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Dynamic CT of the Laterosellar
Extradural Venous Spaces

We evaluated the ability of dynamic CT scanning to accurately demonstrate the
laterosellar extradural venous spaces. Careful examination of 680 consecutive patients
with this technique has permitted us to describe four main venous groups: the veins of
the lateral wall (present in 98% of cases), the vein of the inferolateral group located
beneath cranial nerve VI (present in 92% of cases), the medial vein located between
the internal carotid artery and the pituitary gland (present in 20-30% of cases), and the
vein of the carotid sulcus located between the intracavernous internal carotid artery and
the lateral wall of the sphenoid bone (present in 65% of cases). The vein of the carotid
sulcus is absent only when the internal carotid artery lies close to the sphenoid bone.
In 12 patients with suspected cavernous sinus invasion, dynamic CT scanning demon-
strated obliteration of the vein of the carotid sulcus. In five patients with huge tumors of
the temporal region, dynamic CT scanning of the cavernous sinus permitted demonstra-
tion of normal laterosellar extradural venous spaces, thus permitting exclusion of
intracavernous sinus invasion.

We believe dynamic CT is the imaging technique best suited for studying the latero-
sellar extradural venous spaces. Its spatial resolution and dynamic capacity make it
superior to MR, and it should be the first procedure when invasion of the cavernous
sinus by a pituitary tumor is suspected.

There is controversy and confusion about the exact nature of the parasellar
venous spaces. The classical description is of a blood-filled, trabeculated channel
completely surrounding the internal carotid artery; other theories maintain that the
plexus is composed of various-sized veins [1-12]. Dynamic CT scanning is able to
clarify the anatomy in this area. In the case of a cavernous sinus tumor, such as
cavernous sinus invasion by pituitary adenoma, the evaluation of the laterosellar
veins can be used in diagnosis. We report our results in the examination of the
cavernous sinuses with dynamic CT scanning in 680 patients.

Materials and Methods

Since January 1982, 2200 patients with suspected pituitary lesions have been examined
by dynamic CT scanning to demonstrate the pituitary tuft and pituitary enhancement [13,
14]. The last 680 of these patients have been specifically examined for demonstration of the
cavernous sinus. All dynamic scans of the cavernous sinus were obtained on a GE CT/T
9800 scanner. The patients were placed in the prone position with the head hyperextended.
A preinfusion coronal CT scan at the midsellar level was obtained first. In 25 patients, the
dynamic coronal CT scan was correlated with the dynamic axial scan at the sellar level.
Eighty millileters of 32% iodinated contrast medium (25 g iodine) pushed with 30 ml of saline
solution were mechanically injected at 15 ml/sec through a 16-gauge needle in an arm vein.
Dynamic coronal CT scans were obtained during and just after injection (Fig. 1). A section
thickness of 1.5 mm and scan time of 2 sec were used at 200 mA and 120 kVp. The first
three cuts after the bolus were reconstructed with a special algorithm for bone detail and
displayed in the black bone mode (Fig. 2). The maximum surface dose for eight scans is
approximately 20 rad (0.2 Gy).
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Results

Visualization of laterosellar veins was obtained in all pa-
tients; however, it was considered poor in 10 patients be-
cause of either cardiac failure or technical problems. There-
fore, in 670 patients, opacification of the parasellar venous
plexus was considered good or excellent.
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Fig. 1.—Pre- and postinjection intervals between scans. Each scan is
represented by black bar.
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Normal

Optimal enhancement of the laterosellar veins occurs 5 sec
after optimal enhancement of the internal carotid artery. Ten
seconds later, the cavernous sinus appears homogeneous,
and individualization of the laterosellar veins is not possible
because of delayed enhancement of the tiny venous network
surrounding the intracavernous internal carotid artery, the
intracavernous cranial nerves, and the large laterosellar veins
described below. Laterosellar veins are always asymmetric in
size and location, while the intracavernous cranial nerves are
symmetric. True venous cavernous sinus—that is, a large
blood-filled channel extending from the lateral wall of the
cavernous sinus to its medial aspect and totally surrounding
the intracavernous internal carotid artery and intracavernous
cranial nerves—was seen in only four patients (Fig. 3). In all
other patients, the laterosellar veins could be divided into five
groups: (1) the veins of the lateral wall of the cavernous sinus
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Fig. 2.—Coronal dynamic CT study for demonstrating laterosellar extradural venous spaces. Slices are reconstructed with special algorithm for bone
detail. Then, image contrast is reversed. Optimal enhancement of venous spaces occurs 5 sec after visualization of internal carotid arteries. 1 =
intracavernous internal carotid artery; 2 = veins of lateral wall of cavernous sinus; 3 = H-like inferolateral venous group; 4 = abducens nerve (VI); 5 =
ophthalmic nerve (V,).

Fig. 3.—Sequential dynamic CT scans. On left, opacification of “true” cavernous sinus surrounds superior, lateral, and inferior aspects of intracavernous
internal carotid artery. Detail of intracavernous cranial nerves is exquisite (arrows).
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(98%), (2) the inferolateral venous group (92%), (3) the vein
of the carotid sulcus (65%), (4) the medial vein (20-30%), and
(5) the pericarotid plexus (Fig. 4).

Veins of the lateral wall of the cavernous sinus.—The
prevalence of these veins is quite constant but they vary in
shape and size. In coronal section, these veins generally
appear as small and either round, oval, or—more rarely—
linear vascular structures partially delineating the lateral wall
of the cavernous sinus (Fig. 5). Intracavernous cranial nerves,
although in contact with the veins of the lateral wall, do not
imprint on the veins.

Inferolateral venous group.—This quite constant venous
group (92%) has been described by Daniels et al. [15]. In
coronal section, the inferolateral venous group is demon-
strated below the intracavernous carotid artery and abducens
nerve, which consequently is well demonstrated (Figs. 2 and
6). In axial section, the sagittal orientation of these veins is
clearly seen. This group of veins is frequently close to the
veins of the lateral wall laterally and to the vein of the carotid
sulcus superiorly (Figs. 6-9). The inferolateral venous group
is usually bilateral but asymmetric.

Vein of the carotid sulcus.—This vein is located between
the intracavernous internal carotid artery and the carotid
sulcus of the sphenoid bone (Figs. 6 and 7). The vein of the
carotid sulcus can communicate freely with the inferolateral
venous group inferiorly and the medial vein superiorly (Fig. 8).
When there is a deep carotid sulcus on the lateral wall of the
sphenoid bone, the vein of the carotid sulcus is absent or
very thin; when thin, the vein is seen later (e.g., 10 sec after
optimal enhancement of the internal carotid artery). The vein
of the carotid sulcus is absent in those 35% of cases in which

Fig. 5.—Linear vein of lateral wall of cavern-
ous sinus on left (arrow). Note imprint of oculo-
motor nerve (small arrowhead) and ophthalmic
nerve (large arrowhead).
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Fig. 6.—Large bilateral veins of carotid sulcus
communicate with inferolateral venous group. On
right, abducens nerve is well delineated (arrow).

Fig. 4.—Schematic drawing of different patterns of laterosellar extra-
dural venous spaces.

1, True cavernous sinus.

2, Veins of lateral wall of cavernous sinus.

3, Vein of carotid sulcus, situated between intracavernous internal
carotid artery and sphenoid bone.

4, Absence of vein of carotid sulcus, when intracavernous internal
carotid artery is in close contact with sphenoid bone.

5, Inferolaterai venous group delineating abducens nerve (VI) and
ophthalmic nerve (V).

6, Medial vein situated between intracavernous internal carotid artery
and pituitary gland.

7, Pericarotid plexus.

8, Inferior intercavernous sinus.
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Fig. 7.—Asymmetry of venous opacification
of cavernous sinuses. On right, large vein of
carotid sulcus (arrow). On left, poorly en-
hanced cavernous sinus is represented by tiny
inferolateral venous group (large arrowhead)
and veins of lateral wall (small arrowhead).
Carotid sulcus vein is absent because left in-
tracavernous internal carotid artery is in close
contact with sphenoid bone.
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A B

Fig. 10.—Intracavernous pericarotid plexus (arrows) shows delayed enhancement relative to
other laterosellar veins (arrowheads). This is due to very small size of veins of pericarotid plexus.
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Fig. 8.—A, Thin, symmetric medial veins bilat-
erally (arrows).

B, Thick, symmetric veins (arrowheads) bilat-
erally communicate freely with vein of carotid sul-
cus and inferolateral venous group.

Fig. 9.—A, Prominent bilateral medial veins (ar-
rows).

B, Associated small width of sellar floor (as
anatomic variant) gives rise to narrow pituitary
fossa with resulting upper bulging of pituitary
gland.

Fig. 11.—Coronal dynamic CT scan at level of
anterior clinoid processes (open arrow) shows
anterior intercavernous sinus (short solid arrow)
with its lateral attachments (long solid arrow), vein
of lateral wall (small arrowhead), inferolateral ve-
nous group (large arrowhead), and oculomotor
nerve (lll).
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the internal carotid artery lies close to the lateral wall of the
sphenoid sinus; that is, when there is no space between
internal carotid artery and sphenoid bone. In all other anatomic
situations the vein of the carotid sulcus normally is present.

Medial vein.—The medial vein appears on coronal and axial
sections as a linear or comma-shaped structure delineating
the border between the cavernous sinus and pituitary fossa
(Fig. 8). A well-enhanced large vein is present uni- or bilaterally
in 20% of cases between the intracavernous internal carotid
artery and the pituitary gland; smaller and less enhanced
medial veins can be demonstrated in 30% of cases. In rare
cases, prominent bilateral medial veins can narrow the pitui-
tary fossa width, giving rise to an upward bulging of the
pituitary upper border (Fig. 9).

Pericarotid plexus.—Visualization of the pericarotid plexus
is rare in the early venous phase. At this time, a thin lucent-
free space surrounding the internal carotid artery can be
present, corresponding to the internal carotid artery wall and
the nonenhanced pericarotid plexus. Enhancement of the
pericarotid plexus is delayed in relation to the other laterosellar
veins. When present, the pericarotid plexus is thin and gen-
erally incompletely surrounds the internal carotid artery me-
dially or laterally. In a few cases, the pericarotid plexus
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completely surrounds the intracavernous internal carotid ar-
tery (Fig. 10).

Intercavernous connections [16].—In our series, the ante-
rior intercavernous sinus was rarely seen because of the
midsellar level chosen for coronal dynamic CT. When dynamic
CT is performed at the tuberculum sellae level, the anterior
intercavernous sinus can be visible either completely, as a
dense band extending from right to left (Fig. 11), or, more
frequently, incompletely, due to its semicircular shape. In
other cases, only flared lateral extremities of the anterior
intercavernous sinus are demonstrated.

The inferior intercavernous sinus is demonstrated only
when large enough, and it is seen as an enhanced band
doubling the sellar floor. In some cases, the inferior intercav-
ernous sinus is large enough to push the pituitary gland
upward, resulting in a convex upper surface of the pituitary
gland (Fig. 12). Demonstration of a prominent inferior inter-
cavernous sinus can be of interest to the neurosurgeon when
transsphenoidal surgery is considered.

The posterior intercavernous sinus is very small anatomi-
cally and we have not seen it radiologically.

The basilar plexus, located behind the dorsum sellae, is
usually well seen in axial section.

Fig. 12.—Thick inferior intercavernous sinus
(arrows) just above and in contact with sellar floor. '
Slight upward displacement of pituitary capillary

bed (arrowhead).

TABLE 1: Routine vs Dynamic CT in the Evaluation of Intracavernous Invasion by Pituitary Adenoma

Tumor Type: Case No. Age Gender Routine CT: Cavernous Sinus Dynamic CT: Carotid Sulcus Vein
Nonsecreting:
1 64 M Questionable on left Not seen on left
Prolactin-secreting:
2 48 M Abnormal on right Not seen on right
3 32 M Abnormal bilaterally Not seen bilaterally
4 48 F Normal Not seen on right
5 30 F Abnormal on left Not seen on left
Growth-hormone-secreting:
6 32 M Normal Not seen on left
i 52 E Questionable on left Not seen on left
8 31 F Questionable on left Not seen on left
Growth-hormone- and prolactin-
secreting:
9 39 F Normal Not seen on right
10 37 M Abnormal bilaterally Not seen bilaterally
11 55 M Questionable bilaterally Not seen bilaterally
Follicle-stimulating-hormone-
secreting:
12 73 M Abnormal bilaterally Not seen bilaterally
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Pathology

Invasion of the cavernous sinus by pituitary adenoma was
diagnosed with dynamic CT in 12 patients (Table 1). There
were one nonsecreting, one follicle-stimulating-hormone-se-
creting, four prolactin-secreting, three growth-hormone-se-
creting, and three mixed adenomas. Of the 12 patients, seven
had undergone surgery previously or had been treated med-
ically with bromocriptine. In five of the 12 patients, invasion
of the cavernous sinus was highly suspected on the conven-
tional CT scan when it showed bulging of the lateral wall. In
seven patients, conventional CT was negative or equivocal
for cavernous sinus invasion while dynamic CT was diagnos-
tic.

The veins of the lateral wall of the cavernous sinus and the
inferolateral venous group were situated too far from the

AJNR:10, May/June 1989

pituitary fossa and were of no help in the diagnosis of cavern-
ous sinus invasion. The medial vein, representing the true
lateral border of the pituitary fossa, was never demonstrated,
and because the medial vein is present in only 20-30% of
normal cases, this finding was not of diagnostic value. We
considered the vein of the carotid sulcus the most useful
landmark. In all 12 patients the internal carotid artery was
located some distance from the sphenoid sinus and the vein
of the carotid sulcus was obliterated (Figs. 13 and 14). These
findings constitute our earliest sign of cavernous sinus inva-
sion. In the five patients in whom the cavernous sinus was
bulging on the routine CT scan, dynamic CT demonstrated
an absent carotid sulcus vein. There were no false-negative
results. Surgical proof of cavernous sinus invasion was ob-
tained in only two patients. In all other patients, only indirect
proof, such as persistent abnormal hormone levels, has been

Fig. 13.—Persistent elevation of growth hormone level 6 months after surgery in 31-year-old acromegalic woman (case 8).

A, Routine coronal CT scan. Questionable bulging of lateral wall of cavernous sinus.

B and C, Dynamic CT study of cavernous sinus shows obliteration of right carotid sulcus vein confirming cavernous sinus invasion (arrowhead). Note
bowed vein of wall of cavernous sinus (arrow).

d

Fig. 14.—Amenorrhea-galactorrhea and hyperprolactinemia in 48-year-old woman treated with bromocriptine for 3 years (case 4).
A, Conventional coronal CT scan shows poorly delineated left adenoma (arrows).
B and C, Dynamic CT study of cavernous sinus. Absence of carotid sulcus vein indicates cavernous sinus involvement. Cavernous sinus is well

enhanced on left.
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obtained, despite complete removal of intrasellar tumoral
content.

In five patients with meningiomas of the sphenoidal region,
dynamic CT scanning permitted us to exclude cavernous
sinus invasion by demonstrating a normal enhanced lateral
wall of the cavernous sinus and normal laterosellar extradural
venous spaces (Fig. 15).

Discussion

Dynamic CT scanning can routinely demonstrate the para-
sellar extradural venous spaces, the so-called cavernous
sinus; and the same examination shows exquisitely the intra-
cavernous cranial nerves as filling defects. There is still some
controversy in the anatomic literature concerning the exact
nature of the laterosellar veins. Some authors postulate that
the cavernous sinus is a large channel completely surrounding
the internal carotid artery. Others contend that the cavernous
sinus is constituted of various-sized veins. Our study has
demonstrated that the true cavernous sinus, that is, a large
channel totally surrounding the internal carotid artery, is en-
countered in less than 1% of cases. In all other cases, the
cavernous sinus is formed by numerous small veins, which
can be listed as (1) the veins of the lateral wall, (2) the veins
of the inferolateral group, (3) the medial vein, and (4) the vein
of the carotid sulcus. The intercavernous connections can
also be identified by this technique.

We postulated that since the laterosellar veins are easily
demonstrated by dynamic CT and their walls are depressible,
this technique could be used for demonstrating cavernous
sinus invasion by pituitary tumors. Demonstrating such an
invasion remains an important challenge that can modify the
medical or surgical management of pituitary tumors. The ideal
landmark for demonstrating cavernous sinus invasion would
be the thin band of dura separating the pituitary gland from
the cavernous sinus. Unfortunately, this barrier currently can-
not be demonstrated routinely with either CT or MR. Careful
study of the laterosellar veins now represents the best ap-
proach to determine cavernous sinus involvement.

Fig. 15.—Huge meningioma of right anterior
clinoid process.

A, Routine coronal CT scan. Large suprasellar
and laterosellar extension of tumor.

B, Dynamic CT scan of cavernous sinus. Visu-
alization of laterosellar extradural venous
spaces (arrows) surrounding intracavernous in-
ternal carotid artery permits exclusion of cavern-
ous sinus invasion.
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The veins of the lateral wall of the cavernous sinus and the
veins of the inferolateral group are located too far from the
pituitary gland to be affected early by cavernous sinus involve-
ment. The medial veins, situated between the pituitary gland
and the internal carotid artery, are visualized inconsistently;
when seen bilaterally they are of help in excluding cavernous
sinus invasion. The vein of the carotid sulcus is the best
radiologic landmark. This vein is more constant and is absent
only when the internal carotid artery is close to the lateral wall
of the sphenoid bone. Nondemonstration of the vein of the
cavernous sinus in the presence of an internal carotid artery
located at some distance from the sphenoid bone constitutes
our best sign of early cavernous sinus invasion. Conversely,
normal laterosellar extradural veins permit us to exclude
cavernous sinus involvement when there is a large regional
tumor, such as a large meningioma of the anterior clinoid
process. Opacification of laterosellar veins on one side can
be asymmetric in relation to the other side, and the late
venous phase has to be examined carefully before confirming
venous obliteration.

We routinely obtain dynamic coronal CT scans of the
cavernous sinus at the midsellar level, that is, at the level
chosen for demonstration of the pituitary tuft. In some cases,
we have added to this examination other more anterior or
posterior coronal sections or an axial dynamic CT scan, but
these complementary examinations have rarely brought new
information of diagnostic value. Today MR is considered by
numerous authors to be the best way to demonstrate cavern-
ous sinus invasion [17, 18]. For these authors, encasement
of the internal carotid artery as demonstrated on MR is the
best sign of cavernous sinus invasion. We believe that dy-
namic CT scanning is more sensitive in demonstrating the
laterosellar extradural venous spaces, whose obliteration oc-
curs before encasement of the intracavernous internal carotid
artery. Owing to its better spatial resolution and dynamic
capacity, CT currently is more effective than MR in demon-
strating the laterosellar veins routinely. For this reason, we
believe dynamic CT has to be considered first in the evalua-
tion of suspected early cavernous sinus invasion by pituitary
tumors.
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