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MR Studies of the Spinal Cord in Patients with Multiple Sclerosis:
What Should We Do?

In this issue of the AJNR, Rocca et al (page
1710) report a comparison of three imaging tech-
niques for detection of plaques in patients with def-
inite multiple sclerosis (MS). They find that a fast
short tau inversion recovery (fast STIR) technique
was superior to a fast spin-echo (FSE) and a mag-
netization transfer–prepared gradient-echo (MT-
GE) approach. The fast STIR images showed the
largest number of lesions, and lesions that were vis-
ible with FSE or MT-GE were almost always ap-
parent with fast STIR. This confirms the findings
of an earlier investigation by Hittmair and col-
leagues (1) that reported fast STIR to be a highly
sensitive technique, but contradicts Thorpe’s results
(2) citing similar performance for fast STIR and
FSE. As the authors of the current article note,
there have been many studies of sensitivity of pulse
sequences for detection of MS plaques, with MT-
GE, FSE, fluid-attenuated inversion recovery
(FLAIR), and conventional spin-echo (SE) yielding
inconsistent results (3–5). These earlier works, and
the results reported by Rocca and colleagues, raise
the question of which imaging approach should be
used for evaluation of patients with suspected or
known MS. In order to answer this question, we
must decide what we are seeking. If the goal is to
detect the largest number of candidate lesions, then
the methods employed by Rocca et al, and by oth-
ers who have conducted similar studies, are appro-
priate. The sequence that reveals the largest number
of possible lesions will be considered best. This
‘‘more is better’’ approach is appropriate only if
one can assume that detecting the largest number
of lesions is useful and, by implication, that most
or all abnormalities found on these images truly
represent MS plaques. There are, however, reasons
to suspect that the highest lesion count may not be
the best measure of imaging performance in eval-
uation of MS, and that at least some of the lesions
detected may represent false-positive results.

Why Perform MR Studies of the Spinal Cord in
Patients with MS?

Similar to the case in the brain (6), MR studies
will increase the overall sensitivity of clinical eval-
uation of MS. It is well known that some patients
present only with spinal symptoms, and that a
smaller number of patients present at a time when
there are no detectable lesions in their brains. Add-
ing a spinal cord survey will permit us to recognize
evidence of MS earlier in the clinical course and,
perhaps, institute aggressive therapy before further
deterioration takes place. Spinal imaging also may
increase the specificity of diagnosis if it is assumed
that all apparent abnormalities truly are real, that

there are no benign causes of high-intensity regions
(ie, nothing analogous to the UBOs of the brain),
and that detection of plaques in the cord may guide
the diagnosis to MS when there is a larger differ-
ential diagnosis before the imaging study. In pa-
tients with known demyelinating disease, spinal
cord imaging may be helpful in characterizing the
severity of current involvement and in predicting
future progression of the disease. For example, it
has been reported that the expanded disability sta-
tus scale (EDSS) has particularly strong associa-
tions with spinal disease (7, 8). Thus, the severity
of spinal cord lesions may come to be a predictor
of the need for early and aggressive therapy. MR
assessment of spinal cord involvement may also
become a method for following the response to
therapy.

What Parameters Should Be Measured?

All of the indications discussed above rest upon
availability of suitable MR parameters to be mea-
sured and followed. In some studies of cord in-
volvement, there has been an assumption that the
technique that reveals the greatest number of le-
sions is optimal (1, 3, 9). From the purely imaging
point of view, diagnostic accuracy would appear to
be the most important criterion. Thus, one would
ask to what extent the MR findings matched the
actual number and distribution of cord lesions, as
might be assessed at postmortem examination.
Such studies, however, are almost impossible to
perform, because one will rarely be in the position
of being able to confirm that lesions seen on MR
images were correctly diagnosed as to their pres-
ence and etiology. For this reason, authors have
focused on the ‘‘sensitivity’’ of the sequence for
detection of lesions. This is the easiest parameter
to measure, requiring only identification of abnor-
malities in at least some of the cords imaged. Of
course, what is being measured is not sensitivity by
the formal definition of TP/(TP 1 FN) where TP
5 true positive and FN 5 false negative. This can-
not be calculated because there is no objective
proof of the presence or absence of each lesion
identified on the images. Instead, the authors have
reported the ratio (number of lesions detected by
the technique to be tested)/(number of lesions pre-
sumed to have been present by a reference criteri-
on). Often, as in this case, the reference criterion
is the consensus interpretation of all available data,
including the test technique. The assumption is that
the technique that depicts the largest number of le-
sions is the best. Implicit is the assumption that
false-positive findings are rare, inconsequential, or
both. This latter assumption probably is a reason-
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able conclusion to draw when the patient popula-
tion consists exclusively of those who are highly
likely to have real lesions in their cords (for ex-
ample, patients with definite MS). Nevertheless,
when the full range of patients undergoing MR im-
aging is considered, the ‘‘no false positives’’ as-
sumption is more difficult to accept. In the absence
of supporting evidence, the possibility of false-pos-
itive examinations and false-positive lesions within
an examination will remain real and will be more
likely as the number of apparent lesions increases.

Does This Retrospective Analysis Add to the
Information Available from Prospective

Interpretation?
The finding that fast STIR was the best perform-

ing sequence in retrospective analysis is difficult to
interpret. In the retrospective analysis, the authors
reviewed all images from a patient simultaneously
and used this evaluation to reclassify some lesions
seen previously as ‘‘false positive’’ on the initial
reading and others seen only on retrospective anal-
ysis as ‘‘false negative’’ on the initial reading. The
only criterion for deciding whether a lesion was
truly present was the overall interpretation of all
images together. Because it is not known whether
the overall interpretation was more accurate than
the interpretation of any imaging sequence in iso-
lation, conclusions about lesion presence on the ret-
rospective review do not necessarily reflect a high-
er standard of truth. If the authors were most
frequently swayed by the findings on one particular
sequence, then that sequence would have the best
figures for false-positive and false-negative inter-
pretations, although it would not necessarily be
more accurate. The retrospective review is a sum-
mary of how persuasive the images were found to
be, without confirmation that these impressions of
accuracy were correct. Although the authors have
proved that more apparent abnormalities will be de-
tected with the fast STIR technique than with the
FSE or MT-GE sequences they employed, neither
the prospective nor the retrospective arms of their
study confirm that the reporting of cervical cord
abnormalities will be more reliable or that diag-
nostic certainty will be increased. With no data on
intra- or interobserver variability, these results do
not tell us whether fast STIR results will be more
reproducible than those of other pulse sequences.
The authors found that they were far more likely
to detect ‘‘false negatives’’ than ‘‘false positives’’
on retrospective review. Accordingly, the number
of lesions detected increased from stage 1 to stage
2 for each pulse sequence. This implies a greater
willingness to accept a lesion as present when the
interpretations of different images conflict than to
conclude that the positive finding was incorrect.
There were 38 ‘‘false negatives’’ and only two
‘‘false positives’’ in the study. Because the fast
STIR sequence revealed the most stage 1 lesions,
and the authors rarely concluded that a stage 1 le-
sion was a false-positive finding (only one such le-

sion was reported for fast STIR), stage 2 simply
indicated that the fast STIR images were believed
to be the most persuasive. It is likely that in many
cases the findings were similar to those illustrated
in figure 2 (page 1713). Here both MT-GE and FSE
appear to confirm the presence of one of the lesions
that was identifiable with fast STIR, but only fast
STIR demonstrated both abnormalities. The deci-
sion that both lesions were real and that fast STIR
was the superior technique is appealing in this case,
but these results cannot ensure diagnostic accuracy.

What Other Criteria Might Be Employed for
Analyzing Spinal Cord MR Studies of MS

Patients?
In a study comparing 2D FSE with 3D FSE, Ste-

venson et al (5) identified far more lesions with the
3D technique. They did not attempt to correlate the
number of lesions found with the patients’ clinical
status or disease progression. With similar methods,
Keiper et al (3) found a smaller number of lesions
by using FLAIR than by using spin-echo tech-
niques. Again, there was no information about the
relationship between lesion count and clinical find-
ings. Fukutake et al (10) found that the presence of
lesions on sagittal images correlated well with so-
matosensory evoked responses in MS patients.
Trop et al (11) found cord lesions in 96% of MS
patients who were selected for inclusion based on
signs and symptoms of myelopathy. They reported
weak but significant correlations between lesion
load (a combination of number of and size of le-
sions), sensory function, and EDSS. Follow-up of
these patients, however, revealed that 30% of cases
of clinical improvement or stability were associated
with progression of imaging findings, and that in
most patients who deteriorated clinically, the im-
aging findings were stable or improved. Trop and
colleagues recorded not only the number of lesions,
but their size and enhancement properties. Nijeholt
et al (7) characterized MS lesions as focal, diffuse,
or both. Eighty-three percent of patients had focal
or focal-plus-diffuse lesions. More interesting were
their correlations of lesion type with clinical status.
Diffuse abnormalities were more strongly associ-
ated with progressive MS than with relapsing-re-
mitting disease. Diffuse abnormalities alone, with-
out focal lesions, were never seen in patients with
relapsing-remitting MS. Focal lesion load (defined
as a combination of lesion count and longitudinal
extent of cord plaques) was not significantly related
to EDSS score. Nevertheless, the presence of dif-
fuse lesions, with or without focal plaques, was sig-
nificantly associated with poorer EDSS scores.
There was a significant association of EDSS with
spinal cord cross-sectional area. Filippi et al (12,
13) and Losseff et al (8) also have reported signif-
icant associations between cord area or diameter
and the clinical status of these patients. The change
in EDSS has been found to be related to changes
in cord atrophy (12). In a study of a variety of
imaging criteria, cord cross-sectional area was
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found to be the best predictor of EDSS in primary
progressive MS (14). In a comprehensive review of
the role of imaging in MS, Miller et al (15) con-
cluded that, although the presence of plaques on
T2-weighted images at initial presentation is a
highly significant finding in patients with suspected
MS, ‘‘the correlations between T2 abnormalities
and disability are modest’’ in established MS. They
attributed this dichotomy to the low pathologic
specificity of the T2 changes seen on routine im-
ages and argue that newer methods that may indi-
cate demyelination or axonal degeneration should
be more valuable for predicting outcome in MS
patients. In a pilot study, Silver et al (16) reported
the feasibility of obtaining MT studies of the spinal
cord in MS patients, creating the hope that the suc-
cess of this approach in the brain (6, 17) may be
replicated in the spine.

This brief editorial suggests that a simple enu-
meration of lesions may not be the ideal method
for characterizing MS of the spinal cord. Therefore,
although it is useful to know that fast STIR will
reveal more lesions than other techniques, it is not
clear this is the most important criterion. Unfortu-
nately, we are lacking studies that compare diag-
nostic and predictive values of lesion count, lesion
load (11), lesion type (7), cross-sectional dimen-
sions (4, 8, 12, 13), MT measures (16), or other
parameters across acquisition techniques. Are all of
these measures valuable? Is there a best subset of
parameters that captures all the information to be
obtained from a spinal MR study of these patients?
What is the optimal method for acquiring each set
of images? As radiologists, we need to know not
only how best to generate the data, but also what
measurements are the most useful for our clinical
colleagues.

Although it appears at the moment unlikely that
counting spinal MS lesions is the best way to an-
alyze MR studies, it is important that we know the
performance of candidate pulse sequences for de-
tecting abnormalities. Potential confusion due to
false-positive findings is a constant fact of life in
radiologic practice. Once a potential abnormality
has been recognized, radiologists consider a variety
of factors such as location and size of the lesion,
signal characteristics, and clinical setting to decide
whether an apparent lesion is real. A technique that
consistently reveals more candidate lesions will be
useful provided that the false-positive rate is not
unacceptably high. Rocca et al have told us that
radiologists seeking to detect the largest possible
number of lesions would do better to employ fast
STIR than FSE or this MT-GE sequence. Because
the fast STIR technique is ‘‘low-tech’’ and readily
implemented on many instruments, this strong per-
formance in lesion detection will be available to a
large number of sites.

Application to Other Diseases
The finding of high sensitivity for fast STIR

should be applicable to diseases other than MS.

Thus, detection of cord lesions of all etiologies may
be improved by adding fast STIR to the protocol,
perhaps substituting it for other T2-weighted se-
quences. As is the case for MS, the questions of
whether the detected lesion actually exists, and the
contribution of its detection to patient management,
will remain for further study in the academic arena
and confirmation with other patient information in
the clinical realm.

DAVID B. HACKNEY

Member, Editorial Board
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