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Purpose: To investigate the role of dynamic MR imaging in the differentiation of neuromas and 
meningiomas. Methods: Eleven patients with neuromas and 15 patients with meningiomas 
underwent dynamic contrast-enhanced MR imaging using a short TE FLASH sequence and a 
bolus injection of Gd-DTPA. Results: There was no significant difference between these tumors 
in the signal-enhancement increment at the late phase, which corresponds to the signal-enhance
ment increment between pre- and postcontrast images in conventional spin-echo imaging. 
However, the signal enhancement at the vascular phase, ie, the phase where the first passage of 
Gd-DTPA was recognized both in the arteries and veins, was approximately four times as high in 

meningiomas as in neuromas. The difference was statistically significant. Furthermore, meningio
mas had a wider range of early signal enhancement than did neuromas, reflecting the histologic 
varieties: two angioblastic meningiomas had the highest values, and three fibroblastic the lowest 
values comparable with those of neuromas, while meningiomas with other subtypes had inter

mediate values. Conclusions: The results of this study indicate that the evaluation of early 
enhancement with dynamic MR imaging is helpful in the differentiation of neuromas and menin
giomas, and possibly in the crude prediction of pathologic subtypes of meningiomas. 
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With the development of rapid magnetic reso
nance (MR) imaging techniques, dynamic studies 
using a bolus injection of Gd-DTPA have been 
applied clinically. However, only a limited number 
of dynamic MR studies have been performed for 
brain tumors (1-3). Using a short TE (4 msec) 
fast low-angle shot (FLASH) sequence rather than 
a long TE one for T2* contrast (4), we previously 
performed dynamic contrast enhanced studies 
based on the usual Tl contrast and obtained 
time-versus-intensity curves (TICs) for a variety 
of brain tumors, and in particular, a characteristic 
pattern for neuromas (5): all four neuromas in 
our preliminary study showed a gradual enhance
ment pattern within the time interval. In the 
present study, we focused on neuroma and an
other representative extraaxial tumor, meningi-
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oma, and investigated the role of dynamic MR 
imaging in the differentiation of these tumors. 

Subjects and Methods 

From May 1990 to June 1991, 11 patients with neuro
mas and 15 patients with meningiomas, all surgically 
proved, were studied with dynamic MR imaging as well as 
conventional pre- and postcontrast spin-echo imaging. The 
neuromas originated from the acoustic nerve in seven 
cases, glossopharyngeal in two, and trigeminal in two. The 
histologic subtype of each meningioma was classified ac
cording to the widely accepted scheme (6): fibroblastic in 
three cases, transitional in five, meningotheliomatous in 
five, and angioblastic in two. 

All patients were examined on a 1.5-T MR unit with a 
circularly polarized head coil. For the purposes of the 
dynamic study, we devised a spoiled gradient-echo pulse 
sequence with a short TE of 4 msec. To minimize the TE 
under the limited gradient performance, the combination 
of an off-center signal acquisition with a high sampling rate 
of 67 kHz and a short RF pulse of 1.28 msec was employed 
(7). Since the use of such a short TE significantly reduces 
T2* dephasing effects, even in a two-dimensional mode, 
and improves T1 contrast (8) , this sequence was considered 
suitable for the dynamic study based on Tl contrast. 
Presaturation pulses with the section-selection gradients 
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were applied to reduce pulsation artifacts from blood flow 
caused by flow-related enhancem ent effects. 

Scan param eters were: TR/ TE/flip angle/number of 
signals averaged (NSA ) = 45 m sec/4 m sec/45°/1, section 
thickness = 8 inm , acquisition m atrix = 192 X 256, and 
field of v iew= 2 1 em . The acquisition t ime was 10 seconds 
per image. This sequence was repeated 16 times during 
the tota l dynamic imaging t ime of 340 seconds (Fig. 1 ). 
The first 1 0 images were acquired consecutively and the 
rem aining six wi th intervals of 40 seconds. Immediately 
after the scanning of the fi rst image, 0.1 mmol of Gd-DTPA 
per kg of body weight was administered intravenously over 
about 10 seconds. The bolus injection was well-tolerated 
with no adverse side effects. 

For tumor and contralateral normal brain tissues (pre
dom inantly white m atter), signal intensities (Sis) were eval
uated using standard region-of-interest measurements. For 
the tumor with cystic components, care was taken to 
contain only solid portions of the tumor for the Sl m eas
urem ents. Sis were normalized to those of the precontrast 
norm al brain tissues and TICs were obtained for each 
tumor. For the quantitative evaluation of the TICs obtained , 
we ca lculated the following Sl increments: .0. 1 = Sin - Sl 1 , 

and .0.2 = Sl 16 - Sl 1, where Sl 1 and Sl 16 were normalized 
signal intensities m easured on the first precontrast image 
and the last image, respectively. Sin was defined as a signal 
intensity on the n-th image that showed the first passage 
of contrast m edia both in the arteries and veins to be filled. 

Results 

Using the short TE FLASH sequence with the 
above imaging parameters, images having the 
usual T1 contrast with almost no T2* dephasing 
were obtained (Fig. 2). Since presaturation pulses 
with the section-selection gradients were em
ployed, flow-related enhancement effects were 
reduced and brain vessels were depicted as hav
ing hypointensity on precontrast images as 
shown in Figure 2. This enabled us to identify the 
vascular phase, ie , filling of arteries and veins 
during the first passage of contrast media . The 
vascular phase was observed between the third 
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Fig. 1. Timing diagram of dynamic study. Sixteen images of 
single section were obtained during the total dynamic imaging 
time of 340 sec. The acquisition time per image was 10 sec. The 
first 10 images were acquired consecutively and the remaining 
six images with intervals of 40 sec. Immediately after the first 
scan, 0.1 mmol of Gd-DTPA per kg of body weight was admin
istered over about 10 sec. 
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and fifth images, and predominantly (19/26 
cases) on the fourth image. 

While normal brain tissues showed almost no 
discernible signal changes during the dynamic 
examinations, the patterns of TICs for the ex
traaxial tumors were classified into the two basic 
types: gradual increase with no peak pattern (type 
1) and steep increase and subsequent gradual 
decrease or flat pattern (type 2). All neuromas 
(11/11), originating from different cranial nerves, 
and three meningiomas (three/15) demonstrated 
the type 1 TIC (Fig. 3). The histologic subtype of 
the three meningiomas was fibroblastic . For the 
remaining 12 meningiomas (five transitional, five 
meningotheliomatous, and two angioblastic) , the 
TICs corresponded to the type 2 pattern (Fig. 4). 

The identification of the vascular phase allowed 
the quantitative evaluation of the early pattern of 
enhancement for both types of TICs with the 
common index of .6. 1 (Fig. 5). Meningiomas had 
significantly greater .6. 1 values (0.60 ± 0.44) than 
did neuromas (0 .16 ± 0. 1 0). This difference was 
statistically significant ( P < . 01 , Wilcoxon rank 
sum test). Meningiomas had a wider range of .6.1 

values than did neuromas, reflecting the histo
logic varieties: two angioblastic meningiomas had 
the highest values, and three fibroblastic menin
giomas the lowest values, while transitional and 
meningotheliomatous meningiomas had inter
mediate values. 

The quantitative evaluation of the later pattern 
of enhancement was analyzed based on .6.2 val
ues. The mean .6.2 values of neuromas and me
ningiomas were 0.67 ± 0.16 and 0.58 ± 0.23, 
respectively . The difference in .6.2 value was not 
statistically significant (P > .05) (Fig. 6). 

Discussion 

Previous studies using conventional spin-echo 
imaging have reported its usefulness for the dif
ferentiation of neuromas and meningiomas, 
which frequently originate in similar locations 
such as in the cerebellopontine angle and at the 
skull base. The differentiation between neuromas 
and meningiomas was provided neither by SI 
differences (9 , 1 0) nor relaxation time measure
ments (11) , but most reliably by the morphologic 
characteristics, such as extension along the 
course of cranial nerves for neuromas and linear 
enhancement along the dura emanating from the 
dural margin for meningiomas (12, 13). 

With the use of conventional spin-echo imag
ing, Watabe et al (14) obtained measurements of 
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Fig. 2. Axial images of a normal volun
teer at the level of the skull base using 
FLASH pulse sequences with different echo 
times: TE = 4 msec (A) and TE = 12 msec 
(B). Imaging parameters except for TE are 
the same: TR/ flip angle/ NSA = 45 msec/ 
45°/4, section thickness= 8 mm, and ac
quisition matrix = 192 X 256. The short TE 
FLASH sequence provides improved Tl 
contrast with almost no T2* dephasing com
pared to the longer TE one. Using this short 
TE FLASH sequence, dynamic study was 
performed. 

c 

~ 1.0 ........ .,. .......... ~ .. ---.. --·----.. -·----·· ·-·-··· ·-·-··----.. ---... --···-·· 

en 
en o.8 

g;! 0.6 

-; 0.4 

C1> 
a: 0.2 

Neuroma 
Contralateral White tAal1cr 

0.0 +-----,------.---~-.----.-J 
0 I 00 200 300 

Time( sec) 

E 

Fig. 3. Dynamic MR images (A-D) and time-intensity curve (E) of right acoustic neuroma. The short TE FLASH sequence was 
employed: TR/TE/ flip angle/NSA = 45/4/ 45/1 , 192 X 256 matrix and section thickness= 8 mm. Before (A) and 20 (B), 80 (C), 320 
(D) sec after administration of Gd-DTPA. In the early image (B), the first passage of Gd-DTPA is seen in the arteries and veins. At this 
time, the tumor demonstrated only weak enhancement peripherally and entire enhancement with maximum signal intensity in the late 
image (D). The time-intensity curve of the tumor (E) corresponded to type 1, ie, gradual enhancement with no peak pattern . Normal 
contralateral white matter showed almost no discernible enhancement. 
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Fig. 4. Dynamic MR images (A-D) and time-intensity curve (E) of left parasagittal meningioma. The short TE FLASH sequence was 
employed: TR/ TE/ flip angle/NSA = 45/4/45/1, 192 X 256 matrix, and section thickness= 8 mm. Before (A) and 20 (B), 80 (C), 320 
(D) sec after administration of Gd-DTPA. The tumor was enhanced entirely with maximum signal intensity at the early phase (B), 
followed by gradual signal decrease in the later images (C and D). The time-intensity curve of the tumor corresponded to type 2, ie, 
steep increase and subsequent gradual decrease pattern . 
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signal enhancement and relaxation rate incre
ments with Gd-DTP A for neuromas and menin
giomas. They reported that the average Tl relax-

Meningioma 

Fig. 5. Signal increments for neuromas 
and meningiomas at the vascular phase. 
Meningiomas had significantly greater early 
signal enhancement than did neuromas. 
Neuromas had consistently low signal en
hancement, while meningiomas had a wider 
range, reflecting their histologic varieties: 
two angioblastic meningiomas had the high
est values, three fibroblastic the lowest val
ues, while meningiomas with other subtypes 
had intermediate values. 

Fig. 6. Signal increments for neuromas 
and meningiomas at the late phase. The 
difference in the late enhancement was not 
statistically significant between neuromas 
and meningiomas. 

ation rate increment measured on pre- and post
contrast images was almost twice as high in 
neuromas as in meningiomas, mainly deriving 
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from longer intrinsic T1 values in neuromas. They 
also reported that the signal-enhancement incre
ment was higher in neuromas than in meningio
mas, but this difference was poorly appreciated 
on postcontrast images. In our dynamic studies, 
the ~2 value corresponds to the signal-enhance
ment increment in the later phase of stable dis
tribution of Gd-DTP A, with this later period being 
the phase accessible to conventional MR. Accord
ing to our data, the mean ~2 value of neuromas 
was also slightly higher than that of meningiomas, 
but the difference was not statistically significant. 

In contrast to this, early transit data, as repre
sented by the ~1 value, are not available with 
conventional MR. For the evaluation of the early 
patterns of enhancement in patients with brain 
tumors, dynamic CT studies have been conven
tionally used with bolus administration of iodi
nated contrast media. However, to our knowl
edge, only a few studies have described the early 
enhancement patterns for limited cases with neu
romas and meningiomas ( 15-17): the former was 
manifested in most cases by slow wash-in and 
low plateau pattern and the latter by rapid wash
in, high peak, and subsequent decrease pattern. 
These results using dynamic CT are consistent 
with our dynamic MR results that all neuromas 
demonstrated type 1 TIC and meningiomas other 
than fibroblastic subtype demonstrated type 2 
TIC. 

The mechanism of enhancement with Gd
DTP A, similar to that with the iodinated contrast 
media (18), is complex but depends on the size 
of the intravascular compartment, represented 
by the tumor vascularity, as well as on the size 
of extravascular compartment and the actual 
permeability of the tumor vessels to the contrast 
agent. Theoretical approaches have been pro
posed to quantify these parameters using a mul
ticompartmental model (19, 20), but they are 
complicated by the fact that the relationship 
between measured MR signal and tissue Gd
DTPA concentration is not given by a linear 
relationship. 

For simplicity, we took a practical approach to 
the quantitative evaluation of the time course of 
enhancement by means of the signal increments, 
~1 and ~2. While the later enhancement in terms 
of ~2 mainly relates to the size of the extracellular 
space within the tumor, the initial rise of enhance
ment in terms of ~1 is considered to reflect, in 
part, the degree of the tumor vascularity. This is 
because the initial rise is proportional to the rate 
of leakage of the contrast medium from the 
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intravascular space, which is a function of the 
capillary surface area density and the permeabil
ity of the tumor vessels to the contrast media. 

Our results based on the evaluation of early 
enhancement in terms of the ~1 value suggest 
that neuromas, wherever they originate, have 
slow initial rise , and hence, poor tumor vascular
ity , and that meningiomas usually have rapid 
initial rise, and hence, rich tumor vascularity. 
Although further investigation will be needed, a 
crude prediction of pathologic subtypes of me
ningioma may be possible on the basis of the 
degree of the early enhancement: tumors with 
low ~1 values comparable with those of neuromas 
tend to be fibroblastic, and tumors with relatively 
high ~1 values tend to be angioblastic. 

In conclusion, dynamic MR imaging, in com
bination with bolus injection of Gd-DTPA, has 
enabled us to trace the time course of tumor 
enhancement in detail and may provide further 
information about CNS lesions, since the evalua
tion of early enhancement is helpful in the differ
entiation of neuromas and meningiomas. 
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