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Eleven patients with known or suspected optic nerve lesions and eight normal subjects 
were examined with spin-echo technique at 1.5 T with unenhanced T1-weighted imaging, 
IV gadopentetate-dimeglumine-enhanced T1-weighted imaging, and enhanced T1-
weighted imaging with fat suppression. Two pathologically proved and four presumed 
optic nerve meningiomas demonstrated significant enhancement and were best seen 
with the fat-suppression technique. None of the three presumed optic nerve gliomas nor 
the optic nerves of normal subjects demonstrated qualitative enhancement 

We conclude that the use of a fat-suppression technique with gadopentetate dime­
glumine enhancement improves delineation of enhancing optic nerve lesions. This 
technique should be useful for evaluating other anatomic regions where enhancing 
tissue marginates fat 

AJNR 11:749-754, July/August 1990; AJR 155: October 1990 

The T1 shortening effect of gadopentetate dimeglumine results in a significant 
increase in signal intensity of many lesions, such as meningiomas and acoustic 
neuromas, on short TR spin-echo (SE) images. This effect can increase the contrast 
between the lesion and surrounding tissues and result in improved detection of an 
abnormality [1-3). However, in the orbit as well as other regions where the anatomic 
structure of interest is surrounded by fat , it may be difficult to distinguish between 
an enhanced structure and fatty tissue [4]. To overcome this problem we [5] and 
others [6] have previously suggested the use of fat-suppression sequences in 
conjunction with gadopentetate dimeglumine enhancement. A number of fat­
suppression techniques for MR imaging have been previously introduced, including 
frequency-selective saturation pulses [7, 8] , the STIR technique [9), Dixon's 
technique [1 0] , and chopper fat suppression [11 , 12). We reasoned that such a 
fat-suppression technique should al low selective reduction of the fat signal intensity 
without affecting the signal intensity of the adjacent contrast-enhanced tissues. 
The purpose of this study was to determine if contrast-enhanced short TR SE 
imaging with a fat-suppression method would result in improved delineation and 
characterization of optic nerve/sheath lesions. 

Materials and Methods 

Nineteen subjects. 18-76 years old , were examined with MR imaging at 1.5 T (Signa, 
General Electric Medical Systems, Milwaukee, WI). The eight control subjects consisted of 
four normal volunteers and four patients without known orbital disease. Eleven other patients 
were referred for known or suspected optic nerve lesions. The diagnosis was optic nerve 
sheath meningioma in six cases, optic nerve glioma in three cases (one patient with diagnosed 
neurofibromatosis). glial cyst with ectasia of the optic nerve sheath in one case, and sphenoid 
wing meningioma with orbital extension in one patient. These diagnoses were based on 
surg ical and pathologic findings in four patients (two with optic nerve meningiomas, one with 
optic nerve sheath cyst, and one with sphenoid meningioma) and on a combination of CT, 
MR, and clinical findings in seven cases. 
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A B c 
Fig. 1.-A- C, Axial T1-weighted spin-echo MR images of a normal orbit before IV injection of gadopentetate dimeglumine (A), after contrast injection 

(8), and with suppression after contrast injection (C). Fat suppression results in the low signal intensity of the intraconal fat 1n C. There IS no appreciable 
enhancement of the optic nerve (n) or sheath (arrows) in 8 or C. Enhancement of the extraocular muscles, seen in the postcontrast 1mages, IS more 
apparent with the fat-suppression technique (C). This individual has a relatively prominent nerve sheath. The relatively increased brightness of soft tissue 
anterolaterally is a reflection of greater sensitivity of the reception field near the surface coil. 

A B c 
Fig. 2.-A-C, Coronal T1-weighted spin-echo MR images of a normal orbit before IV injection of gadopentetate dimeglumine (A) after contrast injection 

(8), and with fat suppression after contrast injection (C). In 8 , chemical-shift misregistration results in an artifactual black band (arrowhead) at superior 
margin of medial and inferior rectus muscles and increases prominence of the optic nerve sheath (arrows) superiorly. This effect is not evident with fat 
suppression {C). With fat suppression, in C, there is an artifactual signal .void (curved arrow) within inferior rectus muscle, believed to be related to 
magnetic susceptibility differences between the muscle and air within the adjacent maxillary sinus. The increased signal intensity of the superior and 
inferior ophthalmic veins, seen in 8 and especially in C, is probably caused by T1 shortening of slow-flowing blood by gadopentetate dimeglumine. The 
enhancement is more obvious with fat suppression (C) owing to increased contrast between the vessels and surrounding fat. (n = optic nerve) 

Fat suppression was accomplished with a frequency-selective 
presaturation pulse [8) in three subjects. In the remaining 16 subjects , 
fat suppression was done by using a hybrid technique that combines 
the 1331 sequence [13) used for solvent suppression in proton 
spectroscopy with the chopper fat-suppression sequence [11 ). The 
1331 sequence is a series of four pulses that is designed to avoid 
exciting the peak of interest (in th is case water) whi le exciting the 
other components of the proton spectrum (the fat) with a 90° rotation. 
A spoiler gradient is then applied to dephase the magnetization. The 
chopper fat-suppression technique can be viewed as a real-time 
Dixon technique [1 OJ in which the in-phase (water+ fat) and opposed­
phase (fat - water) signals are obtained in an interleaved fashion 
within the same sequence and subtracted to suppress the fat. 

All patients with orbital disease were imaged with routine unen­
hanced T1-weighted (short TRfTE) SE imaging and gadopentetate­
dimeglumine-enhanced T1-weighted SE imaging with and without 
fat suppression. Precontrast fat-suppression imaging was also per­
formed in selected cases (four patients with meningioma, one with 
optic glioma, one with optic nerve sheath cyst, and three normal 
volunteers). Gadopentetate dimeglumine was injected IV in a dose of 
0.1 mmolfkg body weight. Imaging was resumed within minutes after 
injection. Twelve of the subjects were examined with the use of a 
7 .5-cm-diameter receive-only surface coil (General Electric, Milwau­
kee); four of these subjects were also studied with the use of a head 
coil. Seven subjects were studied with only the head coil. Imaging 
parameters included 600/20 (TR/TE); slice thickness/gap = 3/1 mm; 
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A 

Fig. 3.-A-E, Pathologically proved right optic 
nerve sheath meningioma in axial CT scan (A), 
unenhanced T1-weighted spin-echo MR image 
(8), gadopentetate-dimeglumine-enhanced T1-
weighted MR image (C), and axial (D) and cor­
onal (E) contrast-enhanced T1-weighted spin­
echo MR images with fat suppression. Note dif­
fuse enlargement and " tram-track" appearance 
of the enhanced nerve sheath (arrows) in A. In 
B, the nerve and/or sheath appears diffusely 
enlarged. In C, there is questionable enhance­
ment (arrows). In D and E, the enhancing menin­
gioma (arrows) is distinctly visualized with fat 
suppression. (n = optic nerve) 

B 

D 

14 or 20 em field of view, depending on the use of the surface or 
head coil , respectively; 256 x 128, 192, or 256 acquisition matrix for 
axial images, and 256 x 128 matrix for coronal images; and two 
excitations in all cases. Enhancement was evaluated qualitatively in 
all subjects . All MR images were evaluated in a retrospective, non­
blinded fashion. 

Results 

No appreciable enhancement of the optic nerve, nerve 
sheath, or orbital fat was observed in normal subjects (Figs. 
1 and 2). All (six) optic nerve sheath meningiomas enhanced 
and were best seen with fat-suppression imaging after con­
trast administration (Figs. 3-5). In unenhanced images three 
meningiomas were not apparent, one was considered as a 
questionable abnormality (a small lesion next to the optic 
nerve near the orbital apex), one appeared as diffuse enlarge­
ment of the nerve, and the other as a focal , fusiform enlarge­
ment of the posterior portion of the nerve. After administration 
of gadopentetate dimeglumine, three of the lesions could be 
partially visualized and were thought to have enhanced 
slightly. With the addition of the fat-suppression sequence, all 
seven meningiomas were identifiable and appeared more 

c 

E 

extensive than was apparent in images without fat suppres­
sion. Enhanced tumor surrounded the lower-intensity nerve 
in a concentric fashion (five of six) or was seen adjacent to it 
(one of six) (Fig. 5). The nerve sheath could often be seen as 
a uniformly thin line (axial plane) or ring (coronal plane) of high 
signal intensity surrounding the nerve even where there was 
no gross tumor or obvious thickening of the sheath. 

Each of the three optic nerve gliomas presented as diffuse 
enlargement of the nerve on unenhanced MR images. The 
optic glioma signal intensity in each case was indistinguisha­
ble from that of normal nerve. In one patient the nerve sheath 
was diffusely thickened. Neither the optic nerve gliomas nor 
the glial cyst enhanced: after contrast administration there 
was no evident change in the appearance of the optic nerve 
or sheath with or without fat suppression (Fig . 6). 

Fat suppression without gadopentetate dimeglumine, rela­
tive to routine SE imaging, did not improve visualization of 
optic nerve lesions in this series; contrast resolution of the 
lesions was not increased, and the images obtained in this 
fashion suffered from a slight qualitative decrease in signal­
to-noise ratio . 

Enhancement of the extraocular muscles was observed in 
all subjects (Figs. 1-6). This enhancement was especially 
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A B c 
Fig. 4.-A- C, Axial T1-weighted spin-echo MR images of an optic nerve sheath meningioma before IV injection of gadopentetate dimeglumine (A), after 

contrast injection (8), and with fat suppression after contrast injection (C). The lesion was not appreciated in the unenhanced image (A). After IV contrast 
administration, a thin band of moderately enhancing tissue is seen posteriorly alongside lateral aspect of nerve (8). With fat suppression (C), tumor 
(arrows) is distinctly seen medial and lateral to the optic nerve. This patient was originally referred for suspected optic neuritis. A funduscopic examination 
alter MR imaging showed optociliary shunt vessels, and subsequent CT findings were most consistent with meningioma. 

A 

c 

B 

D 

Fig. 5.-A-0, Axial (A-C) and coronal (0) T1 -
weighted spin-echo MR images of a small optic 
nerve sheath meningioma before IV injection of 
gadopentetate dimeglumine (A), after contrast 
administration (8), and with fat suppression after 
contrast administration (C and 0). The lesion 
could be mistaken for normal vessels in A or 8, 
but inC enhancing lesion (arrow) is clearly seen 
lateral to optic nerve (n), and in 0 it is seen as 
eccentric lesion (arrow) inferolateral to optic 
nerve in coronal plane. Lesion appears virtually 
isointense with extraocular muscles (asterisks in 
0). Funduscopic examination and CT findings 
were most consistent with meningioma. (Case 
courtesy of Drs. Richard E. Appen and Joel Wein· 
stein.) 
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A B c 
Fig. 6.-A- C, Axial T1-weighted spin-echo MR images of an optic nerve glioma before IV injection of gadopentetate dimeglumine (A), after contrast 

administration (8), and with fat suppression after contrast administration (C). No appreciable enhancement of the optic nerve (n) or sheath (arrows) is 
observed in either B or C. Thickening of the nerve sheath is probably due to arachnoid hyperplasia. 

evident in the fat-suppressed images. The contrast-enhanced 
meningiomas appeared isointense (particularly in the coronal 
plane) or slightly hypointense relative to the muscles. 

There was considerable reduction of the chemical-shift 
misregistration artifact with the fat-suppression sequence. 
However, an artifactual signal void within the inferior rectus 
muscle (probably caused by a difference in magnetic suscep­
tibility between the muscle tissue and nearby air within the 
maxillary sinus) was consistently seen in one or two coronal 
fat-suppressed images in each subject (Fig . 2). 

Discussion 

The hybrid sequence used in this study provides a straight­
forward, effective method of fat suppression that does not 
require an increase in acquisition time. However, certain pa­
rameters must be adjusted in an interactive fashion during a 
prescan, and improper adjustment can result in poor fat 
suppression. Additionally , both the 1331 sequence and the 
chopper sequence are dependent on good static field homo­
geneity for effective fat suppression . 

Certain findings of this study deserve further comment. 
With gadopentetate dimeglumine enhancement and fat 
suppression, the appearance of meningiomas is analogous to 
that seen in CT studies [14-18] ; a so-called "donut" configu­
ration (five of six) or "tram-track" [17 , 18] appearance (five of 
six) of the nerve surrounded by enhanced tumor was seen in 
coronal and axial views, respectively. As noted earlier (see 
Results), the contrast-enhanced meningiomas were essen­
tially isointense with the extraocular muscles. This observa­
tion is relevant in that an eccentric meningioma may resemble 
an extraocular muscle in the coronal plane (Fig. 5). 

The gliomas in this series were confined to the optic nerve 
and were typical of the more common benign , hamartomalike 
subset of these tumors [19, 20]. Consistent with previous 
observations [21 ], we found the signal intensity of these optic 
nerve gliomas to be indistinguishable from that of normal 

nerve. The nerve sheath was diffusely thickened in one patient 
with an optic glioma. This phenomenon, caused by arachnoid 
hyperplasia, is known to occur in some cases of optic glioma 
and the appearance may resemble that of a meningioma [15 , 
19, 22 , 23] . Significantly, unlike the meningiomas, the thick­
ened sheath associated with the optic glioma did not enhance. 

Advantages of fat suppression for orbital imaging have 
been described [12]. The fat-suppression sequence reduces 
the chemical-shift misregistration artifact [7 , 12, 24, 25] and 
can increase the contrast between fat and high signal intensity 
lesions, such as uveal melanoma or subacute hemorrhage 
[12]. However, we did not find the fat-suppression sequence 
without gadopentetate dimeglumine to be beneficial in the 
evaluation of optic nerve lesions. 

Pathologic verification was not obtained in all cases in this 
study. Three patients (one with known neurofibromatosis) 
had characteristic radiologic and clinical findings of optic nerve 
glioma; these lesions are not routinely biopsied or resected 
at our institution. Four patients with typical radiologic and 
clinical features of optic nerve sheath meningioma were not 
considered surgical candidates. 

In summary, the technique of gadopentetate dimeglumine 
enhancement combined with fat suppression improves MR 
imaging of enhancing optic nerve lesions and may help to 
differentiate nerve sheath meningiomas from optic nerve 
gliomas. We believe that this technique is promising for the 
evaluation of other orbital lesions and should prove to be 
useful in studies of other anatomic regions. Further refine­
ments in fat-suppression techniques will undoubtedly serve 
to increase the number of potential applications. 
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