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Clinical efficacy of MR imaging for demonstrating the normal and
abnormal cavernous sinus (CS) was evaluated. Six normal CS and six CS
invaded by pituitary adenomas were studied witha 0.5 T MR scanner using
T 1-weighted SE sequences. Furthermore, all normal CS and one invaded
CS were studied with gadolinium (Gd)-DTPA. The internal carotid artery
(ICA) was shown as low intensity and not enhanced with Gd-DTPA.
Venous flow in the CS could be divided into two compartments, i.e., rapid
and slow flows. Both flows were demonstrated as lower intensity: than the
white matter and higher than ICA. Slow flow was markedly enhanced with
Gd-DTPA, but rapid flow was enhanced to a lesser degree than the slow.
Invasion of the CS was demonstrated as follows: the engulfment of the ICA
by the tumor; lack of relatively low intensity of venous flow; the extension of
the tumor to the lateral wall of the CS; and the marked displacement of the
ICA. MR imaging was useful for the recognition of the blood flows and the
tumor invasion in the CS.

Introduction

Recent advances in magnetic resonance (MR) imaging have brought a new
era in diagnostic neuroradiology. Most advantages are due to lack of
ionizing radiation, high contrast resolution, lack of artifacts from the
adjacent bony structures, and multiplanar imaging capabilities. Pituitary
adenomas are readily diagnosed with MR imaging since it enables the
recognition of the suprasellar extension of the tumors and visual pathways
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which are difficult to visualize with X-ray computed tomo graphy (CT)[2,7,
9, 11]. The recognition of a tumor invasion of the cavernous sinus (CS) still
remains as a diagnostic problem even' with high resolution X-ray CT with
contrast media. Here, normal CS and CS invaded by pituitary adenomas
were studied and visualization of the CS was described and the clinical
efficacy of MR for CS pathology was discussed.

Patients and methods

Six brain tumor patients (group A), who had a normal CS clinically and
radiologically, and six pituitary adenoma patients (group B), 4 of whom
were operated on and diagnosed histopathologically and 2 of whom were
diagnosed clinically and radiologically, underwent MR examinations. In

Table 1. Case Summary

Group A: Normal cavernous sinus

Case no. Age Sex Diagnosis
1 35 M Occipital glioma
2 50 M Frontal glioma
3 34 M Frontal glioma
4 35 F Falx meningioma
5 20 F * Parietal cavernoma
6 48 F Frontal metastasis

Group B: Cavernous sinus invaded by pituitary adenomas

Case Age Sex Producing CS invasion Operation CS invasion
no. hormone on MRI confirmed
7 54 M non R—- L+ + R? L?
8 55 M non R? L+ + R? L?
9 63 M non R+ L- - - -
10 79 F non R+ L- - - -
11 24 F GH R? L+ + R—-— L+
12 37 F PRL R+ L- + R+ L-

CS cavernous sinus. In cases 7 and 8, CS were not explored
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group B, in two pituitary adenoma cases (cases 11 and 12), CS invasion by
pituitary adenomas was confirmed by surgery and in the remaining 4 cases
CS invasion was diagnosed clinically and/or radiologically. The case
summary is presented in Table 1. The MR scanner was a 0.5 T supercon-
ductive MR system (Picker International, Cleveland, OH). T 1-weighted
spin echo (SE) sequences, i.e., SE 600-1,000/40 (repetition time/echo time,
msec) were used. Slice thickness was 1.0cm and coronal images were
obtained. The data collection matrix was 256 by 256 and averaging was
carried out once. In all patients in group A and in case 11 in group B, the CS
was examined by intravenous administration of gadolinium-
diethylenetriamine pentaacetic acid (Gd-DTPA) in a dose of 0.1 mmol/kg.
MR signal intensity is expressed as intensity relative to the normal white
matter.

Results

Normal CS images

Arterial flow in the internal carotid artery (ICA) (Fig.1) was always
demonstrated as low signal intensity on both plain and enhanced images
with Gd-DTPA. Venous canals were recognized as two compartments.
Both compartments showed lower signal intensity than the normal white
matter and higher than the ICA. However, one was enhanced markedly
with Gd-DTPA and the other was enhanced to a lesser degree. Although
neural structures in the CS were not always visualized, enhanced images
with Gd-DTPA were superior than nonenhanced images for the demon-
stration of neural structures in the CS. '

Images of CS invaded by pituitary adenomas

Pituitary adenomas showed isointensity or slightly high intensity compared
with the normal white matter (Figs.2, 3, 4, 5). CS invasion by pituitary
adenomas was demonstrated as follows: the engulfment of the ICA by the
tumor; lack of relatively low signal intensity of venous flow; the éxtension of
the tumor to the lateral wall of the CS; and the marked displacement of the
ICA. In case 11, the pituitary adenoma was enhanced heterogeneously with
Gd-DTPA and the tumor invading the CS was also enhanced.

Discussion

In MR imaging of the normal CS, arterial flow in the ICA usually shows low
or negligible signal intensity due to the high velocity of the blood flow [10]
unless the flow velocity is low due to stenosis or obliteration of the ICA.
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Angiographically, there are two ways to demonstrate the venous canals
in the CS. One is carotid angiography and the other venography. Asregards
venography, there are two methods, i.e., orbital venography and jugular
venography. It is of great interest that opacification of venous canals in the
CS is different between the venous phase of carotid angiography and
venography. Visualized venous canals in the CS are always larger in
venography than in carotid angiography. We think that there are princi-
pally two kinds of venous flows in the CS, i.e., rapid flow and slow flow. In
the venous phase of carotid angiography, only rapid venous flow is
visualized and slow flow in scarcely visualized. However, in venography
both rapid and slow flows are visualized. This is the reason why there are
differences regarding sizes of opacified venous canals between carotid
angiography and venography.

In MR images, these two venous flows showed relatively low signal
intensities, which were dependent on their flow velocities and imaging
parameters (pulse sequences, repetition times, and echo times). They were
easily recognized as relatively low intensity on T 1-weighted SE images.
However, they were not absolutely low or of negligible intensity like an
arterial flow in the ICA since they were enhanced by the flow-related
enhancement (paradoxical enhancement) [3, 10] even without Gd-DTPA.
Gd-DTPA has the property of reducing the relaxation times (T 1 and T 2) of
surrounding protons due to proton relaxation enhancement [4, 14]. Its
enhancement effect on images is very similar to that of iodinated contrast
enhancement in X-ray CT. Venous, flows imaged with Gd-DTPA show
various signal intensities due to the combination of flow-related enhance-
ment and proton relaxation enhancement. Slow venous flow was always
enhanced with Gd-DTPA due to these two enhancement mechanisms, while
rapid venous flow was enhanced to a lesser degree than slow flow.

Pituitary adenomas showed isointensity or sightly high intensity in
comparison to the normal white matter and were enhanced with Gd-DTPA.
Slow venous flow showed lower intensity than those of pituitary adenomas.
Intracavernous nerve structures were not identified probably due to the
thickness of the image slices, so visualization of neural structures in the CS
was poor and is not discussed extensively in this paper. Gd-DTPA enhanced
the pituitary glands, stalks, and venous flows in the CS, but did not enhance
the optic chiasm and nerves in the CS. Gd-DTPA could facilitate
demonstrating venous flows and nerve structures in the CS.

It is difficult to diagnose invasion of the CS by pituitary adenomas
definitely at present. In order to evaluate CS pathology with X-ray CT, the
CS is studied with high resolution, thin-section, and direct coronal
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Fig.2. A 54-year-old male with nonfunctioning pituitary adenoma (case 7).
a Enhanced CT demonstrates the high density of internal carotid arteries (arrows).
Bulging of the left cavernous sinus may be noted (arrowheads). bT 1-weighted SE
image. Left carotid artery (straight arrow) is displaced infero-laterally and engulfed
by the tumor. The tumor extends to the lateral wall of the cavernous sinus
(arrowheads). Relatively low intensity of venous flow (curved arrow) is noted on
the right side and it is not observed on the left side due to the invasion of the tumor

techniques, in which intravenous bolus and/or continuous administration
of iodinated contrast media is mandatory [6, 8, 12, 13]. With these
techniques, the CS is markedly enhanced and pituitary adenomas usually
show slightly less enhancement than the CS. Invasion of pituitary adenomas
into the CS was demonstrated in X-ray CT as follows: CS expansion; visible
encasement of the ICA; intracavernous cranial nerve compression, ob-
literation, or displacement; invasion of the lateral wall of the CS,-and diffuse

Fig. 1. Normal cavernous sinus in an occipital glioma patient (case 1). a Enhanced
CT can not demonstrate internal carotid arteries. b Arterial phase of the left carotid
angiography. Arrowheads indicate internal carotid artery. ¢ Venous phase of the
left carotid angiography. Arrowheads indicate rapid venous flow in the cavernous
sinus. d T l-weighted SE image without Gd-DTPA. Carotid arteries are clearly
demonstrated as a low intensity area (straight arrows) and rapid venous flow is
demonstrated just medial to the left internal carotid artery (arrowhead) in the
cavernous sinus as a slightly low intensity area. The relatively low signal intensity of
slow venous flows by may noted (curved arrows). e T 1-weighted SE image with Gd-
DTPA. Slow venous flows are markedly enhanced (curved arrows), whereas fast
venous flow (arrowhead) shows lower signal intensity than slow venous flow
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Fig.3. A 55-year-old male with nonfunctioning pituitary adenoma (case 8).

T 1-weighted SE image. The internal carotid artery (arrows) is markedly dlsplaced

superiorly and the tumor extends to the lateral wall of the cavernous sinus
(arrowheads)

bone destruction [1]. However, it is sometimes difficult to diagnose the
invasion of pituitary adenomas into the CS and it is impossible to
differentiate rapid and slow flows in the CS with X-ray CT even w1th the
above-mentioned techniques.

To obtain coronal images, MR imaging can be performed with the neck
of the patient in the neutral position. This is a great advantage over X-ray
CT. Although Daniels etal. [5] demonstrated good MR images of the
normal CS, there has not been an extensive description of CS invasion by
pituitary adenomas so far. CS invasion by pituitary adenomas is strongly
suggested by the following findings: the engulfment of the ICA by the
tumor; lack of relatively low signal intensity of venous flow on T 1-weighted
SE images; the extension of the tumor to the lateral wall of the CS; and
marked displacement of the ICA. These findings help us to recognize CS
invasion by pituitary adenomas.

In conclusion, MR imaging is useful for the recognition of tumor
invasion of the CS as well as for the demonstration of the relationships
between the visual pathways and the tumor, and suprasellar extension of the
tumor. MR imaging can give us a lot of information for the determination
of the appropriate therapy for pituitary adenomas.
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Fig.4. A 24-year-old female with human growth hormone producing pituitary
adenoma (case 11). a Enhanced CT demonstrates the bulging of the left cavernous
it is difficult to differentiate internal carotid arteries

sinus (arrowheads). However, 1
from the tumor. b T 1-weighted SE image without Gd-DTPA. Internal carotid

arteries are clearly demonstrated as low intensity area (arrows). The left internal

carotid artery is markedly displaced laterally and engulfed by the tumor. The tumor

extends to the left lateral wall of the cavernous sinus (arrowhead). ¢ T 1-weighted
SE image with Gd-DTPA. The tumor is enhanced with Gd-DTPA
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Fig.5. A 37-year-old female with prolactinoma (case 12). T 1-weighted SE image. :
The tumor extends to the right lateral wall of the cavernous sinus (arrow) and

engulfs the right internal carotid artery, which is displaced laterally. Lack of

relatively low intensity of venous flow is noted on the right side
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