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Variations of the Superficial Middle Cerebral Vein:
Classification Using Three-dimensional CT Angiography

Yasuhiro Suzuki and Kiyoshi Matsumoto

BACKGROUND AND PURPOSE: Classification of variations of the superficial middle cere-
bral vein (SMCV) remains ambiguous. We propose a new classification system based on em-
bryologic development for preoperative examination.

METHODS: Three-dimensional CT angiography was used to evaluate 500 SMCVs (in 250
patients). The outflow vessels from the SMCV were classified into seven types on the basis of
embryologic development. The 3D CT angiograms in axial stereoscopic and oblique views and
multiple intensity projection images were evaluated by the same neurosurgeon on two occa-
sions. Inconsistent interpretations were regarded as equivocal.

RESULTS: Three-dimensional CT angiography clearly depicted the SMCV running along
the lesser wing or the middle cranial fossa. However, the outflow vessel could not be confirmed
as the sphenoparietal, cavernous, or emissary type in 39 (8%) of the sides. SMCVs running in
the middle cranial fossa to join the transverse sinus or superior petrosal sinus were accurately
identified. SMCVs were present in 456 sides: 62% entered the sphenoparietal sinus or the
cavernous sinus and 12% joined the emissary vein. Nine vessels were the superior petrosal
type, 10 the basal type, 12 the squamosal type, and 44 the undeveloped type.

CONCLUSION: Three-dimensional CT angiography can depict the vessels and their anatom-
ic relationship to the bone structure, allowing identification of the SMCV variant in individual
patients. Preoperative planning for skull base surgery requires such information to reduce the
invasiveness of the procedure. With the use of our classification system, 3D CT angiography
can provide exact and practical information concerning the SMCV.

The superficial middle cerebral vein (SMCV) usu-
ally runs downward and forward along the sylvian
fissure and flows into the sphenoparietal sinus or
directly into the cavernous sinus (1–3). However,
there are several common variations. The termi-
nology, assumptions, and classification of such
variations differ widely, and definitions remain
confusing.

Information concerning the location and outflow
point of the SMCV and its anatomic relationship to
the bone structure is important in the preoperative
planning of skull base surgery. However, such in-
formation is not easy to obtain by many of the cur-
rent methods of investigation. In this study, we
used 3D CT angiography to analyze the character-
istics of SMCVs and classified the variations into
seven types on the basis of embryologic anatomy.
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Methods
Two hundred fifty patients were included in the study, 132

men and 118 women, aged 28 to 85 years (mean age, 63
years). All patients were examined at our hospital between
September 1996 and May 1999 for assessment of cerebrovas-
cular disease, brain tumor, or abnormal findings identified at
routine screening for cerebrovascular or other intracranial dis-
ease. No patient had edema or midline shift on CT scans or
had undergone an operation.

Three-dimensional CT angiography was initiated 35 seconds
after the start of intravenous administration of nonionizing
contrast material, injected at a rate of 3 mL/s for 40 seconds,
for a total volume of 120 mL. The x-ray tube potential and
current were 120 kV and 175 mA, respectively. The sections
were 2 mm thick, the table speed was 1.3 mm/s, and the scan-
ning time was 1 second. Although a section thickness of 1 mm
provides better quality images than a thickness of 2 mm, it is
limited in the vertical direction owing to the table transfer.
Therefore, we used a thickness of 2 mm and a table transfer
range of 6 cm for optimum clarity. We used the shaded surface
rendering method for 3D reconstruction with a threshold of
150 to 250 HU. Axial stereoscopic and oblique scans in the
bilateral anterior or posterior directions were reconstructed.
The 3D CT angiograms were evaluated by the same neurosur-
geon on two separate occasions. In cases of inconsistent inter-
pretations, the result was regarded as equivocal.

Variations among the SMCVs in the 500 sides of the 250
patients were classified according to alterations occurring dur-
ing venous development in the embryo, as described on the
following page (Fig 1).
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FIG 1. Classification of the superficial sylvian venous drainage pathways. 1, Sphenoparietal type: the SMCV enters the sphenoparietal
sinus and runs along the lesser wing of the sphenoid bone to enter the cavernous sinus. 2, Cavernous type: the SMCV directly enters
the anterior end of the cavernous sinus. 3, Emissary type: the SMCV courses along the lesser wing, turns inferiorly to reach the floor
of the middle cranial fossa, joins the sphenoidal emissary veins, and passes through the floor to reach the pterygoid plexus. 4, Superior
petrosal type: the SMCV runs along the lesser wing and just before reaching the cavernous sinus, turns downward along the anterior
inner wall of the middle cranial fossa, then runs along its floor medially to the foramen ovale to join the superior petrosal sinus. 5, Basal
type: the SMCV runs along the lesser wing, turns downward along the anterior wall of the middle cranial fossa, then runs along its floor
laterally to the foramen ovale over the petrous pyramid, presumably to join the transverse sinus through the lateral tentorial sinus or
superior petrosal sinus. 6, Squamosal type: the SMCV fails to turn medially to join the sinus along the lesser wing, and instead turns
directly backward along the inner aspect of the temporal squama and runs posteriorly to join the transverse sinus or lateral tentorial
sinus. 7, Undeveloped type: the SMCV is absent, and the superficial sylvian drainage is through a large channel that extends forward,
upward, upward and backward, or downward and backward into the superior sagittal sinus or transverse sinus.

Table 1: Distribution of drainage veins from the superficial sylvian
area by 3D CT angiography

Drainage Type No. (%)

1. Sphenoparietal
2. Cavernous
3. Emissary
4. Superior petrosal
5. Basal
6. Squamosal
7. Undeveloped
1. or 2. or 3.a

Combinedb

271 (54)
36 (7)
62 (12)
9 (2)

10 (2)
12 (2)
44 (9)
39 (8)
17 (3)

a Cases in which it was impossible to confirm the inflow point as
the sphenoparietal sinus, cavernous sinus, or emissary veins.

b Cases in which multiple drainage pathways were present.

1. Sphenoparietal type: The SMCV enters the dura and runs
along the lesser wing of the sphenoid bone (lesser wing) to
enter the cavernous sinus. The dural portion of this channel
along the lesser wing is frequently referred to as the spheno-
parietal sinus.

2. Cavernous type: The SMCV enters the anterior end of
the cavernous sinus directly.

3. Emissary type: The SMCV courses along the lesser wing,
turns inferiorly to reach the floor of the middle cranial fossa,
then joins the sphenoidal emissary veins and passes through
the floor to reach the pterygoid plexus.

4. Superior petrosal type: The SMCV runs along the lesser
wing, turns downward posteriorly along the anterior inner du-
ral wall of the middle cranial fossa just before reaching the
cavernous sinus, then runs along its floor medially to the fo-
ramen ovale and just lateral to the cavernous sinus and joins
the superior petrosal sinus.

5. Basal type: The SMCV runs along the sylvian fissure,
turns downward posteriorly along the anterior wall of the mid-
dle cranial fossa, then runs along its floor lateral to the foramen
ovale to join the transverse sinus through the lateral tentorial
sinus or superior petrosal sinus.

6. Squamosal type: The SMCV does not turn medially to
join the sinus along the lesser wing on reaching the pterion,
but turns directly backward along the inner aspect of the tem-
poral squama and runs posteriorly to join the transverse sinus
or the lateral tentorial sinus.

7. Undeveloped type: The SMCV is absent, and the venous
drainage of the superficial sylvian area is through a large chan-
nel that extends forward, upward, upward and backward, or
downward and backward into the superior sagittal sinus or the
transverse sinus.

The restricted exploration area prevented inspection of the
upward drainage system. Consequently, cases in which the
SMCV could not be identified around the skull base area were
included in the undeveloped type.

Results
Table 1 summarizes the distribution of each

drainage type among our patients. Three-dimen-
sional CT angiography clearly depicted the course
of the SMCV running along the lesser wing or the
middle cranial fossa. However, the outflow vessel
could not be confirmed as the sphenoparietal, cav-
ernous, or emissary types in 39 (8%) of the sides.
The course and outflow point of the SMCV flowing
into other cortical veins or running through the
middle cranial fossa to join the transverse sinus or
superior petrosal sinus could be accurately identi-
fied. The SMCV was present in 456 sides, and en-
tered the cavernous sinus or sphenoparietal sinus in
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FIG 2. Variations of the superficial sylvian venous drainage pathway revealed by 3D CT angiography.
A, Axial view. The SMCV enters the sphenoparietal sinus (arrow).
B, Axial view. The SMCV directly enters the anterior end of the cavernous sinus (arrows).
C–F, Axial stereo and oblique views. The right SMCV courses along the lesser wing, turns inferiorly to reach the floor of the middle

cranial fossa, and enters the foramen ovale (open arrows). This vein anastomoses with the cavernous sinus through the paracavernous
sinus (arrowhead). The left SMCV turns downward along the anterior wall of the middle cranial fossa, then runs along its base laterally
to the foramen ovale over the petrous pyramid, presumably to join the transverse sinus at the sigmoidal angle (closed arrows).

G–J, Axial stereo and oblique views. The SMCV turns medially into the sinus of the lesser wing, and before reaching the cavernous
sinus turns downward along the anterior inner wall of the middle cranial fossa and runs posteriorly to join the superior petrosal sinus
(arrows).

K and L, Axial stereo views. The SMCV turns downward along the anterior wall of the middle cranial fossa at the lesser wing and
then runs along its floor laterally to the foramen ovale to drain into the transverse sinus (arrows).

M, Axial view. The SMCV turns directly backward along the inner aspect of the temporal squama and runs posteriorly to join the
transverse sinus (arrows).

N, Axial view. The SMCV is absent, and the sylvian drainage area is taken over by a superficial temporal vein, which extends downward
and backward into the lateral tentorial sinus (arrows).

O, Axial view. The remnant of the tentorial sinus originates from the cavernous sinus, runs beyond the petrous pyramid, and enters
the lateral tentorial sinus. Note the anastomosis between the anterior end of the cavernous sinus and the basal vein of Rosenthal
(arrowheads).

L, left; R, right; A, anterior; P, posterior.
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FIG 2. Continued.

62% of the sides (Fig 2A and B), joining the em-
issary veins in 12% (Fig 2C–F). The superior pe-
trosal type was present in nine sides (Fig 2G), the
basal type in 10 sides (Fig 2C–F, K, and L), the
squamosal type in 12 sides (Fig 2M), and the un-
developed type in 44 sides (Fig 2N).

Three-dimensional CT angiography could also
depict the remnant of the tentorial sinus, originating
from the cavernous sinus, running beyond the pet-
rous pyramid, and entering the lateral tentorial si-
nus (Fig 2).

Discussion
Adult venous patterns develop in the head region

during the first three months of prenatal life, but
the remnants of the embryonic tentorial sinus pre-
serve a different drainage pattern for a little while
after birth (4, 5). Two embryologic sinuses partic-
ipate in the formation of the SMCV, the tentorial
sinus, and the prootic sinus. The tentorial sinus can
be identified by the 20-mm stage of embryonic de-
velopment. Subsequent growth of the posterior ce-
rebral hemisphere causes the tentorial sinus to elon-
gate posteriorly, and the anterior portion is shifted
medially (Fig 3A). The SMCV drains through the
tentorial sinus into the transverse sinus rather than
into the cavernous sinus during prenatal life and

early infancy. The prootic sinus develops from the
stem of the middle dural plexus by the 17- to 20-
mm stage of development and is involved in the
formation of the dura of the middle cranial fossa
and the diploic vein (6, 7). The prootic sinus con-
tributes to the cavernous sinus, the sphenoparietal
sinus (3, 5), the meningeal sinus (eg, the emissary
veins around the foramen ovale) (5, 8), and the
anterior parietal temporal diploic veins in the 3-
month-old embryo (Fig 3B). The superior orbital
vein, which at first enters the prootic sinus, joins
the cavernous sinus in the adult.

Two secondary intradural anastomoses involving
the cavernous sinus have generally developed be-
fore the adult stage: one is between the tentorial
sinus and the anterior end of the cavernous sinus
(Fig 3C, arrow), whereas the caudal part of the ten-
torial sinus, which drains into the transverse sinus,
has dwindled, and the other is between the cavern-
ous sinus and the superior petrosal sinus (Fig 3C,
triangle) (5). The former anastomosis is located be-
tween the sinus originating from the tentorial sinus
and the sinus from the prootic sinus.

A secondary anastomosis between the cavernous
sinus and the tentorial sinus is less likely to occur
when the tentorial sinus is located more laterally
(5). This depends on the position of the tentorial
sinus in the middle cranial fossa (ie, a more medial



AJNR: 21, May 2000936 SUZUKI

FIG 3. Developmental stages of the basal cranial veins (after Padget).
A, 60-mm stage of embryologic development. The transverse sinus has swung backward on the sigmoid sinus and receives the

elongated tentorial sinus. A lateral tributary of the prootic sinus, which primarily receives the middle meningeal sinus, is continuous with
the definitive petrosquamosal sinus. The tentorial sinus becomes plexiform caudally as it is shifted toward the sigmoid sinus. The
ophthalmic veins primarily drain laterally through the prootic sinus, and secondarily drain medially through the cavernous sinus and
inferior petrosal sinus.

B, Typical infant stage. The SMCV still drains through the tentorial sinus, which has a variable position. The superior petrosal sinus
has not yet joined the cavernous sinus.

C, Typical adult stage. Note the secondary anastomoses between the cavernous sinus and sphenoparietal sinus, derived from the
prootic sinus (arrow), and between the cavernous sinus and superior petrosal sinus (arrowhead). The typical lateral wing of the cavernous
sinus, just below the mandibular nerve root, is a remnant of the prootic sinus and extends to the foramen ovale and emissary veins.
The petrosquamosal sinus and remnant of the prootic sinus draining the dura and bone become diploic in the adult, when the middle
meningeal sinuses drain through the foramen ovale and sigmoid sinus.

1, SMCV; 2, superior orbital vein; 3, transverse sinus; 4, embryonic tentorial sinus; 5, prootic sinus; 6, sigmoid sinus; 7, superior
sagittal sinus; 8, cavernous sinus and inferior petrosal sinus; 9, superior petrosal sinus; 10, petrosquamosal sinus; 11, sphenoparietal
sinus; 12, emissary venous drainage; 13, middle meningeal sinus.

location is more likely to form anastomoses with
the cavernous sinus). Therefore, the adult SMCV
variation is based on the relative development of
the anastomoses between the pathway from the
SMCV through the tentorial to the transverse sinus
and the pathway from the cavernous sinus to the
pterygoid plexus to the superior or inferior petrosal
sinus.

The lateral wall of the cavernous sinus is usually
composed of two layers of dura mater (9–13). In
one study, a venous channel was present between
these layers in 24% of specimens (14). This chan-
nel connects with the SMCV and runs posteriorly
through the middle cranial fossa toward the ptery-
goid plexus, the transverse sinus, or the superior
petrosal sinus. The vascular channel and the two
layers of the lateral dural wall do not occur con-
comitantly. This channel pattern corresponds to the
description of the paracavernous sinus under the
term tentorial sinus (15). Presumably, this channel
protrudes laterally because of an incomplete anas-
tomosis between the cavernous sinus and the ten-
torial sinus. This structure of two layers is formed

from the complete anastomosis of these two
sinuses.

Our classification system includes seven varia-
tions of the SMCV. The cavernous type is the anas-
tomosis between the cavernous sinus and tentorial
sinus. The emissary type is that which connects the
tentorial sinus with the emissary vein stemming
from the prootic sinus, attributed to incomplete me-
dial transfer and partial persistence. The superior
petrosal type is the persistent remnant of the ten-
torial sinus and a possible anastomosis with the su-
perior petrosal sinus. The basal type is that in
which the tentorial sinus does not reach and anas-
tomose with the prootic sinus, and therefore has
developed compensatory vessels to drain the
SMCV. The squamosal type is that in which the
tentorial sinus is only slightly displaced medially
or laterally by the developing hemisphere toward
the temporal squama. Furthermore, there may be
continuance between the petrosquamosal sinus and
the tentorial sinus. The undeveloped type is the
form of compensatory surrounding veins, since the
tentorial sinus has dwindled without any anasto-
mosis with the prootic sinus.
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Table 2: Comparison of classification systems for variants of the
superficial middle cerebral vein

Drainage Type
Corresponding Previous
Terminology (Reference)

Sphenoparietal Sinus of the lesser wing of the
sphenoid (3)

Emissary Sphenobasal vein (15, 19–21)
Paracavernous sinus (3)
Lateral wing of the cavernous sinus

(22, 23)
Middle meningial sinus (3)
Accesory vein of Verga (3)

Superior petrosal Accessory sinus (20, 24)
Opthalmopetrosal sinus (3, 19)
Paracavernous sinus (20)

Basal Sphenotemporal sinus (24)
Tentorial sinus (5) (Note: this term

is different from the term embry-
onic tentorial sinus)

Sphenobasal vein variant (15)
Accessory sinus (3, 19)
Sphenopetrosal vein (25)

Squamosal Sphenopetrosal vein (15)
Paracavernous sinus (22, 23) Ophthalmopetrosal sinus (26)

Laterocavernous sinus (14)

Previous classifications of the SMCV have been
confusing and contradictory, without any basis in
embryology. In some cases, several terms have
been used to describe the same variant, and other
times the same term has been used to describe dif-
ferent variations. Table 2 lists the terms of our clas-
sification system and the corresponding previous
terminology. The confusion seems to have derived
from a poor knowledge of embryology, a limited
number of cadaveric specimens, inferior (low spa-
tial resolution) angiographic images, and a poor
comprehension of recent literature.

Three-dimensional CT angiography allows a va-
riety of possible manipulations of the images from
only one examination, high spatial resolution, and
simultaneous visualization and evaluation of ves-
sels and bone. However, in some cases, the sphen-
oparietal, cavernous, and emissary types of drain-
age were difficult to distinguish (16–18). This
problem may be solved by examining images ob-
tained in multiple directions and by limiting the
images to the cavernous area by making recon-
structions from thin-slice volume data. The supe-
rior petrosal, basal, and squamosal types of drain-
age were clearly differentiated. In addition, 3D CT
angiography delineated the course and locality of
veins that were previously obscure. In particular,
we found that the emissary type flows out through
the foramen ovale and the basal type runs laterally
to the foramen ovale from anterior to posterior.

For neurosurgeons, information about the loca-
tion of the SMCV along the floor of the middle
cranial fossa, the outflow vein, and its junction is
important for planning less invasive surgical ap-
proaches via the pterional, anterior temporal, sub-

temporal, or other routes. Hacker’s classification
(15) based on angiographic studies or examination
of cadavers cannot provide accurate information
about individual differences. In contrast, our clas-
sification, based on embryologic development and
3D CT angiographic evaluation, offers precise and
practical information. Preoperative 3D CT angiog-
raphy, by displaying multiple axial and oblique
views, is likely to be useful for showing the vessels
and their anatomic relationship to the bone struc-
ture as well as variations of the cranial venous
system.

Conclusion
The classification of SMCV variants into seven

types based on the changes seen during embryo-
logic development combined with 3D CT angio-
graphic evaluation can help identify and categorize
the SMCV and its anatomic relationship to the mid-
dle cranial fossa bone structure in individual
patients.
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