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lthough the most overt symptoms of multiple
sclerosis are neuromuscular, prominent cognitive and neuropsychiatric symptoms were
described by Jean-Martin Charcot, the 19thcentury neurologist who named multiple sclerosis. Subsequent early 20th-century writers on MS ignored
the cognitive changes but emphasized the presence of euphoria. As neurologists stressed the white matter nature of multiple sclerosis, they further downplayed any cognitive or other
“gray matter problems.” They explained depression among
multiple sclerosis patients as a logical reaction to physical disabilities. In recent years, however, investigators have rediscovered that cognitive impairment and biological depression are
significant manifestations of multiple sclerosis.1,2

A

Clinical Manifestations
The neurobehavioral aspects of multiple sclerosis include both
cognitive disturbances and neuropsychiatric disorders.
Cognitive difficulties in multiple sclerosis involve memory
retrieval, mental processing speed, reasoning and goal-oriented
behavior, verbal fluency and visuospatial skills.3,4 Neuropsychiatric disturbances are primarily mood disorders. Similar
to other neurologic symptoms, the neurobehavioral aspects of
multiple sclerosis may be present in either relapsing attacks or
in a chronic progressive course. A specific pattern of cognitive
decline has been proposed. The first cognitive difficulty refers
to a general slowness that affects motor execution and cognitive processing. Verbal fluency and verbal memory appear to be
affected early in multiple sclerosis. The pattern of cognitive
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decline is further characterized by a decrease in visuospatial
learning, followed by delayed recall, and then by attention and
information processing speed.
Forty-five to 65 percent of MS patients have deficits on
neuropsychological testing,3,5-7 although not usually as severe as
in comparably disabled patients with Alzheimer’s disease or
other dementias.8 Moreover, many cognitively impaired MS
patients either do not complain of cognitive difficulties or
complain of nonspecific forgetfulness or mental fatigue, even
though significant cognitive impairment may already exist at
the onset of MS. General intelligence, language and certain
aspects of primary and implicit memory are preserved,5 but
individual multiple sclerosis patients may become severely
demented or markedly impaired from cognitive effects such as
frontal-executive disturbances,9 particularly associated with disease progression and increasing age. When dementia is defined
operationally as less than two standard deviations below normal on three or more neuropsychological measures, one study
found dementia in as many as 28 percent of multiple sclerosis
patients.10 In sum, about one-half of multiple sclerosis patients
have a decline in one or more cognitive functions, and about
one-fourth have a decline in three or more cognitive functions.
These symptoms are sufficient for at least a mild dementia.
Significant depression occurs in 37 to 54 percent of multiple
sclerosis patients despite outward euphoria and eutonia,11 and
multiple sclerosis patients have a two-fold increase in the lifetime risk of bipolar disease.12
Severity of cognitive impairment significantly correlates
with physical disability13 and with depression severity,14 It has
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been suggested that slowed information processing speed and,
secondarily, deficient nonspeeded central executive skill may be
core to the cognitive deficits characteristic of depressed multiple
sclerosis patients.15 Interestingly, males are especially vulnerable
to cognitive deficits.13 Cognitive impairments are also observed
in children with multiple sclerosis. Those with longer disease
duration and younger age of onset are at greatest risk.16
Memory problems are the most common cognitive deficits in
multiple sclerosis and may be prominent early in the disease
course. The main memory problem is deficient retrieval from
secondary (recent and remote) memory of both verbal and visual information.8,18 By contrast, primary memory, which is
responsible for immediate recall, is generally intact. There is a
normal digit span, a normal recency effect on supraspan recall,
and normal primary memory decay on the Brown-Peterson
Test,18 but impairments in working memory. Gaudino and colleagues observed that the primary problem in multiple sclerosis
with regard to memory functioning is in the acquisition of new
information.19 It has been suggested that automatic memory
processing is intact in multiple sclerosis, but impairment in
memory, in metamemory, and in other cognitive tasks becomes
evident over time when patients rely on conscious processes.20
In addition to memory difficulty, multiple sclerosis patients
may have other cognitive deficits. First, there is decreased
information processing speed evidenced by psychomotor retardation, slowed complex reaction times, rapid fatigue, and disturbed rates of mental processing on neuropsychological measures.21-23 Widespread slowing of automatic and controlled
information processing underlies much of the cognitive difficulty of patients with multiple sclerosis. De Sonneville and colleagues24 investigated focused, divided and sustained attention
as well as executive function and attempted to pinpoint deficits
in attention control to peripheral or central processing stages.
The results substantiate the hypothesis that the slowing of
attention-demanding (controlled) information processing
underlying more complex cognitive skills is general (i.e., irrespective of type of controlled processing), with multiple sclerosis patients being 40 percent slower than controls. Secondary
progressive patients show the most extensive range of deficits,
closely followed by primary progressive patients; relapsingremitting patients appear to be much less affected.
There are frontal-executive problems in concept formation,
abstract reasoning, planning and organization. Chronic progressive patients particularly may exhibit decreased executive
function and poor planning, as demonstrated on the Towers of
Hanoi Test.25 Further, MS patients also have impaired ability to
generate and apply working strategies when performing novel
tasks.26 Third, there is a decline in verbal fluency or word-list
generation and a milder decrease in confrontational naming.
Other language skills are relatively preserved, and aphasias are
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rare. Finally, multiple sclerosis patients may be unable to copy
a complex figure such as the Rey-Osterrieth figure or perform
on measures of egocentric orientation such as Money’s Road
Map Test.
Deficits in visual processing may result from decreased planning and organization rather than from primary visuospatial
deficits. Benedict and colleagues27 studied the association
between regional measures of cortical atrophy and neuropsychological dysfunction and concluded that cerebral atrophy predicts
neuropsychological impairments. Regions of cortex most susceptible to atrophic and cognitive changes in multiple sclerosis are
the right and left superior frontal lobes. Other authors have also
found that frontal atrophy is significantly associated with neuropsychological measures of executive functioning.28
Neuropsychiatric symptoms common in multiple sclerosis
can be divided into two categories: (1) disorders of mood
(depression, bipolar disorder, euphoria, pathological laughing
and crying, and psychosis); and (2) abnormalities affecting
cognition (memory, speed of information processing, and executive function). In one study of 44 multiple sclerosis patients,
a neuropsychiatric inventory revealed symptoms in 95 percent
including depressive symptoms (79 percent), agitation (40 percent), anxiety (37 percent), irritability (35 percent), apathy (20
percent), euphoria (13 percent), disinhibition (13 percent),
hallucinations (10 percent), aberrant motor behavior (nine
percent), and delusions (seven percent).29 Sleep disorders and
high levels of sexual dysfunction are also frequently observed in
patients with multiple sclerosis.
Mood disorders occur more frequently in multiple sclerosis
than in other chronic disabilities. Depression may present as an
early sign in multiple sclerosis and may be followed by cognitive impairment (in particular, deficits in visuospatial shortterm memory) before physical disability appears.30 Taken
together, major depression, bipolar illness, and dysphoria occur
in 37 to 54 percent of patients with multiple sclerosis.11,29
Although Surridge found depressive episodes prior to physical
symptoms in half of his multiple sclerosis patients,32 others
have questioned whether depression occurs as an isolated presenting symptom of multiple sclerosis.33 Psychological reactions to the disabilities of multiple sclerosis can lead to further
depression, anxiety, a feeling of helplessness, loss of control and
self-blame. In addition, one should separate depression from
the frequent presence among multiple sclerosis patients of
pseudobulbar affect with emotional incontinence. Work by
Arnett and colleagues suggests that depressed multiple sclerosis
patients characteristically have a limited working memory
capacity and that the central executive component of the working memory system may be most affected.34
Surridge also found that 26 percent of his MS patients had
euphoria or a “mood of cheerful complacency.”32 This outward
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euphoria, however, was often mixed with inward depression. In may spread to involve the heavily myelinated gray-white juncfact, multiple sclerosis patients are less “euphoric” than they are tion and even the gray matter itself; it may also result in corti“eutonic,” a sense of well-being dissociated from concern for cal diaschisis.
Changes may correlate with demyelination in specific locatheir disability. Eutonia often occurs as part of other personality changes, including emotional lability, irritability and apa- tions, particularly the subfrontal white matter.38 The number of
thy, but many personality reactions are possible. MS patients lesions in the corona radiata, insula and hippocampus is espehave a high incidence of manic episodes, panic attacks and cially correlated with cognitive impairment.40 Significant cognitive dysfunction often occurs with the extension of white
obsessive-compulsive symptoms.
The neurobehavioral aspects of multiple sclerosis are related matter changes to areas immediately underlying the cortex.41
poorly to most other aspects of this disease. Although the first This may relate to an early disturbance of associative fibers,
episodes of major depression frequently occur during periods particularly the long associative bundles, disconnecting the
frontal lobes from other parts of
of exacerbation of MS, most cogthe cerebral hemispheres.41,42
nitive and mood changes do not
Significant memory impaircorrelate with other neurologic
ment may be linked to demyelifindings or disability measures.
nating plaques in the white matOne exception is an association
ter of both hippocampus and in
of severe cognitive impairment
the columns of the fornix.42 Inwith frontal gait apraxia and
volvement of the corpus callofrontal release signs in the lower
sum also promotes cognitive
extremities (placing and grasping
Although the first
deficits and an interhemispheric
with the feet).35,36
Another exception is the assodisconnection syndrome.42,43
episodes of major
ciation of euphoria and eutonia
Zivadinov and colleagues
depression frequently
with significant cognitive imfound that in the early phase of
relapsing-remitting MS the cogpairments, more extensive neuoccur during periods of
nitive deterioration correlates
rologic disability, and advanced
exacerbation of multiple
more closely with the developdemyelination.37 Second, there is
a weak relationship among cogment of brain parenchymal volsclerosis, most cognitive
nitive deficits, euphoria, eutonia
ume atrophy than with the
and mood changes do not
and the severity and disease
extent of burden of disease in the
duration.37 In fact, neurobehavbrain.44 They proposed that the
correlate with other
ioral changes can occur early
main pathological substrate of
neurologic findings or
with minimal physical changes,
brain atrophy in the early stage
and multiple sclerosis may presof the disease is probably early
disability measures.
ent as a rare isolated dementia.
axonal loss, which causes the
Third, studies indicate that patients with a chronic progressive progression of neurologic deficits and the development of cogcourse are more likely to experience memory difficulties, nitive impairment. Nocentini found that correlations between
frontal-executive disturbances, euphoria and eutonia.37,38
the performance in some “frontal” neuropsychological tests
and the extent of frontal lobe MRI lesional area were present
Etiology and Pathophysiology
but nonspecific; the same performance also correlated with the
The neurobehavioral changes in multiple sclerosis are second- nonfrontal lesional area.45 The relationship between cognitive
ary to cerebral demyelination. Sperling39 observed that multi- impairments and MRI parameters is moderate, suggesting that
ple sclerosis lesions show a propensity for frontal and parietal cognitive dysfunction in multiple sclerosis has a complex and
white matter. Lesion burden in these areas is strongly associat- multifactorial etiology, which is not adequately explained by
ed with performance on tasks requiring sustained complex pathology as demonstrated on conventional MRI.46
attention and working verbal memory. This relationship was
Rovaris found moderate correlations among symbol digit
consistent over a four-year period, suggesting that disruption modalities test scores, verbal fluency test scores, spatial recall
of frontoparietal subcortical networks may underlie the pattern test scores, and lesion volume in relapsing-remitting MS.47 The
of neuropsychological impairment seen in many patients with authors suggested that the extent and intrinsic nature of the
multiple sclerosis. The severity of subcortical demyelination macroscopic lesions contribute to the neuropsychological
August 2006
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deficits. Charil observed a clear distinction between lesion
locations causing physical and cognitive disability; lesion likelihood correlated with the Expanded Disability Status Scale
(EDSS) in the left internal capsule and in periventricular white
matter mostly in the left hemisphere.48 Pyramidal deficits correlated with only one area in the left internal capsule that was
also present in the EDSS correlation. Cognitive dysfunction
correlated with lesion location at the grey-white junction of the
associative, limbic and prefrontal cortex. Coordination impairment correlated with areas in interhemispheric and pyramidal
periventricular white matter tracts and in the inferior and superior longitudinal fascicles. Bowel and bladder scores correlated
with lesions in the medial frontal lobes, cerebellum, insula,
dorsal midbrain and pons, areas known to be involved in the
control of micturition.
The researchers concluded that there is an evident relationship between the site of lesions and the type of disability in
large scale MRI data sets in multiple sclerosis. More recently,
Benedict and colleagues found that brain atrophy was a better
predictor of cognitive impairments than lesion burden; central
atrophy in particular was strongly associated with neuropsychological morbidity.49
Depression and other neuropsychiatric symptoms are less
related to magnetic resonance measures or to the presence or
absence of gadolinium enhancement. Bipolar disorder, euphoria and eutonia may occur with widespread periventricular
demyelinated plaques. One report notes that magnetic resonance abnormalities in temporal lobes are common among
multiple sclerosis patients with mixed psychopathology.50
Brainstem involvement can result in akinetic mutism or
peduncular hallucinosis, disorders that may be mistaken for
psychiatric symptoms.51,52 Depression in multiple sclerosis is
worse than in comparably disabling diseases.32,50,53 There is no
relationship between depression and the severity of multiple
sclerosis; however, patients with euphoria and eutonia, compared to those without, are more likely to have cerebral
involvement and a moderately advanced disease course.33

Diagnostic Workup
Clinicians often fail to consider multiple sclerosis in the differential diagnosis of dementia and of depression. This is particularly difficult because multiple sclerosis cannot be definitely
diagnosed during life. A clinically probable diagnosis can be
made based on the presence of signs and symptoms localized to
multiple sites within the central nervous system and relapsing
at different times. Multiple sclerosis should be considered in
dementing illnesses with a frontal-subcortical profile even in
the absence of other neurologic findings.54 These dementing illnesses include vascular dementia, leukodystrophies, Huntington’s disease and related disorders, the AIDS-dementia com-
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plex, chronic meningo-encephalitides, normal pressure hydrocephalus and primary depression. Other considerations are the
effects on cognition of depression, of psychoactive medications, and of sensorimotor deficits. A common diagnostic pitfall in neuropsychiatrically disturbed multiple sclerosis patients
is the misdiagnosis of their neurologic symptoms as conversion
reactions.
The differential diagnosis of white matter changes on magnetic resonance imaging includes Binswanger disease,
metachromatic leukodystrophy, adrenoleukodystrophy,
CADASIL, Fabry disease, HIV, lymphomatosis cerebri and
others.6 In addition to tests for multiple sclerosis such as magnetic resonance imaging and cerebrospinal fluid analysis for
immunoglobulin measures, a neurobehavioral assessment is
essential. A behavioral interview may uncover cognitive and
mood changes and may suggest further psychiatric assessment.
The routine mental status examination, however, can miss the
cognitive impairments of multiple sclerosis. Furthermore,
mental status scales, such as the mini-mental state exam, may
miss abnormalities of information processing speed, verbal fluency, and frontal-executive abilities.55
Investigators recommend supplementing the mental status
examination with neuropsychological measures such as a short
naming test, a seven-item or more verbal recall test, and
frontal-executive tests such as the Symbol Digit Modalities Test
or the Wisconsin Card Sorting Test.35,56,57 Some investigators
have developed brief screening batteries specifically for multiple sclerosis.9,58 Recently, the Multiple Sclerosis Impact Scale, a
psychometric instrument measuring the physical and psychological impact of multiple sclerosis, was developed.59 A minimal neuropsychological examination for multiple sclerosis
patients was also recently proposed.
An expert panel composed of neuropsychologists and psychologists from several different countries was convened by the
Consortium of Multiple Sclerosis Centers (CMSC) in April
2001. A 90-minute NP battery, the Minimal Assessment of
Cognitive Function in Multiple Sclerosis (MACFIMS),
emerged from this discussion. The MACFIMS is composed of
seven neuropsychological tests, covering five cognitive domains
commonly impaired in multiple sclerosis (processing speed,
working memory, learning and memory, executive function,
visual-spatial processing, and word retrieval). It is supplemented by a measure of estimated premorbid cognitive ability.
Recommendations for assessing other factors that may potentially confound interpretation of neuropsychological data (e.g.,
visual, sensory, and motor impairment, fatigue, and depression) are also included.60
Neuroimaging studies may be especially useful in the cognitive assessment of multiple sclerosis.61,62 On computerized
tomography scans, cerebral atrophy and ventricular enlarge-
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ment correlate weakly with cognitive difficulty.37 On magnetic
resonance scans, quantitated lesion burden and total lesion size
are directly proportional to the amount of cognitive dysfunction.38,63,64 Demyelination extending to the gray border,41 bilateral
hippocampal lesions,65 white matter volumes,66 and atrophy of
the corpus callosum10,43,63 are also related to cognitive impairment.
Bermel and colleagues quantitatively measured bicaudate
ratio, whole-brain atrophy, T2 lesion load, T1 (“black hole”)
lesion load and caudate volume using fluid-attenuated inversion recovery, T1-weighted, and gradient-echo magnetic resonance imaging scans.67 A Symbol Digit Modalities test was used
to assess cognitive function. The bicaudate ratio was increased
in multiple sclerosis and was more closely associated with cognitive dysfunction than other magnetic resonance imaging surrogate markers, including whole-brain atrophy. Increased
bicaudate ratio was explained by frontal horn ventricular
enlargement due to atrophy of deep frontal subcortical white
matter. A close relationship between subcortical atrophy and
cognitive impairment in patients with multiple sclerosis was
suggested.
PET scans may reveal a general reduction in regional cerebral blood flow in the gray and white matter among multiple
sclerosis patients.68 This reduction correlates with the decrease
in cognitive impairment.68 Magnetic resonance spectroscopy
may reveal subtle frontal neuropathological abnormalities,
which contribute to executive dysfunction.69

Management and Prognosis
The mainstays of managing multiple sclerosis are similar in
most respects, regardless of the presence or absence of neurobehavioral symptoms. Management includes neurologic care,
education and support. Immunosuppressive therapy with corticosteroids and other drugs may cause a remission of cognitive
deficits and depression, but may worsen or precipitate mania.38
Fischer and colleagues reported that interferon beta has a significant beneficial effect on information processing, learning
and memory, and a mild effect in visuospatial abilities and
problem solving.70 They conclude that there are significant beneficial effects of interferon beta-1a for relapsing multiple sclerosis. Interferon beta, which decreases the number of relapse
attacks and the development of MRI lesions, may worsen or
provoke depression. The long-term effects of these medications
on neurobehavioral symptoms are as yet unknown.
In addition to therapy with steroids and immunosuppressants, there are other more specific therapies for neurobehavioral symptoms. For cognitive symptoms, therapeutic considerations include cognitive-enhancing drugs and cognitive retraining. Although acetylcholinesterase inhibitor medications can
improve memory, investigators have not evaluated donepezil,
rivastigmine or galantamine (the major cholinesterase
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inhibitors used in the United States) in patients with multiple
sclerosis. These patients may benefit from learning compensatory strategies, graded practice on memory tasks, and the use of
lists and written clues. For neuropsychiatric symptoms, psychotropic drugs may be useful, particularly antidepressant
drugs and lithium. The response rate to antidepressant medication is high, but patients with multiple sclerosis may be unusually sensitive to their side effects.71 Psychotherapy and support
groups are also of potential benefit, and electroconvulsive treatment may be effective.72
Cognitive rehabilitation can have some beneficial effect on
multiple sclerosis patients, but results are mixed.73 Lincoln and
colleagues found that a detailed cognitive assessment and treatment program designed to help reduce the impact of cognitive
problems showed no effect of the interventions on mood, quality of life, subjective cognitive impairment or independence.74
The prognosis for neurobehavioral symptoms appears to be
just as variable as for other neurologic symptoms. Worse prognostic factors include a shorter interval between the first two
relapses, an age of onset of more than 40 years, male sex, and
the presence of pyramidal or cerebellar symptoms. The presence of cognitive symptoms or euphoria and eutonia are more
likely to indicate a more extensive demyelinating lesion load.
Moreover, MS patients with cognitive symptoms or euphoria
and eutonia are less likely than multiple sclerosis patients without neurobehavioral symptoms to be employed, engaged in
social activities, or independent in daily living activities.9,37
The ability to predict which multiple sclerosis patient will
develop neurobehavioral changes is difficult. The clinical findings that best predict cognitive impairment are gait apraxia,
frontal release signs in the lower extremities, a chronic-progressive course, moderate to severe demyelination, subgyral
demyelination, hippocampal demyelination, and atrophy of
the corpus callosum atrophy.35,43 Ventricular enlargement may
also predict cognitive impairment. Finally, depression (especially bipolar disease) and other neuropsychiatric symptoms may
occur in those with a family history of these disorders.
Noteworthy, nearly half of multiple sclerosis patients die from
complications of their disease. Other major causes of mortality
are malignancy (16 percent), suicide (15 percent), and myocardial infarction (11 percent).75 PN
Adapted from MedLink Neurology™ (www.medlink.com)
with permission.
Alfredo Ardila, PhD is a neuropsychologist at Memorial Regional Hospital and
Adjunct Associate Professor at the University of Miami, Jackson Memorial
Hospital.
Mario F. Mendez, MD, PhD is Director of the Neurobehavioral Unit at the UCLA
Department of Neurology in Los Angeles.

Practical Neurology

August 2006

1. Ehde DM, Bombardieer CH. Depression in persons with multiple sclerosis. Phys Med Rehabil
Clin N Am. 2005 May ;16:437-48, ix
2. Siegert RJ, Abernethy DA. Depression in multiple sclerosis: a review. J Neurol Neurosurg
Psychiatry 2005;76(4):469-75.
3. Brassington JC, Marsh NV. Neuropsychological
aspects of multiple sclerosis. Neuropsychol Rev
1998;8:43-77.
4. DeSousa EA, Albert RH, Kalman B. Cognitive
impairments in multiple sclerosis: a review. Am J
Alzheimers Dis Other Demen 2002;17:23-9.
5. Rao SM. Neuropsychology of multiple sclerosis. Cur Opin Neurol 1995;8:216-20.
6. Rao SM. White matter disease and dementia.
Brain Cog 1996;31:250-68.
7. Bagert B, Camplair P, Bourdette D. Cognitive
dysfunction in multiple sclerosis: natural history,
pathophysiology and management. CNS Drugs
2002;16:445-55.
8. Grafman J, Rao SM, Litvan I. In: Rao SM, editor. Neurobehavioral aspects of multiple sclerosis.
New York: Oxford University Press, 1990:102-17.
9. Beatty WW. Cognitive and emotional disturbances in multiple sclerosis. Neurol Clin
1993;11:189-204
10. Huber SJ, Paulson GW, Shuttleworth EC, et al.
Magnetic resonance imaging correlates of dementia in multiple sclerosis. Arch Neurol
1987;44(7):732-6.
11. Minden SL, Schiffer RB. Affective disorders in
multiple sclerosis: review and recommendations
for clinical research. Arch Neurol 1990;47:98-104.
12. Schiffer RB, Weitkamp LR, Wineman NM,
Guttormsen S. Multiple sclerosis and affective disorder: family history, sex, and HLA-DR antigens.
Arch Neurol 1988;45:1345-8.
13. Lynch SG, Parmenter BA, Denney DR. The
association between cognitive impairment and
physical disability in multiple sclerosis. Mult Scler
2005;11(4):469-76.
14. Arnett PA. Longitudinal consistency of the
relationship between depression symptoms and
cognitive functioning in multiple sclerosis. CNS
Spectr 2005;10(5):372-82.
15. Arnett PA, Higginson CI, Randolph JJ.
Depression in multiple sclerosis: relationship to
planning ability. J Int Neuropsychol Soc
2001;7:665-74.
16. Beatty WW, Aupperle RL. Sex differences in
cognitive impairment in multiple sclerosis. Clin
Neuropsychol 2002;16:472-80.
17. Banwell BL, Anderson PE. The cognitive burden of multiple sclerosis in children. Neurology
2005;64(5):891-4.
18. Beatty WW, Goodkin DE, Monson N, Beatty
PA, Hertsgaard D. Antegrade and retrograde
amnesia in patients with chronic progressive multiple sclerosis. Arch Neurol 1988;45:611-9.
19. Gaudino EA, Chiaravalloti ND, DeLuca J,
Diamond BJ. A comparison of memory performance in relapsing-remitting, primary progressive
and secondary progressive, multiple sclerosis.
Neuropsychiatry Neuropsychol Behav Neurol
2001;14:32-44.
20. Scarrabelotti M, Carroll M. Memory dissociation and metamemory in multiple sclerosis.
Neuropsychologia 1999;37:1335-50.
21. Litvan I, Grafman J, Vendrell P, Martinez J.
Slowed information processing in multiple sclerosis. Arch Neurol 1988;45:281-8.
22. Piras MR, Magnano I, Canu ED, et al.

August 2006

Longitudinal study of cognitive dysfunction in
multiple sclerosis: neuropsychological, neuroradiological, and neurophysiological findings. J
Neurol Neurosurg Psychiatry 2003;74(7):878-85.
23. Schwid SR, Tyler CM, Scheid EA, Weinstein A,
Goodman AD, McDermott MP. Cognitive fatigue
during a test requiring sustained attention: a pilot
study. Mult Scler 2003;9:503-8.
24. De Sonneville LM, Boringa JB, Reuling IE,
Lazeron RH, Ader HJ, Polman CH. Information
processing characteristics in subtypes of multiple
sclerosis. Neuropsychologia 2002;40:1751-65.
25. Arnett PA, Rao SM, Grafman J, et al. Executive
functions in multiple sclerosis: an analysis of temporal ordering, semantic encoding, and planning
abilities. Neuropsychology 1997;11(4):535-44.
26. Birnboim S, Miller A. Cognitive strategies
application of multiple sclerosis patients. Mult
Scler 2004;10(1):67-73.
27. Benedict RH, Bakshi R, Simon JH, Priore R,
Miller C, Munschauer F. Frontal cortex atrophy
predicts cognitive impairment in multiple sclerosis. J Neuropsychiatry Clin Neurosci
2002a;14:44-51.
28. Locatelli L, Zivadinov R, Grop A, Zorzon M.
Frontal parenchymal atrophy measures in multiple
sclerosis. Mult Scler 2004;10(5):562-8.
29. Diaz-Olavarrieta C, Cummings JL, Velazquez
J, Garcia de la Cadena C. Neuropsychiatric manifestations of multiple sclerosis. J Neuropsychiatry
Clin Neurosci 1999;11:51-7.
30. Haase CG, Tinnefeld M, Lienemann M, Ganz
RE, Faustmann PM. Depression and cognitive
impairment in disability-free early multiple sclerosis. Behav Neurol 2003;14:39-45.
31. Minden SL, Schiffer RB. Affective disorders in
multiple sclerosis: review and recommendations
for clinical research. Arch Neurol 1990;47:98-104.
32. Surridge D. An investigation into some psychiatric aspects of multiple sclerosis. Br J
Psychiatry 1969;115:749-64.
33. Ron MA, Logsdail SJ. Psychiatric morbidity in
multiple sclerosis. a clinical and MRI study.
Psychol Med 1989;19:887-95.
34. Arnett PA, Higginson CI, Voss WD, Bender WI,
Wurst JM, Tippin JM. Depression in multiple
sclerosis: relationship to working memory capacity. Neuropsychology 1999;13:546-56.
35. Franklin GM, Nelson LM, Heaton RK, Filley
CM. Clinical perspectives in the identification of
cognitive impairment. In: Rao SM, editor.
Neurobehavioral aspects of multiple sclerosis.
New York: Oxford University Press, 1990:161-74.
36. Mendez MF, Frey WH 2nd. Multiple sclerosis
dementia. Neurology 1992;42:696.
37. Rabins PV. Euphoria in multiple sclerosis. In:
Rao SM, editor. Neurobehavioral aspects of multiple sclerosis. New York: Oxford University Press,
1990:180-5.
38. Franklin GM, Heston RK, Nelson LM, Filley
CM, Seibert C. Correlation of neuropsychological
and MRI findings in chronic/progressive multiple
sclerosis. Neurology 1988;38:1826-9.
39. Sperling RA, Guttmann CR, Hohol MJ, et al.
Regional magnetic resonance imaging lesion burden and cognitive function in multiple sclerosis: a
longitudinal study. Arch Neurol 2001:58(1):11521.
40. Tsolaki M, Drevelegas A, Karachristianou S,
Kapinas K, Divanoglou D, Routsonis K.
Correlation of dementia, neuropsychological and
MRI findings in multiple sclerosis. Dementia
1994;5:48-52.

41. Damian MS, Schilling G, Bachmann G, Simon
C, Stoppler S, Dorndorf W. White matter lesions
and cognitive deficits: relevance of lesion pattern?
Acta Neurol Scand 1994;90:430-6.
42. Fontaine B, Seilhean D, Tourbah A, et al.
Dementia in two histologically confirmed cases of
multiple sclerosis: one case with isolated dementia and one case associated with psychiatric symptoms. J Neurol Neurosurg Psychiatry
1994;57(3):353-9.
43. Mendez MF. Neuropsychiatric aspects of multiple sclerosis: case reports and review of the literature. Int J Psychiatry Med 1995;25:125-35.
44. Zivadinov R, Sepcic J, Nasuelli D, et al. A longitudinal study of brain atrophy and cognitive disturbances in the early phase of relapsing-remitting
multiple sclerosis. J Neurol Neurosurg Psychiatry
2001;70(6):773-80.
45. Nocentini U, Rossini PM, Carlesimo GA, et al.
Patterns of cognitive impairment in secondary
progressive stable phase of multiple sclerosis:
correlations with MRI findings. Eur Neurol
2001;45(1):11-8.
46. Camp SJ, Stevenson VL, Thompson AJ, et al.
Cognitive function in primary progressive and
transitional progressive multiple sclerosis: a controlled study with MRI correlates. Brain
1999;122(Pt 7):1341-8.
47. Rovaris M, Iannucci G, Falautano M, et al.
Cognitive dysfunction in patients with mildly disabling relapsing-remitting multiple sclerosis: an
exploratory study with diffusion tensor MR imaging. J Neurol Sci 2002;195:103-9.
48. Charil A, Zijdenbos AP, Taylor J, et al.
Statistical mapping analysis of lesion location and
neurological disability in multiple sclerosis: application to 452 patient data sets. Neuroimage
2003;19(3):532-44.
49. Benedict RH, Weinstock-Guttman B, et al.
Prediction of neuropsychological impairment in
multiple sclerosis: comparison of conventional
magnetic resonance imaging measures of atrophy
and lesion burden. Arch Neurol 2004;61(2):22630.
50. Honer WG, Hurwitz T, Li DK, Palmer M, Paty
DW. Temporal lobe involvement in multiple sclerosis patients with psychiatric disorders. Arch
Neurol 1987;44:187-90.
51. Nicolai A, Lazzarino LG. Peduncular hallucinosis as the first manifestation of multiple sclerosis. Eur Neurol 1995;35:241-2.
52. Scott TF, Lang D, Girgis RM, Price T.
Prolonged akinetic mutism due to multiple sclerosis. J Neuropsychiatry Clin Neurosci 1995;7:90-2.
53. Whitlock FA, Siskind MM. Depression as a
major symptom of multiple sclerosis. J Neurol
Neurosurg Psychiatry 1980;43:861-5.
54. Hotopf MH, Pollock S, Lishman WA. An
unusual presentation of multiple sclerosis.
Psychol Med 1994;24:525-8.
55. Swirsky-Sacchetti T, Field HL, Mitchell DR, et
al. The sensitivity of the Mini-Mental State Exam in
the white matter dementia of multiple sclerosis. J
Clin Psychol 1992;48(6):779-86.
56. Beatty WW, Goodkin DE. Screening for cognitive impairment in multiple sclerosis: an evaluation of the Minis-Mental State Exam. Arch Neurol
1990;47:297-301.
57. Rao SM. Multiple sclerosis. In: Cummings JL,
editor. Subcortical dementia. New York: Oxford
University Press, 1990:164-80.**
58. Boringa JB, Lazeron RH, Reuling IE, et al. The
brief repeatable battery of neuropsychological

Practical Neurology

tests: normative values allow application in multiple sclerosis clinical practice. Mult Scler
2001;7(4):263-7.
59. Hobart J, Lamping D, Fitzpatrick R, Riazi A,
Thompson A. The Multiple Sclerosis Impact Scale
(MSIS-29): a new patient-based outcome measure. Brain 2001;124:962-73.
60. Benedict RH, Fischer JS, Archibald CJ, et al.
Minimal neuropsychological assessment of MS
patients: a consensus approach. Clin
Neuropsychol 2002b;16(3):381-97.
61. Yetkin FZ, Haughton VM, Papke RA, Fischer
ME, Rao SM. Multiple sclerosis: specificity of MR
for diagnosis. Radiology 1991;178:447-51.
62. Comi G, Rovaris M, Leocani L, Martinelli V,
Filippi M. Clinical and MRI assessment of brain
damage in MS. Neurol Sci 2001;22 Suppl
2:S123-7.
63. Rao SM, Leo GJ, Haughton VM, St AubinFaubert P, Bernardin L. Correlations of magnetic
resonance imaging with neuropsychological testing in multiple sclerosis. Neurology
1989b;39:161-6.
64. Moller A, Wiedemann G, Rohde U, Backmund
H, Sonntag A. Correlates of cognitive impairment
and depressive mood disorder in multiple sclerosis.
65. Brainin M, Goldenberg G, Ahlers C, Reisner T,
Neuhold A, Deecke L. Structural brain correlates of
anterograde memory deficits in multiple sclerosis.
J Neurol 1988;235:362-5.
66. Edwards SG, Liu C, Blumhardt LD. Cognitive
correlates of supratentorial atrophy on MRI in multiple sclerosis. Acta Neurol Scand 2001;104:21423.
67. Bermel RA, Bakshi R, Tjoa C, Puli SR, Jacobs
L. Bicaudate ratio as a magnetic resonance imaging marker of brain atrophy in multiple sclerosis.
Arch Neurol 2002;59:275-80.
68. Sun X, Tanaka M, Kondo S, Okamoto K, Hirai
S. Clinical significance of reduced cerebral metabolism in multiple sclerosis: a combined PET and
MRI study. Ann Nucl Med 1998;12:89-94.
69. Foong J, Rozewicz L, Davie CA, Thompson AJ,
Miller DH, Ron MA. Correlates of executive function in multiple sclerosis: the use of magnetic resonance spectroscopy as an index of focal pathology. J Neuropsychiatry Clin Neurosci 1999,11:5450.
70. Fischer JS, Priore RL, Jacobs LD, et al.
Neuropsychological effects of interferon beta-1a in
relapsing multiple sclerosis. Multiple Sclerosis
Collaborative Research Group. Ann Neurol
2000;48(6):885-92.
71. Rodgers J, Bland R. Psychiatric manifestations
of multiple sclerosis: a review. Can J Psychiatry
1996;41:441-5.
72. McNamara ME. ECT and treatment of multiple
sclerosis. J Neuropsychiatry Clin Neurosci
1995;7:385-6.
73. Pepping M, Ehde DM. Neuropsychological
evaluation and treatment of multiple sclerosis: the
importance of a neuro-rehabilitation focus. Phys
Med Rehabil Clin N Am 2005;16(2):411-36.
74. Lincoln NB, Dent A, Harding J, et al.
Evaluation of cognitive assessment and cognitive
intervention for people with multiple sclerosis. J
Neurol Neurosurg Psychiatry 2002;72(1):93-8.
75. Stern M. Aging with multiple sclerosis. Phys
Med Rehabil Clin N Am 2005;16(1):219-34.

31

