
INTRODUCTION

As the cascade of immune, biochemical, and degener-
ative processes constituting the pathogenesis of multiple
sclerosis (MS) progresses, its development leads to marked
focal and atrophic changes in the CNS and consequent sta-
ble clinical manifestations [6]. Data from some studies [19]
have indicated that the volume of demyelination foci does
not correlate with the severity of atrophic brain changes,
which suggested that the development of atrophy is inde-
pendent of the local demyelinating process. Other results
have identified a relationship between these pathological
processes; the severity of the neurological manifestations
and the prognosis are felt generally to be related to the
extent of overall brain atrophy [11, 17, 23]. At the same
time, the severity of the neurological deficit correlates

weakly with the number and volume of demyelination foci
in patients with MS [13]. In addition, the appearance of new
demyelination foci in the brain is not always accompanied
by increases in the neurological deficit [11, 25], but may be
reflected in the severity of cognitive impairments (CI) [9].

CI are seen in 40–86% of patients with MS [4, 29]. A
wide spectrum of such disorders with negative influences on
patients’ quality of life, leading to impaired ability to work
and degraded social adaptation, has been identified [1, 7, 14,
27]. CI are encountered at the early stages of the disease and
can be among the first (and in some cases the only) symp-
toms of disease onset and exacerbation [16, 24]. Some
authors believe [2, 26, 28] that the severity of CI correlates
with the volume of demyelination foci and the level of brain
atrophy. At the same time, other investigators have found no
significant relationship between CI and focal changes [18, 30].
MRI diagnostic criteria emphasize the importance of lesions
in the subtentorial brain structures [15], though their clinical
significance and contribution to pathogenesis remain incom-
pletely studied. The contradictory nature of the published
data makes further study of this question necessary.
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The aim of the present work was to investigate the
influences of overall brain atrophy and the locations and
volumes of demyelination foci on the neurological and cog-
nitive status of MS patients.

MATERIALS AND METHODS

A total of 65 patients (54 men and 11 women) aged
21–46 (mean 37 ± 16) years with remitting MS in the stage
of clinical remission (diagnoses were established in accord
with the McDonald et al. criteria [22]). All patients were
right-handed. Disease duration was 7.5 ± 5 years. Severity
was assessed on the Functional Systems Scale (FS) and
Kurtzke’s Extended Disability Status Scale (EDSS) [21].

Cognitive status was evaluated using psychological
tests to assess the severity of the CI most often seen in MS
[3]. The 10-word memory test was used to assess short- and
long-term memory [12]. Quantitative changes in the vol-
umes of immediate and operative memory, the index of
short-term memory, and the ratio of the volumes of imme-
diate and operative memory were evaluated using the “dou-
ble” test [10]. The stability of attention was addressed using
the correction test (Landolt ring version) [5]. Counting
skills and the stability of attention was assessed by sub-
tracting sevens from 100 [8]. The Kraepelin test was used
to evaluate the productivity of mental work capacity and
fatigue [8]. The Paced Auditory Serial Addition Test
(PASAT) was used to assess counting skills, the rate of
information processing, and the level of short-term infor-
mation storage, as well as the stability of attention [20].
These six tests yielded data on 19 parameters.

Brain MRI scans were obtained using a standard proto-
col (Magnetom Vision, Siemens, 1.5 T). MRI patterns in all
patients corresponded to the diagnosis of MS. Quantitative
analysis of MRI results was performed using the semiauto-
matic computer program Java Image, which allows signal
intensity to be used to identify zones of interest and changes
in volume. Total focus volumes were determined separately
in the left and right hemispheres and in subtentorial brain
structures; measures of atrophy were also determined: the
size of the subarachnoid space, the volumes of the ventricles,
and the volume of the intracranial space. These data were
used to calculate the cerebral parenchyma volume (CPV).

Because of the variability of measures of the intracranial
space, correlation analysis was performed using the CPV
index – the ratio of CPV to the volume of the intracranial
space. Correlations between measures were identified using
Statistica version 6.

RESULTS AND DISCUSSION

The severity of the neurological manifestations on the
EDSS in the cohort of patients studied here was 4.0 ± 1.5
points. MRI results are presented in Table 1.

No predominance of lesions in the right or left hemi-
spheres was seen. The volume of foci in subtentorial struc-
tures in 49 patients (75%) was less than 7% of the total
volume of foci. Correlation analysis identified a negative
relationship (p < 0.05; r = –0.39) between the volume of
foci in subtentorial structures and the CPV index. There
were no correlations between the CPV index and the total
volume of foci or the volume of foci in each hemisphere.
It should be noted that there were negative correlations
between the CPV index and the severity of invalidity on the
EDSS and the points score on the FS for pelvic dysfunction
(p < 0.05; r = –0.36). The only positive correlation between
the volume of foci in subtentorial brain structures was with
disease severity on the EDSS (p < 0.05; r = 0.34). These
results indicate the importance of focal lesions in subtento-
rial structures in disease development. This phenomenon
may result from damage to large numbers of nerve fibers
with small focus volumes because of the high concentration
of conducting pathways per unit volume, which probably
also leads to the neurological disturbances. Impairment to
spike conduction via damaged afferent pathways may be
important for the development of atrophic changes in the
brain. The interaction between brain atrophy and the vol-
ume of subtentorial foci may result from damage to non-
specific tonic structures of the reticular formation located in
the brain stem.

Psychological investigations revealed the presence of
CI in 44–92.4% of patients. Of the 19 psychological mea-
sures, the group mean values of 17 (89.5%) were below
normal. Deviations from normal in the 10-word memory
test increased on sequential attempts to reproduce words in
87% of patients. The results of this test provide evidence of
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TABLE 1. Volume of Demyelination Foci and Brain Parenchyma

Statistical 
measure

Demyelination foci, mm3 Measures of atrophy, mm3

right 
hemisphere

left 
hemisphere

subtentorial
structures

total volume parenchyma
CSF-containing

space
intracranial

space
CPV index

M 1169.9 1032.86 61.63 2264.39 403848.60 76704.78 479349.60 0.84

± m 996.45 933.34 70.02 1784.37 43893.66 11643.33 4322.80 0.03



rapid fatigue of memory processes in patients with MS. The
number of words reproduced after one hour was below nor-
mal in 41.3% of patients.

The “double” test demonstrated decreases in the vol-
ume of operative memory in 92.4% of patients, the volume
of immediate memory in 48.5%, and the ability to utilize
this in task solving in 81.8%. The index of short-term mem-
ory, which characterizes the quality of performance of the
whole test, was below normal in 88.7%.

The overall measure characterizing performance of the
correction test, i.e., the sensorimotor analyzers index, was
below normal in 67.2% of patients. The rate of performance
of the correction test was reduced in 75.4% of patients, and
accuracy was decreased in 18.5%. Decreases in the results
of the serial sevens subtraction from 100 test in 44% of
patients were identified from performance time indicators.
The number of correct solutions of examples in the PASAT-3
test was below normal in 89% of patients.

Thus, psychological investigations demonstrated CI
such as increases in the time taken to perform intellectual-
memory tasks, decreases in the rate and rapid fatigue of
mental processes, impairments to memory processes, and
decreases in the volume of short-term memory.

Psychological test results were compared with the vol-
umes of demyelination foci in the right and left hemispheres

and subtentorial brain structures and with the parenchyma
volume, i.e., the CPV index (Table 2). Relationships with
demyelination focus volumes were seen for 17 psychological
measures; the values of eight parameters correlated with
CPV. The largest number of test measures correlated with the
volume of foci in the left (dominant) hemisphere.

This result allows indirect assessment of the functional
asymmetry of the cerebral hemispheres and the significance
of lesions to the white matter of the dominant hemisphere to
the development of CI. The relationships between several
measures and the volume of subtentorial foci indicated the
significance of lesions to these structures in the development
of these losses in MS.

The severity of atrophic processes in the brain also
influenced the development of CI. This was indicated by
the positive correlations between the volume of the brain
parenchyma and measures characterizing short-term mem-
ory, counting skills (the 10-word memory test and the “dou-
ble” test, the PASAT-3 test, the Kraepelin counting test) and
the negative correlations between brain parenchyma vol-
ume and the test performance time as well as the number of
errors made in the serial sevens from 100 test.

These data indicate that the development of CI in MS
depends on both the volume of focal lesions and the sever-
ity of atrophic processes.
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TABLE 2. Correlation of Psychological Test Results with Total Volume of Demyelination Foci and Measures of Brain Parenchyma Volume (p < 0.05)

Test
Volume of foci

CPV
right hemisphere left hemisphere subtentorial structures

Ten-word memory:

number of words reproduced (5 trials) NS r = –0.42 NS NS

words reproduced at 1 h NS r = –0.43 NS r = 0.38

“Double” test:

immediate memory NS r = –0.49 NS r = 0.49

operative/immediate memory NS NS r = –0.54 NS

index of short-term memory NS NS NS r = 0.39

Correction test:

Sn r = –0.42 r = –0.42 r = –0.43 NS

T NS r = 0.43 r = 0.57 NS

Serial subtraction of 7s from 100:

T NS r = 0.41 r = 0.37 r = –0.39

t NS r = 0.27 r = 0.29 r = –0.40

n NS NS NS r = –0.50

Kraepelin counting:

Quantity of work performed r = –0.39 r = –0.63 r = –0.35 NS

Amean r = –0.39 r = –0.40 NS r = 0.71

PASAT-3 – number of correct responses NS r = –0.39 NS r = 0.40

Note. NS = not significant.



CONCLUSIONS

1. A positive relationship was found between disease
severity on the EDSS scale and cognitive impairments with
the severity of overall brain atrophy and the volume of sub-
tentorially located demyelination foci in MS.

2. The largest number of psychological test measures
correlated directly with the volume of demyelination foci in
the dominant cerebral hemisphere.

3. The negative correlation found between focus vol-
ume in subtentorial structures and the volume of brain
parenchyma may be evidence for a relationship between
focal and diffuse degenerative processes in MS.

REFERENCES

1. T. A. Alekseeva, A. N. Boiko, and E. I. Gusev, “The spectrum of
neuropsychological changes in multiple sclerosis,” Zh. Nevrol. Psi-
khiatr., 100, 15–20 (2000).

2. T. G. Alekseeva, E. V. Enikolopova, E. V. Sadal’skaya, et al., “A
complex approach to assessment of cognitive and emotional-person-
ality spheres in patients with multiple sclerosis,” Zh. Nevrol.
Psikhiatr. (special issue: Multiple Sclerosis), 102, 20–26 (2002).

3. T. G. Alekseeva, A. N. Boiko, T. T. Batysheva, et al., “Cognitive and
emotional-personality changes in multiple sclerosis,” in: Multiple
Sclerosis and Other Demyelinating Diseases [in Russian], E. I. Gu-
sev, I. A. Zavalishin, and A. N. Boiko (eds.), Miklosh, Moscow
(2004), pp. 199–216.

4. T. L. Vizilo, E. N. Khar’kova, V. N. Tsyuryupa, et al., “Cognitive
impairments in patients with multiple sclerosis,” in: Proceedings of
Third Siberian Inter-Regional Scientific-Applied Conference. Multiple
Sclerosis: Current Trends [in Russian], Novosibirsk (2007), pp. 12–13.

5. A. A. Genkin, V. I. Medvedev, and M. P. Sheek, “Some principles of
the construction of correction tables for measurement of the rate of
information processing,” Zh. Vopr. Psikhol., 1, 104 (1963).

6. I. A. Zavalishin and A. V. Peresedova, “Current concepts in the
pathogenesis and treatment of multiple sclerosis,” Nervnye Bolezni,
2, 16–21 (2005).

7. N. Yu. Kiselev, I. R. Shmidt, M. G. Zhestikova, et al., “Neuropsy-
chological syndromes in the clinical features of multiple sclerosis:
studies using the A. R. Luria method,” in: Proceedings of Third
Siberian Inter-Regional Scientific-Applied Conference. Multiple
Sclerosis: Current Trends [in Russian], Novosibirsk (2007), pp. 14–15.

8. A. R. Luriya, Higher Cognitive Functions in Humans and their
Impairments in Local Brain Damage [in Russian], Moscow State
University, Moscow (1962).

9. K. K. Mineev, A. G. Il’ves, G. V. Kataeva, et al., “Relationship
between the volume and activity of focal brain lesions (magnetic
resonance tomography (MRI) data) and cognitive impairments in
patients with multiple sclerosis,” Neiroimmunologiya, 4, 3–4 and
57–62 (2006).

10. L. C. Muchnik and V. M. Smirnov, “The ‘double’ test for short-term
memory,” in: Psychological Experiments in Neurological and
Psychiatric Clinical Practice [in Russian], Moscow (1969), Vol. 46.

11. I. N. Pronin and I. A. Belyaeva, “The potential of MRI in multiple
sclerosis: diagnosis and prognosis,” in: Multiple Sclerosis and Other
Demyelinating Diseases [in Russian], E. I. Gusev, I. A. Zavalishin,
and A. N. Boiko (eds.), Miklosh, Moscow (2004), pp. 199–216.

12. S. Ya. Rubinshtein, Experimental Methods in Pathopsychology [in
Russian], Moscow (1999), pp. 56–59.

13. N. A. Totolyan, T. N. Trofimova, A. A. Skoromets, et al., “The
potential of magnetic resonance visualization in the diagnosis of
multiple sclerosis,” Zh. Nevrol. Psikhiatr. (Special issue: Multiple
Sclerosis), 102, 32–41 (2002).

14. O. V. Trifonova, I. A. Zavalishin, V. V. Gnezditskii, et al., “Cognitive
changes in patients with multiple sclerosis,” in: Proceedings of Third
Siberian Inter-Regional Scientific-Applied Conference. Multiple
Sclerosis: Current Trends [in Russian], Novosibirsk (2007),
pp. 31–32.

15. F. Barkof, M. Filippi, D. H. Miller, et al., “Comparison of MRI cri-
teria at first presentation to predict conversion to clinically definite
multiple sclerosis,” Brain, 120, 2059–2069 (1997).

16. M. Bonnet, E. Salort-Campana, M. Deloire, et al., “A longitudinal
cognitive study at early stages of relapsing-remitting multiple scle-
rosis,” Mult. Scler., 12, No. 1, p. 143 (2006).

17. I. Fedotova and I. Feklin, “Relationship between inflammatory
lesions and cerebral atrophy in multiple sclerosis,” Mult. Scler., 12,
No. 1, 179 (2006).

18. J. Foong, L. Rozewicz, G. Quaghebeur, et al., “Executive function in
multiple sclerosis. The role of frontal lobe pathology,” Brain, 120,
15–26 (1997).

19. Y. Ge, R. Grosman, K. Jayaram, et al., “Brain atrophy in relapsing-
remitting multiple sclerosis and progressive multiple sclerosis:
Longitudinal quantitative analysis,” Radiology, 214, 665–670
(2000).

20. S. F. Jill, A. J. Jak, M. A. J. E. Kniker, et al., Multiple Sclerosis
Functional Composite (MSFC). Administration and Scoring Manual
(2001).

21. J. F. Kurtzke, “Rating neurologic impairment in multiple sclerosis:
an expanded disability status scale (EDSS),” Neurology, 33,
1444–1452 (1983).

22. N. McDonald, A. Compston, G. Edan, et al., “Recommended diag-
nostic criteria for multiple sclerosis: Guidelines from the interna-
tional panel the diagnosis multiple sclerosis,” Ann. Neurol., 50,
121–127 (2001).

23. A. Minneboo, B. Jasperse, F. Barkhof, et al., “Measurement of cere-
bral atrophy has added value in predicting development of disability
in early multiple sclerosis,” Mult. Scler., 12, No. 1, 179 (2006).

24. F. Patti, M. P. Amato, and M. R. Tola, “Cognitive impairment and
MRI features in early relapsing-remitting multiple sclerosis patients:
results of an Italian multicentre study (COGIMUS),” Mult. Scler.,
12, No. 1, 82 (2006).

25. D. W. Paty, “Magnetic resonance imaging in the assessment of dis-
ease activity in multiple sclerosis,” Can. J. Neurol. Sci., 15, 266–272
(1988).

26. C. Pozzill, C. Fieschi, D. Perani, et al., “Relationship between corpus
callosum atrophy and cerebral metabolic-asymmetries in multiple
sclerosis,” J. Neurol. Sci., 112, 51–57 (1992).

27. S. M. Rao, G. J. Leo, L. Bernadin, and F. Unverzagt, “Cognitive dys-
function in multiple sclerosis. I. Frequency, patterns and prediction,”
Neurology, 41, 685–691 (1991).

28. J. Sepulcre, J. Goni, B. Duque, et al., “The contribution of white
matter lesions to verbal memory: a voxel-by-voxel magnetic reso-
nance analysis in multiple sclerosis,” Mult. Scler., 12, No. 1, 181
(2006).

29. S. Vannotti, R. Benedict, F. Caceres, et al., “Cognitive impairment in
multiple sclerosis: results of a multicentre in Argentina,” Mult.
Scler., 12, No. 1, 141 (2006).

30. K. K. Zakzanis, “Distinct neurocognitive profiles in multiple sclero-
sis subtypes,” Arch. Clin. Neuropsychol., 15, 115–136 (2000).

Mineev, Prakhova, Il’ves, et al.38



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /SyntheticBoldness 1.000000
  /Description <<
    /DEU <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


