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ABSTRACT

RELATIONSHIPS BETWEEN MRI-OBSERVED PLAQUE
AND MEMORY FUNCTIONING IN MULTIPLE SCLEROSIS

By
Gregg Ashley Martin

Memory deficits are fairly common in MS, but like motor
and sensory impairments, relatively little is know about the
the pathological processes responsible for the marked inter-
and intra-patient variations in functioning. Magnetic
resonance imaging (MRI) provides the first reliable method
of observing MS plaque in vivo, but reports of the
relationship between MRI-visualized lesion burden and
impairment have been disappointing. However, these
generally negative findings may have resulted from
insensitive MRI and deficit measures, especially in studies
of memory. This investigation compared several MRI indices
to identify which lesion burden markers are most predictive
of memory dysfunction. Forty-one clinically-definite MS
patients of varying disease and demographic characteristics
were administered the Wechsler Memory Scale - Revised and
California Verbal Learning Test. MRI's were scored for
whole brain, cerebral, and uni-hemisphere lesion area as
well as corpus collosal (CC) and periventricular
involvement. Correlations between lesion burden and memory
measures were relatively small, but comparable to those
reported previously. Contrary to prediction, cerebral
lesion area was not more sensitive to memory test
performance than the other lesion burden indices excepting

CC lesion area. The absolute and relative degree of



Gregg Ashley Martin
association between lesion and memory appeared similar
across primary versus secondary and verbal versus visual
memory measures, disease course and duration, and one
estimate of premorbid cognitive functioning. The failure of
cerebral lesion area to outperform other plagque measures 1is
attributed partly to a possible nonlinear relationship
between function and acute plaque fluctuation. MRI
insensitivity to histological-level changes, lesion
dissemination characteristics, diffferences between direct
versus representational lesion indices, and restriction of
memory test performance range also are offered as factors

contributing to the results.
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INTRODUCTION

Multiple sclerosis (MS) is a chronic neurologic disease
noted for its extremely varied symptoms and course, but also
for its consistently similar pathological changes to CNS
myelin. These changes are characterized by glial plaques
disseminated in time and space. Identification of
etiological and pathogenic factors continues to frustrate
the scientific community; thus, much of what is known about
MS concerns its clinical and pathophysiological features
(Matthews, Acheson, Batchelor, & Weller, 1985).

Physical manisfestations associated with MS are fairly
well-documented, whereas investigations of cognitive
dysfunctions have followed more slowly (Grant, 1986).
Paralleling deficits in motor and sensory functions,
deteriorations in mentation vary widely among patients
although some degree of memory decline is relatively common
(Rao, 1986).

Memory impairments were included in the earliest
descriptions of MS (e.g., Charcot, 1877). Yet, delineation
of all cognition in MS lagged until the mid-1900's with the
advent of modern, empirically-based testing. Until the last
decade, however, the evaluation of memory has not been a
major focus. These later efforts have been primarily
concerned with the description of memory impairments within
the patient population. Very little data exist on the
relationship between pathological changes in the CNS and
memory decline. 1In great part, this paucity reflects the

1



fact that the field lacked reliable methods for identifying
MS plaque in-vivo until recently. Current breakthroughs in
nuclear magnetic resonance imaging (MRI) may offer the
technology needed for such essential, but neglected,
research.

At this point, a general description of MS would be
useful before proceeding with a review of the literature on

memory functioning in MS.
General Description of MS

MS was identified as a clinical entity through the work
of Jean-Martin Charcot in mid-nineteenth century Paris
(Charcot, 1877). Parceling together earlier, but
incomplete, descriptions by Cruveilhier, and his own
clinical experiences, Charcot identified distinguishing
characteristics needed for accurate course description and
differential diagnosis (Compsten, 1988). More importantly,
Charcot made the fundamental connection between clinical
course and the morphological changes (i.e., plaque-like
lesions) seen at autopsy. By the turn of the century, a
large body of knowledge had been compiled about the course,
clinical features, and pathophysiology of MS (e.g., Meuller,
1904) and much of this data remains accurate by modern
standards (see Brain, 1930; Dejong, 1970; McAlpine, 1955 and
1972 for more detailed treatment).

Current research in the United States suggests that,
aside from traumatic injury, MS is the most common
neurological disorder of people under 60 years of age
(Johnson, Katzman, McGreer, Price, Shooter, & Silberberg,

1979), yet it is relatively rare, with an annual incidence



of less than 5 per 100,000 (Baum & Rothschild, 1981).
Incidence rates are typically higher in women than for men
at a ratio of approximately 1.8 : 1 (Kurtzke, Beebe, &
Norman, 1979). MS rarely appears before adolescence; rates
increase greatly through the early 40's and decrease
markedly after the sixth decade (Visscher, Clark, Detels,
Malmgren, Valdiviezo, & Dudley, 1981). Blacks apppear to
have a lower predilection for MS than whites, although both
races have similar age and geographic distributions
(Acheson, 1985).

An especially enigmatic feature of MS is its lack of
uniform geographical distribution as identified in even the
earliest epidemiological studies (e.g., Steiner, 1938;
Limburg, 1950). A direct and positive relationship between
the distance from the equator and the rate of incidence is
consistently apparent (e.g., Gonzalez-Scarno, Spielman, &
Nathanson, 1986). Furthermore, the "risk factor" associated
with residence appears to be mutable. Acheson (1985)
reviewed a number of epidemiological studies collected
throughout the world. From this, he presented evidence
suggesting that a person migrating to a different latitude
before the age of 15 "acquires" approximately the same
probability of developing the disease as his/her new
neighbors. Moves after the age of 15 result in no shift in
the "risk factor" and a person retains approximately the
same probability of acquiring MS as his/her homelanders.
Numerous theories were unsuccesfully applied to explain this
relationship between geography and incidence. Familial and
racial genetics, climate (e.g., amount of sunshine), type of

dwelling, and diet were proposed to act as the "trigger" for



MS -- in conjunction with hypothesized viral agents or other
causal processes.

Other etiological models have faired just as poorly.
Pathogens secondary to primary agents such as cholera
overexertion, congenital disposition (especially through
familial inheritance), primary viral infection, venal
thrombosis, and various exogenous (e.g., heavy metals) and
endogenous toxins (e.g., lypolytic enzymes), all have
enjoyed attention as a possible "cause" of MS but have
received little or no empirical support (Dejong, 1970).

More current models suffer from a similar lack of
confirming evidence. One of the most popular and long-
standing family of theories posits long-latency, viral
infectious agents as responsible for onset of demyelination.
Bolstered by epidemiological data consistent with a viral
etiology, by commonalities with disorders occurring from
microvirii (e.g., poliomyelitis), and by the lack of other
viable theories, viral infection models have remained in the
literature even though no viral agent(s) specific to MS have
been identified. Similarly, hypotheses that MS is an
anaphylactic or auto-immune disorder received support from
years of animal research on EAE (experimental allergic
encephalomyelitis), without the identification of
responsible antigens (Field, 1988). Increased incidence and
prevalence rates found amoung certain ethnic groups (e.g.,
Scandinavians) (Kurtske, 1986) and families (Field, 1984)
have pointed to possible idiopathic mechanisms. In fact,
some polygenic inheritance models using HLA
(histocompatability) sites on the 6th and 14th chromosomes

have drawn support as possible markers of inherent



susceptability to MS (Compston, 1986). Still,
substantiation of responsible pathogenic mechanism(s)
remains frustratingly absent. Investigations of pathogenic
models based on the production and maintenance of healthy
myelin are promising new areas of exploration. Chief among
these are the search for genetic lipid abnormalities and
polyunsaturated fatty-acid involvement to affirm MS as an
abiotrophic disorder (Field, 1988). It is still not clear,
however, that the morphological changes seen in MS result
from a fundamental weakness in the development of myelin.
Poor understanding of the processes responsible for
demyelination has hampered the development of effective
treaments. The number and type of therapies that have been
investigated are surprising and include variations on
immunotherapy, plasmapheresis, anti-bacterial and anti-viral
drugs, diet, and snake venom. Current treatment relies on
exercise and drug regimens, often corticosteroids. These
have had disappointing results at best (see Tourelette,
Baumhefner, Potvin, Potvin, & Poser, 1983, or Matthews, 1985
for more extended reviews). The stunted progress of
effective therapy also is attributable to problems
associated with the high frequency of spontaneous remission
in MS. Clinical trials are exquisitely difficult to
evaluate with such an elevated rate of untreated
improvement. Given the state of present etiological models,
it may be that identification of an effective curative or
even preventative agent will occur before an understanding
of how the agent works =-- as has happened in the past with
some frequency (e.g., cholera). Until then, management will

be limited to the secondary care of complications, symptoms,



and signs.

The two most distinguishing characteristics of MS are
symptom dissemination in space and in time (e.g., McAlpine,
Compsten, & Lumsdun, 1955). The extreme variability of
symptom type across patients presumably reflects the fact
that numerous locations in the CNS can host MS plaques.
McAlpine's (1972) review of more recent patient series
provides a list of typical presenting symptoms: weakness of
one or more limbs (40%), optic neuritis (22%), parathesiae
(21%), diplopia (12%), vertigo (5%), and disturbance of
micturation (5%). Increased spinal reflexes, cerebellar
involvement, ataxia, and losses of sensory perception and
sphincter control are commonly seen later in the course
(Poser, Wikstrom, & Bauer, 1979). However, many other
symptoms have been reliably attributed to initial and later
stages of MS: prodromal and paroxymal symptoms, Lhermitte's
sign, dysphagia, tonic seizures, facial mykomia, limb
weakness and spasticity, and muscle wasting (Matthews,
1985). Changes in mentation also occur, including
generalized intellectual deterioration, memory and attention
deficits, and impairments in abstract reasoning and
information processing speed (e.g., Grant, 1986; Hill, 1990;
Peyser, Edwards, Poser, & Filskov, 1980) .

Temporal factors also vary widely across patients.
Symptoms and signs can appear and disappear within a short
time (e.g., days) and the latency between bouts can vary
from days to years (Hallpike, 1983). Researchers disagree
about possible course differences; however, most agree that
there are at least benign, relapsing-remitting, and chronic-

progressive subtypes (Matthews, 1985). These categories



reflect the wide range of temporal changes seen in clinical
manifestations, ranging from negligible (constantly
declining or no change) to marked (highly variable patterns
of relapse and remission). Some researchers also include a
malignant (or acute) variety to mark the three (Poser,
Wikstrom, & Bauer, 1979) to 12 percent (Bauer, Firnhaber, &
Winkler, 1965) who die and/or deteriorate significantly
within the fifth year of diagnosis. Difficulties in
gathering accurate diagnosis and relapse data make clinical
course distinctions difficult to validate. In fact,
Hallpike (1983) has argued that MS is an essentially
chronic-progressive disease whose clinical picture is
blurred by the randomness of lesion location and the
severity of its effects on functioning. He suggests that it
is in the later stages of MS that a more consistent pattern
emerges when the effects of lesion dissemination accumulate
and remission frequency and intensity lessen. At this time,
it is not clear whether different course designations
represent actual differences in disease parameters (e.g.,
variations in pathological changes/rates) or that different
courses are merely spurious artifacts of happenstance lesion
distribution as offered by Hallpike.

Disagreements over course notwithstanding, Hallpike
(1983) and others do agree that the "Kurtzke 5-year rule" is
a better indicator of long-term disability prognosis than is
course. Based on Kurtzke, Beebe, Nagler, Kurland, and
Auth's (1970) study using the Kurtzke disability scale
(Kurtzke, 1965), the authors found a highly significant and
positive correlation between ratings at 5 years and those at

10 and 15 years. This relationship between first and later



half-decade disability also compares more favorably than
relapse rate, duration, and initial symptoms in predicting
clinical disability (Matthews, 1985).

Mortality prognosis is more difficult to ascertain
after the first five years (pre-fifth year mortality
reflecting a malignant/acute course) because of the long
interval between diagnosis and death where parcelling out
effects unrelated to MS becomes critical (e.g., aging).
Nevertheless, many surveys indicate that a majority of
patients live 25 to 35 years (e.g., Kurtzke, Beebe, Nagler,
Nefzger, Auth, & Kurland, 1970; Confavreaux, Aimard, &
Devic, 1980) with a range of days to 60 years (Matthews,
1985). Few patients die directly of MS, but rather succumb
to secondary causes such as pneumonia (Leibowitz, Kahana,
Jacobsen, & Alter, 1972).

The diagnosis of MS is difficult owing to the
appearance and disappearance of sometimes subtle and wide-
ranging symptoms. And for any given exacerbation, symptoms
can mimic and be mimicked by many other pathologies. Our
limited understanding of pathogenic and etiologic factors
has hampgred the development of laboratory tests with
sufficient sensitivity and specificity to serve as
pathognomonic indicators. Diagnosis was and continues to be
essentially a clinical exercise.

Because of this dependence on clinical acumen,
diagnostic accuracy suffered until empirically-supported
criteria could be developed. Present systems supplement
historical clinical data with paraclinical evidence (e.g.,
evoked responses) and laboratory evidence (e.g., oligoclonal

bands in the cerebrospinal fluid) to delimit categories such



as clinically and laboratory-supported definite, probable,
and possible MS. The most commonly used nosologies are
those by the Schumacher Committee, 1965; McAlpine, 1972;
Rose, Ellison, Myers, and Tourtellote, 1976; McDonald and
Halliday, 1977, and especially the Boston University
Workshop (also known as the Poser criteria) (Poser, Paty,
Scheinberg, et al., 1983).

The reliability of these systems depends heavily on
the use intended. For example, the Boston University
Workshop system has no "possible" category and uses
comparatively stringent inclusion criteria to insure low
false-positive rates. The cost to this system is an
increased false-negative rate, which may hamper, for
example, studies focusing on early-case detection. Thus,
care must be taken to choose a system appropriate for the
task at hand. Although employment of these systems has
improved diagnostic reliability and validity, they still
rely considerably on clinical judgement and remain
susceptible to inter-rater variation. Until true
pathognomonic tests are developed, however, little can be
done to ameliorate this problem. Finally, recent advances
in radiological imaging (MRI) have outpaced revisions of
some schemas, although a flurry of work is currently
underway to validate MRI techniques for use in diagnostic
systens.

Gross pathological examination of MS-involved CNS finds
lesions throughout, although some sites are more apt to
contain plaque. Periventricular white matter locales are
most common, containing as much as 40% of plaque

distribution confirmed at autopsy (Brownell & Hughes, 1962).
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White matter, in general, is most likely to be affected,
although cortex and the junction between the two also can
contain plaque (Lumsden, 1970). MS typically appears
symmetrically between the cerebral hemispheres and
distribution between the four major lobes is relatively
similar, although usually with less involvement in the
occipital lobe (Brownell & Huges, 1962). Other common sites
include the cervical spinal cord and optical tracts (Adams,
1983). Most plaques lie in close proximity to venules or
larger veins (Fog, 1965), but the reasons for this
association are not known.

Analyses on a histological level have provided possible
clues about the relationship between pathological and
clinical changes. Microscopic examination indicates that
complete axonal and cell body loss occurs infrequently,
although histological changes in these structures are seen
to some degree in most, but especially chronic cases
(Oppenheimer, 1976). Lesion growth fans out from a locus,
usually sparing some portion of an axon's myelin (Lumsden,
1970). Grossly, much of the myelin within this sphere
appears intact, but on closer examination some signs of
deterioration (e.g., thinning) or outright destruction
(e.g., microglial phagocytosis and complete absence of
myelin) can be seen (Adams, 1983). From this, Adams (1983)
concluded that MS lesion distribution is diffuse rather than
multifocal. An important implication of this distinction is
its impact on functioning and this will be discussed in
greater length below.

Several factors have been used to explain why neuronal

functioning in affected areas is not completely nor
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irrevocably lost. First, demyelination is a gradual
process wherein only the final-stage, chronic lesions show
total loss of myelin and oligodendroglial cells (Weller,
1985). Some functioning may continue between this and the
earliest stages of degeneration where remission, in turn,
may further delay the final result (Weller, 1985). A
gradual degradation also may allow time for the development
of alternative pathways or compensatory functioning. A
second factor that may explain why functioning continues in
affected areas is the tendency for lesion growth to spread
centrifugally (Lumsden, 1970). Localized structures often
are spared from complete demyelination, presumably resulting
in the preservation of at least limited functioning of the
involved tissues. Third, remyelination is thought to

occur in and around plaques, although its extent and quality
is not completely known (Harrison, McDonald, Ochoa, &
Ohlrich, 1972; Blakemore, 1982). Neural transmission may
exist in active lesions where a suffient number of
oligodendroglial cells remain to allow remyelination. The
pathophysiological mechanisms responsible for a remission
are not known, but it is probably the case that
remyelination is only a small part of the picture. Review
of exisiting literature by Matthews (1985) suggests that de
novo and early exacerbations are caused as much by edemal
and other acute responses to demyelination as the actual
destruction of myelin. Thus, remission may simply reflect
the ending of the acute response. Continued investigation
is needed, however, as the relationship between
pathophysiology and clinical changes is poorly understood

still.
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Our relative ignorance about the pathophysiological
mechanisms responsible for deficit is due, in great part, to
our almost total dependence on post-mortem examination.

Full description of patho-clinical relationships, including
the processes responsible for relapse and remission, would
be furthered by dynamic, in-vivo examinations. MRI may
provide the technology necessary for such investigation.

Before moving to a review of the literature on memory
functioning in MS, a brief introduction to memory
terminology, theoretical models, and research methodology is

provided.

General Description of Memory

Functional Aspects

The study of human memory encompasses a wide range of
approaches, with contributions by neuropsychologists,
clinical, cognitive, and experimental psychologists,
linguists, educators, computer science and artificial
intelligence specialists, and neurologists. This
introduction is limited to psychological studies of
"conscious" memory as they relate most directly to memory
research on MS. It excludes attentional mechanisms,
executive functions, and other functions that are recognized
as essential to intact memory processing. Extensive
coverage of these functions and other aspects of memory may
be found in texts on cognition and memory (e.g., Ashcraft,
1989; Reynolds & Flagg, 1983; Squire, 1987; Squire &
Butters, 1984; Tulving & Donaldson, 1972).

Early research on memory was guided by intuitively

important features of memory (e.g., Ebbinghaus, 1885), and
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modern models often still rely on fairly common sense
distinctions. These include temporary versus more permanent
memory systems, the types of information retained in memory,
and the way in which memories are used. The distinctions
between temporary and permanent systems involve a broad
family of concepts and theories that seek to account for
temporal gradients in information processing. Most models
include at least two tiers beyond the level of the sensory
memory registers: one that accounts for immediate and
conscious processing demands without regard to permanent
information storage and a second system responsible for the
storage and recollection of more long-lasting memories. The
best known memory function models use the terms primary
memory (PM) (James, 1890), short-term memory (STM) (e.qg.,
Miller, 1956), and working memory (e.g., Baddeley & Hitch,
1974) to refer to the system that deals with information in
here-and-now. Testable distinctions between the concepts of
PM, STM, working memory, attention, and consciousness are
gquite blurry and each has received at least partial support
from over 100 years of empirical study. Even though
controversy exists as freely as agreement (e.g., Cermak,
1982), some synthesis and generalization is possible
regarding theories of temporary memory. Pioneering work by
Miller (1956) and others indicates that the temporary system
is limited in capacity by the amount of information that it
can handle (i.e., seven bits of information plus or minus
two) rather than by a simple decay over time. That is,
information in STM is lost more because of competition with
other material than because of failure to rehearse or other

means of deterioration of the memory trace (Peterson &
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Peterson, 1959). The limit in capacity may by overcome by
increasing the meaningfulness of the information (e.g.,
semantic coding and personal attributions) and by the
process of "chunking" -- grouping specific bits of material
into larger functional units (e.g., grouping a string of
random digits as the area code and exchange of a phone
number) .

The working memory model elaborates the temporary
memory system including the presence of a master, "executive
control system" (ECS) that oversees memory and other
intellectual processes (Baddeley, 1981). Analogous to some
conceptualizations of attention and a variety of executive
functions, the ECS purportedly initiates and allocates
cognitive resources, maintains flow of information to and
from memory stores, and otherwise controls decisions. At
least two "slave" systems serve the ECS by providing
"working space" (hence the term, working memory) for
cognitive tasks. The articulatory rehearsal loop handles
most verbally-mediated tasks and, within its limits, holds
and recycles information for later recall. The "visuo-
spatial scratch pad" parallels the articulatory loop but
only for visual tasks. A primary tenet of the working
memory model is that if the limits of either of the slave
systems are reached (i.e., around six bits of information),
the efficiency of the ECS begins to decrease with attendant
increases in processing time and errors. Although the
working memory model does an admirable job of explaining
data on immediate memory, many questions are left
unanswered, the most puzzling of which may be phrased as

"who watches the watcher?® Baddeley has yet to explain how
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the ECS makes decisions, for example.

A review on memory functioning and MS requires that we
differentiate between temporary and more durable memory, but
it is not necessary to understand all of the nuances that
distinguish the various models of the temporary memory
system. To make thins simpler, PM will be used for all
future references to the less permanent memory system unless
otherwise specified. This should not be taken to mean that
the PM model is most accurate or preferred.

PM is frequently measured by so-called "attention span"
tests. Subjects are required to repeat verbal (e.g.,
digits) or nonverbal (e.g., tapping blocks) bits of
information, which are presented in rapid fashion so as to
prevent rehearsal or the development of other strategies
that could allow storage and recall from secondary memory.
However, evidence indicates that digit span tests may be an
inadequate measure of PM because the task is well-
automaticized in most subjects (Mack, 1986). Another test,
originally developed by Brown (1958) and Peterson and
Peterson (1959), taps slightly different PM functions than
digit span and minimizes the problem of automaticity through
the use of a dual task paradigm. Subjects are shown a
subspan stimulus (e.g., consonant trigrams), asked to
perform some non-automatic distractor task (e.g., counting
backwards), and finally asked to recall the original
stimulus. This test can provide an estimate of
distractability and ability to divide attention. PM
integrity also can be inferred from the response pattern on
a supraspan immediate recall task. For example, subjects

are asked to recall a list of words (usually 12 or more)
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immediately after their presentation. (Because the amount
of information to be learned exceeds PM capacity -- the span
of attention -- the term "supraspan" is often used). Words
recalled from near the end of the list are drawn directly
from PM, whereas items recalled early in the list depend on
adequate rehersal for recall from secondary memory (Murdock,
1962). Most clinical memory batteries (e.g. Wechsler Memory
Scale - Revised; Rivermeade Behavioural Memory Test) include
a variant of one of the tasks noted above. MS memory
investigations usually include at least one measure of PM,
although, as will be discussed below, the unfortunate trend
is to rely solely on verbal attention span.

Turning towards a description of durable memory, James'
(1890) term, secondary memory (SM), will be used in
reference to the system(s) responsible for the integration
of information into and from longer lasting storage (also
known as long-term memory). No single, comprehensive, and
accurate model has been developed for SM because of the
extreme complexity and scope of the topic. To make
investigation and theory more manageable, researchers have
explored fundamental components within SM. Before reviewing
these distinctions, it is important to note that a huge
amount of material has been published concerning the way in
which information is stored, recalled, recognized, and
otherwise manipulated for later use. Application to MS
research is limited to the following points. One is that PM
is necessary for intact SM functioning because it is quite
difficult to store information when one cannot adequately
attend to or manipulate material in immediate consciousness.

Secondly, research indicates that some period of time is
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needed to ensure that information is consolidated from PM to
SM and that the consolidation may be distrupted by ECT, head
trauma, toxic chemicals, surgical resection of cerebral
tissue, and the like (Reynold & Flagg, 1983). A third
point is that research questions on memory and MS tend not
to be theory driven. Rather, investigation is limited to
determining whether or not patients can recall or recognize
information -- not why they fail to remember. More specific
discussion about how SM processing is affected can be found
in Estes (1982), Ashcraft (1989), and Tulving (1983).

The first functional division of SM to be discussed is
that of episodic and semantic memory (e.g., Tulving, 1972).
Episodic memory is an individual's autobiographical and
experiential knowledge with attendant context as to when and
where the information was learned. Examples range from the
obvious, such as the memory of one's first kiss, to the less
apparent such as the recall of a list of words in a memory
experiment. By contrast, semantic memory may be
conceptualized as knowledge per se, including memories for
facts and concepts. Although most semantic memories are
verbally-oriented -- hence the term semantic -- they need
not be so. For example, semantic knowledge of colors or
physical sensations may defy verbal description. Confusion
about this point has led Ashcraft (1989) to suggest that

generic memory be used, as it more adequately conveys the

meaning of this type of memory than does semantic memory.
In terms of application to the MS literature, the vast
majority of clinical measures tap what is thought of as
episodic memory: recall and recognition of word lists,

paired words, paragraphs, faces, geometric figures, and
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abstract designs. No MS investigations have been found that
use tests specific to the semantic memory paradigm, although
intelligence tests measure generic knowledge to some degree.
One of the reasons for this scarcity in the literature is
that older, well-learned, "retrograde", and "remote"
memories (especially semantic, but also episodic) are robust
to loss across many pathologies (cf. dementia).

Having just distinguished episodic from semantic memory, it
is essential to recognize that the two cannot be separated
totally in the real world. Semantic memory is derived from
an accumulation of episodic events, our personal experience
of the world. For example, Wilson (1982) reports that
amnestics have great difficulty adding new semantic
information, which she attributes to their impaired episodic
memory. Conversely, acquisition of episodic memory is
affected by our generic knowledge of the world as
exemplified by Loftus' studies (e.g., 1979) on eyewitness
testimony. The psychoanalytic literature has long
recognized the importance of integrating the two through the
mechanisms of accommodation (i.e., changing our view of the
world to corroborate new experiences) and distortion (i.e.,
changing our recollection of events to meet our view of the
world).

Two other SM distinctions will be discussed briefly
here because, although research on MS has yet to employ
these concepts, application may come soon. A flurry of
interest and experiment has occurred following a paper
reviewing implicit and explicit memory by Schacter and Graf
(1986). Their comments stemmed from many prior observations

that amnestics may show learning on tasks that do not
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require explicit recollection of the information (e.g.,
forced choice answer format) while not being able to
purposefully, accurately, or explicitly verbalize that
knowledge. Schacter (1987) reviews previous discussion and
investigation, including some from the psychoanalytic
literature on the unconscious, that indicates that there can
be a dissociation between what a person can recall overtly
and behavior indicative of learning without conscious
awareness. The concept of implicit memory raises several
interesting questions about how we define and measure human
memory. One is how implicit memory relates to the other
components of primary and secondary memory. For example,
implicit probably involves input from ontogenetically older
memory systems (e.g., the sensory registers) but also from
features of episodic and semantic memory. As Schacter
notes, the implicit - explicit distinction is exciting
because it may be applied to so many different aspects of
memory with both traditional (e.g., attention; semantic and
perceptual priming) and nontraditional topics (e.g., the
effects of affective and social associations, hypnosis, and
altered states of consciousness). Although some believe
that recognition format tests used in MS research tap
implicit memory, no one has used such data to draw
inferences about implicit versus explicit memory functioning
in MS.

A final way in which SM will be distinguished is the
contrast of procedural and declarative memory. Anderson
(e.g., 1976) uses the concept of procedural memory to
represent knowledge of how to do things (e.g., pitching a

baseball). Sometimes referred to as motor memory,
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procedural memory is not necessarily restricted to overt,
motoric behavior. Cognitive procedures also can be included
such as knowing how to operate a calculator. Declarative
memory refers to knowledge of basic facts and other easily
verbalized information. Even with such a brief
introduction, one can see similarities between procedural
and declarative memory and other SM distinctions noted
above. For example, the act of frying an egg could include
aspects of episodic (e.g., how you cooked today's
breakfast), semantic (e.g., recollection of several cookbook
descriptions), and procedural memory (e.g., doing the act
without conscious awareness). Before rejecting the notion
of procedural memory as unspecific or redundant, one has
only to recall the famous amnestic, H.M., with his intact
procedural memory but devastating anterograde amnesia
(Scoville & Milner, 1957), to recognize the validity of the
concept of procedural memory. As with implicit memory,
little has been done to investigate procedural memory
functioning in MS (cf. Caroll, Gates, and Roldan, 1984).

In addition to the topics reviewed above, many other
areas of research have yet to be applied to MS, especially
in regards to modality differences. Memory for tastes,
smells, tactile stimulation, music, and non-language sounds
(e.g., bird calls) are poorly understood relative to visual
and language systems, primarily because the latter are more
important to human information processing. Investigation of
verbal and nonverbal memory is extensive, however. Springer
and Deutsch (1985) provide a good introduction to
hemispheric organization of function, including memory,

which indicates that parallel memory systems exist based on
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a verbal - nonverbal distinction. This dissociation also
can be found in clinical (e.g., Lezak, 1983) and cognitive
literatures, including discussion on differences in the
sensory registers, PM, and SM in the latter. MS research
shows a similar interest in differences between verbal and
nonverbal memory.

A brief discussion of a difficult measurement issue
will conclude the introduction to memory functioning and MS.
Mack (1986) reviews the problem of non-orthogonality in
cognitive testing (i.e., tests purportedly measure only one,
orthogonal function but really require multiple functions).
This issue has two particularly important applications:
discriminating verbal from visual and primary from secondary
memories. Regarding the former, it is extremely difficult
to obtain a "clean" (orthogonal) measure of nonverbal memory
with most clinical tests. Tasks such as recognizing faces
or recalling simple geometric designs are frequently used
for this purpose, yet humans show a wonderful capacity to
augment learning of nonverbal stimuli through the use of
verbal strategies. The reverse situation also occurs when
easily visualized words are used in a list learning test.
Subjects are known to employ visual strategies to aid
"verbal" memory performance (Wilson, 1982). When easily
cross-cued tests are used, it is difficult to sort out the
relative contributions of the verbal and visual memory
systems. Researchers must carefully choose tests that
minimize the possibility of cross-modality cuing. For
example, Allen Baddeley is leading recent efforts to improve
nonverbal test designs and his test of memory for pictures

of doors will be available soon (personal communication,
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1991).

Controlling for the effects of PM to yield a pure
measure of SM is even more difficult than differentiating
verbal versus visual memory. Because every memory task (or
cognitive for that matter) requires at least some PM
processing, one cannot assume that impaired performance on
the test is indicative of SM deficits. Researchers have
several ways in which to control for this measurement
problem. One is to slow the presentation rate of
information to be learned to allow adequate rehearsal time
(i.e. access to SM processing). Another is to estimate the
relative integrity of PM. If it is found to be intact, then
one can safely assume that poor performance on tests of both
PM and SM is due to SM deficit. Unfortunately, many
clinical research protocols do not control for the effects
of PM on tests of SM, thus making it difficult for a
reviewer to determine why subjects' performance was
impaired. One way to separate primary from secondary memory
deficits post hoc is to compare tests that challenge PM to
different degrees. Let us return to an example presented
earlier: an immediate recall (supraspan) list learning
task. It was noted that one could estimate the integrity of
both primary and secondary memory by tracking the pattern of
recall. Words recalled from early in the list are mediated
through rehearsal and reflect SM processing, while items
recalled from list end are straight from PM. Since most
authors report only the total number of words recalled or
the learning curve, a reviewer cannot comment on the
relative contribution of PM and SM processing. Even if word

were reported, we would still have difficulty making
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assertions about PM and SM because individuals differ in
their reliance on PM and SM processing. We can infer,
though, that the "load" on the SM system for immediate
supraspan recall is relatively greater than that for more
orthogonal PM tasks such as the Brown-Peterson test.
Similarly, a delayed recall task requires more SM processing
than an immediate recall test. This method of estimating SM
integrity in the absence of controls for PM will be used in

the review on MS memory research.

Pathoanatomical Aspects

As with the section on memory functioning, introduction
of the anatomical features of human memory will be limited
to what is necessary for a review of the MS literature and
the applications of this study.

Controversy over memory localization is a good starting
point because a review of structures important to memory
should not lead one to infer that memory exists outside of
the context of the entire organism, including the brain.
Centuries of study by localists (e.g., Gall, Broca, and
Hebb) and wholists (e.g., Flourens, Koffka, and Lashley) has
yet to resolve the issue of localization. One reason for
the failure is the problem of level of analysis. While
neurophysiologists' study of synaptic changes easily lends
itself to a discussion of "where", psychologists interest in
behavioral systems does not. In this author's view, the
most reasonable answer to the question of memory
localization is (with apologies to George Orwell):

All brain structures are equal
(but some are more equal than others)

One impetus for the current study is to help identify those
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anatomical structures most important to predictions of
memory dysfunction in MS.

Several relatively primative neurological systems have
been identified that are associated with some forms of
learning. For example, spinal cord reflex arcs subserve
habituation to the auditory startle reflex (Tischler &
Davis, 1983). The midbrain tectum supports some visual
discrimination tasks as with cortically "blind" patients who
show conditioned learning if this second visual system is
intact (Cohen, 1984). Ontogenetically older neural
substrates also contribute to explicit memory functioning,
but since this role is neither clear nor extensive (Squire,
1991), we will move to anatomical correlates of "higher"
memory functioning.

Outside of primate studies, most of the evidence on
memory localization comes from the clinical literature,
especially the amnesias. The implication of several medial
temporal lobe and diencephalic structures will be reviewed,
as well as the contribution of the cortex and other
subcortical elements.

Identification of distinctive forms of amnesia led to
to the conclusion that portions of both the medial temporal
lobe and diencephalon are involved in memory functioning.
Walsh (1985) does an admirable job of sorting out evidence
for and descriptions of the functional characteristics of
the two types of memory disturbance. It is important to
note that the statements presented below are generalizations
and that controversy exists over the relative and absolute
degree of impairment across several aspects of PM and SM

(e.g., Wilson, 1982). Primary and procedural memory are
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relatively unimpaired in both temporal lobe and diencephalic
amnesia, but they differ on most other comparisons.
Functional features of medial temoral lobe amnesia (MTLA)
include: intact retrieval of older, declarative memories
(i.e., remote episodic and semantic memories):; severe
impairments in acquiring information; and self-awareness of
memory deficits. Walsh notes that the failure to acquire
new information seems due to impaired consolidation, as
evidenced by the loss of some events before dysfunction
onset and by a failure to profit from cuing. If a failure
to learn was attributable to a retrieval deficit alone, cues
would help. By contrast, diencephalic amnestics have a
retrieval impairment and therefore are better able to
recognize or otherwise gain from retrieval cues.
Unfortunately, the retrieval impairment also results in
retrograde amnesia in addition to the anterograde problems.
Another important feature of diencephalic memory disturbance
is the loss of organizational associations to memories,
especially temporal and sequencing cues. It is speculated
that the high frequency of confabulation in diencephalic
amnestics is a consequence of their failure to know "when"
and in "what order" events happen. Finally, diencephalic
patients differ from their MTLA counterparts in that the
former tend to be unaware of their memory impairments (e.g.,
Victor, Adams, & Collins, 1971).

The prevalence of diencephalic amnesia is signifcantly
higher than MTLA, in great part because the former can be
caused by severe alcohol abuse. Any thiamine-depleting
condition (e.g., malnourished women on contraceptive

medication) can cause diencephalic amnesia, as well as acute
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encephalopathies, truama, thalamic infarct, and neoplasms
(Wilson, 1982). Nevertheless, long-standing alcohol use
remains the single best way of developing Wernicke's disease
with Korsakoff's psychosis, of which diencephalic amnesia is
a feature (see Victor & Adams, 1985; Lezak, 1983; Victor et
al., 1971; and Wilson, 1982 for a taste of the Byzantine
history and nosology of Korsakoff psychosis, Wernicke
disease, Wernicke encephalopathy, Wernicke-Korsakoff
syndrome, and their relationship to diencephalic amnesia).
The most notable cause of MTLA is bilateral surgical
resection for intractable epilepsy (e.g., patient H.M.,
Scoville & Milner, 1957), while cases also have been
reported in association with viral, anoxic, and ischemic
encephalopathies and bilateral posterior cerebral artery
occlusion. Unilateral involvement produces less severe and
modality-specific dysfunction (i.e., left- and right-
hemisphere involvement results in verbal and nonverbal
impairments, respectively) (Squire, 1987). Considerable
disagreement exists over which specific sites are involved
in MTLA. The hippocampus (e.g., Scoville & Milner, 1957) is
the most likely condidate, although others have argued for
the temporal stem (e.g., Whitty & Zangwill, 1977; Horel,
1978). Squire's (1991) extensive review of pertinent
research, including his own recent efforts involving the
systematic ablation of various tissue in the macaque,
concludes that only the hippocampus is critical and that
destruction of the temporal stem, amygdala, uncus, and
fornix is neither necessary nor sufficient to impair SM.
This fine work notwithstanding, debate continues still. It

is clear only that some area of the temporal lobe is
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important to declarative SM, especially consolidation of
information into long-term storage.

There is even greater disagreement about the specific
lesion sites responsible for diencephalic amnesia. Wilson
(1982) and Squire (1987) concur that current evidence is
insufficient to determine whether the mammillary bodies (cf.
Delay & Brion, 1969) and/or pulvinar and dorsomedial nuclei
of the thalamus (cf. Victor et al., 1971) are the key
anatomic feature. Despite the tremendous amount of data
available, the failure to confirm may continue because the
structures in question are quite small and because the most
common etiologies of diencephalic amnesia produce
deterioration across anatomic boundaries. At this juncture,
one can infer only that some aspects of the diencephalon are
involved in memory.

Unfortunately for our attempts to understand memory
impairment in MS, the types of memory deficits and lesion
locations in MS do not correspond to those noted with either
diencephalic or medial temporal lobe amnesia. This point
will be elaborated after further consideration of the data
on memory functioning in MS.

The basal ganglia is a third anatomic region with
hypothesized associations to memory. Before continuing, it
should be noted that the evidence supporting basal ganglia
involvement is almost entirely clinical and that its
functional picture often is grouped with so-called
subcortical dementias whose pathoanatomic correlates include
structures other than the basal ganglia (e.g. thalamus).
Thus, one must be careful not to confuse functional

syndromes with anatomic systems and the pathologies that cut
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across both anatomic and functional distinctions. The
controversy over and differences between subcortical and
cortical dementia will be discussed later.

Pathological conditions that affect basal ganglia
functioning include Huntington's (HD) and Parkinson's
disease (PD), progressive subnuclear palsy, stroke, tumor,
various encephalopathies, and several inherited metabolic
disorders. HD and PD are most studied and involve the
dopaminergic pathways of the mesencephalon (e.g., caudate,
putamen, globus pallidus, and substantia nigra). Because
these two conditions are significant more for their specific
association to a neurotransmitter rather than to an anatomic
structure, it is hypothesized that changes in memory result
from biochemical abnormalities (Victor & Adams, 1985).
Memory impairment in Huntington's disease is chracterized by
a general retrieval deficit resulting in both anterograde
and retrograde SM memory loss. The retrograde disturbance
is distinguished by its lack of a temporal gradient (cf.
diencephalic amnesia) =-- performance on uncued recall of old
memories was equally poor regardless of the relative age of
the memories (Albert, Butter, & Brandt, 1981). Other
aspects of SM and PM appear relatively intact (Cummings,
1990) and the severity of SM impairment generally is less
pronounced in comparison to both medial temporal lobe and
diencephalic amnesia. There is disagreement regarding
memory function similarities between PD and HD, as well as
with the other conditions that affect the basal ganglia.

One reason for the controversy is the presence of other
cognitive deficits, including impaired executive functions

and general slowing of information processing (e.g., Lezak,
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1983) that hamper identification of specific types of memory
impairments.

Data pertaining to memory and the basal ganglia are of
limited use in studies of MS, despite arguments that there
are similarities in symptom patterns (e.g., Cummings &
Benson, 1984). As will be discussed later, basal ganglia
involvement is a minor pathoanatomic feature in MS and,
therefore, cannot account for all memory dysfunctions.

The cerebral cortex is the last anatomic area that will
be reviewed here and it will be given very brief treatment.
One reason is that the types of memory problems seen in MS
are not comparable to those observed in conditions resulting
in cortical pathological changes. Also, cortical
involvement is a relatively minor feature in MS
pathoanatomy. These issues will be discussed at greater
length following a review of memory functioning in MS and
the role of MRI.

Cortical grey-matter is thought to be important to
many SM and PM functions. A wealth of animal studies (see
revies in Squire, 1987; Squire & Butters, 1984) support the
role of cortex in memory, including evidence of cortical
plasticity as a function of learning. Experiments on human
subjects, while limited for obvious reasons, implicates
cortex as a storage site. For example, electrostimulation
of the cortex evokes powerful, memory-like experiences
(Penfield, 1958). Conditions that affect the cortex often
result in devasting losses to many memory functions,
including procedual, semantic, and primary memory. In fact,
the presence of PM deficits is purported to separate the

cortical (e.g., Alzheimer's and Pick's disease) from the
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subcortical dementias and amnesias (e.g., Cummings, 1990).
Aside from the dementias, cortically-related memory
impairment may result from head truama, neuroma, exposure to
neurotoxins, hydrocephalus, stroke, anoxia, ischemia, aging,
and numerous infectious agents.

The clinical literature also indicates that localized
areas of the cortex support separate memory functions. For
example, right infratemporal cortex has been associated with
visual memory processes; inferior parietal lobe gray matter
has been linked to memory for spatial location;
somatosensory cortex is implicated in the storage of tactile
patterns; and degradation of Wernicke's and Broca's areas
results in language-specific learning loss (e.g., Walsh,
1987). Because the cortex also seems necessary for all
kinds of information processing tasks, however, modality-
specific memory loss also may reflect the secondary effects
of deficits in other cognitive functions (see Luria, 1966
for a discussion on cortical association areas). Squire
(1987) writes that the evidence for cortical localization
also reflects such factors as cortical plasticity and
equivalency. Thus, localization per se probably occurs only
on the level of specific memories, while memory as an
information processing system depends on the mass action of
combined cortical and subcortical systems. A better
description of the role of cortex with memory also is
hindered by the fact that so many of the pathologies that
attack the cortex also produce subcortical insult.

To conclude this introduction to memory and anatomy, we
will return to previous comments regarding the necessity of

a wholistic view of human memory. In addition to the
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regions discussed above, learning depends on the limbic
system for motivation, the frontal lobes for executive
functions, and intact language, motor, and sensory systems
for the input and output of information. This wholistic
view seems especially pertinent to MS because much of what
is known about memory anatomy and function is not easily
applied to MS. A certain amount of creativity will be
needed to explain how memory deficits are produced in MS and
what pathoanatomic features are related to those changes.
With this in mind, we will turn to a description of memory

and MS.

Memory Functioning in MS

Introduction

Investigations of memory in MS have lagged behind those
of other cognitive, as well as motor and sensory, functions.
Most studies have been limited to a simple description of
test performance through traditional clinical
neuropsychological methods. Cumulative evidence indicates
that, compared with PM, SM is more likely to be impaired and
to a greater degree. The single most distinctive feature of
MS-related memory impairment is the tremendous variation
between patients. The review presents theoretical and
methodological issues relevant to subsequent predictions of
lesion burden - memory relationships.

Historically, it is difficult to track what was known
about memory in MS because it was not treated separately
from other cognitive processes. Charcot (1877) described
"enfeeblement of memory" as a symptom of MS in his original

series of patients. For approximately the next half-century
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after Charcot's observations, studies of cognition were
limited to anecdotal, clinical impressions and, in fact,
early authors debated whether mentation (including memory)
actually was affected in MS. Psychometrically-sound
comfirmation of at least occasional memory deterioration,
rudimentary description of its relevant aspects, and the
separation of discrete cognitive processes began only with
the appearance of standarized and empirically-based
assessment methods in the mid-1900's. The overwhelming
majority of these research reports still dealt primarily
with generalized cognitive functioning; memory was a
peripheral concern (Trimble & Grant, 1982). For a more
comprehensive review of this pre-1980 research, see Trimble
and Grant (1982) or Marsh (1980).

Research with a more substantial focus on memory began
with Jambor's (1969) study of 103 chronic MS patients. He
found that MS patients had significant decrements in
performance on learning and recall tasks relative to
psychiatric, muscular dystrophy, and normal control groups.
It would be almost another 10 years before the appearance of
the next study (Beatty & Gange, 1977). Investigations have
followed fairly regularly since then, particularly those
concerned with memory.

Despite the increased activity, research on memory
functioning in MS still lags behind studies of other causes
of memory disturbance. There are several reasons for this.
Memory impairments are not so prominent a feature of MS as
they are in many other conditions. Thus, memory dysfunction
is more easily identifed and studied in, for example, the

dementias than in MS. As a consequence, a more extensive
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empirical and theoretical base exists with which to fuel
subsequent research on memory impairments in conditions
other than MS. The relative paucity of memory research in
MS also reflects the lower incidence of MS compared to other
conditions producing changes in memory; thus, access to
subject populations is not comparable across pathologies.
Empirical treatment began and has continued in spite of
these hurdles, however, and as is often the case in new
fields of endeavor, initial research focused on description.

The single most apparent aspect of memory functioning
in MS is the marked individual variation within and across
subject populations -- exactly paralleling non-cognitive
symptoms and signs. As a group, patients clearly show
deficits in comparison to normals and other chronically ill
control groups (e.g., head injury, muscular dystrophy) on a
wide range of memory measures. However, the prevalence and
severity of memory disturbances is idiosyncratic. For
example, Rao, Hammeke, McQuillen, Khartri, and Lloyd's
(1984) cluster analysis of 44 chronic progressive MS
subjects showed that one subset (20%) had significant
deficits, a second group (43%) had more moderate
impairments, while the third subset's (36%) performance was
normal on a range of memory measures. The overall rate of
"clinically noticable" memory problems in this sample was 40
percent. Inter- and intra-individual variations in specific
types of memory also are widely reported and will be
reviewed next.

Functional Features

Memory functioning in MS has been examined almost

exclusively from a clinical neuropsychological perspective.
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Cognitive paradigms have had relatively little play, and
neurobiochemical models, none at all. The focus has been on
aspects of secondary memory capacities, mostly declarative
and episodic, while little data exist on procedural,
semantic, autobiographical, and perceptual memory (cf.
Carrol et al., 1984). Some attempts have been made to tie
in the types of memory disturbances seen in MS with those of
conditions known to produce memory impairment, but most MS
investigations are descriptive only. Before continuing with
the review, some commonly found methodological problems will
be discussed as they bear on the conclusions that are drawn
from the data. First, it is very difficult to compare
findings across studies because of the plethora of tests
used -- over 20 by Fischer's (1988) estimate.
Generalizations also are hampered by inadequate and
confounded test designs such as failure to control for the
effects of modality cross-cuing or PM processing on tests of
SM. Finally, the variable course of MS makes it difficult
to determine the degree and frequency of memory impairments
in the population. No longitudinal studies could be found
that speak to the question whether memory functioning, like
many motor and sensory abilities, fluctuates over time.
Temporal fluctuations could explain many of the discrepant
findings reported in the literature and until course
distinctions are well-identified, all existing research on
memory must be viewed with some caution. With this rather
sobering introduction, we will begin the review of memory

functioning in MS.
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Primary Memory

Many studies have concluded that PM is not affected in
MS. However, almost all of the data are based on tests of
PM capacity (i.e., digit span) without evaluation of other
PM processes. Inadequate study design also precludes a
reliable estimate of the prevalence and severity of SM
impairments.

The data on verbal PM capacity, as measured by digit
span, are conflicting. Fischer (1988), Lyon-Caen, Jouvent,
Hauser, Chaunu, Benoit, Widlocher, and Lhermitte (1986), and
Huber, Paulson, Shuttleworth, Chakeres, Clapp, Pakalnis,
Weiss, and Rammohan (1987) each reported that mean verbal
digit span scores in MS were significantly below those of
controls. Conversely, Heaton, Nelson, Thompson, Burks, and
Franklin (1985), Jambor (1969), Litvan, Grafman, Vendrell,
Martinez, Junque, Vendrell, and Barraquer-Bordas (1988b),
Marsh (1980), Rao et al. (1984), and Rao, Leo, and St-Aubin-
Faubert (1989) concluded that verbal digit span was not
significantly different from control subjects. Contrasting
scoring methods may explain, in part, these discrepant
reports. For example, Lyon-Caen et al. (1986) and Huber et
al. (1987) used only the forward score in their analyses,
while all the others used a combined digits forward and
backward score. Fischer's (1988) study used the WMS-R and
its slightly different scoring system from the WMS. Studies
that used the Wechsler Adult Intelligence Scale (WAIS)
(Brainin, Goldenberg, Ahlers, Reisner, Neuhold, & Deecke,
1988; Heaton et al., 1985; Jambor, 1969; Litvan et al.,
1988b; Marsh, 1980) and the WAIS-R (Rao et al., 1989) are

not comparable to those using the WMS (Huber et al., 1987;
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Lyon-Caen et al., 1986; Rao et al., 1984) or WMS-R (Fischer,
1989) because subject performance is reported in terms of
standard scores with the former, while studies using the
Wechsler memory scales typically reported raw scores. This
prevented a meta-analysis of the data. It was determined
that all MS subject mean scores on the WAIS or WAIS-R were
within one standard score of the subtest mean (i.e., 10),
which suggests no gross disturbances in the patient samples.
And with one exception (Hirschenfang & Benton, 1966), this
finding also was true of pre-1980 studies reviewed by Marsh
(1980) .

Only one study could be found that tested non-verbal PM
capacity. Fischer (1988) found no significant differences
between her samples of MS patients and normal controls on
the WMS-R Visual Memory Span substest. Fischer offered the
explanation that, in contrast to the verbal digit span
subtest, visual memory span is not subject to interference
(i.e., telephone numbers). Possible interference effects
notwithstanding, there is no a priori reason to suspect that
non-verbal PM capacity is any more or less susceptible to
impairment than verbal PM limits.

It is not clear whether PM functions other than
capacity are impaired in MS. Callanan, Logsdail, Ron, and
Warrington (1989) reported deficits on verbal and visual
cancellation tasks hypothesized to measures vigalance.
However, these results should be catuiously interpreted
because Callanan et al.'s subjects were not confirmed MS
patients (clinically-probable). Using a visual concellation
task similar to Callanan et al.'s (1989), Franklin, Heaton,

Nelson, Filley, and Seibert (1988) reported a significant
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increase in task time indicative of PM impairment, but total
number of errors was in the normal range. Two studies using
a Brown-Peterson task reported conflicting results. Beatty,
Goodkin, Monson, Beatty, and Hertzgaard (1988) observed
significantly impaired recall because the authors did not
describe their exact procedure; however, interpretation is
difficult. Grant et al. (1984) also demonstrated
significant performance decrements as interference task
difficulty increased (i.e., 3, 6, 9, and 18 seconds of
counting backwards by "threes") in comparison to controls.
However, no difference between patients and controls was
seen in the 18 second condition -- where interference
effects should have been strongest. Both Litvan et al.
(1988b) and Rao et al. (1989) also failed to find patient
versus control group differences with versions of the Brown-
Peterson similar to that used by Grant et al.

In summary, MS patients do not consistently show
impairments on various measures of PM capacity. These
discordant findings do not appear to be due to differences
in subject characteristics (e.g., age, sex, education, SES)
or disease factors (disease length and physical disability)
because both affirming and disconfirming results have been
reported across these characteristics. Psychotropic
medication (Beatty & Gange, 1977; Fischer, 1988; Grant et
al., 1984) and fatigue effects (van den Burg, van Zomeran,
Minderhoud, Prangs, & Meijer, 1987) were evaluated
specifically and found to be unrelated to test performance.

It is argued strongly that, after the consideration of
the following two issue, the evidence suggesting that PM is

not impaired is questionable. First, the failure to observe
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PM deficits in some studies may be explained by a reliance
on tests of digit span alone. As noted previously, digit
span is fairly automatized (especially digits forward).
Automatized cognitive tasks do not challenge the PM system
(Mack, 1986) and are, therefore, unreliable as a measure of
PM.

The second issue that may have obscured the
demonstration of PM impairment involves the use of mean
group comparisons as the only method of analysis. If the
prevalence rate of PM deficits is relatively low or the
impairments are not continuously distributed across the
population, then studies employing simple mean group
comparisons seriously underreport deficit prevalence and/or
severity. A few patients with a significantly decreased
test score may not be recognized if the remaining sample
test scores are sufficiently normal to compensate for the
small number of patients with PM impairments and if only
mean group scores are analyzed. Let us use a disturbance in
micturation to exemplify the point. Matthews (1985) review
of epidemiological studies reports that changes in
micturation occur as an initial symptom in only 5% of all
clinically-definite MS cases. Let us say that a study
measured micturation as a continuous variable (as attention
span is operationalized) on a sample of 100 clinically-
definite MS patients and 100 normal controls. The authors
would conclude that micturation is not affected in MS if
only the mean scores of the two groups were compared. This
would be a spurious conclusion based solely on the fact that
base prevalence rate of micturation is low. Where one has

an a priori belief that a low prevalence rate may abnormally
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affect the power of the analysis (as was the case in our
example), one must use alternative comparisons. One example
would be to compare the percentage of subjects in the
experimental and control groups falling below one standard
deviation on the measure. Another is to use a cluster-
analysis or others methods that allow comparisons of
subgroups on the basis of test performance. And in fact,
studies using subgroup analyses were more likely to report
PM impairments (e.g., Beatty et al., 1988; Fischer, 1988;
Rao, Glatt, Hammeke, McQuillen, Khatri, Rhodes, & Pollard,
1985) than those investigations that relied on a single
group (e.g., Marsh, 1980).

Secondary Memory.

Before reviewing these data, recall that the tests used
to measure SM also are sensitive to PM deficits. This
problem has not been addressed in the MS literature, in
part, because most researchers believe that MS patients do
not have PM deficits. Given the cautions noted in the
previous section, I believe that this is a dangerous
assumption. This point aside, there is no disagreement
that, in comparison to PM, impairments of SM appear to be
more prevalent, consistent, and severe across all types of
tests as well as patient and disease factors. It is
believed that these conclusions are reliable in spite of the
possible confound of inadequate controls for PM. One reason
why it is believed that the conclusions are reliable is that
impaired performance on supraspan memory tests are so
universally reported. Another factor uses the previously
described method of comparing results across tests that

differentially challenge PM and SM processing. That is, if
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SM deficits are relatively more frequent or severe than PM
impairments, then MS patients should be particularly prone
to increased task complexity.

The data appear to support this prediction. With the
exception of Heaton et al., (1985), all studies testing some
form of supraspan immediate recall reported deficits by
their MS patients. 1In the case of Heaton et al., the
authors simply did not report the performance of their
sample on the WMS logical memory and visual reproduction
subtests. Otherwise, impaired patient performance occurred
whether in comparison to normal controls (Beatty & Gange,
1977; Beatty et al., 1988; Fischer, 1988; Grant et al.,
1984; Litvan, Grafman, Vendrell, & Martinez, 1988a; Rao et
al., 1984; Rao et al., 1989; and van den Burg et al., 1987)
or non-MS patient controls (Rao et al., 1984) with verbal
material (Beatty & Gange, 1977; Beatty et al., 1988;
Fischer, 1988; Grant et al., 1984; Litvan et al., 1988a; Rao
et al., 1984; Rao et al., 1989; van den Burg et al., 1987)
or nonverbal information (Beatty et al., 1988; Fischer,
1988; and Rao et al., 1984).

MS patients consistently perform poorly on other
clinical measures that tap both primary and secondary memory
processes. These deficits are found whether the task was
verbally (e.g., Beatty & Grange, 1977) or nonverbally
mediated (e.g., Fischer, 1988); in unaided recall (e.g., van
den Berg et al., 1987), paired (aided) recall (e.g.,
Fischer, 1988) or recognition format (e.g., Beatty et al.,
1988); in single trial (e.g., Beatty & Gange, 1977) or
multi-trial learning (e.g., Franklin et al., 1987); whether

subjects had short (Grant et al, 1984) or long latency since
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disease onset (Rao et al., 1984); or whether the patients
had a remitting/relapsing (Heaton et al., 1985) or chronic
progressive course (Branin, Goldenberg, Ahlers, Reisner,
Neuhold, & Deeke, 1988). While studies clearly show
significant intra-sample test performance variability (e.g.,
Fischer, 1988; Rao et al., 1984), the pattern of findings
supports the hypothesis that memory deficits are more
frequently seen and more severe when present as tasks
increase involvement of SM. Thus, impairment is most
significant on tests of delayed recall (e.g., Rao et al.,
1984, 1985, & 1989), less marked with list and paired-
stimuli learning (Brainin et al., 1988; Fischer, 1988; Huber
et al., 1987; Litvan et al., 1988b; Rao et al., 1984), and
least apparent on recognition format (Callanan et al., 1989;
Carroll et al., 1984; Elpern, Gunderson, Kattah, & Kirsch,
1984; Fischer, 1988; Rao et al., 1984; van den Burg et al.,
1987).

Retrieval processes have been proposed as the chief
cause of SM disturbance as evidenced by less pronounced
decrements in recognition versus unaided recall, increased
rates of forgetting (e.g., Rao et al., 1989), and
difficulties recalling even well-learned material (Petersen
& Kokmen, 1989). Beatty et al.'s (1988) interesting study
of retrograde, "remote" memory impairment also implicates
retrieval mechanisms. They reported significant differences
on a sample of 38 chronic progressive MS and 36 age- and
education-matched controls using a test of famous names and
events of the past.

Encoding difficulties also may occur in MS. One way in

which encoding processes are implicated is that recognition
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test performance may be disturbed, albeit less so than on
unaided recall format tests (Petersen & Kokmen, 1989).
Also, Carrol et al. (1984) observed that MS patients were
less likely to use an encoding strategy in a learning task
than were 22 matched controls. More importantly, even in
those cases where a strategy was used, MS subjects'
performance was significantly poorer than that of controls.
The strongest evidence that SM may be impaired by encoding
deficiencies stems from the fact that flatter than normal
learning curves on multi-trial tests are almost universally
found with both verbally- and nonverbally-mediated material
(e.g., Fischer, 1988; Rao et al., 1984, 1989; van den Burg
et al., 1987).

Oour best understanding of primary and secondary memory
in MS is that the prevalence and severity of SM deficits are
relatively greater, but that individual variation is still
high. For example, prevalence rate estimates for PM
deficits range from approximately 20 (severe range) to 40
percent (mild-to-moderate range) (Fischer, 1988).
Conversely, the prevalence of severe SM impairments may be
as high as 40 percent (Beatty et al., 1988; Fischer, 1988)
and 60 (Beatty et al., 1988), while milder deficits can
approach 70 percent (Fischer, 1988). Retrieval is
particularly susceptable to disturbance, although other
processes necessary for intact SM functioning (e.qg.,
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