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A detailed evaluation of the MR appearance of the pituitary gland-cavernous sinus 
junction has not been described. In a series of coronal T1-weighted spin echo images 
without and with IV gadolinium, we noted the variable size and signal intensity of 
cavernous venous spaces adjacent to the pituitary gland and the inconsistent visuali
zation of the dural membrane just lateral to the gland. 

Correlation of coronal T1-weighted spin echo and gradient recalled echo images (the 
laHer with high-signal-intensity vascular structures) proved to be an effective means of 
identifying cavernous venous spaces, connective tissue and cranial nerves, and the 
lateral margins of the pituitary gland, and of differentiating tumor tissue from cavernous 
venous spaces. Further work is needed to develop criteria to distinguish cavernous 
sinus compression from actual tumor invasion. 

Certain features of the MR appearance of the normal and abnormal cavernous 
sinus have been described [1 , 2]. Masses in the cavernous sinus can be detected 
reliably if they enlarge the sinus, displace or distort the cavernous internal carotid 
artery, or obliterate Meckel's cave [1]. However, subtle extension of a sellar tumor 
to the sinus may be difficult to detect because of the similar signal intensity of 
tumor and cavernous tissues. To establish a basis by which to detect tumor 
extension, we set out to determine the MR appearance of the normal pituitary 
gland-cavernous sinus junction. We further speculated that gradient recalled echo 
(GRE) images showing high-signal-intensity vascular structures (e.g., cavernous 
venous spaces) should prove useful for identifying tumors invading the cavernous 
sinus. 

Materials and Methods 

Photographs obtained from a prior study of coronal cryomicrotomic sections of the sella 
and parasellar regions of four fresh frozen cadaver heads were evaluated [1 , 3]. The cavernous 
venous spaces and connective tissue and the dural membrane at the pituitary gland
cavernous sinus junction were identified by using published anatomic, CT, and MR studies 
[2 , 4-8]. 

Coronal T1-weighted spin echo (SE) images of the sella in 25 patients who had MR studies 
for temporal bone evaluation, and in nine patients who had studies without and with IV 
gadolinium for nonsellar cranial disease were evaluated. The technique for gadolinium 
administration has been described [9]. In addition , coronal T1-weighted SE and GRE images 
of the sella in five normal volunteers and in three patients with surgically verified tumors (two 
with parasellar meningiomas, one with a pituitary adenoma) were obtained . One of the 
patients with a meningioma also had MR with IV gadolinium. 

The volunteers and patients were studied with a 1.5-T GE Signa system. Initially, a quick 
sagittal T1-weighted image was used for localization . Then coronal images were obtained 
perpendicular to the orbitomeatal line. 

For T1 -weighted SE images, technical factors were 500-600/20-25/2 (TR rangefTE range/ 
excitations) , 128 x 256 or 256 x 256 matrixes, 20-cm field of view , and 3-mm-thick contiguous 
sections. For T1 -weighted GRE images, technical factors were 100/15/4 , 256 x 256 matri x, 
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flip angle of 90° , 20-cm field of view, flow compensation , and 3-mm
thick slices . 

The MR images of the volunteers and patients were correlated 
with the cryomicrotomic sections to identify cavernous venous 
spaces and the dural membranes at the lateral margins of the pituitary 
gland. The sigQal intensity of these structures relative to that of the 
pituitary gland or cerebral tissue was determined, as was their 
frequency in MR images. 

Results and Discussion 

The dural and venous structures of the cavernous sinus 
and foraminal vascularity have been described [4, 5, 10]. 
Separating the cavernous sinus from the pituitary fossa is a 
vertical dural membrane that is contiguous with the dia
phragma sellae and the superior dural and inferior periosteal 
walls of the cavernous sinus [5]. 

The appearance of the cavernous venous spaces has been 
expertly determined in a series of dynamic CT studies [4]. 
The venous spaces include (a) a constant large space infer
olateral to the horizontal portion of the cavernous carotid 
artery, (b) a space often asymmetric and inconsistently seen 
just medial to the artery, and (c) a space between the artery 
and the sphenoid bone (i.e., vein of the carotid sulcus) that is 
seen when the artery does not contact the sphenoid bone. 
Cranial nerves have a constant relationship to the carotid 
artery and inferolateral venous space, with cranial nerves III 
and IV located superolateral to the artery and cranial nerves 
V1 and VI superolateral to and cranial nerve V2 inferior to this 
space [1 , 6]. 

Foramen ovale vascularity is variable [10]. In addition to 
cranial nerve V3 , the foramen ovale contains an emissary 
sinus at its anteromedial aspect that connects the cavernous 
sinus and pterygoid plexus, an accessory meningeal branch 
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of the internal maxillary artery sometimes present at the 
foramen 's anterolateral aspect, and a middle meningeal vein 
rarely present posteriorly. 

In coronal cryomicrotomic sections , the dural membrane 
between the pituitary gland and cavernous sinus appeared 
thin and gently curving (Fig. 1). In one specimen, cavernous 
connective tissue was noted lateral to the membrane (Fig. 1). 
The cavernous venous spaces had a variable appearance 
from side to side and from specimen to specimen, which in 
part may have been due to postmortem changes (Fig. 1). In 
all specimens, venous spaces inferolateral to the cavernous 
internal carotid artery were present, but in one specimen, 
asymmetry of these spaces and connective tissue adjacent 
to cranial nerves V1 and VI were seen (Fig. 1). 

Fig. 1,-Pituitary gland (P)-cavernous sinus junction in a coronal ana
tomic section. A dural membrane (curved arrows) is shown just lateral to 
p , Note asymmetric venous spaces just medial (1) and inferolateral (3) to 
cavernous carotid artery (A) and between artery and sphenoid bone (2), 
Cranial nerves III and IV superolateral to A and cranial nerves Vl and VI 
inferolateral to A are shown. At lower part of cavernous sinus, cranial 
nerve V2 is identified below large venous space (3). Note connective tissue 
(wide arrows) at medial aspect of cavernous sinus and associated with 
cranial nerves Vl and VI. 

c 
Fig. 2.-A-C, Variations in appearance of pituitary gland-cavernous sinus junction are shown in coronal Tl-weighted spin echo images from different 

subjects. Cavernous venous spaces (straight arrows) are less intense and more intense than pituitary gland (P) in A and B, respectively. In C, no venous 
space medial to cavernous carotid arteries (A) is identified. These arteries have negligible signal. In B, dural membranes appear as thin dark bands 
(curved arrows), which define the medial margins of cavernous sinuses. 
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Fig. 3.-A and B, Two examples of enhancing 
pituitary glands and cavernous sinuses in coro
nal T1-weighted spin echo images after IV gad
olinium administration. Dural membranes defin
ing pituitary gland (P)-cavernous sinus junction 
are shown as dark bands (curved arrows) in A 
but are not visualized in B. (A = cavernous ca
rotid artery.) 

A 

A review of coronal T1-weighted SE images in 25 patients 
without sellar disease showed variability in the signal intensity 
and amount of tissue between the pituitary gland and the 
cavernous carotid artery, and, inferomedial to the artery, in 
the same patient and from patient to patient (Fig. 2). The 
tissue was bilaterally slightly less intense (in four patients) or 
more intense (in five patients) than the pituitary gland, not 
identifiable (in nine patients), or asymmetric in appearance 
from side to side (in seven patients). Such tissue was sub
sequently proved to be cavernous venous spaces by using 
GRE images (see below). A thin dark band that correlated 
with the dural membrane between pituitary gland and cavern
ous sinus was only seen bilaterally in five patients and unilat
erally in three patients (Fig. 2). The band was usually seen 
when tissue lateral to it was more intense than the pituitary 
gland. 

A review of gadolinium-enhanced MR images in nine pa
tients without sellar disease showed enhancement of venous 
spaces that was virtually the same as (four patients) or more 
intense than (five patients) the pituitary gland (Fig. 3). The 
dark band corresponding to the dural membrane lateral to the 
gland was only shown bilaterally in two patients and unilat
erally in two patients (Fig . 3). 

Correlation of T1-weighted SE and GRE images showed 
that in the latter, cavernous venous spaces and carotid arter
ies had high signal intensity while cavernous neural and 
connective tissue did not (Fig. 4). The variable signal intensity 
of cavernous venous spaces (i.e., greater or less than that of 
the pituitary gland) in SE images is attributable to different 
venous flow rates . Venous spaces inferolateral to the carotid 
arteries were consistently seen , but these spaces and those 
medial and inferomedial to the arteries varied in size from side 
to side. In GRE images, cavernous tissue isointense with 
cerebral gray matter correlated with cranial nerves III and IV 
together superolateral to the carotid artery, with cranial nerves 
V1 and VI together inferolateral to the carotid artery, and with 
cranial nerve V2 just below the inferolateral venous space 
(Fig. 4). Small amounts of connective tissue adjacent to the 
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nerves probably were present in some cases. In SE images, 
most cavernous venous spaces and cranial nerves were 
isointense and could not be differentiated. 

Fat in the dorsum sellae and connective tissue adjacent to 
the pituitary gland, hyperintense and hypointense with respect 
to the pituitary gland in SE images, were isointense with gray 
matter in GRE images (Fig. 4). In the GRE images, the middle 
meningeal arteries in and above the foramen spinosum, and 
blood vessels in the foramen ovale were seen (the latter in 
only two VOlunteers). 

Correlation of T1-weighted SE and GRE images helped 
differentiate tumor from cavernous venous spaces, the latter 
having high signal intensity in the GRE images. In two pa
tients, cavernous meningiomas deformed the ipsilateral ca
rotid arteries but one did not have high signal intensity, 
probably because of abnormal flow (Fig. 5). In one patient a 
pituitary macroadenoma extended laterally to the carotid ar
tery but did not obliterate a venous space below the artery 
(Fig. 6). 

In conclusion, the appearance of the cavernous sinus
pituitary gland margin shows considerable variability in T1-
weighted SE images without and with gadolinium DTPA. The 
dural membrane demarcating the lateral extent of the pituitary 
gland is not conSistently shown. Correlating T1-weighted SE 
and GRE images proves to be a reliable technique for dem
onstrating the lateral margins of the pituitary gland and the 
cavernous venous spaces. Only with GRE images can these 
spaces be differentiated from cavernous cranial nerves and 
connective tissue. Dynamic CT can be used to identify cav
ernous venous spaces, but evaluation of multiple levels would 
require several IV bolus injections of contrast agent and 
radiation exposure. GRE images can be used to distinguish 
sellar and parasellar tumor from cavernous venous spaces. 
However, further work is needed with GRE images to deter
mine the prevalence of specific venous spaces, the factors 
that affect the signal intensity of vascular structures , and the 
criteria to differentiate cavernous sinus invasion from 
compression. 
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Fig. S.-A and B, Parasellar meningioma 
(large arrows) in coronal T1-weighted spin echo 
(A) and gradient recalled echo (B) images. The 
tumor is less intense than and nearly isotense 
with pituitary gland (P) in A and B, respectively. 
In B, the encased carotid artery (small arrows) 
has negligible signal attributable to abnormal 
blood flow. However, the proximal ipsilateral and 
contralateral carotid arteries (A) have high signal 
intensity. 
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Fig. S.-A and 8, Pituitary adenoma (long 
arrow) in coronal T1-weighted spin echo (A) and 
gradient recalled echo (8) images. The tumor 
extends laterally (short arrow) but does not de
form cavernous internal carotid artery (A) or ob
literate the high-intensity venous space (curved 
arrow, 8). 
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Fig. 4.-A-H, Progressively more anterior coronal T1-weighted spin echo images (A, C, E, G) and 
respectively corresponding gradient recalled echo images (8, D, F, H) of sellar area. In the most 
posterior gradient recalled echo image (8), vertical portions of cavernous internal carotid arteries 
(A), a vein in the basilar plexus (arrow), and the middle meningeal artery (MM) in the foramen 
spinosum have high signal intensity. In A, these arteries have negligible signal and the vein in the 
basilar plexus (arrow) could be mistaken for high-intensity fat. (M = Meckel's cave.) In more anterior 
sections (C and D) demonstrated in the foramen ova Ie are cranial nerve V3 and a high-intensity 
lateral blood vessel (wide arrow) in C and D, respectively. The signal intensity of fatty marrow (F) is 
high in C and low in D. In slightly more anterior sections (E and F) , the horizontal portions of cavernous 
internal carotid arteries (A) are demonstrated. Noted in the foramen ovale are cranial nerve V3 in E 
and a high-intensity medial blood vessel probably representing an emissary sinus (wide arrow) in F. 
In the most anterior sections (G and H), cavernous sinus contents are better shown in H than in G. 
In H, high-intensity cavernous venous spaces (arrows) and carotid arteries marginate the pituitary 
gland (P) and cranial nerves III and IV superolateral to the arteries and cranial nerves V1 and VI 
inferolateral to the arteries. Some connective tissue may be adjacent to these cranial nerves. Cranial 
nerves V1 and VI are shown just above a prominent venous space. 

A 
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