessness and end-of-life concerns.
Pathological laughing or crying, as seen in
pseudobulbar syndromes, should not be confused
with depression.

Evaluation

Although consensus guidelines for assessment of
cognition in ALS are expected in the future, cur-
rently only older suggestions are available. Experi-
mental modifications of tests to eliminate timing
and minimize motor requirements, while facilitat-
ing patient performance, have unknown sensitivity.
Persons with hypophonic speech might be provided
an amplifier. Computers as augmentative commu-
nication devices, while not practical in traditional
neuropsychological assessment, can be helpful in
interviewing the patient. Yes-no or forced-choice
recognition paradigms might allow patients to dem-
onstrate knowledge of memoranda.

Verbal fluency tests are likely to be helpful in
determining which patients might require fuller
evaluations because traditional screening instru-
ments, such as the Mini-Mental State Exam, are not
sensitive to cognitive impairment in ALS.
In addition to measures of executive function, nam-
ing, and memory, it is important to include in
assessments self- or informant rating scales captur-
ing behavioral changes such as apathy, irritability,
depression, disinhibition, etc. Such measures are
helpful in identifying those persons with behav-
ioral changes or the behavioral variant of FTD.

Treatment

There are no curative treatments for ALS. The
only drug approved for ALS is riluzole, a gluta-
mate release inhibitor that shows moderate ben-
efit and extends life on an average of 3 months.
Palliative care (symptomatic control and qual-
ity-of-life optimization in the absence of a cure)
is recommended from the outset, and numerous
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ameliorative therapies, often multidisciplinary,
are available. Cramps and spasticity can be
treated with a variety of medications including,
for example, carbamazepine, quinine, baclofen,
and tizanidine. Drooling can be treated with
anticholinergics such as scopolamine, although
there is a risk of confusion and memory prob-
lems in older patients, and amitriptyline, which
may also alleviate depression and pathological
laughing and crying, may be preferable. Speech
therapy is helpful both for swallowing problems
and dysarthria, although ultimately, severe
swallowing problems necessitate change in diet
and choking may necessitate percutaneous
endoscopic gastrostomy (PEG) placement.
When communication becomes too difficult
due to speech problems or difficulty breathing,
computers can be used to facilitate communica-
tion, in some cases even when paralysis is pre-
sent. Because breathing difficulty and shortness
of breath can be distressing to the patient, a
benzodiazepine  or use is
recommended. Respiratory insufficiency can be
alleviated with noninvasive ventilation and later
invasive ventilation. Mood disturbances and
family bereavement issues can be dealt with by
counseling and social work intervention. Physi-
cal and occupational therapy may also be helpful
to facilitate mobility and, perhaps to lesser
extent, strength and range of motion.

morphine
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Synonyms

ALSFRS; ALSFRS-R

Description

The Amyotrophic Lateral Sclerosis Functional
Rating Scale (ALSFRS) is a validated instru-
ment designed to assess the functional status
and the disease progression in patients with
amyotrophic lateral sclerosis (ALS). It is a
tool that can be used to monitor functional
change in a patient over time. The ALSFRS is
a ten-item functional inventory which was
devised for use in therapeutic trials in ALS.
Each item is rated on a 0-4 scale, (with
0 being severely impaired and 4 being normal)
by the patient and/or caregiver, yielding a max-
imum score of 40 points. The ALSFRS assesses
the patients’ levels of self-sufficiency in areas
of self-feeding, grooming, ambulation, and
communication and swallowing. Versions are
available in Spanish, Dutch, and German.

Historical Background

The ALSFRS was developed because clinimetric
scales being utilized at the time were contami-
nated with impairment measurements, did not
measure the broad range of disabilities that result
from ALS, and did not lend themselves to sub-
score analysis that was based entirely on disability
components (Feinstein 1987; Streiner and
Norman 1989).
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The ALSFRS is a validated rating instrument
for monitoring the progression of disability in
patients with ALS. One weakness of the
ALSFRS, as it was originally designed, was that
it granted disproportionate weighting to the limb
and bulbar, as compared to respiratory dysfunc-
tion. Some patients with ALS are able to live for
several years past the lowest measurable level of
function on the Amyotrophic Lateral Sclerosis
Functional Rating Scale-Revised (ALSFRS-R), a
widely used end point in ALS assessment. The
ALSFRS-R is also validated and incorporates addi-
tional assessments of dyspnea, orthopnea, and the
need for ventilator support. The ALSFRS-R retains
the properties of the original scale and shows
strong internal consistency and construct validity.
The ALSFRS extension offers improved sensitiv-
ity at lower levels of physical function.

Psychometric Data

The ALSFRS was developed as an internally con-
sistent, reliable, and valid measure of disability in
ALS patients as part of the Amyotrophic Lateral
Sclerosis Ciliary Neurotrophic Factor (ALS
CNTF) Treatment Study (ACTS Phase 1-11
Study Group 1996). The ability of the ALSFRS
to be responsive to change in the clinical status of
ALS patients was evaluated cross sectionally and
prospectively over time in phase 1 and phase
2 studies of CNTF in ALS.

The ALSFRS has been validated both cross
sectionally and longitudinally against muscle
strength, the Schwab and England ADL rating
scale, the Clinical Global Impression of Change
(CGIC) scale, and independent assessments of
patient’s functional status (Cedarbaum and
Stambler 1997).

Clinical Uses

The ALSFRS is a straightforward instrument that
can be utilized across disciplines to assess the
functional status of an individual diagnosed with
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ALS. The tool has also been utilized to evaluate
the disease progression and predict hospital length
of stay and survival time in ALS patients treated
with tracheostomy-intermittent positive-pressure
ventilation. Through observation and interview,
the evaluator assesses the following measures:
speech, salivation, swallowing, handwriting, cut-
ting food/handling utensils, turning in bed and
adjusting bed clothes, walking, climbing stairs,
and breathing.
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Synonyms

ANOVA, F-test

Definition

Analysis of variance (ANOVA) is a statistical
test that identifies whether two or more group
means are statistically different. ANOVA eval-
uates the null hypothesis that the means of each
group are equal, and, by implication, that each
group represents the same population. The alter-
native hypothesis is that at least one pair of
group means is different, suggesting that these
groups reflect different populations and that the
independent variable (IV) has a significant
effect on the dependent variable (DV).
ANOVA uses a statistic referred to as F, which
is defined as the ratio between the between-
group (explained) variance and the within-
group (unexplained) variance. A one-way
ANOVA analyzes the difference between the
means of multiple levels of one independent
variable. A factorial ANOVA incorporates mul-
tiple independent variables (factors). For exam-
ple, in a two-way ANOVA, the main effect of
both IVs is examined. The interaction effect is
also analyzed, which examines whether the
effect of one variable changes at different levels
of the other variable.

Like a #-test, ANOVA is appropriate for cate-
gorical IVs and continuous DVs with interval or
ratio data. However, #-tests are limited in that they
can evaluate the significance of the difference
between only two group means; thus, multiple
t-tests are required to examine more than two
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means. Doing so is problematic because
conducting an increasing number of tests increases
the probability of making a type I error. ANOVA
can identify the presence of a significant difference
between any pair of means using a single test. If
the F-test produces a significant result, the next
step is to identify which pairs of means are statis-
tically significantly different using post-hoc ana-
lyses, such as Tukey’s honest significant
difference test.

Current Knowledge

When using ANOVA, observations must be ran-
domly sampled and independent of each other.
Additionally, the use of ANOVA requires that the
populations under examination are normally dis-
tributed, although the F-test is fairly robust against
violations of this rule with large sample sizes and
symmetrical population distributions. Another
assumption of ANOVA is that the variances of
the group populations are equal, and hence an
important step in ANOVA is to test this assump-
tion using the group sample variances (for exam-
ple, using Levene’s test or Bartlett’s test).

See Also

False Positive
Multivariate Analysis of Variance
Statistical Significance
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Synonyms

Speechlessness

Definition

Anarthria is speechlessness due to a severe loss of
neuromuscular control over the speech muscula-
ture and is the most severe form of dysarthria.
Language and cognition may be intact, but the
neuromuscular  disorder  prevents  speech.
Anarthric patients are motivated to speak but are
unable.

Some patients with anarthria can produce some
oral movements and/or undifferentiated vocaliza-
tions when attempting to speak. Occasionally,
there is no concomitant limb movement disorder,
but there is almost always a nonspeech oromotor
impairment. Frequent causes include brainstem
stroke, multiple strokes, closed head injury, and
degenerative diseases, including amyotrophic lat-
eral sclerosis (ALS).

Cross-References

Dysarthria

References and Readings

Duffy, J. R. (2013). Motor speech disorders: Substrates,
differential diagnosis, and management (3rd ed.).
St. Louis: Elsevier Mosby.

Anarthria

ANCOVA/MANCOVA

Michael Franzen
Allegheny General Hospital, Pittsburgh, PA, USA

Synonyms

Analysis of covariance

Definition

ANCOVA or analysis of covariance is a variant
of the ANOVA model in which the statistical
effect of a nuisance variable is removed mathe-
matically from the analysis in order to clarify the
relations between the independent and the
dependent variables (Belin and Normand
2009). The optimal situation would be if the
independent variable levels or groups were not
related to the nuisance variable. However, if the
nuisance variable is related to the dependent
variable and if the nuisance variable is system-
atically represented among the independent var-
iables, ANCOVA may be used to partial out the
statistical effect of the nuisance variable or
covariate. This is not a substitute for removing
the effect through experimental design. For
example, level of education may be statistically
related to performance on a memory test. If two
groups of depressed and nondepressed individ-
uals differ systematically on the basis of their
level of education, any difference found with
regard to performance on a memory test might
be due to the different level of education. By
employing ANCOVA and using education level
as the covariate, the researcher may have a
clearer understanding of the relation between
the presence of depression and performance on
the memory test by statistically partialling out or
removing the variance associated with the nui-
sance variable of education.

For example, Airaksinen et al. (2005) were
interested in differences on neuropsychological
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tests among groups of individuals with different
anxiety disorders. Unfortunately, their experimen-
tal groups differed in age, a variable which is
known to influence neuropsychological test per-
formance. Therefore age was used as a covariate
in their analysis.

Although there are different mathematical
methods for conducting an ANCOVA including
the use of multiple regression (which see),
ANCOVA under the general linear model pro-
vides a useful conceptualization of the underly-
ing idea. We can think of calculating the
regression between the covariate and the depen-
dent variable and then residualizing the influence
of the covariate. Then an ANOVA can be
conducted on the residual values. In order to
use ANCOVA, the data must satisfy a few basic
assumptions. There must be a linear relation
between the covariate and the dependent vari-
able. The slope of the regression for each group
or level of the independent variable must be the
same. The error term should be normally distrib-
uted with a mean of zero. The covariate should
not be affected by the independent variable
(Wildt and Ahtola 1978).

Cross-References

Analysis of Variance
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Anencephaly
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Synonyms

Amnion rupture; Brain stem; Congenital defects;
Exencephaly; Forebrain; Lack of neural tube clo-
sure; Magnetic resonance imaging; MRI; Neural
tube defects; NTD

Definition

Using “an” in front of an anatomical descriptor
signifies absence. Cephalic is Greek for head with
encephalon specifically referring to the brain.
Therefore, the term anencephaly is used to denote
a congenital defect in the development of the
head, including the meninges, the cranium, and
the scalp and, in particular, abnormal brain
growth, with an almost completely diminished
prosencephalon (telencephalon + diencephalon)
or forebrain and only rudimentary development
of the brain stem.

Categorization

Anencephaly neural tube defects (NTD) result
from the failure of closure of the headend of the
neural tube in early fetal/embryolic development
(first 3—4 weeks); including lack of formation of
the brain, skull, and scalp (Greene and Copp
2014; Puvirajesinghe and Borg 2015; Yamaguchi
and Miura 2013). Loss of the forebrain includes
loss of the two cerebral hemispheres, the
connecting corpus callosum, neocortex, thalamus,
hypothalamus, and other structures of the limbic
system — the amygdala, hippocampus, caudate
nucleus, ventricles, etc., and all of their
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connections (Kandel et al. 2013; Kolb and
Whishaw 2008). These structures comprise the
majority of human brain tissue and are required
for almost all sensation perception and basic phys-
iological functions including body temperature
control, eating, sleeping, and motor function,
and cognition, language, memory, emotion,
thought processing, inhibition, decision making,
and/or reasoning (see also Lezack et al. 2012).

Epidemiology

Anencephaly results from NTD (Cohen 2002;
Detrait et al. 2005; Mitchell 2005; Yamaguchi
and Miura 2013) in approximately three pregnan-
cies for everyl0,000 births in the USA and
300,000 births per year worldwide (Flores et al.
2014). Such severe NTDs may be associated with
genetics, nutrition, environment, or a combination
of all three (Centers for Disease Control and Pre-
vention (CDC) 2015). There is a known higher
prevalence of females born with anencephaly
NTD as compared to males (James 1980). Over
the past several decades, worldwide research has
found an association between prenatal folic acid
(synthetic vitamin B) deficits leading to folate
(natural vitamin B) deficiencies (National Insti-
tute of Neurological Disorders and Stroke
(NINDS) 2015; National Institutes of Health
(NIH): Office of Dietary Supplements 2016) and
NTD (Calvo and Biglieri 2008; Kondo et al. 2009;
Wolff et al. 2009; Yila et al. 2016). While all the
causes of open NTD are not known, research
indicates that daily consumption of 4 mg/day of
folic acid by women before and during pregnancy
brings about a 70% reduction in NTD (Centers for
Disease Control and Prevention (CDC) 2015;
Cornel and Erickson 1997; MRC Vitamin Study
Research Group 1991; National Institutes of
Health (NIH): Office of Dietary Supplements
2016). Since 1996 more than 50 countries world-
wide have taken the critical step to mandate forti-
fication of staple grain food products with folic
acid to prevent NTD such as anencephaly and
spina bifida and have been highly successful —
especially those with low and middle income
populations (Castillo-Lancellotti et al. 2013;
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Rampersaud et al. 2016; Wang et al. 2016;
Zaganjor et al. 2016). However, since natural
folate is also readily available in other staple
foods (e.g., dried beans, lentils, and leafy green
vegetables) recent research also raises concerns
for those areas with folic acid supplementation
to watch for excess folate consumption which
may also adversely increase growth in
undetected cancer cells (see Castillo-Lancellotti
et al. 2013; Herrmann and Obeid 2011;
Strickland et al. 2013) or increased malaria
infection in those areas at high risk for the dis-
ease (Nzila et al. 2016).

Natural History, Prognostic Factors, and
Outcomes

With the major portion of an infant’s brain being
undeveloped, particularly the cerebrum, and
coupled with the brain often being exposed in
utero, the anencephalic infant is frequently still-
born (Creasy et al. 2014). An infant born alive
with anencephaly is, as a rule, blind, deaf, uncon-
scious, and may only reflexively respond. With
only a basic brain stem and a nonfunctioning
cerebrum, prognosis is poor; anencephalic infants
will never gain consciousness and will only have
minimal reflex actions such as breathing. There
may be intermittent sound or touch responses;
however, no further progress can be expected
(see National Institute of Neurological Disorders
and Stroke 2015).

Neuropsychology and Psychology of
Anencephaly

There is essentially no assessment that neuropsy-
chological testing can offer given the absence of
cortical development in the anencephalic infant
who does survive. Such children have reflexive
function only (i.e., breathing and some responses
to sound or touch can manifest) and will rarely
survive longer than a few hours or days. Neuro-
psychologists should have an empathetic aware-
ness of this condition and be prepared to consult
with parents and families about the nature of the
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Anencephaly, Fig. 1 Magnetic resonance imaging
(MRI) findings of the head and neck 8 h after birth. (a)
Sagittal T1-weighted, (b) sagittal T2-weighted, and (c)
coronal T1-weighted images show cranial schisis. The
normal skin stops at the skull base and encircles abnor-
mally developed cerebral structures, the so-called area
cerebrovasculosa (white arrows). Along the border of the

infants’ deficits and the poor prognosis (Ashwal
2005; Creasy et al. 2014).

Evaluation

Although the pathogenesis of anencephaly is still
not fully understood, several studies suggest that
exencephaly or the lack of skull growth or sepa-
ration following NTD allows the cerebral tissue to
be exposed in utero causing damage from the
amniotic fluid (Calzolari et al. 2004; Sharif and
Zhou 2016). As can be seen in Fig. 1, even though
there are other anomalies of physical development
associated with the presence of anencephaly, the
most dramatic is a failure of brain development.

Treatment

Ultimately, mortality rate is 100% with anencephaly.
Some anencephalic children do survive from
hours to days but rarely longer and in a persistent
vegetative state (Payne and Taylor 1997); thus,
treatment is purely supportive. The presence of a
surviving infant with anencephaly raises numer-
ous ethical questions about care, treatment, and
maintenance (Batavia 2002; Castillo-Lancellotti
et al. 2013; Cook et al. 2008; Obeidi et al. 2010;
Rampersaud et al. 2016; Yila et al. 2016; Zhang

skull defect the skin seems to be in continuity with the
superficial layer of the area cerebrovasculosa, probably the
pia mater (curved white arrow). The posterior fossa is
funnel-shaped. A rudimentary brain stem (curved black
arrows) and primordium of cerebellum (small black
arrows) are present. The cervical spine is normal (From
Calzolari et al. 2004, with permission).

etal. 2016), including the importance of continued
research to guide worldwide policy making for
better ways to prevent and treat neurological
birth defects.
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Synonyms

Blood-filled dilatation

Short Description or Definition

An aneurysm is an abnormal blood-filled dilata-
tion of a blood vessel that can occur in vascular
innervated areas (Webster 2006). Cerebral aneu-
rysms are generally located at arterial curvatures
and bifurcations that are exposed to major
hemodynamic forces (Kulcsar et al. 2011).
Ancurysms generally develop due to trauma,
infections, congenital defects, or degenerative
diseases (Parkin and Leng 1993). Blood from a
ruptured brain aneurysm can leak into the brain
(i.e., hemorrhagic stroke). If blood leaks into the
space between the brain and the thin tissues
covering the brain, this type of hemorrhagic
stroke is classified as a subarachnoid hemor-
rhage (Mayo Clinic Staff 2015). An aneurysm
can also dissect, which is a split in one or more
layers of the artery wall that causes bleeding into
and along the layers of the artery wall (NIH
2011). The size and rate of growth of an
unruptured cerebral aneurysm will affect signs
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and symptoms, and, therefore, a patient with a
static aneurysm may be asymptomatic. How-
ever, a larger aneurysm with a steady growth
pattern may produce a variety of symptoms
(e.g., headache, numbness, loss of feeling in
the face, or problems with the eyes) (NINDS
2015).

Categorization

Intracranial aneurysms are commonly classified
as saccular, mycotic, traumatic, arteriosclerotic,
dissecting, or neoplasmic. Giant aneurysms
greater than 2.5 cm in diameter are believed
to be congenital anomalies. They are generally
located on the anterior and middle cerebral,
carotid and basilar arteries (Ropper et al. 2005).

Etiology

The combination of high wall shear stress (WSS)
and high positive spatial wall shear stress gradient
(SWSSG) focused on a small segment of the arterial
wall may mediate aneurysm formation (Kulcsar
etal. 2011). Additionally, the proximity of the distal
anterior cerebral artery (AACA) to the falx has been
recently implicated in the pathogenesis of dACA
aneurysms with fibrous adhesions between the falx
and the dACA observed in patients with this type of
aneurysm (Scholtes et al. 2015).

Epidemiological Factors

Ruptured aneurysms, specifically the saccular
type, are the most common cause of subarach-
noid hemorrhage (SAH) after 20 years of age.
This type of aneurysm accounts for about 80% of
nontraumatic aneurysms. Cerebral aneurysms
can occur throughout the lifespan but tend to be
more common in adults than in children. They
are also slightly more common in women than in
men (NINDS 2015). It has been hypothesized
that women may experience more ruptured aneu-
rysms due to their higher proportion of superthin
tissue at the dome of their aneurysm in
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comparison to men. This superthin tissue is more
vulnerable to external forces and consequently
more susceptible to rupture (Kadasi et al. 2013).
Inflammation accompanying cigarette smoke
exposure may also be an important pathway
underlying the development, progression, and
rupture of cerebral aneurysms (Chalouhi
et al. 2012).

Natural History, Prognostic Factors, and
Outcomes

Unruptured aneurysms may be symptomatic and
manifested as cranial nerve palsies. Moreover,
unruptured aneurysms of sufficient size can com-
press cerebral tissue and manifest as various neu-
rological signs (Ko and Kim 2011; Penn et al.
2011). Ruptured cerebral aneurysms can be asso-
ciated with states of consciousness ranging from
lethargy to coma with outcome based on location
and severity of bleeding. A sudden loss of con-
sciousness is a presenting feature in about 20% of
cases. Commonly observed systemic complica-
tions and sequelae are vasospasms, rebleeding,
hydrocephalus, herniation, seizures, cardiac dys-
rhythmias, and respiratory depression (Bonner
and Bonner 1991).

Neuropsychological and Medical
Outcomes

Symptoms and signs can include retinal hemor-
rhage, papilledema, and meningeal signs with sei-
zure activity commonly observed. Focal signs are
prominent within the first 24 h (e.g., parenchymal
dissection, hyperfusion distal to the aneurysm
site, cerebral edema). Vasospasm may be the
cause of focal signs within the 48—72 h window.
Cognitive, psychiatric, and behavioral impair-
ments associated with ruptured and unruptured
aneurysms depend on the site and extent of dam-
age, secondary sequelae, complications, and pre-
morbid health (see Table 1).

Aneurysm

Aneurysm, Table 1 Symptoms that may be associated
with ruptured and unruptured cerebral aneurysms (From
Bonner and Bonner 1991; NINDS 2015; Walsh 2014)

Ruptured aneurysms
Parenchymal dissection
Hyperfusion

Cerebral edema

Cognitive impairments,
confusion

Disturbances in personality
Eye changes (drooping,

Unruptured aneurysms
Headache, neck rigidity
Neurologic deficit

Drowsiness, confusion,
focal neurologic deficit

Decerebrate rigidity/
vegetative disturbance
possible

Deep coma
Dilated pupil

blurred vision, light
sensitivity)

Seizure Pain above/behind eye,

drooping eyelid

Severe headache Double vision

Assessment and Treatment

The Hunt-Hess grading scale is used for progno-
sis and for timing of surgical interventions. Diag-
nostic evaluations commonly include CT scans,
angiography, and MR angiography. Surgical
treatment consists of clipping and endovascular
embolization of the aneurysm or implanting a
Woven endobridge device to provide flow dis-
ruption at the aneurysm neck—parent artery inter-
face (Klisch et al. 2011). Pharmacologic
interventions may include calcium channel
blockers (e.g., nimodipine) in order to reduce
the severity of vasospasm (Bonner and Bonner
1991). Patients taking Aspirin three times
weekly to daily had significantly lower odds of
hemorrhage compared with controls, and thus,
Aspirin may reduce the risk of intracranial aneu-
rysm rupture. However, additional research is
needed using both animal and clinical models
in order to verify safety, dosage, and efficacy
(Hasan et al. 2011). The putative linkage
between cigarette smoke, inflammation and
aneurysm formation, progression, and rupture
may suggest new targeted interventions to treat
aneurysms.
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Current research is examining DNA sequences
in order to identify families at increased risk for
certain types of aneurysm and possibly identify
aneurysm-related genetic markers (NINDS 2015).
Research on the advantages and disadvantages of
microsurgical clipping and endovascular surgery
for the treatment of both ruptured and unruptured
aneurysms is also underway (Kohyama et al.
2014; Furuichi et al. 2015; Kamensky 2015;
NINDS 2015; Suzuki et al. 2015).
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Definition

Angelman syndrome is a neurodevelopmental
disorder caused by one of several genetic mech-
anisms involving maternal chromosome 15, spe-
cifically the region 15ql11.2-13 (Dagli et al.
2015). Common features include microcephaly,
seizure disorder, impaired motor skills, and
developmental delays. Absent or extremely lim-
ited expressive language skills are also com-
monly observed. Behaviorally, individuals with
Angelman syndrome are known for a happy tem-
perament, frequent laughter, inattention/hyper-
activity, and stereotyped behaviors; these
features have been identified as the most consis-
tent features within this population (Clayton-
Smith and Laan 2003).

Categorization

Deletion or mutation of genetic material on chro-
mosome 15q11-13 can result in one of two distinct
neurodevelopmental disorders, depending upon
whether the genetic material is from the maternal
or paternal chromosome. This parent of origin
effect is known as “imprinting.” Note that the
15q11-13 region is differently imprinted in mater-
nal and paternal chromosomes, and both imprint-
ings are needed for normal development. If a
maternal deletion occurs, the result is Angelman
syndrome; if a paternal deletion occurs, then the
result is Prader-Willi syndrome. Therefore,
Angelman and Prader-Willi have been termed
“sister syndromes” or “sister disorders” (e.g.,
Cassidy et al. 2000).

Angelman Syndrome

There are four main classes of Angelman syn-
drome, based upon four primary genetic mecha-
nisms by which it occurs (Clayton-Smith and
Laan 2003). In the general population, UBE3A
is expressed only from the maternal chromosome
in particular regions of the brain, and the UBE3A
gene on the paternal chromosome is inactive. In
Angelman syndrome, as a result of the deletion,
only about 10% of UBE3A is expressed (Williams
2005).

Epidemiology

Exact prevalence rates of Angelman syndrome are
unknown but have been estimated between
1/12,000 and 1/24,000 (Dagli et al. 2015). See
Table 1 for estimates by subtype.

Natural History, Prognostic Factors, and
Outcomes

Angelman syndrome was first described by
Dr. Harry Angelman in 1965. He observed several
pediatric patients whom he referred to as “puppet
children,” in light of their happy expressions and
“jerky” movements (Angelman 1965). This term
was later abandoned, and the disorder instead came

Angelman Syndrome, Table 1 Sample caption

Genetic

mechanism Incidence | Definition

De novo 75% Deletion on maternal

deletion chromosome region
15q11-13

Uniparental 1-2% Both copies of

disomy chromosome 15 are

inherited from the father,
rather than one from each
parent

Imprinting 3% Genes become inactivated

defect as aresult of a disruption in
genes controlling the
imprinting process itself, or
the imprinting center

UBE3A 11%

mutation

Unknown 10%

Buiting et al. (2015); Dagli et al. (2015)
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to be known as Angelman syndrome. Diagnostic
clinical criteria were developed by Williams and
colleagues in 1995 and revised in 2006. These
criteria include severe developmental delay, move-
ment or balance disorder, unique behavior, and
severe speech impairment (Williams et al. 2006).

The prenatal and perinatal history of children
with Angelman syndrome is typically unremark-
able, and developmental delays first become evi-
dent around 6—12 months of age (Cassidy et al.
2000). Head circumference is typically normal at
birth but growth is then delayed, resulting in
microcephaly by age 2 years (Dagli et al. 2015).
Puberty usually occurs on time. There is generally
no evidence of reduced life span, although the
severity of associated medical conditions (e.g.,
seizures) certainly impacts health and the overall
quality of life. Additionally, the long-standing
motor difficulties in this population often translate
into mobility issues later in life (Clayton-Smith
and Laan 2003) (Fig. 1).

Epilepsy is common in Angelman syndrome,
reported in at least 80% of cases (Dagli etal. 2015;
Williams et al. 2006). A variety of seizure types

v

Angelman Syndrome, Fig. 1
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has been reported, including both generalized and
complex-partial types (Thibert et al. 2009). Sei-
zures usually appear in early childhood, with
some indication of improvement during late child-
hood/adolescence, followed by recurrence in
some adults with Angelman syndrome (Clayton-
Smith 2001). EEGs are typically abnormal and
often include large-amplitude spike-and-slow
wave discharges (Dagli et al. 2015).

Variability is evident in the phenotypic expres-
sion of Angelman syndrome depending upon the
specific genetic mechanism by which it occurs.
Those with Angelman syndrome due to a de novo
deletion appear have the most severe medical/
neurological effects, as well as greater motor and
language deficits (e.g., Clayton-Smith and Laan
2003; Levitas et al. 2007). In contrast, those with
uniparental disomy have lower rates of seizures
and less severe language impairments, as well as
fewer dysmorphic facial features. Individuals with
an imprinting center defect also appear to have
milder clinical presentations. Finally, those with
UBE3A mutations have been found to have the
more severe medical and physical problems seen
in individuals with de novo deletions but fewer
difficulties with motor and language skills than
these individuals (Clayton-Smith and Laan 2003)

(Fig. 2).

Neuropsychology and Psychology of
Angelman Syndrome

Findings from neuroimaging studies have included
smaller gray matter volume in several cortical and
subcortical brain regions, as well as abnormal pat-
terns of myelination and white matter abnormali-
ties (Aghakhanyan et al. 2016; Harting et al. 2009;
Peters et al. 2011). Cognitive development is
severely delayed (Gentile et al. 2010). Adaptive
functioning is also delayed, with a relative strength
evident in social skills (Peters et al. 2004). As
mentioned above, a primary feature of Angelman
syndrome is limited expressive language, which
typically ranges from no language to very few
single words. There are relative strengths in recep-
tive language (Gentile et al. 2010). Marked deficits
occur in fine motor skills.
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Angelman Syndrome, Fig. 2

A “happy” temperament has been reported
among individuals with Angelman syndrome,
characterized by frequent smiling and laughter,
which persists across the life span (e.g., Clayton-
Smith and Laan 2003). A variety of other behav-
ioral concerns have also been reported, most
commonly inattention and hyperactivity (Clarke
and Marston 2000; Summers et al. 1995). How-
ever, there is some indication that these behav-
ioral difficulties improve with age (Clayton-
Smith and Laan 2003). Stereotyped motor behav-
iors, such as hand flapping, have frequently been
observed (Williams et al. 2006). Elevated risk of
autism spectrum disorder has often been
suggested; however, this may be overdiagnosed
due to the severity of intellectual disability and
especially communication problems and motor
abnormalities, whereas social reciprocity is typi-
cally relatively intact (Moss and Howlin 2009).
Social smiling may appear as early as 1 to
3 months of age, and a strong preference for

social interactions has been described, although
the nature of these interactions differs depending
upon overall intellectual abilities (Williams
2010). Those with larger deletions have been
demonstrated to show more impaired social affect
and more repetitive behaviors than those with
smaller deletions, when controlling for cognitive
and adaptive abilities (Peters et al. 2012). Inci-
dence of parental stress is high and differs by
subtype, with those parents of children with
imprinting defects reporting the highest stress
levels (Miodrag and Peters 2015). Sleep and feed-
ing problems have been identified as associated
features of Angelman syndrome (Williams
et al. 2000).

Evaluation

Angelman syndrome is confirmed through genetic
testing (Dagli et al. 2015). Fluorescence in situ
hybridization (FISH) testing is typically employed
to identify genetic deletions; chromosomal microar-
ray is utilized in some specific instances. DNA-
methylation testing can be used to detect uniparental
disomy or imprinting defects.

Treatment

There is no “cure” for Angelman syndrome itself.
Given the high incidence of seizure disorder, man-
agement and follow-up by a neurologist is usually
necessary. Anticonvulsant medications have been
used to manage seizures in this population, most
often clonazepam, valproic acid, topiramate,
lamotrigine, and ethosuximide (Thibert et al. 2009).
Sleep difficulties have successfully been addressed
through behavioral intervention and with melatonin
(Allen et al. 2013; Braam et al. 2008).

Involvement in interventions such as occupa-
tional, physical, and speech/language therapy is
typically recommended to address language and
motor deficits. In addition to speech/language ther-
apy, alternative communication methods typically
need to be explored. Special education program-
ming is indicated in light of cognitive deficits. Very
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few behavioral intervention studies have been
conducted for individuals with Angelman syn-
drome. Behavioral training has been used in an
effort to address problematic social behaviors
(Fichtner and Tiger 2015; Heald et al. 2013).

Cross-References

Ataxia

Developmental Delay
Epilepsy

Intellectual Disability
Microcephaly
Prader-Willi Syndrome
Seizure

Syndrome

References and Readings

Aghakhanyan, G., Bonanni, P., Randazzo, G., Nappi, S.,
Tessarotto, F., De Martin, L., et al. (2016). From cortical
and subcortical Grey matter abnormalities to
neurobehavioral phenotype of Angelman syndrome:
A voxel-based Morphometry study. PloS One, 11(9),
€0162817. https://doi.org/10.1371/journal.pone.0162817.

Allen, K. D., Kuhn, B. R., DeHaai, K. A., & Wallace, D. P.
(2013). Evaluation of a behavioral treatment package to
reduce sleep problems in children with Angelman syn-
drome. Research in Developmental Disabilities, 34(1),
676—686.

Angelman, H. (1965). ‘Puppet’ children: A report on three
cases. Developmental Medicine & Child Neurology, 7,
681-688.

Braam, W., Didden, R., Smits, M. G., & Curfs, L. M.
(2008). Melatonin for chronic insomnia in Angelman
syndrome: A randomized placebo-controlled trial.
Journal of Child Neurology, 23, 649—654.

Buiting, K., Clayton-Smith, J., Driscol, D. J., Gillessen-
Kaesbach, G., Kanber, D., Schwinger, E., et al. (2015).
Clinical utility card for: Angelman syndrome.
European journal of human genetics, 23, online.

Cassidy, S. B., Dykens, E., & Williams, C. A. (2000).
Prader-Willi and Angelman syndromes: Sister
imprinted disorders. American Journal of Medical
Genetics, 97, 136-146.

Clarke, D. J., & Marston, G. (2000). Problem behaviors
associated with 15g- Angelman syndrome. American
Journal on Mental Retardation, 105, 25-31.

Clayton-Smith, J. (2001). Angelman syndrome: Evolution
of the phenotype in adolescents and adults. Develop-
mental Medicine & Child Neurology, 43, 476—480.

235

Clayton-Smith, J., & Laan, L. (2003). Angelman syn-
drome: A review of the clinical and genetic aspects.
Journal of Medical Genetics, 40, 87-95.

Dagli, A. 1., Mueller, J., & Williams, C. A. (2015).
Angelman Syndrome. In: Pagon R. A., Adam, M. P.,
Ardinger, H. H., Wallace, S. E., Amemiya, A., Bean,
L. I. H, . .. & Stephens, K. (Eds.). GeneReviews®
[Internet]. Seattle: University of Washington, Seattle;
1993-2015. Available from: https://www.ncbi.nlm.nih.
gov/books/NBK 1144/

Fichtner, C. S., & Tiger, J. H. (2015). Teaching discrimi-
nated social approaches to individuals with Angelman
syndrome. Journal of Applied Behavior Analysis, 48,
734-748.

Gentile, J. K., Tan, W.-H., Horowitz, L. T., Bacino, C. A.,
Skinner, S. A., Barbieri-Welge, R., et al. (2010).
A neurodevelopmental survey of Angelman syndrome
with genotype-phenotype correlations. Journal of
Developmental and Behavioral Pediatrics, 31(7),
592-601.

Harting, ., Seitz, A., Rating, D., Sartor, K., Zschocke, J.,
Janssen, B., et al. (2009). Abnormal myelination in
Angelman syndrome. European Journal of Pediatric
Neurology, 13(3), 271-275.

Heald, M., Allen, D., Villa, D., & Oliver, C. (2013). Dis-
crimination training reduces high rate social approach
behaviors in Angelman syndrome: Proof of principle.
Research in Developmental Disabilities, 34, 1794—1803.

Levitas, A., Dykens, E., Finucane, B., & Kates, W. (2007).
Behavioral phenotype of genetic disorders. In
R. Fletcher, E. Loschen, C. Stavrakaki, & M. First
(Eds.), Diagnostic manual - intellectual disability:
A textbook of diagnoses of mental disorders in persons
with intellectual disability. Kingston: NADD Press.

Miodrag, N., & Peters, S. (2015). Parent stress across molec-
ular subtypes of children with Angelman syndrome.
Journal of Intellectual Disability Research, 59, 816-826.

Moss, J., & Howlin, P. (2009). Autism spectrum disorders
in genetic syndromes: Implications for diagnosis, inter-
vention and understanding the wider autism spectrum
disorder population. Journal of Intellectual Disabilities
Research, 53, 852-873.

Peters, S. U., Goddard-Finegold, J., Beaudet, A. L.,
Madduri, N., Turcich, M., & Bacino, C. A. (2004).
Cognitive and adaptive behavior profiles of children
with Angelman syndrome. American Journal of Med-
ical Genetics, 128, 110-113.

Peters, S. U., Horowitz, L., Barbieri-Welge, R., Lounds
Taylor, J., & Hundley, R. J. (2012). Longitudinal
follow-up of autism spectrum features and sensory
behaviors in Angelman syndrome by deletion class.
Journal of Child Psychology and Psychiatry, 53(2),
152-159.

Peters, S. U., Kaufmann, W. E., Bacino, C. A., Angerson,
A. W, Adapa, P, Chu, Z., ... & Wilde, E. A., (2011).
Alterations in white matter pathways in Angelman
syndrome. Developmental Medicine & Child Neurol-
ogy, 53, 361-367.


https://doi.org/10.1007/978-3-319-57111-9_441
https://doi.org/10.1007/978-3-319-57111-9_549
https://doi.org/10.1007/978-3-319-57111-9_1042
https://doi.org/10.1007/978-3-319-57111-9_1566
https://doi.org/10.1007/978-3-319-57111-9_1567
https://doi.org/10.1007/978-3-319-57111-9_1588
https://doi.org/10.1007/978-3-319-57111-9_1055
https://doi.org/10.1007/978-3-319-57111-9_577
https://doi.org/10.1371/journal.pone.0162817
https://www.ncbi.nlm.nih.gov/books/NBK1144
https://www.ncbi.nlm.nih.gov/books/NBK1144

236

Summers, J. A., Allison, D. B., Lynch, P. S., & Sandler, L.
(1995).  Behaviour problems in  Angelman
syndrome. Journal of Intellectual Disability Research,
39, 97-106.

Summers, J. A., & Feldman, M. A. (1999). Distinctive pat-
tern of behavioral functioning in Angelman syndrome.
American Journal on Mental Retardation, 104,376-384.

Thibert, R. L., Conant, K. D., Braun, E. K., Bruno, P., Said,
R. R., Nespeca, M. P, & Thiele, E. A. (2009). Epilepsy
in Angelman syndrome: A questionnaire-based assess-
ment of the natural history and current treatment
options. Epilepsia, 50, 2369-2376.

Williams, C. A. (2005). Neurological aspects of the
Angelman syndrome. Brain & Development, 27, 88-94.

Williams, C. A. (2010). The behavioral phenotype of the
Angelman syndrome. American Journal of Medical
Genetics, 154C, 432-437.

Williams, C. A., Beaudet, A. L., Clayton-Smith, J., Knoll,
J. H., Kyllerman, M., Laan, L. A., et al. (2006).
Angelman syndrome 2005: Updated consensus for
diagnostic criteria. American Journal of Medical
Genetics, 140, 413-418.

Williams, C. A., Driscoll, D. J., & Dagli, A. 1. (2010).
Clinical and genetic aspects of Angelman syndrome.
Genetics in Medicine, 12(7), 385-395.

Angiography, Cerebral

Nathan D. Zasler' and Richard Kunz?
!Concussion Care Centre of Virginia, Ltd.,
Richmond, VA, USA

“Department of Physical Medicine and
Rehabilitation, Virginia Commonwealth
University, Richmond, VA, USA

Synonyms

Angio

Definition

Angiography is the evaluation of the blood vessels
of the central nervous system and associated
cervicocerebral vasculature via radiographic imag-
ing of intravascular contrast media injected prior to
the imaging procedure. Femoral or axillary non-
selective approaches can be used to catheterize the

Angiography, Cerebral

aortic arch or selective means employed to cathe-
terize the carotid artery. Digital subtraction, com-
puted tomography (CT) scanning, and MRI
techniques can be applied as adjutant imaging tech-
niques once contrast is injected. Obstructions, ste-
nosis, aneurysms, and A-V malformations can be
identified through this technique. Finer and more
selective views are accomplished by using micro-
catheters. Some of the disease entities studied
include ischemic cerebrovascular disease, aneu-
rysms, vascular malformations, neoplasms, and
brain injuries. Angiography is the test of choice
for arterial dissections and pseudoaneurysms
which may be associated with classic signs of
pain, bruits, and/or cranial nerve palsies. Carotid
angiography is also useful for imaging of carotid-
cavernous fistulas which if not found early can
cause blindness and may present with an ocular
bruit, scleral injection, and ocular proptosis.

Current Knowledge

Can be part of the evaluation process of patients with
cerebrovascular disease or traumatic vascular insult.
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Synonyms

Cavernoma; Cavernous hemangioma; Cavernous
venous malformation; Cerebral cavernous malfor-
mation (CCM)

Definition

Cavernous angiomas are benign vascular
malformations found within the CNS that may
occur sporadically or in a familial pattern. Cav-
ernous angiomas are also a complication of radi-
ation therapy, especially in children. These
angiomas can remain stable, enlarge over time,
or bleed, and there are no factors that predict
their occurrence or behavior.
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Three genetic loci responsible for familial
cavernous angioma (CCMI1, CCM2, and
CCM3) have been identified. Cavernomas are
typically found supratentorially (approximately
80%), predominantly in the subcortical rolandic
and temporal areas. Infratentorially, cavernous
angiomas are most commonly found in the pons
and cerebellar hemispheres (Sage and Blumbergs
2001). Originally thought to be relatively rare
and most commonly detected during autopsy,
the advent of MRI has led to an increased detec-
tion, with incidence rates now estimated between
0.02% and 0.8% of the general population. The
size of the well-circumscribed, “mulberry-like”
mass can range from less than 1 cm to greater
than 4 cm. Prevalence rates are relatively equiv-
alent among males and females. While it can
remain asymptomatic lifelong, symptomatic pre-
sentation is most commonly seen in the third and
fourth decades of life. However, newly symp-
tomatic cases have been well reported through-
out the life span. Women are more likely to
present with hemorrhage and neurologic deficits
(Del Curling et al. 1991).

Clinical manifestations, when present, vary
significantly and generally correlate to location
of the lesion. Most commonly reported symp-
toms include headache (6-65%), seizure
(23-52%), focal neurological deficit (20-45%),
and intracranial hemorrhage (13-25%) (Conway
and Rigamonti 2006). Despite the regional affin-
ity for frontal and temporal regions, no studies
have specifically examined for selective neuro-
psychological deficits. Treatment can include
observation, surgical resection, or stereotactic
radiosurgery.
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Angioplasty
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Synonyms

Coronary angioplasty; Percutaneous coronary
intervention (PCI); Percutaneous transluminal
angioplasty (PTA); Percutaneous transluminal
coronary angioplasty (PTCA)

Definition

Angioplasty is a minimally invasive (nonsurgical)
percutaneously performed clinical procedure used
to dilate blood vessels narrowed or blocked by
atherosclerosis. Historically, angioplasty was
performed most commonly on the coronary arter-
ies that supply blood to the heart muscle. How-
ever, recent evidence indicates its effectiveness in
improving cerebral circulation in patients with
acute stroke. Angioplasty may be used to treat
coronary artery disease, which often presents
with persistent angina (chest pain) or a myocardial
infarction (heart attack), cerebrovascular disease
causing stroke or transient ischemic attacks, renal
artery stenosis causing kidney dysfunction, and
peripheral artery disease, usually in the blood
vessel of the leg. During angioplasty, a stent is
placed in the vessel to keep the vessel patent.

Current Knowledge

In this procedure, a small incision is made over the
skin of a peripheral artery (usually the femoral
artery in the thigh), and the artery is punctured to
gain access into the blood vessel. A thin catheter is
then inserted into the blood vessel, and both blood
vessels and catheter are visualized by radiographic
fluoroscopy. The catheter is then pushed further into
the vessel (guided by fluoroscopic images). When
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the tip of the catheter reaches the target blood
vessel, a previously folded balloon at the end of
the catheter is inflated to flatten the plaque in the
vessel wall, thereby reducing the blockage and
expanding the diameter of the artery. Usually, a
stent, a metal mesh tube of small diameter which
also was on the end of the catheter, is then
placed inside the vessel and expanded by
manipulating the catheter tip. Many of these
stents, called “drug-eluting stents,” contain and
secrete antiplatelet medications that assist in
preventing arterial stenosis in the future. The
result of the angioplasty is a dilated artery and
improved blood flow through the vessel.

This procedure is done to prevent the vessel from
developing narrowing or becoming blocked again.
It is a relatively safe procedure, and complications
are rare, but they include allergy, bleeding, clotting,
stroke, kidney failure, and re-blockage of the newly
opened artery. After the procedure, patients usually
remain on bedrest for a short time and are instructed
to use antiplatelet medications.
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Synonyms

Mixed dominance

Definition

Anomalous dominance describes any pattern of
cerebral organization of function in which the left
hemisphere is not primarily responsible for initi-
ating propositional speech and processing written
or spoken language.

Current Knowledge

Since the left hemisphere primacy for language is
typical of most right-handers (who represent the vast
majority of the population), it is considered to be the
“dominant” pattern of brain organization. Hence, any
pattern that differs from this is considered to be
anomalous. Most deviations occur in left-handers,
approximately 30% of whom exhibit some form of
anomalous dominance for language where these
functions are organized either primarily in the right
hemisphere (“reversed dominance™) or are more
bilaterally represented. Although anomalous domi-
nance can occur in right-handers, this is rare and,
when present, is often a consequence of some early
developmental defect or brain trauma. Other associ-
ations that have been reported to be related to anom-
alous patterns of hemispheric organization of
language are female gender, mixed hand preference
(ambidexterity), and family history of sinistrality. In
these situations, there is an increased tendency for
language functions to be organized in both hemi-
spheres. Support for this hypothesis comes in part
from radiographic studies which show a tendency for

239

males when compared with females to have
greater anatomical asymmetry in the region of
the frontal operculum (Broca’s area) and in the
temporal operculum (planum temporale), both
key language areas. This apparent tendency for
greater bilateral representation of language has
been suggested as a possible explanation for
(1) the earlier development (on average) of lan-
guage in females than in males, and (2) the supe-
rior recovery of language functions following
strokes seen in some left-handers.
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Synonyms

Naming impairments; Word-finding difficulties

Definition

Anomia generally refers to instances of word-
finding difficulty that occur during the course of
conversational discourse. It is often documented
clinically in confrontation picture-naming tasks.
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Current Knowledge

Anomia can occur in healthy individuals who occa-
sionally experience difficulty retrieving an intended
word during a conversation, also known as the
tip-of-the-tongue state (Biedermann et al. 2008). It
is a frequent occurrence in individuals with left
hemisphere brain damage and aphasia (Raymer
2011). Typically associated with difficulties for
nouns, anomia also can refer to difficulties in
retrieving other classes of words, such as verbs
and adjectives. Anomia arises from failure at any
stage in the complex series of lexical processes
engaged in word retrieval, including activation of
semantic representations for the meaning to be con-
veyed and phonological representations for the
form of the word to express that meaning (Tippett
and Hillis 2015). These distinct processes in word
retrieval engage different parts of the brain distrib-
uted throughout the left cerebral hemisphere (Race
and Hillis 2015). Therefore, when brain damage
occurs, anomia may take somewhat different pat-
terns (Laine and Martin 2006). For example, in
semantic anomia, failure to retrieve words is accom-
panied by difficulty in recognition of the same
words. In contrast, phonologic anomia occurs
when a word is recognized but cannot be retrieved.
It is important to note that anomia and anomic
aphasia are not synonymous. Anomia is the primary
symptom of anomic aphasia and also can be
observed in virtually all other forms of aphasia
(e.g., Broca’s aphasia, Wemicke’s aphasia), both
as initial and residual signs when other signs and
symptoms of aphasia have resolved.

When anomia occurs across different forms of
aphasia, a number of errors can be seen (Laine and
Martin 2006). At times, the moment of anomia
leads to complete inability to retrieve a word.
Other times, an inappropriate word is retrieved,
also known as a paraphasia. Sometimes, the error
word is somehow related to the intended word in
meaning (semantic paraphasia, e.g., saying “dog”
for cat) or sound characteristics (phonologic para-
phasia, e.g., saying “crat” for cat). Sometimes, the
moment of word-finding difficulty is filled with a
circumlocution or description of the intended
word (e.g., “That thing that meows and has whis-
kers. I can’t think of the name.”). In severe forms
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of anomia, neologisms may occur in which the
uttered word may not be recognizable at all (e.g.,
saying “bilan” for cat).
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Definition

Anomic aphasia is the language impairment that
involves only word-finding difficulties or pure
anomia in contrast to other forms of aphasia
(Harnish 2015). Other language modalities typi-
cally are intact in anomic aphasia, including
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auditory comprehension of language, repetition of
words and sentences, and spontaneous generation
of sentences, yet struggle may be noted to retrieve
words during sentence generation.

Current Knowledge

Anomic aphasia is a form of language disorder
associated with acquired brain damage typically
affecting the left cerebral hemisphere (Raymer
2011). Anomic aphasia can be manifest as a
difficulty in retrieving specific intended words,
often nouns, but sometimes verbs, during the
course of sentence generation. The grammatical
characteristics of the sentence remain intact. The
moments of word retrieval difficulty lead to long
pauses, insertion of filler words, or selection of
wrong words (paraphasias) during conversation
or other word retrieval activities, most com-
monly in tasks requiring individuals to name
pictures. Also common in anomic aphasia is cir-
cumlocution, in which the speaker cannot think
of the intended word and instead describes or
provides associated information about the word.

When anomic aphasia occurs as a result of an
acute neurologic event (e.g., stroke), it can be
accompanied by pure alexia and difficulties with
color identification (Goodglass et al. 2001).
Acutely, anomic aphasia has been described follow-
ing left temporal/occipital lesions (e.g., area 37) and
left thalamic lesions (Race and Hillis 2015). Ano-
mic aphasia often can be seen chronically as indi-
viduals recover from other forms of aphasia
(Hoffmann and Chen 2013). In that case, the accom-
panying symptoms and neural correlates of anomic
aphasia vary. Treatment approaches for anomic
aphasia vary, including restorative approaches that
attempt to facilitate recovery using typical semantic
and phonologic processes engaged in word retrieval
and compensatory approaches that circumvent
word retrieval difficulties (Raymer 2011).
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Synonyms

Anorexia

Definition

Anorexia nervosa is defined in the Diagnostic and
Statistical Manual of Mental Disorders (5th ed.;
DSM-5; American Psychiatric Association 2013)
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as a feeding and eating disorder characterized by
restrictions on eating and significantly low
weight. This disorder is manifested through feel-
ings of intense fear of gaining weight that lead to
behaviors to stimulate weight loss (e.g., restricted
food intake). The fear is not alleviated by weight
loss. Self-perception of body weight and shape is
often distorted. There are two subtypes: (1)
restricting type in which weight loss is accom-
plished through dieting, caloric restriction, or
excessive exercise and there is no binging/purging
behavior and (2) binge-eating/purging type in
which there are recurrent episodes of binging or
purging behaviors.

Categorization

The disorder is classified with the Feeding and
Eating Disorders in DSM-5.

Current Knowledge

Development and Course

The development of anorexia nervosa is common
during adolescence and young adulthood and is
often associated with a stressful life event. Course
and outcome is highly variable (e.g., recovery
after one episode, fluctuating pattern of weight
gain leading to relapse). Likewise, functional con-
sequences (e.g., social and professional function-
ing) vary between individuals, with some
experiencing few functional consequences.
Anorexia nervosa is more common in females as
compared to males (female-to-male ratio, 10:1),
and the prevalence rate for young females is 0.4%
(APA 2013). Risk of suicidal ideation or behav-
iors is greater in individuals with this disorder.

Associated Features and Current Research

Individuals with anorexia nervosa often lack
insight or deny it as being a problem. As such,
professional intervention is often sought by fam-
ily members or the individual when distressed
over somatic or psychological sequelae. Signifi-
cant and life-threatening medical conditions (e.g.,
amenorrhea, vital sign abnormalities, decreased
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bone mineral density), co-occurring psychologi-
cal disorders (e.g., bipolar, depressive, and anxi-
ety disorders), and obsessive-compulsive features
(e.g., preoccupied thoughts of food, food hoarding)
are common. There is some evidence for brain
structural changes, such as increased ventricular
width and cortical sulci (Uher et al. 2003). Neuro-
psychological functioning deficits in the areas of
sustained and divided attention, working memory,
inhibition, and mental flexibility have been identi-
fied in individuals with anorexia nervosa.

Assessment and Treatment

A comprehensive assessment interview for
anorexia nervosa should include clinical inter-
view, standardized self-report, interview-based
measures (e.g., Eating Attitudes Test (EAT-12),
Eating Disorder Inventory (EDI-3), Structured
Clinical Interview for DSM-5 (SCID-5), Eating
Disorder Examination (EDE)), and medical
assessment (e.g., assessing for laboratory abnor-
malities, amenorrhea, emaciation, hypotension,
and bradycardia). Additionally, information
should be gathered from other sources (e.g., fam-
ily members). Treatment of anorexia nervosa
should include restoring healthy weight, medical
treatment of physical complications, and evidence
based psychotherapy (Watson & Bulik 2013).
While no specific psychotherapy approach has
shown superiority, treatment modalities com-
monly utilized and recommended include cogni-
tive analytic therapy, cognitive behavioral
therapy, and interpersonal psychotherapy.
Anorexia nervosa should be differentiated from
other causes of significantly low body weight or
significant weight loss, such as gastrointestinal
disease, substance use disorders, or other feeding
and eating disorders. Additional differential diag-
noses include major depressive disorder, schizo-

phrenia, social anxiety disorder, obsessive-
compulsive disorder, and body dysmorphic
disorder.
See Also

Avoidant/Restrictive Food Intake Disorder
Body Dysmorphic Disorder
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Synonyms
Anosphrasia
Definition

Anosmia is defined as a lack of the sense of smell
or an inability to detect odors of any kind. In
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the strictest sense, “anosmia” refers to a total
lack of olfactory ability, though the term is
often used more loosely to refer also to partial
or diminished sense of smell. There are multiple
additional terms describing olfactory abilities.
Normosmia is the intact ability to perceive
odors. Hyposmia is a more precise term to
describe decreased ability to perceive smells,
whereas hyperosmia is the increased ability to
perceive odors. Dysosmia (ak.a. parosmia)
refers to distortions in the sense of smell, includ-
ing cacosmia (distortion of a smell as particularly
unpleasant) and phantosmia (an olfactory hallu-
cination, or the sensation of a smell in the
absence of a stimulus).

Epidemiology

Olfactory dysfunction is present in at least 1%
of individuals under the age of 65, with some
estimates suggesting total anosmia in as much
as 5% of the population. Rates of impairment
increase dramatically with age, with approxi-
mately 25% of older adults showing deficits in
olfaction (Murphy et al. 2002). In patients pre-
senting to chemosensory clinics, olfactory def-
icits are reported to be related to disability and
quality of life, though most individuals with
olfactory deficits are unaware of them. It is
well established that throughout the lifespan,
women show more acute olfactory abilities
than men.

Causes

The causes of olfactory impairments are typi-
cally categorized as: (1) conductive/transport
impairments, (2) sensory/sensorineural deficits,
or (3) central olfactory neural impairment,
though these categories are not mutually exclu-
sive. The understanding of the potential causes of
olfactory deficits will be enhanced by a brief
review of the olfactory system, though it is
noted that the olfactory pathways within the cen-
tral nervous system (CNS) are not entirely
agreed upon.
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Anatomy of the Olfactory System

The sensation of smell is the brain’s perception of
odor in response to odorants activating olfactory
receptors. Odors enter the nose, where they come
in contact with the olfactory epithelium, made up
of olfactory receptors. Olfactory receptor cells
(first order neurons) send signals along the olfac-
tory nerve (first cranial nerve) to the mitral cells of
the olfactory bulb, where olfactory axons synapse
with second-order neurons in the olfactory bulb.
Each olfactory receptor type sends a signal to a
particular region of the olfactory bulb. Mitral cell
axons project through the olfactory tract and lat-
eral olfactory stria to the primary olfactory cortex,
which is primarily made up of the piriform cortex.
Other structures receiving direct input include the
anterior olfactory nucleus, olfactory tubercle,
amygdala, and rostral entorhinal cortex (Gotfried
and Zald 2005). Projections from these primary
areas extend to secondary olfactory regions in the
hippocampus, hypothalamus, thalamus, amyg-
dala, and agranular insula, enabling encoding of
odors into memory as well as emotional pro-
cessing of specific odors (Gotfried and Zald
2005). There are also projections to the
orbitofrontal cortex (OFC), and it is believed that
the OFC mediates conscious perception of odors;
lesions to this area often lead to impaired olfactory
abilities (Gotfried and Zald 2005). In addition to
the activation of the first cranial nerve, certain
smells may also activate the trigeminal nerve
(CNV), which mediates sensations associated
with certain odorants, including burning, cooling,
irritation, or tickling sensations. Activation of the
trigeminal nerve may allow the “detection” of
some odors, even in the presence of primary olfac-
tory impairments. Cranial nerve zero (nervus
terminalis) may also play some role in olfaction,
though its function is poorly understood in
humans.

Conductive/Transport Impairment

Olfactory impairment within this category arises
from obstruction of nasal passages. Typical causes
of obstruction include nasal inflammation, such as
from allergies or upper respiratory infection
(URI), or other structural interference, such as
nasal polyps. URI is the most common cause of
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smell loss, and is often transient. Permanent smell
loss due to URI can occur, presumably reflecting
direct insult to the neuroepithelium, and becomes
more likely in older age.

Sensorineural/Central Olfactory Neural
Impairment

Olfactory deficits within these categories arise
from damage to the neuroepithelium and/or
impairment or impingement of central olfactory
structures from CNS disease. There are numerous
congenital, endocrine, neurological/neurodegen-
erative, nutritional/metabolic, and psychiatric dis-
orders that have been shown to be associated with
olfactory deficits (for a review of these causes, see
Murphy et al. 2003). In addition, injury, medica-
tions (for review see Doty and Bromley 2004),
environmental toxins (for review see Upadhyay
and Holbrook 2004), structural lesions, and med-
ical/surgical interventions (for review see
Murphy et al. 2003) can affect neural function-
ing. The Table 1 provides a small sampling of
disorders that can be associated with olfactory
loss. Given the vast number of disorders that
have shown olfactory deficits, theories have
been postulated that olfactory impairment may

Anosmia, Table 1 Sampling of disorders associated with
olfactory deficits

Alcoholism/Korsakoff’s

syndrome
Alzheimer’s disease

Amyotrophic lateral
sclerosis

Corticobasal
degeneration

Dementia with Lewy
bodies

Diabetes mellitus

Down'’s syndrome

Frontotemporal
dementia

Head injury

Human
immunodeficiency virus
Huntington’s disease
Mild cognitive
impairment

Multiple sclerosis
Multiple system atrophy

Parkinson dementia
complex of Guam
Parkinson’s disease

Progressive supranuclear
palsy

REM sleep behavior
disorder

Restless leg syndrome
Schizophrenia

Sjogren’s syndrome
Syphilis

Temporal lobe epilepsy
Vascular dementia
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be a nonspecific marker of CNS dysfunction.
This is likely not the case, given that the degree
of deficit can differ widely among disorders,
there exists significant range of deficits among
patients within disorders, and the deficits can be
unrelated to disease stage or magnitude of dis-
ease symptoms in some diseases but not others.
Rather, it is probable that the presence and
degree of olfactory involvement is related to the
relative degree of structural or biochemical dam-
age to the specific regions of the brain involved
in olfactory transduction.

Neurodegenerative Diseases Interest in olfac-
tion in neurodegenerative disorders began most
intensely in the 1980s, with a focus on
Alzheimer’s disease (AD) and Parkinson’s dis-
ease (PD). It was initially thought that these two
disorders, which were often thought of as the
prototypical examples of cortical and subcortical
diseases, would share an early and notable deficit.
Olfactory deficits were then identified in a variety
of neurodegenerative disorders, making olfactory
loss a nonspecific finding, though the degree of
impairment may be useful in distinguishing some
disorders. The cause of olfactory deficits in neu-
rodegenerative diseases is unknown (for a review
of potential causes, see Smutzer et al. 2003). The
deficits may be due at least in part to neurotrans-
mitter system alterations, especially dopamine
and acetylcholine. Damage to central processing
areas is also a likely explanation, particularly
involvement of the olfactory bulb and tracts, as
relevant neuropathologic changes (e.g., neurofi-
brillary tangles, amyloid plaques, dystrophic
neurites, Lewy bodies, and disproportionate neu-
ronal loss) are often seen in these areas. Other
relevant central processing areas (e.g., entorhinal
cortex), however, also show neuropathologic
changes, as may peripheral structures (e.g., olfac-
tory epithelium).

Parkinson’s Disease Olfactory impairment is a
prominent, common, and early feature of
Parkinson’s disease (PD; see Doty 2003a, b, for
areview). The deficits tend to be bilateral, and are
more common than some of the hallmark symp-
toms of PD, such as tremor. Olfactory deficits may
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be present before the motor symptoms become
evident, and are apparent with both threshold
and identification tasks. The size of the effect is
astounding (ranging from 1.17 to 12.15 in a meta-
analysis; Mesholam et al. 1998), though the
majority of patients are not completely
anosmic. Deficits do not appear to correlate with
the extent of cognitive or motor involvement, do
not respond to treatment, and do not appear to be
progressive over time.

Other Parkinsonian Spectrum Disorders Other
Parkinsonian disorders, such as corticobasal
degeneration (CBD), multiple system atrophy,
and progressive supranuclear palsy, are also asso-
ciated with olfactory deficits, though the impair-
ments tend to be more mild than is seen in PD
(Doty 2003a, b). These findings suggest that
olfactory functioning may be wuseful in
distinguishing PD from other parkinsonian disor-
ders, though a more recent study of olfaction in
CBD raises some question of potentially more
notable deficit in this disorder than was previously
described (Pardini et al. 2009).

Alzheimer’s Disease and Mild Cognitive
Impairment There has been fairly good consis-
tency in the literature for most of the studies
examining olfaction in Alzheimer’s disease (AD;
see Doty 2003a, b, for a review). The size of the
effect is extremely large, ranging from 0.98 to
8.55 in a meta-analysis (Mesholam et al. 1998),
though, as in PD, patients are typically not
completely anosmic. Odor identification deficits
are always found; odor detection deficits are more
inconsistently demonstrated and may be a later
symptom. The odor identification deficit does
not seem to be primarily due to a general cognitive
deficit and deficits worsen with disease progres-
sion. Although group studies have shown consis-
tent deficits in odor identification, it should be
noted that the presence of deficits is not a univer-
sal finding among patients with AD, making odor
identification tests imperfect screening instru-
ments for the disorder.

Odor identification has also been studied
recently in patients with mild cognitive impair-
ment (MCI) and cognitively intact older adults
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with and without genetic risk for future cognitive
decline. Several longitudinal studies have demon-
strated that odor identification has a strong rela-
tionship with memory performance, even in
healthy older adults performing within normal
limits on cognitive measures (Devanand et al.
2000; Wilson et al. 2007). These studies also
show that odor identification is a unique and sig-
nificant predictor of future cognitive decline
above and beyond baseline memory performance,
as well as a good predictor of conversion to
dementia in patients with MCI. In cross-sectional
studies of MCI subtypes, patients with both
amnestic and non-amnestic subtypes perform
modestly worse than healthy older adults but
better than patients with dementia (Devanand
et al. in press; Westervelt et al. 2008). In using
olfactory performance to distinguish MCI sub-
types, results are mixed, though when significant
differences have been found between subtypes,
the magnitude of the difference is of questionable
clinical significance. Together, these studies sug-
gest that when a notable olfactory deficit is
observed in patients with MCI, there is substantial
risk of future decline. However, odor identifica-
tion measures may not be particularly clinically
useful in early detection or early differential diag-
nosis for the modal patient.

Dementia with Lewy Bodies Olfaction in
dementia with Lewy bodies (DLB) was first
described in a study that crudely measured anos-
mia with a brief detection task (McShane et al.
2001). Forty percent of patients with DLB were
found to be anosmic, in contrast with 16% of
patients with AD, and 6% of the healthy controls.
The presence of smell loss was not found to be
associated with concurrent AD and DLB pathol-
ogy on autopsy. Subsequent studies confirmed
anosmia to be more common in DLB than in
AD, with anosmia present in 56-65% of patients
with DLB (and some degree of smell loss in
nearly 90%), but in only 11-23% of AD patients
(Olichney et al. 2005; Westervelt et al. 2003).
Assessment of anosmia has been shown to
improve the sensitivity of diagnostic criteria for
DLB, with minimal loss of specificity (Olichney
et al. 2005). Combined, these few studies raise the
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possibility that olfactory measures may be useful
in distinguishing AD from DLB.

Other Dementias Olfactory deficits have also
been described in other dementias, including
recent, consistent findings of smell deficits in
frontotemporal dementia that are generally of the
magnitude of deficits seen in AD (Luzzi et al.
2007; McLaughlin and Westervelt 2008; Pardini
et al. 2009), and, in vascular dementia to a similar
or lesser extent to that seen in AD (Gray et al.
2001; Knupfer and Spiegel 1986).

Head Injury Olfactory loss is fairly common
following head injury (for review, see Costanza
etal. 2003), with the incidence of anosmia ranging
from approximately 5 to 60%. These latter esti-
mates represent the incidence among patients with
severe head injury, though total anosmia can
occur even after very mild injury. Partial or uni-
lateral loss may be less likely to be detected than
total anosmia. Deficits may be caused by a variety
of mechanisms, including sinus/nasal injury,
shearing of the olfactory nerve, or contusion/hem-
orrhage in central processing regions. In regard to
shear injuries, the axons of the olfactory receptor
cells are particularly susceptible to injury as they
pass through the body ridges of the cribiform
plate. Coup and contra-coup forces are likely to
result in anosmia, with occipital blows most fre-
quently causing smell loss.

Schizophrenia Olfactory deficits have been
well-studied in schizophrenia (for review, see
Doty 2003a, b). Deficits have been shown to be
of lesser magnitude than typically seen in AD and
PD, progress with disease duration, and are most
associated with negative symptoms of the disease.
In patients showing olfactory deficits, the impair-
ments appear early in the disease, perhaps in pro-
dromal stages. There does not appear to be any
notable relationship with antipsychotic medication
use or cigarette smoking. Odor identification deficits
correlate most strongly with measures of executive
functioning in this population, rather than those of
medial temporal lobe functioning. All aspects of
olfaction appear to be impaired (i.e., identification,
threshold, discrimination, and memory).
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Evaluation

Clinical History

Obtaining a detailed clinical history is critical in
assessing olfactory deficits. Symptoms should be
clearly defined, and the clinician should attempt to
determine the extent and duration of the perceived
loss, as well as the occurrence of any event asso-
ciated with the deficit (e.g., head injury, illness).
Fluctuations in symptoms may be most suggestive
of obstructive causes, but need to be distinguished
from paroxysmal events. Medical history should
be carefully assessed, as multiple medical condi-
tions and medications may be associated with
olfactory alterations. Referral for an ENT evalua-
tion may be warranted. Olfactory hallucinations,
in particular, require careful work-up as they may
be indicative of seizure or tumor, and are less
likely of primary psychiatric origin.

Classes of Assessment

There are three classes of olfactory assessment
methods: psychophysical, electrophysiological,
and psychophysiological, with psychophysical
assessment being the most common and most
clinically relevant.

Psychophysiological

Psychophysiological assessment of olfactory abil-
ities relies on the measurement of changes in the
autonomic nervous system after presentation of an
odorous stimuli, through such methods as heart
rate and blood pressure. These methods are
rarely used.

Electrophysiological

Electrophysiological assessments examine elec-
trical activity generated in response to an odorant
and are primarily research tools. Electro-
olfactograms (EOG) use electrodes placed on the
human olfactory epithelium to directly assess
olfactory abilities. Olfactory event-related poten-
tials (ERP) are recorded from the scalp surface,
measuring electroencephalographic activity after
presentation of brief, precisely defined odorous
stimuli. For example, chemosensory ERP’s can
be obtained after stimulation of olfactory nerve
(olfactory ERPs) or the trigeminal nerve
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(somatosensory ERPs). Absence of olfactory
ERPs in presence of somatosensory ERPs sug-
gests olfactory deficits. These measures are sensi-
tive to age and gender effects. Chemosensory
evoked potentials are unable to discern where
the impairment is within the olfactory pathway,
but are considered among the only objective ways
of establishing smell loss.

Psychophysical

Psychophysical methods are the most commonly
used assessment practices in both clinical and
research settings. In these techniques, stimuli are
presented, and the patient or participant reports
their perception (detection, discrimination, identi-
fication); this category can be further sub-divided
into threshold and suprathreshold tasks.

Threshold Testing Threshold testing is used to
determine at what concentration a patient or par-
ticipant can accurately detect the presence of an
odor. Two methods have been developed to deter-
mine this threshold: the method of limits proce-
dure and the single staircase procedure. In the
method of limits procedure, a low concentration
of a specific odor is presented, and the concentra-
tion is increased until it can be detected. In the
single staircase procedure, the concentration is
increased following trials in which the participant
cannot detect the odor, and decreased following
correct detection. There are commercially avail-
able smell threshold tests, for example, using felt-
tipped pens and squeeze bottles. Olfactometers
can be used to present precise amounts of odorants
through constant airflow. However, many of these
techniques can be cumbersome for clinical use.

Suprathreshold Tasks Suprathreshold tasks
include rating scales/magnitude estimation scales,
odor identification tasks, and odor memory/rec-
ognition tasks. When using rating scales, the par-
ticipant rates the amount of the attribute perceived
(e.g., pleasantness); these may include category
scales (which category describes sensation) and
line scales (placement of mark on line with
descriptors). When using a magnitude estimation
scales, a participant will assign a number to stim-
uli in relation to relative intensity.
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Odor Identification Tasks Odor identification
tasks also suprathreshold tasks, require partici-
pants to identify odors, often by presenting
scratch-and-sniff items, tinctures in jars, or
odorant-soaked tampons. These tasks almost
invariably include multiple choice options, as
odor identification is otherwise extremely chal-
lenging even for individuals with intact olfactory
abilities. These tasks are easy to administer and
the most frequent type of task used in clinical
settings, but can be somewhat costly depending
on the task. The most widely used odor identifica-
tion task is the University of Pennsylvania Smell
Identification Task (UPSIT), which consists
40 micro-encapsulated odorants presented in a
4-option, multiple choice format. Other, briefer
measures include 12-item versions (e.g., Cross-
Cultural Smell Identification Test/Brief Smell Iden-
tification Test (BSIT), the BSIT-A designed espe-
cially for AD, the BSIT-B designed especially for
PD) and a 3-item screen (Pocket Smell Test). The
UPSIT and BSIT both have associated norms.
Sniffin’ Sticks includes both a threshold task and
an odor identification task, and is extensively
normed in European samples (Hummell et al. 2007).

Odor Memory Test Odor memory test involve
having the individual smell an odor (or group of
odors), and after a specified period of time, rec-
ognize the odor from a set of distracters. Often,
novel, non-descript odors are utilized to minimize
the ability to label, and interference tasks are
introduced during delays to minimize rehearsal
of the odor labels/qualifiers.

Other Olfactory Assessment Tools

The Sniff Magnitude Test

The sniff magnitude test is a recently developed
clinical measure of olfaction based on the reflex-
like reduction in sniffing that occurs in response to
detection of odors (especially unpleasant odors),
but does not occur when sniffing non-odorized air
(Frank et al. 2003). This response is observed in
people with normal sense of smell, but is absent in
those with anosmia. The task involves having the
patient sniff a canister that releases either a blank
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or an odor, while wearing a nasal cannula
connected to a device to measure the negative
pressure created by the sniff. The test is quick to
administer (about 5 min) and has minimal, if any,
reliance on cognition, linguistic ability, and famil-
iarity of odors.

Neuroimaging Imaging, particularly MRI, is
clearly important for identification of structural
lesions that may be impinging on the olfactory
system, or in assisting in diagnosis of other neu-
rologic disorders that may account for smell loss.
CT is frequently used in identifying sinonasal
disease. MRI can also be useful in evaluating
changes in olfactory bulb volume due to viral,
traumatic, or idiopathic olfactory dysfunction,
with good relationship demonstrated between
objective olfactometry (with chemosensory
evoked potentials) and bulb volume. Functional
scans, in particular fMRI and PET, are also often
used as research tools in studying the functional
organization of olfaction. These studies have
shown involvement in the amygdala, piriform cor-
tex, OFC, insula, anterior cingulate, thalamus, cau-
date, subiculum, upper pons, and cerebellar vermis,
with different activation patterns depending on the
nature of the task (e.g., sniffing, smelling single
odors, discrimination, identification, etc.).

Treatment

Treatment is most promising in patients with
smell loss associated with conduction problems.
For example, antibiotic treatment, steroids, and
allergy management may be helpful in reducing
deficits associated with inflammatory disease.
Surgical removal of other obstructions, such as
nasal polyps, can also be effective in restoring
olfactory ability. In contrast, treatment of sensori-
neural/central neural problems is often less effec-
tive. Exceptions may include resection of tumors
impinging on the olfactory system and, in some
cases, resection of epileptogenic foci associated
with olfactory seizures. latrogenic effects of med-
ications are typically reversible with discontinua-
tion of the medication and eventual improvement
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in smell is expected after cessation of smoking.
Recent work also suggests that olfactory training
may improve olfaction in some patients (Hummel
et al. 2009). Zinc or vitamin therapies are at times
prescribed to treat olfactory loss, but there is little
evidence of benefit in the absence of associated
deficiencies. Typically, the more severe and long-
standing the smell loss, the less likely recovery is
in sensorineural/central neural disorders. Espe-
cially for individuals who do not respond to treat-
ment, education about the safety implications of
smell loss is important, given concerns of the
patient’s failure to detect hazardous odors (e.g.,
smoke) or spoiled food. Nutritional status may
also be compromised in patients with olfactory
deficits, and use of flavor enhancements in foods
can be helpful in improving food intake
(Schiffman 2000).
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Definition

Anosodiaphoria is defined as the failure to fully
appreciate the significance of a neurological def-
icit as a result of a brain lesion.

Current Knowledge

Following certain injuries to the brain, most com-
monly strokes in the right hemisphere, a patient
may fail to recognize (deny) the resulting neuro-
logical deficit(s), such as paralysis. This latter
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condition is known as anosognosia. With time,
patients typically show increased awareness of
the deficit. For example, if asked, they might
acknowledge that a stroke has occurred and that
their ability to use their arm or leg has been
affected. However, the patient might fail to fully
appreciate the extent or functional implications of
the deficit, attribute it to another more benign
factor (such as being right-handed), or otherwise
appear relatively unconcerned about it. This latter
condition has been termed anosodiaphoria (Adair
etal. 2003; Critchley 1969). Thus, while acknowl-
edging that his arm and/or leg are/is “weak,” a
patient may talk about his plans to return to work
in the near future, although that may be totally
unrealistic, given the severity of his condition and
the nature of his work. There does not appear to be
any clear consensus as to the etiology of this
condition, the level of denial of which might be
seen to vary from one day to the next. The more
common hypotheses are that the anosodiaphoria
likely reflects the same type of neglect or inatten-
tion that results in the original anosognosia, only
less severe, is a result of a general emotional
flattening or indifference that can follow right
hemispheric lesions, or a combination of the two
(Heilman et al. 2003).
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Synonyms

Self-awareness

Definition

Anosognosia is a disorder characterized by denial
of illness or lack of awareness of disability.

Historical Background

In the clinic, it is very common to see patients who
suffer with a neurological disease, such as stroke,
but who appear to deny illness or be unaware of
their disabilities. Seneca, the Stoic philosopher,
noted this about 2000 years ago, but the first mod-
ermn description of a patient with unawareness-
denial was by von Monakow (1885). Although
there were other investigators who wrote about
this striking disorder, it was Babinski (1914), who
coined the term anosognosia. This word comes
from three roots: a = without, noso = disease,
and gnosis = knowledge. In addition to describing
patients who were unaware of their illness or dis-
ability, Babinski described other patients who
appeared to be aware but remained unconcerned.
He called this disorder, anosodiaphoria.

There are many forms of anosognosia and
these forms are related to the nature of a patient’s
disability. When Babinski first used this term, the
patients he described denied or were unaware of
their hemiparesis. Anton (1898) described
patients who were unable to see because they
had destroyed their primary visual cortex but
were unaware or denied their blindness. Patients
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with Korsakoff’s amnesic disorder are unaware of
their memory loss, and aphasic patients such as
those with Wernicke’s aphasia appear to be
unaware of their jargon speech.

Current Knowledge

Although of great academic interest, the presence
of anosognosia or anosodiaphoria has important
medical implications. For example, there are now
treatments for stroke that must be given within
hours of the onset of symptoms. The patients who
are unaware of their disabilities or undervalue
their importance might not seek immediate med-
ical attention. In addition, people who have dis-
abilities but are not aware of these disabilities
might inadvertently injure themselves and/or
others. Rehabilitation works best, when patients
are strongly motivated to get well. When a person
is either unconcerned or unaware of their disabil-
ities, they are not motivated, and unmotivated
patients are less likely to benefit from these treat-
ments. They might even refuse to undergo reha-
bilitation, and they might not take their
medications that can reduce their disability or
possibly prevent further possible brain damage.

Possible Mechanisms of Anosognosia for
Hemiplegia

Patients with hemispheric strokes often develop
an inability to use the arm-hand on the
contralesional side of their body (hemiparesis).
Many of these patients will be unaware of their
weakness and when asked about the presence of
weakness, they will deny this disability. Several,
not mutually exclusive, mechanisms have been
used to explain this phenomenon.

Psychological Denial Weinstein and Kahn
(1955) who brought modern attention to this syn-
drome posited that for many people having a
stroke with weakness was a psychologically
traumatic event, and the means by which some
people deal with this trauma is to use psycho-
logical denial. To test this hypothesis, Weinstein
and Kahn studied patients who had anosognosia
and found that even before their stroke, these
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patients frequently used this denial defense
mechanism.

Some investigators have noted that anosognosia
for hemiplegia is more often associated with a left
than right hemiparesis. The psychological denial
theory of anosognosia cannot explain this asym-
metry. Many patients with left hemisphere injury,
however, are aphasic and have problems with both
the comprehension of questions (What is wrong
with you? Are you weak?) as well as speaking-
answering questions. Thus, Weinstein and Kahn
thought what appeared to be a hemispheric asym-
metry was induced by a sampling bias.

Using selective hemispheric anesthesia (the Wada
study) and questioning the patient after they recover
from anesthesia revealed that unawareness of the
hemiplegia (anosognosia) was more common with
the right than left hemisphere anesthesia (Gilmore
et al. 1992). After the selective hemispheric anesthe-
sia has worn off, there is no aphasia or a need for
psychological denial. The right-left hemisphere
asymmetries found were within subjects, and thus
premorbid personality can also not account for this
asymmetry. Although this study suggests that denial
cannot entirely explain anosognosia for hemiplegia,
denial might be used by many people to help deal
with diseases and disabilities.

Failure of Feedback To know something is
impaired, a person requires feedback. Many
investigators have suggested that it is a failure of
feedback, induced by either sensory loss (e.g.,
proprioception and hemianopia) or inattention
neglect, spatial or personal, that accounts for
anosognosia of hemiplegia. That inattention
neglect that is more commonly associated with
right hemisphere injury might also account for
the asymmetries of anosognosia.

Studies from our laboratory have revealed when
undergoing selective right hemisphere anesthesia,
during the time these patients demonstrate shoulder
weakness, their shoulder proprioception is intact.
To learn if this disorder could be related to neglect,
spatial or personal, we brought their hemiplegic left
forelimb over to the right side of their body and to
their right visual field. To make certain subjects see
their hand, we wrote a number on their hand, and
subjects were able to read these numbers. Despite
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these strategies many, but not all, patients still
denied weakness of that hand. Thus, a failure of
feedback can only explain anosognosia in some
patients. In support of this postulate, several inves-
tigators have reported dissociations between the
presence of spatial neglect and anosognosia.

Asomatognosia Hypothesis While patients with
personal neglect might be unaware of the parts of
their body, patients with asomatognosia do not
feel or claim that certain body parts belong to
them. It has been posited that asomatognosia is
caused by the alteration of the brain’s representa-
tion of the body, a body schema. Like spatial and
personal neglect, asomatognosia is more com-
monly associated with right than left hemisphere
lesions. If patients with right hemisphere injury do
not believe their left arm-hand belongs to them,
they will not recognize their own weakness. Dur-
ing right hemispheric anesthesia, the patients with
left hemiplegia were shown their left hand or
someone else’s left hand in a restricted view box
that projected to their right visual field. The
patients were asked if the hand they were viewing
was their own or another person’s hand. We found
that there were some patients who had
anosognosia who also had asomatognosia, but
only a small proportion. Thus, asomatognosia
can also not fully account for this disorder.

Disconnection Hypothesis When a patient with a
complete callosal disconnection receives a stimu-
lus to the left visual field or on the left side of the
body and is asked to tell the examiner the nature of
the stimulus, the left language-speech hemisphere
often confabulates a response. Geschwind (1965)
noted that large right hemisphere lesions can both
injure the right hemisphere’s cortex and
intrahemispheric networks, as well as induce an
interhemispheric  disconnection. Thus, when
asked about weakness, the left hemisphere which
is disconnected from the right will confabulate a
response — “I am not weak.” The observation
mentioned above, where during the right hemi-
sphere anesthesia the patient’s left hand is brought
over to the right visual field and thus has access to
the left language-speech-dominant hemisphere,
also tests this disconnection hypothesis. As
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mentioned, in few patients when their arm could
be visualized in the right visual field, they did
recognize their weakness. In these cases, we can-
not be sure if their anosognosia was induced by a
failure in feedback or a disconnection. Future
research will have to learn if these mechanisms
can be dissociated. However, as mentioned above,
this procedure only helps a small minority of
patients.

Phantom Movements Limb amputation is often
associated with a perception that the limb is still
present, and this perception is thought to be
related to the continued presence of a brain repre-
sentation of that missing phantom limb. When
patients with a hemiparesis are asked to move a
limb, many often perceive that the paretic limb is
moving, and this phantom movement in combina-
tion with impaired feedback might account for
anosognosia. During selective hemispheric anes-
thesia (Wada test), we had blindfolded subjects
with left hemiplegia attempt to raise their paretic
left arm, and we then asked them to raise their
right (non-paretic) arm to the same level as they
perceived the left arm. Some of the patients we
tested did raise their right arm, suggesting that
they had phantom movements, but we found no
significant relationship between phantom move-
ments and anosognosia.

Intentional Motor Disorder Patients with right
hemisphere lesions often demonstrate contralesional
limb akinesia also called motor neglect. Many of
these patients do not attempt to spontaneously move
their akinetic arm, and while less common some
do not even attempt to move this arm to com-
mand. Limb akinesia can occur both with and
without a hemiplegia. Patients with limb
akinesia might not discover that they are weak
because they do not attempt to move this left
arm. If they do not attempt to move this arm,
they will not experience a dissociation between
their expectations and performance, and it is this
dissociation that alerts people that there is a
problem. Providing external motivation such as
suggestions or commands might entice patients
to attempt a movement, and with these com-
mands some patients do discover their
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weakness. Electromyographic studies have also
provided evidence in support of this akinesia
hypothesis.

Summary Based on the above discussion, it
appears that several mechanisms might contribute
to the presence of anosognosia for hemiplegia.

Possible Mechanisms of Anosognosia for
Amnesia and Cortical Blindness

Damage to three interconnected brain networks can
produce amnesia, an impairment in the episodic
memory system: (1) the medial temporal lobe —
Papez circuit (e.g., hippocampus, entorhinal and
perirhinal cortex, fornix, the mammillary bodies,
the mammillothalamic tract, the anterior thalamus,
and the retrosplenial cortex); (2) the dorsomedial
thalamus; and (3) the basal forebrain (medial septal
nucleus and the diagonal band of Broca), which
provide acetylcholine to the hippocampus. Amnesic
patients with medial temporal lesions are often
aware of their disability, and patients with damage
to the basal forebrain and to the medial thalamus are
often unaware of their memory deficit.

The reason for this dichotomy is not fully
known, but the dorsomedial thalamic nucleus is
heavily connected with the frontal lobes, and
damage to this dorsomedial nucleus induces fron-
tal dysfunction. Damage to the basal forebrain is
also often associated with frontal dysfunction.
Frontal lobe dysfunction is often associated with
impaired recall but not recognition, suggesting
that the problem is not with the consolidation of
memories but rather retrieval. The patients with
amnesia from a thalamic or basal forebrain injury
more often confabulate memories than do those
with medial temporal lobe damage. Since these
patients retrieve memories and have no means of
testing these memories’ veracity, they might be
unaware that their recall is incorrect, and therefore
they might be unaware of their memory disorder.

Blindness Patients with Anton’s syndrome have
blindness from damage to their primary visual
cortex, usually from stroke. These patients often
deny their blindness, confabulate responses, and
are unaware they are blind, anosognosic. The rea-
son why these patients are not aware of their
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blindness is not known. We examined a patient
with Anton’s syndrome who had intact visual
imagery. Perhaps since these patients have intact
visual imagery and cannot receive visual input,
this imagery is mistaken for online input.

Possible Mechanisms for Unawareness of
Aphasia

Patients with Wernicke’s aphasia speak in jargon,
cannot comprehend, name, or repeat. Many are not
aware that they are aphasic and that they are speak-
ing in jargon. For example, we saw a patient, who,
when speaking jargon, became angry when he was
not understood. It has been posited that Wernicke’s
aphasia is induced by injury to the phonological
lexicon — a store of learned word sounds. To be
aware that an error has been made, a person needs to
have a normal representation of the targeted behav-
ior. Since patients with Wernicke’s aphasia have
destroyed their representations of word sounds
when they speak jargon, they have no representa-
tions with which to compare their speech and are
thus unaware of their errors.

We have also reported patients who appear to
have an intact input lexicon (e.g., can understand
speech) but who make phonological errors and are
not aware that they made these errors. If these
patients’ speech is recorded and played back to
them, they do detect their errors, suggesting that
their unawareness might have been related to not
being able to closely attend to their output. These
aphasic patients might have focused their atten-
tion on what they were attempting to say rather
than how they said it.

Future Directions

Anosognosia, the failure to recognize a disease or
a disability, might delay treatment, interfere with
rehabilitation, and put people in danger. Patients
might be anosognosic for a variety of neurological
disorders such as weakness, sensory loss, personal
and spatial neglect, memory loss, and aphasia.
There appears to be a variety of mechanism that
might account for anosognosia including psycho-
logical denial, impaired and false feedback, alter-
ations of the body schema, failures to test systems,
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and to initiate behaviors. Future research is
needed. In addition to continuing to define and
test possible mechanisms, effective treatments for
these disorders are needed.
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Anoxia
Definition

Hypoxia refers to a decrease in oxygen supply
rather than a complete loss of oxygenation
(Jones 2015). Anoxia refers to an extreme hyp-
oxia or deficiency in the oxygenation of the
arterial blood of sufficient severity to result in
permanent neurologic damage (Webster 2006).
This vulnerability to severely reduced oxygen-
ation is based on the fact that the brain has little
to no reserve of oxygen or glucose, conse-
quently an anoxic episode of 4—6 min can result
in neuronal cell death or necrosis because of
impairment in cellular metabolism (Zillmer
and Spiers 2001).

Etiology

Anoxia can result from a number of conditions
including cardiac arrest, carbon monoxide poi-
soning, stroke, brain injury, and complications
due to anesthesia. It is thought that cells exposed
to anoxia release glutamate. The CA1 cells of the
hippocampus contain high concentrations of glu-
tamate and are particularly vulnerable to subnor-
mal oxygenation levels. Therefore, it appears
that the action of glutamate on these cells is the
putative mechanism mediating cell death in this
region of the hippocampus and helps explain
many of the signs and symptoms associated
with anoxia (Bonner and Bonner 1991). The
decreased oxygenation seen in hypoxia may be
caused by airway obstruction, apnea, lung col-
lapse, medication side effects, anemia, and heart
failure (Auday et al. 2014).

Signs and Symptoms

Mild cerebral hypoxia may include the symptoms of
inattentiveness, poor judgment, memory loss, and a
decrease in motor coordination (NINDS 2015),
while anoxia often results in impairments in memory,
executive, and motor function. Signs and symptoms
are likely attributable to damage to limbic and sub-
cortical regions, in addition to the frontal lobes and
the cerebellum (Golden et al. 1992).
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Neuropsychological and Psychological
Outcomes

Anoxia can result in impairments in anterograde
memory which in its most severe form may man-
ifest as an amnestic disorder. Presenting symp-
toms may also include impairments in awareness
and affect as well as confabulatory behavior.
Anoxia associated with cardiac arrest may include
amnesia, in addition to bibrachial paresis, cortical
blindness, and visual agnosia. Carbon monoxide
poisoning may be associated with affective and
cognitive disturbances associated with anoxia-
induced dysfunction (Aminoff et al. 2005). Vul-
nerability to cognitive impairments in response to
decreased arterial oxygenation is supported by the
finding that experimental induction of hypoxia in
healthy subjects showed decrements of 10-36%
in neurocognitive processes that are vulnerable to
oxygen deprivation including verbal and visual
memory, processing speed, executive function
psychomotor speed, reaction time, complex atten-
tion, and cognitive flexibility (Turner et al. 2015).
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Synonyms

ACA,; Cerebral artery

Definition

The anterior cerebral artery (ACA) arises as the
medial branch of an anterior bifurcation of the
internal carotid artery (ICA) at later embryonic
stages of development (Menshawi et al. 2015).
The ACA supplies the anterior four-fifths of the
medial surface of the cerebral hemisphere, frontal
and parietal lobes, the anterior four-fifths of the
corpus callosum, and a narrow strip of the superior,
lateral surface of the cerebral hemisphere (Zhou
et al. 2013), as well as the front portion of the
diencephalon (Rea 2015). Three major vascular
areas supply the head of the caudate nucleus, i.e.,
Heubner’s artery, the anterior lenticulostriate arter-
ies (from the proximal section of the anterior cere-
bral artery), and the lateral lenticulostriate arteries
(from the middle cerebral artery) (Mizuta and
Motomura 2006). Various motor areas are supplied
by the ACA including the supplementary motor
complex, the anterior and middle cingulate cortex,
and the rostral section of the corpus callosum. The
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ACA is also part of the vasculature of the Circle of
Willis, arising from trifurcations implicated by an
anastomosis created by the ICAs (Vrselja et al.
2014). Thus, when blood supply from the ACA is
impeded (anterior cerebral artery syndrome), symp-
tomatology varies with the degree and location of
restriction within the ACA (Vrselja et al. 2014).

Categories

The ACA is structurally delineated by five distinct
segments, commonly referred to as segments
A1-AS5. Al branches from the ICA bifurcation
and extends to also entail the anterior communi-
cating artery (ACoA). The A2 segment extends
from the ACoA to the bifurcation forming the
pericallosal and callosomarginal arteries.
Heubner’s artery (which supplies the internal cap-
sule) usually arises at the beginning of A2 near the
ACoA. Branching from Heubner’s artery are the
orbitofrontal artery (medial frontal basal) and the
frontopolar artery (polar frontal) (which rises after
the orbitofrontal artery and is close to A2’s span
over the corpus callosum). A2 mimics the length
and contours of the genu and rostrum in the corpus
callosum. A3, known as the pericallosal artery,
extends posteriorly in the pericallosal sulcus to
form the internal superior and inferior parietal
arteries, as well as the precuneal artery (Lawton
and Mirzadeh 2012). The callosal marginal artery
branches out from the pericallosal artery. A3 is
also known to form anastomoses with neighbor-
ing arteries. A4 and A5 segments are also known
as the supracallosal and postcallosal segments
(respectively) and outline the body of the corpus
callosum, the division between them being
located at the plane of the coronal suture
(Lawton and Mirzadeh 2012).

Medical, Neuropsychological, and
Psychological Symptoms

Infarctions in the territory of this artery are asso-
ciated with a variety of clinical signs and symp-
toms including gait, limb sensation, abulia, lack of
spontaneous activity, urinary incontinence, and
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frontal and memory impairments, in addition to
emotional dysregulation (apathy) (Brust 1995).
Associated aneurysms are found relatively fre-
quently in patients with ACA variations (Uchino
et al. 2006). The effects of ACA occlusion vary in
severity depending on if the recurrent artery of
Heubner is present. Spastic arms, flaccid legs, and
brisk reflexes may occur if the Heubner artery is
present. Blockage in the proximal segment can
result in upper motor neuron pathology of the
face. If branches to the olfactory bulb and tract
are affected, anosmia may result. Extensive ante-
rior cerebral artery occlusion can affect micturi-
tion. If occlusion affects blood flow to the frontal
lobe or corpus callosum, apathy may result. Less
severe occlusions may only affect the lower limbs
with signs such as reduced sensation, lack of
power, up-going plantar reflexes, and brisk
reflexes (Rea2015). In ACA stroke cases, patients
may present with difficulties in performing voli-
tional hand movements, while movements in
response to external stimuli are preserved. In the
chronic stage (median follow-up of 83.5 days),
improvements in the initiation of voluntary move-
ments may occur, although signs of disturbed
motor control may persist (Brugger et al. 2015).
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Structure

The anterior cingulate cortex (ACC) is a meso-
cortical paralimbic area located anterior to the
corpus callosum and posterior to the prefrontal
cortex. The ACC was once viewed as a single
limbic structure, forming an important part of the
“Papez” circuit, though in reality analysis of its
cytoarchitecture indicates that it consists of
regions with different cell types. Its cell charac-
teristics are agranular and therefore are distinct
from the cortex.

The ACC encompasses several Brodmann
areas, including areas 24, 25, 32, and 33. The
ACC wraps around the corpus callosum, having
the appearance of a collar or belt. In fact, the term
cingulum means belt in Latin. A large volume of
the ventral ACC consists of Area 24, which
merges with the posterior cingulate cortex (Area
23) along the posterior half of the corpus
callosum. The division between the ACC and
posterior cingulate is undifferentiated to a large
extent, though these areas can be separated based
on the cortical layer IV in the posterior cingulate.
Anterior to Area 24 is the subgenual cortex (Area
25), which may be considered to be distinct from
other ACC areas. Anterior to this region is the
dorsal ACC, including areas 32 and 33. The mid-
anterior section of the ACC is often termed mid-
cingulate (mACC), while the more posterior
section is termed perigenual cingulate (pACC).
These areas have distinct cell characteristics, and
there is strong evidence of functional differences
across subareas of the ACC.

Primary afferent input to the ACC is received
via axons from the midline and intralaminar
thalamic nuclei, with the anterior nucleus
receiving input from mamillary neurons, which
in turn has projections from the subiculum. The
ACC is associated with a large white-matter
bundle, the cingulum, through which signals
are transmitted to other limbic areas. As a para-
limbic area, the ACC is a transition area between
subcortical and limbic structures, such as the
amygdala and cortical areas, most notably in
the frontal lobes. The posterior ACC has heavy
input from the amygdala, whereas the mid-ACC
receives greater input from parietal areas.
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Connections between the ACC and the mesial,
ventral, and orbital frontal areas appear to be
particularly important for emotional and behav-
ioral regulation.

Function

Current knowledge regarding the functions of
the ACC has its origins in the psychosurgical
efforts of the mid-twentieth century. At that
time, the role of the frontal lobes in emotion
and behavioral control were recognized, and
frontal lobotomy was experimented with as a
means of treating a variety of psychiatric condi-
tions, including severe depression and schizo-
phrenia. While frontal lobotomy resulted in a
reduction in agitation and other severe psychiat-
ric symptoms, surgical removal of the frontal
lobe caused severe cognitive dysfunction.
Given that the orbital frontal region was consid-
ered to be particularly important for the control
of impulses and emotional regulation, subse-
quent psychosurgical approaches typically
restricted ablation to these areas, often through
leukotomy. Unfortunately, patients undergoing
this procedure often exhibited marked personal-
ity change, with flattening of affect, apathy, and
other undesirable effects. A third generation of
psychosurgical procedures ensued with efforts
to target brain areas more selectively. The ACC
was a point of focus because of its association
with both limbic areas as well as the frontal
cortex. Beginning in the late 1950s,
cingulotomy was developed as an alternative to
frontal ablation. Early studies suggested that it
had few adverse cognitive effects and that it
seemed helpful for certain patients, particularly
those with intractable obsessive-compulsive
symptoms, chronic pain, and opiate dependence.
There was also some evidence that it was helpful
for patients with severe chronic depression,
though the basis for these effects may relate to
reductions in emotional tension, obsessive
thought processes, and other depression-
associated problems.

Literature on the psychosurgical effects of
cingulotomy provided compelling evidence that
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the ACC plays a role in human emotional experi-
ence and regulation. Furthermore, there is also
evidence that the ACC influences autonomic ner-
vous system response, including heart rate, blood
pressure, and galvanic skin response, with these
responses showing alterations in the rate of habit-
uation following cingulotomy (Cohen et al.
1994). Yet, most early studies of the effects of
cingulotomy suggested that the ACC had little
impact on intellectual ability or most neuropsy-
chological functions. Postsurgery patients tended
not to experience significant memory, language,
or visual change. Subsequent controlled studies
indicated that while these functions are largely
spared following cingulotomy, there are alter-
ations in some attention-related functions, most
notably attentional focus, intention, and response
selection and control (Cohen et al. 2001). These
changes correspond with reductions in emotional
tension and distress and also a tendency for
reduced self-initiation of behavior (Cohen
etal. 2001).

Recent experimental evidence suggests a
functional dissociation between the posterior
and middle ACC. The mid-ACC plays a role in
response selection and control, including inten-
tion and planning to act or to engage in cognitive
operations. It has also been implicated in pro-
cessing new motor programs, working memory,
and mismatch detection. In contrast, the poste-
rior ACC appears to play a more direct role in
emotional processing, though these areas are
likely highly interconnected, enabling the inte-
gration of emotional and attentional processes
(Bush et al. 2000).

Interest in the functional significance of ACC
increased dramatically with the advent of func-
tional neuroimaging methods. Activation of the
ACC is evident across a wide range of tasks. In
fact, it is among the most responsive areas of the
brain on fMRI. This probably reflects the fact that
it plays an increased role when tasks require moti-
vation and drive to complete and where there is
demand for attentional effort and focus.

The ACC plays a significant role in response
to the conflict during cognitive tasks associated
with decision making and the need to resolve
competing or discrepant information (Botvinick
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et al. 1999). Some cognitive neuroscientists
argue that conflict monitoring is the primary
function of the ACC, though it seems likely that
this capacity is closely associated with the
broader functions of regulation of drive, emotion,
attention, and response intention; and selection,
initiation, and persistence relative to situational
demands.

Illiness

Focal brain diseases affecting only the ACC are
rare. However, the ACC is vulnerable to the
effects of tumor, stroke, and other neurological
conditions involving anterior cortical infarction
or mass action. Unilateral ablation of the ACC in
laboratory studies of primates, and also secondary
to stroke, has been shown to produce hemineglect
syndrome, providing further evidence that the
ACC plays an important role in attention. There
is evidence of ACC dysfunction secondary to
atrophy associated with neurodegenerative condi-
tions, such as Alzheimer’s disease, which may
contribute to symptoms of apathy and behavioral
inertia in certain patients. However, these changes
are usually part of a much more global pattern of
brain abnormality.

The ACC plays a more obvious role in psychi-
atric illness and also the range of normal behavior.
Activation of the ACC occurs in association with
increased levels of distress and emotional tension
and anxiety. It also tends to be associated with
obsessive rumination and preoccupation with
internal states and signals, such as pain and
impulses to seek reward. Accordingly, the ACC
has been implicated in substance abuse, including
opiate addiction and nicotine dependence.
Citalopram binds to the serotonin transporter at
very high levels in the posterior ACC, which may
account for the effects of this type of drug on
reducing mood, anxiety, and pain symptoms.
There is also evidence that functional response
of the ACC varies as a function of risk-reward
dynamics, appetitive state, and motivation. Neu-
roimaging studies have begun to point to its role in
a variety of behavior problems, such as obesity
and inactivity.
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Synonyms

Interhemispheric commissure

Anterior Commissure

Anterior Commissure, Fig. 1

Definition

A relatively small commissure in the basal fore-
brain lying above the optic chiasm and anterior to
the main columns of the fornix that connects
homologous areas of the middle and inferior tem-
poral gyri, including parts of the olfactory cortices

(Fig. 1).

Anterior Communicating
Artery
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Synonyms

ACoA; Communicating artery
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Anterior Communicating Artery

Description

The anterior communicating artery (ACoA) inter-
connects the two anterior cerebral arteries just
rostral to the optic chiasm and resides at the ante-
rior portion of the Circle of Willis.

Ruptured ACoA aneurysms may impact a vari-
ety of neurologic, neuropsychological, and psy-
chological functions. This may, in part, be due to
the fact that the perforating branches of the ACoA
supply the anterior hypothalamus, mesial anterior
commissure, lamina termininalis, and areas impli-
cated in executive function, memory, and affect
(e.g., fornix and basal forebrain, septal nuclei,
nucleus accumbens, diagonal band, and the
medial substantia innominata) (DeLuca and
Diamond 1995; Sawada and Kazui 1995). The
profound memory disorders that can be associated
with ACoA aneurysm rupture do not appear to
directly involve neuroanatomic areas traditionally
implicated in amnesia, which makes the ACoA
artery of both clinical and theoretical interest.

Etiology

ACoA aneurysms may develop as a result of
trauma, infections, degenerative diseases, or a
congenital defect (Parkin and Leng 1993). Aneu-
rysms often become symptomatic as a result of
subarachnoid hemorrhage (SAH) following rup-
ture (Riina et al. 2002). SAH has an overall inci-
dence of 10 to 16 per 100,000 and is a major cause
of mortality and morbidity (Clinchot et al. 1994).
