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Cortical/Subcortical Disease Burden and Cognitive
|mpairment in Patients with Multiple Sclerosis

Marco Rovaris, Massimo Filippi, Luca Minicucci, Giuseppe lannucci,
Giuseppe Santuccio, Francesca Possa, and Giancarlo Comi

BACKGROUND AND PURPOSE: We assessed whether the extent of macro- and microscopic
disease in the cortical and subcortical brain tissue, as revealed by MR and magnetization
transfer (MT) imaging, correlates with cognitive dysfunction in patients with multiple sclerosis
(MS).

METHODS: Dual-echo rapid acquisition with relaxation enhancement (RARE), fast fluid-
attenuated inversion recovery (fast-FLAIR), T1-weighted, and MT MR images of the brain
wer e obtained from 16 M 'S patients with cognitive impairment and from six without. Impaired
and unimpaired patients were similar across demographic and other disease-related variables.
Total and cortical/subcortical lesion loads were assessed using RARE, fast-FLAIR, and T1-
weighted sequences. In each patient, cortical/subcortical disease was also assessed by means of
MT ratio (MTR) histographic analysis.

RESULTS: All the impaired patients had multiple hyperintense lesions in the cortical/sub-
cortical regions on both RARE and fast-FLAIR images; two unimpaired patients had such
lesions on the RARE images and four had them on the fast-FLAIR images. Total and cortical/
subcortical RARE/fast-FLAIR hyperintense and T1 hypointense lesion loads wer e significantly
greater in the group of cognitively impaired patients. Patients with cognitive deficits also had
significantly lower MTR histographic values for all the variables. A multivariate regression
model showed that average cortical/subcortical brain MTR was the only factor that was sig-
nificantly associated with cognitive impairment.

CONCLUSION: The extent and severity of M S disease in the cortical and subcortical regions
significantly influence the cognitive functions of MS patients. MTR histographic findings sug-
gest that subtle changes undetectable by conventional imaging are also important in deter min-

ing M S cognitive decline.

Cognitive deficits are frequently detected in pa-
tients with multiple sclerosis (MS) (1). Recent
memory, sustained attention, verbal fluency, visuo-
spatial perception, problem solving, and abstract
reasoning are typically involved, whereas long-
term memory and symbolic functions are usualy
spared (1). This pattern of subcortical dementia
might be explained by the disruption of neural con-
nections among cortical associative areas and be-
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tween cortical and subcortical structures, as a con-
sequence of a progressive accumulation of MS
lesions in the cerebral white matter (1, 2).

Soon after brain MR imaging was first applied
in the assessment of patients with MS (3), it be-
came evident that the severity of cognitive impair-
ment correlated well with the load of lesions on
conventional T2-weighted images (4—6). In addi-
tion, patterns of frontal lobe cognitive decline were
found to be related to the corresponding lobar le-
sion loads (5, 6), although this has not been con-
firmed by more recent studies (7, 8). Several stud-
ies (2, 9-11) dso reported a close relationship
between neuropsychological deficits and load of
MS lesions in the cortical/subcortical regions. A
study by Miki et a (9) found that the presence and
extent of lesions in the U fibers may be the most
relevant contributor to the impairment of memory
and executive functions in patients with MS.

Pathologic studies (12, 13) have shown that small
cortical and subcortical lesions are common in MS,
athough they may be under-represented on T2-
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weighted MR images (14). On the one hand, this
might be due to the longer relaxation times of gray
matter lesions, which result in poor contrast resolu-
tion between these lesions and the surrounding nor-
mal-appearing brain tissue. On the other hand, partia
volume effects from CSF aso reduce the ability of
conventional T2-weighted imaging to resolve cortical
MS lesions. The use of a fast fluid-attenuated inver-
son-recovery (fast-FLAIR) sequence, which is char-
acterized by CSF signa suppression and similar sig-
na intensties for gray and white matter, may,
therefore, improve M S lesion detection in the cortex
and in the white matter abutting it (15, 16).

Conventional T2-weighted MR imaging has oth-
er mgjor limitations, including a lack of sensitivity
for assessing microscopic MS damage in the nor-
mal-appearing brain tissue (17, 18) and a lack of
specificity for the various pathologic substrates un-
derlying macroscopic lesions, which range from
edema and inflammation to severe demyelination
and axonal loss (19). Magnetization transfer (MT)
imaging promises to overcome these limitations.
First, MT imaging provides a quantitative measure
(ie, magnetization transfer ratio, [MTR]) that cor-
relates well with the degree of tissue disruption
within individual MS lesions (20). Second, MTR
histographic analysis (21) provides a complete as-
sessment of macro- and microscopic lesion load in
MS, and it has been found that histographically de-
rived measures of brain MTR differ among the var-
ious clinical forms of MS (22) and are correlated
with clinical disability (22, 23).

In this study, we assessed whether the extent of
macro- and microscopic disease in the cortical and
subcortical regions is important for determining
cognitive dysfunction in patients with MS. To this
purpose, we assessed the load of cortical/subcorti-
cal MS lesions on both T2-weighted and fast-
FLAIR MR images from two groups of MS pa
tients with and without cognitive impairment. In
addition, we obtained and compared MTR histo-
grams from brain dlabs, including only the cortical/
subcortical tissue.

M ethods

Patients

Twenty-two patients (11 men and 11 women) with clinically
definite MS (24), referred consecutively to our MS clinic for
routine follow-up, underwent neuropsychological and MR
evaluation for the present study. At the time MR imaging was
performed, patients were not in clinical relapse, nor had they
been treated with steroids or psychoactive drugs in the 3
months preceding the study. None of the patients were affected
by visual deficits or upper limb impairment that could interfere
with their performance on the neuropsychological tests, and
none had a history of drug or alcohol abuse or depression, as
ascertained from clinical interviews prior to study entry. All
patients gave informed consent, and the study was approved
by the local ethical committee.

Neuropsychological Tests

Neuropsychological tests exploring the executive functions
(Weigl Test, Dual Task Test, Wisconsin Card Sorting Test
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[WCST], Stroop Color/Word Interference Test [Stroop Test],
Hanoi Towers Test, and Verbal Fluency Test) and verba and
spatial memory (Digit Span Test, Short Tale Test, Corsi Span,
and Supra-Span Test) were aways obtained within 48 hours
of the acquisition of MR images. These tests are routinely used
in the assessment of cognitive impairment in MS patients (25)
and have been extensively described elsewhere (8, 26-32). Pa-
tients who had normal results on all tests exploring the two
cognitive domains (ie, executive and memory functions) were
classified as cognitively unimpaired, whereas patients with ab-
normal results on two or more tests were classified as cogni-
tively impaired. For each patient, the results from al neuro-
psychological tests were then scored by using a standardized
method based on a comparison with the percentile distribution
of values from healthy control subjects (33). These scores
ranged from O to 4, where grade O means a very poor perfor-
mance and grade 4 means a normal performance. Individual
test scores were then summed to provide a composite cognitive
score for each patient.

Image Acquisition

On a 1.5-T scanner, and in the same session, each patient un-
derwent dual-echo rapid acquisition with relaxation enhancement
(RARE) MR imaging of the brain with parameters of 3300/16,98
(TR/TE) and an echo train length (ETL) of 5, and fast-FLAIR
imaging with parameters of 9500/119, an inversion time of 2200,
and an ETL of 7. Twenty-four axial 5-mm-thick contiguous dices
were obtained, with a rectangular 188 X 250-mm field of view
and a 194 X 256 image matrix, thus obtaining approximately a
1 X 1-mm in-plane resolution. MT imaging and T1-weighted
magnetization-prepared rapid acquisition gradient echo (MP-
RAGE) images were aso obtained in the same session. For MT
imaging, 2D gradient-echo images with parameters of 600/12 and
a flip angle of 20° were obtained with and without a saturation
pulse. The saturation pulse was an off-resonance gaussian radio
frequency pulse centered 1.5 kHz below the water frequency, with
a duration of 16.4 milliseconds, a bandwidth of 250 Hz, and a
power intensity of 3.4 X 10-¢ T. The same acquisition parameters
as for the RARE and fast-FLAIR images were used for MT im-
ages, except for the number of dices, which was 20. The set of
dices for MT imaging was positioned so as to obtain the same
central 20 dices as obtained in the other acquisition schemes.
From the two sets of images, without (Mo) and with (Ms) satu-
ration pulse, and after their coregistration (see next paragraph),
quantitative MTR images were derived pixel-by-pixel according
to the following equation: MTR = (Mo — Ms)/Mo X 100, where
Mo is the mean signal intensity for a given pixel without the
saturation pulse and Ms is the mean signa intensity for the same
pixel when the saturation pulse is applied. Signal intensities on
the calculated images represented the MTR value. For MP-RAGE
imaging with parameters of 10/4, an inversion time of 700, aflip
angle of 10°, and one acquisition, a 3D sagittal dab (194 X 256
X 160 image matrix, 250-mm field of view) covering the entire
brain was acquired. The origind data were then reformatted to
obtain 24 axia contiguous 5-mm-thick dices with the same ori-
entation and offsets as the corresponding RARE dlices. Patients
were positioned in the scanner in accordance with published
guidelines for MS studies (34).

Image Analysis

MS lesions were first outlined on the RARE proton density—
weighted, fast-FLAIR, and MP-RAGE T1-weighted hard cop-
ies by two experienced observers, unaware of the patients
clinical status or cognitive test results. T2-weighted images
were always used to increase confidence in lesion detection.
For T1-weighted MP-RAGE images, a conservative approach
was used. Only areas with a signal intensity between that of
CSF and gray matter and with corresponding abnormalities on
the dual-echo RARE or fast-FLAIR images were considered
to be hypointense lesions. On fast-FLAIR, proton density—,
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Fic 1. Axial quantitative MTR image of the brain in a patient with MS, obtained at level of the roof of the lateral ventricles. A and B,
The slice is shown before (A) and after (B) manual image segmentation, which precedes any MTR histographic analysis to exclude all

extracranial tissues.

C, The same slice is shown after postprocessing (see Methods); only the cortical/subcortical brain tissue is left to enter the MTR

histographic analysis.

and T1-weighted images, we carefully assessed the presence
of cortical/subcortical MS lesions, which were identified as a
separate group. This group included both U fiber lesions and
any other lesion located in the cortex or in the white matter
abutting it. Consistently, the image review aways began at the
top of the brain, and those lesions adjacent to the cortical un-
dersurface and extending to the periventricular regions were
considered part of the cortical/subcortical lesion subgroup.

The lesion loads in the whole brain (total lesion load) and
in the cortical/subcortical regions were measured by a trained
technician who was unaware of the patients' clinical status or
cognitive test results. A highly reproducible local thresholding
technique (35) was used to segment the lesions on computer-
displayed images, keeping the marked hard copies as refer-
ences. Lesions were delineated as regions of interest (ROIls),
and lesion volume was calculated for each sequence by mul-
tiplying the total ROI by the slice thickness.

From quantitative MTR images, we derived MTR histo-
grams for the cortical/subcortical regions. To obtain these his-
tograms, we followed the image postprocessing method exten-
sively described by van Buchem et a (21) and Rovaris et &
(8). After apreliminary manual image segmentation to exclude
all extracrania tissue (eg, skull, orbit, etc), we selected 10
contiguous slices with the most caudal at the level of the velum
interpositum cerebri. Histographic analysis of cortical/subcor-
tical brain tissue was limited to this slab of 10 slices for the
following reasons: a) it included most of the subcortical white
matter, b) it was likely to prove consistent in longitudinal stud-
ies, as it was based on reproducible neuroanatomic landmarks,
and c) postprocessing of more caudal slices would require sig-
nificantly greater operator intervention, thus potentially creat-
ing measurement variability at test-retest. To extract the cor-
tical/subcortical brain tissue from these images, we used a
semiautomated, in-house program, which operates in the Mat-
lab 5 (The Math Works Inc; Natrick, MA) environment and is
based on the morphological operators of erosion and dilatation
(36). The key mechanism under the erosion and dilatation par-
adigm is the local comparison of a shape, called a structural
element, with the examined object (ie, the brain in the present
case) that will be transformed. The erosion operator works as
follows: if, when positioned at a given point, the structural
element is included in the object, then this point will appear
in the result of the transformation; otherwise it will not. The
dilatation operator works as follows: when the structural ele-
ment is positioned at a given point and it touches the object,

then this point will appear in the result of the transformation;
otherwise it will not. The input to the program was represented
by the slab of segmented slices and by two numerical param-
eters (ie, the dimensions of the structural elements for erosion
and dilatation). Employing the morphological functions, we
then used a binary representation of the images to create a
mask containing the brain parenchyma other than the cortical/
subcortical regions. This mask was then subtracted from the
corresponding slices to obtain a quantitative MTR image. The
values for the two input numerical parameters were determined
by a single observer, who was unaware of the patients’ clinical
status or cognitive test results; these values were the same for
al patients (Fig 1). To reduce partial volume averaging from
CSF we excluded from the analysis al the pixels with inten-
sities lower than 10%. Admittedly, this might result in the
exclusion of pixels corresponding to MS lesions with severe
white matter disruption; however, as lesion MTR values ob-
tained in our laboratory were aways higher than 15%, we
believe that the use of this cut-off value excluded very few, if
any, such pixels from the analysis. To correct for intrasubject
differences in brain volume, each histogram was normalized
by dividing it by the total number of pixels included. For each
histogram, we analyzed the height and location of the histo-
graphic peak with respect to the x-axis (ie, the MTR value
most represented), the average MTR value, and the MTR val-
ues corresponding to the 25th, 50th, and 75th percentiles of
the histogram (ie, MTR,s5, MTRso, and MTRs), which indicate
the MTR value at which the integral of the histogram is 25%,
50%, and 75% of the total, respectively. Because these values
are representative of the brain tissue as a whole, they include
both MS lesions and normal-appearing white and gray matter.

Satistical Analysis

Differences between cognitively impaired and unimpaired
patients were evaluated using Student’s t-test for nonpaired
data when the data were distributed normally, and the Mann-
Whitney test when the data were not normally distributed. Uni-
variate correlations between the composite cognitive scores
and cortical/subcortical MTR histographic metrics were as-
sessed using Spearman’s rank correlation coefficient (SRCC)
test. To assess the factors independently associated with cog-
nitive impairment, we ran a multivariate logistic regression
model, entering the total and cortical/subcortical lesion loads
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TABLE 1. Main demographic and clinical data from MS patients without and with cognitive impair ment

Unimpaired Patients Impaired Patients P Vaue
Mean (SD) age (yr) 37.7 (8.6) 37.6 (7.2 N.S.
Mean (SD) level of education (yr) 11.6 (3.8) 10.9 (3.8) N.S.
Median (range) duration of disease (yr) 14 (8-20) 11 (2-28) N.S.
Median (range) Expanded Disability Status Scale Score 4.0 (3.0-6.5) 45 (2.0-6.5) N.S.

TABLE 2: Total and cortical/subcortical brain MR lesion loads on RARE, fast-FLAIR, and T1-weighted images in M S patients without

and with cognitive impairment

Unimpaired Patients Impaired Patients P value
RARE hyperintense TLL (cm3) 7.8 (2.4-18.4) 45.7 (4.7-73.7) .004
RARE hyperintense CSLL (cm3) 0.1 (0.0-2.3) 6.0 (0.4-28.2) .001
Fast-FLAIR hyperintense TLL (cm?) 9.1 (2.7-24.4) 47.0 (4.2-75.3) .004
Fast-FLAIR hyperintense CSLL (cm3) 0.2 (0.0-2.7) 7.7 (0.5-27.3) .001
T1-weighted hypointense TLL (cmd) 0.8 (0.1-6.2) 15.2 (1.0-47.2) .003
T1-weighted hypointense CSLL (cm3) 0.0 (0.0-1.1) 2.6 (0.1-12.9) .003

Data are reported as median values (range). TLL indicates total lesion load; CSLL, cortical/subcortical lesion load; RARE, rapid acquisition with

relaxation enhancement; FLAIR, fluid-attenuated inversion recovery.

TABLE 3: MT histogram-derived measures of the cortical/sub-
cortical regions in MS patients without and with cognitive
impair ment

Unimpaired Impaired
Patients Patients P Value
Average MTR (%) 38.6 (1.3) 35.7 (1.4) .002
MTRos (%) 27.3 (1.9) 22.6 (2.8) .004
MTRs, (%) 33.7 (15 30.6 (1.6) .003
MTR75 (%) 38.0 (1.3 35.6 (1.0) .003
Peak height 63.3 (5.8) 54.1 (8.6) .002
Peak location (%) 36.5 (1.4) 343 (1.3) .006

Data are reported as mean values (SD). MTR indicates magnetiza-
tion transfer ratio.

on fast-FLAIR, proton density, and T1-weighted images and the
average cortical/subcortical MTR as independent covariates.

Results

Sixteen patients had cognitive impairment and
six did not. Unimpaired and impaired patients were
similar for age, level of education, disease duration,
and neurologic disability as assessed by the Ex-
panded Disability Status Scale (37) (Table 1). Ac-
cording to the Lublin and Reingold classification
(38), 14 patients (three without and 11 with cog-
nitive impairment) had secondary-progressive MS
and eight (three without and five with cognitive
impairment) had relapsing-remitting MS. Eleven
patients had abnormal results on at least three of
the executive function tests; in particular, seven pa-
tients scored abnormally on the Weigl Test, three
on the Dual Task Test, six on the WCST, seven on
the Stroop Test, four on the Hanoi Towers Test,
nine on the Verbal Semantic Fluency Test, and all
11 on the Verba Phonological Fluency Test. Mem-
ory impairment was detected in 16 patients; in par-
ticular, verbal and visuospatial memory were im-

paired in six patients, and only visuospatial
memory was impaired in 10 patients. In five of the
latter patients, visuospatial memory impairment
was the only neuropsychological abnormality de-
tected. Composite cognitive scores of individual
patients ranged from 8 to 45 (median value, 24).

Multiple cortical/subcortical hyperintense lesions
were visible on RARE and fast-FLAIR images in
al impaired patients. Two of the six unimpaired
patients had multiple cortical/subcortical lesions on
RARE images, and four had multiple cortical/sub-
cortical lesions on fast-FLAIR images. On T1-
weighted images, multiple hypointense cortical/
subcortical lesions were detected in 13 of 16
impaired patients, while only one such lesions was
seen in the remaining three patients. Among the
unimpaired patients, one had multiple T1 hypoin-
tense cortical/subcortical lesions and another had a
single T1 hypointense lesion. Table 2 shows the
total and cortical/subcortical lesion volume on
RARE, fast-FLAIR, and T1-weighted images. Av-
erage lesion loads were all significantly higher in
the group of cognitively impaired patients.

Table 3 reports the mean values for MTR his-
tographically derived measures for cortical/subcor-
tical brain tissue (Fig 2). These values were all sig-
nificantly lower in impaired patients than in those
with no cognitive dysfunction.

Composite cognitive scores correlated signifi-
cantly with cortical/subcortical average MTR
(SRCC: .65, P = .002); MTR,5 (SRCC: .65, P =
.002); MTRs, (SRCC: .63, P = .003); MTRs
(SRCC: .62, P = .003); histographic peak height
(SRCC: .60, P = .005); and histographic peak lo-
cation (SRCC: .65, P = .002). The multivariate
regression model showed that the average MTR of
cortical/subcortical brain tissue alone was signifi-
cantly associated with the presence of cognitive im-
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Fic 2. MTR histograms of cortical/sub- 70
cortical brain regions from MS patients
without (continuous line) and with (dotted
line) cognitive impairment. Vertical lines
represent the MTR values at which the in-
tegral of the histogram is 25%, 50%, and
75% of the total (ie, MTR,;, MTR,, and
MTR,;). The histogram of MTR values
from the cortical/subcortical brain tissue of
impaired patients has a lower peak height
and location than that obtained from un-
impaired patients. For further details and
statistical analysis, see text.
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pairment in our patients (odds ratio = .87, P =
.0005).

Discussion

A recent study (14) correlating MR and patho-
logic findings from M S patients has confirmed that
the amount of lesions located in the subcortical
white matter and within the cortex is not negligible.
Since these lesions often involve the U fibers and
other intra- and interhemispheric associative path-
ways, their load might significantly contribute to
the presence and severity of cognitive impairment
in patients with MS (9-11). Miki et a (9), using
conventional T2-weighted MR imaging, studied 53
MS patients and found one or more U fiber lesions
in 53% of the cases. About two thirds of these
lesions were located in the frontal 1obe white mat-
ter. In the same study, memory and executive func-
tions were significantly more compromised in the
eight patients with multiple U fiber lesions. Mor-
iarty et a (10) found that impaired ability on de-
layed memory retrieval tests correlated well with
juxtacortical lesion load in 20 patients with MS.
Since fast-FLAIR imaging detects more M S lesions
in the subcortical areas (10, 15, 16) and MT im-
aging encompasses both macro- and microscopic
MS disease (39), we used these two techniques to
define the role of cortical and subcortical disease
indetermining cognitive dysfunction in patients
with MS.

Our study confirms that cortical/subcortical le-
sions can be detected in the majority of M S patients
(about 80% in our series) using conventional MR
imaging techniques. In addition, the load of MS
lesions located in the cortical/subcortical areas was
more than 10 times higher in the impaired patients,
indicating that the presence and extent of cortical/
subcortical lesions are mgjor contributing factors
tocognitive impairment in MS. These data agree
with those obtained by Miki et a (9) and Moriarty
et a (10). Moreover, since impaired and unim-
paired patients did not differ significantly in clini-
cal disability, disease course, or disease duration,

20 30 40 50 60

MTR

the influence of these MS-related variables on the
different patterns of MR lesion load in the two
groups should have been amost completely ruled
out.

The use of fast-FLAIR imaging allowed us to
detect the presence of cortical/subcortical lesionsin
two unimpaired patients with no abnormalities in
these regions on RARE images. Moreover, the av-
erage total volume of lesions was higher on fast-
FLAIR than on RARE images. These findings con-
firm that fast-FLAIR is the most sensitive
technique for assessing MS disease burden in the
brain (15, 16) and that its use mainly improves the
detection of small cortical/subcortical lesions.

In our sample, cognitive impairment occurred
primarily in the areas of abstract reasoning and ex-
ecutive skills, which is traditionally associated with
frontal lobe dysfunction (25). The strong correla-
tion between cortical/subcortical lesion load in the
whole brain and deficit of specific cognitive do-
mains confirms that even lesions located far from
the frontal regions might significantly contribute to
the impairment of these functions. MS lesions in-
terrupting intra- or interhemispheric associative
pathways (9), as well as damage to axons travers-
ing focal lesions and resulting in wallerian degen-
eration in areas away from such abnormalities (40),
may contribute to cognitive dysfunction. Earlier ev-
idence (5, 6) of a strong relationship between lobar
lesion burden and impairment in specific cognitive
domains has not been confirmed by recent studies
(7, 8), which have suggested that the total brain
lesion load is more important than regional lesion
load in generating cognitive dysfunction in MS.
These studies (5-8), however, did not assess the
load of subcortical lesions separately. The correla-
tion between total brain MR lesion load and cog-
nitive dysfunction might have been stronger if the
extent of MS lesions located in the cortical/subcor-
tical areas had been assessed. This assumption is
also indirectly confirmed by the presence of a pat-
tern of cognitive impairment similar to that seen in
MS in other diseases with an elective involvement
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of subcortical regions, such as myotonic dystrophy
(12).

Despite earlier evidence of robust correlations
between severity of physical and cognitive impair-
ment and load of MS lesions on T1-weighted MR
images (8, 41), our assessment of cortical/subcor-
tical hypointense lesions on T1-weighted images
did not add significant information to that available
from T2-weighted images. This might in part have
derived from the difficulty in identifying ‘‘black
holes’ in the white matter close to the cerebral sul-
ci, caused by partial volume effects from CSE
However, results from other investigations (42, 43)
also failed to demonstrate the expected strong re-
lationship between worsening disability and accu-
mulation of T1 hypointense lesions, thus suggest-
ing that the robustness of this measure as a marker
to monitor destructive disease in MS (44) may be
suboptimal.

The MTR histographic analysis of cortical and
subcortical brain tissue showed that all the histo-
graphically derived measures were significantly
different between cognitively impaired and unim-
paired patients. In our sample, average cortical/sub-
cortical MTR was the only parameter that was
strongly associated with the presence of cognitive
impairment. Histographically derived measures are
influenced by both the extent and severity of tissue
damage within visible M S lesions and the extent of
microscopic disease within the normal-appearing
brain tissue (22, 23, 39). Therefore, it is likely that
both these aspects of MS disease in the cortical/
subcortical regions were major contributors to the
cognitive impairment in our patients. The relative
contributions of macro- and microscopic disease
might be disentangled only by additional image
postprocessing to exclude macroscopic MS lesions
from the histographic analysis, at the cost of in-
creased labor intensiveness. However, owing to the
nature of cognitive deficits in MS, whole-tissue
analysis might prove to be a more accurate method
for understanding the clinical manifestations of this
disease than is the separate assessment of macro-
and microscopic lesion load. Admittedly, the re-
sults of the MTR histographic analysis from brain
cortical/subcortical tissue might also be influenced
by the presence and extent of brain atrophy, which
also correlates with cognitive impairment in MS
patients (4). Nonetheless, we believe that our anal-
ysis has, at least somewhat, ruled out partial vol-
ume averaging from enlarged CSF spaces by ex-
cluding pixels with low MTR values and by
normalizing MTR histographic parameters for the
number of pixels included. In addition, a selective
study of cortical and subcortical regions does not
include, by definition, the ventricular system,
whose enlargement is the most striking evidence of
brain atrophy in patients with MS.

Conclusions

Our study shows that the presence and extent of
MS disease in the cortical and subcortical regions

MULTIPLE SCLEROSIS 407

significantly influence the cognitive functions of
these patients. MT imaging findings suggest that
both the macro- and microscopic disease burden
play an important role, and indicate that MTR his-
tographic analysis might be useful for monitoring
the evolution of cognitive impairment in MS.
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