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Memory Dysfunction in Multiple Sclerosis Corresponds
to Juxtacortical Lesion Load on Fast Fluid-Attenuated

Inversion-Recovery MR Images

David Michael Moriarty, Alison Jane Blackshaw, Paul Robert Talbot, Helen Louise Griffiths, Julie Sarah Snowden,
Valerie Fern Hillier, Stephen Capener, Roger David Laitt, and Alan Jackson

BACKGROUND AND PURPOSE: MR imaging is a sensitive diagnostic tool and paraclinical
marker of disease activity and prognosis in multiple sclerosis (MS), yet the role of MR imaging
of MS is controversial. The aim of this study was to describe the relationship between cognitive
function and MS lesion size and position, as shown on comparative images from conventional
spin-echo (CSE) and fast fluid-attenuated inversion-recovery (fast FLAIR) MR studies.

METHODS: CSE and fast FLAIR sequences consisted of 40 noncontiguous, 3-mm-thick axial
sections matched for geometric position in 18 patients with relapsing-remitting MS. Lesions
were scored for size, anatomic position, and their comparative appearance on CSE and fast
FLAIR images. The neuropsychological assessment tested general psychological performance,
memory, and frontal lobe executive function.

RESULTS: Fast FLAIR images showed significantly more small (146 versus six) and medium-
sized (18 versus four) juxtacortical lesions than did CSE sequences. Small juxtacortical lesions
displayed only on fast FLAIR images had a distinctive appearance, suggestive of small areas
of perivascular inflammation. The number of these lesions corresponded to reduced perfor-
mance on the fifth and delayed trials of the Rey Auditory Verbal Learning memory function
test.

CONCLUSION: Fast FLAIR images show small lesions at the juxtacortical boundary that
are not seen on CSE studies. The presence of such lesions correlates with impaired retention
of information in memory tasks, which is characteristic of cognitive problems in patients
with MS.

MR imaging provides a sensitive diagnostic tool
and paraclinical marker of disease activity and
prognosis in multiple sclerosis (MS) (1, 2). The
role of MR imaging in the investigation and man-
agement of MS is nonetheless controversial. MR
imaging is used to confirm a suspected diagnosis
of MS or to exclude other possible causes of a pa-
tient’s symptoms. In these circumstances, conven-
tional spin-echo (CSE) sequences provide adequate
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information, revealing established plaques of de-
myelination with high conspicuity. CSE sequences
have also been widely used to document lesion load
in clinical research and therapeutic trials (3, 4). The
increased speed of modern scanners allows CSE
techniques to be combined with the collection of
fast spin-echo (FSE) images to allow higher in-
plane spatial resolution and thinner sections, which
further increase the lesion load detected.

Despite the high sensitivity of CSE and FSE se-
quences to MS lesions, attempts to correlate patient
disability, symptom expression, and disease pro-
gression have been disappointing (5). This has led
many groups to investigate other MR techniques
that might detect lesions with stronger symptomatic
and functional correlations (6).

De Coene et al (7) described the use of a fluid-
attenuated inversion-recovery (FLAIR) MR imag-
ing sequence to increase the sensitivity of spin-
echo sequences to MS lesions. The FLAIR
sequence uses an initial 1808 inversion pulse fol-
lowed by a normal spin-echo sequence that is per-
formed at the null point of water. The resulting sup-
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pression of CSF signal not only improves the
detection of lesions at CSF surfaces but also allows
the use of far higher levels of T2 weighting, with
resulting increases in contrast between lesions and
normal tissue. The combination of FLAIR and FSE
sequences offers improvements in scan time and
resolution, allowing the routine use of high-reso-
lution fast FLAIR imaging in diagnostic protocols
(8). Rydberg et al (9) described a further modifi-
cation of the FLAIR sequence designed to optimize
the contrast between MS lesions and normal white
matter. This optimized fast FLAIR sequence de-
picts lesions in the prosencephalon that are not ap-
parent on CSE images (10, 11), but it has been
shown to be inferior in detecting lesions in the
brain stem and cerebellum (12, 13). This observa-
tion has cast doubt on the value of the fast FLAIR
sequence, and it has been argued that brain stem
lesions seen on CSE sequences are likely to be
more strongly related to dysfunction in MS patients
(14). In practice, the correlation between lesion
load on CSE images and clinical disability as mea-
sured by Kurtzke’s Expanded Disability Status
Scale (EDSS) or ambulatory index (AI) remains
poor (6, 15–17). One possible reason for this poor
correlation is that these methods of assessment are
rather blunt clinical instruments, designed to doc-
ument disability that is likely to interfere with in-
dependent daily living (18). Consequently, both the
EDSS and AI are disproportionately weighted to-
ward motor disability.

Cognitive problems are characterized by subcor-
tical dysfunction and are a recognized feature of
MS, providing an additional indicator of disease
severity (19). Previous workers have found asso-
ciations between lesion load and cognitive deficit
(20–23) and have correlated specific lesion sites
with specific deficits in cognitive function (24–29).

The aim of this study was to compare cognitive
dysfunction with the extent and distribution of le-
sion load exhibited on CSE and fast FLAIR im-
aging sequences. The study was conducted in a co-
hort of 18 patients with relapsing-remitting MS.
Clinical assessment included EDSS and a compre-
hensive battery of tests of general psychology,
memory, and frontal lobe executive function.

Methods

Subjects

Twenty patients with relapsing-remitting MS were recruited
from the Cerebral Function Unit of the Central Manchester
Healthcare NHS Trust. Twelve patients were women (age
range, 22–47 years; median age, 39 years) and six were men
(age range, 31–45 years; median age, 41 years). All had clin-
ically definite MS as defined by the Poser committee (30).
None of the patients were receiving immunomodulatory treat-
ment, and none had had a relapse for at least 3 months. The
study had approval from the central ethical committee of Cen-
tral Manchester Healthcare Trust and all patients gave written
informed consent.

Clinical and Neuropsychological Assessment

Clinical disability was assessed by use of the EDSS (31).
The neuropsychological test battery was designed to test visual
and verbal memory (immediate and delayed), executive pro-
cesses, motor speed, IQ, and psychological distress. The bat-
tery consisted of 10 components: 1) the National Adult Read-
ing Test (NART), 2) the Adult Memory and Information
Processing Battery (AMIPB), 3) story recall, 4) the Rey Au-
ditory Verbal Learning Test (RAVLT), 5) 10/36 spatial recall,
6) the Symbol Digit Test, 7) the Stroop Test, 8) FAS/Word
Fluency, 9) Wisconsin Card Sorting Test, and 10) a general
health questionnaire.

Clinical disability was assessed by an independent neurol-
ogist, and cognitive tests were administered by an independent
clinical psychologist within 1 month after MR imaging and
lesion scoring.

MR Imaging

Imaging was performed on a 1.5-T clinical MR unit using
a bird cage head coil. Imaging consisted of an initial three-
plane T1-weighted gradient-echo localizer image followed by
40 transverse dual CSE images (2300/20,80 [TR/TE]; field of
view, 230 mm; matrix, 167 3 256; section thickness, 3.0 mm
with a 0.3-mm intersection gap; scan time, 6.26 minutes) and
fast FLAIR images (11000/140; TI, 2600; echo train length,
24; field of view, 230 mm; matrix, 196 3 256; section thick-
ness, 3.0 mm with a 0.3-mm intersection gap; scan time, 5:08
minutes). Scans were obtained in a transverse plane parallel to
a line joining the ventral surfaces of the genu and splenium of
the corpus callosum.

Lesion Classification and Scoring

Images from the CSE and fast FLAIR studies were trans-
ferred to a Phillips Easy Vision workstation (Best, the Neth-
erlands) for analysis. The first-echo (proton density–weighted)
and second-echo (T2-weighted) components of the CSE were
displayed adjacent to the corresponding fast FLAIR image.
The identification and scoring of lesions were made by con-
sensual agreement between an experienced neuroradiologist
and a clinical neuroscientist. Lesion identification on CSE was
done on both proton density–and T2-weighted images. Where
lesions extended through more than one section, they were
scored as a single lesion. Identification of the lesions and
avoidance of false-positive scores were guided by recent work
describing the appearance of normal brain on fast FLAIR im-
ages (32).

Each lesion was classified according to anatomic position,
size, and appearance on CSE and fast FLAIR images. Lesion
distribution was classified as central brain stem, peripheral
brain stem, cerebellum, periventricular, discrete (lesions away
from the ventricles and subcortical/cortical boundary), and jux-
tacortical (33, 34). Lesion size was defined as 0–5 mm (size
1, small); 5–10 mm (size 2, medium); .10 mm (size 3, large);
and confluent (size 4) (35). Lesion appearance was classified
as similar on CSE and fast FLAIR, seen only on CSE, seen
only on fast FLAIR, larger on CSE, and larger on fast FLAIR.

Interobserver variation was assessed by repeated lesion anal-
ysis of six data sets (one third of the total data group) by an
experienced neuroradiologist who was blinded to the disease
type, lesion scores, and cognitive function scores. The observer
used an identical scoring protocol and the same guidance to
the normal appearance of the brain on fast FLAIR images (32).

Statistical Analysis

The total lesion count on CSE and fast FLAIR images was
compared. The comparison was performed for each lesion size
in each anatomic area. As the data was not normally distributed
(Kolmogorov-Smirnov 1 sample test), the comparison was per-
formed using the Wilcoxon matched pairs signed rank test.



AJNR: 20, November/December 19991958 MORIARTY

TABLE 1: Summary of lesion number and size per anatomic area

Area

Display
Size

Similar on Both

1 2 3 4

Only on CSE

1 2 3 4

Only on Fast FLAIR

1 2 3 4

Larger on CSE

1 2 3 4

Larger on Fast FLAIR

1 2 3 4

Cerebellum 96 8 1 25 1 1 29 1 1 1 1 1
BS peripheral 19 10 6 2 3 1 1
BS central 129 4 15 1 4 2
Periventricular 10 47 45 50 4 14 17 16 14 25
Cortical 111 40 4 6 4 146 18 3 3 1 5 15 5 1
Discrete 117 126 23 3 13 13 15 7 2 1 5 6 2 4 11 10 2

Total 482 235 73 53 65 21 1 0 190 29 6 1 12 13 16 17 12 43 29 28

Note.—Total scores are described for each lesion size, across anatomic areas. Size 1 indicates 0–5 mm (small); 2, 5–10 mm (medium); 3, .10
mm (large); 4, confluent. CSE indicates conventional spin echo; FLAIR, fluid-attenuated inversion recovery; BS, brain stem.

The relationship between lesion scores and results of the
neuropsychology tests was assessed by means of Spearman’s
rank correlation coefficient. This is an appropriate test for non-
parametric data and is less affected by outliers in the data set
than are comparable parametric techniques. The data set was
tested for outliers by applying the limit of 3 SD (36). Tests
were performed on all independent classification groups de-
rived from the scores of lesion size, anatomic region, and im-
aging appearances described above.

Since the NART-IQ predicts premorbid intelligence, it was
treated as a confounding variable in the analysis of the re-
mainder of the psychological test battery. Similarly, the Sym-
bol Digit Test was counted as a confounding variable in the
analysis of tests of executive frontal functions (Stroop, Flu-
ency, and WCST). Where a significant correlation was found
between a lesion score and a confounding variable, Spearman’s
rank partial correlation was performed on the other significant
correlations in that grouping to remove the confounding effect.
When both confounding variables were significant, then all
variables were ranked and a second-order Pearson’s partial cor-
relation analysis was performed on the ranks to obtain the
equivalent of a Spearman’s partial coefficient. Owing to the
number of analyses performed, the probability considered sig-
nificant was decreased to P , .01 to reduce the frequency of
type II errors. Interobserver variation was assessed by Bland
and Altman analysis (37).

The Bland and Altman analysis, Wilcoxon matched pairs
signed rank sum test, Spearman’s rank correlation coefficient,
and ranked Pearson’s partial correlation were from the Statis-
tics Package for the Social Sciences (SPSS, Chicago, IL).
Spearman’s partial rank correlation coefficient was modeled in
Excel (Microsoft).

Results
Eighteen of the 20 patients completed the MR

imaging and neuropsychological components of the
study. The mean EDSS score in women was 3
(range, 1.5–4.5); in men, the mean score was 3.5
(range, 2.5–5.0).

The results of the MR study are shown in Table
1. A comparison of the total number of lesions on
CSE and fast FLAIR images revealed a significant
increase in small (P , .01) and medium-sized (P
, .02) cortical lesions on the fast FLAIR images.
This difference was reflected in comparisons of the
supratentorial and whole-brain lesion loads, which
also revealed significantly (P , .01) more lesions
on the fast FLAIR images. Juxtacortical lesions
were seen in all 18 patients, but lesions not seen

on CSE images were identified on fast FLAIR im-
ages in 15 cases. The majority of juxtacortical le-
sions were at the gray/white matter interface. Most
were very small and were typically seen in groups
around the base of a sulcus. In many cases, the
lesions were ovoid in shape, lying parallel and per-
pendicular to the gray/white matter interface (Fig 1).

Small cortical lesions (0–5 mm) depicted only
on the fast FLAIR images correlated significantly
with reduced performance in the fifth trial (P 5
.007) and in the delayed trial (P 5 .005) of the
RAVLT (Table 2). Both tests assess delayed verbal
memory function. Medium-sized cerebellar lesions
seen on both fast FLAIR and CSE images corre-
lated with the second trial of the RAVLT (P ,
.001).

Correlations between EDSS and lesion scores are
shown in Table 3. Small lesions in the cerebellum,
seen on both sequences, correlated with the cere-
bellar FS score (r 5 .6, P 5 .008). Small cerebellar
lesions seen on CSE images also correlated with
EDSS score (r 5 .63), although lesions seen on fast
FLAIR images did not. Small periventricular le-
sions seen on CSE (r 5 .7, P 5 .001) and fast
FLAIR (r 5 .7, P 5 .001) images correlated with
the bladder dysfunction component of the EDSS.
Confluent periventricular lesions seen on CSE (r 5
.64, P 5 .004) and fast FLAIR (r 5 .64, P 5 .004)
images correlated with the brain stem disability
component. Large (. 10 mm) discrete lesions de-
picted on CSE images correlated with the pyrami-
dal disability component (r 5 .59, P 5 .001).

Repeated lesion analysis scored nearly 400 le-
sions for the comparative six-patient data sets.
Analysis of agreement found any variation in lesion
score to lie within 2 SD of the mean (Fig 2). The
data point that can be identified in Figure 2 as hav-
ing a difference of 17 and a mean of 105 is the
score for small cortical lesions (0–5 mm). This re-
flects the fact that the second observer identified
more small cortical lesions than the initial observ-
ers did (112 versus 95).

All analyses performed in the study used the le-
sion scores from the first scoring. Correlation anal-
ysis found no significant effect (P . .05) relating
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FIG 1. A–F, Matching lesions on proton density–weighted (A), T2-weighted CSE (C) and fast FLAIR (E) images. 1 denotes a population
of lesions in the gray matter, extending to the juxtacortical boundary, which are evident on fast FLAIR but not on proton density— or
T2-weighted CSE images. These lesions are further demonstrated on the magnified (32) proton density–weighted (B) T2-weighted CSE
(D), and fast FLAIR (F) images. 2 indicates a population of lesions that are less conspicuous on proton density– and T2-weighted CSE
images (C). 3 relates to a medium-sized white matter lesion that is obvious on all imaging sequences.

TABLE 2: Lesion scores found to correlate (P , .01) with a cognitive function deficit

Group

Cognitive Test

Test Function

Seen on Both

r P

Only CSE

r P

Only on Fast Flair

r P

Medium-sized cerebellar lesions RAVLT 2 Verbal Memory .75 .000 .0725 .001
Small cortical lesions RAVLT 5 Verbal Memory .609 .007
Small cortical lesions RAVLT D Verbal Memory .63 .005

Note.—RAVLT indicates Rey Auditory Verbal Learning Test; RAVLT 2 is trial 2, RAVLT 5 is Trial 5, and RAVLT D is the delayed trial.

TABLE 3: Lesion scores found to significantly correlate (P , .01) with EDSS or FS score

Lesion Group Functional Score

Seen on Both

rs P

Seen on CSE

rs P

Seen on Fast Flair

rs P

Small cerebellar Cerebellar 2.6 .008
Small periventricular Bladder .702 .01 .702 .001 .702 .001
Confluent periventricular Brain stem .641 .004 .641 .004 .641 .004
Confluent discrete Pyramidal 2.585 .001

Note.—Flair indicates fluid-attenuated inversion recovery; CSE, conventional spin echo; EDSS, Expanded Disability Status Scale.
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FIG 2. Bland and Altman plot shows the
differences against mean for interobserver
variation data.

to an increase in the size of the values. Further-
more, Wilcoxon matched pairs analysis found no
significant difference (P . .05) between the two
sets of lesion scores.

Discussion
Cognitive dysfunction is evident in up to 65%

of MS patients (38) and is known to affect patients
from an early stage of the disease (24). MS suffer-
ers consider cognitive dysfunction to be more dev-
astating than physical disability because of its dra-
matic effect on relationships with friends and
family (39). Since the association between T2 le-
sion scores and clinical disability as assessed by
EDSS is limited, an alternative strategy is to relate
pathologic changes evident on MR images to neu-
ropsychological function.

The fast FLAIR sequence has received consid-
erable attention and has been widely used in the
study of MS (14). It has consistently been found to
be superior to CSE or FSE in depicting lesions in
the prosencephalon but inferior in the posterior fos-
sa and cervical cord (10, 11). It has the greatest
sensitivity to active lesions when unenhanced im-
ages are used (38) and is the most reliable sequence
for lesion quantification when semiautomated tech-
niques are employed (40). This study confirms the
findings of previous investigators that fast FLAIR
images show more lesions in the prosencephalon
than do CSE sequences. The increase in the number
of lesions detected is largely due to the demonstra-
tion of small lesions in the cortex at the cortical/
subcortical boundary. The detection of these small
lesions is difficult, with an 18% increase in iden-
tification by the second observer in this study; how-

ever, it is important, as they constitute nearly 20%
of the total lesion load (41).

Lesions in the cortex and at the cortical/subcor-
tical boundary may affect the function of U fibers,
which provide interconnections between cortical
areas. Miki et al (29) recently investigated the ef-
fect of U fiber lesions in MS and found that patients
with multiple U fiber lesions performed signifi-
cantly worse on cognitive tests of memory function
than did unaffected persons. These observations
were based on the demonstration of small numbers
of cortical or juxtacortical lesions on CSE images
in 53% of patients. In the present study, no corre-
lation was found between memory dysfunction and
juxtacortical lesion load on CSE images, possibly
reflecting the smaller patient sample or a method-
ological difference in the lesion identification tech-
nique. The appearance of these small lesions is
nonetheless distinctive. They are commonly ovoid
and perpendicular to the gray/white matter inter-
face, often at the base of major sulci. These ap-
pearances agree with the common histologic find-
ing of perivascular inflammatory infiltration around
penetrating cortical vessels (42). Use of the fast
FLAIR sequence increased the number of cortical
and juxtacortical lesions seen by over 100%. The
number of small cortical lesions depicted on fast
FLAIR images correlated closely with impairment
on cognitive tests of delayed memory.

Previous researchers included juxtacortical le-
sions in a four-parameter model that best predicts
conversion to clinically definite MS at first presen-
tation (43), suggesting that juxtacortical lesions
have prognostic implications not associated with
some other, more commonly quantified lesions.
This is supported by the finding that verbal mem-
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ory was the only cognitive function that showed
continuing decline over a 4-year follow-up period
(44) and that did not improve after remission in
mildly impaired MS patients (45). If juxtacortical
lesions do represent a correlate of progressive neu-
rologic deficit that does not remit between attacks,
it seems reasonable to hypothesize that they are as-
sociated with permanent neuronal damage. In fact,
lesions that are conspicuous on T2-weighted im-
ages are known to contain transected axons (46).
In the juxtacortical area, this type of axonal injury
would affect the dense interconnecting cortical U
fibers, causing cortical disconnection syndromes.
This is supported by the finding that cerebral at-
rophy can be detected in MS patients and that the
rate of progression of atrophy is linked to the rate
of increasing disability in MS (47).

The disruption of longer cortical association fi-
bers may also play a part in the impairment of de-
layed memory demonstrated in this study. The hall-
mark of memory impairment in subcortical disease
is inefficient retrieval of information in the pres-
ence of near normal learning ability. Memory per-
formance in this study was consistent with this
model, as we found no correlation between early
verbal memory tasks and lesions, but strong links
with delayed memory tasks.

Although the significance of the anatomic distri-
bution of juxtacortical lesions was not examined in
the current study, evidence exists of a direct rela-
tionship between lesion sites and memory dysfunc-
tion. Lesions of the deep white matter in the left
parietal lobe have been found to be associated with
impaired performance on the paired associates test,
a test of learning and memory (24). This suggests
disruption of the arcuate longitudinal fasciculus,
which sweeps through this region in a large bundle.
It connects the superior and middle frontal gyri to
large sections of the frontal lobe, possibly affecting
the ability of the brain to encode novel verbal as-
sociations. The combined gray/white matter lesion
load in the left frontal lobe has also been shown to
correlate with reduced performance on memory
tasks (25). Temporal lobe lesions in the corona ra-
diata, internal capsule, insula, and hippocampus
have also been linked to memory problems (27).
Poor memory retrieval is characteristic of the sub-
cortical dysfunction evident in MS. Further dys-
function is evident by assessment of problem solv-
ing and abstract conceptualization, processing of
information, and an absence of aphasia, agnosia, or
apraxia, except in isolated cases (24).

In addition to the correlation between juxtacort-
ical lesion load and memory dysfunction, correla-
tions were also found between medium-sized cer-
ebellar lesions and immediate verbal memory
tasks. Functional studies of memory have identified
hypometabolism in the cerebellum of cognitively
impaired MS patients (48). Although these changes
may simply represent cerebellar diaschisis, the role
of the cerebellum in higher cognitive functioning
remains unclear (49). The number of cerebellar

lesions in the present study was small, and it is
possible that this observation would not be sub-
stantiated in larger studies.

Further relationships were found between indi-
vidual functional system scores and lesions identi-
fied on both sequences and on the sequences in
isolation. The individual functional scores are rel-
atively high in comparison with established work
in the area, and this is most probably explained by
the methodological differences, such as the differ-
ing disease durations, the different number of pa-
tients, and the differences in lesion assessment be-
tween such cross-sectional studies (21). No
correlation was found between the overall EDSS
score and any lesion score. This highlights the vari-
ability in results of lesion/clinical disability analy-
sis and reinforces the need for alternative methods
of assessing the effect of pathologic change.

Conclusion
We have demonstrated a relationship between

small juxtacortical lesions and memory dysfunction
in patients with relapsing-remitting MS. These le-
sions are not well seen on CSE sequences and their
accurate demonstration requires the use of a fast
FLAIR sequence. There is growing evidence in the
literature to suggest that cognitive dysfunction of
this type is an important, though underused, marker
of morbidity in MS. Other studies have suggested
that juxtacortical lesions represent an important
prognosticator of disease progression. The insights
drawn in this study must be tempered by recogni-
tion of the small patient group used. Nevertheless,
on the basis of our own and previous findings, we
believe that the use of the fast FLAIR sequence is
potentially important, as it depicts areas of patho-
logic processes that have been found to relate to
clinical disability scores and, in particular, to neu-
ropsychological function.
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