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= Abstract =We prospectively evaluated the magnetic resonance (MR) images of 28 sellar
and juxtasellar lesions which were obtained using a 2.0T superconducting MR system and
compared them with computed tomography (CT) scans. A variety of lesions were included: 14
pituitary adenomas; three germ cell tumors; two each of meningioma and empty sella; and
one each of craniopharyngioma, teratoma, epidermoid, trigeminal neuroma, nasopharyngeal
cancer with parasellar extension, tuberculoma and carotid cavernous fistula (CCF). MR more
clearly demonstrated the relation of the lesions with the optic chiasm, infundibular stalk,
carotid arteries, 3rd ventricle and cavernous sinus. Carotid and cavernous vascular structures
were better evaluated with MR, and angiography may be avoided in some cases. MR enabled
characterization of lesions containing hemorrhage, fat and flowing blood, and allowed more
specific diagnoses than CT in hemorrhagic tumor and CCF. MR was equivalent to CT in
detecting the lesions, even though most of the homogeneously enhancing tumors on CT
including pituitary adenomas, meningiomas, germ cell tumors, tuberculoma, etc, revealed
isointensity signal on MR. CT was more sensitive than MR for detecting calcification and

sella-floor erosion.
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INTRODUCTION

The investigation of pituitary pathology has
undergone significant changes during the past two
decades. In the mid-1970s, computed tomography
(CT) replaced pleuridirectional tomography,
pneumoencephalography, and angiography. CT
permitted direct visualization of the sella turcica
and its soft tissue contents in a non-invasive man-
ner (Davis et al. 1985). Magnetic resonance (MR)
imaging now offers significant advantages over CT
without intravenous contrast or radiation exposure
and is widely accepted as an effective modality in
the evaluation of a variety of intracranial abnormali-
ties and provides superior contrast sensitivity and
delineation of vascular structures, qualities that are
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of special importance in the suprasellar region
(Karnaze et al. 1986). It has been suggested that
MR imaging may be more effective than CT in
several studies of primarily sellar lesions, including
some parasellar abnormalities (Oot ef al. 1984,
Bilaniuk et al. 1984a; Lee et al. 1985; Karnaze et
al. 1986). Early MR systems with low magnetic
fields were only capable of relatively coarse spatial
resolution, typically 7-to 15-mm-thick sections
and pixel sizes over 1 mm. Such resolution was
simply inadequate for the evaluation of small le-
sions or intricate anatomy. With the current genera-
tion of MR systems, much improved spatial defini-
tion is possible. Modern units with high magnetic
field can provide contiguous 3-to 4-mm-thick sec-
tions and pixel sizes less than 1 mm with routine
multislice two-dimensional Fourier transform (2
DFT) technique. Three-dimensional Fourier trans-
form (3 DFT) techniques allow even thinner slices
(1.5 mm or less) but are less commonly used, pri-
marily because they are more time consuming
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(Bilaniuk et al. 1984b; Kucharczyk et al. 1986;
Kucharczyk 1987). In 1985 a superconducting MR
system operating at a high magnetic field (2.0 Tes-
la) was developed by Korea Advanced Institute of
Science and Technology (KAIST), Seoul, Korea. To
determine if and how 2.0T MR provides any signifi-
cant new information in the evaluation of sellar and
juxtasellar lesions, a comparative study of MR im-
aging and CT was performed.

MATERIALS AND METHODS

Between May 1986 and July 1987, twenty-eight
patients with sellar and juxtasellar lesions were stu-
died by both CT and MR. Patients ranged in age
from 9 to 67 years; 18 were females, and 10 were
males. There were 16 primary sellar lesions: 14
pituitary adenomas and two empty sellae. Twelve
were juxtasellar lesions: 3 germ cell tumors, 2
meningiomas and one each of craniopharyngioma,
trigeminal neuroma, teratoma, epidermoid, tuber-
culoma, carotid-cavernous fistula and parasellar
extension of nasopharyngeal cancer. Pathologic
proof was obtained in 21 cases. Two each of mac-
roadenoma and empty sella, one each of microade-
noma, tuberculoma and CCF were not pathological-
ly proved. These were firmly diagnosed on the
basis of clinical, laboratory and radiological find-
ings. Arteriography was performed in selected
cases to evaluate the carotid arteries.

MR imaging was performed with a 2.0T super-
conducting unit developed by Korea Advanced In-
stitute of Science and Technology (KAIST). Multis-
lice coronal and sagittal spin-echo (SE) sequences
using echo times (TE) of 30 or 60 msec, and re-
petition times (TR) of 500 or 2,000 msec — SE
500/30, 2000/30, 2000/60 — were performed in
nearly all cases.

All images were obtained by the two-dimensional
Fourier transform method. The number of averages
was two or four, and section thickness was 4 mm
for small pituitary lesions and 5 to 10 mm for the
others, with O-1 mm gap. The acquisition matrix
was 256 X 256, corresponding to spatial resolu-
tion of 1 mm X 1 mm. In 4 selected patients with
small pituitary adenomas, three-dimensional
Fourier transform method was utilized for thin slice
thickness (2 mm).

CT scanning was performed with either GE 9800
or 8800 scanners with 1.5 or 5 mm contiguous
sections for the pituitary lesions and 5 mm or 10
mm sections for juxtasellar lesions in the axial and/
or corona!l planes.

MR signal intensity of the lesion was described
as hyperintense, isointense, or hypointense relative
to that of the brain ccriex. Images were compared
to evaluate the ability of CT and MR to detect and
characterize lesions, to detect sella-floor erosion,
and to define the relationship of lesions to the optic
chiasm, infundibulum, carotid arteries, and caver-
nous sinus.

Cavernous sinus invasion on CT was suspected
when the lateral margin of the cavernous sinus
bowed outward or was grossly asymmetric. By MR,
cavernous sinus invasion was suspected on the
basis of displacement of the lateral margin of the
cavernous sinus, displacement of the cavernous in-
ternal carotid artery, or a change in intensity pat-
tern of the cavernous s:rus tissue to one similar to
the adjacent sellar mass.

RESULTS

All of the pituitary abnormalities were well shown
by both contrast-enhanced CT and by high field
MR imaging. However, high field MR images better
demonstrated the anatomic relationships of the le-
sions, particularly their relationship to the chiasm,
infundibulum and the intracavernous carotid
arteries.

Sagittal MR images proved better than coronal
images in depicting the antero-posterior rela-
tionship of the mass to the optic chiasm, infundi-
bulum and brainstem. Cronal images were superior
in evaluating the carotid arteries and third ventricle.

Optic chiasm compression was identified con-
vincingly in all patients with MR. In several cases,
chiasmal compression was suspected with CT on
the basis of size of the adenoma; however, the
optic chiasm was not adequately defined with CT
for confirmation.

The signal intensity of the lesions was summa-
rized in Table 1. Of fourteen pituitary adenomas
(12 macroadenomas and 2 microadenomas) nine
(8 macroadenomas and 1 microadenoma) were
purely solid tumors, three had hemorrhagic necro-
sis within the tumor, and two showed cystic
changes. These findings were based on the surgic-
al and pathologic findings in 11 cases and were
based on clinical, CT and MR findings in remaining
3 cases. Of the three adenomas with no surgical
proof, two were macroadenomas showing
homogeneous enhancement on CT and another
was a microadenoma which showed decreased
size of the pituitary mass, decreased CT density



Table 1. Signal intensity of the tumors
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Seq. TIWI Balanced ToW|

Diagnosis (No.)

Pituitary adenoma (14) —(12) t(2) —(7) t(2) —(6) 1(4)
cystic portion L2 $ g
hemorrhagic portion 103) 103) 103

Germ cell tumor (3) —(3) —(2) —(1) t(1)
surrounding edema —(1) +() (1)
cystic portion (HeY! —(1) +)

Meningioma (2) —(2) —(1) t (1)

Craniopharyngioma (1) t t 1t

Epidermoid (1) 4 1}

Teratoma (1) 1 1 t

Trigeminal neuroma (1) — 1
hemorrhagic portion 1 1

Tuberculoma (1) - — -
surrounding edema — t 1

Nasopharyngeal cancer (1) — — —

CCF (1) 2 2 3
—: isointense | : slightly hpointense
1 : slightly hyperintense $§: markedly hypointense
4: markedly hyperintense $ hyperintense supernatant and

and high MR signal intensity after bromocriptine
therapy, suggesting hemorrhagic change.

Seven of 9 solid adenomas were isointense and
2 were slightly hyperintense on T1-weighted im-
ages (SE 500/30) (Fig. 1). Among the 7 patients

with solid adenoma examined with balanced (SE
2000/30) and T2-weighted (SE 2000/60) sequ-
ences, 5 were isointense and 2 were slightly hyper-
intense on balanced images, while 4 were isoin-
tense and 3 were slightly hyperintense on
T2-weighted images. Two macroadenomas associ-
ated with empty sella revealed isointense masses
within the sphenoid sinus in all sequences. Three
adenomas with hemorrhagic necrosis were marked-
ly hyperintense on all sequences (Fig. 2). MR im-
aging was superior to CT in these cases because it
provided better differentiation of a hemorrhagic
necrosis from cystic change, while CT showed
hypodense mass in either one. Calcification in the
wall of one hemorrhagic adenoma appeared as
slightly hopointense in all sequences. Cystic por-
tions of two adenomas varied in MR intensity; one
revealed slight hypointensity on SE 500/30 images
and isointensity on SE 2000/60 images. Another
cystic adenoma had fluid level, in which super-
natant was isointense on SE 500/30 and markedly

hypointense precipitate

hyperintense on SE 2000/60 images, while precipi-
tate were hypointense on all sequences. One surgi-
cally proven solid microadenoma demonstrated
slight hyperintensity on all sequences (Fig. 3).

Eight solid adenomas were homogeneous in
appearance, and one was slightly inhomogenous
with focal areas of hyperintensity on T1-weighted
images.

Extension of adenomas into the cavernous sinus
was suspected by MR in eight patients (Fig. 4),
compared with six patients who were suspected of
having cavernous sinus abnormalities by CT. Caver-
nous sinus invasion was not surgically confirmed
due to inaccessibility of the cavernous sinus. As
shown in Fig. 4, the tumor with suprasellar and
right cavernous extension was equally well visual-
ized on MR images with both 4 mm and 2 mm
thickness, even though 2 mm-thick images
showed more noise than 4 mm-thick images.

Subarachnoid space with the same signal in-
tensity as CSF was seen extending into the sella in
sagittal and coronal sections of two cases with
empty sella. The pituitary stalk was clearly seen in
two cases on SE 500/30; one was eccentric in loca-
tion. The diagnosis was made with the same
accuracy on thin coronal CT as on MR images.
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Fig. 1. Pituitary adenoma with suprasellar extension. Note isointense signal of the tumor on SE
500/30 and good delineation of the relationship to perisellar structures.

The germ cell tumors showed isointensity on
T1-weighted images (SE 500/30) in all 3 cases
(Fig. 5). On balanced (SE 2000/30) and
T2-weighted (SE 2000/60) images examined in 2
patients, the signal of mass was isointense in both
sequences in one patient, while it was isointense
on balanced image and slightly hyperintense on
T2-weighted image in another patient. The sur-
rounding edema found in one case revealed isoin-
tensity on SE 500/30 and hyperintensity on both SE
2000/30 and 2000/60 images. The cystic portion of
the mass was found in one patient, showing
hypointensity, isointensity and hyperintensity on
T1-weighted, balanced and TZ2-weighted images,
respectively. Post-contrast CT better demonstrated
tumor contrast than MR, whereas MR revealed bet-
ter anatomic detail in both sagittal and coronal sec-
tions.

One of two meningiomas was parasellar, and

another was suprasellar in location. The signal was
isointense on SE 500/30 (Fig. 6) and 2000/30
sequences in both cases, but in T2-weighted sequ-
ence (SE 2000/60) it was mildly hyperintense in
one and isointense in another. The MR images of
the suprasellar meningioma failed to differentiate
the mass from normal brain tissue because of
isointense signal and dense adhesion to the normal
brain tissue and failed to demonstrate bony hyper-
ostosis of tuberculum sella seen on CT. CT was
more diagnostic in this case and was superior to
MR because of high contrast sensitivity and hyper-
ostosis. Detailed anatomy of perisellar area, howev-
er, was better seen with MR. In the smaller para-
sellar meningioma, CT demonstrated a highly en-
hancing mass but failed to exclude the possibility
of carotid aneurysm, but the normal carotid artery
was precisely evaluated with MR.

The signal of a craniopharyngioma was slightly
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Fig. 2. Pituitary adenoma with hemorrhagic necrosis. Post-contrast CT scan (A) shows multiple low
density within the tumor, which could not differentiate the cystic change from hemorrhagic
necrosis. MR image of SE 500/30 (B) demonstrates hemorrhagic area of high signal in-

tensity.



Fig. 3. Pituitary microadenoma with Cushing syndrome. Post-contrast CT (A) shows small (approx-
imately 4 mm x 4 mm) round mass of low density within the central portion of the gland.
MR (SE 50/30) (B) image reveals less distinct small round mass of high signal intensity at
same area (arrow).
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Fig. 4. Pituitary adenoma with extension to suprasellar area and right cavernous sinus. Both MR
(SE 500/30) images of 4 mm- (A) and 2 mm- thickness (B) reveal slightly heterogenous
signal intensity of the tumor, and extension to suprasellar area and right cavernous sinus,
displacing right carotid artery downward. Note granular noisy apperance on 2 mm-thick
image (B) due to lower signal to noise ratio.
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Fig. 5. Germinoma involving infundibulum and pituitary gland. Coronal view of post-contrast CT
(A) shows small infundibular mass and upward convexity of the pituitary gland. Sagittal
view of MR (SE 500/30) image (B) reveals enlargement of the infundibulum and pituitary
gland with isointensity signal. Perisellar structures are better delineated on MR image (B).
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Fig. 6. Meningioma arising from tuberculum sella. Post-contrast CT (A) demonstrates well-defined
homogeneously enhancing mass, while MR (SE 500/30) image (B) shows isointensity signal
and poor differentiation from adjacent normal brain. Contrast resolution between the tumor

and normal tissue is much better in CT.



R e
w&w\wtwmw
‘”*\""\};m\»a S

s
D «w\\\\\\

Fig. 7. Craniopharyngioma. The signal of the mass was slightly hyperintense on SE 500/30 image
(A) and markedly hyperintense on SE 2000/60 image (B).



Fig. 8. Carotid-cavernous fistula, right. There is round area of signal void vascular structure within
the right cavernous sinus on SE 500/30 image.

hyperintense on SE 500/30 and 2000/30 and
markedly hyperintense on SE 2000/60 images (Fig.
7), while CT showed low attenuation, similar to
cerebrospinal fluid (CSF) density in the suprasellar
cistern. The extent of suprasellar extension was
better evaluated using MR than CT because of the
better contrast on the sagittal MR images.

MR imaging was superior in one CCF because it
uniquely rzvealed the signal void vascular nature of
the lesion in all sequences, whereas CT suggested
an enhancing tumor (Fig. 8).

The signal of other suprasellar masses varied; a
teratoma was markedly hyperintense in SE 500/30
and SE 2000/30 images, and mildly hyperintense
in SE 2000/60 images. A trigeminal neuroma was
isointense on SE 500/30, increasing slightly on SE
2000/60 sequence, and was slightly in-
homogeneous. The central necrotic area with
fluid-fluid level of low density on CT revealed
marked hyperintensity in all sequences indicative of

hemorrhagic necrosis. An epidermoid in the right
parasellar area showed marked hypointensity on SE
500/30 and marked hyperintensity on SE 2000/60
like that of CSF. The tumor was slightly lobulated
and inhomogeneous. The tumor of nasopharyngeal
cancer with parasellar extension was isointense in
all sequences of MR. CT better demonstrated the
skull base bone destruction than MR. In a case of
tuberculoma, the granuloma was isointense and
slightly inhomogeneous, and was not separated
from the surrounding edema on SE 500/30 images.
SE 2000/30 and SE 2000/60 images demonstrated
higher intensity of edema relative to isointense gra-
nuloma, allowing these to be discriminated. CT was
superior to MR in contrast sensitivity in this case

(Fig. 9).



— 364 —

Fig. 9. Suprasellar tuberculoma. Post-contrast CT (A) reveals densely enhancing mass on suprasellar area,
while MR (SE 500/30) image shows slightly inhomogeneous isointense mass at same area. Con-
trast resolution between the mass and normal tissue is better in CT.



DISCUSSION

MR imaging has significant advantages over CT.
MR imaging permits better differentiation of lesions
that are of similar low density on CT scans,
as shown in cases of craniopharyngioma and
hemorrhagic pituitary adenoma (Lee et al. 1985;
Kucharczyk 1987). The sagittal MR image has bet-
ter spatial resolution than reformatted CT scans
and more accurately shows sellar enlargement
caused by pituitary masses. MR also clearly de-
monstrates the relation of these lesions with the
optic chiasm, infundibular stalk, and third ventricle.
Coronal MR views are similar in resolution to direct
coronal CT scans but are always free from artifacts
and allow very precise delineation of lesions that
arise from the hypothalamus and the foramen of
Monro (Kucharczyk 1987).

Anatomic abnormalities from mass effect of mac-
roadenomas were seen with both MR and CT. Most
macroadenomas in this series were isointense with
cortex on T1- or T2-weighted sequences. The nor-
mal gland was indistinguishable from adenomatous
tissue. Use of paramagnetic contrast agents may
improve the sensitivity of MR for adenoma detec-
tion (Davis et al. 1987). Abnormalities of the pituit-
ary infundibulum were equally apparent with both
imaging techniques. Cavernous sinus invasion was
suspected more often with MR than with CT. The
optic chiasm and chiasmal compression were well
seen with MR, particularly with T1-weighted sequ-
ences. With CT, chiasmal compression was sus-
pected based on the extent of a large suprasellar
mass; however, the chiasm itself is not commonly
visualized without metrizamide.

For microadenoma evaluation, MR is known to
be not as sensitive as CT for identifying discrete
focal lesions within the minimally enlarged or nor-
mal-sized pituitary gland, since an adenoma is a

benign proliferation of a cell type normally found in
the pituitary gland (Davis et al. 1987). But two
cases of microadenoma in this series revealed high
signal intensity, differing from normal pituitary
gland. One microadenoma had been previously tre-
ated with bromocriptin. MR signal may change into
high intensity in bromocriptine-treated adenomas
owing to cellular changes rather than hemorrhage
(Weissbuch 1986). Pojunas et al. (1986) reported
that MR signals of microadenomas are variable in
intensity. More experience with MR of microadeno-
mas is necessary before any consistent pattern of
MR findings can be identified. Identification of sel-

o
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lar-floor erosion was difficult with MR in patients
with well-aerated sphenoid sinuses, due to the
absence of signal from both air and calcium. Sel-
lar-floor abnormalities were more readily seen with
CT. At this time CT remains the imaging technique
of choice for patients suspected of having a mic-
roadenoma (Davis et al. 1987). Further refinements
in MR technique should be developed for the eva-
luation of small microadenomas.

The MR signal intensity of the germinomas Is
usually nearly isointense with that of the adjacent
normal brain tissue (Kilgore et al. 1986). In this
series, all three tumors revealed isointense signals,
and in one infiltrating germinoma, the surrounding
edema was demonstrated in balanced and T2-
weighted sequneces as high intensity, but not
in T1-weighted image. Even though MR better de-
monstrated the perisellar anatomic detal, CT seems
to remain the procedure of choice for diagnosis of
germ cell tumors because of poorer tumor contrast.

Meningiomas are generally slightly hypointense
or isointense relative to cortex on T1-weighted im-
ages and isointense or hyperintense on
T2-weighted images. A heterogeneous texture pro-
duced by tumor vascularity, calcifictions, cystic
foci, or an intrinsic speckled or mottled pattern are
usually observed in high field MR (Spagnoli et al.

1986). Spagnoli et al. (1986) also described that
an interface between meningioma and brain was
uniformly present and consisted of a cerebrospinal
fluid cleft, vascular rim, or dural margin. In this
series, signal intensity of two meningiomas is simi-
lar to those described, but in one tuberculum sellar
meningioma, the interface between the tumor, op-
tic chiasm and hypothalamus was not delineated.
At surgery, the meningioma proved to be densely
adhered to the surrounding brain tissue.

Unfortunately, many suprasellar abnormalities
have similar signal intensities. By signal character-
istics alone, MR imaging was nonspecific in the
solid portion of macroadenomas, germinomas,
meningiomas, trigeminal neuroma, nasophary-
ngeal cancer with parasellar extension and granu-
loma.

Craniopharyngiomas usually ‘exhibited high sig-
nal on T2-weighted images (Lee et al. 1985;
Karnaze et al. 1986; Pusey et al. 1987) and vari-
able signal intensity on T1-weighted images (Pusey
et al. 1987). Other lesions that appeared to be
cystic on CT scans, such as the cystic portion of
the pituitary adenomas in our series, had signal
characteristics similar to or slightly higher than that
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of CSF on T1l-weighted sequence and could thus
be differentiated.

The hyperintense signal of fat on T1-weighted
images with decreasing signal intensity on longer
sequences readily identifies fat-containing tumors
such as teratomas. Recent hemorrhage with strong
hyperintense signal on both T1- and TZ2-weighted
images (Atlas et al. 1987), recognized in three
hemorrhagic adenomas and in one trigeminal
neuroma in our series, can be differentiated from
fat tissue of teratomas.

Signal characteristics of epidermoid tumors
varied with location of the tumor. Epidermoids in
the cerebellopontine angle demonstrates signal in-
tensity similar to that of CSF. These lesions had

internal strand-like inhomogeneities (Latack et al.
1985; Newton et al. 1987).

Absent signal on all SE sequences caused by
rapidly flowing blood, or absent signal on short TR/
short TE images with augmentation of signal on
longer TR/longer TE images from slow or turbulenet
flow are findings that allow confident diagnosis of
aneurysms and arteriovenous malformations. Con-
fusion with tumors that show contrast enhance-
ment on CT scans and subsequent diagnostic
angiography can be avoided (Karnaze et al. 1986).

One of the limitations of CT is its inability to
delineate the carotid arteries from sellar and jux-
tasellar masses in most cases. Because of blood
flow, these arteries are seen normally as regions of
little or no MR signal; displacement and compress-
ion can thus be readily observed. MR may be used
instead of angiography to evaluate the carotid arter-
ies and to exclude large aneurysms as a cause of
sellar or juxtasellar lesions. Arteriography is still
necessary for detailed evaluation of tumor vascu-
larity.

Although both modalities allow detection of le-
sions equally well, CT is much better at depicting
calcification (Zimmerman et al. 1985).
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