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Veins of the posterior fossa
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Anatomy of the cerebellum and brainstem
Anatomy of the veins of the posterior fossa

Superior or galenic draining group
Superior cerebellar tributaries

Precentral cerebellar vein
Superior vermian vein
Superior hemispheric veins

Mesencephalic tributaries
Posterior mesencephalic vein
Anterior pontomesencephalic vein
Lateral mesencephalic vein
Quadrigeminal (tectal) veins

Anterior or petrosal draining group
Tributaries related to the anterior aspect of the

brainstem

Longitudinally running veins
Transversely running veins

Tributaries related to the wing of the precentral
cerebellar fissure

Tributaries related to the cerebellar hemisphere
Anterior lateral marginal vein
Vein of great horizontal fissure of cerebellum
Hemispheric veins

Tributaries related to the cerebellomedullary fissure
Retro-olivary (or lateral medullary) vein
Vein of restiform body
Medial tonsilIar veins

Tributary related to the posterolateral fissure (vein of
lateral recess of fourth ventricle)

Posterior or tentorial draining group
Tributaries related to the posterior cerebellar notch

Inferior vermian vein

Tributaries related to the cerebellar hemisphere
Superior hemispheric veins
Inferior hemispheric veins

Pathologic changes
Direct displacements and deformities

Midline space-occupying lesions
Prepontine space-occupying lesions
Brainstem space-occupying lesions
Fourth ventricle space-occupying lesions
Vermian space-occupying lesions
Retrovermian space-occupying lesions
Space-occupying lesions in the pineal region

Laterally located space-occupying lesions
Cerebellar hemispheric masses
Extra-rodal or extraparenchymal masses

Indirect displacements-tight posterior fossa and herniations
Anomalies

Abnormal patterns of circulation

According to Padget (1957) the most conspicuous
vein in the posterior fossa in an embryo of about 60
to 80 mm is the ventral metencephalic vein. This vein,
which drains the anterior aspect of the primitive brain-
stem and cerebellar plate, becomes the future petrosal
vein and superior petrosal sinus. The dorsal meten-
cephalic vein, on the other hand, appears somewhat
later than the ventral metencephalic vein and is less
conspicuous since the cerebellar plate has not yet de-
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veloped into the voluminous hemisphere at this stage.
This posterior group of veins drains the posterior por-
tion of the cerebellum and opens into the straight and
lateral sinuses via tentorial plexuses. Since the venous
drainage of the upper part of the cerebellum is usually
annexed to the galenic system and drains superiorly, the
posterior fossa venous system may most appropriately
be classified, on the basis of direction of drainage, into
the following three groups: (1) the superior or galenic
draining group, (2) the anterior or petrosal draining
group, and (3) the posterior or tentorial draining
group.
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Precentral cerebellar
fissure (wing)

Foramen of Magendie

Fig. 75-1. Diagram of the cerebellum showing the divisions of the vermis and the corre-
sponding hemispheric lobules and fissures. The vermian fissures (unlabeled) are medial ex-
tensions of the hemispheric fissures. The fissure between the centrallobule and culmen is the
preculminate fissure. The suprapyramidal fissure is the medial extension of the prebiventral
fissure and is also called the tuberopyramidal fissure. The infrapyramidal fissure is the medial
extension of the secondary fissure, whereas the uvulonodular fissure is the vermian portion
of the posterolateral fissure. The portion of the Rocculonodular lobe lateral to the nodulus
becomes thinned out at a later stage and forms the posterior medullary velum on either
side of the nodulus (Iarge arrowhead). The choroid fissure marks the location of the
choroid plexus.

ANATOMY OF THE CEREBELLUM
AND BRAINSTEM

Nomenclatures concerning cerebelIar divisions into
cerebelIar lobules by various fissures are numerous and
somewhat controversial even among neuroanatomists
(Schafer and Symington, 1908; Ingvar, 1918; Lange-
laan, 1919; Ziehen, 1934; Dow, 1942). To avoid
ambiguity, the terminology used in this chapter con-
cerning fissures and cerebelIar lobules is shown diagram-
maticalIy in Fig. 75-1.

Description of the veins of the posterior fossa re-
quires detailed knowledge of the surface anatomy of
the brainstem and cerebelIum (Fig. 75-2).*

The brainstem includes the mesencephalon, pons,
and medulIa oblongata. The mesencephalon is located

*For an explanation of abbreviations used in the figures in
this chapter, see end oí Chapter 74, pp. 2152 and 2153.

behind the diencephalon and consists of the paired
bases pedunculi, tegmentum, and tectum. On its an-
terior aspect is located the interpeduncular fossa, which
is borde red superiorly by the mammilIary bodies, pos-
teriorly by the posterior perforated substance, inferiorly
by the superior aspect of the pons, and late rally by the
medial aspect of the cerebral peduncle on each side.
The interpeduncular fossa is oblique, inclined anteriorly
in its upper portion, and deepest inferiorly where a
smalI midline depression, the superior foramen cecum,
is presento LateralIy the basis pedunculi is separated
from the tegmentum by the lateral mesencephalic sulcus
on each side, which extends inferiorly and posteriorly
to become the interbrachial sulcus. The pontomesen-
cephalic sulcus also joins the interbrachial sulcus pos-
teriorly. Rehind the tegmentum the tectum forms the
posterior part of the mesencephalon.
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Fig. 75-2. Diagram of the radiologically pertinent anatomic relations of the brainstem and
cerebellum. A, Lateral view. The anterosuperior margin of the cerebellum meets the
anterolateral margin at the anterior angle (behind and above the origin of the fifth nerve).
The anterolateral margin, on the other hand, meets the posterolateral margin at the lateral
angle (behind and below the knee of the lateral sinus). The lateral mesencephalic and
pontomesencephalic sulci fuse posteroinferiorIy to form the interbrachial sulcus. B, Medial
view, midsagittal section. The posterior superior recess of the fourth ventricle extends
posteriorly and inferiorIy beyond the fastigium. The medial ends of both anterosuperior
margins meet each other at the apex of the cerebellum-the highest point of the culmen.
Note that the course of the precentral cerebellar fissure is parallel to the lower end of the
aqueduct and the roof of the upper part of the fourth ventricle. e, Straight anteroposterior
view. The junction between the superior and inferior surfaces of the cerebellar hemisphere
extends anteriorIy from the anterior angle to the lateral angle. The quadrangular lip is a
portion of the quadrangular lobule below the anterolateral margino The great horizontal
fissure of the cerebellum runs between the superior semilunar lobule above and the infe-
rior semilunar lobule below. At the lateral border of the flocculus-paraflocculus complex,
the fissure changes its course and runs superiorIy, medially, and anteriorIy above the floc-
culus. The fissure between the flocculus-paraflocculus complex and the biventral lobule is
the floccular part of the posterolateral fissure. The supraolivary fossette is located above
and behind the olive and forms the medial part of the cerebellopontomedullary angle. The
medullary ridge of the biventral lobule is a fairly sharp vertical crest on the petrosal aspect
of the cerebellar hemisphere. This crest al so marks the anterior margin of the cerebello-
medullary fissure.

The pons has a shape of a potbelly convex from side
to side as well as from top to bottom. It is demarcated
superiorly by the pontomesencephalic sulcus; late rally
from the brachium pontis on each side by a shallow
groove, the lateral pontine sulcus; inferiorly by the
pontomedullary sulcus, which extends from the midline
inferior foramen cecum to the supraolivary fossette
(Poirier, 1921; Huang and Wolf, 1967; Huang et al.,
1968a). The supraolivary fossette of the medulla ob-
longata is located behind and above the olive and is

continuous inferiorly with the retro-olivary sulcus an-
terior to the ninth, tenth, and eleventh cranial nerves.
The medulla oblongata is widened superiorly. The resti-
form bodies diverge as they are traced upward. The cere-
bellopontomedullary regio n is, in reality, a solid angle
and is the area between the pons, cerebellum, and
medulla oblongata. The supraolivary fossette occupies
the medial and posterior portions of this angle whereas
the superficial membranous (or floccular) portion of
the lateral recess, together with the ninth and tenth
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nerves, forms the lateral wall of the angle. Superiorly the
angle is bordered by the undersurface of the brachium
pontis whereas inferiorly the angle opens into the an-
terior part of the cerebellomedullary fissure.

The cerebellum has a superior surface and an in-

ferior surface that are separated anteriorly and laterally
by the anterolateral margin and posteriorly and laterally
by the posterolateral margino The former margin is
related to the superior petrosal sinus whereas the latter
margin runs parallel to the transverse sinus. There is
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Fig. 75-2, cant'd. Far legend see p. 2157.
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Fig. 75.3. Diagrams of the cerebellum and brainstem showing the superior, anterior, and
posterior draining veins of the posterior fossa and related anatomic structures.

A, Lateral view. Covered portions of the veins are dashed. The right inferior vermian
vein and its tributaries are lightly shaded. The anterior aspect of the brainstem is out-
lined by the anterior pontomesencephalic, anterior medullary, and transverse pontine
veins. The apex of the hairpin course of the hemispheric tributary of the precentral cere-
bellar vein indicates the location of the anterosuperior margin of the cerebellum. The depth
of the wing of the precentral cerebellar fissure is indicated by the brachial tributary of the
petrosal vein. Inferiorly the median posterior spinal vein, vein of the restiform body, and
medial tonsillar tributary of the ve in of the lateral recess of the fourth ventricle outline the
posterior aspect of the lower brainstem. Posteriorly the inferior vermian and declival veins
unite to drain into the straight sinus some distance anterior to the torcular. Inferior hemi-
spheric veins run upward, crossing the posterolateral margin of the cerebellum to run onto
the superior surface of the cerebellar hemisphere. These veins then run medially and
receive one or two superior hemispheric tributaries to form a venous trunk that, in turn,
drains into the tentorial sinus and eventually opens into the lateral sinus or straight sinus.
Superior and inferior retrotonsillar tributaries of the inferior vermian ve in indicate the
posterior border of the cerebellar tonsil. Although the vein in the primary fissure may drain
into the supraculminate tributary of the superior vermian vein, more often it drains pos-
teriorly to join the declival vein.

another surface that faces the brainstem-the anterior

cerebellar notch. This can be divided into upper and
lower parts by the cerebelIar peduncles. The upper
part corresponds to the precentral cerebellar fissure and
its wings (Huang and Wolf, 1965, 1966), and the
lower part to the cerebellomedulIary fissure. The junc-
tion between the superior surface and the wings of the
precentral cerebellar fissure is the anterior superior mar-
gin, which runs roughly paralIel to the free margin of

Continued.

the tentorium. These margins meet superiorly and pos-
teriorly at the apex of the cerebelIum. Inferiorly they
diverge and become continuous with the anterolateral
margins at the anterior angles. These angles are located
slightly behind and above the emerging roots of the
trigeminal nerves from the pons. The lower part of
the anterior cerebelIar notch is the cerebelIomedullary
fissure (Hauge, 1954; Greitz and Sjogren, 1963; Huang
et al., 1969), which can be divided into the portion
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Fig. 75-3, cont'd. B, Semiaxial view. Covered portions of the veins are indicated by dashed
lines. The peduncular, anastomotic lateral mesencephalic, and precentral cerebellar veins out-
line portions of the anterior, lateral, and posterior aspects of the mesencephalon respectively.
Inferior dipping of the superior hemispheric tributary of the precentral cerebellar vein into
the precentral cerebellar fissure indicates the location of the anterosuperior margin of the
cerebellum. The location of the precentral cerebellar fissure and its wing is indicated by
brachial tributaries of the precentral cerebellar and petrosal veins. The supraculminate trib-
utary of the superior vermian vein indicates the location of the culmen and apex of the cere-
bellum. The superior hemispheric tributaries of the superior and anterior draining veins reveal
the shape and level of the superior surface of the cerebellum (the superior hemispheric
tributaries of the posterior draining veins are not illustrated). Multiple transverse pontine
veins outline the belly of the pons at different levels. The retro-olivary ve in and its superior
extension indicate the lateral border of the medulla oblongata and the site of the cerebello-
pontomedullary angle. The origin of the petrosal vein is in the region of the anterior angle
of the cerebellum (the stem of the petrosal ve in draining into the superior petrosal sinus is
not illustrated). Inferior hemispheric tributaries of anterior draining veins indicate the
petrosal aspect of the cerebellum. The peduncular portion (only partly illustrated) of the
vein of the lateral recess of the fourth ventricle also marks the location of the lateral recess
and cerebellopontomedullary angle.
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Fig. 75-3, cont'd. C, Submentovertex view. Different variations are shown on the two sides.
On the left (reader's right) the basal vein is typical. A complete anastomotic lateral mesen-
cephalic vein is presento The medulla oblongata has been removed to expose the medial
tonsillar vein and the peduncular segment of the vein of the lateral recess of the fourth
ventricle. Inferior and superior hemispheric veins unite on the superior surface of the cere-
bellar hemisphere to drain into a tentorial sinus that enters the lateral sinus. An anomalous
inferior vermian vein joins an inferior hemispheric vein. On the right side an independent
first segment of the basal vein joins the anterior pontomesencephalic vein, which, in tum,
drains via transverse pontine veins into the petrosal vein. Many veins join the petrosal vein,
which is located somewhat more medially than usual. Superior and inferior hemispheric
veins join the lateral sinus directly. The inferior vermian vein joins the straight sinus
through a short tentorial sinus.(C from Huang, Y. P., et al. In Newton, T. H., editor:
Symposium on recent advances in neuroradiology, Tokyo, 1974, Igaku Shoin, Ltd.)

Continued.
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Fig. 75.3, cont'd. D, Reverse Towne view. Portions of the cerebellar hemisphere have been
removed on the right side to expose the posterior aspect of the cerebellar tonsil and the copula
pyramidis, the connecting bar between the pyramid and the cerebellar hemisphere. On the
right side the superior and inferior retrotonsillar and medial and lateral tonsillar tributaries

unite to form the inferior vermian vein, which runs in the inferior paravermian sulcus and
eventually joins the straight sinus. It receives a declival vein, suprapyramidal vein, and
inferior hemispheric veins. On the left side retrotonsillar tributaries run posteriorly, supe-
riorly, and late rally into an inferior hemispheric vein. Note the angular course of the
superior retrotonsiJIar tributaries around the copula pyramidis.

......

C
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Fig. 75-4. For legend see opposite page.



that faces the lateral aspect of the medulla oblongata
(lateral medullary portion) and the portion that faces
the posterior aspect (posterior medullary portion). This
fissure is continuous posteriorly with the vallecula be-
tween the tonsils, and superiorly with the peduncular
and supratonsillar portions of the posterolateral fissure
(Huang and Wolf, 1967). Anteriorly it is continuous
with the lateral medullary cistern. The inferior surface
of the cerebellum consists of two portions-petrosal and
occipital. The petrosal portion is related to the medial
aspect of the petrous pyramid, whereas the occipital
portion is related to the occipital squama. No distinct
demarcation is present between these two portions. The
junction between the petrosal portion of the inferior
surface and the cerebellomedullary fissure or anterior
cerebellar notch is the medullary ridge of the biventral
lobule (Huang et al., 1968a). The posterior cerebellar
notch is a rather deep cleft between the medial (falcine)
aspects of the hemispheres. This cleft is continuous
anteroinferiorly with the vallecula and the retrotonsil-

lar, posterolateral, and cerebellomedullary fissures. The
internal occipital crest and cerebellar falx are lodged
in this notch.

ANATOMY OF THE VEINS OF THE
POSTERIOR FOSSA

Superior or galenic draining group (Greitz and Lind-
gren, 1961; Huang and Wolf, 1964b, 1965, 1966, 1967;
Bekov, 1965; Dilenge and David, 1967; Bradac et al.,
1969) (Figs. 75-3 to 75-11)

The superior or galenic draining group of veins may
be divided into those related to the superior part of the
cerebellum and those related to the mesencephalon.
Included in the superior cerebellar group are the pre-
central cerebellar vein, the superior vermian vein and
its culminate tributaries (preculminate, intraculminate,
and supraculminate), and the superior hemispheric
veins. When the precentral cerebellar vein and culmina te
group of veins form a single trunk, the vessel is desig-
nated the superior cerebellar vein. Included in the
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mesencephalic group are the posterior mesencephalic,
anterior and lateral pontomesencephalic, lateral mesen-
cephalic, and quadrigeminal veins.

Superior cerebellar tributaries

Precentral cerebellar vein. This vein originates in the
fissure between the lingula and central lobule of the
cerebellum (precentral cerebellar fissure proper) by
union of two brachial tributaries that lie in the wing of
the precentral cerebellar fissure between the brachium

conjunctivum and wing of the central lobule (Figs. 75-
6 and 75-7). The point of union of these brachial
tributaries is variable (from low in the depth of the
fissure to high in the quadrigeminal cistern) (Figs. 75-
9, A, 75-14, B, and 75-17). In an extreme case they
may drain independently into the internal cerebral vein
(Huang and Wolf, 1966). The precentral cerebellar vein
may be divided into three parts: the first (or fissural)
segment is located within the precentral cerebellar fis-
sure proper; the second (or anterior culminate) seg-
ment is located in front of the anterior superior aspect
of the culmen; and the third (terminal or cisternal)
segment lies above the level of the apex of the cere-
bellum (Figs. 75-4 to 75-6). The point of union and
the angle formed by the fissural and anterior culmina te
segments in the lateral view have been designated re-
spectively the colliculocentral point and colliculocentral
angle (Figs. 75-8, A, 75-9, 75-10, A, and 75-12, A).
The colliculocentral point is situated in the region
between the inferior border of the inferior colliculi

and the upper border of the central lobule. The

first segment of the vein runs behind and parallel
to the roof of the upper portion of the fourth ventricle.
Deformities and displacements of the first segment and
colliculocentral point therefore may be correlated with
changes in the aqueduct and upper part of the fourth
ventricle as seen on encephalograms. Normal distances
of the colliculocentral point from various structures are

shown in Fig. 75-4. Occasionally the parenchymal por-
tion of the precentral cerebellar vein may also be seen

T ext continued on p. 2170.

Fig. 75-4. Normal measurements of the colliculocentral point and copular point. The foot
(X') of a perpendicular dropped from the colliculocentral point (X) to the tuberculum-
torcular line (TT') approximately bisects the latter (Huang and Wolf, 1966). The
foot (Y') of a perpendicular dropped from the copular point (Y) to the line connecting the
anterior margin of the foramen magnum (F) and the torcular (T') is located within a
circle of 6 mm radius whose center is located 4 mm behind and below the midpoint of this
line (FT'), as measured in fifty presumably normal adult angiograms (Huang et al., 1969).
The distance between the colliculocentral point (X) and the anterior margin of the pons
(P), outlined by the pontine segment of the anterior pontomesencephalic vein, ranges from
29 to 36 mm with a mean of 32 mm, as measured in forty presumably normal adult cases.
The isthmus of the rhombencephalon is roughly represented by the minimal distance be-
tween the colliculocentral point (X) and the superior foramen cecum (Z) outlined by the
anterior pontomesencephalic vein. This distance (XZ) ranged from 18 to 23 mm, averaging
21 mm, as measured in forty normal adult angiograms. (From Huang, Y. P., et al.: Am.
J. Roentgenol. Radium Ther. Nucl. Med. 104:36-56, 1968.)
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Fig. 75.5. For legend see opposite page.
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Fig. 75-6. Normal precentral cerebellar vein, lateral view. The first (fissural), second
(anterior culmina te), and third (cisternal) segments of the precentral cerebellar vein and
the colliculocentral point can be identified. Afine quadrigeminal or tectal vein (arrowhead)
runs backward and upward to join the precentral cerebellar vein. An anastomotic lateral
mesencephalic vein shows dearly the supratentorial, mesencephalic, and infratentorial seg-
ments. The mesencephalic portion of the lateral mesencephalic vein indicates the border
between the basis and tegmentum of the cerebral pedunde. The inferior vermian vein and
its superior and inferior retrotonsillar tributaries outline the inferior paravermian sulcus and
retrotonsillar fissure. The copular point, in the course of the superior retrotonsillar tributary
around the copula pyramidis (*), is visible.

Fig. 75-5. Classic appearance of the normal precentral cerebellar vein. A, Lateral view.
The precentral cerebellar vein runs forward and upward in the precentral cerebellar
fissure between the lingula and the central lobule (segment l or fissural segment).
After emerging from the fissure, it turns upward and backward and runs in front of the
culmen (segment 2, or the anterior culminate segment). Gn leaving the superior vermis
it continues to run upward and enters the cistern of the vein of Galen, where it joins the
great vein of Galen (segment 3, or terminal segment). An obtuse angle, the colliculocentral
angle, is formed between the first and second segments of the vein. The apex of this angle,
the colliculocentral point (white dot), indicates the region between the inferior colliculi
and the upper part of the central lobule. The first segment and colliculocentral point of
the vein run parallel and posterior to the roof of the upper part of the fourth ventride.
The lateral anterior pontomesencephalic vein outlines the anterior aspect of a cerebral
pedunde and the pons. The course of the superior retrotonsillar vein is anomalous, running
backward and downward. After emerging from the posterior cerebellar notch, the vein
courses superiorly and laterally on the inferior surface of the cerebellar hemisphere to
join the lateral sinus. B, Towne view. The precentral cerebellar vein and its brachial tribu-
taries show a typical inverted y configuration. The superior retrotonsillar vein runs down-
ward and, after emerging from the posterior cerebellar notch, superiorly and laterally to
join the lateral sinus, following a short course within the tentorium.
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Fig. 75-7. Prominent precentral cerebellar and petrosal veins and their tributaries, semiaxial
projection. The precentral cerebellar vein and its brachial tributaries have an inverted Y
configuration. Anteroinferiorly the brachial tributaries of this vein continue into lateral
mesencephalic veins. The left posterior mesencephalic vein drains forward into the lateral
mesencephalic vein with the peduncular vein. The distance between the mesencephalic
segments of the anastomotic lateral mesencephalic veins indicates the width of the
tegmentum of the mesencephalon. The peduncular and posterior communicating veins
outline the anterior aspects of the bases pedunculi and interpeduncular fossa. Inferior
hemispheric veins outline the petrosal aspect of the cerebellum. Also visualized is the vein
of the lateral recess of the fourth ventricle (arrowheads) on the left, joining the stem of
the petrosal vein.

Fig. 75-8. Prominent superior cerebellar vein. A, Lateral view. Precentral cerebellar and
superior vermian (supraculminate) veins unite at some distance anterior to the apex of
the cerebellum to form a prominent superior cerebellar vein, which drains into the posterior
part of the vein of Galen. Note the colliculocentral point (white arrowhead). The brachial
tributary of the petrosal vein actually joins the precentral cerebellar vein at the colliculo-
central point. The anterior aspect of the pons is faintly outlined by a pontine vein that has
a bridging connection (white arrow) to the region in which the cavernous, superior, and
inferior petrosal sinuses join. The right inferior vermian vein runs in the inferior para-
vermian sulcus. The left inferior vermian vein runs at some distance behind the sulcus and
is joined by an inferior hemispheric vein. The common trunk drains into a tentorial sinus.
This sinus, in turn, joins the lateral sinus (refer to B). A suprapyramidal vein (black
arrowhead) can be identified. B, Semiaxial view. Superior cerebellar, precentral, and
superior vermian (supraculminate) veins are partly obscured by the torcular. Superior
hemispheric tributaries of the supraculminate vein run medially. Posteriorly the left inferior
vermian vein runs on the falcine aspect of the hemisphere and then turns laterally and
upward to reach the superior surface. It joins a large inferior hemispheric vein (white
arrow) and drains into a tentorial sinus. The right inferior vermian vein continues upward
to join the straight sinus but is obscured by overlapping vessels and sinuses. An inferior
hemispheric vein (black arrow) joins the inferior retrotonsillar vein at the level of the
copula pyramidis, creating a dense dot (white single arrowhead). The suprapyramidal
tributary (black arrowhead) of the inferior vermian vein and brachial tributaries (whitc
double arrowheads) of the precentral cerebellar vein are visible.
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Fig. 75.8. For legend seeopposite page.
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Fig. 75-9. Superior cerebellar, anastomotic lateral mesencephalic, and anterior ponto-
mesencephalic veins outlining the profile of the upper parts of the cerebellum and brain-
stem, lateral view (two cases). A, The antcrior pontomcsencephalic vein (black arrow-
heads) outlines the depth of the interpeduncular fossa and antcrosuperior aspect of
the pons. Several peduncular veins mark the anterior aspect of the cerebral peduncles.
The split precentral cerebellar and prc-, intra-, and supraculminate veins and the vcin of
the primary fissure (the last draining into the declival vein) demonstrate various portions of
the superior vermis. Note a prominent anastomotic channel bridging the supraculminate
and superior hemispheric veins. Thc anastomotic lateral mescncephalic vein marks thc
border between thc basis pedunculi and thc tcgmentum. Retrotonsillar tributaries of the
inferior vcrmian vein can also be identified. B, The preccntral cerebellar vein and prc-,
intra-, and supraculminate tributaries of the superior cerebellar vein outline, in effect,
various lobules of the superior vermis. The brachial tributary of the petrosal vein indicates
the anterosuperior aspect of the brachium pontis. Various segments of the anterior ponto-
mesencephalic vein outline the interpeduncular fossa, superior foramen cecum (black arrow-
head), and anterosuperior aspect of thc midline pons. Retrotonsillar and suprapyramidal
tributaries (white arrowheads) of the inferior vermian vein are also visible.
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Fig. 75.10. Atypical supraculminate vein and prominent petrosal vein. A, Lateral view.
The supraculminate vein is atypical and does not outline the apex of the cerebellum. The
precentral cerebellar vein is faintly visualized. In addition to a typical anastomotic lateral
mesencephalic vein, a more anteriorly located lateral pontomesencephalic vein is seen. It
runs on the lateral aspect of the basis pedunculi and joins the proximal portion of a rather
prominent vein of the great horizontal fissure (arrowheads). The inferior vermian vein is
tortuous. B, Towne view. The atypical supraculminate vein (black arrowheads) seen in
the lateral view is quite tortuous. On the left side, in addition to a lateral mesencephalic
vein, the lateral pontomesencephalic vein (white arrow) can be identified. A prominent
vein of the great horizontal fissure, receiving a superior hemispheric tributary, is also
visible. On the right side the brachial vein, anterior lateral marginal vein, and vein of the
lateral recess (white arrowheads) form the stem of the petrosal vein. Afine retro-olivary
vein (left) draining into the inferior petrosal sinus via a vagal vein can also be identified.

on angiography (parenchymal segment). It runs in the
substance of the hemisphere with the brachium conjunc-
tivum and joins the fissural segment of the vcin at the
bottom of the superior paravermian sulcus.

Superior vermian vein. In most striking form this vein
results from the union of several veins in the pre-
culminate and intraculminate fissures and on the su-

perior aspect of the culmen (Figs. 75-8 and 75-9). The
common stem then runs upward and backward to join
the posterior portion of the internal cerebral vein or
vein of Galen. Usually the superior vermian vein enters
the galenic system more anteriorly than does the precen-
tral cerebellar vein. The precentral cerebellar vein and

superior vermian vein may in some cases unite to form
a single stem, the superior cerebellar vein. When all
tributaries of the superior draining group are visualized,
the midsagittal section of the superior vermis is clearly
depicted on angiography (Fig. 75-9).

Superior hemispheric veins. Frequently the midline
supraculminate tributary of the superior vermian vein
is replaced by one or two more laterally located superior
hemispheric veins on each side. These veins run me-
dially, anteriorly, and superiorly and then dip into the
wing of the precentral fissure after crossing the anterior
superior margin of the cerebellum to join one of the
culminate tributaries or the stem of the superior ver-
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Fig. 75-10, cont'd. For Iegend see opposite page.
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Pelr. v. (slem)

mian vein (Fig. 75-10). Not infrequently a superior
hemispheric vein joins the precentral cerebellar vein
(Fig. 75-16).

Mesencephalic tributaries

Posterior mesencephalic vein. This vein, or veins,
originates in the interpeduncular fossa or on the lateral
aspect of the mesencephalon and runs posteromedially
and superiorly around the midbrain to join the vein of
Galen or posterior portion of the internal cerebral vein
(Figs. 75-6, 75-7, and 75-9 to 75-11). It is often fine,
sometimes multiple, and usually more closely applied to
the brainstem than is the basal vein of Rosenthal. The

posterior mesencephalic vein may be present in addition
to the basal vein of Rosenthal, or it may replace the
posterior part of the basal vein. (See Chapter 74.) It
may attain considerable size, especially when the
basal vein is absent. In some cases it may originate on
the anterior aspect of the upper pons. In rare instances
it may drain downward into the lateral mesencephalic
vein and then into the petrosal vein (Fig. 75-7). Radio-
graphically in the lateral projection the posterior
mesencephalic vein takes a rather straight course upward
and backward except for its terminal portion. With bi-
lateral filling, a symmetric inverted V configuration

may be seen in the anteroposterior or Towne projection.
Anterior pontomesencephalic vein. This vein is a longi-

tudinal venous channel that runs in the interpeduncular
fossa and on the superior and anterior aspects of the
belly of the pons in or adjacent to the midline (Bradac,
1970; Bradac and Simon, 1971) (Figs. 75-6, 75-9 to 75-
13, 75-14, B, and 75-15). Superiorly it is often con-
nected with the basal vein of Rosenthal through a pe-
duncular vein, and inferiorly with the anterior medul-
lary vein on the anterior aspect of the medulla
oblongata. In typical form it outlines (together with
the uncal vein) the chiasmatic, interpeduncular, and
pontine cisterns in the lateral view (Huang et al.,
1968a). More often, however, it runs laterally at the
level of the midpons to join the petrosal vein. There-
fore this vein may also be considered a part of the
petrosal draining group of veins, to be described (Figs.
75-12 and 75-14, B).

Lateral mesencephalic vein. This vein is a rather con-
stant tributary of the basal vein of Rosenthal, the pos-
terior mesencephalic vein, or the petrosal vein (Figs.
75-6 to 75-14). Although its entire length may not al-
ways be located in the lateral mesencephalic sulcus, it
serves to identify the lateral aspect of the mesencephalon,
specificalIy the tegmentum, in both anteroposterior and

T ext continued on p. 2176.
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Fig. 75.11. Normal posterior fossa venograms showing supratentorial as well as infra-
tentorial veins, lateral view. Several declival veins originate from the depth of the primary
fissure. After emerging from the fissure, they turn backward and downward to join the
lower end of the straight sinus. The precentral cerebeIlar vein, which is somewhat prom-
inent and receives tectal, preculminate, and intraculminate tributaries, has a connection
with a brachial tributary of the petrasal vein near the anterosuperior margin of the cere-
beIlum. Note a communicating vein (black arrow) bridging between the inferior vermian
ve in and an inferior hemispheric vein. SupratentoriaIly the anterior thalamic (white
arrow), superior thalamic, medial posterior thalamic, inferior thalamic (black arrowheads),
internal occipital, ascending (superficial) occipital, and posterior mescncephalic veins are
visualized.

Oee. vv.

Preeul. v.

Collie. een. pt.

Declv. vv.

Inl. verm. V.

Inl. he mis. v.

Fig. 75-12. Prominent anterior pontomesencephalic vein. A, Lateral view. The anterior
pontomesencephalic vein outlines the interpeduncular fossa and anterior aspect of the beIly
of the pons. The isthmus of the rhombencephalon is indicated by the superior foramen
cecum anteriorly and colliculocentral point of the precentral cerebeIlar vein posteriorly
(arrowheads). The superior and inferior retrotonsillar tributaries of the inferior vermian
vein and the ansoparamedian vein can also be identified. B, Semiaxial view. The anterior
pontomesencephalic vein is unusuaIly clearly seen. The superior and inferior retrotonsillar
and ansoparamedian tributaries of the inferior vermian vein draining into the tentorial sinus
can also be identified on the left. On the right side the anastomotic lateral mesencephalic
vein connects the smaIl petrosal vein with the prominent posterior mesencephalic segment
of the basal vein.
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Fig. 75.12. For legend see opposite page.
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Fig. 75-13. Median and lateral anterior pontomesencephalic veins. The median anterior
pontomesencephalic vein (white arrowheads) outlines the profile of the depth of the inter-
peduncular fossa :md anterosuperior aspect of the belly of the pons. The lateral anterior
pontomesencephalic vein (black arrowheads), on the other hand, marks the anterior aspect
of a cerebral pedunde and the anterolateral aspect of the pons. The prominent precentral
cerebellar and fine preculminate veins indicate the anterior as well as the posterior borders
of the central lobule. The supraculminate vein is prominent but somewhat tortuous. The
vein of the lateral recess of the fourth ventride, draining into the petrosal vein, shows a
tortuous course around the flocculus (F). The medulla oblongata and upper cervical cord
are outlined anteriorly by the anterior medullary and anterior spinal veins, and posteriorly
by the median posterior spinal vein.

Fig. 75-14. Tributaries of the petrosal ve in outlining the anterior aspects of the pons and
cerebellum, Towne view (two cases). A, The anterior aspects of the midpons and cere-
bellum are outlined by the transverse pontine vein and superior and inferior hemispheric
tributaries of the petrosal veins. A fine superior transverse pontine vein can be seen on the
left (white arrow) draining into the posterior mesencephalic vein. The brachial tributaries
of both petrosal and precentral cerebellar veins (the stem of the latter vein is obscured by
the inferior vermian vein) outline the central portion as well as the wings of the precentral
cerebellar fissure. Black arrow indicates the brachial tributary of the left petrosal vein.
More superiorly the mesencephalon is outlined by both posterior mesencephalic and right
peduncular veins. The sigmoid and superior petrosal sin uses are prominent late rally. Note
the asymmetry of the lateral sinuses, the left one being considerably higher than the right
(unlabeled arrowheads). Although the inferior vermian vein and its superior and inferior
retrotonsillar tributaries are dearly seen on the right, those on the left side are poorly
developed. Presumptive location of the flocculus is indicated on the right by F. B, The
anterior aspects of the brainstem and cerebellum are outlined by the transverse pontine
and anterior pontomesencephalic veins and by the inferior and superior hemispheric trib-
utaries of the petrosal veins, indicating angiographically the posterior wall and lateral
extensions (white arrowheads) of the pontine cistem.
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Fig. 75.14. For legend see opposite page.
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Fig. 75-15. A prominent vein of the restiform body runs upward and diverges laterally
parallel to the lateral margin of the lower portion of the fourth ventricle. It continues
superiorly and anteriorly in the retro-olivary sulcus (black arrowhead) to the roof of the
supraolivary fossette (+) and then laterally and superiorly (white arrowhead) on the
anterior aspect of the brachium pontis to the petrosal vein. The inferior vermian vein is
prominent.

lateral projections. The lateral mesencephalic vein is,
in most instances, connected superiorly with the basal
vein or posterior mesencephalic vein and inferiorly with
the brachial tributary of the petrosal vein to become
an anastomotic lateral mesencephalic vein (Chapter
74) (Padget, 1956; Wolf et al., 1963).

Quadrigeminal (tectal) veins. These small veins origi-
nate on the quadrigeminal plate and run backward to
join the posterior portion of the internal cerebral vein,
vein of Galen, precentral cerebellar vein, or superior
vermian vein. They are, in general, too small to be of
great diagnostic importance and are difficult to dis-
tinguish from the medial posterior thalamic vein or
pineal vein. When visualized, they serve to identify the
posterior border of the tectum (Fig. 75-11).

Anterior or petrosal draining group (Dandy, 1929;
Greitz and Lindgren, 1961; Scatliff et al., 1965; Huang
and Wolf, 1967; Takahashi et al., 1967; Huang et al.,
1968a) (Figs. 75-3 and 75-7 to 75-20)

The anterior or petrosal draining group of veins may

be divided into five parts: ( 1) those veins related to
the anterior aspect of the brainstem-the anterior
pontomesencephalic vein, lateral pontomesencephalic
vcin, anterior medullary vein, peduncular vein, trans-
verse pontine vein, and lateral pontine vein; (2) those
veins related to the wing of the precentral cerebellar
fissure-the brachial vein and anterior superior margi-
nal vein; (3) those veins related to the hemisphere-
superior hemispheric veins, inferior hemispheric veins,
and vein of the great horizontal fissure; (4) those veins
located in the cerebellomedullary fissure-vein on the
cerebcllar side (medial tonsilIar vein) and veins on
the meduIlary side (retro-olivary vein, vein of the resti-
form body); and (5) those veins in the posterolateral
fissure-vein of the lateral recess of the fourth
ventricle.

Tributaries related to the anterior aspect of the
brainstem

These tributaries may be subdivided into longitudi-
naIly running and transversely running veins.
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Fig. 75-16. Prominent vein of the lateral recess of the fourth ventricle. A, Lateral view.
The vein of the lateral recess of the fourth ventricle (left side ), originating from the
superior pole of the cerebellar tonsil (supratonsillar tributary), runs downward and
toward the tonsillar incisura. It courses forward and downward-first segment (1 )-to
appear in the cerebellopontomedullary angle. It then tums laterally and runs below the floc-
culus-second segment (2)-seen as a dense dOlo Beyond this point it courses superiorly and
anteriorly (and medially) to join the stem of the lcft petrosal vein-third segment (3). As a
result of rotation and tilt of the head, the right superior petrosal sinus is considerably higher
than the leh. A superior hemispheric vein (arrowhead) runs forward and upward dipping
into the precentral cerebellar fissure after crossing over the anterosuperior margin of the
cerebellum, and joins the brachial tributary of the precentral cerebellar vein, which then runs
upward and backward and drains into the vein of Galen. B, Towne view. Two major tribu-
taries of the vein of the lateral recess of the fourth ventricle can be identified on the left:

the supratonsillar tributary and a tributary from the nodulouvular fissure. The former receives
dentate veins. The first segment (1) of the vein of the lateral recess of the fourth ventricle
runs anterolaterally as well as inferiorly. After emerging from the cerebellopontomedullary
angle, it tums laterally and courses below the flocculus-second segment (2)-and then
runs upward around the superolateral border of the flocculus to join the stem of the
petrosal vein-third segment (3). The precentral cerebellar vein, seen in the lateral
view, begins on the right as a superior hemispheric vein. After crossing over the antero-
superior margin of the cerebellum, the vein dips down into the precentral cerebellar fissure
for a short distance and then tums upward to join the vein of Galen (upper arrowheads).
The main tributary of the petrosal vein on the right side is the inferior hemispheric vein
(white arrow). A small vein running on the lateral aspect of the medulla oblongata (single
black arrowhead), on the lower portion of the pons, and on the anteroinferior aspect of
the brachium pontis joins the stem of the petrosal vein.
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Fig. 75-16, cont'd. For legend see p. 2177.

Longitudinally running veins. Induded among these
veins are the anterior pontomesencephalic, lateral ponto-
mesencephalic, anterior medullary, and lateral pontine
vems.

The anterior pontomesencephalic vein is one of the
longitudinal venous channels on the anterior aspect of
the brainstem (Figs. 75-6, 75-9 to 75-13, and 75-14,
B). It may be located in or adjacent to the midline
(median anterior pontomesencephalic vein). It may run
parasagittally on the anterior aspect of a cerebral pe-
dunde and on the anterolateral aspect of the pons
(lateral anterior pontomesencephalic vein). A1though
the median anterior pontomesencephalic vein may be
quite tortuous, its appearance in the lateral view often
depicts the profile of the brainstem. Thus the adjacent
basal cisterns, the roof (roof segment) and depth of
the interpeduncular cistern (mesencephalic or interpe-
duncular segment) , and the posterior wall of the pontine
cistern (pon tine segmen t ) are also visualized angio-

graphically. The lateral anterior pontomesencephalic
vein frequentIy marks the anterior aspect of a cerebral
pedunde (Figs. 75-5, A, and 75-13). In the antero-
posterior or Towne projection these vessels have little
angiographic value because of frequent tortuosity. The
peduncular and posterior communicating veins, in the
anteroposterior projection, identify the interpeduncular
fossa (Figs. 75-12, B, and 75-15).

The lateral pontomesencephalic vein (Figs. 75-
10 and 75-11) not infrequentIy is found on the lateral
aspect of the basis pedunculi extending inferiorly to
join the petrosal vein. This vein should not be confused
with the more posteriorly'located anastomotic lateral
mesencephalic vein or the more medialIy located median
or lateral anterior pontomesencephalic vein (Fig. 75-13).
The exact location of the lateral pontomesencephalic
vein varies-in some on the anterolateral aspect,
in others on the posterolateral aspect, of the basis
pedunculi.
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Fig. 75-17. Typical course of the vein of the lateral recess of the fourth ventricle, Towne
projection. Several supratonsillar tributaries (black arrowheads) of the vein of the lateral
recess of the fourth ventricle unite to form a single trunk. The vein then runs forward,
downward, and laterally (1). After emerging from the cerebellopontomedullary angle, it
tums laterally and courses below (2) and around the flocculus (F) to join the midportion
of the stem of the petrosal vein (3). The vein of the lateral recess of the fourth ventricle,
on the right, is only faintly visualized. The split precentral cerebellar vein outlines the
posterolateral comers of the brachia conjunctiva-indirect landmark for the position
of the roof of the upper part of the fourth ventricle. The inferior vermian veins are
also visible.

The anterior medullary ve in is also a longitudinal
venous channel, continuous superiorly with the pontine
segment of the anterior pontomesencephalic vein (Figs.
75-8, B, 75-13, and 75-18, A). Inferiorly it is continuous
with the anterior spinal vein (Fig. 75-22, A). It is often
connected with the retro-olivary vein (to be described)
at various levels, particularly at the pontomedullary
sulcus. Because of superimposition on the dense petrous
pyramids, the anterior medullary vein cannot usually be
identified in the lateral view without subtraction. This

anterior mesencephalicopontomedullary trunk receives
numerous parenchymal veins from the brainstem. The
most prominent of these are inferior thalamic and cen-
tral mesencephalic veins, which drain the anteroinferior

portions of the thalami and median part of the mesen-
cephalon and run through the posterior perforated sub-
stance (Huang et al., 1968a; Giudicelli et al., 1969;
Huang and Wolf, 1970a, 1970b). They join the mescn-
cephalic segment of the anterior pontomesencephalic
vein.

The lateral pontine vein is a vein that runs upward in
the lateral pontine sulcus between the pons and brachi-
um pontis. It runs medial to the flocculus and usually
joins the petrosal vein at or near the anterior angle.

Transversely running veins. Included in this group
are the peduncular and transverse pontine veins, vein of
the pontomedullary sulcus, and vein of the pontomesen-
cephalic sulcus.
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The peduncular vein originates in the interpeduncu-
lar fossa and runs laterally on the anterior aspect of
the cerebral peduncle to join the basal vein of Rosen-
thal or posterior mesencephalic vein (Figs. 75-6, 75-7,
75-9, 75-10, A, 75-11, 75-14, 75-16, and 75-18). The
peduncular veins are frequently connected in the depth
of the interpeduncular fossa by a posterior communicat-
ing vein (Figs. 75-7 and 75-16, B). These venous
channels outline the anterior aspects of the cerebral
peduncles and the interpeduncular fossa quite faithfully.
Occasionally several peduncular veins may be present
at different levels (Figs. 75-9, A, 75-11, 75-18, B, and
75-21).

Transverse pontine veins are often multiple and 10-
cated at variable levels (superior, middle, and inferior
transverse pontine veins). The most prominent one is
usually located at the level of the midpons and there-
fore, in both lateral and semiaxial projections, indi-
cates the size and lateral extension of the pontine cis-
tern (Figs. 75-5, B, 75-13, 75-14, 75-19, and 75-20).
These transverse pontine veins run laterally to join the
petrosal vein usually at the anterior angle of the cerebel-
lum. In some cases they drain into the cavernous sinus,
inferior petrosal sinus, or medial part of the superior
petrosal sinus through one or two bridging veins (Figs.
75-8, A, 75-9, A, and 75-13).

The vein of the pontomedullary sulcus and vein of

the pontomesencephalic sulcus are rarely seen at an-
giography.

Tributaries related to the wing of the precentral
cerebellar fissure

These tributaries may generically be designated
brachial veins because of their relationship to the
brachium pontis and/or brachium conjunctivum (Figs.
75-7 to 75-11, 75-14, 75-17, and 75-19 to 75-21). When
such a vein is located adjacent to the anterior superior
margin of the cerebellum, it may be designated an
anterior superior marginal vein (Figs. 75-11 and 75-17).
A brachial tributary of the petrosal vein frequently
communicates with a brachial tributary of the precen-
tral cerebellar vein. The combined channel outlines the

anterior cerebellar notch (Figs. 75-7, 75-10, B, and 75-
14). When veins of both sides are visualized, a typical
inverted V configuration may be seen in the Towne pro-
jection (Figs. 75-7, 75-8, B, 75-10, A, and 75-14). In the
lateral view the brachial tributary of the petrosal vein
runs downward and forward. Frequently in the lateral
view it has a small terminal anterior curve that cor-

responds to the superior and anterior aspects of the
brachium pontis (Figs. 75-6, 75-8, and 75-9). Its an-
terior end, which joins the stem of the petrosal vein, is
therefore another landmark for the anterior angle of the
cerebellum.

Tributaries related to the cerebellar

hemisphere

These include an anterior lateral marginal vein, the

vein of the great horizontal fissure, and superior and
inferior hemispheric veins.

Anterior lateral marginal vein. This is usually a small
vessel that runs medially parallel to the anterolateral
margin of the cerebellar hemisphere to the region of
the anterior angle to enter the petrosal vein (Fig. 75-
10, B).

Vein oí great horizontal fissure oí cerebellum. Begin-
ning posteriorly in the depth of the great horizontal
fissure, this vein runs anterolaterally and somewhat in-
feriorly, becoming more superficial as it turns around
onto the petrosal surface. It then continues medially
between the inferior semi lunar lobule and quadrangular
lobule and courses superiorly above the flocculus to
reach the anterior angle of the cerebellum, where it
joins the petrosal vein (Fig. 75-10). In some cases
this vein joins the superior petrosal sinus more
laterally. It may bypass the petrosal vein and continue
into the lateral mesencephalic vein to join the galenic
system.

Hemispheric veins

Superior hemispheric veins run forward and down-
ward usually to join the vein of the great horizontal
fissure or anterior lateral marginal vein (Figs. 75-14, B,
75-19, B, 75-20). In some cases they join the superior
petrosal sinus directly. Occasionally a vein may run in
the primary fissure (vein of the primary fissure) or the
postclival fissure (postclival vein). In some cases su-
perior hemispheric veins may drain medially and supe-
riorly to join the brachial tributaries of the precentral
cerebellar vein, culminate vein, or lateral mesencephalic
vem.

Inferior hemispheric veins run forward and upward
on the undersurface of the inferior semilunar and biven-

tral lobules. Here they join the vein of the great hori-
zontal fissure, vein of the lateral recess of the fourth
ventricle, lateral pontine vein, or anterior lateral margi-
nal vein. In the lateral projection these veins are ob-
scured by the petrous pyramids. In the Towne pro-
jection hemispheric veins outline the petrosal aspect of
the cerebellum (Figs. 75-11, 75-14, 75-19, and 75-20).

Tributaries related to the cerebellomedullary
fissure

These include the retro-olivary vein, vein of the resti-
form body, and medial tonsillar vein (Figs. 75-10, B,
75-15, 75-16, B, and 75-19, B).

Retro-olivary (or lateral medullary) vein. Often a
vein runs longitudinally in the retro-olivary sulcus an-
terior to the rootlets of the ninth and tenth cranial



nerves. On reaching the supraolivary fossette this retro-
olivary vein turns anterolaterally and around the in-
ferior aspect of the brachium pontis. Here it becomes
the lateral pontine vein, or it joins a vein running in
the fissure below the flocculus. In other cases the retro-

olivary vein runs anterolaterally along the rootlets of
the ninth and tenth nerves to form a single trunk (vagal
vein) and joins the inferior end of the inferior petrosal
sinus (Fig. 75-10, B). In the Towne projection the
retro-olivary vein outlines the lateral border of the
medulla oblongata. Its upper portion assumes a hockey
stick configuration while turning laterally in the cere-
bellopontomedullary angle (Figs. 75-15 and 75-19, B).

Vein of restiform body. A superior extension of the
median posterior spinal vein runs upward adjacent to
the lateral border of the lower portion of the fourth
ventriele behind the restiform body (Fig. 75-15). It may
join the retro-olivary vein at variable levels and form
a common stem. Not infrequently it may connect with a
medial tonsillar tributary of the vein of the lateral recess
of the fourth ventriele (Huang and Wolf, 1970a,
1970b) .

Medial tonsillar veins. These are located on the me-

dial aspect of the cerebellar tonsil at various levels and

are usually not prominent. They run on the lateral and
posterior medullary aspects of the cerebellar tonsi1.
Often they converge toward the incisura of the cere-
bellar tonsil to join the vein of the lateral recess of the
fourth ventriele (Huang and Wolf, 1967). These veins
may communicate with the vein of the restiform body or
retro-olivary vein, or they may run backward to open
into a medial tonsillar tributary of the inferior vermian
vein (Huang et a1., 1969).

Tributary related to the posterolateral fissure (vein
of lateral recess of fourth ventricle)

There is usually a vein in the posterolateral fissure
that could be called the vein of the posterolateral fissure
but has been designated the vein of the lateral recess
of the fourth ventriele to emphasize its elose relation
to the lateral recess of the ventriele (Figs. 75-7,
75-8, B, 75-10, B, 75-13, 75-14, A, 75-16, 75-17,
and 75-19, B). It originates in the region of the
dentate impression on the superior surface of the cere-
bellar tonsil (Huang and Wolf, 1967) and runs antero-
laterally below and parallel to the lateral recess of the
fourth ventriele. This portion of the vein has been
designated the first or peduncular segmento At the
cerebellopontomedullary angle the vein turns laterally
and runs below the flocculus (second or floccular seg-
ment). It then turns upward, medially, and somewhat
forward above the flocculus and below the overhanging
quadrangular lip to join the stem of the petrosal vein
at or near the anterior angle (third or suprafloccular
segment). Not infrequently the peduncular portion of
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the vein of the lateral recess of the fourth ventriele,
after emerging from the cerebellopontomedullary angle,
continues to run forward. It then traverses the sub-

arachnoid and subdural spaces to join the inferior end
of the inferior petrosal sinus. In such cases the floccu-
lar and suprafloccular segments are replaced by the cis-
ternal segmento When the peduncular segments of the
veins of both sides are visualized, a symmetric inverted
V configuration may be produced. Since the vein of the
lateral reces s of the fourth ventriele is related to the pos-
terior superior recess and lateral recess of the fourth ven-
triele, displacements and deformities of this vein may
be interpreted in a fashion similar to changes seen on
encephalography. The distance between the first and
third segments of the vein of the lateral recess (or be-
tween the first segment of the vein and a brachial tribu-
tary of the petrosal vein) indicates the thickness of the
brachium pontis and restiform body (Figs. 75-7, 75-10,
75-17, and 75-19, B).

Tributaries of the vein of the lateral recess of the

fourth ventriele inelude (1) lateral, medial, and trans-
verse supratonsillar veins running on the lateral and
medial aspects or across the superior pole of the
cerebellar tonsil, (2) medial tonsillar veins that
converge toward the vein of the lateral recess at the
tonsillar incisura, (3) dentate and other parenchymal
veins that drain the dentate nueleus and adjacent white
matter, and (4) subependymal veins that drain into the
lateral supratonsillar vein. Parenchymal and subependy-
mal veins are usually too small to be seen angiograph-
ically. The lateral supratonsillar tributary of the vein
of the lateral recess runs below and parallel to the
lateral border of the posterior superior recess of the
fourth ventriele. When tributaries of both sides are

visualized, the distance between them therefore indi-
cates the width of the fourth ventriele.

Posterior or tentorial draining group (Padget, 1957;
Greitz and Lindgren, 1961; Bouchet et a1., 1963-1964;

Huang et a1., 1969; Stephens and Stilwell, 1969) (Figs.
75-3, A and e, 75-4 to 75-9, and 75-11 to 75-23)

Ineluded in the posterior or tentorial draining group
are veins related to the posterior cerebellar notch, the
inferior vermian vein and its tributaries, and veins re-
lated to the cerebellar hemisphere (the hemispheric
veins) .

Tributaries related to the posterior cerebellar notch

Inferior vermian vein. This vein is formed by the
union of superior and inferior retrotonsillar tributaries
in the region of the copula pyramidis (Huang et a1.,
1969a; Wackenheim and Ben-Amor, 1971). The copula
pyramidis (or pyramidal band) is a prominent bar that
connects the midline pyramid and the laterally located
biventral lobule (Angevine et a1., 1961). The inferior
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Fig. 75-19. Inferior vermian vein and other veins of the posterior draining group, semiaxial
view (two cases). A, The inferior vermian vein on the left is prominent and is formed by
the union of smalI superior retrotonsillar, prominent inferior retrotonsillar (intrabiventral
vein), and prebiventral tributaries. The superior retrotonsillar tributary, running around
the copula pyramidis to join the inferior vermian vein, can be identified on both sides
(copular points, arrows). An inferior hemispheric vein (white arrowheads) runs upward and
then onto the superior surface to join a tentorial sinus. Slight elevation of the petrosal vein
on the left is from a very small tumor in the left cerebelIopontine angle.

Fig. 75-18. Prominent inferior vermian vein, lateral view (two cases). A, The inferior
vermian vein is formed by the union of the superior and inferior retrotonsillar tributaries
at the leve! of and behind the midportion of the cerebelIar tonsil. It then runs in the
inferior paravermian sulcus and joins the inferior portion of the straight sinus, folIowing
a short course within the tentorium. The copular point be!ow the copula pyramidis (*)
can be identified. The anterior pontomesencephalic, anterior medullary, and anterior
spinal veins take a continuous curved course outlining the anterior aspect of the en tire
brainstem. The posterior part of the vertebral venous plexus outlines the posterior aspect
of the cervical dura. This should not be confused with the median posterior spinal vein.
B, Inferior vermian vein and other veins of the posterior draining group. The inferior
vermian vein and its superior and inferior retrotonsillar tributaries can be identified.
Several inferior hemispheric tributaries drain into it. After crossing over the posterolateral
margin of the cerebellum (white arrowheads), several other inferior hemispheric veins run
upward to join a prominent tentorial sinus. The posterolateral margin of the cerebelIum
corresponds to the course of the lateral sinus. The tentorial sinus, in turn, joins the lateral
sinus. The anterior pontomesencephalic, lateral mesencephalic, and precentral cerebellar
veins and faintly the vein of the lateral recess of the fourth ventricle can be identified.
A prominent medial posterior thalamic vein joins the superior thalamic ve in (black
arrow). There are many lateral posterior thalamic veins (white arrow) too fine to be
individually labeled. The confluence of sinuses at the junction between the basilar plexus
and the superior and inferior petrosal and cavernous sinuses is clearIy seen.
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Fig. 75-19, cont'd. B, Both inferior vermian veins are seen. The left one drains into the left

lateral sinus, following a short course within the tentorium, whereas the right one opens
¡nto the straight sinus. The location of the copular point is well demonstrated on the left
(dense dot at the tonsillobiventral notch). Inferior hemispheric veins are prominent and
drain upward to join the lateral sinuses directly or indirectly through a tentorial sinus.
Several anastomotic channels (arrowheads) between the inferior vermian veins and laterally
located inferior hemispheric veins can be seen. The anterior pontomesencephalic
vein is continuous inferiorly with the anterior medullary and anterior spinal veins. The
lateral borders of the medulla oblongata are faintly demonstrated by retro-olivary (or
lateral medullary) veins. On the right side, the retro-olivary vein and the vein of the lateral
recess of the fourth ventricle form a single trunk that, in tu m, runs around the inferior and
lateral borders of the flocculus (F). This venous trunk is then joined by a brachial vein to
form the stem of the petrosal ve in, which courses laterally and opens into the prominent
superior petrosal sinus. On the left side the petrosal vein receives tributaries from the lateral
mesencephalic sulcus (anastomotic lateral mesencephalic vein), from the superior and
mid portion of the belly of the pons (transverse pontine veins), and from the inferior aspect
of the cerebellar hemisphere (inferior hemispheric veins).

vermian vein runs posterosuperiorly in or adjacent to
the inferior paravermian sulcus. It opens directly into
the straight sinus 1.5 to 2 cm anterior to the torcular or
indirectly through a tentoríal sinus into the straight sinus
(Figs. 75-6, 75-8, 75-9, B, 75-13, 75-14, B, 75-18, A,
and 75-19). Not infrequently, however, the inferior ver-
mian vein drains into the lateral sinus near the torcular,
either directly or indirectly after a short course within
the tentorium (Figs. 75-8, 75-12, 75-19, B, 75-20, and
75-23) .

In some instances the inferior vermian vein, after
reaching the upper end of the inferior paravermian sul-
cus, turns forward and upward to continue on the su-

períor surface of the superior vermis and joins the
superior vermian vein (Fig. 75-21).

Tributaries of the inferior vermian vein include su-

perior and inferior retrotonsillar, suprapyramidal, hem-
ispheric, and declival veins.

The superior retrotonsillar tributary originates on
the posterior aspect of the superior pole of the cere-
bellar tonsil. It runs downward and backward in the

retrotonsillar fissure, receiving smaIl tributaries from

the superior pole of the tonsil (supratonsillar veins)
and from the secondary fissure (infrapyramidal vein)
(Huang et al., 1969). The superior retrotonsillar tribu-
tary then runs around the anterior and inferior aspects
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Fig. 75-20. Superior retrotonsillar vein draining into an inferior hemispheric vein. Both
superior retrotonsillar veins are visible (white arrowheads). The left one drains into the
inferior vermian vein whereas the right one joins an inferior hemispheric vein. The location
of the copula pyramidis is indicated by the copular point on both sides. The inferior
vermian, inferior hemispheric (black arrowhead), and supratentorial veins converge into
a tentorial sinus at one point (white arrow) before opening into the lateral sinus.

of the copula pyramidis to join the inferior vermIan
vein (Fig. 75-8). The most anteroinferior point of the
superior retrotonsillar vein as it tums around the copula
pyramidis has been designated the copular point (Huang
et al., 1969a) (Fig. 75-4). This point can also be iden-
tified in semiaxial views. The angle formed at the
copular point by the inferior vermian vein and its
superior retrotonsillar tributary is designated the copular
point in both lateral and semiaxial views (Figs. 75-3, D,
75-4, 75-8, 75-19, and 75-20).

The inferior retrotonsillar tributary originates on the
posterior aspect of the lower half of the cerebellar ton-
sil. It receives veins from the medial and lateral aspects
of the cerebellar ton sil and from the inferior surface

of the biventral lobule (Figs. 75-12, 75-18, and 75-19).
The suprapyramidal vein is another fine but rather

constant tributary that runs in the fissure above the
pyramid, the suprapyramidal fissure (Figs. 75-8 and
75-9, B). The distance between the superior retro-
tonsillar and suprapyramidal tributaries of the inferior

verm¡an vem m the lateral view indicates the size of

the pyramid.
The declival vein is another frequently seen tributary

of the inferior vermian vein. It originates in the depth
of the primary fissure (vein of the primary fissure).
After emerging from the fissure and reaching the su-
perior surface of the cerebellum, the vein runs back-
ward in or adjacent to the declival sulcus to join the
inferior vermian vein (Figs. 75-8, A, 75-9, A, and 75-
11). The vein of the primary fissure may, however, join
the superior vermian vein (Fig. 75-22, A).

In some cases the superior retrotonsillar tributary may
be absent, whereas in others the inferior retrotonsillar
tributary may be rudimentary. In many cases the inferior
vermian vein may not run in the inferior paravermian
sulcus. Instead it runs in the posterior cerebellar notch
on the falcine aspect of the hemisphere at some dis-
tance behind the inferior vermis. It may even leave the
posterior cerebeIlar notch shortly after its origin and
continue lateraIly and superiorly on the inferior surface

Text continued on p. 2190.
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Fig. 75.21. Prominent vermian vein extending from the retrotonsillar fissure to the vein of
Galeno Superior and inferior retrotonsillar veins unite to form an unusual vermian vein
(small arrowheads) that runs posteriorly and superiorly in the inferior paravermian SUlcIlS,
onto the superior surface, forward and upward in the declival sulcus, and then over the
culmeno It is joined by the precentral cerebellar vein on the anterior aspect of the culmen.
The stem, the superior cerebellar vein, then turns upward and backward to join the vein
of Galen. An anastomotic channel connects one lateral mesencephalic vein and the superior
cerebellar veino The other lateral mesencephalic vein (on the opposite side) joins the
basal vein and the petrosal vein (large arrowhead) o
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Fig. 75-22. Value of angiotomography in detecting midline posterior fossa vessels. (See
Chapter 50.) A, Normal lateral 'Venogram (subtraction). The anterior pontomesencephalic
vein is seen running in the midline. A prominent superior retrotonsillar vein runs posteriorly
and emerges from the posterior cerebellar notch. However, identification of the precentral
cerebellar vein (large arrowheads) is difficult, and distinction from the anterior superior
marginal vein (small arrowheads) is practically impossible. B, Angiotomogram (same case).
Although separation from the precentral cerebellar vein is difficult in A, the more
lateral!y located anterior superior marginal vein is eliminated in this angiotomogram.
Various segments of the precentral cerebel!ar vein and veins running in the primary and
intraculminate fissures, al! of which are difficult to distinguish from superior hemispheric
veins on conventional films, are clearly identified. The superior retrotonsillar vein, emerg-
ing from the retrotonsillar fissure and posterior cerebel!ar notch, is also easily recognized
with this angiotomographic technique.
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Fig. 75-22, cont'd. For legend see p. 2187.

Fig. 75-24. Diagram showing the normal course of the veins of the posterior fossa in
midsagittal section. Covered portions of the veins are shown by dashed lines. A portion of
the inferior vermis is removed, and the cut surfaces shaded. Note the veins outlining the
body of the tonsil-retrotonsillar veins posteriorly, medial tonsillar vein and vein of the
restiform body anteriorly, supratonsillar twig superiorly. The anteroposterior diameter of
the body of the cerebellar tonsil corresponds to the maximal height of the fourth ventricle.
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Fig. 75-23. Tentorial sin uses. The lateral sinus on the left side is poorly developed and is
replaced by a prominent tentorial sinus that joins the lower end of the straight sinus. On
the right side the inferior and superior hemispheric veins form a single stem and en ter the
tentorium (arrowhead). The channel within the tentorium is not evident probably because
it is slitlike and projected en face. The location of the copula pyramidis is indicated on
both sides by x.
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Fig. 75.24. For legend see opposite page.
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of the cerebelIar hemisphere before joining the lateral
sinus (Figs. 75-5, B, 75-20, and 75-22).

Tributaries related to the cerebellar hemisphere

Superior hemispheric veins. On the superior surface
of the cerebelIum, these veins often drain directly into
the lateral sinus. More frequently, however, they con-
verge medialIy and posteriorIy to form one or two venous
trunks (particularIy with the inferior hemispheric veins)
and drain into a tentorial sinus (Figs. 75-7, 75-8, 75-9, B,
75-10, B, 75-19, and 75-23). The tentorial sinus then
opens into the lateral or straight sinus near the torcular.

Inferior hemispheric veins. These veins run upward to
join the transverse sinus (Figs. 75-8 and 75-9). Not in-
frequently, however, after crossing the posterolateral
margin of the cerebelIum, they continue to run medialIy,
anteriorly, and superiorly on the superior surface of the
cerebellum. They then join other inferior or superior
hemispheric veins to form a venous trunk that enters the
tentorium (Figs. 75-7, 75-8, 75-10, 75-14, B, 75-18, B,
75-19, and 75-23). The number of such venous stems
and tentorial sinuses varies-rarely are there as many as
five or six.

Communications among the superior, anterior, and
posterior draining veins are frequently observed al-
though one group of veins may be more prominent than
the other.

PATHOLOGIC CHANGES

Since venous channels can be recognized on the sur-
face of alI the posterior fossa structures, deformities
and displacements of these vessels are extraordinarily
useful in reconstructing gross pathologic changes. When
combined with changes in the arterial phase, most ex-
panding lesions can be identified and outlined (Aubin
et al., 1972; Bradac et al., 1972). Normal venous chan-
nels of greatest importance are ilIustrated in Fig. 75-24.

Any mass lesion of sufficient size in the posterior
fossa ultimately results in a tight posterior fossa. The
size of the cistems is diminished and nonspecific hemi-
ation of the brainstem and cerebelIum upward through
the tentorial notch and downward through the fora-
men magnum occurs. Pathologic changes in the veins
of the posterior fossa may be divided into those related
to (1) direct displacements and deformities, (2) in-
direct displacements and deformities, inc1uding hemia-

tions, (3) anomalies, and (4) abnormal pattems of
circulation.

Direct displacements and deformities

For the purpose of localization, space-occupying le-
sions in the posterior fossa may be divided into (a)
those located in and adjacent to the midline, and (b)
those located lateralIy. Midline masses may be subdi-
vided into those situated (a) anterior to the brain-
stem, (b) within the brainstem, (c) within the fourth
ventric1e, (d) within the vermis, (e) behind the vermis,
and (f) in the region of the pineal gland. LateralIy 10-
cated masses may be subdivided into those located
(a) within the parenchyma (intrinsic), and (b) out-
side the brain parenchyma (extrinsic).

Midline space-occupying lesions

Prepontine space-occupying lesions (Figs. 75-25 and
75-26). Masses anterior to the brainstem displace alI the
veins of the posterior fossa backward. Maximal displace-
ment occurs in veins located on the anterior aspect of
the brainstem, specificalIy the anterior pontomesence-
phalic and transverse pontine veins. The brachial tribu-
taries of the petrosal vein are often symmetricalIy
lateralIy displaced. The precentral cerebelIar vein is di s-
placed backward with flattening of the co\liculocentral
angle. The colIiculocentral point may be slightly elevated
but is displaced predominantly posteriorIy. When the
tumor projects upward through the tentorial notch, the
basal veins of Rosenthal or posterior mesencephalic
veins may be eIevated (Wolf and Huang, 1966). Down-
ward extension may cause posterior displacement of the
anterior medulIary and anterior spinal veins.

Brainstem space-occupying lesions (Huang and Wolf,
1969b, 1970a, 1970b; Braun and Wackenheim, 1972)
(Figs. 75-27 to 75-30). With enlargement of the brain-
stem, veins on the anterior aspect are displaced forward
and veins behind the brainstem are displaced backward.
Veins located on or adjacent to the lateral aspect are
displaced outward. The anterior pontomesencephalic,
anterior medulIary, and transverse pontine veins are
therefore anteriorIy displaced. RetromedulIary veins, in-
c1uding the vein of the restiform body, the median
posterior spinal vein, and the medial tonsilIar vein, are
displaced backward. U nfortunately the veins in the floor
of the fourth ventric1e are not sufficiently large to be

Fig. 75.26. Example of a prepontine mass lesion: chordoma of the clivus. Venous phase,
lateral view. The anterior pontomesencephalic and other pontine veins are markedly dis-
placed backward, and therefore the distance from the clivus (retouched) to these veins is
increased. To a lesser degree the anastomotic lateral mesencephalic, precentral cerebellar,
declival, and retrotonsillar veins are displaced backward. Although more difficult to identify,
the anterior portions of the veins of the lateral recesses of the fourth ventricle are also
crowded posteriorly. Note the deformed interpeduncular fossa outlined by the median
anterior pontomesencephalic vein (arrowheads).
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Fig. 75-25. Diagram showing displacements
fossa in prepontine space-occupying lesions.
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Fig. 75.26. For legend see opposite page.
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Fig. 75-27. Diagram showing displacements and deformities of the veins of the posterior
fossa in extensive brainstem tumors (astrocytoma). (For description see text.)

Fig. 75.28. Example of a brainstem mass lesion: pontine glioma. Venous phase. A, Lateral
view. The anterior pontomesencephalic vein is displaced forward, whereas the precentral
cerebellar vein is markedly displaced backward with resuItant increase in the anteroposterior
diameter of the upper brainstem. The faintly visualized declival ve in is also posteriorly
displaced. There is evidence of a small hypertrophic nodule projecting forward from the
anterior surface of the enlarged pons. The brachial tributary of the petrosal vein is anteriorly
displaced. The vein of the lateral recess of the fourth ventricle (row of black arrowheads)
appears markedly stretched and displaced downward in arcuate fashion. B, Towne view.
The posterior mesencephalic veins are stretched and displaced outward, more so on the
right. This indicates a greater involvement of the mesencephalon on the right. The location
of the interpeduncular fossa is demonstrated by the posterior communicating vein. The
hrachial tributary of the petrosal vein, visualized on the left, is markedly elevated and
laterally displaced, indicating infiltration of the tumor into the brachium pontis.
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Fig.75-29. Brainstem tumor with greatest involvement inferiorly. Venous phase, lateral view.
The anterior pontomesencephalic vein is displaced forward and upward. The precentral cere-
bellar vein (white arrowheads) is slightly posteriorly displaced. The anterior medullary vein
bulges somewhat forward, whereas the median posterior spinal vein and the medial tonsillar
tributary of the vein of the lateral recess of the fourth ventride are displaced backward.
The peduncular segment of the vein of the lateral recess of the fourth ventride is stretched
and depressed, and the angle formed by the peduncular and floccular segments is blunted.
Faintly visualized retrotonsillar tributaries of the inferior vermian vein are also displaced
backward. The above findings indica te the presence of a brainstem tumor with greatest
involvement inferiorly and with extension into the cerebellar hemisphere through the
brachium pontis and restiform body. (From Huang, Y. P., and Wolf, B. S.: Am. J.
Roentgenol. Radium Ther. Nud. Med. 110:1-30, 1970.)

visualized angiographically (Hassler, 1967). Other ves-
seis must serve therefore to determine the location of

the floor of the fourth ventricle. With posterior dis-
placement of the floor of the fourth ventricle, the vein
of the lateral recess and its supratonsillar tributaries are
displaced backward. As a result the peduncular segment
of the vein of the lateral recess of the fourth ventricle is

elongated posteriorly. The retrotonsillar veins are also
displaced posteriorly but to a lesser degree than the
supratonsillar and retromedullary veins. Since the an-
teroposterior diameter of the body of the cerebellar
tonsil is decreased, the distance between the retroton-
sillar veins and the retromedullary veins anterior to the

tonsil is diminished. The precentral cerebellar vein, al-
though more intimately related to the roof of the fourth
ventricle, nevertheless reflects enlargement of the brain-
stem posteriorly. It is displaced backward, with flattening
of the colliculocentral angle. The culminate tributaries
of the superior vermian vein are also displaced poste-
riorly but to a lesser degree. Elongation of the brainstem
in a vertical direction is indicated by (a) downward
displacement of the peduncular segment and supraton-
sillar tributaries of the vein of the lateral recess and

(b) upward displacement of the posterior mesenceph-
alic vein, lateral mesencephalic vein, and mesencephalic
segment of the anterior pontomesencephalic vein. Wher
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Fig. 75.30. Brainstem glioma with angiographic evidence of grooving of the anterior aspect
of the enlarged pons by the basilar artery. Venous phase, lateral view. The median anterior
pontomesencephalic vein maintains some distance from the clivus, whereas the more laterally
located pontine veins are stretched and much closer to the clivus. These findings indicate
nodular hypertrophy of the tumor, projecting forward on both sides of the midline from the
anterior aspect of the enlarged pons. The precentral cerebellar vein is markedly displaced
backward with resultant increase in the ar.teroposterior diameter of the brainstem. Retro-
tonsillar tributaries of the inferior vermian veins are displaced backward. Considerable
stretching and arcuate downward displacement of the ve in of the lateral recess of the fourth
ventricle (arrowheads) indicate infiltration of the tumor into thc cerebellar hemisphere
through the brachium pon tis and restiform body. Also visualized is the inferior petrosal sinus,
draining into the internal jugular vein at the leve! of the jugular foramen. Note the promi-
nent inferior thalamic ve ins, indicating upward extension of the brainstem tumor into
thalamic and hypothalamic areas.

the mass extends further upward into the cerebral pe-
dunde and subthalamic area, the peduncular, central
mesencephalic, and inferior thalamic veins may be dis-
placed upward and forward. Widening of the brainstem
in a transverse direction is indicated by lateral dis-
placement and separation of the posterior and lateral
mesencephalic veins, the brachial tributaries of the
petrosal and precentral cerebellar veins, the veins of
the lateral recess, and the retro-olivary veins. The exact
changes in these vessels depend on the portion of the
brainstem maximally involved. When the tumor extends
into the cerebellar hemisphere through the brachium

pontis and restiform body, a paradoxical displacement
of the vein of the lateral recess inferiorly and medially
in arcuate fashion may be apparent. In addition, under
such circumstances the angle formed between the pe-
duncular and floccular segments of the vein of the
lateral recess may be rounded or effaced in the lateral
view. Elevation of the brachial tributaries of the pe-
trosal vein may be more marked on one side than on
the other. Astrocytomas of the brainstem often show
nodular protrusions forward into the pontine cistem on
both sides of the basilar artery (Russell and Rubinstein,
1959). As a result the basilar artery and the anterior
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Fig. 75.31. Diagram showing displacements and deformities of veins of the posterior fossa
in fourth ventricle tumors. (For description see text.) The colliculocentral point (black
arrowhead) and junction (white arrowhead) between the supratonsillar and medial tonsillar
tributaries of the vein of the lateral recess are illustrated.

pontomesencephalic vein may occupy a deepened me.
dian sulcus on the anterior aspect of the belly of the
pons. When the nodular mass, as it continues to grow
forward, impinges on the clivus, these midline vessels
may be displaced backward (paradoxical displacement).
The discrepancy in location between the smaller para-
median vessels, both arteries and veins, lying on the
anterior surface of these nodules and the midline ves-

seIs is characteristic of this type of tumor.
Fourth ventricle space-occupying lesions (Huang and

Wolf, 1967, 1969b, 1970a, 1970b) (Figs. 75-31 to 75-33).
A typical tumor of the fourth ventricle balloons the ven-
tricle and protrudes downward into the vallecula and cis-
terna magna. The floor of the fourth ventricle and, to a
lesser degree, the anterior aspect of the brainstem are dis-
placed and arched forward. The veins on the anterior
aspect of the pon s and medulla oblongata show similar
displacements. Retromedullary veins, in contrast to
brainstem tumors, are displaced forward. As a result of
forward displacement of the floor of the fourth ven-
tricle, the origin of the peduncular segment of the vein
of the lateral recess is displaced forward and the total
length of this segment, as seen in the lateral view, is
shortened. The anterior ends of the medial tonsillar and

supratonsillar tributaries at the tonsillar incisura are also
displaced forward. Since the cerebellar tonsils are elon-
gated in an anteroposterior direction, the posterior por-
tions of these tributaries are displaced posteriorly. A
markedly elongated and stretched appearance of the
supratonsillar and medial ton sillar tributaries is there-
fore evident in the lateral view. In the semiaxial view

the veins of the lateral recess and the supratonsillar
veins are laterally displaced and separated. The retro-
tonsillar veins are displaced posteriorly and laterally to
a much greater degree than in brainstem tumors. As a
result of ballooning, the roof of the upper portion of
the fourth ventricle is frequently markedly arched and
displaced backward. Corresponding to this displacement,
the fissural and parenchymal segments of the precen-
tral cerebellar vein swing markedly upward and some-
what backward. The colliculocentral angle therefore
becomes more acute. The colliculocentral point shows
predominantly superior displacement. The culminate
veins are also displaced upward and somewhat back-
ward but to a lesser degree than the precentral cere-
bellar vein. In fourth ventricle tumors líttle evidence

of elongation of the brainstem is noted, although mini-
mal transverse widening may be seen. The interpedun-



Inlerped. foso

Anl. ponlomes. v.
(ponl. seg.)

Transv. pon!. V.

Veins 01 the posterior lossa 2197

Anasl. la!. mesen. V.
Prec. cerebel. V.
(anl. cul. seg.) Supo cerebel. v.Posl. mesen. v.

Prec. cerebel. v.

(fis. seg.)

Prominenl supr. cul. v.

Supr. Ion. Irib. v. 101.
recess 41h venir.

a

A

Inf. yermo v.

11

Med. Ion. Irib. v. 101.
recess 41h venir.

Continued.

Fig. 75-32. Examples of fourth ventride tumors. Lateral view, venous phase (two cases).
A, Cholesteatoma of the fourth ventride. The fissural segment (top row of white arrow-
heads) of the precentral cerebellar ve in is displaced and arched upward and backward with
maximum displacement of its lower end. The colliculocentral point (thin white arrow) is
markedly elevated but only minimalIy posteriorly displaced. Inferiorly, the superior retro-
tonsilJar tributary (row of black arrowheads) of the inferior vermian vein is displaced
markedly backward and its upper end is tilted posteriorly. The copular point (black arrow)
is displaced backward with resultant decrease in the copular angle. The supratonsillar and
medial tonsillar tributaries (bottom two rows of white arrowheads) of the vein of the lateral
recess are markedly stretched and elongated. Their junction or the origin of the vein of the
lateral recess (large white arrow) is markedly anteriorly displaced. This indicates that the
floor of the fourth ventride is displaced forward. The interpeduncular fossa is narrowed from
below but has a normal depth. The pontine segment of the anterior pontomesencephalic vein
is, however, displaced forward. B, Sarcoma of the fourth ventride extending into the valIe-
cula. The anterior pontomesencephalic, anterior medulIary, and anterior spinal veins are
markedly displaced anteriorly. The first segment of the precentral cerebelIar ve in is stretched
and displaced upward and backward with resultant de crease in the colIiculocentral angle.
The colliculocentral point is elevated and only minimally posteriorly displaced. Retroton-
sillar tributaries of the inferior vermian veins are displaced backward and downward. The
junction (arrowhead) of the first (or peduncular) segment of the ve in of the lateral recess
of the fourth ventride with its medial tonsillar tributary is displaced anteriorly. The
posterior aspect of the upper cervical cord and medulIa oblongata, outlined by the median
posterior spinal vein, is also displaced anteriorly. These findings indicate that the flattened
brainstem is arched anteroinferiorly. (A from Huang, Y. P., and Wolf, B. S.: Am. J.
Roentgenol. Radium Ther. Nud. Med. 101:543-564, 1969.)



2198 Veins

Prec. cerebel. v.

draining inta post. mesen. v.

Declv. v.
Brach. trib. petr. v.

1st seg. prec.
cerebel. v.

~
Ant. ponto mes. v.

Tent. s.

B

~
Inf. yermo v.

Petr. v.

Supo petr. s. Ant. spi. + Med. post. spi. v.
ant. medul. vv.

Fig. 75-32, cont'd. For legend seep. 2197.

Fig. 75-33. Examples of fourth ventride tumors in the semiaxial projection. Venous phase
(two cases). A, Ependymoma of the fourth ventride. The superior retrotonsillar tributary
of the right inferior vermian vein is displaced and rotated laterally with resultant in crease in
the copular angle (*). The vein of the lateral recess of the fourth ventride can be seen
on the right and is markedly laterally displaced. The two components of the split precentral
cerebellar vein (arrowheads) are separated and laterally displaced. The anastomotic lateral
mesencephalic vein, visualized on the leh, is laterally displaced (more so in its lower por-
tion). B, Subependymoma of the fourth ventride. The precentral cerebellar vein is split
(arrowheads). The lower portions (lower arrowheads) and connecting vein (arrow) related
to the brachia conjunctiva are separated from each other. The vein of the lateral recess of
the fourth ventride, visualized on the left, is markedly laterally displaced (especially in its
posterior portion). The transverse pontine vein, receiving the lateral anterior pontomesen-
cephalic vein, is displaced anteriorly, indicating narrowing of the pontine cistem. (A from
Huang, Y. P., and Wolf, B. S.: Am. J. Roentgenol. Radium Ther. Nud. Med. 107:543-564,
1969.)
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Fig. 75.34. Diagram showing characteristic displacements and deformities oí the veins oí
the posterior fossa in superior vermian tumors. (For description see text.) Note the kinking
oí the aqueduct near the aditus. Also see Figs. 75-35 and 75-42.

cular fossa is diminished in height, as indicated by the
course of the mesencephalic segment of the anterior
pontomesencephalic vein. The depth and horizontal
axis of this fossa are, however, usualIy maintained. A
tumor of the fourth ventricle may extend into one or
both lateral recesses. In such cases the junction between
the peduncular and ftoccular segments of the vein of
the lateral recess may be markedly lateralIy displaced.

Vermian space-occupying lesions (Huang and Wolf,
1965) (Figs. 75-34 to 75-36). Tumors that involve the

superior vermis cause characteristic forward and upward
stretching and displacement of the precentral cerebelIar
vein. The col1iculocentral angle is widened and may
be effaced. As a result a single continuous semicircular
venous channel convex anterosuperiorly surmounts the
mass (Figs. 75-34 and 75-35). The culminate tribu-
taries of the superior vermian veins are separated and
elevated. The supraculminate tributary is arched upward
and backward. Tumors originating in the inferior ver-
mis displace the inferior vermian veins markedly down-
ward (Fig. 75-36, A). Since the inferior vermian veins
usualIy run in the paravermian sulci, a midline tumor
that reaches the surface will cause lateral displacement
of each vein, with marked separation of the vessels in

the Towne projection (Fig. 75-36, B). The superior
rctrotonsilIar tributaries of the inferior vermian veins

are frequently displaced and tilted forward. Midline
cerebelIar tumors may involve both the superior and
the inferior vermis and produce a combination of the
displacements just described. Depending on the loca-
tion, hemispheric veins (for example, the veins of the
primary fissure) may be displaced either upward or
downward.

Retrovermian space-occupying lesions (Figs. 75-37
to 75-39). Masses located behind the vermis displace
the inferior vermian veins forward (Fig. 75-37). With
an extradural mass, e.g., an epidural hematoma (Fig.
75-38), the torcular and adjacent portions of the lat-
eral and occipital sinuses may be displaced anteriorly.
A congenitalIy large cisterna magna may simulate a
retrovermian tumor or a subdural hematoma on an-

giography beca use of apparent anterior displacement of
vermian and hemispheric veins of the posterior drain-
ing group (Fig. 75-39).

Space-occupying lesions in the pineal region. (Fig.
75-40). A space occupying lesion in the pineal region
may be the result of a pinealoma, pineal teratoma,
aneurysm of the vein of Galen, arachnoid cyst, menin-
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Fig. 75-35. Example of a superior vermian mass lesion: vermian astroeytoma, venous phase,
lateral view. The preeentral eerebellar vein (open arrows) is markedly stretehed, elongated,
and uniformly displaeed, forming a continuous large are convex anteriorly and superiorly.
The lower part of the are, particularly the first segment of the vein, is displaced inferiorly
as well as anteriorly, assuming a more vertical course. One can presume from this angiogram
that the aqueduct is elongated and kinked near the aditus (refer to Fig. 75-42 for com-
parison). The posterior and lateral mesencephalic veins are crowded upward and forward.
The anterior pontomesencephalic vein is displaced directly forward. The faintly visualized
supraculminate vein bulges upward and backward. The inferior vermian veins are faintly
seen and are stretched and displaced backward. A prominent tentorial sinus, receiving sev-
eral superior and inferior hemispheric tributaries, is labeled. The normal position of the
colliculocentral point is identified in aceordanee with Fig. 75-4.

gioma originating from the falcotentorial junction, an-
terior superior extension of a superior vermian tumor,
or tumor of the quadrigeminal plate. Backward dis-
placement of the precentral cerebellar vein, often with
a reversal of the normal colliculocentral angle, is char-
acteristic of all such lesions (Peeters, 1973). The
posterior portions of the basal veins of Rosenthal or

the posterior mesencephalic veins are frequently di s-
placed laterally and separated from each other. Depend-
ing on the exact origin of the tumor, they may be
displaced upward or downward (Fig. 74-27). In almost
every case, however, the posterior portions of the in-
ternal cerebral veins are elevated. Occasionally a tumor
that originates in the superior vermis extends upward
and forward and simulates a pinealoma. In such cases,

however, tributaries of the superior vermian and pre-
central cerebellar vein are also elevated.

Laterally located space-occupying lesions (Figs. 75-
41 to 75-44)

Masses that are more late rally located produce a shift
of the midline structures. Precise venographic landmarks
for the midline, however, are not available. The pre-
central cerebellar vein is the most useful when clearly
visualized. However, a lateral precentral cerebellar vein
may be confused with a displaced midline precentral
cerebellar vein (Huang and Wolf, 1966). The pedun-
cular veins and posterior communicating vein are help-
fuI in identifying midline shifts when distinct asymmetry
is evident. The pontine segment of the anterior ponto-

Text continued on p. 2212.
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Fig. 75-37. Diagram showing displacements and deformities of veins of the posterior fossa
in retrovermian space-occupying lesions. (For description see text.)

Fig. 75.36. Astrocytoma involving posterior portions of the superior and inferior vermis.
Venous phase. A, Lateral view. The inferior vermian vein is markedly displaced downward
and its superior retrotonsillar tributary, in addition, is tilted and displaced forward. The
vein and tributary form a single continuous curve convex inferiorly. The ve in of the primary
fissure and the declival vein are elevated and displaced forward and form a continuous
curve convex superiorly. The superior cerebellar vein and its tributaries, including the pre-
central cerebellar tributary, are displaced forward and upward. The posterior portion of
the posterior mesencephalic vein is somewhat elevated, and this vein therefore appears
straight. The anterior pontomesencephalic, anastomotic lateral mesencephalic, and petrosal
veins (white arrows) are displaced forward. The height of the interpeduncular fossa (black
arrow) is decreased. B, Towne view. The left inferior vermian vein and its superior retro-
tonsillar tributary are markedly laterally displaced. The inferior retrotonsillar tributary is
displaced laterally in its upper portion. The faintly visualized right inferior vermian vein
also shows lateral displacement, indicating enlargement of the inferior vermis. Inferior
and superior hemispheric veins draining into the tentorial sin uses can also be identified.
The pontine cistem, outlined by the transverse pontine vein, is narrow. The anterior
pontomesencephalic vein (white arrowheads) is visible and its lower or transverse pontine
segment is unusually close to the clivlls.
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Fig. 75-39. Huge cisterna magna. A, Lateral venogram. The supraculminate vein and
superior and inferior hemispheric and declival tributaries of the posterior draining veins are
located unusually far forward, indicating considerable separation of the posterior aspect of
the cerebellum from the tentorium as well as from the occipital squama. The inferior ver-
mian ve in and its superior and inferior retrotonsillar tributaries and copular point (black
arrowhead) are also unusually anteriorly located. The occipital sinus is not displaced. These
findings suggest a huge subarachnoid cistern or a subdural hematoma. B, Pneumoencephalo-
gram, lateral view, erect position (same case). A huge cisterna magna outlining the posterior
border of the cerebellum (black arrowheads) is noted. White arrow indicates the belly of
the pons, outlined by air.

Fig. 75-38. Example of a retrovermian mass lesion: epidural hematoma extending above
and below the torcular and lateral sinuses. Venous phase. A, Lateral view. The faintly
visualized inferior vermian vein (double white arrowheads), including superior and inferior
retrotonsillar tributaries and copular point (single white arrowhead), is markedly displaced
anteriorly and therefore appears straight. The inferior portion of the straight sinus, the
torcular, and the adjacent portions of the lateral sin uses (white arrow) are stripped and
separated from the inner table of the skull, indicating the presence of a supra- and an
infratentorial epidural mass. Occipital cortical veins are also visualized and are separated
from the inner table of the skull. A fracture line (black arrowheads) crossing the lateral
sinus is noted. Faintly visualized anterior pontomesencephalic and precentral cerebellar veins
are displaced upward and forward. B, Semiaxial view. The inferior vermian veins are
symmetric and are unusually close to each other. The portions of the lateral sinuses stripped
and separated from their bony grooves are seen on both sides, more clearly on the left. The
preoperative diagnosis of epidural hematoma was confirmed at surgery.
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Fig. 75-39, cont'd. For legend see p. 2205.

Fig. 75-40. Meningioma of the falcotentorial junction. A, Lateral venogram. The split pre-
central cerebellar vein is markedly stretched, elongated, and anteriorly displaced in arcuate
fashion. The posterior portion of the vein of Galen is elevated and anteriorly displaced.
Abnormal vasculature characteristic of a meningioma blush outlining the tumor (T) is also
evident. The inferior vermian vein and its superior and inferior retrotonsillar tributaries are
depressed. This vein drains into a tentorial sinus. B, Pneumoencephalogram, erect lateral
view. The cistem of the vein of Galen and the posterior third ventricle are markedly
elevated and anteriorly displaced. The fourth ventricle is depressed. The partially visualizcd
clongatcd aqucduct (two arrowhcads) is displaccd forward and downward. Subdural air
undcr thc tcntorium outlincs the posterior border (thrcc arrowhcads) of the meningioma.
(A from Huang, Y. P., and Wolf, B. S.: Acta Radiol. [Diagn.] 5:250-262, 1966.)
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Fig. 75-42. Metastatic cerebellar hemispheric lesion simulating a superior vermian tumor.
Venous phase, lateral view. The anterior pontomesencephalic vein is displaced upward and
forward. The precentral cerebellar vein is displaced forward and slightly upward forming a
continuous but small arc convex anteriorly and superiorly (refer to Fig. 75-35 for com-
parison). The superior vermian vein is displaced upward and comes close to the straight
sinus. The inferior vermian veins are posteriorly and inferiorly displaced.

Fig. 75-41. Cerebellar hemispheric space-occupying lesions (two cases). Venous phase. A,
Right cerebellar hemispheric hematoma. Semiaxial view. The faintly visualized precentral
cerebellar vein (arrowheads) is markedly shifted toward the left. Similarly the upper end
of the superior retrotonsillar tributary of the inferior vermian vein is displaced to the left,
with resultant increase in the copular angle. The inferior vermian ve in proper, which lies
adjacent to the cerebellar falx, is not displaced. The posterior fossa on the right side is
avascular in spite of good filling of the arteries on the right as seen in earlier films. At
operation a large somewhat superiorly located hematoma (T) was removed from the right
cerebellar hemisphere. B, Large cystic astrocytoma involving the right cerebellar hemisphere,
semiaxial view. The lower portion of the inferior vermian vein, particularly the superior and
inferior retrotonsillar tributaries, is markedly displaced to the left. The lower two thirds of
the right posterior fossa are avascular. Superior hemispheric veins (black arrowheads) are
elevated as compared with those on the left. A large tumor (T) containing 20 mi of fluid
was removed at surgery.
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Fig. 75.44. Large acoustic neurinoma. Venous phase. A, Lateral view. A prominent markedly
stretched arcuate vein (semicircular row of arrowheads) convex posterioriy begins as an
inferior hemispheric vein on the petrosal aspect of the biventral lobe and runs medially and
superiorly on the medial petrosal aspect of the great horizontal fissure, then in the wing of
the precentral cerebellar fissure, to join the anastomotic lateral mesencephalic vein (anomal-
ous drainage of the petrosal vein into the galenic system). The internal auditory meatus
(small circle of arrowheads) is labeled. The mesencephalic portion of the anastomotic
lateral mesencephalic vein is shortened and elevated. Faintly visualized anterior ponto-
mesencephalic and supraculminate veins are displaced forward and backward respectively,
indicating a tight posterior fossa. The precentral cerebellar vein is somewhat posteriorly
displaced. The internal cerebral vein is not depressed. B, Semiaxial view. The markedly
stretched elongated and elevated anomalous petrasal vein (arrowheads), draining into the
lateral mesencephalic vein and galenic system, can also be identified in this view on the
right. The internal auditory canal and meatus are slightly widened. The petrosal vein,
identified on the left, shows no abnormality.

Fig. 75-43. Relatively small acoustic neurinoma. Venous phase. A, Lateral view. The vein
of the lateral recess of the fourth ventricle is markedly displaced backward in arcuate fash-
ion (white arrowheads) and is joined by an elevated infratentorial segment of the anasto-
motic lateral mesencephalic vein (or brachial tributary of the petrosal vein). These veins
unite to form the stem of the petrosal vein and open into the superior petrosal sinus.
Angiographic evidence of a tight posterior fossa is indicated by close relationships of trans-
verse pontine veins to the clivus and of the declival and supraculminate veins to the straight
sinus. The inferior vermian vein and its tributaries show no definite abnormalities. B, Semi-
axial view. The vein of the lateral recess (small white arrowheads) is displaced superiorly
and laterally away from the eroded internal auditory meatus and canal (large white arrow-
heads). The poorly visualized stem of the petrosal vein, formed by the union of the infra-
tentorial segment of the anastomotic lateral mesencephalic vein and the suprafloccular por-
tion of the vein of the lateral recess of the fourth ventricle (small black arrowheads), is
markedly stretched and elevated. The faintly visualized precentral cerebellar vein and its
hrachial tributaries (white arrows) show no abnormality. The upper parts of the inferior
vermian veins appear displaced to the left, but this is a normal variant. There is, however,
slight elevation of the copular point on the left as compared with the right (black arrows).
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mesencephalic vein is usually too tortuous to be of
diagnostic value for this purpose; and often the mes-
encephalic segment lies not in the midline but in a
paramedian location within the oculomotor sulcus. A

single midline supraculminate vein, although not un-
common, is also tortuous so that only gross displace-
ments of this vessel can be identified (Figs. 75-8 and
75-10). In practice, contralateral shift is usually more
evident by comparison of veins ordinarily symmetrically
located. The two veins of the lateral recess of the fourth

ventricle, brachial tributaries of the petrosal and pre-
central cerebellar veins, and retrotonsillar tributaries of

the inferior vermian veins are most useful in judging
such shifts. The degree of contralateral shift of median
or paramedian veins is generally most pronounced in
those vessels that are located near the middle of the

posterior fossa. The posterior portions of the inferior ver-
mian veins can be displaced contralaterally to only a
limited degree because of the presence of the cerebellar
falx and internal occipital crest. On the other hand, the
upper ends of the superior retrotonsillar veins and
supratonsillar tributaries often show considerable con-

tralateral shift. ParticularIy with laterally located tu-
mors, complete filling of both the arteries and the veins
on the two sides is necessary. This filling can be achieved
by bilateral retrograde brachial angiography using two
pressure injectors or by catheter techniques with reflux
filling of the posterior inferior cerebellar artery on the
opposite side.

Cerebellar hemispheric masses (Figs. 75-41 and 75-
42). These produce contralateral shift of median and

paramedian vessels as just described. Veins running on
the surface of the cerebellum at the site of the tumor

are displaced outward toward the bony walls or the
tentorium in arcuate fashion. Moreover, a similar arcu-
ate upward shape of the tentorium may be evident
when the tentorial sinus is visualized. When the tumor

is located superficially, separation of hemispheric veins
surrounding the mass may be evident, particularIy if
stereoscopic views are available. In unilateral posterior
fossa space-occupying lesions filling of veins on the side
of the lesion may be delayed.

Kinking of the aqueduct is a common feature of
unilateral cerebellar hemispheric lesions as seen on en-
cephalography or ventriculography (Hilal et a1., 1969).
In contrast to the kinking at or near the aditus of the
aqueduct produced by lesions of the superior vermis,
the angulation in hemispheric tumors is said to occur
primarily in the course of the aqueduct. The configu-
rations of the precentral cerebellar vein in these two types
of lesions are also different (Figs. 74-35, 75-34, 75-35,
and 75-42). When a tumor occupies the superior ver-
mis, the anterior culminate and fissural segments are
displaced forward and form a single continuous arcuate
curve convex anteriorIy. In effect, the anterior culminate
segment is displaced superiorIy and the fissural and
parenchymal segments inferiorIy. Both segments are
displaced anteriorIy as wel1. In contrast, with a hemi-



spheric tumor the culminate and fissural segments are
displaced forward and upward in an arched fashion.
The fissural segment is not displaced inferiorly. The
radius of the curves formed by the segments of the pre-
central cerebellar vein is small with a hemispheric
tumor (Fig. 75-42).

Extra-axial or extraparenchymal masses. Located lat-
erally in the posterior fossa, these include a large vari-
ety of expanding processes. The most cornmon exam-
pIe is the cerebellopontine angle tumor (Greitz and
Lindgren, 1961; Scatliff et al., 1965; Takahashi et aL,
1967; Huang et al., 1968a; Bull and Kozlowski, 1970;
Ben-Amor et al., 1971; Lehman, 1972) (Figs. 75-43
and 75-44). The most striking feature in such cases is
usually marked stretching of the stem of the petrosal
vein over the superior portion of an acoustic neurinoma.
The veins that converge to the stem of the petrosal
vein and comprise the tributaries on the petrosal aspect
of the cerebellar hemisphere are displaced backward in
arcuate fashion, indicating the posterior extent of the
tumor. The distance between these vessels and the pos-
terior bony surface of the petrous bone and internal
auditory meatus is obviously increased. When retro-
olivary (or lateral medullary) and transverse pontine
veins are visualized, they may be displaced medially as
seen in the semiaxial projection. Sometimes, presumably
as a result of compression, the petrosal vein and its
tributaries on the side of the tumor may be poorly filled
despite satisfactory visualization of the anterior inferior
and posterior inferior cerebellar arteries. In other cases
tumor vessels or blush may be seen, particularly in in-
stances of neurofibroma and meningioma. When the
tumor is large and extends upward, the peduncular and
lateral mesencephalic veins may be elevated and dis-
placed medially.

Indirect displacements-tight posterior fossa and
herniations (Figs. 75-32, 75-42, 75-45, and 75-46)

As a result of a space-occupying lesion in the posterior
fossa, the subarachnoid cisterns become smaller. Nar-
rowing is usually most marked in the cisterns adjacent
to the lesions but may involve all the subarachnoid
channels, indicative of a tight posterior fossa. Narrow-
ing of the pontine cistern and its lateral extension is
manifested in the venous phase by decreased distance
between the tributaries of the anterior pontomesence-
phalic and petrosal veins and the clivus and adjacent
aspect of the petrous pyramid. Narrowing of the an-
terior medullary cistern is indicated by anterior dis-
placement of the anterior medullary vein. Elevation
of the culminate tributaries, particularly the supra-
culminate tributaries, of the superior vermian vein
indicates narrowing of the superior cerebellar cistern.
The declival vein also approaches unusually close to
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the straight sinus. Narrowing of the cisterna magna is
manifested by posterior and inferior displacements of
the inferior vermian veins and downward displacement
of the retrotonsillar tributaries. As described by Greitz

( 1969), the circulation time of the veins of the pos-
terior fossa may be increased. The infratentorial veins
may appear later and persist longer than the supraten-
torial veins as shown by rapid serial angiography. Up-
ward transtentorial herniation is frequently observed in
posterior fossa space-occupying lesions (Fig. 75-45).
This herniation is indicated by upward displacement
of the superior part of the anterior pontomesencephalic
vein (Figs. 75-32 and 75-42). In addition, the superior
vermis outlined by the adjacent venous channels is also
displaced upward and forward. The posterior mesen-
cephalic veins and basal veins of Rosenthal are elevated
and separated (Fig. 75-45). The posterior portions of
the internal cerebral veins and the vein of Galen may

also be displaced upward when herniation is severe.
Downward transtentorial herniation as a result of a

large supratentorial space-occupying lesion or aqueductal
stenosis (Fig. 75-46) produces inferior displacement of
the roof and mesencephalic segments of the anterior
pontomesencephalic vein. The precentral cerebellar
vein and the superior vermian vein and its culminate
tributaries are also displaced downward. Unilateral
downward transtentorial herniation may produce a con-
tralateral shift of the precentral cerebellar vein as well
as the superior vermian vein and its culminate tribu-
taries. (Fig. 75-46, B). The peduncular and posterior
mesencephalic veins and basal veins of Rosenthal may
be displaced medially as well as inferiorly.

T onsillar herniation is more difficult to detect in the

venous phase than in the arterial phase. When the
inferior retrotonsillar tributary of the inferior vermian
vein is displaced downward below the level of the
foramen magnum, herniation of the tonsil can be iden-
tified. This herniation is usually associated with down-
ward and backward displacement of the stem of the
inferior vermian vein. The superior pole of the cerebel-
lar tonsil, outlined by supratonsillar tributaries and the
superior retrotonsillar vein, is also displaced down-
ward.

Anomalies (Figs. 75-47 and 75-48) (See Chapter 87.)

Anomalies of the posterior fossa include (among
others) aqueductal stenosis, Arnold-Chiari malforma-
tion, Dandy- Walker syndrome, basilar impression, and
communicating hydrocephalus (Raimondi and White,
1967). Only the venographic features of aqueductal
stenosis will be described. In aqueductal stenosis the
upper brainstem (midbrain and upper pons) is flat-
tened from above, displaced downward, and widened
transversely as well as anteroposteriorly (Liliequist, 1960;

T ext continued on p. 2218.
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Fig. 75-45. Upward transtentorial herniation indicated by elevation, lateral displacement,
and separation of posterior mesencephalic veins, simulating an enlarged midbrain. Venous
phase. A, Semiaxial view. The posterior mesencephalic veins, draining into the posterior
portions of the internal cerebral veins, are visualized on both sides (black arrowheads) and
are markedly displaced outward, especially posteriorly. Abnormal vasculature related to a
large posterior fossa meningioma (T, line of white dashes) can also be seen on the right.
B, Lateral view. A large tumor (T) with characteristic meningioma blush (black arrows
and single arrowheads) is seen elevating the superior hemispheric tributaries (double
arrowheads) of the superior vermian vein. The posterior portions of the basal veins are
elevated, more so on the right.
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Fig. 75.46. Downward transtentorial hemiation from a right parietal mass lesiono Venous
phase. A, Lateral view. The anterior pontomesencephalic vein is depressed and somewhat
anteriorly displaced. There is moderate downward displacement along with stretching of
the superior cerebellar vein and its precentral and culminate tributaries. B, Anteroposterior
view. The split precentral cerebellar vein (white arrowheads) appears shifted from right to
left. The anterior extensions of this vein into brachial tributaries (black arrowheads) of the
petrosal veins can also be identified. The brachial tributary on the right is depressed and
medially displaced. These findings indica te downward transtentorial hemiation on the right.
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Fig. 75.47. Diagram showing changes in the course of veins of the posterior fossa in aque-
ductal stenosis. (For description see text.)

Fig. 75-48. Aqueductal stenosis (two cases). Venous phase, lateral view. A, Low aqueductal
stenosis. The pontine segment of the anterior pontomesencephalic vein bulges forward. Its
upper end or the region of the superior foramen cecum (single arrowhead) is depressed. A
vein in the pontomesencephalic sulcus (double arrowheads) is also depressed and elongated.
The precentral cerebellar vein (four arrowheads) is stretched downward and arched some-

what backward. The colliculocentral angle is reversed. These features indicate widening and
downward displacement of the flattened upper brainstem. The internal cerebral vein is de-
pressed, and its subependymal tributaries elongated. The inferior vermian vein is not re-
markable. B, High aqueductal stenosis. Depression of the internal cerebral vein and stretch-

ing and elongation of its subependymal tributaries indicate hydrocephalus. The interpeduncular
fossa, outlined by the anterior pontomesencephalic vein (black arrowheads), is depressed;
and the pontine cistern, outlined by the pontine segment of the vein, is markedly narrowed.
The precentral cerebellar vein is straightened inferiorly (small white arrowhead), and its
colliculocentral point (large white arrowhead) is located considerably lower than usual.
Although this point is not appreciably displaced posteriorly, the distance between the an-
terior aspect of the pons, outlined by the anterior pontomesencephalic vein, and the colliculo-
central point is still slightly increased. The inferior vermian vein and its retrotonsillar and
hemispheric tributaries show no abnormality. Enlargement of the sella with erosion of the
posterior clinoids is caused by an enlarged third ventricle and increased intracranial pres-
sure. The difference in the course of the precentral ccrebellar vein between this case and
the previous case (A) is related to the site of the obstruction. Pantopaque ventriculography
confirmed the findings in both cases.
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Fig. 75.48. For legend see opposite page.
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Huang et al., 1968b). Widening of the upper brainstem
is greater when the site of the stenosis is low in the
aqueduct (Fig. 75-48, A). The upper portion of the
anterior pontomesencephalic vein is depressed and its
pontine segment bulges forward. The precentral cere-
bellar vein is stretched downward, straightened, and
displaced posteriorly (Huang and Wolf, 1964b; Kray-
enbühl and Ya§argil, 1965). This change is most
marked in the region of the colliculocentral point. The
colliculocentral angle may be slightly reversed. Median
and paramedian veins are not laterally displaced and
remain symmetric. The veins in the lower part of the
posterior fossa show no abnormality. The stretching of
the internal cerebral and subependymal veins of the
lateral ventricles confirms the presence of symmetric
hydrocephalus (Huang and Wolf, 1964a; Wolf and
Huang, 1964; Huang et al., 1968b).

Abnormal pattems oí circulation

The circulation time in the posterior fossa when a
catheter technique is used is approximately the same
as in the supratentorial regions (3.5 seconds) (Greitz,
1969). In our series of thirty adult patients with pre-
sumably normal posterior fossa angiograms, the angio-
graphic circulation time of the posterior fossa was
measured from the time of maximal opacification of
the vertebral arteries at the level of Cito the time of

maximal filling of the individual veins of the posterior
fossa. The method we employed was bilateral retro-
grade brachial angiography utilizing two pressure in-
jectors, one on each side, with a 0.2-second delay on
the left side to ensure maximal opacification of the
vertebrobasilar system through simultaneous filling of
the two vertebral arteries. The exposures of the first
nine film s in each series were made at 0.5-second in ter-

vals. The remaining five to eight films were exposed at
0.7-second intervals. In the semiaxial projection the
carotid artery was manually compressed in the neck on
the right side to avoid superimposition of the supra-
tentorial vessels on the posterior fossa vessels. This re-
sulted in simultaneous compression of the right jugular
vem.

The average circulation time of the posterior fossa
in the semiaxial projection ranged from 4.0 to 4.4 sec-
onds, whereas that related to the ascending parieto-
occipital and basal cerebral veins was slightly shorter
(3.5 seconds). The circulation time related to veins of
the mesencephalon and upper part of the cerebellum
was slightly shorter, whereas that related to the medulla
oblongata and upper cervical cord was longer by about
a second.

The circulation time may be increased in posterior
fossa masses or as a result of arterial stenoses or spasm
associated with bleeding from aneurysms or with menin-

gitis. The circulation time may be decreased locally by
tumors in the posterior fossa. Arteriovenous malforma-
tions show the same features as seen in the supratentorial
reglOn.

REFERENCES

Angevine, J B., Jr., Mancall, E. L., and Yakovlev, P. l.: The
human cerebellum; an atlas of gross topography in serial
sections, Boston, 1961, Little, Brown & Co.

Aubin, M. L., Philippon, J., Viano, J., Metzger, J: Phlébo-
gramme de la fosse postérieure. Son intéret dans le diag-
nos tic des processus expansifs sous-tentoriels, J Radiol. Elec-
trol. Med. Nud. 53:55-60, 1972.

Bekov, D. B.: [Atlas of the venous system of the brain of
man.] Moscow, 1965, IzdateIstov "Meditsina"

Ben-Amor, M., Beeckman, P., and Wenger, J-J: Signes
phlébographiques des neurinomes de I'acoustique, Ann.
Radiol. 14:781-785, 1971.

Bouchet, A., Lapras, C., and Goutelle, A.: Les voies de drain-
age veineux a l'intérieur de la fosse cérébrale postérieure,
C. R. Assoc. Anal. 48:336-345, 1963-1964.

Bradac, G. B.: The ponto-mesencephalic veins (radio-anatomi-
cal study), Neuroradiology 1:52-57,1970.

Bradac, G. B., and Simon, R. S.: Der diagnostische Wert
der pontomesencephalen Venen, Radiologe 11:129-133, 1971.

Bradac, G. B., Simon, R. S., and Holtz, D.: Zur Auswertung
der venosen Phase des Vertebralisangiogramms, Fortschr.
Geb. Roentgenstr. Nuklearmed. 117 :630-637, 1972.

Bradac, G. B., Wackenheim, A., and Braun, J.-P.: Contribu-
tion a l'étude du phlébogramme de l'angiographie vertébrale,
Neurochirurgia 12:1-16, 1969.

Braun, J P., and Wackenheim, A.: Phlébographie mesencé-

phalique dans les tumeurs du tronc cérébral, Acta Radio!.
[Diagn.] 13:45-51, 1972.

Bull, J, and Kozlowski, P.: The angiographic pattern of the
petrosal veins in the normal and pathological, Neuroradiol-
ogy 1:20-26, 1970.

Dandy, W. E.: An operation for the cure of tic douloureux
Arch. Surg. 18:687-734, 1929.

Dilenge, D., and David, M.: L'Angiographie vertébrale, Neuro-
chirurgie 13:121-156, 1967.

Dow, R. S.: The evolution and anatomy of the cerebellum,
Biol. Rev. 17:179-220, 1942.

Giudicelli, G., Faure, J, and Salamon, G.: Les veines du thala-
mus, Neuroradiology 1:92-98, 1970.

Greitz, T.: Evaluation of circulation time in angiography of
the vertebral artery, Acta Radiol. [Diagn.] 9:300-309, 1969.

Greitz, T., and Lindgren, E.: Cerebral angiography. In Abrams,
H. L., editor: Angiography, Boston, 1961, Little, Brown &
Co., vol. 1, sect. 21.

Greitz, T., and Sjogren, S.E.: The posterior inferior cerebellar
artery, Acta Radiol. [Diagn.] 1:284-297, 1963.

Hassler, O.: Venous anatomy of human hindbrain; a stereo-
microangiographic study of the venous angio-architecture
and the venous areas of drainage, Arch. Neurol. 16:404-
409, 1967.

Hague, T.: Catheter vertebral angiography, Acta Radiol., supp.
109, 1954.

Hilal, S. K., Tookoian, H., and Wood, E. H.: Displacement of
the aqueduct of Sylvius by posterior fossa tumors; experi-
mental and dinical studies, Acta Radiol. [Diagn.] 9:
167-182, 1969.

Huang, Y. P., Ito, J, and Pinner, J: Angiographic anatomy



and circulation time of the veins of the posterior fossa. In
Newton, T. H., editor: Symposium on recent advances in
neuroradiology, Tokyo, 1974, Igaku Shoin, Ltd.

Huang, Y. P., and Wolf, B. S.: Angiographic features of uni-
lateral hydrocephalus of obstructive nature, Am. J. Roent-
genol. Radium Ther. Nud. Med. 92:792-810, 1964a.

Huang, Y. P., and Wolf, B. S.: Diagnostic importance of the
precentral cerebel1ar vein in angiography, VII Symposium
Neuroradiologicum, New York, 1964b.

Huang, Y. P., and Wolf, B. S.: The veins of the posterior
fossa-superior or Galenic draining group, Am. J. Roent-
genol. Radium Ther. Nud. Med. 95:808-821, 1965.

Huang, Y. P., and Wolf, B. S.: Precentral cerebel1ar vein in
angiography, Acta Radiol. [Diagn.] 5:250-262, 1966.

Huang, Y. P., and Wolf, B. S.: The vein of the lateral recess
of the fourth ventride and its tributaries; roentgen appear-
ance and anatomic relationships, Am. J. Roentgenol. Radium
Ther. Nud. Med. 101:1-21, 1967.

Huang, Y. P., and Wolf, B. S.: Angiographic features of
fourth ventricle tumors with special reference to the pos-
terior inferior cerebellar artery, Am. J. Roentgenol. Radium
Ther. Nucl. Med. 107:543-564, 1969.

Huang, Y. P., and Wolf, B. S.: Angiographic features of brain
stem tumors and differential diagnosis from fourth ventride
tumors, Am. J. Roentgenol. Radium Ther. Nucl. Med. 110:1-
30, 1970a.

Huang, Y. P., and Wolf, B. S.: Differential diagnosis of fourth
ventride tumors from brain stem tumors in angiography,
Neuroradiology 1:4-19, 1970b.

Huang, Y. P., Wolf, B. S., Antin, S. P., and Okudera, T.: The
veins of the posterior fossa-anterior or petrosal draining
group, Am. J. Roentgenol. Radium Ther. Nud. Med. 104:
36-56, 1968a.

Huang, Y. P., Wolf, B. S., Antin, S. P., Okudera, T., and Kim,
1. H.: Angiographic features of aqueductal stenosis, Am. J.
Roentgenol. Radium Ther. Nucl. Med. 104:90-108, 1968b.

Huang, Y. P., Wolf, B. S., and Okudera, T.: Angiographic
anatomy of the inferior vermian vein of the cerebel1um,
Acta Radiol. [Diagn.] 9:327-344, 1969.

Ingvar, S.: Zur Phylo- und Ontogenese des Kleinhirns, Folia
Neuro-Biol. Leipzig 11:205-495, 1918.

Krayenbühl, H., and Ya§argil, M. G.: Die zerebrale Angiogra-
phie; Lehrbuch für Klinik und Praxis, Stuttgart, 1965,
Georg Thieme Verlag.

Langelaan, J. W.: On the development of the external form of
the human cerebel1um, Brain 42:130-170,1919.

Lehmann, R.: Venenbilder bei Akustikusneurinomen, Acta
Radiol. 13:150-156, 1972.

Veins 01 the posterior lossa 2219

Liliequist, B.: Encephalographic changes in the axial pressure
cone syndrome, Acta Radiol. 54:369-378, 1960.

Padget, D. H.: The cranial venous system in man in reference
to development, adult configuration, and relation to the
arteries, Am. J. Anat. 98:307-355, 1956.

Padget, D. H.: The development of the cranial venous system
in man, from the viewpoint of comparative anatomy, Con-
trib. Embryol. 36:79-140, 1957.

Peeters, F. L. M.: The vertebral angiogram in patients with
tumours in or near the midline, Neuroradiology 5:53-58,
1973.

Poirier, P., and Charpy, A.: Traité d'anatomie humaine, Paris,
1921, Masson & Cie., vol. 3.

Raimondi, A. J., and White, H.: Cerebral angiography in the
newborn and infant: general principies, Ann. Radiol. 10:147-
164, 1967.

Russell, D. S., and Rubinstein, L. J.: Pathology of tumours of
the nervous sytem, London, 1959, Edward Arnold (Pub-
lishers), Ltd.

Scatliff, J. H., Mishkin, M. M., and Hyde, l.: Vertebral an-
giography: an evaluation of methods, Radiology 85: 1-4-22,
1965.

Sch¡¡fer, E. A., and Symington, J.: Neurology. In Quain's
elements of anatomy, ed. 11, New York, 1908, Longmans
Green & Co., vol. 3.

Stephens, R. B., and Stilwel1, D. L.: Arteries and veins of the
human brain, Springfield, 111., 1969, Charles C Thomas,
Publisher.

Takahashi, M., Wilson, G., and Hanafee, W.: The significance
of the petrosal vein in the diagnosis of cerebel1opontine angle
tumors, Radiology 89:834-840, 1967.

Wackenheim, A., and Ben-Amor, M.: Phlebographic location
of the inferior vermis, Neuroradiology 3:12-15, 1971.

Wolf, B. S., and Huang, Y. P.: The subependymal veins of the
lateral ventricles, Am. J. Roentgenol. Radium Ther. Nud.
Med. 91:406-426, 1964.

Wolf, B. S., and Huang, Y. P.: Diagnostic value of cerebral
veins in mass lesions of the brain, Radiol. Clin. North Am.
4:117-130, 1966.

Wolf, B. S., Huang, Y. P., and Newman, C. M.: The lateral
anastomotic mesencephalic vein and other variations in drain-
age of the basal cerebral vein, Am. J. Roentgenol. Radium
Ther. Nud. Med. 89:411-422, 1963.

Ziehen, T.: Central Nervensystem. In von Bardeleben, K.,
editor: Handbuch der Anatomie des Menschen, Jena, 1934,
Gustav Fischer Verlag, vol. 4.




