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PURPOSE: To confirm the expected superiority of fluid-attenuated inversion-recovery (FLAIR)
over conventional fast spin-echo MR imaging in the detection of multiple sclerosis (MS) of the
spinal cord. METHODS: Fifteen subjects with known MS involving the spinal cord and brain were
studied prospectively. The entire cord was imaged with a phased-array coil on a 1.5-T MR system.
Sagittal T1-weighted and fast spin-echo proton density– and T2-weighted images were followed by
fast FLAIR images. FLAIR parameters were varied to optimize lesion conspicuity with optimal
inversion times (TIs) ranging from 2400 to 2600. Lesion conspicuity and detection were compared
between the fast spin-echo and FLAIR images by three radiologists who reached agreement by
consensus. RESULTS: The FLAIR technique effectively suppressed cerebrospinal fluid (CSF)
signal and reduced CSF pulsation and truncation artifacts in all cases. Shorter imaging parameters
(repetition time of 4000 to 6000, TI of 1500 to 2000) uniformly decreased lesion conspicuity in all
subjects. Of 11 cord lesions in five subjects imaged with the longer parameters (repetition time of
8000 to 11 000, TI of 2400 to 2600), three were not seen on FLAIR images, four were less
conspicuous on FLAIR images, and four were seen equally or better on FLAIR images. CONCLU-
SION: Although successful in suppressing CSF signal and reducing imaging artifacts, fast FLAIR
imaging appears unreliable in the detection of MS lesions in the spinal cord.
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Fluid-attenuated inversion-recovery (FLAIR)
magnetic resonance (MR) imaging has proved
to be a useful tool in the diagnosis of central
nervous system (CNS) abnormalities. Success-
ful uses of FLAIR imaging in the brain have been
reported in cases of multiple sclerosis (MS),
subarachnoid hemorrhage, encephalitis, cere-
bral infarction, surface tumors, and epilepsy (1–
5). By selectively nulling cerebrospinal fluid
(CSF) signal while maintaining a heavily T2-
weighted image, FLAIR increases lesion conspi-
cuity against a relatively gray parenchymal
background and nulled CSF signal.

The FLAIR technique has particular theoreti-
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cal benefits in imaging of the spinal cord. By
suppressing CSF signal, FLAIR sequences vir-
tually eliminate pulsation and truncation arti-
facts that plague conventional fast spin-echo
images. In addition, given the small size of the
cord and surrounding bright CSF on conven-
tional long-repetition-time (TR) images, FLAIR
could theoretically provide an effective means
for detecting parenchymal and surface lesions
by increasing lesion conspicuity adjacent to
nulled CSF signal. FLAIR also decreases partial
volume effects between bright cord lesions and
adjacent CSF on conventional long-TR images,
potentially allowing better volumetric analysis
of lesion burden and cord volume.

The purpose of this study was to evaluate the
efficacy of fast FLAIR imaging of the spinal cord
in a series of MS patients. By optimizing the
FLAIR sequence and exploiting its theoretical
advantages over conventional T2-weighted im-
aging, we hypothesized that FLAIR would be
effective in the identification of MS lesions of the
spinal cord.
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Subjects and Methods
Fifteen patients (seven men and eight women) ranging

in age from 25 to 64 years with known MS involving the
spinal cord and brain by clinical parameters and previous
conventional MR studies were imaged prospectively. None
of the patients were on medical therapy or corticosteroids
at the time of imaging. Two patients had clinical evidence
of an acute MS exacerbation with clinical signs referable to
a spinal cord lesion; the remaining 13 patients had quies-
cent disease.

Scanning was performed at 1.5 T with a phased-array
coil. The spinal cord was imaged at a 3-mm section thick-
ness in the sagittal plane with conventional T1-weighted
spin-echo (500/17 [TR/echo time (TE)]), dual-echo fast
spin-echo (3000/17,85 [TR/effective TE]; echo train
length of 8), and fast FLAIR sequences.

The parameters of the FLAIR images varied as the
study progressed and as the FLAIR sequence was opti-
mized. To minimize CSF inflow effects, the width of the
initial 180° inverting pulse was increased to 500% (15
mm) of the readout section thickness (3 mm). Since the
thickness of the inversion pulse prevented interleaving
section acquisitions through the small volume of the spinal
canal, single-section acquisitions were used. This required
four to five single-section acquisitions to cover the entire
extent of the cord, except in patients with severe scoliosis.

The first 10 subjects were imaged with one of two TR/TI
(repetition time/inversion time) combination sets (4000/
1500 and 6000/2000). The final five patients were imaged
with two TR/TI combination sets (8000–9000/2400–2600
and 11000/2600). All FLAIR sequences were obtained
with TEs of 100 to 150, a 3-mm section thickness, a 512 3
512 matrix, and a 48-cm field of view. Images were ob-
tained with two signal averages, an echo train length of
eight, and a 32-kHz receiver bandwidth.

Consensus interpretations were reached by three radi-
ologists with knowledge of the patients’ clinical diagnoses.
The fast spin-echo T2- and proton density–weighted im-
ages were considered reference images for the presence of
abnormal cord signal indicating an MS lesion. The FLAIR
sequences were evaluated for lesion detection, lesion con-
spicuity, and subjective measures of contrast-to-noise as
compared with the conventional long-TR images. Lesions
on FLAIR images were classified as follows: category 1,
not visible or less conspicuous than on the fast spin-echo
long-TR (conventional) images; category 2, seen equally
well as on the conventional images; and category 3, more
conspicuous than on the conventional images. A one-
tailed sign test was used to assess whether the differences
observed between the fast spin-echo and fast FLAIR se-
quences were statistically significant.

Results

In all patients, the fast FLAIR sequence was
effective in nulling CSF signal in the central
spinal canal, thereby substantially reducing pul-
sation and truncation artifacts. CSF nulling was
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possible with all TR/TI imaging sets but was
most reliable with the short TR/TI sets (4000/
1500). CSF nulling in the basal cisterns was,
however, variable, as has been the experience
with FLAIR imaging in the brain. In all cases
FLAIR images provided a subjectively improved
anatomic evaluation of the cord as compared
with fast spin-echo long-TR images, which were
uniformly plagued with CSF pulsation and trun-
cation artifacts (Fig 1).

Of the 30 lesions seen on fast spin-echo se-
quences, only five were seen equally or better
on FLAIR images. This difference was statisti-
cally significant (P 5 .0001). Although the fast
FLAIR sequence was technically successful in
nulling CSF, initial imaging with short TR/TI
(4000–6000/1500–2000) sequences had
marked limitations for use in the identification of

Fig 1. A 48-year-old woman with known MS lesion of the
spinal cord.

Sagittal 3-mm fast spin-echo (3000/85/1 [TR/TE/excita-
tions]) (A) and fast FLAIR (4000/102/1, TI of 1500) (B) images.
Note the extensive pulsation and truncation artifacts limiting eval-
uation of the cord parenchyma for MS lesions on the fast spin-
echo T2-weighted image. The FLAIR sequence largely eliminates
confounding artifacts over the cord.
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MS lesions of the spinal cord. The fast FLAIR
sequence was inferior to the long-TR fast spin-
echo sequence in all 10 subjects imaged with
the short TR/TI protocol. All three observers
agreed that FLAIR images showed only one of
19 lesions with clarity equal to that on the fast
spin-echo sequence (P , .0001). The remain-
ing lesions were either not seen as well or not
seen at all on FLAIR images (Fig 2).

To maximize T2 weighting of the FLAIR se-
quence and presumably improve visualization
of MS lesions, the TR/TI sets were lengthened
for the remaining five subjects in the study. CSF
nulling was equally effective for TR/TI sets of
8000–9000/2400–2600 as for the longer TR/TI
sets of 11 000/2600 without affecting lesion
conspicuity. When scanning with single-section
acquisitions, the longer TR/TI sets were slightly
less reliable owing to longer imaging times and,
therefore, increased degradation from motion
artifacts.

Comparison was made between the opti-
mized TR/TI (8000–9000/2400–2600) fast
FLAIR sequence and the fast spin-echo se-
quences. Among the five subjects imaged, 11
lesions were seen on the fast spin-echo se-
quences. All three observers agreed that three
of the 11 lesions were not seen on the FLAIR
images and that four of the 11 were less con-
spicuous on the FLAIR images (Fig 3). Finally,
four of the 11 lesions were seen either equally or

Fig 2. A 29-year old man with known cervical spinal cord MS
lesions. Sagittal 3-mm fast spin-echo (2883/17/1) (A) and fast
FLAIR (6000/150/1, TI of 2000) (B) images. Proton density–
weighted image clearly shows two MS lesions of the cervical cord
(arrows) that are not seen at all on the short-TR/TE FLAIR image.
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better on the FLAIR images (Fig 4). The differ-
ences observed between the fast spin-echo and
the optimized fast FLAIR sequences were not
statistically significant (P 5 .02).

Of those lesions seen equally or better on
FLAIR images, two were in subjects who had
acute clinical symptoms referable to the cord
lesion. Both of these lesions enhanced on post-
contrast images, confirming the clinical suspi-
cion of acute disease. The remaining two seen
equally or better on FLAIR images were sub-
acute lesions that presented acutely several
months before the MR examination and had
been documented on previous MR studies. All
seven lesions seen less conspicuously or not at
all on FLAIR images were more than 1 year old,
as documented on previous MR examinations
and by clinical history.

Discussion

FLAIR imaging has been reported useful in
the evaluation of a number of brain abnormali-
ties (1–5). More recently, the use of FLAIR in
spinal cord disease has been investigated with
promising preliminary results in small series of

Fig 3. A 32-year-old woman with known MS lesions of the
lower thoracic cord. Sagittal 3-mm fast spin-echo (2700/85/1)
(A) and fast FLAIR (8000/102/1, TI of 2600) (B) images. The
thoracic cord lesion is well seen on the conventional T2-weighted
image, whereas only a suggestion of abnormal signal is seen on
the FLAIR image in this location (arrow).
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Fig 4. A 47-year-old-woman with
known MS and acute onset of Brown-Sé-
quard syndrome. Sagittal 3-mm fast spin-
echo (2700/85/1) (A) and fast FLAIR
(8000/102/1, TI of 2600) (B) images.
Both sequences show this acute lesion in
the midthoracic cord equally well.
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patients (6, 7). Specifically, the FLAIR tech-
nique has been shown to be superior to conven-
tional spin-echo imaging in the evaluation of MS
lesions within the brain and spinal cord (1, 6, 8).
A single sequence that improves identification
of lesions and reduces artifacts that interfere
with volumetric analysis would be invaluable in
the assessment of total lesion burden in patients
with MS.

Despite the initial promising results of spinal
cord imaging with FLAIR described in the liter-
ature, our study revealed significant limitations
of the FLAIR sequence for use in identifying MS
lesions within the cord.

The problems we encountered may represent
a technical failure of our fast FLAIR sequence.
The main benefit of FLAIR imaging in the spinal
cord is its ability to produce a heavily T2-
weighted image while simultaneously suppress-
ing adjacent CSF signal, thereby increasing le-
sion contrast and detectability. To maximize
T2-weighting in a FLAIR sequence, long TIs up
to the theoretical maximum (2900 on 1.5-T
units) are required to minimize T1 effects (8).
Images with TIs close to the theoretical maxi-
mum benefit were obtained with our fast FLAIR
sequence. CSF nulling and artifact reduction
were maximized with single-section acquisi-
tions and wide (500% section thickness) inver-
sion pulses. Image quality was maximized with
a high-resolution matrix (512 3 512) and inter-
mediate echo train length (eight). Despite all
these corrective measures, the imaging power
of FLAIR proved inferior to fast spin-echo se-
quences.

Contrast in FLAIR imaging is highly depen-
dent on the TI selected. Longer TIs minimize
T1 effects and maximize T2-weighted con-
trast. FLAIR imaging uses the relatively slow
relaxation curve of CSF to produce selective
nulling of CSF signal. In addition, with long
TIs, differences in T1 relaxation between cord
parenchyma and cord lesions should be min-
imized, thus optimizing T2 effects. The poor
visibility of lesions on FLAIR images as com-
pared with conventional T2-weighted images
suggests that T1 effects predominated in our
FLAIR sequence. The reason for this is uncer-
tain, given our corrected and optimized FLAIR
parameters.

This study clearly reveals the limitations of
short TR/TI times in FLAIR imaging. In addition
to the negative effects on T2-weighting, shorter
relaxation times and TIs (4000/1500 [TR/TI])
prevent complete relaxation of spins before the
initiation of the next 180° inversion pulse. In
effect, this broadens the null point at the 90°
radio-frequency pulse, which initiates the fast
spin-echo portion of the sequence. Thus, tis-
sues other than CSF may be at or near the null
point during the 90° radio-frequency pulse. This
may cause tissues such as the MS plaque to be
nulled or to lose signal relative to adjacent pa-
renchyma. The longer TR/TI combination sets
allow more complete relaxation of spins before
the next 180° inversion pulse, thereby produc-
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ing a sharp null point at which only free fluid is
selectively nulled.

The majority of cord lesions scanned in this
series were chronic, and the FLAIR sequence
was particularly unsuccessful in imaging
these lesions. On the other hand, all acute and
subacute MS lesions were seen well on FLAIR
images. Although the number of acute and
chronic lesions scanned with the optimal
FLAIR protocol in this study was statistically
insufficient to enable definitive conclusions to
be drawn, our findings suggest that chronic
MS lesions in the cord may have relaxation
values similar to those of adjacent cord pa-
renchyma and therefore lose conspicuity
within the cord. This would also explain the
superiority of fast spin-echo sequences,
which may not be as heavily dependent on T1
relaxation effects.

Although this theory seems plausible, it does
not explain the reported success of imaging of
pathologically similar MS lesions in the brain.
On the other hand, no truly controlled studies
comparing FLAIR and conventional imaging in
the brain in a variety of MS patients have been
performed to document clear superiority of
FLAIR imaging. Further investigations of the
imaging power of FLAIR in MS lesions of the
brain are needed. Moreover, additional evalua-
tion of the relative T1 and T2 relaxation rates of
CSF, spinal cord parenchyma, and MS lesions
in the spinal cord is necessary to determine
whether these differences can account for the
observed loss of conspicuity of the lesions on
the FLAIR images in this study.

If FLAIR imaging ultimately proves success-
ful and reliable in imaging MS lesions in the
spinal cord, lesion detectability in the spinal
cord parenchyma should improve, as it has in
the brain. Within the cord, there is particular
benefit for identifying surface lesions, which are
suboptimally seen on conventional fast spin-
echo images because of the adjacent high-in-
tensity CSF signal. In addition, if a sensitive
FLAIR technique were developed for spinal cord
imaging, accurate quantitative analysis of spi-
nal cord lesion burden by computer techniques
would be facilitated.

In conclusion, fast FLAIR imaging in the spi-
nal cord is successful in nulling CSF and reduc-
ing imaging artifacts while maintaining heavily
T2-weighted imaging to evaluate the cord pa-
renchyma; however, the fast FLAIR sequences
used in this study proved unreliable for detect-
ing MS lesions in the spinal cord, particularly in
the chronic phase of the disease. Although fur-
ther optimization of the fast FLAIR sequence for
cord imaging could provide explanations for the
limitations we encountered, the results from this
study suggest a paradox. Despite its obvious
sensitivity for MS lesions in the brain, FLAIR
imaging of MS lesions in the spinal cord is less
sensitive than fast spin-echo long-TR imaging.
This problem merits further investigation.
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