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Abstract We describe the use of a combination of fat-
suppression SPIR (spectral inversion recovery) and sub-
traction FLAIR imaging to aid in detection of abnormal
meningeal enhancement.
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Introduction

FLAIR images have an inherent component of T1-weight-
ing [1] that enables visualization of contrast enhancement,
and FLAIR has been shown to be particularly sensitive in
detecting leptomeningeal contrast enhancement [2–4],
related to the T1-shortening effect of gadolinium, slow-
flowing superficial vessels, and probably even magnetiza-
tion transfer effects [2]. SPIR imaging can be used in
conjunction with FLAIR for fat suppression of signal
within the skull base, scalp, cavernous sinus, and orbits
[5, 6], and may result in more homogeneous fat suppression
than that typically obtained with conventional T1-weighted
(T1-W) images, since the inversion time selected relates to
the null point (T1 recovery time) of fat, rather than the
precessional frequency [7]. Additionally, subtraction tech-
niques, which involve subtracting the precontrast from the

postcontrast image, have been proposed to detect abnormal
contrast enhancement on T1-W images underlying hyper-
intense hemorrhage [8]. A similar concept could be applied
to FLAIR sequences, where fat-suppressed SPIR/FLAIR
techniques could help delineate abnormal meningeal en-
hancement, and the subtraction technique could aid in
detection of meningeal enhancement in the midst of
underlying sulcal hyperintensities present on noncontrast
FLAIR.

Technique and representative cases

A group of 15 patients with a high clinical suspicion for
meningitis were studied by 22 MR examinations. Se-
quences included pre- and postcontrast T1-W gradient echo
(flip angle 80–90-), and fat-suppressed SPIR/turboFLAIR
imaging. Sequences were obtained with 1.5 and 3.0-T
magnets, with turboFLAIR sequence parameters: TR/TE/TI
6,500/105/2,000 ms, NEX 2, turbo factor 18, slice thick-
ness 5 mm, gap 1 mm, matrix 256�256. The patients were
not moved between the pre- and postcontrast imaging,
facilitated by long intravenous tubing, with a 1–2 min delay
between pre- and postcontrast imaging. SPIR fat suppres-
sion added 5–10 s to the prescan phase, but no additional
time during image acquisition. Subtraction was obtained
within 1–2 min via postprocessing performed immediately
after completing the examination, at the technologist_s
workstation, by selecting the subtraction operation, and
subtracting the axial turboFLAIR precontrast from the
corresponding postcontrast sequence. The technologist
instructed the patients to remain still throughout each
sequence.

Two staff neuroradiologists jointly reviewed the images to
confirm whether abnormal sulcal or dural signal was present
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on FLAIR or T1-W images prior to and after intravenous
contrast administration, or on the subtracted images, and
whether or not the subtraction images were interpretable. On
the contrast-enhanced FLAIR and subtraction images, the
choroid plexus, nasal mucosa, cavernous sinus, pituitary
stalk, pineal enhancement, and the occasional cortical
venous enhancement were considered normal [9]. Meningi-
tis was confirmed by direct biopsy (n=3) or CSF culture
(n=4) in seven patients, with one patient having septic
emboli. Other abnormalities included dural lymphoma,
vasculitis, tumor, intracranial hypotension, and an unknown

cause of leptomeningeal enhancement that spontaneously
resolved; the remaining two patients had negative MRI and
did not develop meningitis.

Prior to intravenous contrast administration, 12 of the 22
examinations showed abnormal sulcal hyperintensity on
precontrast SPIR/FLAIR images (Fig. 1), with leptomenin-
geal enhancement on 12 postcontrast SPIR/FLAIR images
(Fig. 2), and 9 postcontrast T1-W images. Based on only
the initial scan, the sensitivity and specificity, respectively,
of the sequences for patients with proven meningitis were
as follows: 71% (5/7) and 75% (6/8) for noncontrast SPIR/

Fig. 1 Meningitis from Klebsiella pneumoniae, with sulcal hyper-
intensity that does not enhance after subtraction of fat-suppressed
SPIR/FLAIR images. Images from a 3.0-T scanner demonstrate
diffuse hyperintense signal (arrows) throughout the cerebral sulci on
FLAIR images before (a, b) and after (c) contrast administration.
Subtraction images do not demonstrate any meningeal enhancement

(d, e; arrows). No meningeal enhancement is noted on the post-
contrast T1-W image (f). Also note the normal nasal mucosa and
cavernous sinus enhancement, and that the typical CSF flow-related
artifact in the prepontine cistern is mostly removed after subtraction
(d, dashed arrow)
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FLAIR imaging, 57% (4/7) and 75% (6/8) for postcontrast
SPIR/FLAIR imaging, and 43% (3/7) and 75% (6/8) for
postcontrast T1-W imaging. SPIR/FLAIR and T1-W
imaging showed equivalent detection of dural enhance-
ment, which was present in 10 of the 22 examinations.

Three of the 22 subtractions were considered inadequate,
and two were considered equivocal, but interpretable,
related to what the authors term Bpseudo-enhancement,^ a
low-level hyperintensity on the subtraction images that was
non-vascular and completely followed the sulcal contour
(Fig. 3). Subtraction sequences were positive for pial
enhancement in 11 MRIs in six patients who had sulcal
hyperintensities on pre- and postcontrast images (Fig. 2) in
the setting of adequate subtraction. In addition, the
subtraction images eliminated unwanted flow artifact on
FLAIR images present in the prepontine and basal cisterns,
as demonstrated in a patient with tuberculous meningitis
(Fig. 3). Regarding dural enhancement, subtraction was
adequate in nine of ten MRI scans (in seven patients with
dural enhancement), but was of limited use since the

enhancement was usually discernible on both SPIR/FLAIR
and T1-W images. The exception was a late subacute
subdural hematoma, hyperintense on precontrast T1-W and
FLAIR images, with an enhancing rim on subtraction
images.

Discussion

Both leptomeningeal and pachymeningeal abnormalities
were well demonstrated on the pre- and postcontrast SPIR/
FLAIR images, and in a majority of the subtracted images.
Preliminarily, fat-suppressed FLAIR imaging seemed at
least equivalent to T1-W imaging in detecting abnormal
pial or dural enhancement, but the gradient-echo T1-W
imaging used in 13 examinations at 3.0 T in this study may
have less contrast-to-noise ratio and enhancement than
conventional spin-echo T1-W imaging [10]. Controversy
exists as to whether postcontrast T1-W or FLAIR images
are more sensitive for leptomeningeal disease [3, 4, 11],

Fig. 2 Abnormal leptomenin-
geal enhancement demonstrated
on repeat subtraction imaging in
a 16-year-old patient with viral
meningitis. Initial 3.0-T MR
imaging demonstrates subtle
sulcal hyperintensity on pre- and
post-contrast turboFLAIR
images (after contrast adminis-
tration: a, black arrows), with
no abnormal contrast enhance-
ment on subtraction images (b)
or on contrast-enhanced T1-W
images (not shown). Note the
normal enhancement of the
choroid plexus (b, arrows). This
was interpreted as suspicious for
mild exudates in the clinical
setting of meningitis, without
abnormal contrast enhancement.
CSF protein was mildly elevat-
ed, but lumbar puncture cultures
were negative. The patient_s
symptoms progressed, and re-
peat imaging 5 days later on the
same scanner demonstrated
slightly more prominent sulcal
hyperintensity on pre- and post-
contrast FLAIR imaging (not
shown), but new, mild pial en-
hancement is seen on the sub-
traction sequence (c, arrows),
more prominent on the left, also
confirmed on postcontrast coro-
nal T1-W images (d)
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which could be addressed by a larger, prospective study of
fat-suppressed T1-W versus SPIR/FLAIR imaging.

The subtraction technique was performed with minimal
postprocessing time, in a manner identical to that common-
ly used for postcontrast neck MR angiography, which is
readily available on most commercial scanners. The pitfall

of the technique appears to be either mild patient motion or
CSF pulsation. Although the patients held relatively still, in
some patients there appeared to be mild translation between
pre- and postcontrast sequences, and sulcal signal possibly
related to brain/CSF motion, or expansion-contraction
related to cardiac systole [12]. This occurred in four of

Fig. 3 Subtraction FLAIR fat-suppressed images obtained on a 3.0-T
MR scanner demonstrate basilar leptomeningeal enhancement in a 37-
year-old female with tuberculous meningitis. Noncontrast FLAIR
images (a) from the initial scan demonstrate mild prepontine hyper-
intensity (arrow), which is a common site of CSF-related flow artifact;
the area is more hyperintense on the postcontrast image (b, arrow).
Subtraction FLAIR images (c) show the underlying contrast enhance-
ment in the prepontine cistern and surrounding the brain stem
(arrows), and posteriorly along the cerebellum, also noted to a lesser

degree on T1-W images (d). Postcontrast FLAIR images at a higher
level demonstrate mild leptomeningeal enhancement (e, solid arrow),
while subtraction images show that mild motion causes a subtle
Bpseudo-B leptomeningeal hyperintensity (f, dashed arrows), where no
sulcal abnormality is present on postcontrast FLAIR (e, dashed
arrows), which is discernible from true leptomeningeal enhancement
on the right (e, f; solid arrows). Also note that enhancement does not
normally occur of the major dural venous sinuses on FLAIR images,
but does occur on T1-W images
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the first six MR scans in this study where the postcontrast
T1-W imaging was performed prior to FLAIR, improving
in most of the subsequent examinations where the FLAIR
sequence was performed as the last precontrast and the first
postcontrast sequence. In the near future, alternative
techniques such as PROPELLER (periodically rotated
overlapping parallel lines with enhanced reconstruction
[13, 14]), or a recently developed adaptive motion
autocorrection algorithm [15], could correct for patient
motion, but these techniques are not yet routinely available
with most commercial scanners.
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