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Parasellar T2 Dark Sign on MR Imaging in
Patients with Lymphocytic Hypophysitis

BACKGROUND AND PURPOSE: MR imaging findings of LYH and pituitary adenomas are similar, but the
therapeutic strategies are completely different. The purpose of this study was to evaluate sellar and
parasellar MR imaging findings in patients with both diseases, as well as characteristic clinical findings.

MATERIALS AND METHODS: Clinical findings, including endocrinologic study and MR images of 20
patients with LYH and 22 patients with pituitary adenoma, were retrospectively reviewed. We
evaluated the MR images in relation to the following: 1) the PPHI on T1-weighted images, 2) thickened
stalk {>3.5 mm), 3) pituitary symmetry, 4) pituitary enhancement pattern, 5) a dural tail, and 6)
parasellar signal intensity on T2- and T1-weighted images.

RESULTS: Between patients with LYH and those with pituitary adenoma, a significant difference was
identified for the number of patients with loss of PPHI, thickened stalk, pituitary symmetry, homoge-
neous enhancement, and parasellar dark signal intensity on T2-weighted images by statistical analysis
(Fisher exact probability test, P < .05). Among them, only parasellar dark signal intensity on T2-
weighted images had no false-positive cases.

CONCLUSIONS: The parasellar T2 dark sign can be a specific finding used to distinguish pituitary

adenoma from LYH.

YH is a rare inflammatory disease of the pituitary gland.

This condition is characterized by lymphocytic infiltra-
tion and eventual destruction of the pituitary tissue accom-
panied by various degrees of pituitary dysfunction. This
disease is now known to affect both pituitary lobes, at all
ages and in both sexes.’® An autoimmune pathogenesis is
suggested by several histopathologic, laboratory, and clini-
cal findings.”

LYH is often misdiagnosed because its clinical and radio-
logic features mimic tumors in the sellar and parasellar re-
gion.' The main diagnostic issue is that LYH is a relatively rare
disease, and its imaging findings are not well-recognized in
contrast to those of overwhelmingly more common pituitary
tumors, pituitary adenomas.® Distinguishing LYH from pitu-
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itary adenomas is very important because different therapeu-
tic strategies are used to treat the 2 diseases. The treatment of
LYH remains controversial, though conservative management
with close clinical observation has been advocated on the basis
of its often benign transient course.”’® The correct diagnosis
of LYH contributes to avoiding needless surgery, which is in-
vasive and sometimes results in endocrine dysfunction. How-
ever, distinguishing LYH from pituitary adenomas can be dif-
ficult. Leung et al® reported that even with MR imaging
studies, approximately 40% of the cases are misdiagnosed pre-
operatively as pituitary adenomas. MR imaging findings in
patients with LYH and pituitary adenoma were reported in
some recent articles.>>%11"!* However, most previous reports
of MR imaging findings of LYH were case reports and/or re-
views of the literature.

Recently, we experienced some cases of LYH, which
showed dark-signal-intensity areas on T2-weighted images
around the pituitary gland and in the cavernous sinus. To the
best of our knowledge, no studies have reported such signal-
intensity abnormalities. We hypothesized that dark-signal-
intensity areas on T2-weighted images around the pituitary
gland and in the cavernous sinus were characteristic in pa-
tients with LYH and were useful for distinguishing pituitary
adenoma from LYH.

The present study was retrospectively performed to review
a series of clinical and MR imaging findings in patients with
LYH, including signal intensity around the pituitary gland. As
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a control study, we also evaluated clinical and MR imaging
findings in patients with pituitary adenoma for comparison.

Materials and Methods

Patients

We retrospectively reviewed the MR imaging findings in 20 patients
with LYH who were selected by review of clinical records. Our local
ethics committee did not require its approval or informed consent for
this retrospective review. A retrospective review of clinical records in
6 hospitals from 1987 to 2009 revealed 24 patients who were clinically
diagnosed as LYH. Two patients who had a history of sarcoidosis or
pachymeningitis, and 2 patients whose initial MR images had not
been available were excluded from the study. As a consequence, 20
patients with LYH were enrolled. Ten were males and 10 were females,
from 9 to 72 years of age, with a mean age of 46.0 = 19.5 years
(On-line Table 1). Four of 20 patients had histologically proved dis-
ease by transsphenoidal biopsy. The remaining 16 patients were diag-
nosed on the basis of clinical and endocrinologic studies, MR imaging
findings, response to steroid therapy, and natural clinical course.*’
Five patients had a history of autoimmune diseases, such as IgG4-
related disorders, rheumatoid arthritis, and bullous pemphigoid. One
patient was pregnant.

We also reviewed the clinical and MR imaging findings in 22 pa-
tients with pituitary adenoma. A retrospective review of clinical
records in 1 hospital from 2002 to 2009 revealed 52 patients who were
treated with transsphenoidal resection and had a proved pathologic
diagnosis of pituitary adenoma. Sixteen patients who had recurrent
pituitary adenomas and underwent a second operation, 11 patients
whose pathologies did not differentiate between functioning and
nonfunctioning adenoma because immunostaining was not per-
formed, 2 patients whose initial MR images had not been available,
and 1 patient who received irradiation due to malignancy were ex-
cluded from the study. As a consequence, 22 patients with pituitary
adenoma were enrolled. Ten were men and 12 were women, and they
ranged in age from 25 to 73 years, with a mean age of 50.3 * 15.8 years
(On-line Table 2). All patients were treated with transsphenoidal re-
section, and their pathologies were proved.

In all patients with LYH and pituitary adenoma, the plasma con-
centrations of ACTH, GH, PRL, LH, FSH, TSH, cortisol, free T4, and
testosterone were measured. Provocative tests were performed as fol-
lows: for TSH and PRL, after a bolus injection of 500 mg of TSH-
releasing hormone; for LH and FSH, 100 mg of gonadotropin-releas-
ing hormone; for GH, 100 mg of GH-releasing hormone or 0.1 U of
regular insulin per kilogram of body weight; and for cortisol, 0.25 mg
of ACTH or 0.1 U of regular insulin per kilogram of body weight.
Multiple blood samples were collected to measure plasma hormone
concentrations before and for up to 120 minutes after the injections.
In patients with LYH except for cases 2, 8, and 13, plasma vasopressin
concentrations were determined by radioimmunoassay, and plasma
and urinary osmolarities were measured before and after 4—8 hours
of water deprivation. In cases 9, 11, 21, and 22 of patients with pitu-
itary adenoma, hormonal examination was done for the posterior
lobe by using the same method.

MR Imaging Acquisition

All patients with LYH and pituitary adenoma underwent MR im-
aging of the sella turcica with 1.5T superconductive units. Patients
with LYH underwent MR imaging with 6 units in 6 hospitals, and

patients with pituitary adenoma underwent 1 MR imaging in 1
hospital. T1-weighted images were acquired in the coronal and
sagittal planes with the following parameters: TR/TE/NEX = 300—
660/7.9-23 ms/3~4, a 192 X 256 to 512 X 512 matrix, a 14- to
20-cm FOV, a 3-mm section thickness, and a 0.0- to 0.6-mm in-
tersection gap. T2-weighted sagittal or coronal images were ob-
tained with the following parameters: TR/TE/NEX = 20003500/
80-120 ms/3—4, a 192 X 256 to 512 X 512 matrix, a 14~ to 20-cm
FOV, a 3-mm section thickness, and a 0.0- to 0.6-mm intersection
gap. T1-weighted images after an intravenous injection of contrast
medium (0.1 mmol/kg of body weight) were also acquired, except
for case 8, in patients with LYH, in the coronal and sagittal planes
with the same parameters as those of the T1-weighted images. All
patients with LYH had 1-6 follow-up MR imaging studies per-
formed during a period ranging from 1 month to 8 years.

Two neuroradiologists (Y.N., N.S.) who did not know the pa-
tients’ clinical information evaluated the MR imaging findings of the
patients with LYH and pituitary adenoma. In several recent articles,
some findings were reported to be useful for distinguishing pituitary
adenoma from LYH, such as precontrast homogeneous signal inten-
sity, intact sellar floor, suprasellar extension, loss of PPHI, stalk thick-
ening, mass symmetry, homogeneous enhancement, and adjacent
dural enhancement (the so-called dural tail).>>®!!1* In this study,
evaluation of the precontrast signal intensity was excluded because
pituitary adenomas often show complicated signal intensities due to
hemorrhagic or cystic changes, and it is a not suitable factor for mak-
ing a simple assessment. The findings of destruction of the sellar floor
and extension to the sphenoid sinus were also excluded because it was
obvious that these findings indicate neoplasm. The finding of supra-
sellar extension was also excluded because it depends on the size of
pituitary lesions, and pituitary adenomas vary in size from microad-
enoma to macroadenoma.

We, therefore, selected the following MR findings as assessment
factors: 1) PPHI on T1-weighted images, 2) thickened stalk, 3) pitu-
itary symmetry, 4) pituitary enhancement pattern, 5) the dural tail,
and 6) parasellar signal intensity on T2- and T1-weighted images.
PPHI was classified as either “identified” or “not identified.”*® If the
diameter of the pituitary stalk exceeded 3.5 mm at the level of the
median eminence of the hypothalamus, the stalk was considered
“thick.”'¢ Pituitary symmetry was classified as either “symmetric” or
“asymmetric.”'®> The enhancement pattern was classified as either
“homogeneous” or “heterogeneous.” The dural tail was classified as
either “identified” or “not identified.” Parasellar signal intensity on
T2- and Tl-weighted images was classified as either “dark,” “low,”
“is0,” or “high” intensity. On T2-weighted images, “dark” was isoin-
tense with bone cortex; “low” was isointense with white matter; “iso”
was isointense with gray matter, and “high” was hyperintense with
gray matter. On T1-weighted images, “dark” wasisointense with bone
cortex; “low” was isointense with CSE, “iso” was isointense with gray
matter, and “high” was hyperintense with gray matter.'>!” If different
signal intensities were detected in the parasellar areas, the lowest sig-
nal intensity was adopted. When the 2 neuroradiologists found dif-
ferent results, they discussed the case and came to a decision by con-
sensus. We also reviewed all images of a series of follow-up MR images
in patients who showed parasellar dark-signal-intensity areas on T2~
weighted images.

Statistical Analysis
Statistical analyses were performed by using StatView 5.0 software
(SAS Institute, Cary, North Carolina). Between patients with LYH
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Fig 1. MR images of LYH (case 1) in a 38-year-old woman with partial hypopituitarism and diabetes insipidus. This patient had an 11-month history of headache, vomiting, polyuria, and
polydipsia; transsphenoidal biopsy was performed and LYH proved histologically. A, Coronal T2-weighted image (TR/TE/NEX = 3500/120 ms/3) shows a large pituitary mass compressing
the optic chiasm. A dark-signal-intensity area is seen in the cavernous sinus and sellar floor (arrow). B, Coronal contrast-enhanced Ti-weighted image (TR/TE/NEX = 650/16 ms/3) shows
a large pituitary mass with homogeneous enhancement. Bilateral cavernous sinuses are swollen, with poor enhancement. The left ICA in the left cavernous sinus is narrowed {arrowd.

Fig 2. MR images of LYH (case 3) in a 70-year-old man with panhypopituitarism without diabetes insipidus. His chief complaint was general fatigue, and he was followed up for >5 years.
Replacement therapy (glucocorticoid, levothyroxine) was performed. A, Coronal TZ2-weighted image (TR/TE/NEX = 2260/100 ms/3) shows the relatively large pituitary gland. A
dark-signal-intensity area is seen around the pituitary gland. The inner portions of the bilateral cavernous sinuses show fow signal intensity. B, Coronal T1-weighted image (TR/TE/NEX =
660/11.2 ms/3) shows the relatively large pituitary gland and stalk. A low-signal-intensity area is seen around the pituitary gland. The stalk shows high signal intensity, suggesting that
it is storing antidiuretic hormone {arrowd. C, Coronal contrast-enhanced T1-weighted image (TR/TE/NEX = 600/9.9 ms/3) shows homogeneous enhancement in the pituitary gland and the
stalk. The area around the pituitary gland and bilateral cavernous sinuses shows poor enhancement.

and those with pituitary adenoma, each imaging finding as described
above was compared by using the Fisher exact probability test. P val-
ues < .05 indicated statistical significance. We also calculated sensi-
tivity and specificity for the diagnosis of LYH of each imaging finding
as described above.

Results

Clinical findings for the 20 patients with LYH are summarized
in On-line Table 1. Endocrinologic studies showed that 17 of
20 patients (85%) had some degree of hypopituitarism: pan-
hypopituitarism or partial hypopituitarism with diabetes in-
sipidus in 12 patients, only panhypopituitarism or partial hy-
popituitarism in 2 patients, and only diabetes insipidus in 3
patients.

Clinical findings for the 22 patients with pituitary adenoma
are summarized in On-line Table 2. Endocrinologic studies
showed partial hyperpituitarism and partial hypopituitarism
in 3 patients, only partial hyperpituitarism in 7 patients, and
only hypopituitarism in 1 patient. In 4 patients who had hor-
monal examination of the posterior lobe, none had diabetes
insipidus.
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MR imaging findings of the patients with LYH and pitu-
itary adenoma are summarized in On-line Table 3. PPHI was
absent in 17 patients (85%) with LYH and 3 (14%) with pita-
itary adenoma. Ectopic PPHI was seen in 1 patient with LYH
and 3 with pituitary adenoma. Seventeen patients (85%) with
LYH had thickened stalks. On the other hand, no patients
(0%) with pituitary adenoma had thickened stalks, though in
2 patients with LYH and 4 with pituitary adenoma, the stalk
was unclear due to pituitary tumoral compression. The pitu-
itary gland was symmetric in 17 patients (85%) with LYH and
in 2 (9%) with pituitary adenoma. Homogeneous enhance-
ment was seen in 13 patients (65%) with LYH and in only 2
patients (9%) with pituitary adenoma. The dural tail was seen
in 13 patients (65%) with LYH and 17 patients (77%) with
pituitary adenoma. On T2-weighted images, parasellar dark-
signal-intensity areas were seen in 7 patients (35%) with LYH
(Figs 1-3); the other 13 patients with LYH showed isointen-
sity. Parasellar low-signal-intensity areas were seen in 2 pa-
tients (9%) with pituitary adenoma (Fig 4), but no parasellar
dark-signal-intensity areas were seen in any patients with pi-
tuitary adenoma.
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Fig 3. Serial MR images of LYH (case 4) in a 36-year-old man. Partial diabetes insipidus was observed in the early stage, and partial hypopituitarism was revealed later during the follow-up
and treated by replacement therapy. A, The first coronal T2-weighted image {TR/TE/NEX = 35007120 ms/3) shows the pituitary gland. Very thin dark-signal intensity areas on the upper
edge of the pituitary gland {arrows) are seen. 8, The first coronal contrast-enhanced T1-weighted image (TR/TE/NEX = 650/16 ms/3) shows a large pituitary gland with homogeneous
enhancement. This section is slightly behind A. The large stalk with homageneous enhancement slightly compresses the optic chiasm. C, The second coronal T2-weighted image
{TR/TE/NEX = 3500/120 ms/3) 2 months after the first study shows a large pituitary gland and stalk. The previously noted thin dark-signal-intensity areas on the upper edge of the pituitary
gland (arrows) were thicker than those in the first study. D, The third coronal T2-weighted image (TR/TE/NEX = 3500/120 ms/3) 8 months after the first study shows a large pituitary
gland. The stalk is decreased in size. Dark-signal-intensity areas on the upper edge of the pituitary gland have thickened. The dark-signal-intensity area is enlarged and involves the right
cavernous sinus; the right ICA in the cavernous sinus is narrower {arrow) than that in the previous study.

The other 20 patients with pituitary adenoma showed
isointensity. On T1-weighted images, parasellar low-signal-
intensity areas were seen in 2 patients (10%) with LYH. The
other 18 patients with LYH showed isointensity. On the other
hand, all patients with pituitary adenoma showed isointensity.
Pituitary adenomas involved the cavernous sinuses in 11 pa-
tients; however, the cavernous sinuses were isointense with
gray matter on T2- or T1-weighted images, and dark-signal-
intensity areas were not seen.

Details of the MR imaging findings in the 7 patients who
showed parasellar dark signal intensity on T2-weighted images
are summarized in On-line Table 4. Dark-signal-intensity ar-
eas in the cavernous sinuses were seen in 6 patients. Cavernous
sinuses were swollen in 4 patients (Figs 1 and 2). Enhancement
of the cavernous sinuses after an intravenous injection of con-
trast medium was poor in 3 patients (Figs 1 and 2). ICAs in the
cavernous sinuses were narrowed in 3 patients (Figs 1 and 3).
In cases 4, 5, and 6, dark-signal-intensity areas in the cavern-
ous sinus were not seen in the first MR imaging study but
appeared 2-20 months later. On T2-weighted images, dark-
signal-intensity bands around the anterior lobe and/or poste-
rior lobe of the pituitary gland were seen in 4 patients (Fig 3).
In case 5, this band was not seen in the first MR imaging study
but appeared 20 months later. In case 4, a very thin dark-

signal-intensity band was noted on the upper edge of the pos-
terior gland in the first study and was thickened on follow-up
studies 2 and 8 months later (Fig 3).

Between patients with LYH and those with pituitary ad-
enoma, a significant difference was identified by statistical
analysis for the number of patients with PPHI on TI1-
weighted images (P < .0001), thickened stalk (P < .0001),
pituitary symmetry (P < .0001), homogeneous enhance-
ment (P = .0001; we excluded the cases without contrast
enhancement), and dark-signal-intensity areas on T2-
weighted images (P = .0015). No significant difference was
identified for the number of patients with the dural tail
(P = .36; we excluded the cases without contrast enhance-
ment) and low-signal-intensity areas on T1-weighted im-
ages (P = .11). Sensitivity and specificity for the diagnosis
for LYH were as follows: 0.85 and 0.95 for the loss of PPHI;
0.85 and 0.82 for the thickened stalk; 0.85 and 0.91 for the
pituitary symmetry; 0.68 and 0.91 for the homogeneous
enhancement (we excluded the cases without contrast en-
hancement); 0.65 and 0.23 for the dural tail; and 0.35 and
1.00 for the dark-signal-intensity areas on T2-weighted im-
ages, and 0.10 and 1.00 for the low-signal-intensity areas on
T1-weighted images around the sellar and parasellar areas.
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Fig 4. MR images of pituitary adenoma (case 5) in a 54-year-old woman. Acromegaly and partial hyperpituitarism were observed. She was treated with transsphenoidal resection, and
the proved pathologic diagnosis was GH-secreting pituitary adenoma. A and B, Coronal T2-weighted images (TR/TE/NEX = 3500/120 ms/3) show a large pituitary mass destroying the
sellar floor and extending in the sphenoid sinus. The upper portion of the mass is mixed low intensity, and the lower portion shows mixed high signals. Large arrows indicate small
dark-signal-intensity areas in the pituitary mass. A low-signal-intensity margin is seen in the medial aspect of the upper pituitary mass (small arrow). C and D, Coronal contrast-enhanced
T1-weighted images (TR/TE/NEX = 600/3.9 ms/3) show heterogeneous enhancement in the pituitary mass. Arrows indicate enhanced focal areas in the pituitary mass, which correspond

to the dark-signal-intensities on the T2-weighted images in A and 8.

Discussion

The present study reviewed a series of clinical and MR imaging
findings in 20 patients with LYH. To the best of our knowl-
edge, this study has reviewed original MR imaging findings in
the largest number of patients with LYH. We demonstrated a
new characteristic parasellar T2 dark sign (dark-signal-inten-
sity area on T2-weighted images around the pituitary gland
and in the cavernous sinus) in patients with LYH for the first
time. Although sensitivity for the parasellar T2 dark sign was
0.35, lower than that for loss of PPHI, thickened stalk, pitu-
itary symmetry, homogeneous enhancement, or the dural tail,
specificity for the parasellar T2 dark sign was 1.00; and this
finding was characteristic enough to distinguish with certainty
the more common pituitary adenoma from LYH because
false-positive cases were not found. T2-weighted images de-
picted the parasellar involvement of LYH well. Our results also
suggest that there are variations of localization of T2 dark areas
in LYH.

Some previous studies reported that loss of PPHI, thick-
ened stalk, pituitary symmetry, homogeneous enhancement,
and the dural tail were useful for distinguishing LYH from
pituitary adenomas,>>®!*"** but only 1 previous study inves-
tigated this statistically. Gutenberg et al** reported that these
findings contributed significantly to classifying the outcome as
pituitary adenoma or autoimmune hypophysitis (including
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lymphocytic and granulomatous hypophysitis), and our re-
sults were consistent with their findings.™*

Although MR imaging findings such as loss of PPHI, thick-
ened stalk, pituitary symmetry, and homogeneous enhance-
ment showed significant difference in the statistical analysis in
the present study, these findings were nonspecific and were
observed in both diseases. Loss of PPHI was observed in cen-
tral diabetes insipidus due to idiopathic, inflammatory, or
neoplastic processes, including pituitary adenoma.*'**> The
stalk was sometimes unclear due to pituitary tumoral com-
pression. Pituitary symmetry or asymmetry depends on tumor
size, location, or invading areas.”* Cystic, necrotizing, or hem-
orrhagic changes also influence the enhancement pattern.”
Cystic appearance was described in 5% of the patients with
LYH.b®11226-34 fomogeneous enhancement can also be ob-
served in pituitary adenomas.>® On the other hand, parasellar
T2 dark sign was a characteristic finding in LYH and can con-
tribute to distinguishing pituitary LYH from adenoma with
certainty.

Clinical findings revealed that panhypopituitarism or par-
tial hypopituitarism was seen in 17 patients (85%) with LYH.
On the other hand, partial hypopituitarism was seen in only 4
patients (18%) with pituitary adenoma. We think that hypo-
pituitarism may be useful clinical information, suggesting
LYH rather than pituitary adenoma. The endocrinologic man-
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ifestation of LYH can vary widely, from only hyperprolactine-
mia, probably due to stalk compression, to panhypopituita-
rism mimicking Sheehan syndrome." In a recent report, the
hormones most frequently impaired were ACTH, followed by
TSH, LH/FSH, and vasopressin in patients with LYH.® On the
other hand, hypogonadism rather than hypocortisolemia or
diabetes insipidus is usually the initial problem in pituitary
adenoma.” In the present study, ACTH deficiency was seen in
only 2 of 13 patients with LYH who had partial hypopituitar-
ism, and insufficient hormones of the anterior pituitary lobe
had some overlaps between pituitary adenoma and LYH. Iso-
lated ACTH deficiency is not specific to LYH because it can be
observed in the absence of LYH,?® and isolated deficiencies of
other anterior pituitary hormones have been described in
LYH.*” We think that MR imaging findings, in addition to
endocrinologic studies, can play an important role in distin-
guishing pituitary adenoma from LYH.

In the previous reports, histopathologic analysis revealed
that LYH is extensively infiltrated by lymphoplasmacytic cells,
consisting of lymphocytes, plasma cells, and macrophages.®
Lymphoplasmacytic aggregates surround the atrophic acini of
pituitary cells, whereas the remaining pituitary tissue showed
areas of reactive fibrosis.”**® Caturegli et al® reported that fi-
brosis was common (47% of 267 cases of LYH) and often
severe in their pathologic review. We think that dark-signal-
intensity areas on T2-weighted images around the pituitary
gland and in the cavernous sinus reflected fibrotic changes
accompanied by infiltration of lymphoplasmacytic cells. In the
present study, the parasellar T2 dark signs were seen in the first
MR imaging study in the 5 patients with LYH; however, this
sign was not seen in the first MR imaging study of the 2 pa-
tients with LYH, but appeared 2-20 months after the first MR
imaging study (On-line Table 4).

LYH is a chronic inflammatory disease that affects the pi-
tuitary gland and parasellar areas, and the duration of disease
in patients with LYH is relatively long.®> We think that fibrotic
changes progressed in the clinical course of LYH and appeared
as parasellar T2 dark signs. We also think that the sensitivity
and specificity of the parasellar T2 dark sign may vary with
time, and thus the parasellar T2 dark sign may not be useful for
making an initial diagnosis. If the parasellar T2 dark sign was
not seen in the initial MR imaging in patients who were sus-
pected of the diagnosis of LYH, further follow-up MR imaging
studies may be needed to detect the sign.

In the present study, cases 1 and 2 were diagnosed histolog-
ically by transsphenoidal biopsy. In case 2, biopsy specimens
showed adenohypophysitis with focal lymphocytic infiltrate
with lymphoid follicle formation and attached portions of at-
tenuated hyalinized fibrous tissue; however, fibrous tissue was
not found in case 1. We think the reason is that the biopsy
specimens included only a small portion of the anterior lobes
and did not include fibrous tissue. In the previous reports,
approximately 10% of pituitary adenomas contained fibro-
sis.”® Tuchi et al*® reported that the signal intensities on T2-
weighted images were significantly correlated with the per-
centage of collagen content of the pituitary adenomas, and
adenomas that showed lower signal intensities on T2-
weighted images contained more collagen. However, low sig-
nal intensities on T2-weighted images in pituitary adenomas
are usually seen in the pituitary masses and not outside the

masses in the parasellar areas. However, the histopathologic
findings of LYH were characterized by massive infiltration of
lymphocytes and plasma cells followed by necrosis or sur-
rounding parenchymal fibrosis.*' Therefore, the parasellar T2
dark sign is more suitable for LYH that infiltrates around the
pituitary. Some previous studies have reported cavernous in-
volvement in patients with LYH,>%'%%2-% but no studies have
mentioned the parasellar T2 dark sign.

In the present study, we focused on the parasellar T2 dark
sign in the differential diagnosis between LYH and pituitary
adenoma; however, other differential diagnoses for parasellar
T2 dark sign should be considered in practical clinical cases.
Some cases such as sarcoidosis, lymphoma, or Tolosa-Hunt
syndrome could potentially have relatively low signal intensity
on T2-weighted images and may show findings similar to
those of the parasellar T2 dark sign, though we have no expe-
rience of such cases. In particular, sarcoidosis should be care-
fully considered because it sometimes causes secondary gran-
ulomatous hypophysitis,* and its differential diagnosis on MR
imaging findings may be very difficult. We think that clinical
presentation such as medical history and laboratory findings,
in addition to MR imaging findings, needs to be investigated in
detail in the diagnosis of LYH.

This study had several limitations. The first is that not all
patients with LYH had pathologic confirmation; only 4 of 20
patients with LYH and only 2 of 7 patients with parasellar T2
dark sign had transsphenoidal biopsy. Additionally, there
were 5 patients who had a history of autoimmune disease such
as IgG4-related disorders, rheumatoid arthritis, and bullous
pemphigoid. Other disorders, such as granulomatous hy-
pophysitis or sarcoidosis, could feasibly have similar MR im-
aging findings. However, the duration of follow-up was rela-
tively long (from 9 months to 9 years) in the 11 patients
without pathologic confirmation or a history of autoimmune
disease. Sarcoidosis is liable to recur not only in the intracra-
nial area but also in the extracranial portion during longitudi-
nal follow-up, but these 11 patients had no recurrence. In
addition, they had no laboratory findings supporting sarcoid-
osis. Granulomatous hypophysitis is an extremely rare disor-
der (annual incidence of 1 in 10 million) and is usually diag-
nosed in postmortem specimens.**” The other limitation was
that the present study was retrospective; most of the patients
had only had a routine pituitary MR imaging study. If we had
been able to prospectively evaluate these patients by using dy-
namic contrast-enhanced MR imaging” or contrast-enhanced
3D constructive interference in the steady state,*® more details
of the sellar and parasellar structures and signal intensity
would have been shown. Further prospective studies that
compare the findings obtained from high-field MR imaging
systems or long-term follow-up MR imaging with the his-
topathologic findings should be conducted.

Conclusions

MR imaging findings, such as loss of PPHI, thickened stalk,
pituitary symmetry, homogeneous enhancement, and para-
sellar T2 dark sign, can contribute to distinguishing pituitary
adenoma from LYH. The parasellar T2 dark sign in particular
was a characteristic finding in patients with LYH, which was
not observed in pituitary adenomas.
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Abstract

Introduction The normal cranial nerves (CNs) of the
cavernous sinus can be clearly demonstrated using
contrast-enhanced constructive interference in steady-state
(CISS) magnetic resonance imaging (MRI). This study used
the method to evaluate pathological CNs I, IV, V,, V,,
and VI in cavemnous sinuses affected by inflammatory and
neoplastic diseases.

Methods MR images from 17 patients with diseases involv-
ing the cavernous sinuses and/or causing neuropathy in CNs
III-VI were retrospectively evaluated. The patients were
divided into inflammatory (n=11) and neoplastic (n=6)
groups. We defined CNs as abnormal when they exhibited
enlargement or enhancement. CNs were evaluated using both
contrast-enhanced CISS and T1-weighted MRI.

Results In the inflammatory group, abnormal CNs were
identified by contrast-enhanced CISS MRI in 13 of 25
symptomatic CNs (52%) in eight patients, but in only two
CNs (8%) in two patients by contrast-enhanced T1-weighted
MRI. In the neoplastic group, both sequences of contrast-
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enhanced CISS and T1-weighted MRI detected abnormalities
in the same three of eight symptomatic CNs (37.5%), i.e., the
three CNs were all in the same patient with adenoid cystic
carcinoma.

Conclusion Contrast-enhanced CISS MRI is useful for
detecting CN abnormalities in inflammatory pathological
conditions of the cavernous sinuses.

Keywords Cranial nerves - Cavernous sinus -
Constructive interference in steady state -
Magnetic resonance imaging

Introduction

The cavernous sinus is a clinically important structure that
contains the internal carotid arteries and cranial nerves
(CNs) III (oculomotor nerve), IV (trochlear nerve), V,
(ophthalmic nerve), V, (maxillary nerve), and VI (abducens
nerve). Involvement of the cavernous sinuses in various
diseases (e.g., Tolosa-Hunt syndrome) or direct invasion by
malignancy can be accompanied by multiple cranial
neuropathies. However, it has remained difficult to detect
CN morphological abnormalities. Although several studies
have reported the characteristics of cavernous sinus
diseases in magnetic resonance imaging (MRI) [1-11], the
precise imaging study evaluation of abnormal CNs in the
cavernous sinuses has remained almost impossible to date.

Three-dimensional (3D) constructive interference in
steady-state (CISS) MRI is an approach using a high spatial
resolution, refocused gradient-echo sequence, which is
flow-compensated. The 3D CISS sequence depicts small
structures surrounded by cerebrospinal fluid (CSF) with
high contrast and high spatial resolution and is therefore
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suitable for depicting all CNs passing through the cistern
[12]. This method is also useful for demonstrating fine
structures in the cavernous sinus if gadolinium-
diethylenetriaminepentaacetate (Gd-DTPA) is injected
[13]. A previous study has shown that normal CNs passing
through the cavernous sinus are well demonstrated in vivo
on 3D CISS MRI after injection of Gd-DTPA because the
well-enhanced venous plexus of the cavernous sinus plays a
role in imaging similar to that of the CSF [14]. In that
study, contrast-enhanced 3D CISS MRI was found to be
superior to contrast-enhanced T1-weighted imaging for the
depiction of normal CNs in cavernous portions of the sinus.
We therefore hypothesized that contrast-enhanced 3D CISS
MRI would also be superior to contrast-enhanced TI-
weighted MRI for detecting pathological CNs of the
cavernous sinuses. In the present study, we evaluated the
CNs of patients with inflammatory and neoplastic diseases
involving the cavernous sinuses by both contrast-enhanced
3D CISS and contrast-enhanced T1-weighted MRI to
evaluate the usefulness of contrast-enhanced 3D CISS
when considered in conjunction with the clinical findings.

Materials and methods
Patients

We retrospectively studied MR images of 26 patients obtained
from 2002 to 2007 at our hospital. The patients’ clinical
information was obtained by MR inspection requests submit-
ted by attending physicians prior to MR examination. Based
on this information, we selected patients in whom the disease
was suspected to be located around the cavernous sinuses, and
detailed MR examination focusing on the cavernous sinuses
was performed. Thirteen patients had inflammatory disease
and 13 patients had neoplasms involving the cavernous
sinuses. Physical examination of all patients, including
assessment of CN dysfunction, was performed by neurologists
or neurosurgeons. Institutional Review Board approval was
obtained for the study.

In the inflammatory group, two of 13 cases were excluded
due to prominent motion artifacts upon MR examination. The
characteristics of the remaining 11 patients with inflammatory
diseases is shown in Table 1. Tolosa-Hunt syndrome,
idiopathic meningitis, and neuritis were diagnosed based on
clinical and imaging findings. One patient with fungal
infection had an epidural abscess adjacent to the cavernous
sinus, which was diagnosed at surgery. In the patient with
allergic granulomatous angitis, the cavernous sinuses were
involved due to internal carotid arteritis, and the diagnosis
was made by skin biopsy (Table 1).

In the neoplastic group, seven of 13 cases were excluded
from this study for the following reasons: five patients were

@ Springer

postoperative, one patient had undergone irradiation thera-
py of the brain, and one patient had no pathologic
confirmation because the tumor was considered benign, as
it had remained stable (i.e., without growth) for 7 years.
The patient who had received irradiation was excluded
because such treatment can induce signal intensity changes
in the cavernous sinus as a result of fibrosis, which may
render identification of the CNs difficult. The remaining six
pathologically demonstrated neoplasms in six patients were
included in the neoplastic group (Table 2). A total of 17
patients (seven men and 10 women; mean age, 57.9 years;
age range, 15 to 82 years) were included in the inflamma-
tory and neoplastic groups combined.

MR protocol and assessment

All MR examinations were performed using a 1.5-T unit
(Magnetom Symphony; Siemens, Erlangen, Germany) with a
head coil. The intravenous contrast agent of gadopentetate
dimeglumine was administered at a dose of 0.1 mmol/kg body
weight. Precontrast coronal T1-weighted images and axial or
coronal T2-weighted images were performed in all patients.
All patients underwent contrast-enhanced 3D CISS MRL
Sixteen out of 17 patients underwent contrast-enhanced
coronal conventional 2D T1-weighted images with or without
fat suppression. The remaining one patient (case 9 in the
inflammatory group) underwent contrast-enhanced T1-
contrast 3D fast low angle shot (FLASH) echo examination.
Contrast-enhanced 2D or 3D Tl-weigted images had been
obtained before 3D CISS images were scanned. The following
pulse sequences were used: (a) conventional coronal T1-
weighted images (450/15 [TR/TE], 200x180-mm field of
view, 320x202 matrix, 3.0-mm section thickness, 0-mm
intersection gap); (b) coronal T2-weighted images (4,000/
108 [TR/TE], 200x 180-mm field of view, 230x256 matrix,
3.0-mm section thickness, 0-mm intersection gap); (c) axial
T2-weighted images (4,000/108 [TR/TE], 200 * 180-mm field
of view, 230% 256 matrix, 4.0-mm section thickness, 0.6-mm
intersection gap); (d) 3D CISS (11.84/5.92 [TR/TE], 70° flip
angle, 180x180-mm field of view, 39.2-mm slab thickness,
256x224 matrix, 56 3D partitions, one slab, 0.7x0.8-mm
pixel size, 0.7-mm effective section thickness, one signal
acquired, and imaging time of 4 min 28 s); (¢) 3D FLASH
(20/4.93 [TR/TE], 25° flip angle, 220 x220-mm field of view,
70.4-mm slab thickness, 205%256 matrix, 64 3D partitions,
one slab, 1.1x0.9-mm pixel size, 1.1-mm -effective
section thickness, one signal acquired, and imaging time
of 4 min 22 s). Data obtained using 3D CISS (in all
patients) and T1-weighted FLASH (only in case 9 of the
inflammatory group) images were reconstructed in the
coronal plane using section thicknesses of 0.7 and
1.1 mm, respectively. Images were analyzed using a
multiplanar reconstruction program (Siemens).
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Table 1 Clinical characteristics and MR imaging findings in patients with cavernous sinuses inflammation.

Patient no. Age Clinical characteristics MR findings
(years)/sex
Clinical diagnosis Pathology Cranial neuropathy Cavernous Sinus Location of dural Other findings
enhancement
Cranial nerve Swelling
abnormalities
(enlargement
and/or enhancement)
CISS* TIWP?
1 55/M Tolosa-Hunt syndrome  Not obtained RIIL, 1V, V,, VI RIII RII N R frontal basal skull N
2 72/M Hypertrophic meningitis Not obtained LVI LVI LVI N Diffuse, L dominant N
3 37/F Angitis of both ICA Allergic granulomatous angitis LVj, V,, VI N N Y N L ICA occlusion, L MC mass
4 64/F Tolosa-Hunt syndrome  Not obtained LII, 1V, VI N N Y N N
S 60/M Abducens neuritis Not obtained LVI LVI N N N N
6 69/F Focal meningitis Not obtained RIII RIII N Y R frontal basal skull N
7 60/F Tolosa-Hunt syndrome  Not obtained RII, Vy, V,, VI RIII, V4, V,, VI N Y N N
8 53/F Tolosa-Hunt syndrome  Not obtained LI 1V LI, IV, V,, V,, VI N N L frontal basal skull N
9 82/F Fungal infection Fungal infection LI, V, N N Y L frontal basal skull N
10 15/F Trigeminal neuritis Not obtained LV, Vs, LV, Vs N N N N
11 56/M Tolosa-Hunt syndrome  Not obtained RIL IV RIII N N N N

CISS constructive interference in steady state, T/ WI Tl-weighted imaging, IC4 internal carotid artery, N not identified, ¥ observed, MC Meckel's cave, R right, L left

# With Gd-DTPA enhancement
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Table 2 Clinical characteristics and MR imaging findings in patients with cavernous sinuses neoplasms.

Patient Age

Clinical characteristics

MR findings

no. (years)/sex
Diagnosis Origin of neoplasm Cranial Cavernous sinus Location of dural Other findings
neuropathy enhancement
Cranial nerve abnormalities Swelling
(enlargement and/or
enhancement)
CIss? TIWE
1 54/M Squamous cell carcinoma Nasopharynx LILIVVI N N Y Bilateral frontal basal skull N
2 56/M Lymphoma Clivus " LVI N N Y N N
3 64/F Adenoid cystic carcinoma R maxillary sinus ~ RIIL, V, VI RIIL IV, Vy, V,, VI RIL IV, V, VI N R frontal basal skull RV, swelling
Enhancement of R foramen rotundum
R maxillary sinus mass
76/F Papillary carcinoma Thyroid LI N N Y N L MC invasion
5 S8/F Meningioma Parasellar area None N N Y L middle and both frontal L MC invasion
basal skull
6 53/M Meningioma Petroclival area None N N Y N L MC invasion

CISS constructive interference in steady state, 77 W/ T1-weighted imaging, N not identified, ¥ observed, MC Meckel's cave, R right, L left
* With Gd-DTPA enhancement
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All MRI findings were visual assessed by two neuro-
radiologists (A.Y. and N.S., with 9 and 22 years of experience
with MR, respectively). Both readers were blind to all clinical
information regarding cranial neuropathy. Both neuroradiol-
ogists arrived at initial evaluations independently, and then
any disagreement regarding final conclusions was resolved by
consensus. The CNs were defined as abnormal when
enlargement or enhancement on reconstructed contrast-
enhanced coronal CISS or Tl-weighted images was seen.
Nerve enlargement was judged on the basis of a study of
normal nerves [14]. Nerve enhancement was determined for
comparison with the contralateral CN III, since the detect-
ability of the normal CN III was reported to be 100% on
both contrast-enhanced CISS and T1-weighted images [14].
We defined CNs III, IV, V,, V,, and VI as abnormal when
the above-mentioned findings were observed on more than
three consecutive sections of contrast-enhanced 3D CISS and
T1-weighted FLASH images and on more than one section
of contrast-enhanced conventional T1-weighted images
because the thickness of the reconstructed 3D images ranged
from 0.7 to 1.1 mm, whereas the thickness of the
conventional 2D T1-weighted images was 3 mm. In cases
in which CNs could not be identified individually, the CNs
were not included as abnormal, as it would be difficult to
differentiate pathological involvement of the CNs from just
obscure without pathological involvement due to tight
attachment to the mass or inflammatory areas. Interobserver

Fig. 1 Case 2 in the inflamma-
tory group. A 72-year-old man
with hypertrophic meningitis
with neuropathy of left cranial
nerve (CN) VL a Contrast-
enhanced coronal CISS MRI
(11.8/5.9) reveals left CNs VI
(white arrow) with enlargement
and enhancement. Bilateral CNs
IIL, IV, V,, left V,, and right CN
VI appear normal (black
arrows). Right CN V; is not
detected. b Contrast-enhanced
coronal T1-weighted MRI with
fat suppression (450/15) reveals
an abnormality of left CNs VI
(white arrow). Diffuse dural
enhancement is seen (white
arrowheads)

agreement of interhemispheric enlargement and abnormal
enhancement of the cranial nerves (kappa coefficient) was
0.51 (p<0.01), and the results were thus considered reliable.
In addition to performing an assessment of the CNs, we also
evaluated enhancement pattern of the cavernous sinus and
cavernous sinus swelling, dural enhancement, and other
additional findings (Tables 1 and 2).

Results
Inflammatory disease

The clinical characteristics and MRI findings of 11 patients
in the inflammatory group were summarized in Table 1. All
patients exhibited neuropathy of CNs III to VI. A total of
25 CNs exhibited neuropathy: CN III, n=7; CN 1V, n=4;
CN V4, n=5; CN V,, n=3; and CN VI, n=6.

On contrast-enhanced CISS images, 13 of the symptom-
atic 25 CNs were found to be abnormal (52%; Figs. 1a, 2a,
and 3a) in eight cases. Nerve enlargement and enhancement
were simultaneously observed. Among the 25 symptomatic
CNs, abnormal CN imaging findings were seen in 71% (5/
7) of CN III, 25% (1/4) of CN IV, 40% (2/5) of CN Vj,
67% (2/3) of CN V5, and 50% (3/6) of CN VL

On contrast-enhanced T1-weighted images, an enlarge-
ment of the CNs was observed in only two CNs of two cases
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Fig. 2 Case 7 in the inflammatory group. A 60-year-old woman with
Tolosa-Hunt syndrome with neuropathy of right cranial nerves (CNs) Il
and Vy, V3, and VI. a Contrast-enhanced coronal CISS MRI (11.8/5.9)
reveals right CNs ITI, Vy, V,, and VI (white arrows) with enlargement
and enhancement. Left cavernous sinus is normally enhanced and
normal CNs III, 1V, V,, V,, and VI are detected (white arrows). b
Contrast-enhanced coronal Tl-weighted MRI with fat suppression
(450/15) shows any abnormalities

(cases 1 and 2; Fig. 1b) among the 25 symptomatic CNs
(8%). Among these symptomatic CNs, abnormal CN
imaging findings were seen in 14% (1/7) of CN I and
20% (1/5) of CN IV. No imaging abnormalities were
detected in the other CNs.

Ipsilateral cavernous sinus was swelling in five out of 11
cases, and in two cases, cases 3 and 9, it was poorly enhanced
compared to the contralateral one. In case 9, the upper and
lateral part of the left cavernous sinus was poorly enhanced
which obscured left CNs except for V, (Fig. 4a) on contrast-
enhanced CISS images. But it was difficult to point it out on
contrast-enhanced T1-weighted images. In case 3, the
swelling whole left cavernous sinus was poorly enhanced
on contrast-enhanced CISS images. But contrast-enhanced
T1-weighted images did not detect it. In other cases,
symmetrical cavernous sinus enhancement was shown.

Neoplastic disease

The clinical characteristics and MRI findings in the
neoplastic cases were summarized in Table 2. Four of six
patients in the neoplastic group demonstrated clinical
neuropathy in eight CNs: CN 1III, »=3; CN IV, n=1; CN
Vi1, n=1; and CN VI, n=3,

@ Springer

Fig. 3 Case 8 in the inflammatory group. A 53-year-old woman with
Tolosa-Hunt syndrome with neuropathy of left cranial nerves (CNs)
Il and IV. a Contrast-enhanced coronal CISS MRI (TR/TE=11.8/5.9)
reveals left CNs III, IV, Vy, V,, and VI (white arrows) with
enlargement and enhancement. Right CNs III-VI are normal (black
arrows). b Contrast-enhanced FLASH MRI (450/15). Bilateral
cavernous sinuses are almost symmetrical. No abnormality of the left
intracavernous cranial nerves is identified

On contrast-enhanced CISS images, abnormal findings
among CNs were observed in only one patient (case 3) with
adenoid cystic cancer (Fig. 5a). Three of the eight
symptomatic CNs were found to be abnormally enlarged
and enhanced (38%), and these three CNs were in the same
patient. In the other five patients, no abnormal findings
were detected. Among the eight symptomatic CNs, abnor-
mal CN imaging findings were seen in 33% (1/3) of CN III,
25% (1/4) of CN 1V, 100% (1/1) of CN Vy, and 33% (1/3)
of CN VL

Contrast-enhanced T1-weighted images also revealed
enlargement of the same three CNs (38%) detected as
abnormalities by CISS in the same patient (Fig. 5b).
Among the eight symptomatic CNs, abnormal CN imag-
ing findings were observed in 33% (1/3) of CN III, 25%
(1/4) of CN 1V, 100% (1/1) of CN Vi, and 33% (1/3) of
CN VL

In all cases except for case 3, unilateral or bilateral
cavernous sinuses were swelling and poorly enhanced on
both contrast-enhanced CISS and contrast-enhanced T1-
weighted images. In case 4, contrast-enhanced CISS images
revealed poor enhancement of the left whole cavernous
sinus which obscured CNs, but right normally enhanced
cavernous sinus detected CNs well (Fig. 6a). On the other
hand, contrast-enhanced T1-weighted images just showed
swelling of left cavernous sinus with partially poorly
enhanced area.
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Fig. 4 Case 9 in the inflammatory group. A 82-year-old woman with
fungal infection with neuropathy of left cranial nerves (CNs) Il and
V. a Contrast-enhanced coronal CISS MRI (11.8/5.9) reveals poorly
enhanced area at the upper and lateral portion of the left cavernous
(black arrows) which obscure left CNs except for V, (white arrow).
Right cavernous sinus is normally enhanced and normal CNs III, IV,
Vi, and V, are detected (white arrows). b Contrast-enhanced coronal
Tl-weighted MRI with fat suppression (450/15) does not show any
abnormalities except for focal strong enhanced area at the upper
portion of the left cavernous sinus (white arrow)

Fig. 5 Case 3 in the neoplastic
group. A 64-year-old man with
adenoid cystic carcinoma origi-
nating from the right maxillary
sinus and invading to the right
cavernous sinus who complained
neuropathy of right cranial nerves
(CNs) I, V4, and VI. a Contrast-
enhanced coronal CISS MRI
(11.8/5.9) reveals right CNs II1,
1V, Vi, V,, and VI (white arrows)
with enlargement and enhance-
ment. Left CNs III-VI appear
normal (black arrows). b
Contrast-enhanced coronal T1-
weighted MRI with fat suppres-
sion (450/15) identify right CNs
I, IV, Vy, and VI (white arrows)
with enlargement. A band-shaped
enhanced lesion is seen along the
foramen ovale (white arrowhead),
indicating the passage of tumor
infiltration. ¢ Contrast-enhanced
coronal T1-weighted MRI with
fat suppression (450/15) reveals a
primary tumor of the right max-
illary sinus (white arrow)

Discussion

In this study, we demonstrated that the use of the contrast-
enhanced 3D CISS sequence clearly enabled the detection
of CN abnormalities within the pathological cavernous
sinuses in cases of pathology. Such CN abnormalities were
more clearly detected on contrast-enhanced CISS than on
T1-weighted images in cases of inflammatory disease, with
an exception of the neoplastic group. However, the imaging
quality of the intracavernous component was substantially
clearer with the use of the 3D CISS sequence in each case,
as shown in the figures. This is the first study to identify
pathological CNs in the cavernous sinus using the contrast-
enhanced 3D CISS sequence.

There are several reports of abnormal findings detected
in the cavernous sinus on MR or CT imaging studies (e.g.,
enlargement of the cavernous sinus by tumor invasion and
delayed enhancement of the cavernous sinus on dynamic
MR study in patients with Tolosa-Hunt syndrome) [9, 15—
17]. In cases of tumor invasion, CNs in the cavernous sinus
can be obscure on enhanced MR images [15, 16]. It has
also remained difficult to detect abnormal CNs using
conventional methods, even when dynamic studies are
included. Yagi et al. reported that contrast-enhanced 3D
CISS images depicted the intracavernous segments of
normal CNs IIIL, IV, V,, V,, and VI in 100%, 61%, 92%,
88%, and 96% of 76 subjects, respectively. Moreover, in a
comparative study of contrast-enhanced 3D CISS and
contrast-enhanced T1-weighted images, the former had a
significantly higher detection rate for all CNs except CN
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Fig. 6 Case 4 in the neoplastic group. A 76-year-old woman with
papillary carcinoma with neuropathy of left cranial nerve (CN) III. a
Contrast-enhanced coronal CISS MRI (11.8/5.9) shows the whole left
cavernous is poorly enhanced and CNs are obscured (white arrow-
head). The left cavernous sinus is enlarged. Right cavernous sinus is
normally enhanced and normal CNs III, IV, V,, V,, and VI are
detected (arrows). b Contrast-enhanced coronal T1-weighted MRI
with fat suppression (450/15) reveals enlarged left cavernous sinus
and lateral portion of the left cavernous sinus is slightly poorly
enhanced compared to the medial portion

III, which was detected at a rate of 100% by both imaging
modalities [14]. These high rates of detection could not
have been obtained with the use of any other currently
available methods.

The contrast-enhanced 3D CISS MRI has already been
shown to be clinically useful in patients with aneurysms [18].
Hirai et al. applied this method to differentiate between
paraclinoid and cavernous sinus aneurysms of the internal
carotid artery. Differentiation between paraclinoid and
cavernous sinus aneurysms is critical when considering
treatment options. Paraclinoid carotid aneurysms pose a risk
of subarachnoid hemorrhage and may therefore be consid-
ered for treatment. On the other hand, cavernous sinus
anewrysms pose little or no risk of hemorrthage and are
usually followed noninvasively in asymptomatic patients.
The results of the Hirai et al. study showed that contrast-
enhanced 3D CISS imaging yielded clear visualization of the
carotid artery in the cavernous sinus and at the boundary
between the CSF and cavernous sinus. They concluded that
this imaging technique was helpful for distinguishing
between paraclinoid and cavernous sinus aneurysms.

There are infectious as well as noninfectious types of
inflammatory disease of the cavernous sinuses. Infectious
diseases are usually caused by bacterial or fungal infections

@_ Springer

such as actinomycosis, rhinocerebral mucormycosis, and
aspergillosis and can be complications of sinusitis [1].
Tolosa-Hunt syndrome is a well-known noninfectious
inflammatory disease of the cavernous sinus. It is character-
ized by painful ophthalmoplegia due to nonspecific granu-
lomatous inflammation in the cavernous sinus, superior
orbital fissure, or orbital apex. Several reports have described
the MR characteristics of abnormal tissue in the cavernous
sinus in Tolosa-Hunt syndrome [2—11]. These characteristics
include enlargement of the cavernous sinus with abnormal
intensity and marked enhancement [3-8]. Haque et al.
reported observing small areas of slow, gradual enhancement
from the early to late phase on dynamic imaging [9]. We
detected CN enlargement and enhancement in four out of
five cases of Tolosa-Hunt syndrome. This is the first report
of the detection of such CN abnormalities in patients with
this condition (Figs. 2 and 3). Figure 4 also represented the
usefulness of contrast-enhanced CISS to detect the disease
involvement area as poorly enhanced findings along the
superior and lateral margin of the cavernous sinus and it
made obscure left CNs. Although CN itself was not detected
as abnormal in this study, we can speculate that fungal
infection invaded to the left cavernous sinus and caused left
cranial neuropathy.

Of six neoplastic cases, nerve enlargement was observed
in only one patient (case 3) with adenoid cystic carcinoma.
In the other five cases, no abnormal CNs were detected
because the CN itself was obscured due to the tumor mass
effect or tumoral involvement (Fig. 6). Adenoid cystic
carcinoma is known to exhibit infiltrative perineural spread.
These pathological findings were clearly demonstrated by
contrast-enhanced CISS MRI (see Fig. 5).

There are some limitations in this study. First, the
detectability of cavernous sinus CNs was not 100% in the
controls, with the exception of CN III. A particularly low rate
of detection of CN IV was obtained [14]. Second, in many
neoplastic cases, CNs were obscured and could not be
identified. In those cases, it was difficult to differentiate
between true pathological involvement and simply a tight
attachment without pathological involvement. Third, we
compared contrast-enhanced 3D CISS images to conven-
tional 2D contrast-enhanced T1-weighted images in all but
one case. The reconstructed section thickness was 0.7 mm on
3D CISS, but it was 3 mm on 2D Tl-weighted images,
which would cause a disadvantage to the latter method.
However, the reason for the selection of 2D T1-weighted
images for comparison was that almost all previous MR
studies focusing on cavernous sinus disease have employed
conventional contrast-enhanced 2D T1-weighted images
with 3-mm thickness, and thus it is important to emphasize
that contrast-enhanced 3D CISS images were superior to the
previous method which was considered as a golden standard.
Fourth, this study was a retrospective study; therefore, the
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sequence of T1-weighted images after injection was slightly
different, such as conventional 2D T1-weighted images with
or without fat suppression or 3D Tl-weigted images
(FLASH). This study definitely showed the usefulness of
contrast-enhanced 3D CISS images, but comparative T1-
weighted sequences should have been unified.

Conclusions

Contrast-enhanced 3D CISS MRI provided clear images of CN
abnormalities in the cavernous sinuses that have not been
shown previously in vivo. This method was therefore shown to
be superior to conventional contrast-enhanced T1-weighted
images for the detection of abnormal CNs in both inflammatory
and neoplastic conditions. We recommend contrast-enhanced
3D CISS MRI for the evaluation of diseases of the cavernous
sinus.
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