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OBJECT Fissure dissection is routinely used in the supratentorial region to access deeply situated pathology while
minimizing division of neural tissue. Use of fissure dissection is also practical in the posterior fossa. In this study, the
microsurgical anatomy of the 3 cerebellar-brainstem fissures (cerebellomesencephalic, cerebellopontine, and cerebel-
lomedullary) and the various procedures exposing these fissures in brainstem surgery were examined.

METHODS Seven cadaveric heads were examined with a microsurgical technique and 3 with fiber dissection to clarify
the anatomy of the cerebellar-brainstem and adjacent cerebellar fissures, in which the major vessels and neural struc-
tures are located. Several approaches directed along the cerebellar surfaces and fissures, including the supracerebellar

infratentorial, occipital transtentorial, retrosigmoid, and midline suboccipital approaches, were examined. The 3 heads
examined using fiber dissection defined the anatomy of the cerebellar peduncles coursing in the depths of these fis-

sures.

RESULTS Dissections directed along the cerebellar-brainstem and cerebellar fissures provided access to the posterior
and posterolateral midbrain and upper pons, lateral pons, floor and lateral wall of the fourth ventricle, and dorsal and

lateral medulla.

CONCLUSIONS Opening the cerebellar-brainstem and adjacent cerebellar fissures provided access to the brainstem
surface hidden by the cerebellum, while minimizing division of neural tissue. Most of the major cerebellar arteries, veins,
and vital neural structures are located in or near these fissures and can be accessed through them.
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techniques, imaging, and electrophysiological mon-

itoring have facilitated safe resection of brainstem
lesions that were previously considered inoperable 331112
14-16,19,21,23-26,37,38 40 44 ,62,64,65,70,73,75,79 86 The brainstem Surface,
when near to or accessed by the lesion, is the shortest and
most direct path for surgical treatment.>>9:1421.6475.7 Several
safe entry zones have been proposed and used for lesions
inside the brainstem.?>%12:13232440658 To maximize the
chances of safe and precise removal of these lesions, suffi-
cient exposure of the brainstem surface is critical, as is se-
lection of an appropriate entry corridor into the brainstem.
Cerebral fissures, such as the sylvian fissure, are rou-
tinely opened in the supratentorial region to access deeply
situated pathology without dividing any neural tissue. Fis-

RECENT advances in microsurgical and endoscopic

sure dissection has also been used in the infratentorial re-
gion 2249336061 Qpening the arachnoid membranes and tra-
beculae along the cerebellar-brainstem fissures, as in the
telovelar or transcerebellomedullary fissure approaches,
was originally proposed to access the pineal region, cra-
nial nerve (CN) V, and the fourth ventricle.2>#%%° However,
brainstem surgery frequently requires the opening of the
3 cerebellar-brainstem fissures and/or adjacent cerebellar
fissures to expose the cerebellar peduncles and brainstem
surface hidden by the parts of the cerebellum forming
the walls of the 3 cerebellar-brainstem fissures.”! Most
of the major cerebellar arteries, veins, and vital neural
structures, including a majority of the CNs and all 3 cer-
ebellar peduncles, are located inside or close to these fis-
sures.?’#343.56.66.6885 Detailed knowledge of these fissures is

ABBREVIATIONS AICA = anterior inferior cerebellar artery; CN = cranial nerve; PCA = posterior cerebral artery; PICA = posterior inferior cerebellar artery; SCA = superior

cerebellar artery.
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required to be able to open them safely. This study exam-
ined the microsurgical anatomy of the cerebellar-brain-
stem and adjacent fissures and the various approaches
through these fissures.

Methods

The cerebellar-brainstem and cerebellar fissures were
examined in step-by-step microsurgical dissections of 7
cadaveric heads, and 3 brainstems with attached cerebella
with the fiber dissection technique, both groups using the
magnification (6—40) provided by the Zeiss Surgical Mi-
croscope (Carl Zeiss AG). No intracranial pathology was
observed in any specimen. After formalin fixation, the ar-
teries were perfused with red-colored and the veins with
blue-colored silicone (Dow Corning Corp.), Thinner 200
(Dow Corning Corp.), and RTV catalyst (Dow Corning
Corp.) as described previously.” Bone dissections were
performed with a Midas Rex drill (Midas Rex Institute).
The method of cerebellar and brainstem fiber tract dissec-
tion is described elsewhere.®

Results
Cerebellar-Brainstem and Cerebellar Fissures

The cerebellum wraps around the posterior surface of
the brainstem to create 3 cerebellar-brainstem fissures:
cerebellomesencephalic, cerebellopontine, and cerebello-
medullary (Fig. 1).57%7 The cerebellomesencephalic fissure
extends inferiorly between the cerebellum and midbrain,
the cerebellopontine fissure is formed by the folding of
the cerebellum around the lateral sides of the pons, and
the cerebellomedullary fissure extends superiorly between
the cerebellum and medulla. Each cerebellar-brainstem
fissure is related to a part of the fourth ventricle. The cer-
ebellomesencephalic fissure is related to the superior half
of the roof, the cerebellopontine fissure to the lateral re-
cesses, and the cerebellomedullary fissure to the inferior
half of the roof of the fourth ventricle (Fig. 1E and F).
The cerebellar surface is divided into a tentorial surface,
which faces the tentorium; a petrosal surface, which faces
forward toward the posterior surface of the temporal bone;
and a suboccipital surface located below and between the
transverse and sigmoid sinuses, which faces the inferior
half of the occipital bone and is exposed in a suboccipital
craniotomy (Fig. 1A-C).

The tentorial cerebellar surface is divided into 3 parts
by the tentorial (primary) and postclival fissures and is
separated from the posterior half of the midbrain by the
cerebellomesencephalic fissure (Fig. 1A). The inferior
part of the cerebellomesencephalic fissure ventral to the
central lobule is often referred to as the precentral cer-
ebellar fissure. The tentorial fissure is located between the
quadrangular and simple lobules on the hemisphere and
the culmen and declive on the vermis. The postclival fis-
sure separates the simple and the superior semilunar lob-
ules.

The major fissure on the petrosal cerebellar surface, the
petrosal (horizontal) fissure, divides the surface into supe-
rior and inferior parts and extends onto the suboccipital
cerebellar surface between the superior and inferior semi-
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lunar lobules (Fig. 1B). The petrosal surface wraps around
the pons and the middle cerebellar peduncles to form the
superior and inferior limbs of the cerebellopontine fissure.
The cerebellopontine fissure is a V-shaped fissure. The
petrosal and postclival fissures extend laterally and supe-
riorly from the apex of the cerebellopontine fissure. The
cerebellopontine fissure is continuous with the cerebello-
mesencephalic fissure superiorly and cerebellomedullary
fissure inferiorly. Both the cerebellopontine and petrosal
fissures are together called the horizontal or great horizon-
tal fissure in the classic nomenclature.>”¢

The suboccipital fissure divides the suboccipital cer-
ebellar surface into superior and inferior parts, the infe-
rior semilunar and biventral lobules on the hemisphere,
and the pyramid and tuber on the vermis (Fig. 1C). The
vermian part of this fissure is classically called the pre-
pyramidal fissure, and the hemispheric part is called the
prebiventral fissure.%” The petrosal (horizontal) fissure,
the most prominent fissure on the petrosal surface, extends
onto the suboccipital surface between the superior and in-
ferior semilunar lobules. The tonsillobiventral (secondary)
fissure separates the tonsil and the biventral lobule on the
inferior part of the suboccipital surface. The cerebellom-
edullary fissure extends superiorly between the cerebel-
lum and medulla, separating the suboccipital surface from
the dorsal half of the medulla.

Cerebellomesencephalic Fissure

The cerebellomesencephalic fissure extends downward
between the midbrain and the cerebellum and is V-shaped
when viewed superiorly (Fig. 2). The ventral wall of the
fissure, which forms the outer surface of the superior part
of the roof of the fourth ventricle, is composed of the lin-
gula of the vermis, dorsal surface of the superior cerebel-
lar peduncles, and the rostral surface of the middle cer-
ebellar peduncles. The dorsal wall of the fissure is formed
by the anterior surface of the culmen and central lobule in
the midline and the quadrangular lobule and wing of the
central lobule laterally. The lingula, a thin, narrow tongue
of the vermis, sits on the outer surface of the superior (an-
terior) medullary velum (Fig. 2B). The superior cerebellar
peduncles, which connect the dentate nucleus to the red
nucleus and thalamus, form smooth longitudinal promi-
nences on each side of the lingula. The interpeduncular
sulcus, a continuation of the lateral mesencephalic sulcus,
extends along the adjoining surfaces of the superior and
middle cerebellar peduncles (Fig. 2B and F). The inferior
cerebellar peduncle turns dorsally to cross lateral to the
caudal part of the superior cerebellar peduncle at the cau-
dal edge of the cerebellomesencephalic fissure (Fig. 2F).
CN IV arises in the cerebellomesencephalic fissure below
the inferior colliculus and passes anterolaterally to exit the
anterior part of the fissure. This fissure opens superiorly
into the quadrigeminal cistern in the midline, the site of
the pineal gland and superior and inferior colliculi, and
laterally into the ambient cistern, through which CN 1V,
the posterior cerebral artery (PCA), and basal vein pass.

The largest vessels coursing in the cerebellomesence-
phalic fissure are the superior cerebellar artery (SCA) and
tributaries of the vein of Galen, including the veins of the
cerebellomesencephalic fissure and superior cerebellar
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FIG. 1. Cerebellar-brainstem and cerebellar fissures and fourth ventricle. A: The tentorial (primary) and postclival fissures are lo-
cated on the tentorial surface that faces the lower surface of the tentorium. The cerebellomesencephalic fissure, also referred to as
the precentral cerebellar fissure, separates the tentorial surface from the dorsal surface of the midbrain. B: The petrosal surface
faces forward toward the posterior surface of the temporal bone and wraps around the pons and the middle cerebellar peduncles to
form the superior and inferior limbs of the cerebellopontine fissure. The petrosal (horizontal) and postclival fissures extend laterally
and superiorly from the apex of the cerebellopontine fissure. The cerebellopontine fissure is continuous with the cerebellomesence-
phalic fissure superiorly and cerebellomedullary fissure inferiorly. C: The suboccipital surface, exposed in the suboccipital opera-
tive approaches and located below and between the sigmoid and transverse sinuses, is the site of the suboccipital fissure, which
has a vermian part called the prepyramidal fissure, and a hemispheric part referred to as the prebiventral and tonsillobiventral (sec-
ondary) fissures. The cerebellomedullary fissure separates this surface from the medulla. D: Removing the cerebellar margin of
the 3 cerebellar-brainstem fissures exposes the interior of the fissures and the areas of communication between these fissures. E:
Posterolateral view. Removing the left half of the cerebellum exposes the 3 cerebellar-brainstem fissures and major vessels in
these fissures. F: The right half of the brainstem has been removed to provide an anterior view of the cerebellomesencephalic and
cerebellomedullary fissures, and the roof of the fourth ventricle formed, from rostral to caudal, by the superior and inferior medullary
vela, and the tela choroidea, in which the choroid plexus arises. G: Removing the tela choroidea in the roof of the fourth ventricle
exposes the surface of the nodule and tonsil facing the cerebellomedullary fissure. A.l.C.A. = anterior inferior cerebellar artery;
Bivent. = biventral; Ca. = caudal; Cent. = central; Cer. = cerebellar, cerebello; Chor. Plex. = choroid plexus; CN = cranial nerve; Fiss.
= fissure; Flocc. = flocculus; Gl. = gland; Hem. = hemispheric; Inf. = inferior; Lat. = lateral; Lob. = lobule; Med. = medullary; Mes.

= mesencephalic; Mid. = middle; P.I.C.A. = posterior inferior cerebellar artery; Ped. = peduncle; Pet. = petrosal; Pon. = pontine;
Postcliv. = postclival; Prepyram. = prepyramidal; Quad. = quadrangular; Rec. = recess; Ro. = rostral; S.C.A. = superior cerebellar
artery; Semilun. = semilunar; Simp. = simple; Suboccip. = suboccipital; Sup. = superior; Tent. = tentorial; Tons. = tonsillo; Tr. = trunk;
V. = vein; Vel. = velum; Verm. = vermian.
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FIG. 2. Cerebellomesencephalic fissure. A: The cerebellomesencephalic fissure extends caudally between the midbrain and the cerebellum, and opens
superiorly into the quadrigeminal cistern, the site of the pineal gland, superior and inferior colliculi, and origin of CN IV, and laterally into the ambient
cistern along which CN IV courses. B: The left central lobule and anterior part of the quadrangular lobule have been removed to expose the superior
medullary velum and lingula in the anterior wall of the cerebellomesencephalic fissure. C: The superior medullary velum was removed to expose the
upper half of the fourth ventricle. The nodule, choroid plexus, and facial colliculi are exposed inside the fourth ventricle. D: The median sulcus, facial
colliculus, and stria medullaris, crossing the floor of the fourth ventricle at the level of the lateral recess, are exposed after the nodule was retracted. The
median sulcus above the facial colliculi, and the supra- and infrafacial triangles above and below the facial colliculi, have been proposed as brainstem
safe entry zones. E: The main vessels coursing in the cerebellomesencephalic fissure are the SCA, veins of the cerebellomesencephalic fissure, and
the lateral mesencephalic vein. The rostral and caudal trunks of the SCA enter the cerebellomesencephalic fissure after passing above CN V. The supe-
rior colliculi are supplied predominantly by the PCA, and the inferior colliculi by the SCA or its circumflex perforating branches. The vein of the cerebel-
lomesencephalic fissure crosses the quadrigeminal cistern anterior to the central lobule and empties directly or through the superior vermian vein into
the vein of Galen. The lateral mesencephalic vein courses along the lateral mesencephalic sulcus and communicates with the basal vein above and the
superior petrosal vein below. F: The rostral part of the left half of the cerebellum has been removed to expose the superior cerebellar peduncle, which
forms the medial part of the ventral wall of the cerebellomesencephalic fissure. The middle cerebellar peduncle forms part of the caudal wall of the
cerebellomesencephalic fissure. The inferior cerebellar peduncle passes lateral to the junction of the superior cerebellar peduncle and dentate nucleus
at the caudal edge of the cerebellomesencephalic fissure. FIG. 2. (continued)—
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FIG. 2. A. = artery; Ca. = caudal; Cent. = central; Cer. = cerebello; Chor. Plex. = choroid plexus; CN = cranial nerve; Coll. = colliculus; Dent. = dentate;
Fac. = facial; Fiss. = fissure; Gl. = gland; Inf. = inferior; Int. Ped. = interpeduncular; Ped. = peduncle; Lat. = lateral; Lob. = lobule; Med. = median, medul-
lary; Mes. = mesencephalic; Mid. = middle; Nucl. = nucleus; P.C.A. = posterior cerebral artery; Ped. = peduncle; Pet. = petrosal; Pon. Trig. = pontotri-
geminal; Quad. = quadrangular; Ro. = rostral; S.C.A. = superior cerebellar artery; Str. Med. = stria medullaris; Sulc. = sulcus; Sup. = superior; Tr. = trunk;

V. = vein; Vel. = velum; Vent. = ventricle; Verm. = vermian.

peduncle, and the lateral mesencephalic vein (Figs. 1E and
2E). The SCA enters the cerebellomesencephalic fissure,
after encircling the brainstem near the pontomesence-
phalic junction, passing below CN IV and above CN V. It
usually bifurcates into rostral and caudal trunks near CN
V before entering the cerebellomesencephalic fissure. A
meningeal branch occasionally originates from the main
or rostral trunk near where the artery passes under the
tentorium, and enters the free edge of the tentorium. The
cerebellomesencephalic segment of the SCA makes sev-
eral sharp turns in the fissure and is frequently intertwined
with CN IV, and gives rise to the precerebellar arteries,
which supply the deep cerebellar white matter and the
dentate nucleus, and to hemispheric and vermian branch-
es, supplying the tentorial cerebellar surface. The SCA
supplies the superior and middle cerebellar peduncles and
inferior colliculi in the cerebellomesencephalic fissure,
often by the circumflex perforating arteries, which wind
around the brainstem. The superior colliculi are supplied
predominantly by the PCA.

The paired veins of the superior cerebellar peduncle
originate deep in the cerebellomesencephalic fissure,
course upward on the superior cerebellar peduncles just
lateral to the lingula, and join near the rostral tip of the
lingula to form the vein of the cerebellomesencephalic
fissure, also called the precentral cerebellar vein, which
crosses the quadrigeminal cistern anterior to the central
lobule to drain either directly or through the superior ver-
mian vein into the vein of Galen, as a bridging vein (Fig.
1E). The lateral mesencephalic vein courses in the lateral
mesencephalic sulcus and usually empties into the basal
vein. The inferior end of the lateral mesencephalic vein
often anastomoses through the pontotrigeminal vein with
a superior petrosal vein 27366668

Approaches to or Through the Cerebellomesencephalic
Fissure

Approaches that involve the opening of the cerebel-
lomesencephalic fissure include the variations of the su-
pracerebellar infratentorial, occipital transtentorial, and
superior transvelar approaches (Fig. 3). Sacrificing some
bridging veins draining into the torcula may be required
to reach the quadrigeminal region through the midline su-
pracerebellar infratentorial approach. Opening the thick
arachnoid membrane of the quadrigeminal cistern and
the superficial part of the cerebellomesencephalic fissure
exposes the Galenic venous complex including the vein
of the cerebellomesencephalic fissure, P; segment of the
PCAs extending medial to the tentorial edge, pineal gland,
posterior wall of the midbrain including the upper part of
the collicular plate, and third ventricle, which can be ex-
posed between the splenium and pineal body (Fig. 3A). It
is difficult to see and open the full depth of the cerebel-
lomesencephalic fissure hidden anterior to the vermis, but

superficial arachnoid dissection along the cerebellomes-
encephalic fissure facilitates retraction of the vermis and
mobilization of the vein of the cerebellomesencephalic
fissure and superior vermian vein.

The paramedian variant of the supracerebellar in-
fratentorial approach provides access to the pineal re-
gion and ipsilateral part of the cerebellomesencephalic
fissure while avoiding the obstruction in the midline by
the culmen (Fig. 3B). The paramedian approach, directed
off-midline above the quadrangular lobule lateral to the
vermis, accesses the quadrigeminal and ambient cisterns,
pineal gland, and superior colliculi without sacrificing
bridging veins in the midline. Opening the superior part of
the cerebellomesencephalic fissure provides more inferior
exposure of the posterior midbrain, including the inferior
colliculus and CN IV. Caution is needed to avoid damage
to CN IV and the tortuous branches of the SCA coursing
in the cerebellomesencephalic fissure, including the men-
ingeal branch to the tentorial edge.

The extreme lateral variant of the supracerebellar in-
fratentorial approach directed adjacent to the asterion and
upper sigmoid sinus accesses the posterolateral aspect of
the midbrain adjacent to the lateral mesencephalic sulcus,
superior cerebellar peduncle, and CN IV (Fig. 3C). Open-
ing the superior part of the cerebellomesencephalic fissure
makes retraction of the cerebellum easier and enables a
more inferior exposure, including the posterolateral sur-
face of the upper pons and CN V. Opening the superior
edge of the cerebellopontine fissure and the arachnoid
membrane around the tributaries of the superior petro-
sal veins, including the pontotrigeminal and anterolateral
marginal veins, aids in reducing tension on the superior
petrosal veins, tortuous branches of the SCA, meningeal
branch to the tentorial edge, and the pontotrigeminal vein
connecting the lateral mesencephalic vein with the supe-
rior petrosal veins.

In the occipital transtentorial approach, the occipital
lobe is retracted and the tentorium is divided along the
edge of the straight sinus to provide a slightly off-midline
approach to the fissure (Fig. 3D). This approach provides
a more superior view of the ipsilateral half of the cerebel-
lomesencephalic fissure, and better visualization into the
depth of the fissure, as compared with the supracerebel-
lar infratentorial approach. It provides access to the sple-
nium above the vein of Galen, pineal gland, and superior
colliculi (Fig. 3E). Opening the superior part of the cer-
ebellomesencephalic fissure and gentle retraction of the
cerebellum exposes the inferior colliculi and CN IV (Fig.
3F). Extending the dissection into the inferior part of the
cerebellomesencephalic fissure exposes the thin, white,
superior medullary velum in the midline (Fig. 3G). The
superior medullary velum, with the lingula on its outer
surface, is a relatively avascular structure that roofs the
superior half of the fourth ventricle. A midline linear inci-
sion through this velum provides access to the upper half
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FIG. 3. Surgical approaches to the cerebellomesencephalic fissure. A-C: Median, paramedian, and extreme lateral supracerebellar infratentorial ap-
proaches. A: The Galenic venous complex including the vein of the cerebellomesencephalic fissure, P, segment of the PCAs, pineal gland, posterior
surface of the midbrain including the superior colliculi, and the third ventricle have been exposed through the midline supracerebellar infratentorial
approach. Opening the superficial part of the cerebellomesencephalic fissure, and gentle retraction of the vermis and the vein of the cerebellomes-
encephalic fissure and superior vermian vein facilitates exposure of the quadrigeminal region. B: The left paramedian variant of the supracerebellar
infratentorial approach provides greater access to the ipsilateral half of the cerebellomesencephalic fissure and avoids the obstruction by the culmen in
the midline approach. Opening the superior part of the cerebellomesencephalic fissure exposes the inferior colliculus and CN IV. C: The extreme lateral
variant of the supracerebellar infratentorial approach directed adjacent to the asterion and sigmoid sinus provides access to the posterolateral midbrain
adjacent to the lateral mesencephalic sulcus and vein, superior cerebellar peduncle, and CN IV. Opening the superior part of the cerebellomesence-
phalic fissure with gentle cerebellum retraction extends the exposure downward to include the posterior wall of the upper pons and CN V. D-F: Right
occipital transtentorial approach. D: The occipital lobe is retracted away from the falx and straight sinus. E: The tentorium has been divided adjacent to
the straight sinus, and the splenium, pineal gland, and superior colliculus have been exposed. F: Opening the superior part of the cerebellomesence-
phalic fissure and gently retracting the cerebellum exposes the inferior colliculus and CN VI. FIG. 3. (continued)—
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FIG. 3. This approach provides a more superior and deeper view into the ipsilateral cerebellomesencephalic fissure than the supracerebellar infratento-
rial approach. G and H: Superior transvelar approach. G: The superior medullary velum, a thin, white, and relatively avascular membrane in the upper
half of the roof of the fourth ventricle, has been exposed below the inferior colliculi. H: Opening the superior medullary velum exposes the upper part

of the fourth ventricle and the median sulcus. Cer. = cerebello, cerebral; CN = cranial nerve; Coll. = colliculus; Fiss. = fissure; GI. = gland; Inf. = inferior;
Int. = internal; Lat. = lateral; Med. = median, medullary; Mes. = mesencephalic; Occip. = occipital; Ped. = peduncle; Pet. = petrosal; Pon. Trig. = ponto-
trigeminal; S.C.A. = superior cerebellar artery; Sag. = sagittal; Str. = straight; Sulc. = sulcus; Sup. = superior; Tent. = tentorium; V. = vein; Vel. = velum;

Vent. = ventricle; Verm. = vermian.

of the fourth ventricle and its floor. The dorsal wall of the
upper fourth ventricle was opened in this study to yield a
wider view (Fig. 3H).

Cerebellopontine and Petrosal Fissures

The cerebellopontine fissure is a V-shaped fissure
formed by the petrosal surface of the cerebellum wrapping
around the pons and the middle cerebellar peduncle (Figs.
1D and 4A and E). The superior and inferior limbs of the
fissure meet at a lateral apex, located lateral to the floccu-
lus. The petrosal fissure extends laterally from the apex of
the cerebellopontine fissure to split the petrosal cerebellar
surface into superior and inferior parts, and wraps onto
the suboccipital cerebellar surface between the superior
and inferior semilunar lobules (Fig. 1B). The postclival
fissure on the tentorial cerebellar surface also merges into
the apex of the cerebellopontine fissure to form the supra-
floccular cistern.*” CNs V, VII, and VIII arise between the
superior and inferior limbs of the cerebellopontine fissure.
The flocculus and rthomboid lip extend laterally with the
choroid plexus from the foramen of Luschka ventral to the
lower limb of the fissure (Fig. 4B). The rhomboid lip is a
sheet-like layer of neural tissue attached to the lateral mar-
gin of the ventricular floor that extends posterior to CNs
IX and X and joins the tela choroidea to form a pouch at
the outer extremity of the lateral recess. The dorsal cochle-
ar nucleus produces a smooth prominence on the dorsal
surface of the inferior cerebellar peduncle in the floor of
the lateral recess. The inferior cerebellar peduncle courses
upward along the dorsolateral medulla and turns dorsally
to form the medial part of the rostral wall of the lateral
recess (Fig. 4E and F). The junction of CNs IX and X with
the medulla is positioned ventral to the junction of the cer-
ebellopontine and cerebellomedullary fissures.

The anterior inferior cerebellar artery (AICA) and the
vein of the cerebellopontine fissure are the main vessels
running in and along the cerebellopontine fissure (Fig.
4C). The caudal trunk of the SCA and its hemispheric
branches may also run in or near the superior limb or apex
of the cerebellopontine fissure, and along the anterolat-
eral margin of the cerebellum. The AICA arises from the
basilar artery, and commonly bifurcates near CNs VII and
VIII to form rostral and caudal trunks. The rostral trunk
sends its branches laterally along the middle cerebellar pe-
duncle and superior limb of the cerebellopontine fissure,
and the adjoining part of the petrosal cerebellar surface.
The caudal trunk supplies the inferior part of the petrosal
cerebellar surface, including a part of the flocculus and the
choroid plexus. This artery has marked variability, but one
or both of these trunks or their branches often course in or
near the limbs of the cerebellopontine or petrosal fissure
when passing around the flocculus to supply the petrosal
cerebellar surface.

The vein of the cerebellopontine fissure, formed by
the union of several tributaries including the veins of the
petrosal fissure, middle cerebellar peduncle, and cerebel-
lomedullary fissure, is the most frequent and largest vein
draining the petrosal cerebellar surface. It originates near
the apex of the cerebellopontine fissure, courses in or near
the superior limb of the fissure, and empties through the
superior petrosal veins into the superior petrosal sinus.
The vein of the middle cerebellar peduncle is formed by
the union of the vein of the pontomedullary sulcus with the
lateral medullary vein or the vein of the inferior cerebellar
peduncle, and ascends on the lateral surface of the middle
cerebellar peduncle near the base of the cerebellopontine
fissure, medial to the flocculus, and usually empties into
a superior petrosal vein posterior to the junction of CN V
with the brainstem. The vein of the cerebellomedullary fis-
sure, if it passes dorsal to the flocculus, courses in or along
the inferior limb of this fissure before draining into the
vein of the cerebellopontine fissure (Fig. 4D).

Approaches Along the Cerebellopontine Fissure
Supra- and Infrafloccular Approaches

Opening the dura in a retrosigmoid craniotomy exposes
the suboccipital surface. Following the petrosal fissure
from the suboccipital surface to the petrosal surface leads
to the apex of the cerebellopontine fissure (Fig. SA). In the
suprafloccular approach, gentle retraction of the cerebel-
lum exposes the apex of the cerebellopontine fissure just
dorsolateral to the flocculus. Opening the suprafloccular
cistern releases CSF, relaxes the cerebellum, and aids in
identification of the vein of the cerebellopontine fissure.
Opening the arachnoid along the superior limb of the cer-
ebellopontine fissure rostral to the flocculus exposes the
vein of the cerebellopontine fissure, usually the largest of
the veins emptying into the superior petrosal sinus, the root
entry zone of CN V, and middle cerebellar peduncle (Fig.
5B). Care is taken to avoid placing too much tension on
the superior petrosal veins. Rostral retraction of the supe-
rior semilunar lobule provides wider access to the peritri-
geminal area. Inferior retraction of the flocculus provides
a superior view of the lateral part of the pontomedullary
sulcus. Branches of the SCA and AICA, and the vein of the
cerebellopontine fissure coursing along the fissure should
be preserved during this exposure. Attention is directed to
also identifying the vein of the middle cerebellar peduncle
ascending on the lateral pons just anterior to the flocculus,
and the pontotrigeminal vein running at the upper end of
this fissure.

In the infrafloccular approach, directed through a lower
retrosigmoid craniotomy, the flocculus is elevated after
the lower part of the inferior limb of the cerebellopontine
fissure and superolateral edge of the cerebellomedullary
fissure are opened, exposing the junction of CNs VII and
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FIG. 4. Cerebellopontine fissure. A: The cerebellopontine fissure is a V-shaped fissure formed by the cerebellum wrapping
around the pons and the middle cerebellar peduncles. The petrosal fissure extends laterally from its apex onto the suboccipital
surface, and the postclival fissure extends superiorly from the apex onto the tentorial surface. B: Enlarged view. The flocculus,
rhomboid lip, and choroid plexus extend laterally from the foramen of Luschka above the inferior limb and anterior to the apex of
the fissure. The dorsal cochlear nucleus is exposed and can be seen through the foramen of Luschka in the lateral recess. C: The
AICA and the vein of the cerebellopontine fissure are the main vessels coursing along the cerebellopontine fissure. The caudal
trunk of the SCA and its lateral hemispheric branches may run in or near the superior limb or apex of the cerebellopontine fissure,
and along the anterolateral margin of the cerebellum. The vein of the middle cerebellar peduncle ascends medial to the flocculus
on the lateral surface of the middle cerebellar peduncle near the base of the cerebellopontine fissure. D: The vein of the cerebel-
lomedullary fissure courses along the inferior limb of the cerebellopontine fissure and drains into the vein of the cerebellopontine
fissure. E: The middle cerebellar peduncle formed by the transverse pontine fibers passes dorsally between the superior and infe-
rior limbs of the cerebellopontine fissure, to enter the cerebellum. The inferior cerebellar peduncle ascends along the dorsolateral
medulla just below the pontomedullary junction and the junction of the cerebellopontine and cerebellomedullary fissures. F: Lat-
eral view. Some middle cerebellar peduncle fibers have been removed to expose the inferior cerebellar peduncle passing lateral to
the middle and superior cerebellar peduncles to connect the spinal cord and vermis. A.l.C.A. = anterior inferior cerebellar artery;
Cer. = cerebellar, cerebello; Chor. Plex. = choroid plexus; CN = cranial nerve; Coch. = cochlear; Coll. = colliculus; Dors. = dorsal;
Fib. = fibers; Fiss. = fissure; Flocc. = flocculus; Inf. = inferior; Med. = medullary; Mid. = middle; Nucl. = nucleus; P.I.C.A. = posterior
inferior cerebellar artery; Ped. = peduncle; Pet. = petrosal; Pon. = pontine, ponto; Postcliv. = postclival; Rhomb. = rhomboid; S.C.A.
= superior cerebellar artery; Sulc. = sulcus; Sup. = superior; Trans. = transverse; V. = vein.
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foramen of Luschka, rhomboid lip, and choroid plexus are located above the inferior limb. The suprafloccular cistern, located
above the flocculus at the apex of the cerebellopontine fissure, is a site to open the arachnoid to drain CSF and identify the vein of
the cerebellopontine fissure. B: Supraflocculuar approach. Opening the arachnoid along the superior limb of the cerebellopontine
fissure in the suprafloccular approach provides access to the lateral surface of the middle cerebellar peduncle and trigeminal
nerve. The vein of the cerebellopontine fissure has been gently retracted caudally. C: Infrafloccular approach. Opening the lower
part of the inferior limb of the cerebellopontine fissure and superolateral edge of the cerebellomedullary fissure allows elevation of
the flocculus, rhomboid lip, and choroid plexus, to expose the junction of CN VIl and VIII with the brainstem, dorsolateral medulla,
posterior surface of the inferior cerebellar peduncle, and the part of the pontomedullary sulcus deep to the nerves. A.l.C.A. =
anterior inferior cerebellar artery; Bivent. = biventral; Cer. = cerebellar, cerebello; Chor. Plex. = choroid plexus; CN = cranial nerve;
Fiss. = fissure; Flocc. = flocculus; Inf. = inferior; Lob. = lobule; Med. = medullary; Mid. = middle; P.I.C.A. = posterior inferior cer-
ebellar artery; Ped. = peduncle; Pet. = petrosal; Pon. = pontine, ponto; Rhomb. = rhomboid; Sulc. = sulcus; Sup. = superior; Trig. =

trigeminal; V. = vein.

VIII with the brainstem (Fig. 5C). Removal of CSF from
the cerebellomedullary cistern or lateral part of the cister-
na magna, and elevation of the inferior part of the petrosal
cerebellar surface exposes the lower CNs and jugular fora-
men. Small bridging veins extending from the brainstem
near CNs IX and X to the jugular bulb, called vagal, glos-
sopharyngeal, or inferior petrosal veins, are occasionally
encountered in this region. Opening the lateral edge of
the cerebellomedullary fissure exposes the rhomboid lip
inferior to the flocculus, and allows elevation of the floc-
culus and choroid plexus at the foramen of Luschka. The
posterior inferior cerebellar artery (PICA) entering into
the cerebellomedullary fissure, branches of the AICA run-
ning below the lateral recess, and the veins of the inferior
cerebellar peduncle and cerebellomedullary fissure are
carefully preserved. The junction of CNs VII-X with the

brainstem and the lateral surface of the inferior cerebellar
peduncle are exposed by elevating the choroid plexus and
flocculus at the lateral recess. Opening the lateral edge of
the cerebellomedullary fissure facilitates the superomedial
elevation of the biventral lobule to expose the dorsolateral
medulla without extending the suboccipital craniotomy to
the midline.

Cerebellomedullary and Tonsillobiventral Fissures

The cerebellomedullary fissure extends superiorly be-
tween the cerebellum and medulla. The ventral wall is
formed by the posterior surface of the medulla, the infe-
rior medullary velum, and the tela choroidea (Fig. 6). The
dorsal wall is formed by the uvula and nodule of the ver-
mis medially and the tonsils and biventral lobules later-
ally. The cerebellomedullary fissure is separated from the
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FIG. 6. Cerebellomedullary fissure. A: Elevation of the tonsil and biventral lobule and opening of the medullotonsillar space and
lateral recess provides access to the fourth ventricle, lateral recess, and lower surface of the flocculus. The spatula is on the
tonsillobiventral fissure. The floor of the fourth ventricle and the left lateral recess have been exposed by incising the tela adjacent
to the inferolateral margin of the fourth ventricle and lateral recess. B: Opening the uvulotonsillar space by retracting the tonsil
laterally exposes the supratonsillar space and provides access to the telovelar junction and inferior medullary velum. C: Opening
the left tonsillobiventral fissure exposes the tonsillar peduncle at the superolateral edge of the tonsil, and provides access to the
area just below the dentate nucleus and middle and inferior cerebellar peduncles. D: The left tonsillar peduncle has been divided
and the tonsil removed. The tonsillar peduncle, located along the superolateral margin of the tonsil, is the only neural attachment
of the tonsil to the remainder of the cerebellum. E: Both tonsils have been removed and the tela and left lateral recess have been
opened. The peduncle of the flocculus, the connection between the lateral edge of the inferior medullary velum and the flocculus,
is located just ventral to the tonsillar peduncle. The lateral recess, the site of the dorsal cochlear nucleus, is located ventral to the
peduncle of the flocculus. The striae medullaris and facial colliculus, which are landmarks for the safe entry zones in the floor of
the fourth ventricle, are exposed on the left half of the floor. F: The tonsillar peduncle is formed mainly by fibers of the middle
cerebellar peduncle. The inferior cerebellar peduncle is located ventromedial to the middle cerebellar peduncle, and forms the
inferior half of the lateral wall of the fourth ventricle. The dorsal cochlear nucleus sits on the dorsal surface of the inferior cerebellar
peduncle. Bivent. = biventral; Chor. Plex. = choroid plexus.; CN = cranial nerve; Coch. = cochlear; Coll. = colliculus; Dent. = den-
tate; Dors. = dorsal; Fac. = facial; Fiss. = fissure; Flocc. = flocculus, floccular; For. = foramen; Inf. = inferior; Junc. = junction; Lat. =
lateral; Lob. = lobule; Med. = median, medullary; Mid. = middle; Nucl. = nucleus; Ped. = peduncle; Rec. = recess; Str. Med. = stria
medullaris; Sulc. = sulcus; Sup. = superior; Tons. = tonsillar, tonsillo; Vel. = velum; Vent. = ventricle.

J Neurosurg August 14, 2015



fourth ventricle by the tela choroidea and inferior medul-
lary vellum, and communicates with the ventricle through
the foramen of Magendie. The cerebellomedullary fissure
also communicates below the lateral recess and around
the foramen of Luschka with the cerebellopontine fissure.
CNs IX—XII are located in the cerebellomedullary cistern
just ventrolateral to the lateral margin of the cerebellom-
edullary fissure. The cisternal spaces in the cerebellomed-
ullary fissure have been divided as follows: 1) supraton-
sillar space between the tonsil dorsally, and the inferior
medullary velum and superior part of the tela choroidea
ventrally; 2) uvulotonsillar space between the uvula medi-
ally, and the tonsil laterally; and 3) medullotonsillar space
between the tonsil and biventral lobule dorsally, and the
medulla and tela choroidea ventrally (Fig. 6A and B).>!**
The tonsillobiventral fissure separates the tonsil and the
biventral lobule (Fig. 6C). The tonsillar peduncle, a white
matter bundle along the superolateral margin of the ton-
sil and formed mainly by fibers of the middle cerebellar
peduncle fibers is the only attachment of the tonsil to the
adjacent cerebellum (Fig. 6D—F). To summarize, the tonsil
is surrounded by cisternal extensions of the cerebellom-
edullary fissure: the supratonsillar space rostrally, uvulo-
tonsillar space medially, tonsillobiventral space laterally,
and medullotonsillar space ventrally, and faces the cis-
terna magna dorsally and caudally. The inferior cerebellar
peduncle forms the lateral wall of the inferior half of the
fourth ventricle, and courses just ventral to the dorsal co-
chlear nucleus in the lateral recess (Fig. 6F). The superior
cerebellar peduncle forms the lateral wall of the superior
half of the fourth ventricle.

The major vessels in the cerebellomedullary fissure are
the PICA and the veins of the cerebellomedullary fissure
and inferior cerebellar peduncle. After crossing rostral to
or between CNs IX—XI, the PICA usually passes near the
lateral recess to enter the cerebellomedullary fissure and
then caudally to reach the inferior pole of the tonsil where
it makes a caudal loop, often near the inferior pole of the
tonsil. It then ascends along the medial surface of the tonsil
toward the roof of the fourth ventricle and turns dorsally
to exit the fissure between the vermis, tonsil, and hemi-
sphere to reach the suboccipital cerebellar surface. It often
forms a loop with a convex rostral curve near the cranial
pole of the tonsil, called the cranial loop, before exiting
the fissure. The PICA gives off perforating arteries to the
medulla before entering and while inside the cerebellom-
edullary fissure, and choroidal branches inside this fissure,
which supply the tela choroidea and choroid plexus of the
fourth ventricle. Most PICAs bifurcate into a vermian and
a hemispheric trunk upon exiting the cerebellomedullary
fissure. The trunks and branches of the PICA often course
in or on the tonsillobiventral fissures during or after reach-
ing the suboccipital cerebellar surface.

The vein of the cerebellomedullary fissure originates
on the lateral edge of the nodule and uvula, courses later-
ally near or along the junction between the inferior med-
ullary velum and tela choroidea, and dorsal or ventral to
the flocculus, to reach the cerebellopontine angle (Fig. 1E).
The vein of the inferior cerebellar peduncle courses on the
peduncle parallel and several millimeters lateral to the in-
ferolateral edge of the fourth ventricle, from the foramen

Cerebellar-brainstem fissures

of Magendie to the lateral recess. The veins of the cerebel-
lomedullary fissure and inferior cerebellar peduncle drain
into the cerebellopontine angle through the communica-
tion between the cerebellomedullary and cerebellopontine
fissures and often empty into the vein of the middle cer-
ebellar peduncle near the lateral end of the pontomedul-
lary sulcus.

Approaches Along the Cerebellomedullary and
Tonsillobiventral Fissures

Telovelar, Transcerebellomedullary Fissure, and Supratonsillar
Approaches

Opening the cerebellomedullary fissure is referred to as
the telovelar or transcerebellomedullary fissure approach
(Fig. 7).9510 After exposing the suboccipital cerebellar
surface, the medullotonsillar and/or uvulotonsillar exten-
sion of the cerebellomedullary fissure are opened along
the surfaces of the tonsil, uvula, and the biventral lobule.
Opening the medullotonsillar space by gentle dorsal re-
traction of the tonsil and biventral lobule provides access
to the fourth ventricle, lateral recess, and inferior surface
of the flocculus (Figs. 6A and 7B). Placing the spatula
along the tonsillobiventral fissure elevates both the tonsil
and biventral lobule simultaneously. Incision of the tela ad-
jacent to the taeniae, its attachment along the inferolateral
margin of the fourth ventricle and caudal wall of the lat-
eral recess, will expose the lateral recess and lateral wall
of the fourth ventricle. Opening the uvulotonsillar space
by retracting the tonsil laterally exposes the supratonsillar
space and the caudal half of the roof of the fourth ventricle
formed by the tela and inferior medullary velum (Figs. 6B
and 7C). The telovelar junction and vein of the cerebel-
lomedullary fissure coursing laterally along or near the
junction are good landmarks for determining how far the
fissure has been opened. Extending the opening through
the inferior medullary velum provides access to the en-
tire rostrocaudal length of the fourth ventricle floor from
the aqueduct to the obex, including the superior half of its
lateral wall.

Opening the tonsillobiventral fissure exposes the ton-
sillar peduncle, the only neural site of attachment of the
tonsil to the remainder of the cerebellum. It also provides
access to the middle and inferior cerebellar peduncles and
the dentate nucleus located in the cerebellum just above
the supratonsillar space (Figs. 6C-F, and 7D and E). The
middle cerebellar peduncle is located at the dorsal part of
this access, and the inferior cerebellar peduncle is locat-
ed at the ventral part. The main trunk of the PICA or its
postbifurcation vermian and hemispheric trunks often run
through the tonsillobiventral fissure to reach the suboccip-
ital cerebellar surface, and sends branches into the walls of
the fissure. Tributaries of the inferior vermian vein includ-
ing the lateral tonsillar veins are often encountered on the
tonsillobiventral fissure.

Discussion
Cerebellomesencephalic Fissure

On the dorsal wall of the midbrain and upper pons, the
supra- and infracollicular areas, lateral mesencephalic
sulcus, and the median sulcus above the facial colliculus
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the tonsil and provide access to the left middle and inferior cerebellar peduncles. The vermian and hemispheric trunks of the PICA
arise along the margin of the tonsil. Tributaries of the inferior vermian vein course along this fissure. E: The inferior cerebellar pe-
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of the lateral recess to reach the cerebellum. It extends along the lateral edge of the lower half of the fourth ventricle. The middle
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in the fourth ventricle have been proposed as safe entry
zones into the brainstem.>'2!13246579 After Stein’>’’ popu-
larized the median supracerebellar infratentorial approach
for pineal region tumors, Voigt and Yasargil®* developed
the paramedian variant of this approach. Matsushima et
al.* described a more lateral infratentorial route along the
anterolateral margin of the tentorial cerebellar surface to
CN V in 1989, and Van den Bergh® presented the lateral-
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paramedian infratentorial approach to pineal tumors in
1990. Recently, Vishteh et al.’? extended the latter variant
to approach the posterolateral midbrain and ambient cis-
tern, and named it the extreme lateral approach. Vougiou-
kas et al.3* published a series of upper brainstem gliomas
accessed through an approach called the far-lateral supra-
cerebellar infratentorial approach. The latter 4 approaches
(lateral infratentorial, lateral paramedian, extreme lateral,



and far-lateral) are basically the same, and are called the
extreme lateral approach in this study. The supracerebellar
infratentorial approach has been divided into 3 variants
(median or midline, paramedian, and extreme or far-lat-
eral) based on prior reports.®!782 These variants have been
used to access the pineal region, posterior third ventricle,
and posterior and posterolateral aspect of the midbrain and
upper pons including the supra- and infracollicular areas
and lateral mesencephalic sulcus.?>%17:26627182 The lateral
mesencephalic vein is a good landmark for identifying the
lateral mesencephalic sulcus. It is difficult to expose the
deepest most caudal part of the cerebellomesencephalic
fissure, but opening the superior portion of the fissure may
help to expand the surgical field. Resection of the upper
vermis has been reported to achieve wider exposure of the
lower part of the cerebellomesencephalic fissure and supe-
rior medullary velum.*?

The occipital transtentorial approach, which was popu-
larized by Poppen and Jamieson, is an alternative approach
to the pineal region, posterior third ventricle, and posterior
aspect of the upper brainstem, especially for lesions lo-
cated in the midline or extending superiorly, or for patients
with a steep tentorial slope.?6-32:35:58:62.6387 This more supe-
rior approach provides greater access to the ipsilateral half
of the cerebellomesencephalic fissure, and the supra- and
infracollicular areas.>*® Dividing the superior medullary
velum after opening the cerebellomesencephalic fissure
has been reported as the superior transvelar approach.?
This approach provides access to the upper fourth ventri-
cle and the median sulcus above the facial colliculus, yet
issues such as the depth and risks of this exposure limit its
use. Ezer et al.?® have reported that this superior transvelar
route along the parietal interhemispheric approach provid-
ed access to the entire length of the fourth ventricle floor
in the case of an upper pontine cavernous malformation.

Cerebellopontine Fissure

Reports of approaches through the lateral pons includ-
ing the middle cerebellar peduncle or peritrigeminal area
haVe recently increased.3,5,7—9,12,14,21,24,28,29,31,34,39,44,61,64,65,72,78,88
Fujimaki et al.?* reported the opening of the superior limb
of the cerebellopontine fissure for the surgical treatment
of trigeminal neuralgia, and Ohue et al.%' applied it to the
lateral pons, calling it the retrosigmoid suprafloccular
transhorizontal fissure approach. The suprafloccular ap-
proach provides wide exposure of the root entry zones of
CN V and the middle cerebellar peduncle. This route is
also useful for upper cerebellopontine angle tumors, such
as petrous apex meningiomas, and the apex of the cerebel-
lopontine fissure has been reported as a preferable place
to release CSF and identify the vein of the cerebellopon-
tine fissure, the largest tributary of the superior petrosal
vein. 472

The infrafloccular approach was originally proposed
for surgical treatments of hemifacial spasm.* The key step
to this approach is elevating the flocculus, rhomboid rip,
and choroid plexus after opening the inferior part of the
inferior limb of the cerebellopontine fissure and superolat-
eral edge of the cerebellomedullary fissure. This route can
also be used to access the area around the lateral part of
the pontomedullary sulcus or lateral surface of the inferior

Cerebellar-brainstem fissures

cerebellar peduncle, which has been recently reported as
a potential safe entry zone.!?*!® The rhomboid lip can be
elevated with the flocculus or incised to enter the foramen
of Luschka. Opening the lateral edge of the cerebellomed-
ullary fissure also facilitates the superomedial elevation of
the biventral lobule, and exposes the dorsolateral medulla
and posterior intermediate or lateral sulci, which have
been reported as safe medullary entry zones.'?!32* Remov-
ing the lateral rim of the foramen magnum, such as in the
supracondylar, transcondylar, or transcondylar fossa ap-
proaches, may provide a wider operative field, especially
when viewed from a caudal direction or dealing with the
dorsal medulla.!046:54.5585

Cerebellomedullary Fissure

Multiple proposed safe entry zones to the brainstem lo-
cated along the floor of the fourth ventricle and dorsal me-
dulla include the supra- and infrafacial triangles, posterior
median fissure, posterior intermediate and lateral sulci,
and the median sulcus above the facial colliculus.®1213.2440
Opening the arachnoid covering the cerebellomedullary
fissure provides access to the interior of the fissure and
opening the tela and velum in the fissure provides access to
the floor and walls of the fourth ventricle.3333-36:48:49.51.60.8089
These approaches proved an alternative to the transverm-
ian approach, which is the classical approach to the fourth
ventricle, which involves splitting the inferior vermis.
Arachnoidal dissection of the cerebellomedullary fissure
exposes the tonsillomedullary and telovelotonsillar seg-
ments of the PICA, the upper dorsal medulla including the
inferior cerebellar peduncle, upper posterior median fis-
sure, and posterior intermediate and lateral sulci. Opening
the tela choroidea and inferior medullary velum exposes
the entire fourth ventricle, including its floor and lateral
wall, the supra- and infrafacial triangles, and the median
sulcus above the facial colliculus. The caudal surface of
the segment of the middle cerebellar peduncle that turns
dorsally along the rostral margin of the lateral recess can
be accessed through the lateral recess. Opening the cer-
ebellomedullary fissure has also been used to extend the
exposure for vertebral artery-PICA aneurysms and glosso-
pharyngeal neuralgia and other lesions in the lower cere-
bellopontine angle adjacent to the cerebellomedullary cis-
tern.” Opening the tonsillobiventral fissure and retracting
the tonsil inferomedially has recently been reported as the
supratonsillar approach to the dentate nucleus and middle
and inferior cerebellar peduncles.*!

Conclusions

The anatomy of the cerebellar-brainstem and cerebellar
fissures, and the various approaches involving the open-
ing of these fissures, has been examined. Opening these
fissures provides wide exposure of the brainstem surfaces,
segments of the cerebellar arteries and veins, and vital
neural structures hidden by the cerebellum.
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