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Contrast-Enhanced Fluid-Attenuated Inversion
Recovery Imaging for Leptomeningeal

Disease in Children

Paul D. Griffiths, Stuart C. Coley, Charles A. J. Romanowski, Tim Hodgson, and Iain D. Wilkinson

BACKGROUND AND PURPOSE: To develop an MR imaging method that improves detection
of leptomeningeal disease when compared with the current reference standard, contrast-
enhanced T1-weighted imaging.

METHODS: We investigated the cases of 10 children who were at high risk of intracranial
leptomeningeal disease (Sturge-Weber syndrome and medulloblastoma). The cases of Sturge-
Weber syndrome were investigated by using one MR imaging examination, and the cases of
medulloblastoma were investigated by using four MR imaging examinations performed over 18
months. In all cases, contrast-enhanced fluid-attenuated inversion recovery (FLAIR) images
were acquired in addition to the routine sequences. The parameters of the FLAIR sequence were
chosen to maximize the T1 component of the signal intensity, to maximize detection of
leptomeningeal enhancement. We made subjective and objective assessments of the presence
and extent of leptomeningeal disease as shown on contrast-enhanced T1-weighted images and
contrast-enhanced FLAIR images.

RESULTS: In three of the four cases of Sturge-Weber syndrome, the T1 and FLAIR sequences
showed comparable extent of leptomeningeal enhancement. For one child, FLAIR images
showed unexpected bilateral disease and more extensive leptomeningeal enhancement on the
clinically suspected side. In four of six cases of medulloblastoma, no leptomeningeal enhance-
ment was shown on any examinations during the 18-month period. In two cases, FLAIR images
showed more extensive leptomeningeal enhancement when compared with T1-weighted images.

CONCLUSION: Contrast-enhanced FLAIR imaging seems to improve detection of leptomen-
ingeal disease when compared with routine contrast-enhanced T1-weighted imaging. This
seems to be partly because of suppression of signal intensity from normal vascular structures
on the surface of the brain by FLAIR, which allows easier visualization of abnormal leptome-
ninges. We think that these findings can be extrapolated to the investigation of leptomeningeal
disease of all causes and at all ages.

Contrast-enhanced T1-weighted imaging is the stan-
dard method of detecting brain and spine lesions
characterized by disruption of the blood-brain bar-
rier. It is also the most sensitive imaging method of
detecting leptomeningeal infiltration by tumor (1).
This is increasingly recognized as a complication of
metastatic disease from non-CNS sites in adults as
more MR imaging is performed. Recognition of lep-
tomeningeal disease is of fundamental importance in

pediatric neuroimaging because it frequently occurs
as a complication of some primary brain tumors and
has major implications for treatment and prognosis.
Contrast-enhanced T1-weighted imaging is a power-
ful tool in this respect, particularly in distinguishing
between leptomeningeal enhancement, which is usu-
ally due to infiltration, and pachymeningeal enhance-
ment, which is usually a secondary response to cranial
surgery and/or shunt placement. The detection of
leptomeningeal disease, however, can be difficult be-
cause normal meninges enhance to some degree and
T1 shortening due to contrast agent in normal vascu-
lar structures may cause confusion.

We became interested in fluid-attenuated inver-
sion-recovery (FLAIR) imaging of leptomeningeal
disease because of two observations. First, our work
with detection of subarachnoid hemorrhage by MR
imaging showed that FLAIR was good at detecting T1
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shortening caused by blood in the subarachnoid space
(2), a finding that is gaining acceptance in the neuro-
radiologic literature. In addition, we described a new
finding in a recent study investigating changes in
brain perfusion after carotid stent placement. We
showed leptomeningeal enhancement overlying the
cerebral hemisphere supplied by the treated carotid
artery (3). This was best shown on FLAIR images that
were obtained to look for areas of ischemia after stent
placement.

We herein describe our experience in using a mod-
ified FLAIR sequence to look for leptomeningeal
disease in two situations in pediatric neuroradiology
in which we would expect a high frequency of involve-
ment: benign leptomeningeal angiomatosis associated
with Sturge-Weber syndrome and malignant infiltra-
tion by medulloblastoma.

Methods

Patients
We describe the imaging of 10 children who presented to

our department for clinical MR imaging examinations with
presumptive diagnoses of either Sturge-Weber syndrome or
medulloblastoma during a 6-month period from 1999 to 2000.
Six children had a final diagnosis of medulloblastoma con-
firmed by histology and had an age range of 1.5 to 7 years at the
time of the initial MR imaging examination. Four children
were shown to have Sturge-Weber syndrome by a combination
of clinical and radiologic findings. They had an age range of 7
to 11 years at the time of the MR imaging examination.

MR Imaging Methods and Analysis
All MR imaging examinations were performed on a 1.5-T

superconducting system (Eclipse, Philips Medical Systems).
Children with suspected Sturge-Weber syndrome were investi-
gated by routine multiplanar, multi-sequence MR imaging sup-
plemented by MR venography, perfusion imaging, and spectral
fat saturation contrast-enhanced orbits as appropriate. FLAIR
imaging was performed immediately before the routine axial
view T1-weighted MR imaging, after the injection of weight-
dependant volumes of contrast agent (Magnevist (dimeglumine
gadopentetate); Schering AG, Berlin, Germany).

For the children being investigated for possible medulloblas-
toma, a standardized protocol, as defined by the United King-
dom Children’s Cancer Study Group and Societe Francaise
d’Oncologie Pediatrique Panelists (4), was used but also in-
cluded axial view FLAIR imaging of the brain after the injec-
tion of weight-dependant volumes of contrast agent. FLAIR
imaging was performed immediately before the routine axial
view T1-weighted MR imaging at the time of the initial and all
follow-up procedures. Four MR imaging procedures were re-
viewed for each child: the presentation examination and 6-, 12-,
and 18-month follow-up examinations. The sequence used in
both patient groups was identical. The protocol for the fast
spin-echo FLAIR imaging was as follows: 6000/95.9 (TR/TE);
inversion time, 1800 ms; echo train length, 8; field of view, 20
cm; matrix, 192 � 256; number of sections, 20; section thick-
ness, 4 mm; section gap, 2 mm.

Two neuroradiologists assessed the contrast-enhanced T1-
weighted and FLAIR images with full clinical information
available. Both reporters were asked to independently state
whether abnormal leptomeningeal enhancement was present.

In cases in which leptomeningeal enhancement was present, an
objective assessment of the extent was made by each neurora-
diologist some weeks after the original report. This was per-
formed by tracing the extent of the abnormality on the axial
view sections by using software on the proprietary workstation.
Significant differences between the T1-weighted and FLAIR
sequences were arbitrarily defined if both reviewers found a
difference in the linear measurements of �20% on a single
section.

Results

Complete agreement existed between both review-
ers regarding the presence or absence of abnormal
leptomeningeal enhancement when the contrast-en-
hanced T1-weighted and FLAIR images were as-
sessed independently. Three of the four children with
Sturge-Weber syndrome had intracranial manifesta-
tions of Sturge-Weber syndrome, including leptomen-
ingeal angiomatosis, confirmed by both reporters.
The fourth had V1 flammeus naevus and glaucoma
recognized clinically and ipsilateral diffuse choroidal
angioma defined by imaging. In two of the four cases,
the T1-weighted and FLAIR sequences showed com-
parable extent of leptomeningeal enhancement. Both
imaging sequences showed no leptomeningeal in-
volvement in one of the four cases. In one of the four
cases, FLAIR imaging showed unexpected bilateral
disease and more extensive leptomeningeal enhance-
ment on the clinically suspected side. This had major
clinical relevance because the child was being as-
sessed for possible hemispherectomy for intractable
seizures (Fig 1).

Four of the six children with medulloblastoma had
no leptomeningeal enhancement shown by any of the
four examinations during the 18-month follow-up pe-
riod. In one of six cases, abnormal leptomeningeal
enhancement consistent with metastatic disease was
shown at presentation and was shown again at the
three subsequent follow-up examinations on both T1-
weighted and FLAIR images. The degree of abnor-
mal leptomeningeal enhancement varied consider-
ably during follow-up but was always shown to be
more extensive on FLAIR images (Fig 2), as assessed
by both reviewers reviewing the images together. In
one of six cases, abnormal leptomeningeal enhance-
ment was absent at the first two examinations but was
confidently defined on FLAIR images but not on
T1-weighted images at the third examination. By the
fourth examination, a solid, malignant deposit had
developed at that site (Fig 3).

Discussion

Detection of leptomeningeal disease based on im-
ages was difficult before the introduction of MR im-
aging. CT methods are not ideal in this role because
enhancement after the injection of iodine-based
agents is often directly related to attenuated cortical
bone. The beam hardening and streak artifact caused
at the bone-soft tissue interface severely reduces the
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sensitivity of the method. This is particularly pro-
nounced at the skull base. Practically, CT was per-
formed to exclude intracranial mass lesions that
might contraindicate the reference standard method
of detection (ie, lumbar puncture with cytologic in-
vestigation). MR imaging with IV administered con-
trast agents has several advantages over CT in this
application, the main considerations being lack of
signal intensity from cortical bone, no artifacts, and
the ease with which multiplanar imaging can be per-
formed. The sensitivity in detecting malignant lepto-
meningeal disease by MR imaging is greatly improved
when compared with CT, although specificity remains
low. Malignant leptomeningeal disease in adults is
usually due to metastatic disease from non-CNS
causes, and detection has a major impact on clinical
management. In children, leptomeningeal disease is
usually metastatic or contiguous from primary brain
tumors and its detection also has a significant effect
on management, particularly regarding the extent of
primary resection.

We have presented our early experience in using a
contrast-enhanced FLAIR sequence in detecting lep-

tomeningeal disease in two, highly selected pediatric
populations: patients with Sturge-Weber syndrome
and patients with medulloblastoma. These groups
were chosen because of the expected high frequency
of leptomeningeal disease that is required when mak-
ing an initial assessment of a new indication for this
sequence. We have shown distinct advantages of con-
trast-enhanced FLAIR imaging over standard con-
trast-enhanced T1-weighted imaging of these pa-
tients, in terms of sensitivity and certainty of
diagnosis. It is interesting to speculate regarding why
contrast-enhanced FLAIR imaging may be better
than T1-weighted imaging and whether any con-
founding factors exist that may influence the signal
intensity on FLAIR images other than the accumula-
tion of contrast agent. Deliganis et al (5) described
eight patients who showed increased signal intensity
from CSF in the basal cisterns and over the cortical
sulci on unenhanced FLAIR images when inhaled
oxygen levels were increased. All our pediatric pa-
tients were examined while under general anesthesia
by the same anesthetist who used 33.3% oxygen, as is
the case for most of our pediatric patients. Unen-

FIG 1. Images from the case of a 9-year-old child with suspected left-sided Sturge-
Weber syndrome.

A, Axial view contrast-enhanced T1-weighted image obtained at the level of the Monro
foramina. Note the prominent but normal enhancement of vascular structures in the right
hemisphere.

B, Axial view contrast-enhanced FLAIR image obtained at the level of the Monro
foramina shows the improved visualization of leptomeningeal disease in the left temporal
lobe. Note that enhancement of normal vascular structures in the right hemisphere is
suppressed.

C, Axial view contrast-enhanced T1-weighted image obtained toward the vertex.
D, Axial view contrast-enhanced FLAIR image obtained toward the vertex shows

considerably more enhancement in the left frontal lobe as compared with the T1-
weighted image. More importantly, abnormal leptomeningeal enhancement is shown
over the right frontal lobe, indicating bilateral disease. The presence of bilateral disease
precluded surgical intervention.
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hanced FLAIR imaging was not performed in our
cases, but we have never seen focal increased signal
intensity in the meninges of anesthetized children
when FLAIR sequences have been used. We do not
think, therefore, that this mechanism is relevant in
our cases. In our experience, the major advantage of
contrast-enhanced FLAIR imaging over contrast-en-
hanced T1-weighted imaging is lack of enhancement
in the normal vascular structures on FLAIR images
compared with T1-weighted images. Any sequence
that can reduce or eliminate signal intensity from
normal vasculature constitutes a significant step for-
ward. It should be noted that this observation is not
due to reducing concentrations of contrast agent as it
is excreted; in all our patients, the FLAIR sequence
was obtained before the T1 sequence and should have
experienced higher concentrations of contrast agent.
The reason for the suppression of signal intensity
from vascular structures is likely to be vascular flow:
the contrast agent-containing blood, which is initially
tagged by the inversion pulse, may not be present in
the imaging section during the readout time window.

This results in no enhancement within the normal
vascular structures.

Conclusion
We have shown that contrast-enhanced FLAIR im-

aging can be a valuable method for assessing abnor-
mal leptomeninges. The present study dealt with only
small numbers of pediatric patients with only two
pathologic conditions. We think, however, that the
sequence will show the same diagnostic improve-
ments for other pediatric disorders characterized by
abnormal leptomeninges (eg, pial synangiosis associ-
ated with moyamoya disease) and in adults with com-
parable disorders.
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FIG 2. Images from the case of a 3-year-
old patient who presented with early
morning headache and vomiting head-
ache. A mass in the fourth ventricle was
shown to be a medulloblastoma.

A, Axial view contrast-enhanced T1-
weighted image obtained at presentation
showed extensive leptomeningeal spread.

B, Significant response to treatment was
achieved by 6 months, with no residual dis-
ease evident on the T1-weighted image.

C, Contrast-enhanced FLAIR image did
show leptomeningeal enhancement in the
right frontal lobe (arrows) that could be seen
in retrospect on the T1-weighted image.

D, Contrast-enhanced T1-weighted im-
age obtained at 12 months showed pro-
gressive disease in the right frontal lobe.

E, Contrast-enhanced T1-weighted im-
age obtained at 18 months also showed
progressive disease in the right frontal
lobe.

722 GRIFFITHS AJNR: 24, April 2003



References

1. Rodesch G, Van Bogaert P, Mavroudakis N, et al. Neuroradiologic
findings in leptomeningeal carcinomatosis: the value interest of
gadolinium-enhanced MRI. Neuroradiology 1990;32:26–32

2. Mitchell P, Wilkinson ID, Hoggard N, et al. Detection of subarach-
noid haemorrhage with MR imaging. J Neurol Neurosurg Psychiatry
2001;70:205–211

3. Wilkinson ID, Griffiths PD, Hoggard N, Cleveland TJ, Gaines PA,

Venables GS. Unilateral meningeal enhancement following carotid
stent insertion detected by magnetic resonance imaging. Stroke
2000;31:848–851

4. Griffiths PD. A neuroimaging protocol for imaging children with
brain tumours. Clin Radiol 1999;54:558–562

5. Deliganis AV, Fisher DJ, Lam AM, Maravilla KR. CSF signal
intensity increase on FLAIR MR images in patients under general
anesthesia: the role of supplemental oxygen. Radiology 2001;218:
152–156

FIG 3. Images from the case of a 2-year-old
patient who presented with symptoms and
signs suggestive of a posterior fossa mass.

A, Coronal view contrast-enhanced T1-
weighted image shows a large mass cen-
tered in the right cerebellar hemisphere
that was confirmed to be medulloblas-
toma. No evidence of intracranial metas-
tases was observed at presentation.

B, Contrast-enhanced FLAIR image ob-
tained at 6 months shows definite abnor-
mality in the meninges overlying the left
parietal lobe (arrow).

C, In retrospect, this region is viewed as
abnormal on the contrast-enhanced T1-
weighted image, although it was reported
as normal.

D, Contrast-enhanced T1-weighted im-
age obtained at 12 months shows definite
progression.

E, Contrast-enhanced T1-weighted im-
age obtained at 18 months also shows
definite progression.
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