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Tentorial Enhancement on MR Images Is a Sign of
Cavernous Sinus Involvement in Patients with

Sellar Tumors

Yoko Nakasu, Satoshi Nakasu, Ryuta Ito, Ko-ichi Mitsuya, Osamu Fujimoto, and Akira Saito

BACKGROUND AND PURPOSE: This study was undertaken to analyze enhancement pat-
terns of the dura around sellar tumors and to compare the results with tumor invasion or
compression of the cavernous sinuses. Postoperative enhancement patterns on MR images were
compared with preoperative findings.

METHODS: Contrast-enhanced coronal and sagittal MR images were examined prospec-
tively in 96 patients with sellar tumors (65 macroadenomas, 15 microadenomas, 14 Rathke
cleft cysts, and two chordomas at the sella). All patients underwent surgical treatment, and
pre- and postsurgical features on MR images were compared.

RESULTS: Presurgical MR images showed dural enhancement in 36.5% of the patients:
asymmetric tentorial enhancement in 24 patients, symmetric tentorial enhancement in seven,
and sphenoidal ridge or clivus enhancement in four. Asymmetric tentorial enhancement dis-
appeared after surgical decompression in seven patients. For evaluation of cavernous sinus
invasion ipsilateral to the enhancement, sensitivity and specificity of the asymmetric tentorial
enhancement sign were 81.3% and 86.3%, respectively. Sensitivity and specificity of the sign
were 42.9% and 93.6% for cavernous sinus involvement, including compression and invasion.

CONCLUSION: Asymmetric tentorial enhancement is a useful sign in the diagnosis of in-
vasion or severe compression of the cavernous sinus by sellar tumor. The sign may represent
venous congestion or collateral flow in the tentorium due to obstructed flow in the medial
portion of the cavernous sinus.

Enhancement of thickened dura on MR images is
observed in association with various pathologic
processes in the intracranial space (1). The clinical
implication of prominent dural enhancement adja-
cent to a neoplasm has been discussed mainly in
conjunction with the dural tail sign associated with
meningiomas (2, 3). Few specific features of dural
enhancement associated with other brain tumors
have been reported.

We recently found that many sellar tumors show
dural enhancement on MR images. In this study,
we evaluated the features of prominent dural en-
hancement surrounding the sella to define its char-
acteristics, especially as an indicator of cavernous
sinus involvement.
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Methods
Between 1990 and 2000, 104 patients with intra- and supra-

sellar mass lesions were examined prospectively using MR im-
aging in our institutes before surgical exploration. Patients
were excluded from this study if they had a purely suprasellar
tumor, an inflammatory process affecting the sella, a lesion
associated with carotid-cavernous fistula, or incomplete im-
aging studies. A total of 96 patients were included in the anal-
ysis (43 men and 53 women, 18 to 78 years old, with a mean
age of 45 years). All patients underwent transsphenoidal sur-
gery, and their tumors were proved histopathologically. The
extent of macroscopic invasion of each tumor was determined
at the time of surgery.

Adenomas 10 mm or larger were designated as macroade-
nomas, and those less than 10 mm in diameter were defined
as microadenomas. Sixty-five patients had macroadenomas, 15
had microadenomas, 14 had Rathke cleft cysts, and two had
chordomas. Two of 65 macroadenomas were recurrent tumors,
arising 5 and 6 years, respectively, after initial surgery. One
microprolactinoma was a recurrent adenoma arising 2 years
after endocrinologic treatment by surgery. Four of the 14 Rath-
ke cleft cysts were recurrent lesions.

MR imaging was performed on either a 1.5-T or a 1.0-T
MR unit. All examinations were performed with spin-echo T1-
weighted sequences in coronal and sagittal planes with a 3- to
4-mm section thickness and 0.5-mm or no interleaving. Ga-
dopentetate dimeglumine was administered intravenously at a
dose of 0.1 mmol/kg to all patients. T1-weighted MR images
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TABLE 1: Sellar tumors and their cavernous sinus involvement

Tumor No. Invasion Compression Intact

Macroadenomas
Microadenomas
Rathke cleft cysts
Chordoma

65
15
14
2

14
0
0
2

31
1
1
0

20
14
13
0

Total 96 16 33 47

TABLE 2: Sellar tumors and dural enhancement

Tumor No.

Asymmetric
Tentorial

Enhancement

Symmetric
Tentorial

Enhancement
Other

Enhancement None

Macroadenomas
Microdenomas
Rathke cleft cysts
Chordoma

65
15
14
2

20
1
2
1

3
3
1
0

3
1
0
0

39
10
11
1

Total 96 24 7 4 61

were obtained in coronal and sagittal planes in all patients, and
additional axial sections were obtained in five patients. Total
examination time was about 40 to 45 minutes per patient, in-
cluding a 10- to 15-minute waiting period after contrast injec-
tion. Fat-saturation sequences were not obtained.

Tentorial Enhancement and Other Dural Enhancement

We evaluated meningeal enhancement on and around the
anterior clinoid processes, sphenoidal ridges, and floor of the
middle fossa, clivus, and tentorium. Dural enhancement is sub-
tle in healthy subjects, whereas dural thickening is an abnormal
sign on spin-echo T1-weighted images (1). When clear dural
enhancement was observed in continuity with the cavernous
sinus or diaphragma sella, it was considered abnormal dural
enhancement due to sellar disease.

Invasion into or Compression on the Cavernous Sinus

Because it is not possible to obtain biopsy specimens from
the medial wall of the cavernous sinus, only surgical detection
of real macroscopic infiltration can be regarded as definitive
invasion into the cavernous sinus. Tumor invasion into the si-
nus was identified by direct observation of the carotid artery
wall or the perforated medial cavernous sinus wall with the
surgical microscope or an endoscope, or by a curette touching
on the sinus trabeculae. When the medial wall was intact at
surgery and no venous filling was observed in the medial part
of the sinus on contrast-enhanced MR images, the tumor was
judged to be compressing the cavernous sinus. Patients without
these signs of invasion or compression were considered to have
an intact cavernous sinus.

Evaluation of the Data

A pituitary surgeon performed transsphenoidal surgery in all
cases and evaluated the extent of macroscopic invasion into
the cavernous sinus during surgery. A neuroradiologist and a
neurosurgeon, blinded to surgical findings and recurrent cases,
reviewed the images independently. k statistics were calculated
for the assessment of presence of asymmetric tentorial en-
hancement (4). After interobserver assessment, final results
were arrived at by consensual agreement. Results were esti-
mated for the diagnosis of cavernous sinus involvement or in-
vasion by means of sensitivity and specificity (5).

Results
Table 1 shows the number of occurrences of

compression and invasion of the cavernous sinus
for each type of tumor. For macroadenomas, inva-
sion into the sinus was observed in 21.5% of the
patients, and compression on the sinus was seen in
47.7%.

Findings of dural enhancement are summarized
in Table 2. MR images showed dural enhancement
in 35 (36.5%) of 96 patients: in 40% of macroad-
enomas, 33.3% of microadenomas, and 21.4% of
Rathke cleft cysts. Tentorial enhancement was the
most frequent type of abnormal enhancement. Oth-
er abnormal findings included enhancement in the
retroclival region and around the tuberculum sellae
and proximal sphenoidal ridge. Sagittal MR images
provided the best information on tentorial enhance-
ment from the lateral wall of the cavernous sinus
through the tentorial edge. Coronal views were
helpful for assessing tentorial enhancement in a
plane containing the prepontine cistern. However,
assessment of the posterior end of the cavernous
sinus was frequently difficult on coronal sections.
Coronal images through the anterior clinoid process
best showed dural enhancement over the minor
wing of the sphenoid bone. Axial images showed
dural enhancement along the sphenoidal ridge and
tentorial edge in a few cases.

Macroadenomas
Postoperative follow-up ranged from 1 month to

10 years, with an average of 5.7 years. Unilateral
or bilateral compression on the cavernous sinus
was observed in 31 of 65 patients, and unilateral
invasion into the cavernous sinus was observed in
14 patients. In 65 patients with macroadenomas, 26
had dural enhancement: 20 with asymmetric ten-
torial enhancement, three with symmetric tentorial
enhancement, two with sphenoidal ridge and ante-
rior clinoid enhancement, and one with clival en-
hancement. All 20 patients with asymmetric ten-
torial enhancement had large adenomas compressing
or invading either side of the cavernous sinus; none
had an intact cavernous sinus. Seven of 20 patients
with asymmetric tentorial enhancement lost the
sign during follow-up as early as 1 month after
surgery. The asymmetric tentorial enhancement
sign did not disappear after surgery in the other 13
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patients; all had prolactinomas infiltrating into the
dura mater surrounding the sella.

Microadenomas
Postoperative follow-up for patients with micro-

adenomas ranged from 3 months to 10 years, with
an average of 4.1 years. Unilateral compression on
the cavernous sinus was observed in only one pa-
tient, and no invasion into the cavernous sinus was
observed. In 15 patients with microadenomas, five
showed dural enhancement: one with asymmetric
tentorial enhancement, three with symmetric ten-
torial enhancement, and one with clival dural en-
hancement. The patient with asymmetric tentorial
enhancement had a 5-mm prolactin-secreting ade-
noma on the side of clear tentorial enhancement;
however, the same preoperative MR examination
showed no sign of compression on the medial wall
of the cavernous sinus. This patient lost the en-
hancement on MR images taken 1 year after sur-
gery. In no other case did the enhancement change
or disappear after surgery.

Rathke Cleft Cysts
Postoperative follow-up of patients with Rathke

cleft cysts ranged from 3 months to 9 years, with
an average of 3.6 years. Unilateral compression on
the cavernous sinus was observed in one patient.
No patient had invasion into the cavernous sinus.
In 10 patients with Rathke cleft cysts, two showed
asymmetric tentorial enhancement. They did not
lose the enhancement on follow-up images ob-
tained after surgery.

Chordoma
In two patients, chordoma originated in the sella

and the clivus, extending into the right cavernous
sinus in one and into the bilateral cavernous sinuses
in the other. In the latter patient (case 3), contrast-
enhanced MR images showed asymmetric tentorial
and bilateral petroclival enhancement of the dura.
The enhanced areas of the dura were the most like-
ly to be invaded by the chordoma, although we
have no histologic confirmation of dural invasion
in these areas.

Illustrative Cases
Case 1.—A 46-year-old woman presented with

progressive acromegalic features (Fig 1). Preoper-
ative MR images showed sellar to suprasellar tu-
mor with slight enhancement of the pituitary gland
on the left side. MR images and intraoperative find-
ings revealed severe compression of the right cav-
ernous sinus. Preoperative coronal and sagittal im-
ages showed asymmetric tentorial enhancement on
the side of compression. This finding gradually dis-
appeared on MR images obtained 10 months after
surgery.

Case 2.—A 26-year-old man presented with vi-
sual disturbance (Fig 2). Preoperative MR images
showed a sellar to suprasellar tumor with the flat
pituitary gland on the right side. MR images and
intraoperative findings revealed adenoma invasion
into the left cavernous sinus. Preoperative sagittal
MR images showed asymmetric tentorial enhance-
ment on the side of invasion. This finding did not
change on MR images obtained 2 years after sub-
total removal and postoperative irradiation.

Case 3.—A 64-year-old man had a tumor in the
sella and the clivus extending into the bilateral cav-
ernous sinuses (Fig 3). Asymmetric enhancement
of the tentorium was seen on contrast-enhanced
MR images. The enhancement sign still persisted
14 months after partial (about 70%) removal of the
tumor and postoperative irradiation.

k Value, Sensitivity, and Specificity of the
Asymmetric Tentorial Enhancement Sign for the

Diagnosis of Cavernous Sinus Involvement
k was .78 for recognition of asymmetric tentorial

enhancement on MR images. Table 3 shows cav-
ernous sinus involvement versus presence of asym-
metric tentorial enhancement on MR images pre-
operatively. For the diagnosis of invasion and
compression together, the sensitivity of the sign
was 42.9%. The sign has a specificity of 93.6% in
distinguishing the intact cavernous sinus from cav-
ernous sinus involvement. The sensitivity of the
asymmetric tentorial enhancement sign was 81.3%
for the diagnosis of cavernous sinus invasion
among sellar tumors. The specificity of the sign for
distinguishing cavernous sinus invasion from either
the uninvolved cavernous sinus or cavernous sinus
compression was 86.3%.

Discussion
Sagittal MR images showed tentorial enhance-

ment on the side of an obstructed cavernous sinus
caused by sellar tumor invasion or compression.
Many of the asymmetric tentorial enhancement
signs disappeared or were reduced in intensity after
simple decompression of the sella through a trans-
sphenoidal approach. The transient nature of the
enhancement suggests that asymmetric tentorial en-
hancement represents venous congestion or neo-
vascularization caused by unilateral mechanical ob-
struction of the cavernous sinus. The cavernous
venous plexus receives blood primarily from the
superior ophthalmic vein (6). Minor venous supply
to the sinus comes from the cortical veins: the mid-
dle cerebral veins through direct communication
and the anterior petrosal veins via the superior pe-
trosal sinus. The main compartment of the venous
flow runs medial to the internal carotid artery. The
venous network converges to form the inferior pe-
trosal sinus, which drains down to the jugular vein.
Compression on the medial part of the venous plex-
us by a slowly expanding tumor may obstruct the
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FIG 1. Case 1: 46-year-old woman with a growth hormone–secreting adenoma.
A, Coronal T1-weighted MR image after administration of contrast material shows a large sellar tumor compressing the right cavernous

sinus. The left cavernous sinus is enhanced and normal in shape.
B, T1-weighted MR image shows clearly enhanced tentorium on the right side.
C and D, Sagittal T1-weighted images show linear enhancement of the tentorium from the posterior portion of the cavernous sinus

on the right side (C). Note asymmetric tentorial enhancement sign.
E, Postoperative T1-weighted MR image after administration of contrast material shows enlarged posterior part of the cavernous sinus;

however, no tentorial enhancement was seen preoperatively (C).

FIG 2. Case 2: 26-year-old man with a nonfunctioning adenoma.
A, Coronal T1-weighted MR image shows a sellar tumor invading the left cavernous sinus.
B and C, Sagittal T1-weighted MR images show tentorial enhancement in connection with the cavernous sinus, more prominent on

the left (C) than on the right (B).

venous flow from the anterior portion into the in-
ferior petrosal sinus. Meanwhile, the posterior part
of the sinus still has to receive venous blood from
cortical veins other than the superior ophthalmic

vein. The resultant congestion in and around the
lateral and posterior portions of the sinus may lead
to venous dilatation or hypervascular reaction of
the tentorium.
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FIG 3. Case 3: 64-year-old man with a
chordoma.

A and B, Coronal T1-weighted MR im-
ages show sellar tumor infiltrating into both
cavernous sinuses and into the right
tentorium.

C and D, Sagittal T1-weighted MR im-
ages show bilateral thick tentorial en-
hancement with dominance on the right
side.

TABLE 3: Asymmetric tentorial enhancement and cavernous si-
nus involvement of sellar tumors

Cavernous Sinus
Involvement No.

Asymmetric Tentorial Enhancement

(1) (2)

Invasion
Compression
Intact

16
33
47

13
8
3

3
25
44

Total 96 24 72

Symmetric tentorial enhancement was observed
less frequently than asymmetric tentorial enhance-
ment: we found three instances of symmetrical en-
hancement in macroadenomas and three in micro-
adenomas. Because microadenomas exert little
compression on the cavernous sinus, and because
the symmetric enhancement did not disappear after
surgical decompression of the cavernous sinus, the
symmetric tentorial enhancement was regarded as
a normal finding.

In the tentorium, sinuses receive venous blood
from the brain and the cerebellum. Bridging veins
to the tentorial free edge arise from the brain stem,
forming the tentorial sinus in 7.6% of cadaveric
hemispheres (7). These rare bridging veins together
with the draining tentorial sinus may be seen as
tentorial enhancement in subjects without congestion.

The dural tail sign was initially proposed as a
specific sign of convexity meningiomas (8). Vari-

ous kinds of intracranial pathologic changes have
been found to show dural enhancement adjacent to
the lesions (3). Only two cases of a dural tail in
association with a pituitary adenoma have been re-
ported in the English-language literature (9, 10).
No reports have yet been published regarding the
frequency of dural enhancement around pituitary
tumors. We prospectively found that 20 (30.8%) of
65 patients with histologically proved macroade-
nomas had asymmetric tentorial enhancement. Suf-
ficient scanning beyond the walls of the cavernous
sinus and careful observation yielded frequent de-
tection of abnormal dural enhancement around the
sella.

Our study revealed that 20% of macroadenomas
showed macroscopic invasion into the cavernous
sinus. Cavernous sinus invasion reportedly occurs
in 6% to 10% of patients at macroscopic observa-
tion during surgery (11, 12). In experienced hands,
6% to 20% of pituitary adenomas recur after initial
remission (13, 14). This rate is far less than one
might expect from the data of histologic dural in-
filtration; histopathologic infiltration into the adja-
cent dura has been found in 45% to 85% of patients
who have undergone transsphenoidal surgery (15,
16). This means that gross invasiveness bears a
more reliable prognostic value than does histologic
dural infiltration in predicting the recurrence of ad-
enoma. Preoperative diagnosis of cavernous sinus
invasion by pituitary adenoma has been reported
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with internal carotid artery encasement and ob-
struction of the carotid sulcal venous compartment
on coronal MR images (17). Asymmetric tentorial
enhancement signs on MR images provide further
preoperative information about difficult adenomas,
leading to a better understanding of the prognosis.
Postoperative disappearance of the sign assures suf-
ficient decompression of the cavernous sinus. Note
that asymmetric tentorial enhancement on MR im-
ages does not always indicate direct tumor invasion
into the tentorium beyond the cavernous sinus.

Conclusion

We prospectively analyzed enhancement patterns
of the dura around sellar tumors, with particular
attention to the involvement of the cavernous sinus.
Dural enhancement was seen on MR images in
36.5% of patients with parasellar tumors. An asym-
metric tentorial enhancement sign indicates either
invasion into or compression on the ipsilateral cav-
ernous sinus. The sensitivity of the asymmetric ten-
torial enhancement sign was 81.3% for the diag-
nosis of cavernous sinus invasion into sellar
tumors. This sign frequently disappears after de-
compression surgery for pituitary adenomas, sug-
gesting that the sign reflects venous congestion but
no direct invasion of the tentorium. Symmetric ten-
torial enhancement and little asymmetric tentorial
enhancement may represent normal variants.
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