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MR Imaging of the Normal

Meninges: Comparison of
Contrast-Enhancement Patterns on 3D

Gradient-Echo and Spin-Echo Images

OBJECTIVE. The purpose of this study was to determine the enhancement pattern
of the normal meninges on T1-weighted three-dimensional Fourier transform gradi-
ent-echo (3DGE) MR images and to compare this pattern with that observed on con-
ventional two-dimensional Fourier transform spin-echo (2DSE) images. This will
serve as a basis for comparison when cases of suspected meningeal pathology are
evaluated.

SUBJECTS AND METHODS. The appearance of the normal meninges after admin-
istration of gadopentetate dimeglumine was evaluated on 2DSE and 3DGE images in
69 patients who had no known or suspected meningeal abnormality. The total per-
centage of meningeal surface area that underwent contrast enhancement and the
continuity of meningeal enhancement were evaluated at four anatomic levels.

RESULTS. In most patients, 2DSE images showed short segments (i.e., <3 cm) of
meningeal enhancement, with enhancement of less than 50% of total meningeal sur-
face area. However, enhancement of 76-100% of total meningeal surface area was
routinely observed on 3DGE images, with long segments (i.e., >3 cm) or continuous
patterns most frequently observed. The differences between 2DSE and 3DGE
sequences were statistically significant for all regions that were assessed.

CONCLUSION. Continuous meningeal enhancement or enhancement of long seg-
ments of normal meninges is routinely observed on contrast-enhanced 3DGE
images; this appearance differs from those of enhanced 2DSE images and should not
be interpreted as abnormal.
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Three-dimensional Fourier transform gradient-echo (3DGE) MR imaging has
certain advantages over conventional two-dimensional spin-echo (2DSE) MR
imaging, including increased spatial resolution and improved visibility of suscepti-
bility and flow effects with no sacrifice in its sensitivity for depicting lesion contrast
enhancement [1-3]. For these reasons, contrast-enhanced 3DGE imaging is used
as a problem-solving technique at our institution. When these images were
reviewed, it was frequently noted that the meningeal enhancement patterns on
2DSE and 3DGE images differed significantly. The objective of this study was to
compare contrast enhancement of normal meninges on images obtained with the
two techniques.

Subjects and Methods

The initial study group consisted of 93 randomly selected patients who underwent cranial
MR imaging. Twenty-four patients were eliminated from the study because they had a his-
tory of photophobia, meningitis, cortical infarcts, previous cranial surgery, or metastatic dis-
ease or the presence of enhancing intracranial lesions. The remaining 69 patients consisted
of 46 women and 23 men (22-89 years old; mean age, 60 years) with no clinical evidence of
meningeal abnormality or of conditions that are known to predispose to abnormal contrast
enhancement of the meninges on MR images.
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Imaging was performed on a 1.5-T (Signa, General Electric) sys-
tem. Sagittal T1-weighted (433/11 [TR/TE], two excitations) and
axial proton density-weighted and T2-weighted (3000/30,95, one
excitation) images were initially obtained. T1-weighted (500/11, two
excitations) 2DSE axial images were then acquired before and after
IV administration of 0.1 mmol/kg of gadopentetate dimeglumine. T1-
weighted 3DGE images (38/5, one excitation, 45° flip angle, 64 par-
titions) were then obtained by using a spoiled gradient-recalled
acquisition in the steady state (GRASS) sequence. In 10 patients,
3DGE images were acquired before and after administration of con-
trast material. In an additional 10 patients, 3DGE images were
acquired before 2DSE images. 2DSE images were acquired by
using a 5-mm slice thickness and 1-mm interslice gap. 3DGE
images were of 2 mm thickness with no intervening gap. An imaging
matrix of 256 (frequency) x 192 (phase) was used for all sequences.

The meningeal enhancement pattern was evaluated at four ana-
tomic levels in all patients. These included images acquired in the
region of the fourth ventricle (level one), the temporal horns (level
two), the body of the lateral ventricles (level three), and the centrum
semiovale (level four) (Fig. 1). The enhancement pattern of the falx
cerebri at level three was also assessed. Two radiologists jointly
evaluated the images for the total percentage of meningeal
enhancement and for continuity of meningeal enhancement. They
were aware of sequence type because of the obvious differences
between the images. Total percentage meningeal enhancement was
determined by identifying segments of meningeal enhancement at
each level and estimating the sum of these enhancing segments rel-
ative to total meningeal surface area. Results were categorized as
no enhancement, 1-25%, 26-50%, 51-75%, 76-99%, or 100%
meningeal enhancement. Continuity of enhancement was deter-
mined by selecting the longest uninterrupted segment of meningeal
enhancement at each level and categorizing it as no enhancement,
short segment (less than 3 c¢cm), long segment (equal to or greater
than 3 cm), or continuous.

Results were analyzed by using two-tailed t-tests, with signifi-
cance defined at the p <.05 level.

Results

Results are summarized in Tables 1 and 2. The length and
continuity of meningeal enhancement were least extensive
on images that were acquired through the posterior fossa
(level one). At this level, total percentage enhancement of
the meninges was estimated at 1-25% in 79% of patients on
2DSE images and in 42% of patients on 3DGE images.
Fewer patients had enhancement of more than 75% of total
meningeal surface area observed on 3DGE images at this
level than at any other level. Regarding continuity of
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Fig. 1.—Contrast-enhanced 3DGE images of a patient with normal
meninges. Images show levels that were evaluated for meningeal en-
hancement. These include infratentorial (level one; upper left), temporal
lobes (level two; upper right), level of the lateral ventricles (level three; low-
er left), and supraventricular (level four; Jower right). Fine linear enhance-
ment can be seen throughout most of meningeal surfaces at all levels.

enhancement, the most frequent finding was “short segment
enhancement” on 2DSE (88% of patients) and 3DGE (50%
of patients) images. This was the only level at which a major-
ity of patients did not show either long-segment or continu-
ous meningeal enhancement on 3DGE images.

At level two, enhancement of 1-25% of total meningeal
surface area was observed in most patients (55%) on 2DSE
images; most remaining patients showed between 26% and
50% total meningeal enhancement. On 3DGE images, most
patients (88%) showed 76-100% enhancement (Fig. 2).
Enhancement of a short segment of meninges was
observed in most patients (71%) on 2DSE images at this
level, whereas 3DGE images showed enhancement that
was either continuous (52%) or involved long segments
(48%).

TABLE 1: Total Percentage Meningeal Enhancement on Contrast-Enhanced 2DSE and 3DGE MR Images

0% 1-25% 26-50% 51-75% 76-99% 100%

Level ——— . _ _ -

2DSE 3DGE 2DSE 3DGE 2DSE 3DGE 2DSE 3DGE 2DSE 3DGE 2DSE 3DGE

1 9 a4 79 42 9 12 3 2 0 12 0 4
2 0 0 55 0 32 0 12 12 1 49 0 39
3 1 0 27 0 49 3 19 7 3 52 1 38
4 1 0 85 0 13 3 1 14 0 40 0 43
Falx 4 0 31 0 14 3 14 6 13 10 23 81

Note.—2DSE = two-dimensional spin-echo, 3DGE = three-dimensional gradient-recalled echo. All numbers indicate percentage of patients.



Downloaded from www.ajronline.org by University of Tokyo on 02/28/20 from IP address 157.82.194.10. Copyright ARRS. For personal use only; all rights reserved

AJR:162, January 1994

TABLE 2: Maximum Length of Uninterrupted Meningeal
Enhancement on Contrast-Enhanced 2DSE and 3DGE MR Images

N Short Long
Level one Segment Segment

2DSE 3DGE 2DSE 3DGE 2DSE 3DGE EDSE 3DGE

Continuous

1 9 4 88 50 3 32 0 14
2 0 0 7 0 29 48 0 52
3 0 0 61 1 38 38 1 61
4 0 0 97 1 3 37 0 62
Falx 4 0 51 10 7 9 38 81

Note.—2DSE = two-dimensional spin-echo, 3DGE = three-dimensional
gradient-recalled echo. All numbers indicate percentage of patients.

At level three, the most frequent observation regarding
total percentage meningeal enhancement was 26-50%
enhancement (49% of patients) on 2DSE images and 76—
99% enhancement (52% of patients) on 3DGE images (Fig.
3). Most patients (61%) showed enhancement of short seg-
ments of meninges on 2DSE images, with continuous

Fig. 2—Corresponding contrast-enhanced
2DSE (A) and 3DGE (B) MR images at level of
temporal horns (level two) of a patient with nor-
mal meninges. Short interrupted segments of
meningeal enhancement are observed on 2DSE
image (arrows), compared with more continu-
ous enhancement throughout meninges on
3DGE image (arrows).

Fig. 3.—Corresponding contrast-enhanced
2DSE (A) and 3DGE (B) MR images at level of
lateral ventricles (level three) of a patient with
normal meninges. Short interrupted segments
of meningeal enhancement are seen on 2DSE
image (arrows), compared with more continu-
ous enhancement throughout meninges on
3DGE image (arrows).
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meningeal enhancement most frequently observed on
3DGE images (61%).

At level four, the vast majority of patients (85%) showed
enhancement of 1-25% of total meningeal surface area on
2DSE images, whereas 76—100% enhancement was observed
in a similar percentage of patients (83%) on 3DGE images.
2DSE images again showed enhancement of short segments
of meninges in virtually all patients (97%) at this level. The
meningeal enhancement pattem observed on 3DGE images
was continuous (62%) or involved long segments (37%; Fig. 4).

Total percentage enhancement of the falx cerebri on
3DGE images showed the greatest number of patients
(81%) to have 100% enhancement. The most frequent find-
ing regarding continuity of enhancement on 2DSE images
was “short segment” (51% of patients). 3DGE images at
this level showed enhancement to be most frequently contin-
uous (81% of patients).

Differences between 2DSE and 3DGE images regarding
total percentage meningeal enhancement and the continuity
(i.e., pattern) of meningeal enhancement were highly signifi-
cant (p <.01) for all anatomic regions.
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A

In the 10 patients in whom contrast-enhanced 3DGE
images were acquired before 2DSE images, significantly
greater total percentage meningeal enhancement and conti-
nuity of meningeal enhancement were observed on 3DGE
images, with findings similar to those observed in the popu-
lation described earlier.

Discussion

The normal meninges appear as thin short areas of rela-
tively low signal intensity on unenhanced 2DSE images. After
IV administration of paramagnetic contrast material, the
meninges that overlie the cerebrum exhibit fine linear
enhancement in a short segmental pattern [4]. The falx and
tentorium show enhancement after contrast administration in
approximately 50% of patients [5], again usually in a short
segmental pattern. The pattern of normal meningeal en-
hancement on 2DSE images in our study was consistent with
that described in previous reports and was characterized by
thin, linear, short segments of enhancement in nearly all
patients.

Meningeal enhancement patterns on 2DSE images that
are suggestive of abnormality include increased intensity
and length of meningeal enhancement, as well as associ-
ated nodularity. These characteristics may be observed in
association with meningioma, meningeal carcinomatosis [5],
primary intracranial neurogenic tumors [6], and meningitis
[7], as well as in patients who have undergone extraaxial
hemorrhage or previous cranial surgery [8]. These charac-
teristics are not routinely seen on contrast-enhanced 2DSE
images in patients with normal meninges.

However, our study indicates that contrast-enhanced
3DGE images display some of these features in patients
who do not have abnormal meninges. We observed a signif-
icant increase in the continuity of meningeal enhancement,
as well as a significantly greater total percentage of
meningeal enhancement on enhanced 3DGE images com-
pared with 2DSE images (Fig. 2). The meninges surrounding
the cerebrum, for example, displayed total meningeal
enhancement on 2DSE images that was less than 50% in
most patients, whereas total meningeal enhancement on
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Fig. 4.—Corresponding contrast-enhanced
2DSE (A) and 3DGE (B) MR images at level of su-
praventricular white matter (level four) of a pa-
tient with normal meninges. Minimal meningeal
enhancement is seen on 2DSE MR image, where-
as 3DGE MR image shows continuous enhance-
ment throughout meninges (closed arrows in B).
Also note increased length of enhancement of
falx cerebri (open arrows) and relative de-
creased signal intensity of diploic space on
3DGE image.

3DGE images in this region was more than 75% in most
patients. 2DSE images showed short-segment meningeal
enhancement in most patients, whereas 3DGE images
showed long-segment or continuous meningeal enhance-
ment in nearly all patients. Our findings indicate that the
increased length and continuity of meningeal enhancement
on 3DGE images compared with 2DSE images should,
therefore, be considered normal.

At the level of the cerebellum, we found a significant
increase in length and continuity of meningeal enhancement
on 3DGE images compared with the corresponding 2DSE
images. However, these differences were not as pronounced
as at higher levels. This is attributed to prominent contrast
enhancement of the transverse sinus, which results in de-
creased conspicuousness of adjacent meningeal enhance-
ment in the posterior fossa on both 2DSE and 3DGE images
(Fig. 3). In addition, because of the relatively decreased cere-
bellar surface area compared with the cerebrum, the length of
3 cm (the length used to differentiate short- and long-segment
enhancement in this study) may be too great to visualize
smaller differences in absolute length in this region.

The alterations in appearance of meningeal enhancement
on 2DSE and 3DGE images reflect several differences
between these two pulse sequences. The 3DGE technique we
used had considerably smaller slice thickness than our 2DSE
sequence and, furthermore, had no interslice gap. These fac-
tors combine to improve spatial resolution and to decrease
partial volume averaging, and they most likely contributed to
the greater conspicuousness of meningeal enhancement on
3DGE images than on 2DSE images. Another factor that
probably contributes to increased conspicuousness of me-
ningeal enhancement on 3DGE images is the relatively
decreased signal intensity of the diploé on 3DGE compared
with 2DSE images (Fig. 2). This is a result of accentuation of
susceptibility effects at trabecular bone-bone marrow inter-
faces, which are present on gradient-echo images because
the 180° refocusing pulse is absent. The relatively reduced
signal intensity of the diploé allows improved visualization of
enhancement of the adjacent meninges. The increased sensi-
tivity of gradient-echo images to blood flow may further
increase the conspicuousness of meningeal enhancement on
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these images, as the meninges contain multiple vascular
structures. Although our acquisition of 3DGE images after the
2DSE images in most patients in our study introduces some
bias, it is not thought to be a significant factor in the discrepant
enhancement patterns we observed. This was verified in the
subpopulation of 10 patients in whom this acquisition order
was reversed, with results similar to those obtained in the
remainder of the study group.

In conclusion, we have found that the enhancement pattern
of the normal meninges differs on 2DSE and 3DGE images.
3DGE images show greater total meningeal enhancement
and greater continuity of meningeal enhancement than do
conventional 2DSE images. This appearance is attributed to
multiple technical differences between these two pulse
sequences, as discussed earlier. The observation of continu-
ous meningeal enhancement on 3DGE images, in the
absence of associated meningeal thickening or nodularity,
should be recognized as normal. Awareness of these normal
findings is important in the accurate interpretation of contrast-
enhanced 3DGE images.
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