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Abbreviations

AICA	 Anterior inferior cerebellar artery
IAC	 Internal auditory canal
ICA	 Internal carotid artery
III	 Oculomotor nerve
IV	 Trochlear nerve
IX	 Glossopharyngeal nerve
PCA	 Posterior cerebral artery
PICA	 Posterior inferior cerebellar artery
SCA	 Superior cerebellar artery
SCC	 Semicircular canal
V	 Trigeminal nerve
VI	 Abducens nerve
VII	 Facial nerve
VIII	 Vestibulocochlear nerve
X	 Vagus nerve
XI	 Spinal accessory nerve
XII	 Hypoglossal nerve

�Introduction

The posterior fossa is the most complex and surgi-
cally challenging region of human anatomy. The 
high density of eloquent neurovascular structures 

in this region necessitates a wide variety of surgical 
approaches. Because small surgical errors here 
have the potential to cause significant morbidity, 
the posterior fossa surgeon must become an expert 
in this anatomy. The images used in this chapter 
were created in Dr. Al Rhoton Jr.’s laboratory with 
the express purpose of making surgery in the pos-
terior fossa more “accurate, gentle, and safe.” For 
more in-depth study, please refer to his textbook 
[1] or the online Rhoton Collection [2]. We will 
first examine the enclosure of the posterior fossa 
which is formed by the bowl-shaped skull base 
covered by the pitched tentorium. We will then 
review Dr. Rhoton’s “rule of three,” which divides 
the neurovascular contents of the posterior fossa 
into three groups of structures, each organized 
around a major posterior fossa artery. The cranial 
nerves, arachnoid cisterns, and special regions of 
the posterior fossa are then surveyed from the per-
spective of various surgical approaches.

�Enclosure of the Posterior Fossa

�Skull Base

The posterior fossa is bounded primarily by three 
bones that form a bowl-shaped cavity (Fig. 1.1a). 
The occipital bone forms the rounded squamosal 
posterior wall of this cavity, as well as the floor, and 
most of the anterior wall (clivus). The sphenoid 
bone contributes the upper third of the clivus, which 
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also forms the posterior wall of the sella turcica 
(dorsum sella). The lateral walls of the posterior 
fossa are formed by the mastoid and petrous por-
tions of the temporal bone, which are angled inward 
to meet the relatively narrow clivus (Fig. 1.1a). The 
posterior fossa is thus larger posteriorly, where the 
cerebellum occupies the entire volume, but then 
tapers anteriorly as the anatomical landscape transi-
tions to the brainstem and cranial nerves. Viewed 
from above, its outline resembles a semicircle 
topped by a rounded triangle. The relatively flat 
floor of the posterior fossa exists along the postero-
lateral portion of the foramen magnum, whereas the 
anterior part of the foramen magnum is the lower 
edge of the upward sloping clivus.

�Neural Foramina

The bones of the posterior fossa are lined with 
dura mater, which often contains venous lakes 
between its layers. Anteriorly and laterally, there 
are five pairs of neural foramina into which a 
sleeve of posterior fossa dura follows, forming 
small or large CSF-filled dural caves (Fig. 1.1c). 
The trigeminal nerve exits the posterior fossa 
through an ostium formed by a depression of the 
petrous temporal bone below and the superior 
petrosal sinus above (Fig.  1.1b, d). The dura of 
this foramen continues into the middle fossa to 
form Meckel’s cave – a CSF-filled space that also 
contains the trigeminal ganglion. More medially, 
the abducens nerve enters a narrow dural sleeve 
with CSF evagination (Dorello canal) that courses 
between the petrous apex and clivus before enter-
ing the cavernous sinus. The facial, cochlear, and 
vestibular nerves traverse the internal auditory 
canal, which is tapered toward its lateral fundus 
(Figs.  1.1b–d and 1.7e). Although the jugular 
foramen, which is formed by an opening between 
the petrous and occipital bones, is a large neural 
foramen, it harbors relatively little CSF 
(Figs. 1.1b–d and 1.2a, b). The hypoglossal canal 
passes through the superior aspect of the occipital 
condyle and travels anterolaterally (Figs. 1.1a–c 
and 1.2a, d). Often there are duplicated inlets that 
converge to a single outlet which then emerges 
near the medial aspect of the jugular foramen.

�Tentorium

The “lid” covering the posterior fossa “bowl” is 
formed by the tentorium – an extension of dura 
that separates the cerebrum from the cerebellum 
with a central anterior opening (incisura) 
(Fig.  1.1f). The tentorium is anchored to the 
petrous ridge, where its layers separate to form 
the superior petrosal sinus, and to the occipital 
bone where it forms the transverse sinuses and 
torcula (Fig. 1.1e). It slopes downward from the 
incisura toward these lateral and posterior attach-
ments. Additional venous channels often course 
between the layers of the tentorium. The falx 
cerebri joins the tentorium in the midline at the 
straight sinus, which communicates the vein of 
Galen at the incisura with the torcula (Figs. 1.1f 
and 1.5a). The tentorium extends anteriorly on 
either side of the incisura as the anterior and pos-
terior petroclinoidal folds that attach to the ante-
rior and posterior clinoidal processes, 
respectively. These two folds outline the poste-
rior roof of the cavernous sinus, where the oculo-
motor nerve enters (Fig.  1.1f). The trochlear 
nerve is intimately related to the tentorial edge as 
it enters the posterior cavernous sinus, just medial 
to the anterior petroclinoidal fold (Fig. 1.4a).

�Venous Sinuses

A rich anastomosing system of venous sinuses is 
organized around the inner walls of the posterior 
fossa [3]. Superiorly, the superior petrosal and 
transverse sinuses course along the edges of the 
tentorium. The two transverse sinuses meet at the 
torcula, along with the straight sinus and the supe-
rior sagittal sinus which flank the falx cerebri. A 
variable occipital sinus projects inferiorly from the 
torcula along the falx cerebelli. The sigmoid sinus 
begins at the junction of the transverse and petro-
sal sinuses and then courses in a sulcus of the mas-
toid bone (Fig.  1.1b), before emptying into the 
jugular bulb inferior to the petrous bone (Figs. 1.1d 
and 1.2a). The sigmoid sinus is more often larger 
on the right side. The inferior petrosal sinus 
courses along the petroclival fissure (Fig. 1.1b, d), 
transmitting flow to the jugular bulb posteriorly 
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Fig. 1.1  Posterior fossa osseous and dural enclosure. (a) 
Superior view of the skull base. The posterior fossa is 
enclosed by the sphenoid, temporal, and occipital bones. 
The bony imprints of the major venous structures can be 
seen. (b) Medial view of the lateral bony wall of the pos-
terior fossa. Sulci for venous sinuses encircling the medial 
face of the temporal bone are seen. The hypoglossal canal 
is bordered superiorly by the jugular tubercle, and the 
suprameatal tubercle is anterior and superior to the inter-
nal auditory canal (IAC). (c) Superior view of the poste-
rior fossa dura. The dural lining of the posterior fossa 
invaginates into the neural foramina and forms venous 
channels between its layers. (d) Medial view of petrous 
temporal bone with internal structures exposed. The 

cochlea is located above the genu of the petrous carotid 
artery, and the semicircular canals are superior to the jug-
ular bulb. The trigeminal nerve courses above the trigemi-
nal depression of the petrous bone to enter Meckel’s cave. 
(e) Superior view of the tentorium attachments. The tento-
rium is anchored to the petrous ridge at the superior petro-
sal sinus and to the occipital bone at the transverse sinus 
and torcula. (f) Right superior oblique view of the tento-
rium. The midbrain is continuous with the thalamus 
through the tentorial incisura. Anteriorly, the tentorium 
extends as the anterior and posterior petroclinoid folds 
which insert on the anterior and posterior clinoid pro-
cesses. The oculomotor nerve enters the roof of the cav-
ernous sinus between these folds

1  Surgical Anatomy of the Posterior Fossa
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from the junction of the superior petrosal, basilar, 
and cavernous sinuses anteriorly (Fig. 1.2a). Thus, 
the superior and inferior petrosal sinuses, along 
with the sigmoid sinus and jugular bulb, form a 
venous ring around the medial face of the petrous 
bone (Fig.  1.2a). The petrosal and sigmoid por-
tions of the jugular foramen empty into the jugular 
bulb, which occupies the lateral pars vascularis of 
the jugular foramen (Fig. 1.2c). The basilar sinus 
extends across the clivus, completing the anterior 
venous anastomosis of the posterior fossa. The 
posterior cavernous sinus of the middle fossa com-
municates with the posterior fossa venous circula-
tion through the superior and inferior petrosal 
sinuses as well as the basilar sinus. This conflu-
ence of sinuses is often referred to as the petro-
clival venous confluence, through which the 
abducens nerve travels as it passes below the pet-
rosphenoidal ligament (Fig. 1.2a).

�Obstacles to Surgery

Several structures within the posterior fossa 
enclosure can result in significant morbidity if 
injured; therefore, these obstacles must be con-
sidered when designing surgical approaches. 
Smaller venous sinuses, such as the superior 
petrosal sinus, are sacrificed with rare conse-
quences, but larger sinuses such as the transverse 
or sigmoid pose greater risk. Therefore, as an 
obstacle, the sigmoid sinus is a significant bound-
ary between approaches even though it can be 
mobilized and retracted to increase exposure 
(Fig.  1.6b). Division of the tentorium rarely 
causes morbidity if care is taken to preserve the 
trochlear nerve and adequate venous outflow. 
Traversal of neural foramina should be avoided  
if preservation of nerve function is desired. In 
addition, the course of the facial nerve in the tem-
poral bone must be appreciated as it passes 
through the tympanic cavity and then inferiorly 
into the anterior aspect of the mastoid (Fig. 1.8d). 
Manipulation of the greater superficial petrosal 
nerve or geniculate ganglion can also result in 
facial palsy when working through the middle 
fossa floor to access the posterior fossa 
(Fig.  1.11d). If hearing preservation is desired, 

then the labyrinth, which lies posterior to the 
internal auditory canal, should be preserved 
(Fig. 1.8c–d). The cochlea is immediately ante-
rior to the fundus of the internal auditory canal 
(Fig. 1.9c). The internal carotid artery enters the 
petrous bone anterior to the jugular foramen and 
runs vertically for a short distance before turning 
anteriorly below the cochlea into a horizontal ori-
entation until it exits at the petrous apex 
(Figs 1.1d, 1.2d, and 1.9h). This presents a sig-
nificant obstacle during anterior petrosectomy. 
Finally, the cavernous segment of the internal 
carotid artery can block lateral access from trans-
nasal approaches (Fig. 1.12b, c).

�Contents of the Posterior Fossa

The cerebellum and brainstem occupy most of 
the posterior fossa volume. The brainstem has 
three morphologically distinct regions in the 
posterior fossa: the midbrain, pons, and medulla 
oblongata. Each of these is bordered by arachnoid 
cisterns [4]. The mesencephalon (midbrain) is a 
transition from the functionally reflexive spinal 
cord and medulla to the correlative and associa-
tive diencephalon and forebrain. It extends from 
the thalamus to the pontomesencephalic sulcus. 
Anteriorly, the cerebral peduncles represent the 
array of corticospinal, corticobulbar, and cortico-
pontine fibers descending from the internal cap-
sule (Figs.  1.3a and 1.4a). These peduncles are 
separated by a gap, called the interpeduncular 
fossa, which contains a cistern of the same name 
that is bounded anteriorly by Liliequist’s mem-
brane. The lateral walls of this cistern give rise 
to the oculomotor nerves, and the posterior part 
contains the basilar apex and posterior cerebral 
artery perforators entering the posterior perfo-
rated substance (Fig. 1.3c). Relative to the dor-
sum sellae, the basilar apex can be high or low 
riding, which can influence the choice of surgi-
cal approach. The lateral midbrain is bordered by 
the crural cistern around the cerebral peduncle 
and the ambient cistern posterior to the peduncle 
(Fig.  1.4a). Posteriorly, the superior and infe-
rior colliculi are bordered by the quadrigeminal 
cistern.

J. Basma and J. Sorenson
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Fig. 1.2  Jugular foramen and skull base venous sinuses. (a) 
Posterior view. Venous drainage from the cavernous sinus 
and basilar sinus empties in the superior and inferior petrosal 
sinuses. The inferior petrosal sinus ends at the petrosal part of 
the jugular foramen. The sigmoid, superior, and inferior 
petrosal sinuses form a venous ring around the medial face of 
the petrous bones, bridged by the basilar sinus anteriorly. (b) 
Enlarged view of the intracranial jugular foramen. The sep-
tum of the jugular foramen separates the glossopharyngeal 
meatus from the vagal meatus. (c) Posterior view of the left 

jugular foramen which has been opened posteriorly. The cra-
nial nerves occupy the medial aspect of the jugular foramen, 
while the jugular bulb is lateral. The hypoglossal nerve exits 
the cranial cavity inferior and medial to the jugular foramen 
before joining the other lower cranial nerves. (d) Inferior 
view of the right jugular foramen region. The jugular fora-
men is bordered by the petrous carotid anteriorly, the styloid 
process and facial nerve laterally, the occipital condyle medi-
ally, and the jugular process of the occipital bone and the 
rectus capitis lateralis posteriorly

The pons (“bridge”) is developmentally a 
part of the medulla and is only distinguishable 
in mammals due to the pontine nuclei and the 
fibers of corticopontocerebellar and corticospi-
nal tracts. It is a convex structure extending from 
the pontomesencephalic sulcus superiorly to the 
pontomedullary sulcus inferiorly. The descend-
ing corticospinal and corticobulbar fibers located 
in its anterior half are interrupted by transverse 
fibers coursing between the middle cerebellar 
peduncles. Intertwined between these are pontine 
nuclei involved in the corticopontocerebellar cir-
cuit. At the midlevel of the pons, the trigeminal 

nerve emerges anterior to the middle cerebellar 
peduncle (Figs. 1.3a and 1.4c). The posterior pons 
contains several cranial nerve nuclei, ascending 
tracts, and the floor of the fourth ventricle, where 
the abducens nucleus makes an impression called 
the facial colliculus (Fig. 1.5g). The pons is bor-
dered anteriorly and laterally by the prepontine 
and cerebellopontine cisterns (Fig. 1.4b–d).

The medulla oblongata is the inferior seg-
ment of the brainstem. The pyramids represent 
its most anterior prominences and contain the 
corticospinal tract. At this level, 85% of the cor-
ticospinal fibers decussate. Lateral to the pyra-

1  Surgical Anatomy of the Posterior Fossa
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mids, the inferior olive is bounded by the 
preolivary sulcus, where the hypoglossal root-
lets emerge. Cranial nerves IX, X, and XI exit 
from the postolivary sulcus. The floor of the 
fourth ventricle at this level contains from 
medial to lateral: the hypoglossal nucleus, the 
dorsal nucleus of the vagus nerve, and the ves-
tibular nuclei (Fig.  1.5g). The medulla is 
bounded anteriorly by the premedullary cistern 
and laterally by the cerebellomedullary cistern 
(Fig. 1.4e).

�Arteries and Rule of Three

Dr. Albert Rhoton Jr. divided the neurovascular 
contents of the posterior fossa into three groups 
of structures, each organized around a major pos-
terior fossa artery. These zones are stacked verti-
cally, defining the main longitudinal axis of the 
posterior fossa. A separate important organizing 
scheme divides the CSF-filled spaces surround-
ing the brainstem into cisterns (Fig.  1.4). The 
brainstem and cerebellum are supplied by 

Fig. 1.3  Neurovascular relationships of the brainstem 
and cerebellum. (a) Anterior view of the brainstem and 
cerebellum. Following Rhoton’s rule of three, the upper 
group of structures includes the mesencephalon, superior 
cerebellar artery (SCA), oculomotor nerve, and trigeminal 
nerve. The middle group includes the pons, anterior infe-
rior cerebellar artery (AICA), cranial nerves VI–VIII, and 
the middle cerebellar peduncle. The inferior group holds 
the posterior inferior cerebellar artery, lower cranial 
nerves, and medulla. (b) Lateral view of the brainstem and 
cerebellum. Branches of the SCA are seen coursing 
around the midbrain and the superior cerebellar peduncle 
before supplying the superior surface of the cerebellum. 

The SCA passes below the oculomotor nerve, which exits 
from the lateral aspect of the interpeduncular fossa. A 
caudal loop of the SCA may impinge upon the trigeminal 
nerve. The AICA supplies the middle cerebellar peduncle 
and the petrosal surface of the cerebellum. (c) Superior 
view of the midbrain and cerebellum. The SCA supplies 
the superior surface of the cerebellum, which conforms to 
the shape and slope of the posterior tentorium. The inter-
peduncular fossa is crowded by perforating branches of 
the basilar bifurcation. (d) Inferior view of the medulla 
and cerebellum. The suboccipital surface of the cerebel-
lum and its tonsils are supplied by branches of PICA. The 
PICA forms a caudal loop near the cerebellar tonsil

J. Basma and J. Sorenson
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branches of the vertebrobasilar system (Fig. 1.3). 
The vertebral arteries pierce the posterior fossa 
dura medial to the occipital condyles and pass 
inferior and then anterior to the lower cranial 
nerves before converging at the vertebrobasilar 

junction, near the pontomedullary sulcus 
(Figs.  1.2a and 1.3a). The basilar artery sends 
short and long circumflex arteries to the pons 
before it ultimately bifurcates into the posterior 
cerebral arteries at the level of the midbrain. 

Fig. 1.4  Posterior fossa cisterns. Axial slices, though the 
brainstem and surrounding structures, superior view. (a) 
Section through the mesencephalon showing the sur-
rounding interpeduncular, crural, ambient, and quadri-
geminal cistern. (b) Upper pons surrounded by the 
prepontine and cerebellopontine cisterns. The superior 
cerebellar branches (SCA) course above the trigeminal 
nerves. (c) Midlevel pons. The prepontine cistern faces 
the clivus, and cerebellopontine cistern faces the petrous 

bone. The abducens nerve is seen piercing the clival dural 
to enter Dorello canal as the anterior inferior cerebellar 
artery (AICA) courses below it. (d) Lower pons. Cranial 
nerves VII, VIII, the flocculus, and the AICA are seen 
within the cerebellopontine cistern. (e) Section through 
the medulla showing the premedullary and cerebellomed-
ullary cisterns. The hypoglossal nerve originates at the 
preolivary sulcus lateral to the pyramid, while cranial 
nerves IX–XI exit from the postolivary sulcus

1  Surgical Anatomy of the Posterior Fossa



Fig. 1.5  Surgical views from posterior approaches. (a) 
The occipital transtentorial approaches exploit the corri-
dor between the occipital lobe and falx-tentorium to 
access the posterior aspect of the tentorial incisura, dorsal 
mesencephalon, and pineal region. The vein of Galen 
complex is visualized deep in the surgical field. (b) 
Enlarged view of the occipital transtentorial approach. 
The pineal region and Galenian venous complex are 
exposed. (c) Posterior view of the suboccipital craniot-
omy. The suboccipital cerebellar surface is bordered by 
the transverse and sigmoid sinuses. (d) Posterior view of 
the supracerebellar infratentorial approach. The pineal 
gland and superior colliculi are exposed along with tribu-
taries to the vein of Galen. The basal vein of Rosenthal, 
the internal cerebral veins, and the precentral veins are 
seen draining into the vein of Galen, which in turn empties 

in the straight sinus at the midline of the tentorium. (e) 
Posterior inferior view of the telovelar approach. The cer-
ebellar tonsil is retracted to expose the inferior roof of the 
fourth ventricle formed by the inferior medullary velum 
and tela choroidea, which anchors the fourth ventricle 
choroid plexus. (f) View of the fourth ventricle through 
the telovelar approach. Division of the tela choroidea and 
velum exposes the floor of the fourth ventricle, lateral 
recesses and the aqueduct of Sylvius. (g) Posterior view of 
the floor of the fourth ventricle. The protuberances identi-
fied in the floor of the fourth ventricle include the facial 
colliculus (abducens nucleus), the hypoglossal trigone, 
and the vagal trigone. The lateral recess communicates 
with the cerebellopontine angle through the foramen of 
Luschka. The superior and inferior cerebellar peduncles 
contribute to the lateral walls of the fourth ventricle
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Three pairs of cerebellar arteries arise from the 
vertebrobasilar system. The course of the cere-
bellar arteries often includes loops and turns that 
are not confined to a single plane. Nonetheless, it 
can be useful to conceptualize three zones along 
the vertical axis of the posterior fossa defined by 
these three arteries (Fig. 1.3).

The upper zone follows the superior cerebel-
lar artery (SCA) and includes the midbrain, upper 
pons, and superior cerebellum. After arising near the 
basilar apex, the SCA travels immediately inferior 
to the oculomotor nerve before curving around the 
brainstem close to the pontomesencephalic junc-
tion. It typically bifurcates into rostral and caudal 
branches. Laterally, these branches enter the cer-
ebellomesencephalic fissure where they travel with 
the trochlear nerve. Before entering this fissure, one 
of its branches may loop inferiorly to contact the 
trigeminal nerve, possibly causing trigeminal neu-
ralgia. After coursing posteriorly around the supe-
rior cerebellar peduncle (Fig.  1.4b), the branches 
emerge from the cerebellomesencephalic fissure to 
supply the vermis, superior cerebellar hemispheres, 
and dentate nucleus.

The middle zone follows the anterior inferior 
cerebellar artery (AICA) and includes the middle 
pons and cerebellopontine angle. The AICA usu-
ally originates from the lower half of the basilar 
artery (Figs.  1.3a–b). As it courses around the 
brainstem, it may pass near any of the cranial 
nerves emerging from the pontomedullary sul-
cus – the abducens, facial, cochlear, and vestibu-
lar nerves. Compression of the root entry zone of 
the facial nerve may cause hemifacial spasm. 
AICA enters the cerebellopontine angle to supply 
the middle cerebellar peduncle and the portion of 
the cerebellum facing the petrous temporal bone 
(Fig.  1.3a). Often, a loop of AICA can extend 
into the internal auditory canal (IAC) and impinge 
upon the nervus intermedius to cause geniculate 
neuralgia (Fig.  1.7e). AICA may also pass 
between the nerves of the 7/8 complex before 
they enter the IAC.

The lower zone follows the posterior inferior 
cerebellar artery (PICA) and includes the medulla 
and inferior cerebellum. PICA typically arises 
from the distal vertebral artery along the antero-
lateral medulla (Fig. 1.3a, b) but can arise from 

any part of the vertebral artery. Its origin can also 
be extradural. The PICA courses posteriorly from 
the anterior medulla above or below the hypo-
glossal nerve rootlets. As it reaches the lateral 
medulla, it turns inferiorly before encountering 
the cerebellar tonsil. It then passes anterior or 
posterior to the glossopharyngeal, vagus, and spi-
nal accessory nerves in a variable manner 
(Fig.  1.3a). After forming its caudal loop, the 
PICA ascends along the inferior cerebellar 
peduncle, deep to the cerebellar tonsil, before 
bifurcating into branches supplying the inferior 
vermis and inferior hemisphere (Fig. 1.5c, e, f).

�Veins

The veins of the posterior fossa are more variable 
than the arteries [3]. Deep veins include the vein 
of the cerebellomesencephalic fissure, the vein of 
the cerebellopontine angle, and the vein of the 
cerebellomedullary fissure. Also, one can com-
monly identify the veins of the superior, middle, 
and inferior cerebellar peduncles. The superficial 
cerebellar veins drain the tentorial, petrosal, sub-
occipital surfaces. The brainstem has a variable 
network of veins which are longitudinal or trans-
verse. There are three major groups of bridging 
veins. The galenic group drains the internal cere-
bral vein and the basal vein of Rosenthal. The 
petrosal group includes the inferior petrosal sinus 
and jugular foramen, as well as the superior 
petrosal sinus that drains Dandy’s vein. The ten-
torial group drains into the transverse sinus or 
directly into the tentorium.

�Special Regions

�Cavernous Sinus

The cavernous sinus borders the sella and sphe-
noid sinus laterally in the middle fossa. It pro-
vides a conduit for cranial nerves traveling from 
the posterior fossa into the orbit. These are situ-
ated laterally, and the carotid artery is located 
medially. The internal carotid artery enters the 
cavernous sinus after exiting the carotid canal of 
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the temporal bone and turns vertically into the 
carotid sulcus of the sphenoid, which is flanked 
laterally by the lingual process of the sphenoid 
bone and the petrolingual ligament. This vertical 
paraclival portion then bends anteriorly below 
the posterior clinoid process before turning 
superiorly and posteriorly to exit the cavernous 
sinus below the anterior clinoid process. The 
cavernous sinus accepts venous drainage from 
the inferior and superior ophthalmic veins 
through the superior orbital fissure. It may drain 
sylvian and cortical veins directly or via the 
sphenoparietal sinus. It communicates with the 
contralateral cavernous sinus through the basilar 
plexus posteriorly and through the anterior and 
posterior intercavernous sinus superiorly. The 
cranial nerves enter the cavernous sinus at dispa-
rate angles and then converge at the superior 
orbital fissure. Lesions may involve both the cav-
ernous sinus and posterior fossa through direct 
extension. The posterior portion of the cavern-
ous sinus is often opened to expose the upper 
basilar artery region of the posterior fossa 
(Fig. 1.11f).

�Clivus and Petroclival Region

The clivus (Latin, “slope”) forms the anterior 
bony wall of the posterior fossa (Fig. 1.1a). The 
superior third is formed by the sphenoid bone 
(dorsum sellae). It is fused with the occipital 
part of the clivus through a synchondrosis at the 
level of the foramen lacerum. The occipital part 
of the clivus can be conceptually divided into 
middle and lower thirds which  are at the level 
of the internal auditory canal and jugular fora-
men, respectively. These divisions correspond to 
Rhoton’s rule of three.

The junction of the petrous bone and clivus at 
the petroclival fissure is marked by the inferior 
petrosal sinus. The petrous apex and foramen lac-
erum are at the superior end of this fissure, and 
the jugular tubercle and foramen are inferior to it 
(Fig.  1.1a, b). The inferior petrosal sinus com-
municates superiorly with the posterior aspect of 
the cavernous sinus (Fig. 1.2a). At this petroclival 
venous confluence, the abducens nerve travels 

through Dorello canal, which is roofed by the 
petrosphenoidal ligament (Gruber’s ligament), 
toward the inferior part of the cavernous sinus.

Given its anterior location, with anatomical 
barriers that may include temporal bone struc-
tures and several cranial nerves, the petroclival 
region is one of the most difficult areas to access. 
Approaches include retrosigmoid, posterior 
petrosal, anterior petrosal, orbitozygomatic, or 
pretemporal transcavernous. The posterior petro-
sal approaches offer a shorter working distance 
than the others, but the medial aspect of the 
petrous apex can sometimes become a blind spot 
due to the more lateral angle of attack. Anterior 
endoscopic approaches to this area have fewer 
neurovascular obstacles but are difficult expo-
sures nonetheless.

�Internal Auditory Meatus 
and Otological Structures

The internal auditory meatus is a CSF-filled 
space that invaginates into the petrous bone, 
gradually tapering from the wide medial porus to 
the narrow lateral fundus. It is divided horizon-
tally at the fundus by the transverse crest, which 
separates the facial and superior vestibular nerve 
superiorly from the cochlear and inferior vestibu-
lar nerve below. The vertical crest (Bill’s bar) 
separates the more anterior facial nerve from the 
posterior superior vestibular nerve (Fig.  1.7e). 
The labyrinthine artery is usually a branch of 
AICA, an injury of which can cause hearing loss. 
Superiorly, the suprameatal tubercle can be 
drilled to access Meckel’s cave (Fig. 1.7b, c).

Drilling the posterior petrous temporal 
bone, whether from a posterior or middle fossa 
approach, may injure specialized structures for 
the transduction of sound and motion. The inter-
nal auditory meatus is flanked by the labyrinth 
posteriorly and the cochlea anteriorly (Figs. 1.1d, 
1.8d, and 1.9c). The tympanic cavity lies between 
the internal and external auditory canals and con-
tains the ossicles as well as a small segment of 
the facial nerve. The superior semicircular canal 
of the labyrinth protrudes toward the floor of 
the middle fossa as the arcuate eminence, but 
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this is not always a reliable landmark. The pos-
terior semicircular canal is directed toward the 
posterior fossa and can be violated when drill-
ing the posterior wall of the internal auditory 
canal (Fig. 1.1d). The lateral semicircular canal 
is oriented toward the middle ear. Below its 
anterior portion, the facial nerve turns inferiorly 
from its tympanic segment to the mastoid seg-
ment (Fig. 1.8d). The mastoid air cells posterior 
to the labyrinth are drilled to reach the lateral 
semicircular canal (Fig. 1.8b–d). At this point in 
the exposure, car must be taken not to injure the 
facial nerve.

�Jugular Foramen

The jugular foramen is formed by an opening 
between the petrous and occipital bones immedi-
ately inferior to the petroclival fissure (Fig. 1.1b). 
It begins less than a centimeter inferior to the 
internal auditory meatus and  is superior to the 
hypoglossal canal. The petrous bone forms a 
dome over this foramen as it turns downward 
(Fig. 1.2c). As with the sigmoid sinus, the jugular 
foramen is often larger on the right side. It is 
bounded by the jugular process of the occipital 
bone and rectus capitis lateralis posteriorly, the 
occipital condyle medially, the petrous carotid 
canal anteriorly, and the styloid process and 
extracranial facial nerve laterally (Fig. 1.2d). The 
jugular bulb has a variable superior extent in the 
jugular fossa that may reach as high as the laby-
rinth. Hence, a high-riding jugular bulb may hin-
der infralabyrinthine and presigmoid approaches. 
At the posterior end of the petroclival fissure, the 
jugular bulb receives drainage from the inferior 
petrosal sinus, which becomes the petrosal part 
of the foramen. The posterior sigmoid part drains 
the sigmoid sinus. These two sinuses converge at 
the jugular bulb medial to the exiting lower cra-
nial nerves, which then drain into the jugular vein 
(Fig. 1.2a–c). Cranial nerves IX, X, and XI travel 
through the medial portion of the jugular fora-
men. Branches of the ascending pharyngeal and 
occipital arteries may enter the jugular foramen 
and supply tumors in this location. The jugular 
tubercle is located medial and inferior to the jug-

ular foramen and is often removed to provide 
increased anterior exposure during far-lateral 
approaches (Figs. 1.1a and 1.2a).

�Surgical Corridors and Related 
Anatomy

The significant number of anatomical barriers 
within the posterior fossa and its enclosure dic-
tate a wide variety of approaches to avoid injuring 
important neurovascular structures. Approaches 
have been developed for nearly every angle into 
the posterior fossa, though some entail planned 
morbidity. We will review these approaches start-
ing from the posterior perspective and moving 
stepwise anteriorly.

�Posterior

�Occipital Transtentorial
The occipital transtentorial approach is used to 
access pineal and third ventricle lesions, precen-
tral cerebellar fissure, inferior colliculus, and 
anterior vermis. The trajectory is usually either 
through the occipital interhemispheric fissure lat-
eral to the straight sinus or below the occipital 
lobe above the tentorium (Fig. 1.5a, b). The occip-
ital lobe is retracted, and dissection proceeds to 
the tentorial incisura. The tentorium is then cut to 
gain access to the ambient and quadrigeminal cis-
terns and the precentral cerebellar fissure.

�Supracerebellar Infratentorial
The natural corridor above the cerebellum and 
below the tentorium leads to the pineal region, 
tectal plate, and posterior third ventricle [5] 
(Fig.  1.5d). The inferior and medial temporal 
lobe may also be reached if the tentorium is cut to 
perform operations such as amygdalohippocam-
pectomy. The patient is usually placed in the sit-
ting position. The transverse sinus is retracted 
superiorly, and the cerebellum retracted inferi-
orly. Precentral cerebellar veins are often sacri-
ficed, but other draining veins in this region 
should be preserved, particularly the internal 
cerebral veins and the veins of Rosenthal.

1  Surgical Anatomy of the Posterior Fossa
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�Suboccipital, Telovelar
The suboccipital craniotomy is one of the most 
common approaches in posterior fossa surgery 
(Fig.  1.5c). The occipital bone is removed to 
expose the suboccipital surface of the cerebel-
lum as well as the transverse and sigmoid sinuses 
if wide exposure is needed. The cisterna magna 
is often opened to allow drainage of CSF before 
further dissection is done. The vermis presents an 
apparent surgical barrier to the fourth ventricle, 
and transvermian approaches were once com-
mon, but not without morbidity. Careful study 
of this anatomy led to the development of the 
telovelar approach, whereby the fourth ventricle 
is entered by cutting the tela choroidea and infe-
rior medullary velum, which form the inferior 
roof of the fourth ventricle [6]. These thin mem-
branes are exposed by separating the tonsil and 
uvula (Fig. 1.5e, f). This approach can expose the 
entire floor of the fourth ventricle, including the 
lateral recess and the cerebral aqueduct without 
morbidity.

�Posterolateral: Retrosigmoid

A posterolateral perspective into the posterior 
fossa can be obtained through a presigmoid or ret-
rosigmoid approach. The retrosigmoid approach 
is far more common, and it can provide exposure 
extending from the tentorium to the foramen mag-
num as well as cranial nerves IV through XII [7] 
(Fig. 1.7a, b). The asterion typically lies posterior 
to the sigmoid-transverse junction, which is often 
drilled early in the approach, though it has not 
been found to be a consistently reliable landmark 
(Fig. 1.6a). Another landmark for the transverse 
sinus is a line joining the occipital eminence, or 
the inion, with the upper margin of the zygomatic 
arch or the upper margin of the middle third of 
the ear. The transverse-sigmoid junction may 
also be predicted to be just posterior to the upper 
level of the mastoid notch, which can be easily 
palpated. Navigation technology has made local-
ization of the sinuses a much easier task. Because 
this perspective is posterior to several cranial 
nerves and the lateral to medial trajectory is lim-

ited by the sigmoid sinus, access to the anterior 
brainstem is hindered (Fig.  1.7a, b). Additional 
bone removal over the sigmoid sinus allows more 
retraction of the sinus to increase anterior and 
medial visualization [8]. The superior petrosal 
vein may obscure the trigeminal nerve, so it is 
often divided, though a venous infarct may occa-
sionally occur.

The retrosigmoid approach can be tailored for 
specific pathologies, such as vestibular schwan-
nomas involving the internal auditory canal [9] 

Fig. 1.6  Sigmoid sinus and related landmarks. (a) Lateral 
view of the left sigmoid sinus. The asterion represents the 
junction of the occipitomastoid, lambdoid, and parieto-
mastoid sutures. It typically lies posterior to the sigmoid 
sinus and inferior to the transverse sinus, though it is not 
always a reliable localizing landmark. The retrosigmoid 
approaches are posterior to the sigmoid sinus and involve 
some retraction of the cerebellum. Note that the presig-
moid space between the sigmoid sinus and the labyrinth 
can be very limited. (b) Division of the superior petrosal 
sinus allows the sigmoid sinus to be mobilized posteriorly, 
significantly enlarging the presigmoid corridor
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(Fig. 1.8e). The superior lip of the IAC, known 
as the suprameatal tubercle, may also be drilled 
to enlarge the ostium of Meckel’s cave, which 
is helpful for trigeminal tumors that extend 
from the posterior fossa into the middle fossa 
[10–12]. It also allows mobilization of the tri-
geminal nerve with further drilling of the petrous 
apex toward the petroclival fissure, similar to 
Kawase’s approach. Extensive drilling risks 
injury to the posterior and superior semicircu-
lar canals, and their common crus, as well as 
the petrous carotid artery. Although this exten-
sion may open the space anteriorly to the ventral 
brainstem, the working area around the prepon-
tine cistern remains limited.

�Far-Lateral Approach
The retrosigmoid exposure may be extended 
more inferiorly by adding C1 and C2 hemilami-
nectomies so that the foramen magnum and spi-
nal cord are visualized (Fig.  1.7f, g). Variants 
of the far-lateral approach provide exposure of 
the hypoglossal canal, vertebral artery, posterior 
inferior cerebellar artery (PICA), lower cra-
nial nerves, lower clivus, and cervicomedullary 
junction [13, 14]. The suboccipital musculature 
is typically mobilized inferolaterally as a single 
flap. The exposure can be tailored by removing 
additional bone from the occipital and atlan-
tal condyles to allow a more lateral to medial 
perspective. This often entails transposition of 
the vertebral artery out of the C1 transverse 
foramen (Fig.  1.7g). Removal of the posterior 
third of the condyle exposes the lateral aspect 
of the hypoglossal canal, but extensive condyle 
removal may destabilize the atlanto-occipital 
joint. Paracondylar bone can be drilled to access 
the posterior jugular foramen. Drilling of the 
jugular tubercle widens the surgical view of the 
lower clivus.

�Posterolateral: Presigmoid

A trajectory through the mastoid bone anterior to 
the sigmoid sinus provides exposure of the brain-
stem with minimal or no retraction of the cerebel-

lum [15]. Because the petrous bone is directed 
anteriorly and medially toward the brainstem, the 
resulting angle of attack allows visualization of 
the anterior and medial aspects of the cranial 
nerves as they emerge from the brainstem better 
than a retrosigmoid approach. Additionally, the 
working distance to the brainstem is shorter. 
Once a mastoidectomy has been performed, 
removal of the labyrinth and cochlea further 
improves the view of the anterior brainstem and 
petroclival region but at the cost of hearing loss 
and facial nerve weakness. The retrolabyrinthine 
approach is often adequate, and it spares these 
structures.

The operative corridor is bounded inferiorly 
by the jugular bulb, which is sometimes located 
very close to the labyrinth, limiting the surgical 
corridor. The posterior boundary is the sigmoid 
sinus, but this can be retracted further posteriorly 
by additional bone removal. Further posterior 
mobilization of the sigmoid sinus is possible by 
dividing the superior petrosal sinus and tento-
rium (Fig. 1.6b). Division of the tentorium allows 
a combination of infratentorial and supratentorial 
access. Hence, optimal presigmoid approaches 
are often not purely infratentorial, because the 
corridor anterior to the sigmoid sinus is often 
very narrow unless it is retracted.

�Mastoidectomy
The cortical bone in the area between the exter-
nal auditory meatus, the supramastoid crest, and 
the mid-mastoid tip is progressively drilled [16] 
(Fig.  1.8). Alternatively, the superficial cortical 
layer may be disconnected and preserved for a 
more cosmetic closure. Drilling just below the 
supramastoid crest exposes the middle fossa dura, 
and the sigmoid sinus is skeletonized inferiorly to 
the level of the jugular bulb. The posterior fossa 
dura is found between the transverse-sigmoid 
junction (TSJ), the superior petrosal sinus, jugu-
lar bulb, and the labyrinth. Drilling deep in the 
suprameatal triangle opens the mastoid antrum, 
which is the biggest mastoid air cell. From there, 
the head of the incus can be identified in the epi-
tympanic recess 1 cm deep to the spine of Henle, 
as well as the lateral semicircular canal (SCC). 
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Fig. 1.7  Retrosigmoid and far-lateral approaches. (a) 
Posterior view of the right retrosigmoid approach. The 
retrosigmoid approach provides exposure extending from 
the tentorium to the foramen magnum, as well as the cer-
ebellopontine angle. Structures identified include cranial 

nerves 4–12, flocculus, and internal auditory meatus. The 
superior petrosal bridging vein (Dandy’s vein) is seen 
draining into the superior petrosal sinus. (b) The supramea-
tal tubercle, which lies superior and anterior to the inter-
nal auditory canal, can be drilled to access the proximal
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Fig. 1.8  Mastoidectomy. (a) Lateral view of the right 
mastoid process. The mastoid part of the temporal bone is 
posterior to the external auditory canal. The limits of the 
mastoidectomy are the asterion, the suprameatal crest, and 
the mastoid tip. (b) Mastoid air cells are drilled until the 
antrum is encountered, leading to the middle ear elements 
and the corticated labyrinthine structures. (c) The presig-
moid posterior fossa dura is outlined by Trautman’s tri-
angle roughly between the superior petrosal sinus, the 
sigmoid sinus, and the jugular bulb. The posterior semicir-

cular canal faces the posterior fossa dura and the superior 
semicircular canal faces the middle fossa dura. (d) 
Enlarged view of the labyrinth through a mastoidectomy 
exposure. The facial nerve bends inferiorly below the lat-
eral semicircular canal to begin its mastoid segment in the 
anterior part of the mastoidectomy exposure. The short 
process of the incus points to this portion of the facial 
nerve. The chorda tympani courses further anterior than 
the facial nerve, and the space between them (facial 
recess) can be drilled to expose the tympanic cavity

Fig. 1.7  (continued) portion of Meckel’s cave. (c) 
Extensive drilling of the suprameatal tubercle can be com-
bined with division of the tentorium and superior petrosal 
sinus to increase exposure of Meckel’s cave. (d) Posterior 
exposure of the internal auditory canal (IAC). The internal 
auditory meatus is opened, and the nerve rootlets have 
been identified. The anterior inferior cerebellar artery 
(AICA) often loops near these nerves. The labyrinthine 
artery also enters the IAC and its injury can lead to deaf-
ness. (e) Posterior view of the internal auditory canal and 
its nerves. The facial nerve is anterior and superior, and 
together with the superior vestibular nerve, is separated 
from the cochlear and inferior vestibular nerve by the 
transverse crest. The nervus intermedius carries sensory 

and parasympathetic fibers of the facial nerve. A loop of 
AICA often protrudes into the IAC and can cause genicu-
late neuralgia by impinging upon the nervus intermedius. 
(f) Posterior view of the far-lateral exposure. The far-
lateral approach is an inferior continuation of the retrosig-
moid approach, adding additional exposure through the 
foramen magnum, occipital condyle, and lamina of the 
atlas. (g) Far-lateral/transcondylar approach. The verte-
bral artery has been mobilized from the C1 transverse 
foramen, and the occipital and atlantal condyles have been 
drilled to expose the hypoglossal canal and to increase 
exposure of the lower clivus. An extradural PICA origin is 
seen. The jugular tubercle can be drilled to increase 
anterior exposure
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Further drilling of mastoid air cells uncovers the 
compact bone of the digastric ridge inferiorly. The 
fallopian (or facial) canal can then be expected to 
course anteriorly to and in the same plane as a line 
joining the incus and the digastric ridge.

�Transcrusal and Translabyrinthine 
Approaches
The translabyrinthine approach involves drilling 
the semicircular canals to expose the IAC, vesti-
bule, and the different nerves directed to the 
ampullae (Fig.  1.9b). The IAC is accessed 
through the superior ampulla, and the superior 
vestibular nerve is encountered first posterior to 
Bill bar. This approach increases the surgical 
access to the anterolateral brainstem and clivus at 
the expense of hearing. The transcrusal, or partial 
translabyrinthine approach, has been devised to 
preserve most of the surgical advantages of the 
translabyrinthine approach without necessarily 
sacrificing hearing. Although it only entails drill-
ing of the superior and posterior semicircular 
canals and their common crus, the risk of hearing 
loss is still significant.

�Transcochlear and Transotic 
Approaches
In the transcochlear approach, the posterior 
petrous bone is completely drilled as well as parts 
of the tympanic bone [17] (Fig. 1.9c, d). To this 
end, the external auditory canal (EAC) is opened, 
the middle ear is accessed through the facial 
recess anterior to the facial nerve, and the latter is 
completely skeletonized. The GSPN and the 
chorda tympani are disconnected from the facial 

nerve to allow a posterior transposition of the 
nerve, which will result in permanent weakness. 
The cochlea is drilled above the petrous carotid 
artery. The transcochlear approach results in the 
widest access to the ventral brainstem with infe-
rior extension to the jugular bulb. Because this 
approach carries the highest risk of facial nerve 
palsy, the transotic variant has been described to 
avoid manipulation of the nerve.

�Combined Supra-/Infratentorial 
Petrosal Approaches
The petrosal exposures can be extended with a 
temporal craniotomy that crosses the transverse-
sigmoid junction. The middle fossa dura is care-
fully incised while avoiding injury to the vein of 
Labbe before dividing the superior petrosal sinus 
and cutting the tentorium to communicate the 
posterior and middle fossae (Fig.  1.9e–h). The 
temporal lobe, tentorium, cerebellum, and sig-
moid sinus can then all be retracted together to 
augment the combined presigmoid and subtem-
poral exposure [18]. 

�Exposure of Jugular Foramen
The presigmoid mastoidectomy may be carried 
inferiorly and combined with a neck dissection to 
widely expose the jugular bulb and the infralaby-
rinthine area [19] (Fig. 1.10). The postauricular 
incision is extended inferiorly to expose the 
carotid artery, internal jugular vein, and the lower 
cranial nerves in the upper cervical region. The 
spinal accessory nerve may pass either anterior or 
posterior to the internal jugular vein near the C1 
transverse process, and care must be taken not to 

Fig. 1.9  (continued) of attack to the anterior brainstem 
and petroclival region. (c) Transposition of the facial 
nerve has been performed before drilling of the cochlea. 
(d) The transcochlear approach maximizes the presig-
moid exposure of the deep anterior structures such as the 
trunk of basilar artery, the abducens nerve, and the clivus. 
(e) Left combined supra-/infratentorial petrosal approach. 
The mastoidectomy is combined with a temporal craniot-
omy. The superior petrosal sinus and the tentorium are cut 
to join the middle and posterior fossae, and the sigmoid 
sinus can be then be mobilized posteriorly to widen the 

presigmoid corridor. (f) View through a left retrolabyrin-
thine combined approach. (g) View through a left trans-
labyrinthine combined approach. The vein of Labbe 
draining into the transverse-sigmoid junction must be 
identified and preserved. Its drainage into the superior 
petrosal sinus requires careful planning to preserve venous 
outflow. (h) View through a left transcochlear combined 
approach, which provides an extensive exposure ranging 
from the petrous carotid laterally, basilar trunk and pons 
anteriorly, oculomotor nerve superiorly, and jugular bulb 
inferiorly
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Fig. 1.9  Petrosal approaches. (a) Right retrolabyrinthine 
approach. The posterior fossa dura is opened posterior to 
the semicircular canals in the retrolabyrinthine approach. 
This exposes the cochlear, vestibular, facial, and lower 

cranial nerves, lateral pons and medulla above the jugular 
bulb, and elements of the posterior circulation. (b) Right 
translabyrinthine approach. Resecting the labyrinth 
exposes the internal auditory canal and widens the angle
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injure it with posterior retraction of the sterno-
cleidomastoid muscle. The facial nerve should be 
identified as it exits the stylomastoid foramen and 
passes lateral to the styloid process before enter-
ing the parotid gland anteriorly. The facial nerve 
may be transposed anteriorly to increase access 
to the petrosal portion of the jugular foramen, but 
this typically causes weakness. The styloid pro-
cess can be removed if access to the high internal 
carotid and anterior aspect of the jugular foramen 

is desired. Removal of the rectus capitis lateralis 
muscle opens the posterior edge of the jugular 
foramen (Fig. 1.2d).

�Lateral

The simplest lateral trajectory to the posterior 
fossa is a subtemporal approach, which is limited 
inferiorly by the tentorium, but can expose the 

Fig. 1.10  Transtemporal postauricular approach to jugu-
lar foramen. (a) Left mastoid and cervical exposure. 
Lateral exposure of the jugular foramen involves a mas-
toidectomy approach combined with an upper neck dis-
section. It is important to recognize the different muscular 
layers and the diverging trajectories of the lower cranial 
nerves as they exit the cranium. (b) Mastoidectomy and 
internal jugular vein exposure. The transverse process of 
the atlas and its muscular relationships with the skull base 
is a crucial surgical landmark. The accessory nerve 
courses posteriorly toward the sternocleidomastoid mus-
cle near the transverse process and may pass anterior or 

posterior to the jugular vein. The internal jugular vein 
passes immediately anterior to the transverse process. (c) 
Full exposure of left jugular bulb and infralabyrinthine 
area. Mobilization of the facial nerve anteriorly increases 
the exposure at a risk of irreversible weakness. Detachment 
of the rectus capitis lateralis muscle and removal of the 
jugular process of the occipital bone further exposes the 
posterior part of the jugular foramen. (d) The jugular vein 
is resected, and the medial wall of the jugular bulb is pre-
served to avoid damaging the medially located lower cra-
nial nerves. The inferior petrosal sinus empties into the 
jugular foramen

J. Basma and J. Sorenson
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Fig. 1.11  Lateral and anterolateral approaches. (a) Left 
subtemporal approach. The subtemporal approach requires 
retraction of the temporal lobe to expose the lateral aspect of 
the tentorial incisura. Bridging temporal veins can be at risk 
of injury, which may cause a venous infarct of the temporal 
lobe. (b) View through a left subtemporal approach. The 
ambient, crural, and interpeduncular cisterns are exposed, 
and the basilar apex can be accessed. The oculomotor nerve 
is seen emerging between the superior cerebellar artery and 
the posterior cerebral artery. The trochlear nerve has a close 
relation with the superior cerebellar artery before it joins the 
tentorial edge near the cavernous sinus. (c) The tentorium is 
cut, taking care to preserve the trochlear nerve, to expose the 
tentorial surface of the cerebellum. Anterior brainstem 

exposure is blocked by the petrous temporal bone. (d) View 
through subtemporal transtentorial approach combined with 
an anterior petrosectomy. Kawase’s rhombus is limited by 
the GSPN laterally, mandibular branch of the trigeminal 
nerve anteriorly, and the arcuate eminence posteriorly. (e) 
View through a right frontotemporal-orbitozygomatic 
approach. This allows for several operative corridors, 
including transsylvian, pretemporal, and subtemporal. (f) 
View through a right transcavernous exposure of the basilar 
apex region. The anterior clinoid has been removed, and the 
posterior cavernous sinus has been opened by skeletonizing 
the oculomotor and trochlear nerves. This facilitates mobili-
zation of these nerves and drilling of the posterior clinoid 
and dorsum sella

1  Surgical Anatomy of the Posterior Fossa
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basilar apex as well as the midbrain and its crural 
and ambient cisterns [20]. Care must be taken to 
preserve veins projecting to the transverse-
sigmoid junction that may be avulsed with tem-
poral lobe retraction (Fig. 1.11a, b). Division of 
the tentorium exposes the superior aspect of the 
cerebellum, but access to the pons is obstructed 
by the petrous temporal bone (Fig.  1.11c). The 
trochlear nerve may be injured when cutting the 
tentorium, especially anteriorly as it approaches 
the cavernous sinus. An anterior petrosectomy 
(Kawase’s approach) extends the subtemporal 
exposure further into the posterior fossa, reveal-
ing the pons above and below the trigeminal 
nerve as well as the upper petroclival region [21] 
(Fig. 1.11d). Temporal bone drilling is typically 
limited by the greater superficial petrosal nerve 
and carotid artery laterally and the internal audi-
tory canal and labyrinth posteriorly. The abdu-
cens nerve may be injured in Dorello canal if 
drilling is continued deep to the petrous apex.

�Anterolateral

The interpeduncular fossa may be accessed 
through the pterional approach and its variants, 
such as the frontotemporal-orbitozygomatic or 
orbitozygomatic, which can be tailored for a sub-
temporal or pretemporal corridor to allow a trans-
cavernous exposure. This results in an anterolateral 
perspective. The optic-carotid and the carotid-
oculomotor windows can be opened through a 
classic pterional approach, and Liliequist’s mem-
brane is then dissected to reach the interpeduncu-
lar fossa and the basilar tip as taught by Yasargil. 
The view of midline anterior structures in the 
upper posterior fossa is limited by the posterior 
cavernous sinus, tentorium, dorsum sellae, clinoi-
dal processes, carotid artery, optic nerve, oculo-
motor nerve, and the posterior communicating 
artery (Fig. 1.11e). The transcavernous approach 
involves opening the posterior cavernous sinus 
while preserving the oculomotor and trochlear 

nerves. This facilitates drilling of the posterior 
clinoidal processes and dorsum sella to increase 
medial exposure [22–24] (Fig. 1.11f).

�Anterior

Anterior approaches to the posterior fossa typi-
cally involve removal of midface sinuses to 
access the clivus. The most superior perspective 
can be provided by a transbasal approach [25] to 
remove the frontal, ethmoid, and sphenoid 
sinuses as well as the nasal cavity so that the cli-
vus can be opened (Fig. 1.12a). The superior pos-
terior fossa is obstructed by the pituitary gland. 
Olfaction is at risk but can be preserved with 
osteotomies of the cribriform plate.

The most common anterior approach to the 
posterior fossa today is the expanded endonasal 
approach (Fig. 1.12b). Removal of sinuses allows 
endoscopic exposure ranging from the frontal 
sinus to the odontoid process. The maxillary 
sinuses can be opened to expose more laterally, 
but lateral exposure is also limited by the 
Eustachian tubes. The petrous apex can be 
exposed by drilling through the pterygoid pro-
cess. Transclival approaches can also be per-
formed endoscopically through a transoral 
approach, though the view is foreshortened by 
the more extreme angle (Fig. 1.12c). Maxillotomy 
approaches can provide excellent transclival 
exposure of the posterior fossa as well as expo-
sure of the middle and infratemporal fossa [26] 
(Fig.  1.12d). These are rarely performed in the 
era of skull base endoscopy.

�Credits

All images are from the online Rhoton Collection. 
Dissections by Hiroshi Abe, Toshiro Katsuta, 
Antonio Mussi, Eduardo Seoane, Ryusui Tanaka, 
Helder Tedeschi, Tsutomu Hitotsumatsu, and 
Hung Wen.
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�Background

The retrosigmoid craniotomy is a modification of 
the traditional suboccipital craniotomy, which was 
first described in the literature by Frankel et al. in 
1904 [1, 2]. The suboccipital craniotomy provides 
a wide view of the posterior cranial fossa from the 
tentorium cerebelli to the foramen magnum. 
Although new technologies and techniques have 
been introduced to make the approach safer, it is a 
testament to its versatility that this surgical 
approach continues to be used nearly unchanged 
from its original description over a century ago [1].

�Indications

The retrosigmoid craniotomy provides for expo-
sure and access to extra-axial lesions in the cere-
bellopontine (CP) angle; lesions arising from the 
underside of the tentorium, vascular, and cranial 
nerve pathology of cranial nerves (CNs) V–XI; 

and intrinsic pathology of lateral cerebellar hemi-
sphere and brainstem from mesencephalon to 
pontomedullary junction [1, 3]. Pathologies rou-
tinely accessed through this approach include 
meningioma, vestibular schwannoma, and neuro-
vascular compression syndromes [4–7].

�Anatomy

�Cranial and Extradural Anatomy

The retrosigmoid craniotomy is a versatile 
approach, and the position and extent of the cra-
niotomy (or craniectomy) is defined by the exact 
position and type of pathology in the CP angle. 
The limits of exposure are defined superiorly by 
the transverse sinus, inferiorly by the foramen 
magnum, medially by the anatomic midline, and 
laterally by the sigmoid sinus. The surgical key-
hole for this approach is defined relative to the 
asterion. Analogous to a pterional craniotomy, 
the retrosigmoid approach may also be thought 
of as an “asterional” craniotomy.

The asterion, a consistent bony landmark for 
finding the junction of the transverse and sig-
moid sinuses, is defined as the junction of the 
lambdoid, occipitomastoid, and parietomastoid 
sutures. The lambdoid suture travels obliquely 
from its origin at the caudal terminus of the 
sagittal suture, separating the parietal and 
occipital bones. It continues past the asterion as 
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the occipitomastoid suture, separating the 
petrous temporal bone from the occipital bone, 
terminating at the jugular foramen. The parieto-
mastoid suture separates the mastoid portion of 
the temporal bone from the parietal bone 
(Fig. 2.1).

A burr hole placed just anterior to the aste-
rion typically exposes the junction of the trans-
verse and sigmoid sinuses, a key anatomic 
landmark that defines the superior and ventral 
extent of exposure, respectively. Tubbs et al. [8] 
further studied the relationship between the 
superficial bony landmarks and the location of 
the venous sinuses in 100 adult cadaver skulls 
and defined this keyhole relative to the intersec-
tion of the “zygomatic line” and a “mastoid 
line” (Fig. 2.2). The zygomatic line parallels the 
superior border of the zygomatic arch and 
extends posteriorly from the root of the zygoma 
to the inion. The mastoid line connects the mas-
toid notch to the squamosal suture. In 80/100 
cases, irrespective of laterality, the transverse-
sigmoid junction lies within 1 cm of a burr hole 
placed inferior to the zygomatic line and dorsal 
to the mastoid line [8].

�Intradural Anatomy

The CP angle is bordered by the tentorium cere-
belli; the superior and inferior limbs of the angu-
lar cerebellopontine fissure; the petrosal surface 
of the cerebellum, lateral pons, and middle cere-
bellar peduncle; the petrous temporal bone; and, 
at its deep extent, the prepontine cistern, the 
petrous apex, and Meckel’s cave. CNs V–XI are 
found within the CP angle, as well as branches of 
the superior cerebellar artery, anterior inferior 
cerebellar artery, and posterior inferior cerebellar 
artery. Rhoton et al. divided the contents of the 
CP angle into three neurovascular complexes, 
which have a relatively fixed position at the 
brainstem and skull base, and thus can be reliably 
identified even in the presence of distorting 
pathology such as tumors or vascular malforma-
tions [9–12].

The upper neurovascular complex consists of 
CN V, superior cerebellar peduncle, origin of the 
SCA (often duplicated), and superior petrosal 
venous complex (i.e., Dandy’s vein). CN V exits 
the lateral surface of the pons at its midportion 
and runs obliquely toward the petrous apex to 
enter Meckel’s cave. Typically, the SCA travels 
around the pons rostral to CN V but may send a 
caudal loop that comes in close proximity or con-
tacts the CN V. The superior petrosal vein is often 

Fig. 2.1  Skull model with parietomastoid and occipito-
mastoid sutures identified and labeled

Fig. 2.2  Horizontal “zygomatic line” and vertical “mas-
toid line” demonstrate the intersection where a burr hole 
placed at the inferior aspect of the zygomatic line and the 
dorsal aspect of the mastoid line will be within 1 cm of the 
transverse-sigmoid junction 80% of the time
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a complex of two to three veins that drain the lat-
eral cerebellar surface before converging to insert 
into the petrosal sinus [7]. These veins may lie 
adjacent to CN V or may enter the tentorium sep-
arate from CN V, effectively tethering the lateral 
cerebellar hemisphere [7]. The middle neurovas-
cular complex consists of the AICA, middle cer-
ebellar peduncle, and cranial nerves VI–VIII. CN 
VII arises from the brainstem at the level of the 
pontomedullary junction 1–2 mm ventral to the 
vestibulocochlear entry point (Fig.  2.3). The 
facial and vestibulocochlear nerves course 
together as they travel laterally to the internal 
acoustic meatus. AICA typically forms a loop 
just below the CN VII–VIII complex with laby-
rinthine, recurrent perforating and subarcuate 
branches arising from this loop to course with 
CN VIII into the internal acoustic meatus [9–12]. 
The lateral recess of the fourth ventricle transi-
tions into the foramen of Luschka, which is situ-
ated posteroinferior to the junction of CNs 
VII–VIII with the brainstem and is often not 
visualized, but may be identified by a tuft of cho-
roid plexus protruding into the CP angle [11]. 
The flocculus, which projects from the lateral 
recess, forms a bulge of cerebellar tissue sitting 
superficial to CNs VII–VIII and adjacent to the 
choroid plexus [11].

The lower complex consists of CNs IX–XI, 
the inferior cerebellar peduncle, and the PICA 
[10]. CNs IX–XI arise as rootlets along the pos-

terior edge of the medullary olive in the groove 
of the postolivary sulcus (Fig.  2.3). CN IX is 
typically one or two rootlets arising from the 
upper medulla just caudal to CN VII, whereas 
CN X comprises a line of tightly packed root-
lets just inferior to this. The rootlets of CN XI 
are more widely separated, running from the 
lower two-thirds of the olive to the upper cervi-
cal cord, its cranial roots often being difficult to 
distinguish from vagal fibers. CNs IX–XI exit 
at the jugular foramen with the glossopharyn-
geal exiting more anteromedially at the pars 
nervosa and CNs X–XI exiting posterolaterally 
at the larger pars vascularis. CN XII exits the 
medulla along the anterior margin of the caudal 
olive, its roots running anterolaterally to reach 
the hypoglossal canal. Both branches of PICA 
and the vertebral artery may pass through or 
contact rootlets of the lower cranial nerves [10].

�Surgical Technique

�Positioning

The three-quarter prone position is our position 
of choice because it maximizes the working 
space between the patient’s head and ipsilateral 
shoulder, thus providing adequate working space 
for the surgical corridor (Fig.  2.4a, b) [13]. 
Several other positions have been described for a 
retrosigmoid approach, each with its own relative 
advantages and disadvantages, including the sit-
ting position [14], supine position with the head 
maximally rotated to the contralateral side [7], or 
the lateral position with the head turned 90° [15].

A series of stepwise maneuvers are under-
taken to place the patient in this position. If uti-
lized, a vacuum positioner [i.e., “beanbag”] is 
prepositioned on the bed. Alternatively, pillows 
and bolsters may be used to support the torso. A 
minimum of four surgical personnel are required 
to safely perform these maneuvers, with the neu-
rosurgeon typically in control of the head, assis-
tants at each side controlling shoulders and hips, 
and one assistant in control of the legs and feet. 
Our preference is to pin the head with the skull 

Fig. 2.3  Cadaveric specimen demonstrating the right CN 
VII–VIII complex and CNs IX, X, and XI as they exit the 
brainstem
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clamp after the body is positioned and maintain 
direct manual control of the head.

Starting from a supine position, the patient is 
translated such that the shoulders are 2–4  cm 
above the end of the bed. The patient is then 
translated laterally such that the contralateral hip 
lies past the midline of the bed, often with the 
ipsilateral hip (temporarily) suspended by an 
assistant off the edge of the bed. Simultaneous 
with this translation, the torso is rotated to bring 
the ipsilateral shoulder up and over midline into 
the three-quarter prone position. Alternatively, if 
a lumbar drain is to be placed, the rotation may 
be paused at true lateral for insertion and then 
continued to three-quarter prone. An axillary roll 
is placed one handbreadth below the axilla, at the 
mid-nipple line. The dependent arm may be left 
extended and supported on a bed-rail arm board 
or may be slung in the armature of the head 
clamp, suspended hanging over the edge of the 
bed [16]. The independent arm is supported on 
pillows or an elevated arm board, with care to 
minimize pressure in the brachial fossa (Fig. 2.4a, 
b). The dependent leg is left extended, with care 
to pad the fibular head to prevent a peroneal 
nerve palsy. The independent leg is flexed at the 
hip and knee, allowing the iliac crest to roll over, 
and the pelvis is positioned with the same degree 
of rotation as the shoulders and torso.

The whole bed is then placed into a 10–15° 
reverse Trendelenburg position. This elevation 

increases venous outflow from the head. 
Combined with subarachnoid drainage, this 
should provide a significant working corridor 
without the need for hyperosmolar agents (e.g., 
saline or mannitol). If not already done, the head 
is placed into three-point skull clamp pin fixa-
tion, with one pin on the contralateral forehead 
(taking care not to pin the temporal branch of the 
facial nerve) and two pins at the contralateral 
asterion and inion. The head is then titled 5–10° 
toward the contralateral shoulder, opening the 
angle between the cardinal axis of the cranium 
and the torso. The head is rotated 10–15° to the 
contralateral shoulder, and the chin is flexed 
toward the sternum, taking care not to compro-
mise the airway or contralateral jugular vein. 
Prior to locking the pin clamp to the bed, anesthe-
sia should confirm the patency and position of the 
airway. Rotation and flexion of the head may dis-
lodge a shallow intubation. If the head is over-
rotated or over-flexed, the contralateral internal 
jugular vein may be compressed, leading to an 
increase in intracranial pressure and intraopera-
tive cerebellar swelling.

The patient’s body is securely restrained so 
that the operating table can be rotated liberally to 
maximize the angle of approach for the micro-
scope. This usually involves a vacuum positioner 
and reinforcement with nonperforated cloth tape 
across the shoulder, torso, and hips. In larger 
patients, the ipsilateral shoulder is taped down 

Fig. 2.4  (a, b) Photographs showing two patients in a three-quarter prone position, with the pressure points padded and 
the patients secured to the operating tables
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across the long axis of the arm to open up the 
angle between head and shoulders, maximizing 
the surgeon’s angles of attack and visualization 
of the operative space during the operation 
(Fig. 2.4a, b).

We utilize a C-shaped, retroauricular incision 
about two fingerbreadths medial to the mastoid 
process, which extends from the pinna to the tip 
of the mastoid (Fig. 2.5a, b). In most cases, we 
prefer to raise a single myocutaneous flap with a 
combination of electrocautery and sharp dissec-
tion. Although many authors prefer to raise a sub-
galeal flap and take the combined fascia/
periosteum at the insertion of the sternocleido-
mastoid as a separate local periosteal flap, we 
harvest a separate free flap (temporoparietal fas-
cia or fascia lata) as necessary. The subperiosteal 
dissection is carried down, and the asterion is 
identified (which may also be confirmed with 
intraoperative neuronavigation).

�Craniotomy Technique

Prior to the marking of the skin incision, the posi-
tions of the transverse and sigmoid sinuses should 
be approximated with anatomic landmarks or 
confirmed with neuronavigation. A straight line 
drawn from the root of the zygoma to the poste-

rior occipital protuberance (inion) defines the 
course of the transverse sinus (Fig. 2.5b) [8]. The 
asterior and digastric grooves are identified 
(Fig. 2.6a). The “zygomatic line” and a “mastoid 
line” as described by Tubbs et al. [8] and demon-
strated in Fig.  2.6b are marked with a surgical 
marker at the time of surgery to approximate the 
transverse-sigmoid junction.

In our experience, there is a lower likelihood 
of tearing the dura or the lateral wall of a sinus 
with craniectomy as opposed to a craniotomy. A 
high-speed cutting burr such as a 6  mm fluted 
ball or acorn bit is used to fashion a craniectomy 
tailored to the size and scope of the lesion. Care 
is taken to expose the sigmoid-transverse junc-
tion at the superolateral margin of the craniec-
tomy without violating the venous sinuses. Often, 
the mastoid emissary vein (Fig. 2.7a) or a com-
plex of emissary veins (Fig. 2.7b) may be skele-
tonized and followed ventrally and superiorly to 
its insertion near the junction of the sinuses. 
Invariably, the mastoid air cells will be entered 
prior to thinning out the bone over the sigmoid 
sinus (“blue lining”) and should be packed with 
wax during exposure (and again during recon-
struction) to prevent a postoperative CSF leak 
(“wax in, wax out”).

Kerrison rongeurs are used to remove 4–6 mm 
of bone overlying the sigmoid sinus (Fig. 2.8) to 

Fig. 2.5  (a, b) A C-shaped retroauricular incision two 
fingerbreadths medial to the mastoid process, extending 
from the pinna to the tip of the mastoid. Figure b has a red 

line drawn from the root of the zygoma to the inion, 
approximating the course of the transverse sinus
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maximize visualization of the cerebellopontine 
angle and minimize retraction on the cerebellum. 
For pathology that involves the foramen mag-
num, caudal extension of the exposure and 
extensive bone removal as well as cerebrospinal 
fluid (CSF) drainage from the cisterna magna 

provides excellent exposure of the craniocervical 
junction.

There are multiple methods of opening the 
dura that are permissible as long as a watertight 
dural closure is obtained. Although a single cur-
vilinear opening is probably the most popular 

Fig. 2.6  (a) The asterion is identified on a right retrosig-
moid approach. The last centimeter of the three sutures, 
whose intersection forms the asterion, has been marked in 
black surgical marker with a pointer identifying it (lamb-
doid suture, occipitomastoid suture, and parietomastoid 

suture). The beginning of the digastric groove has been 
marked with black surgical marker as well (black arrow). 
(b) The “zygomatic line” and a “mastoid line” marked out 
on a right retrosigmoid approach as described by Tubbs 
et al. [8]

Fig. 2.7  (a) Cadaveric specimen demonstrating large 
single mastoid emissary foramen feeding the right sig-
moid sinus deep to the foramen. (b) Cadaveric specimen 

showing the convergence of three mastoid emissary veins 
as they drain eventually into the sigmoid sinus
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method of dural opening because of the potential 
of closing the dura with a running suture, we also 
sometimes utilize a T-shaped dural opening to 
allow for maximal visualization with the bottom 
part of the T coming right up to the transverse-
sigmoid junction (Fig. 2.8, black lines). Once the 
cerebellum is exposed, tenting sutures are placed 
along the superior and ventral margins to increase 
the angles and degree of exposure. Care should 
be taken though, as these may completely occlude 
the sinuses during the case, resulting in a trans-
verse sinus thrombosis.

Handheld retractors can be used to help with 
the exposure of the petrous temporal bone and 
the tentorium cerebelli, permitting sharp dissec-
tion/division of arachnoid tethering the cerebellar 
hemisphere. If a lumbar drain was not preposi-
tioned into the subarachnoid space preopera-
tively, the arachnoid around the foramen magnum 
may be sharply dissected, and additional brain 
relaxation can be obtained by further drainage of 
CSF from this cistern. Although retractionless 
surgery is preferred, placement of a self-retaining 
retractor over the surface of the cerebellum may 
be required early on for visualization of key 

neurovascular structures in the cerebellopontine 
angle. The other key maneuver (aside from CSF 
relaxation) for safely increasing exposure is to 
control and divide the petrosal (veins) early in the 
case. For large lesions or lesions within the supe-
rior third of the CPA cistern, these veins may be 
sacrificed with relative impunity to further unte-
ther the hemisphere. The veins should be divided 
closer to the cerebellar surface, leaving a “tail” 
off their insertion into the sinus/tentorium; ampu-
tating the complex at its insertion results in a hole 
in the wall of the petrosal sinus, which may be 
difficult to control without packing it off with 
oxidized cellulose.

�Reconstruction and Closure

Obtaining watertight dural closure is important to 
reduce the incidence of postoperative CSF leak. 
In cases where the dura is thin or compromised, 
the use of a dural patch with dural substitutes as 
well as abdominal fat graft may be of benefit. 
Regardless of type of dural opening, care should 
be taken to keep the dural folds moist during the 
case to help with future closure and utilize dural 
grafts as needed to obtain a watertight dural clo-
sure (Fig. 2.9).

Fig. 2.8  A large right retrosigmoid craniectomy has been 
performed, so the transverse sinus is completely exposed 
(black arrow). The sigmoid sinus is exposed and covered 
with thrombin-soaked Gelfoam pieces (black arrowhead) 
for hemostatic purposes. The dural opening is outlined 
with thick black lines

Fig. 2.9  Right-sided watertight dural closure with a 
suturable dural graft after a retrosigmoid craniectomy was 
performed for an acoustic neuroma resection
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Alternatively, temporalis fascia may be har-
vested, or a free fascial graft may be harvested 
from the abdominal wall or tensor lata. 
Additionally, the use of dural sealants may be 
necessary to ensure a watertight seal and prevent 
postoperative CSF leak. All bony surfaces and 
mastoid air cells are carefully waxed to limit the 
risk of postoperative CSF rhinorrhea or 
otorrhea.

Several studies have shown a lower incidence 
of postoperative headaches and better cosmetic 
outcomes when the dura is separated from the 
overlying soft tissues, preventing tension on the 
dura as the suboccipital muscular contracts [17]. 
We use a combination of titanium mesh and 
hydroxyapatite cement impregnated with antibi-
otic powder to fashion a cranioplasty prior to 
skin closure. This also serves to tamponade and 
secures the dural reconstruction.

�Complications

Aside from the typical complications associated 
with any craniotomy, such as infection, postop-
erative hematoma, and parenchymal and/or neu-
rovascular injury, the retrosigmoid approach is 
significantly associated with higher rates of CSF 
leaks and postoperative headaches when com-
pared with other cranial surgical approaches [18, 
19]. One recent meta-analysis of the three 
approaches for acoustic neuroma surgery (trans-
labyrinthine, middle fossa, and retrosigmoid) 
found that in >5000 patients in 35 studies, the 
only significant complication differences between 
the approaches were higher rates of CSF leak and 
postoperative headache with the retrosigmoid 
approach [18]. CSF leak is a known risk of poste-
rior fossa cranial procedures because of the need 
for watertight dural closure. In addition to the 
main concern for leaking from the dura and 
through the incision or pseudomeningocele 
development, the air cells of the mastoid are fre-
quent sources of CSF leak and must be waxed off 
so that CSF cannot enter through them.

Postoperative headaches are also common 
with the retrosigmoid approach; two of the more 
common explanations are bone dust entering into 

the posterior fossa from internal acoustic meatus 
drilling and muscle-dural attachment and adhe-
sion after surgery [18]. Multiple studies have 
shown decreased rates of postoperative retrosig-
moid headaches when a cranioplasty is per-
formed at the time of closure so that the muscles 
cannot attach to the dura, but this benefit is only 
seen after 1 year of increased headaches after sur-
gery [18–22]. Transverse and/or sigmoid sinus 
occlusion after a retrosigmoid approach is a 
potentially serious problem as it has been associ-
ated with headaches, increased intracranial pres-
sure, seizures, and even intracranial hemorrhage 
[23]. There is a paucity of data involving rates of 
sinus occlusion after retrosigmoid craniectomy. 
One report in the otolaryngological literature 
suggests it is not even of clinical significance, 
and therefore they do not monitor for it or treat it 
when it occurs [24]; however, reports in the neu-
rosurgical literature treat it as potentially lethal 
and thus recommend treating it with anticoagula-
tion when it occurs. Pseudotumor cerebri can 
occur occasionally after transverse-sigmoid sinus 
occlusion, requiring subsequent treatment [24, 
25]. Although more research needs to be done, 
standard practice is to avoid sinus occlusion at all 
costs, with some authors advocating initiating 
non-bolus systemic heparin 24  h after surgery 
once occlusion has been documented on postop-
erative imaging [23].

�Conclusions

The retrosigmoid approach is a workhorse for CP 
angle pathology and lateral skull base surgery. 
We review the anatomy of the various regions 
accessed by this approach and demonstrate how 
we position, pin, and perform the key surgical 
steps while describing helpful surgical pearls. 
For example, although the extent and size of 
craniectomy varies depending on the pathology 
of each particular case, anatomical studies have 
shown that a burr hole placed inferior and dorsal 
to the junction of the “mastoid line” and “zygo-
matic line” will usually be within 1  cm of the 
transverse-sigmoid junction [8]. While recognizing 
that there are a multitude of acceptable methods 
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for performing this surgery, we review some key 
techniques that can help to lower the complica-
tion rates of CSF leak, postoperative headaches, 
and transverse-sigmoid sinus occlusion, which 
are seen at increased rates with the retrosigmoid 
approach.
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Abbreviations

AAO-HNS	� American Academy of 
Otolaryngology-Head and Neck 
Surgery

ABR	 Auditory brainstem response
CPA	 Cerebellopontine angle
dB	 Decibel
DVT	 Pulmonary embolism
EAC	 External auditory canal
GSPN	 Greater superficial petrosal nerve
GTR	 Gross-total resection
HB	 House-Brackmann
IAC	 Internal auditory canal
ICH	 Intracerebral hemorrhage
MRI	 Magnetic resonance imaging
NTR	 Near-total resection
PE	 Pulmonary embolism
POD	 Postoperative day
PTA	 Pure-tone average

SDS	 Speech discrimination score
SNHL	 Sensorineural hearing loss
SRT	 Speech reception threshold
STR	 Subtotal resection

�Introduction

Surgical approaches to the internal auditory 
canal (IAC) and cerebellopontine angle (CPA) 
for the treatment of acoustic neuromas have 
improved dramatically since their inception. 
While early surgical techniques were used pri-
marily for debulking of large tumors and reliev-
ing pressure on the brainstem, modern skull 
base surgery has evolved to focus more on 
functional preservation, particularly with 
regard to serviceable hearing and facial nerve 
function.

The middle fossa approach is an example of a 
surgical approach to the skull base that was devel-
oped to preserve function. The middle fossa 
approach was originally reported in 1904 to gain 
access for vestibular nerve sectioning. This was 
prior to the introduction of the operating micro-
scope and modern microsurgical techniques, and 
the facial nerve was at high risk for injury during 
these procedures [1]. The approach was further 
developed when William F.  House revised it in 
1961. Through cadaver studies, it was realized that 
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it would be a viable option for the removal of 
acoustic neuromas [2]. Through this approach, the 
entirety of the contents of the internal auditory 
canal (IAC) can be visualized, and the facial nerve 
can be positively identified in the fallopian canal 
without tumor involvement [3, 5]. While initially 
used to remove tumors of all sizes, through Dr. 
House’s first ten clinical cases as well the observa-
tions of John B. Doyle, Jr., it was realized that in all 
but the smallest of tumors a labyrinthectomy was 
required to gain the appropriate access to the cere-
bellopontine angle (CPA) [6]. It was also noted to 
be a technically challenging operation as the expo-
sure is limited, there is a lack of definitive land-
marks, and the facial nerve is often submitted to 
more manipulation than in other approaches [7, 8]. 
Limitations in early detection of acoustic neuromas 
at the time led to relatively infrequent use of the 
middle fossa approach; however, House and 
Hitselberger did determine through their series of 
patients that hearing and facial nerve function 
could be preserved if tumors were small [9]. With 
the eventual development of gadolinium-enhanced 
magnetic resonance imaging (MRI), there was an 
increased identification of patients with small 
tumors and serviceable hearing [3]. Consequently, 
an approach that could preserve hearing became 
desirable, leading to more widespread adoption of 
the technique. The middle fossa approach has been 
utilized for repair of superior semicircular canal 
dehiscence, encephaloceles, access to the petrous 
apex, decompression of the facial nerve for Bell’s 
palsy or trauma, and other IAC lesions [1–13]. 
Prior to the technological advances that made the 
middle fossa approach more feasible, House and 
Hitselberger also developed the translabyrinthine 
approach, which gave a direct route to the CPA 
through the temporal bone [14, 15]. While hearing 
is sacrificed because the vestibular portion of the 
inner ear is obliterated, this approach provides 
wide exposure with potential identification of the 
facial nerve from the brainstem to the stylomastoid 
foramen. The CPA and IAC are also widely 
exposed via translabyrinthine exposure. The 
approach is primarily extradural, and there is mini-
mal to no brain retraction. Due to the wide expo-
sure, the translabyrinthine approach is also used for 
facial nerve decompression when hearing does not 

need to be preserved, facial nerve repair and the 
removal of other CPA lesions, including meningio-
mas, intracranial epidermoids, and paragangliomas 
[16]. As compared to the classic suboccipital 
approach, the patient is in the supine position (ver-
sus sitting), which reduces the risk of air embolism 
as well as the rare but serious complication of spi-
nal cord infarction and quadriplegia [17]. The 
translabyrinthine approach has also been found by 
some authors to have a lower incidence of postop-
erative CSF leak and headache as compared to the 
retrosigmoid approach, while others have found 
the rate of CSF leaks to be similar [18, 19].

�Preoperative Evaluation

Patients with an acoustic neuroma most often 
present with complaints of unilateral hearing 
loss, followed by tinnitus, vertigo, and, rarely, 
facial hypesthesia in descending order [20]. Once 
a complete clinical history and physical exam 
have been performed, pure-tone and speech audi-
ometry are important diagnostic tests to perform. 
The auditory brainstem response (ABR) was 
long considered the most sensitive diagnostic 
modality, with the interaural wave V latency 
being greater than 0.2  ms considered abnormal 
[21]. However, the use of enhanced MRI has 
found the false negative rate of ABR to be 
18-30% for intracanalicular tumors [22]. We do 
not routinely perform ABR to screen for acoustic 
neuromas at our institution because of the limited 
clinical utility. If sufficient clinical suspicion 
exists based on symptoms and audiometry, the 
imaging modality of choice is a gadolinium-
enhanced MRI.  As an alternative to using 
contrast-enhanced MRI, a screening protocol 
with a fast spin-echo MRI sequence is highly 
sensitive and specific and provides ultrahigh-
resolution images of the IAC, making it possible 
to determine the nerve of origin of very small 
tumors [23]. We found there was no difference in 
diagnostic accuracy compared to traditionally 
enhanced sequences and that the diagnostic accu-
racy is more sensitive and specific than brainstem 
audiometry (ABR) at a similar cost and is signifi-
cantly cheaper than contrasted MRI [23, 24].
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�Indications for Surgery

Once an acoustic neuroma has been diagnosed 
and the patient has elected to undergo surgical 
resection, the most important factors when con-
sidering the surgical approach are preoperative 
hearing status and tumor size. We use the middle 
fossa approach for patients who have a small 
tumor, primarily located in the lateral portion of 
the internal auditory canal and good preoperative 
hearing. The retrosigmoid approach is used for 
patients with a small tumor, primarily located in 
the cerebellopontine angle that does not extend to 
the lateral portion of the internal auditory canal 
and good preoperative hearing. The translabyrin-
thine approach is used for patients with large 
tumors or patients with poor preoperative 
hearing.

Since 1995, the American Academy of 
Otolaryngology-Head and Neck Surgery (AAO-
HNS) has broken down hearing status into four 
classifications (A–D), as shown in Table 3.1 [25]. 
Class A and B hearing (PTA >50 dB, SDS >50%) 
are considered “serviceable” hearing, and if pre-
served will facilitate, the use of amplification 
postoperatively [26]. More recent guidelines by 
the AAO-HNS have recommended a new mini-
mal standard of reporting hearing results by plot-
ting a scattergram relating average pure-tone 
thresholds to word recognition scores; however, 
few studies evaluating acoustic neuroma out-
comes have been published to date using these 
guidelines [27]. The audiometric criteria to per-
form hearing conservation surgery vary from sur-
geon to surgeon, and the indications must be 
individualized to the needs of each patient [28]. 
Many use serviceable hearing, or the “50/50 
rule,” as the cutoff to attempt hearing preserva-

tion. Jackler and Pitts consider those with “good 
hearing” (>70% SDS, <30 dB speech reception 
threshold (SRT)), a CPA component <1 cm, and 
shallow IAC involvement as excellent candidates 
for hearing conservation surgery. Conversely, 
those with what they called “poor” hearing 
(<30% SDS, >70 dB SRT), a large (>3 cm) CPA 
component, and deep penetration of the IAC are 
considered poor candidates for hearing conserva-
tion and undergo a translabyrinthine approach 
[29]. In our practice, we use the arbitrary audio-
metric criteria of a SRT <50 dB and a SDS >70% 
as criteria to perform hearing conservation sur-
gery. We do not routinely perform middle fossa 
surgery on patients older than 65 years, as they 
do not tolerate temporal lobe retraction as well as 
younger patients and have more fragile dura than 
younger patients.

As has been shown in multiple studies, the 
smaller the tumor, the easier it is to remove and 
the greater the likelihood that hearing will be pre-
served [30–32]. The middle fossa approach is 
ideal for resection of tumors isolated to the IAC 
(intracanalicular) with no or limited extension 
into the CPA when there is serviceable hearing. 
Extension of the tumor further than 1–1.5 cm into 
the CPA is a relative contraindication to this 
approach, with exceptions made for those with 
serviceable hearing in the operative ear and either 
poor contralateral hearing or bilateral tumors [16, 
20]. In contrast, hearing preservation is very 
unlikely with tumors that have a CPA component 
measuring greater than 2 cm in its greatest dimen-
sion [33, 34]. In such tumors, the translabyrin-
thine approach is ideal because it is associated 
with the highest rate of preserving facial nerve 
function [20]. The retrosigmoid approach 
(discussed elsewhere) can be used in an attempt 
to preserve serviceable hearing in tumors smaller 
than 2 cm, so long as they do not extend to the 
fundus of the IAC [35].

�Patient Counseling

A thorough discussion includes reviewing the 
relative anatomy and the options of observation 
and stereotactic radiation, in addition to surgery. 

Table 3.1  AAO-HNS hearing classification system

Class PTA (dB) SDS (%)

A ≤ 30 and ≥ 70

B > 30, ≤50 and ≥ 50

C > 50 and ≥ 50

D Any level < 50

PTA 4-frequency pure-tone average of 500, 1000, 2000, 
and 3000  dB, dB decibel, SDS speech-discrimination 
score
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We routinely use graphic diagrams of the anat-
omy and provide pamphlets to our patients to 
take home. Patients who are candidates for hear-
ing preservation surgery are informed that there 
is an approximately 50% chance that their hear-
ing will be “saved”; however it is unlikely that it 
will improve after tumor removal [36]. It is reiter-
ated in those undergoing the translabyrinthine 
approach that the operation will result in com-
plete loss of hearing in the operative ear. The 
patient is counseled that with the middle fossa 
approach, there is approximately a 90% chance 
that the facial nerve function will be normal or 
near normal (House-Brackmann grade I or II) in 
the long term. They are informed that there is, 
however, a 20–30% chance of having temporary 
facial paresis in the immediate to early postoper-
ative period. Those undergoing a translabyrin-
thine approach are told that the facial nerve 
integrity is preserved in 90% of patients, and our 
best and most consistent results are seen with 
smaller tumors removed via the translabyrinthine 
approach. As the tumor size increases, the rate of 
postoperative facial nerve dysfunction increases 
as well. Those with preoperative tinnitus are told 
that while their symptoms may get better, it is 
unlikely to disappear. It is divulged to those with 
no preoperative tinnitus that there is a 25% 
chance of developing it postoperatively [37]. The 
rare but serious complications of CSF leak, men-
ingitis, brain injury, stroke, and death are dis-
cussed, and the patient’s wishes regarding 
possible blood transfusion are documented. The 
expected recovery, including 4–6 weeks of down-
time from work, is outlined. We stress that dizzi-
ness is expected postoperatively, and that the 
rapidity and degree of central compensation is 
influenced greatly by early patient ambulation.

�Surgery

�General Preoperative Preparation

Long acting muscle relaxants are avoided at 
induction and throughout the procedure to pre-
vent interference with facial nerve monitoring. A 
Foley catheter is placed to monitor urine output, 

and central arterial and venous lines are inserted, 
if indicated. A preoperative antibiotic with ade-
quate CSF penetration is given prior to skin inci-
sion, and a single dose of intravenous 
dexamethasone is given at the beginning of the 
procedure. The patient’s head is supported by a 
“donut” or a Mayfield head holder and is rotated 
toward the contralateral shoulder. For middle 
fossa craniotomies, the head can be secured with 
pins or simply turned to the side contralateral to 
the tumor. The electrodes for the facial nerve 
monitor and intraoperative ABR, when hearing is 
monitored in middle fossa approaches, are posi-
tioned and confirmed to be functioning. The pre-
planned surgical incisions are injected with 1% 
lidocaine with epinephrine 1:100,000. If abdomi-
nal fat is to be harvested, the lower abdomen is 
shaved if necessary, the skin is cleaned with 
Betadine, and the area is draped with sterile tow-
els and Ioban.

�Surgical Technique: Middle Fossa 
Approach
For the middle fossa craniotomy, the surgeon sits 
at the head of the table, and the microscope is off 
to the side. The ipsilateral scalp is shaved to 
accommodate the incision, which begins at the 
pretragal area and extends superiorly 7–8  cm 
with a gentle curve anteriorly (Fig. 3.1). The inci-
sion should begin at the inferior border of the tra-
gus and be immediately anterior to the tragus, 
placed in a pretragal skin crease. The pretragal 
skin crease placement minimizes the cosmetic 
impact of this facial incision. By extending the 
incision to the inferior border of the tragus, one 
can expose the floor of the middle fossa more 
easily. Plastic adhesive drapes are applied; the 
skin and plastic drapes are scrubbed with 
Betadine and blotted dry. Towels are placed 
encompassing the temporoparietal scalp, includ-
ing the auricle and zygomatic arch. An adhesive 
craniotomy drape is placed and cut away to 
expose the skin prior to making the skin incision. 
Intraoperative mannitol is given to decrease intra-
cranial CSF pressure and to facilitate temporal 
lobe retraction. The skin incision is made with a 
No. 15 blade, and the temporalis muscle and fas-
cia are divided with electrocautery and retracted 
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with an Adson Cerebellar Retractor to expose the 
calvarium. The craniotomy opening is made in 
the squamous portion of the temporal bone, mea-
suring approximately 5 × 5  cm and located 
approximately two thirds anterior and one third 
posterior to the external auditory canal (EAC) or 
centered at the root of the zygoma. Anterior and 
inferior placement of the craniotomy is critical to 
ensure adequate exposure, particularly when 
operating on the left ear. The bone flap is based at 
the root of the zygoma as close to the floor of the 
middle fossa as possible and can be fashioned 
with a high-speed drill using a footplate attach-
ment to protect the underlying dura. The dura is 
initially exposed in two corners of the bone flap 
diagonal to one another, which allows separation 
of the dura from the flap and introduction of the 
footplate drill. Care must be taken when creating 
the bone flap to avoid lacerating the dura, and the 
extradural position of the footplate should be 
confirmed periodically while drilling. It is some-
times necessary to remove additional bone along 

the middle fossa floor with a cutting burr or ron-
geur once the craniotomy window is removed. 
An alternative technique is to outline the entire 
craniotomy flap with a high-speed drill using 
standard cutting followed by diamond burrs. The 
bone flap is set aside for replacement later.

The dura is elevated from the floor of the mid-
dle fossa with a suction irrigator and a blunt dural 
elevator, with the initial landmark being the mid-
dle meningeal artery. This marks the anterior 
extent of the dissection. If venous bleeding is 
encountered in the area, it can be controlled with 
either a slurry of powdered absorbable gelatin 
sponge (Gelfoam) and thrombin or absorbable 
knitted fabric (Surgicel). Dissection of the dura 
proceeds in a posterior-to-anterior direction to 
protect against injury to a potentially dehiscent 
geniculate ganglion, which is seen in 5% of 
cases. The petrous ridge is then identified poste-
riorly, and the superior petrosal sinus is elevated 
from its groove at the time the true ridge is identi-
fied. The arcuate eminence and greater superfi-
cial petrosal nerve (GSPN) are identified, which 
are the major landmarks in the intratemporal por-
tion of the dissection.

Once the dura is elevated, the Layla retractor 
is placed over the medial ridge of the superior 
petrosal sinus and locked in place to support the 
temporal lobe. An alternative is the House-Urban 
retractor, however the Layla retractor has a lower 
profile and dual retractor blades to support the 
widely elevated temporal lobe (Fig.  3.2) [38]. 
The GSPN is located medial to the middle men-
ingeal artery (Fig.  3.3). A large diamond drill 
with continuous suction irrigation is used to iden-
tify the superior semicircular canal. Once this is 
skeletonized and followed anteriorly, the genicu-
late ganglion is identified. As described by 
Garcia-Ibanez, the IAC is located at the bisection 
of the angle formed by the GSPN and the supe-
rior semicircular canal [39]. Bone is removed at 
the medial aspect of the petrous ridge at this 
bisection, identifying the IAC. This is taken later-
ally in the same axis of the external auditory 
canal, exposing the dura of the posterior fossa 
widely (2 cm), and the porus acusticus is exposed 
for 270° circumferentially. As the lateral IAC is 
approached, the surgical field tightens with the 

Fig. 3.1  A preauricular curvilinear incision is made that 
extends into the temporal scalp. Extension of this incision 
to the inferior border of the tragus allows exposure of the 
floor of the middle fossa
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labyrinthine portion of the facial nerve lying 
immediately posterior to the basal turn of the 
cochlea. The dissection must consequently narrow 

to approximately 90° to avoid the cochlea and 
superior semicircular canal. The posterior fossa 
dura is opened with a microblade (No. 59; Beaver 
Company), and the CSF is released, resulting in 
temporal lobe relaxation. At the fundus of the 
IAC, the vertical crest (Bill’s bar) and the laby-
rinthine facial nerve are exposed.

The dura of the IAC is incised along the poste-
rior aspect, and the facial nerve is identified in the 
anterior portion of the IAC (Fig. 3.4). The supe-
rior vestibular nerve is divided at its lateral end. 
The tumor is separated from the facial nerve 
under high magnification, beginning at Bill’s bar 
and dissecting from medial to lateral (Fig. 3.5). 
The arachnoid is divided, the edge of the facial 
nerve identified, and the facial-vestibular anasto-
mosis is sharply cut. This prevents excess trac-
tion on the facial nerve that can lead to 
neuropraxia. Intracapsular debulking can be per-
formed, if needed, with microscissors and cup 
forceps. Again, tumor removal proceeds in the 
medial to lateral direction, here to prevent trac-
tion on the cochlear nerve and its blood supply as 
it enters the modiolus. The inferior vestibular 
nerve can be left in place if uninvolved in an 

Fig. 3.2  The craniotomy window is placed two thirds 
anterior to the external auditory canal. A variety of retrac-
tors can be used to support the temporal lobe

Fig. 3.3  The greater 
superficial petrosal 
nerve is visible on the 
floor the middle fossa. It 
is immediately medial to 
the middle meningeal 
artery. The superior 
semicircular canal is 
medial to the arcuate 
eminence. The internal 
auditory canal can be 
located by bisecting the 
angle formed by the 
greater superficial 
petrosal nerve and the 
superior semicircular 
canal
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attempt to preserve the labyrinthine artery; however 
partial vestibulopathy from a retained inferior 
vestibular nerve can result in persistent unsteadi-
ness in some patients. For this reason, we recom-
mend cutting the inferior vestibular nerve medial 
to the Scarpa’s ganglion, but not dissecting it at 
the fundus of the IAC (Fig. 3.6).

Once the tumor is removed, the tumor bed is 
irrigated and hemostasis is obtained. Papaverine-
soaked Gelfoam is placed along the cochlear 
nerve to prevent vasospasm. Abdominal fat is 
used to close the defect in the IAC. The retractor 

is removed, and the temporal lobe is allowed to 
re-expand. The craniotomy flap is replaced with 
titanium mini-plates, the wound is closed with 
absorbable sutures in layers, and a mastoid-type 
pressure dressing is placed.

�Surgical Technique: Translabyrinthine 
Approach
For the translabyrinthine approach, the operating 
room setup is identical to that for a standard mas-
toidectomy. The ipsilateral scalp is shaved four 
fingerbreadths above and behind the postauricular 

Fig. 3.4  The internal 
auditory canal is 
exposed and the facial 
nerve is identified 
adjacent to Bill’s bar. 
The dura of the internal 
auditory canal is opened 
on its posterior surface 
with a micro knife

Fig. 3.5  The arachnoid 
surrounding the facial 
nerve is divided with a 
right-angle hook. The 
facial nerve is separated 
from the tumor from 
medial to lateral. It is 
important to identify the 
vestibular-facial nerve 
anastomoses and divide 
them sharply, to avoid 
traction injury to the 
facial nerve
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sulcus. The surgical site is prepped and draped in 
similar manner as the middle fossa approach. 
A hockey stick-shaped retroauricular skin inci-
sion that extends behind the mastoid tip is made 
with a No. 15 blade down to the temporalis fascia, 
hemostasis is obtained, and an anterior-based 
skin flap is elevated. A standard anterior-based 
periosteal flap is elevated with a Lempert eleva-
tor, and the mastoid cortex is exposed. Care must 
be taken not to violate the EAC skin when elevat-
ing the flap to prevent postoperative CSF otor-
rhea. Adson Cerebellar Retractors are placed at 
right angles to one another to retract the soft tis-
sues. Temporalis muscle can be harvested at this 
time and placed on the back table to use for 
eustachian tube packing, if planned. A cortical 
mastoidectomy is performed with a high-speed 
drill, large cutting burrs, and suction irrigation. 
The dura should be exposed along the sigmoid 
sinus and tegmen at the sinodural angle, which 
is the deepest point of the dissection. The bone 
is removed 2 cm posterior to the sigmoid sinus 
to adequately expose the posterior fossa dura. 
A thin shell of bone is left over the sigmoid sinus 
(Bill’s island) to protect it from the shaft of 
the burr during the labyrinthectomy (Fig.  3.7). 
Some surgeons decompress the sigmoid sinus 
completely to facilitate retraction to improve 

exposure. The sinodural angle should be opened 
as far posteriorly as possible to facilitate a tan-
gential view of the vestibule, which lies medial to 
the facial nerve [40]. We routinely open the 
facial recess, remove the incus, and pack the 
eustachian tube to prevent a route of egress of 
CSF.  Alternatively, the facial recess bone and 
incus can be left intact. After tumor dissection, 
muscle can be packed around the incus in an 
effort to seal off the middle ear from the temporal 
bone defect and posterior fossa CSF flow [41]. 
The mastoid facial nerve is identified and fol-
lowed down to the stylomastoid foramen.

A labyrinthectomy is performed with small 
(3–4 mm) cutting burrs (Fig. 3.8). The semicircu-
lar canals initially are skeletonized. The canals 
are then serially fenestrated and opened com-
pletely on a broad front, beginning with the hori-
zontal semicircular canal. It is important to open 
on a broad front to provide continuous land-
marks. The horizontal canal is opened down to its 
intersection with the posterior canal. The poste-
rior canal is opened in a similar fashion up to its 

Fig. 3.6  The tumor is completely removed and the ves-
tibular nerves are divided, to avoid a postoperative partial 
vestibulopathy

Fig. 3.7  The mastoidectomy is carried out with exposure 
of the sigmoid sinus, vertical facial nerve course, and 
labyrinth

J.C. Sowder et al.



45

intersection with the superior canal (crus com-
mons) superiorly and its ampullated end anterior-
inferiorly, which marks the inferior border of the 
IAC. Caution must be taken to prevent damage to 
the mastoid segment of the facial nerve here. 
Bony removal proceeds inferiorly until the jugu-
lar bulb is identified at the same level as the IAC. 
The superior canal is opened along its entire path 
toward its ampulla, taking care not to violate the 
temporal lobe dura superiorly. The subarcuate 
artery is often encountered in the center of the 
arch of the superior canal, marking the superior 
border of the IAC [16]. All of the remaining bone 
between the vestibule and the jugular bulb is 
removed (Fig. 3.9).

Prior to opening the IAC, which begins deep 
to the vestibule and runs anteriorly away from the 
surgeon, its dura must be exposed in 270°. The 
cochlear aqueduct enters the posterior fossa in 
between the IAC and the jugular bulb and marks 
the inferior limit of bone removal. The bone is 
removed anterior to the cochlear aqueduct 

between the inferior IAC and jugular bulb to 
facilitate exposure to the inferior aspect of the 
tumor. Care is taken not to remove bone deep to 
the cochlear aqueduct to prevent injury to con-
tents of the jugular foramen [42]. Bone superior 
to the IAC is removed last due to its location near 
the facial nerve in order to expose the superior 
aspect of the tumor (Fig. 3.10).

Prior to opening the dura, we vigorously irri-
gate the cavity with bacitracin solution to remove 
the bone dust. The posterior fossa dura is incised 
sharply over the midportion of the IAC with a 
microblade (No. 59; Beaver Company) and scis-
sors. This incision is extended along the IAC and 
arches superiorly and inferiorly around the porus 
acusticus in a Y shape. For large tumors, the inci-
sion may need to be extended toward the sig-
moid sinus [16]. Hemostasis is obtained with 
bipolar electrocautery. The arachnoid is opened 
with a sharp hook, allowing the egress of some 
CSF. At this point, only fenestrated suction tips 
should be used.

Fig. 3.8  The labyrinthectomy is carried out, the facial 
nerve is skeletonized, and the bone is removed between 
the jugular bulb and the internal auditory canal

Fig. 3.9  The posterior fossa and middle fossa dura are 
exposed. Exposure of the middle fossa dura is important 
to allow for extradural retraction of the cerebellum
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The facial nerve is again identified using 
stimulation and followed using a sharp right-
angle hook, and Bill’s bar is palpated. The supe-
rior vestibular nerve and vestibulofacial fibers 
can be transected with this instrument. The infe-
rior vestibular nerve is identified and cut. Once 
an adequate plane between the tumor and the 
facial nerve is developed, a blunt hook is used to 
continue the dissection. The motion of the dis-
section is from medial to lateral, to avoid trac-
tion on the facial nerve at its exit through the 
distal internal auditory canal (Fig.  3.11). The 
arachnoid enveloping the facial nerve is divided 
with a sharp right-angle hook. This is sometimes 
adequate to facilitate complete removal of small 
tumors (Fig. 3.12) [43]. If the tumor is large, the 
capsule can be incised, and the tumor can be 
debulked with either microsurgical instruments 
or an ultrasonic dissector. The tumor is followed 
to the brainstem, developing a plane with both 
blunt and sharp instrumentation. Cottonoids 
should be placed along the cerebellum and brain-
stem as they are exposed to protect the underly-
ing structures. Intratumoral bleeding is controlled 
with bipolar cautery or topical hemostatics (as 
above), and only vessels that enter the tumor 
capsule are ligated.

Once the tumor is removed and hemostasis is 
complete, abdominal fat is harvested and cut into 
various-sized strips. The abdominal wound is 
closed with absorbable sutures and Steri-Strips, 
and a Penrose drain is left in place. The fat is 
soaked in bacitracin solution and packed tightly 
into the CPA, IAC, and mastoid cavity. Some sur-
geons advocate placing a titanium mesh or 
absorbable cranioplasty plate over the fat. The 
periosteal flap is reapproximated with 3–0 Vicryl 
sutures in a horizontal mattress fashion, ensuring 
a watertight closure. The subcutaneous tissues 
are reapproximated with buried interrupted 3-0 
Vicryl sutures, and the skin is closed with either 
subcuticular absorbable sutures or a running 
locking 4-0 nylon suture. A standard mastoid-
type pressure dressing is applied.

�Postoperative Care
The patient is typically extubated in the operating 
room and observed in the intensive care unit 
overnight. The Foley catheter, arterial and central 
venous lines, and Penrose drains are typically 
removed on the morning of postoperative day 
(POD) #1. The mastoid dressing is removed on 

Fig. 3.10  The internal auditory canal is exposed in 270° 
of it is circumference. The facial nerve is identified adja-
cent to Bill’s bar

Fig. 3.11  The dura of the internal auditory canal is 
opened. The facial nerve is identified in the anterior lateral 
portion of the internal auditory canal. The superior ves-
tibular nerve is immediately posterior to the facial nerve. 
The facial nerve is separated from the tumor, the dissec-
tion proceeds from medial to lateral
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POD #1. If stable, the patient is transferred to the 
surgical floor on POD #1. Early ambulation is 
encouraged at this point to facilitate vestibular 
compensation. It is important at this point to have 
all but one peripheral IV removed and to only 
spot-check pulse oximetry to prevent excess lines 
that impede mobilization. Incentive spirometry is 
begun on POD #1 and continued until discharge. 
The typical hospital course is 3–5 days.

Postoperative pain is generally mild and con-
trolled with routine analgesics. The middle fossa 
approach is often associated with more severe 
pain due to muscle spasms from division of the 
temporalis muscle and can be associated with 
mild, temporary trismus. Severe vertigo with 
nausea is common in the postoperative period 
due to sectioning of the vestibular nerves. Patients 
with smaller tumors, such as those removed by 
the middle fossa approach, often have more 
severe symptoms as they had more retained ves-
tibular function going in to surgery. Control of 
these symptoms is important for patient comfort, 
and we have found good success with Phenergan 
(promethazine), Compazine (prochlorperazine), 
and Haldol (haloperidol). It is important to note 
that we have seen poor symptomatic control with 

Zofran (ondansetron) in this setting, unless the 
nausea is related to anesthesia in the first 24  h 
postoperatively only. We have found that most 
patients have severe dizziness for the first 24–48 h 
postoperatively. By the end of the first postopera-
tive week, they are often left with residual 
unsteadiness, but most are able to ambulate with-
out assistance. Patients are to abstain from driv-
ing until no longer dizzy. We do prescribe 
vestibular physical therapy for a small subset of 
patients, most of who are elderly or had preoper-
ative vestibular symptoms. Patients are advised 
to avoid getting their incisions wet until 7 days 
after surgery and to avoid vigorous activity or 
heavy lifting for 6 weeks.

�Outcomes

�Hearing Preservation

The rate of hearing preservation has improved 
over time in patients who undergo tumor resec-
tion via the middle fossa approach. In a study of 
106 patients followed over 25 years published in 
1989, hearing was preserved in 59% of patients 
and was maintained at preoperative levels in 
35% of patients [32]. Brackmann and coworkers 
published their results of 333 patients followed 
for 7 years in 2000 and found a hearing preser-
vation rate of 80%, with hearing preserved near 
the preoperative level (within 15  dB PTA and 
15% SDS) in 50% [26]. We recently evaluated 
78 consecutive patients with intracanalicular 
acoustic neuromas removed via middle fossa 
approach. Of those with functional preoperative 
hearing (AAO-HNS class A/B), 75% had func-
tional hearing postoperatively with an average 
follow-up of 15 months [44]. In comparing out-
comes between hearing conservation 
approaches, a recent systematic review found 
the middle fossa approach to be superior to the 
retrosigmoid approach for hearing preservation 
in patients with tumors <1.5 cm (hearing loss in 
43.6% vs 64.3%, P < 0.001). However, no dif-
ference in rate of hearing loss was found 
between these two approaches for intracanalicu-
lar tumors (40.6% vs 44.3%, P  =  0.492) [19]. 

Fig. 3.12  Small tumor separated from the facial nerve. 
We usually section both branches of the vestibular nerve 
and the cochlear nerve (Permission to use figures from 
chapters 49–50, Brackmann et  al. [75]; granted by 
Elsevier)
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The increased rate of hearing preservation over 
time is likely due to a combination of technical 
improvements as well as increased experience, 
thanks to the growing number of smaller tumors 
found on imaging [45]. Several authors have 
found that preserved hearing in patients who 
underwent middle fossa tumor resection deteri-
orates over time. One study published in 1990 
found that 56% of patients followed for at least 
3 years had a significant loss of hearing (mean 
loss of 2% SDS and 12  dB SRT) [46]. In a 
recently published series of 57 patients followed 
for 5  years, 55% of patients had serviceable 
hearing in the immediate postoperative period 
and 75% of those maintained it at their 5-year 
follow-up. We hypothesize that this improve-
ment is due to a change from packing the IAC 
defect with temporalis muscle to abdominal fat, 
which likely results in less fibrosis and pre-
served cochlear blood supply [47].

�Facial Nerve Function

Many consider the preservation of facial nerve 
function during acoustic neuroma resection as 
second in importance only to tumor removal, 
particularly when the patient does not have ser-
viceable hearing preoperatively. In our recent 
series of 78 patients with acoustic neuroma 
removed via middle fossa approach, 90% had 
facial nerve function of House-Brackmann (HB) 
grade I or II [44]. This is consistent with the 
long-term outcomes published in previous stud-
ies [47–49]. Slattery et al. [50] reported 95% of 
151 patients were HB grade I or II at year 1, and 
Woodson et  al. found that 96% of their 49 
patients were HB grade I and 4% were HB grade 
II at 2 years from surgery [51]. In a systematic 
review including 35 studies of over 5,000 
patients who underwent surgical removal of 
acoustic neuromas in which facial nerve dys-
function was defined as HB grade III or higher 
at last follow-up, facial nerve dysfunction was 
seen in 16.7% in those treated with a middle 
cranial fossa approach and 4% of those treated 
with a retrosigmoid approach (P < 0.001) with 
intracanalicular tumors. When tumors were 

≤1.5  cm (but extended out of the IAC), facial 
nerve dysfunction was seen in 3.3%, 7.2%, and 
11.5% of the middle fossa, retrosigmoid, and 
translabyrinthine groups, respectively. The mid-
dle fossa approach was associated with signifi-
cantly lower rates of facial nerve dysfunction 
than the translabyrinthine approach (P < 0.001), 
but no difference was seen between retrosig-
moid approach and the other two approaches. 
When tumors were 1.5–3.0  cm, facial nerve 
dysfunction was seen in 17.3% of those treated 
with a middle cranial fossa approach, 6.1% of 
those treated with a retrosigmoid approach, and 
15.8% of those treated with a translabyrinthine 
approach (P < 0.001). In the group with tumors 
>3 cm in diameter, 30.2% of those who under-
went a retrosigmoid approach and 42.5% of 
those who underwent translabyrinthine approach 
had facial nerve dysfunction (P < 0.001) [19]. 
As one would expect, as tumor size increases, so 
does the risk to the facial nerve during surgical 
resection. In cases of large tumors (defined as 
≥2.5 cm maximal or extrameatal cerebellopon-
tine angle diameter), subtotal resection can be 
considered in order to increase the chance of 
facial nerve preservation [52, 53]. However, 
such an approach must be weighed against the 
risk of tumor recurrence [52]. In another sys-
tematic review evaluating facial nerve outcomes 
following the resection of tumors ≥2.5 cm, good 
facial nerve outcomes (HB grade I or II) were 
seen in 62.5% of the 555 translabyrinthine 
approaches and in 65.2% of the 601 retrosig-
moid approaches (P > 0.05). When broken down 
by degree of resection, good facial nerve out-
comes were seen in 92.5% who underwent sub-
total resection (STR; n  =  80), compared with 
74.6% (n  = 55) and 47.3% (n  = 336) of those 
who underwent near-total (NTR) and gross-total 
resections (GTR), respectively (P < 0.001) [54]. 
In a recently published study prospectively eval-
uating 73 patients with large acoustic neuromas 
with at least 1 year of follow-up, 14 (19%) cases 
showed regrowth on MRI, 1 who underwent 
GTR (8.3%), 2 who underwent NTR (9.1%), 
and 11 who underwent STR (28.2%). This dif-
ference was statistically significant (P  =  0.01) 
[53].
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�Complications

Complications are relatively rare for any 
approach, however the rate increases with tumor 
size, as one would expect.

�Cerebrospinal Fluid Leak 
and Meningitis

Historical series report postoperative CSF leak in 
2–7 % of patients who underwent middle fossa 
approach for tumor resection [32, 50]. In our 
most recent series of patients who underwent 
middle fossa tumor removal, none had a postop-
erative CSF leak. This is likely due to continuous 
flushing while drilling and copious irrigation to 
prevent bone dust from plugging arachnoid gran-
ulations, as well as meticulous dural plugging 
with abdominal fat, attention to plugging any air 
cells around the IAC, and cautious wound closure 
techniques [44]. In a review of all of their trans-
labyrinthine approaches since 1974, the House 
group found an initial rate of CSF leak of 20% 
when using temporalis muscle to close the dura 
[15]. This improved to 7% with the use of abdom-
inal fat and to 4% once they began using titanium 
mesh cranioplasty plates in 2003 [16, 55]. In a 
prospective study of 71 patients compared to his-
toric controls, we found that there was no differ-
ence in incidence of CSF leak between fat graft 
and resorbable mesh cranioplasty (13.4% vs 
12.7%, P = 0.88) [56]. A large systematic review 
published in 2012 found a rate of CSF leaks of 
5.3% for the middle fossa approach and 7.1% for 
the translabyrinthine approach, consistent with 
previously published incidences [19].

Meningitis is becoming increasingly rare, 
due to the consistent use of perioperative antibi-
otics and reduced operative times. Smaller 
series published in the 1990s found rates of 
2–5% in patients who underwent the middle 
fossa approach, however not all of those cases 
were culture proven [32, 50]. A review of 512 
patients who underwent translabyrinthine 
approach from 2000 to 2004 found a rate of 
postoperative meningitis of only 0.6% [16]. It is 
important to note that patients can experience 

meningismus secondary to chemical meningitis 
in the postoperative setting. It is crucial to obtain 
a lumbar puncture in this setting to rule out a 
bacterial etiology.

�Hemorrhage

A rare, but serious and potentially fatal complica-
tion is a hematoma in the CPA. This presents in 
the early postoperative period with signs of 
increased intracranial pressure. Such a scenario is 
managed by immediate exploration with removal 
of the fat packing, evacuation of the hematoma, 
and control of the source. This can be accommo-
dated rapidly if the patient underwent the trans-
labyrinthine approach. Incidences are isolated to 
individual case reports with the middle fossa 
approach, often in the forms of epidural or sub-
dural hematomas [3, 45]. In their series of 512 
patients, the House group found incidences of 
0.8% and 0.6% for subdural and CPA hemato-
mas, respectively, with the translabyrinthine 
approach [16].

�Sigmoid Sinus Thrombosis

Sigmoid sinus thrombosis is an uncommon but 
well-recognized and potentially devastating com-
plication of surgical approaches to the CPA. Risk 
factors for developing dural sinus thrombosis in 
the postoperative setting include mechanical 
injury during surgery, excessive manipulation 
and prolonged retraction of the sinus, dehydration, 
pregnancy, oral contraceptive use, infection, and 
hematologic disease [57, 58]. Though not always 
symptomatic, manifestations in those who 
develop this complication include headaches, 
altered mental status, seizures, focal neurologic 
deficits, papilledema, intracranial hemorrhage 
(ICH), and infarction [39, 57, 60]. While there is 
an abundance of literature discussing the treat-
ment options and outcomes of sigmoid sinus 
thrombosis that is spontaneous or secondary to 
infection or trauma, there are only small, isolated 
case series discussing it in the postoperative 
period. In one of the largest series of 107 patients 
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who underwent suboccipital or translabyrinthine 
resection of a CPA tumor, 5 (4.6%) developed 
transverse sinus thrombosis and symptomatic 
papilledema [61]. Three patients were treated 
with shunting and two were treated with acet-
azolamide and dexamethasone, and all patients’ 
symptoms resolved. No patients were treated 
with anticoagulation. The number of patients 
who had asymptomatic thrombosis was not 
divulged. In a more recent series by Moore et al. 
[62], 5 out of 43 patients (11.6%) who underwent 
resection of acoustic neuroma developed trans-
verse or sigmoid sinus thrombosis. All who 
developed thrombosis underwent tumor removal 
via translabyrinthine approach. Four were asymp-
tomatic and diagnosed on routine postoperative 
imaging, and the fifth was diagnosed 5  weeks 
postoperative after developing ataxia and a cere-
bellar infarction. Those who developed thrombo-
sis had larger tumors (3.24  cm vs 1.8  cm, 
P  <  0.001) and underwent a longer operation 
(10 h vs 8 h, P = 0.07), though surgical duration 
fell just short of reaching significance. All were 
treated with systemic anticoagulation for 
6 months, and none developed intracranial hem-
orrhage. A Cochrane review of two small pro-
spective studies found that systemic 
anticoagulation for venous sinus thrombosis had 
a nonsignificant absolute reduction in the risk of 
death and dependency of 13%, suggesting antico-
agulation in these patients is safe [63]. However, 
some reserve systemic anticoagulation for 
patients with clot propagation or symptom pro-
gression [58, 59, 61]. In those patients who are 
clinically deteriorating despite systemic antico-
agulation, chemical or mechanical thrombec-
tomy are options, particularly when a preexisting 
ICH is present [59].

�Venous Thromboembolism

Patients undergoing craniotomy are known to be 
at moderate to high risk for developing postop-
erative deep vein thrombosis (DVT) and pulmo-
nary embolism (PE). A meta-analysis by Kimmell 
and Jahromi [64] of 4,844 patients who under-
went craniotomy found an incidence of venous 

thromboembolism (VTE) of 3.5%, including 
2.6% with DVT and 1.4% with PE. Significant 
predictors of VTE on multivariate analysis in this 
study included craniotomy for tumor, transfer 
from acute care hospital, age ≥60 years, depen-
dent functional status, tumor involving the CNS, 
sepsis, emergency surgery, surgical duration 
≥4 h, postoperative urinary tract infection, post-
operative pneumonia, ≥48  h of postoperative 
mechanical ventilation, and return to the operat-
ing room. Patients were assigned one point for 
each of these factors for a cumulative VTE score 
ranging from 0 to 12, with a higher score associ-
ated with a higher risk of VTE and mortality, as 
well as a longer hospital stay. Specifically, those 
with a score of ≥5 were 20 times more likely to 
develop a VTE compared with patients with a 
VTE score of 0. While chemical VTE prophy-
laxis is commonplace following most general 
surgical and orthopedic procedures, its use still 
remains infrequent by neurosurgeons and otolar-
yngologists who perform craniotomies. 
Numerous prospective trials and meta-analyses 
have failed to definitively demonstrate the safety 
of heparin products following craniotomy [65–72]. 
One such meta-analysis by Hamilton et al. [73] 
found an absolute risk reduction of symptomatic 
and asymptomatic VTE of 9.1% with heparin 
prophylaxis, compared to an absolute risk 
increase of 0.7% for ICH and 2.8% for minor 
bleeding. This translates to a likelihood of pre-
venting 13 symptomatic and asymptomatic VTE 
for every ICH caused when using prophylactic 
heparin. However, when broken down by symp-
tomatic or proximal VTE and PE, which are more 
clinically relevant, this ratio changes to 5 to 1 for 
proximal VTE and PE and 2 to 1 for symptomatic 
VTE. Currently, the American College of Chest 
Physicians only recommends the use of heparin 
in craniotomy patients who are “very high risk,” 
with a risk of VTE ≥10, specifically in patients 
with a malignancy [74].

�Major Neurological Complications

Ansari et al. defined major neurological compli-
cations in their systematic review as arterial or 
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venous infarcts, seizures, or persistent cerebellar 
dysfunction. When grouped together, they found 
these occurred at a rate of 2.4% in the middle 
fossa approach and 2.6% in the translabyrinthine 
approach (P  =  0.512) [19]. Seizures are more 
commonly seen following the middle fossa 
approach and are thought to be related to tempo-
ral lobe retraction. Limiting the time of temporal 
lobe retraction to 60–90  min can help to avoid 
this complication [3].

�Summary

With the development of the operating micro-
scope and microsurgical techniques, the approach 
to removing acoustic neuromas has evolved and 
improved over the years. Continued technical 
refinements have led to a low rate of complica-
tions and rare mortality. The incorporation of 
routine gadolinium-enhanced MRI has facilitated 
early diagnosis of small lesions and made hear-
ing conservation surgery a possibility in these 
cases.

The primary considerations when deciding on 
the surgical approach are preoperative hearing sta-
tus and tumor size. In patients with small lesions 
and serviceable hearing, use of the middle fossa 
approach can lead to preservation of preoperative 
hearing in up to 80% of patients with as many as 
95% of patients being left with a normal or near-
normal facial nerve function. In patients with poor 
preoperative hearing and/or large acoustic neuro-
mas, the translabyrinthine approach has excellent 
exposure and has shown to be safe. As tumors 
increase in size, the rate of postoperative compli-
cations and facial nerve dysfunction increases. In 
acoustic neuromas larger than 2.5  cm, consider-
ation can be given to subtotal tumor resection and 
facial nerve preservation, knowing that this may 
result in tumor regrowth over time.
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�Introduction

The petrosal approach, as an initial concept, was 
described by Habuka et  al. [1] in 1977 who per-
formed the approach on a case of clival meningioma 
in a combined supra- and infratentorial craniotomy 
with a partial labyrinthectomy [2]. The modern 
petrosal approach, also referred to as the “posterior 
petrosal,” was described by Al-Mefty et al. [3] and is 
centered on the petrous bone and offers simultane-
ous access to the petroclival junction, middle clivus, 
the apical petrous bone, Meckel’s cave, and the cav-
ernous sinus. The petrosal approach offers a wide 

exposure while eliminating the need for temporal or 
cerebellar retraction and is made possible by retro-
displacement of the sigmoid sinus following sec-
tioning the tentorium. The approach also shortens 
the operative distance to the clivus while potentially 
preserving the inner ear structures and allowing for 
resection of affected skull base bone. Other advan-
tages include that the vascular supply to the tumor is 
made accessible early in the dissection and the 
approach affords multiple angles of attack to the 
lesion [4]. Finally, the approach is easily combined 
with other skull base approaches including the 
orbito-zygomatic, the total petrosectomy, and the 
transcondylar as the individual situation dictates.

The petrosal and combined petrosal approach 
may be used to expose a variety of skull base 
lesions including:

–– Petroclival meningiomas, which arise in the 
upper two thirds of the clivus at the petroclival 
junction medial to the trigeminal nerve. 
Smaller tumors that remain medial to as low 
as the internal auditory meatus and cross mid-
line could be approached via a zygomatic 
approach and an anterior petrosectomy [5, 6].

–– Sphenopetroclival meningiomas, which 
extend into the middle cranial fossa by way of 
Meckel’s cave or the cavernous sinus. These 
lesions frequently require a combined petrosal 
approach in order to achieve total excision. 
Alternatively, in patients who have already 
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lost functional hearing, a total petrosectomy 
(with drilling of the labyrinth and sometimes 
cochlea) can be considered.

–– Posterior petrosal meningiomas, which can 
arise anterior or posterior to the internal audi-
tory canal (IAC) but are lateral to the trigemi-
nal nerve. Those arising anteriorly can be 
addressed either via a zygomatic approach or 
a petrosal approach depending on size, 
whereas those confined to the posterior petro-
sal surface can be addressed via a transmas-
toid approach to the cerebellopontine angle 
(CPA) [7].

–– Medial tentorial meningiomas, which can 
originate anywhere along the tentorium. 
Those with significant infra- and supratento-
rial components can be approached via the 
petrosal approach which also allows for exci-
sion of the affected dura.

In addition to extra-axial pathology, other 
lesions are amenable to resection via a petrosal 
approach including suprasellar lesions such as 
retro-chiasmatic craniopharyngiomas [8], tri-
geminal schwannomas, posterior circulation 
aneurysms [9], brainstem vascular malforma-
tions [10], and large epidermoids spanning the 
posterior and middle cranial fossae.

�Preoperative Planning

The main consideration in selection of surgical 
approach is based on careful study of the lesion 
as well as the surrounding normal anatomy. In 
particular, the structure and pattern of venous 
drainage should be considered especially when 
the approach involves planned transection of the 
tentorium and ligation of the superior petrosal 
sinus (SPS) [11]. Areas deserving of special 
attention include the point of insertion of the vein 
of Labbe, the dominance of the SPS, and the 
presence of other venous structures such as tento-
rial veins that would prohibit the approach.

Hearing evaluation should be performed pre-
operatively in order to establish a baseline and 
evaluate candidacy for total petrosectomy. 

Furthermore, attention should be paid to tumor 
involvement of the temporal bone and in particu-
lar the petrous apex; the approach selected must 
allow for removal of involved bone.

�Role of Intraoperative Monitoring

The incidence of cranial nerve injury can be miti-
gated by using intraoperative neuromonitoring 
[12]. Intraoperative neuromonitoring is employed 
for all skull base cases in our institution and 
includes, at minimum, somatosensory evoked 
potentials (SSEP), brainstem auditory evoked 
potentials (BAER), and motor evoked potentials 
(MEP). Additional cranial nerves are monitored 
depending on the anticipated extent of involve-
ment with the lesion. For extensive sphenopetro-
clival lesions, we routinely monitor the trigeminal 
(V), oculomotor (III), abducens (VI), and facial 
nerves (VII). The lower cranial (IX, X, XI) nerves 
are also monitoring should the lesion extend near, 
or extend past, the jugular fossa.

�Petrosal Approach (or Posterior 
Petrosal Approach)

�Patient Positioning

The patient is placed supine with the operating 
table slightly flexed to elevate the head slightly 
above the level of the heart. The head is fixed 
in a three-pin head holder and turned to the 
side contralateral to the tumor with the vertex 
tilted toward the floor and the head tilted 
slightly toward the contralateral shoulder. A 
shoulder roll is required to achieve the optimal 
position. Intraoperative navigation is routinely 
used, with preoperative magnetic resonance 
(MR) and computed tomography (CT) imaging 
co-registered, for confirmation of anatomical 
landmarks. Intraoperative neuromonitoring is 
also routinely used as described in the preced-
ing section. An area of the abdomen wall is 
marked and prepped for anticipated fat graft 
harvest.
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�Skin Incision and Craniotomy

The skin incision is made starting from the zygo-
matic arch approximately 1  cm anterior to the 
tragus and extending superiorly just behind the 
hairline to the level of the superior temporal line. 
The incision curves posteriorly about two finger 
breadths above the pinna and two finger breadths 
behind the mastoid before curving caudally and 
stopping approximately 4 cm below the level of 
the mastoid tip (Fig.  4.1). The skin flap is ele-
vated in a plane superficial to the temporalis fas-
cia and retracted inferiorly and anteriorly; the 
superficial temporal artery is preserved. Next, the 
temporalis fascia is dissected off the muscle and 
kept in continuity with the sternocleidomastoid 
(SCM) muscle forming a pedicled flap to be used 
for the closure. The SCM muscle is released from 
its attachment to the occipital bone and the mas-

toid and reflected down along with the pedicled 
temporalis fascia. The temporalis muscle is then 
elevated via subperiosteal dissection that pre-
serves its deep vascular supply [13] and is 
retracted anteriorly and inferiorly. At this point, 
the temporal fossa, the lateral aspect of the poste-
rior fossa and the mastoid along with the root of 
the zygoma, is well exposed.

Burr holes are placed rostral and caudal to the 
transverse sinus, one set laterally just behind the 
level of the sigmoid sinus and one set medially as 
allowed by the exposure for a total of four burr 
holes. A drill with a footplate attachment is used 
to liberate the temporal and occipital portions of 
the craniotomy, while a drilling burr is used to 
connect the cuts overlying the sinus. Once the 
craniotomy is completed and the bone flap is ele-
vated, a mastoidectomy is pursued in order to 
fully skeletonize the sigmoid sinus to the level of 

Fig. 4.1  The skin incision is made starting from the 
zygomatic arch approximately 1 cm anterior to the tragus 
and extending superiorly just behind the hairline. The 
incision curves posteriorly about two finger breadths 
above the pinna and two finger breadths behind the mas-
toid before curving caudally. For the combined petrosal 

approach, the incision is carried anteriorly to provide 
additional access to the middle cranial fossa (blue dotted 
line); for the posterior petrosal approach, the incision does 
not need this additional curve and is carried up from the 
zygoma (red dotted line). Both incisions have a common 
posterior limb (black dotted line)

4  Posterior and Combined Petrosal Approaches
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the jugular bulb and expose the presigmoid dura 
(Figs. 4.2 and 4.6). The mastoid cortex is removed 
en bloc prior to starting the mastoidectomy and 
saved along with the craniotomy flap for eventual 
reconstruction. The otic capsule and fallopian 
canal are left untouched in order to protect hear-
ing and facial nerve function, respectively 
(Fig. 4.2, inset; Fig. 4.6b).

Dura opening proceeds by creating a linear 
incision along the floor of the middle cranial 
fossa and extending the opening back toward the 
tentorium, carefully preserving underlying 
venous anatomy (Fig. 4.3). Another dural open-
ing is made in the presigmoid dura and expanded 
toward the tentorium; this step often results in 
sectioning of the endolymphatic sac. Once the 
tentorium is exposed from above and below, the 
superior petrosal sinus is controlled with coagu-
lation, and the tentorium is incised with careful 
attention not to compromise any temporal lobe 
veins (Fig.  4.3, inset). Attention is given to the 
trochlear nerve at the medial tentorial edge, 
which often lies just above the level of the tento-
rium. In cases of tentorial meningiomas, the ten-
torium is excised instead of cut. Once the cut 

reaches the incisura, the sigmoid sinus is liber-
ated and may be retro-displaced which signifi-
cantly increases the presigmoid working room 
afforded by the exposure (Figs.  4.4 and 4.6c) 
Microsurgical tumor resection may now proceed 
(Fig. 4.6d).

�Combined Petrosal Approach

�Patient Positioning

The patient is positioned in the same way as 
described for the posterior petrosal approach.

�Skin Incision and Craniotomy

The skin incision is similar to that described for 
the posterior petrosal with slightly more anterior 
bias of the anterior-most limb to allow additional 
exposure of the middle fossa (Fig. 4.1).

A pedicled flap is elevated as described for 
the petrosal approach consisting of the tempo-
ralis fascia along with the attachment to the 

Fig. 4.2  Burr hole 
placement and 
craniotomy cuts shown 
in the main figure. The 
cuts overlying dura are 
made with a craniotome 
attachment, while those 
overlying the sinus are 
made with a drilling burr 
(2). Inset shows the 
mastoidectomy which is 
performed subsequent to 
the craniotomy. The 
facial nerve (FC) and the 
semicircular canals (SC) 
are shown here for 
reference but are not 
exposed during the 
surgical approach in 
order to protect them. 
TM temporalis muscle, 
SM sternocleidomastoid 
muscle (Reproduced 
with permission from 
Al-Mefty [18])

D. Aum et al.



59

Fig. 4.3  The dural 
opening are shown. 
Linear dural openings 
are made along the floor 
of the middle fossa (TD) 
as well as in the 
presigmoid dura (PFD). 
The inset demonstrated 
ligation and sectioning 
of the superior petrosal 
sinus (PS), which allows 
subsequent sectioning of 
the tentorium and 
mobilization of the 
sigmoid sinus (SS) 
(Reproduced with 
permission from 
Al-Mefty [18])

Fig. 4.4  The additional 
exposure afforded by 
sectioning of the 
tentorium and 
mobilization of the 
sigmoid sinus (SS). 
Cranial nerves 3–12 can 
be exposed (roman 
numerals). The inset 
shows the technique of 
identifying the fourth 
prior to completion of 
tentorium division (T) in 
order to protect it 
(Reproduced with 
permission from 
Al-Mefty [18])
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SCM and retracted. The zygomatic arch is 
exposed, and osteotomies are made along the 
root of the zygoma and as anterior as possible 
just behind the maxillary eminence. The 
zygoma is left in situ to preserve the attach-
ments of the masseter muscles, but reflected 
inferiorly along with the temporalis muscle; 
this additional maneuver allows retraction of 
the temporalis muscle caudally into the infra-
temporal fossa, thus providing unhindered 
access to the middle cranial fossa floor.

Burr holes flanking the transverse sinus are 
placed similar to the petrosal approach, with an 
additional burr hole added anteriorly along the 
floor of the middle fossa near the temporal root of 
the zygoma. Burr holes are connected as previ-
ously described, and a bone flap is created that 
encompasses a larger component of the temporal 
squamosa. A mastoidectomy is performed as 
described in the previous section, skeletonizing 
the sigmoid sinus to the level of the jugular bulb 
and exposing the presigmoid dura.

Prior to elevating the temporal dura off the 
middle cranial fossa floor, a small dural opening 
is made in the presigmoid area and cerebrospinal 
fluid is released. The temporal lobe is elevated 
from the middle cranial fossa floor, proceeding 
in a posterior-to-anterior direction in order to 
more readily identify the greater superficial 
petrosal nerve (GSPN). During the dissection 
attention should be given to the presence of bony 
dehiscences; various structures including the 
geniculate ganglion of the facial nerve and the 
carotid artery may lack a roof and thus be at risk 
of iatrogenic injury. There is also frequently sig-
nificant thinning or frank dehiscence in the teg-
men tympani. The middle meningeal artery is 
identified at the foramen spinosum, cauterized 
and cut. The foramen spinosum is packed with 
bone wax. The extent of extradural dissection of 
the lateral wall of the cavernous sinus is tailored 
to the extent of sinus involvement with tumor. 
The inferior aspect of the third division of the 
trigeminal nerve is dissected and elevated, which 
aids in the subsequent mobilization of the tri-

geminal nerve and the Gasserian ganglion dur-
ing the anterior petrosectomy.

The anatomical landmarks along the middle 
cranial fossa floor are identified including the 
arcuate eminence, trigeminal depression and tri-
geminal prominence, the second and third tri-
geminal divisions, and their respective foramina. 
The petrous carotid canal is unroofed in order to 
definitively locate the horizontal segment of the 
petrous carotid artery. A Fogarty balloon may be 
placed along the carotid artery within the canal, 
which can be inflated in the event of vascular 
injury in order to obtain proximal control [14]. At 
this point, anterior petrosectomy can proceed by 
drilling the bone of the petrous apex within 
Kawase’s triangle from the internal auditory 
canal to the petroclival junction, taking care to 
avoid the cochlea which is located at the postero-
lateral aspect of the exposure.

Dural opening is similar to that described for 
the posterior petrosal approach except that the 
temporal dura opening can extend more anteri-
orly to take advantage of the additional space cre-
ated by the anterior petrosectomy.

�Tumor Resection

The main determinates of the extent of resection 
possible for lesions of the skull base include the 
presence of an arachnoid dissection plane, the 
consistency of the tumor, and the tumor’s level of 
adherence to surrounding neurovascular struc-
tures; particularly fragile for this location are the 
basilar artery perforators. For meningiomas, by 
virtue of having performed a petrosectomy, the 
blood supply would have already been inter-
rupted. Once reasonable devascularization is 
achieved, the tumor is incised and the tumor deb-
ulked using suction or an ultrasonic aspirator; 
significant debulking will allow dissection of the 
development of the intra-arachnoidal plane for 
dissection preserving neurovascular structures. 
Involved bone, either grossly or radiographically, 
should be removed using a high-speed drill.
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Surgical resection of previously radiated 
tumors carries increased risk of neurovascular 
injury. At all times sharp dissection is preferred 
to blunt dissection in order to avoid unintended 
traction on neurovascular structures. The use of 
an ultrasonic aspiration device allows rapid deb-
ulking, but should be used carefully as large 
tumors can engulf cranial nerves and arteries. 
The tandem use of an endoscope and microscope 
has proven to be of tremendous value in increas-
ing the extent of resection while minimizing 
complications [15].

�Closure

Closing the dura following this approach often 
requires a duraplasty. After securing the graft in 
place, strips of the fat graft harvested from the 
abdomen are placed in the region of the cavern-
ous sinus and used to obliterate any exposed air 
cells including the mastoid cavity. The previ-
ously preserved pedicled temporalis fascia is 
rotated such that it lies along the floor of the 
middle cranial fossa and covers the mastoid cav-
ity and secured in place with sutures (Fig. 4.5). 
The mastoid cortex is plated in anatomical posi-
tion using titanium plating along with the 
remainder of the craniotomy flap. Hydroxyapatite 

is used to fill in any remaining defects and cover 
implanted hardware such that it would not be 
palpable by the patient. If osteotomies were 
made along the zygomatic arch, it is plated. The 
temporalis muscle is re-suspended in anatomic 
position using sutures. The galea and subse-
quently the skin are closed in layers in the usual 
fashion. A sterile dressing is applied, along with 
a head-wrap (Fig. 4.6).

�Tricks and Pitfalls

There are a number of surgical precautions that 
should be followed for the safe execution of the 
posterior and combined petrosal approaches. The 
chief concern is the patient’s particular variations 
of the venous anatomy surrounding the Labbe 
complex, petrosal complex, and basal temporal 
and occipital venous complexes. The point of 
insertion of the vein of Labbe, which may be 
multiple, should be well understood in advance 
of surgery such that the tentorial cut can be 
planned rostral to that location. Certain variants, 
such as the presence of a dominant venous chan-
nel within the tentorium, may absolutely contra-
indicate an approach involving cutting the 
tentorium. Others, such as the presence of a sin-
gle sigmoid sinus ipsilateral to the tumor, require 
particular attention to avoid thrombosis or injury 
to the sinus.

With large musculocutaneous flaps, extensive 
bone drilling, and intradural exposure of multi-
ple CSF cisterns comes increased risk for pseu-
domeningocele formation and spinal fluid leak. 
This risk is mitigated by conforming to a meticu-
lous multilayered closure that takes advantage of 
a well-vascularized, pedicled temporalis flap. 
Dural closure frequently requires the use of a 
dural graft. Fat is used generously to obliterate 
exposed air cells, but the use of large uncut 
pieces is avoided in order to reduce the risk of fat 
necrosis [16]. Cranioplasty, by replacing all 
removed bone including the mastoid cortex, also 
reduces the risk of leak and improves cosmetic 
outcomes [17].

Fig. 4.5  Closure. The previously reserved pedicled tem-
poralis fascia is placed along the floor of the middle fossa 
and secured with suture, clips and/or fibrin glue 
(Reproduced with permission from Al-Mefty [18])

4  Posterior and Combined Petrosal Approaches
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�Conclusion

The posterior petrosal and combined petrosal 
approaches are important neurosurgical routes 
that provide excellent access to lesions in the 
petroclival region, spanning the middle and 
lower clivus, petrous apex, cavernous sinus, and 
Meckel’s cave. The approaches provide gener-
ous access while preserving function (including 
hearing) and allowing for multiple angles of 
attack for tumor resection and neurovascular 
preservation.
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�Introduction

A general surgical principle is worth stating at 
the outset of this chapter: choice of surgical 
approach is entirely determined by the nature and 
extent of the pathology. A large, soft, avascular 
tumor of the craniovertebral junction such as a 
schwannoma, paradoxically, may require a 
smaller exposure than a small ruptured but high 
PICA/VA aneurysm. Tumors displace the sur-
rounding anatomy and in the process provide a 
surgical path to their own resection; one may call 
this a “trans-tumor” corridor. Vascular lesions 
such as aneurysms, AVMs, and cavernomas do 
not do this, and choosing the exactly appropriate 
approach in these instances is perhaps more 
important. A rote approach to neurosurgery is 
inappropriate and counterproductive, and in the 
decision-making process, the surgeon must inte-
grate considerations of the anatomy, location, 
and texture of the pathology.

Having said that, there are general principles 
that apply, particularly regarding the surgical 
approaches to the foramen magnum/cranioverte-
bral junction region. Accessing the anterior and 

anterolateral foramen magnum is a challenge due 
to the numerous neurologic, vascular, and 
ligamento-osseous structures that must be tra-
versed along a deep corridor. A direct anterior tra-
jectory is limited by vital structures laterally, so a 
posterolateral approach is commonly employed. 
The far lateral technique thus creates an exposure 
via a suboccipital craniotomy and removal of the 
foramen magnum rim to the occipital condyle, 
along with removal of the posterior arch of C1 to 
the lateral mass of C1. Its supracondylar, trans-
condylar, and paracondylar variants incorporate 
additional removal of lateral structures such as the 
occipital condyle, C1 lateral mass, jugular tuber-
cle, and jugular process. The successive gains in 
anterolateral exposure and widened working cor-
ridor must be balanced against increased risk of 
injury to the vertebral artery, jugular bulb, and 
lower cranial nerves, as well as destabilization of 
the atlanto-occipital junction.

�Anesthetic Technique and 
Positioning

Optimizing safety of surgery around the lower 
brainstem requires particular consideration and 
communication between the surgical and anes-
thetic teams. To minimize the need for brain 
retraction, standard anesthetic measures to facili-
tate brain relaxation are employed including 
hyperventilation and mannitol administration. 
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Early warning of neurologic compression, retrac-
tion, or ischemic injury can be provided by elec-
trophysiologic monitoring of somatosensory, 
motor, and brainstem auditory evoked potentials. 
Free running and stimulated electromyographic 
monitoring of lower cranial nerve function may 
be also useful, especially in the setting of a mass 
lesion causing displacement of normal structures.

The patient is placed in the three-quarter prone 
position, the side of the lesion uppermost, which 
preserves alignment of the craniocervical junc-
tion, allows the cerebellar hemisphere to fall 
away, and maintains a low risk for venous air 
embolism. A gel roll is placed below the axilla 
and a cushion between the legs, and the depen-
dent arm is supported in a sling beyond the end of 
the operating table.

The Mayfield clamp is placed with the single 
pin 2 cm superior and anterior to the ipsilateral 
pinna and the paired pins 2 cm superior to the 
contralateral pinna, all points maintaining a low 
profile. Placement of the pins is critical should 
the procedure require access to the occipital 
artery for a bypass graft. The head is fixed with 
incorporation of four movements (Fig. 5.1): (1) 
anteroposterior flexion to uncover the suboc-
cipital region and rostral clivus, (2) contralat-
eral flexion to increase working space beside 
the ipsilateral shoulder, (3) contralateral rota-
tion to bring the suboccipital surface uppermost 
in the field, and (4) upward translation to par-
tially sublux the ipsilateral atlanto-occipital 
joint and facilitate drilling of the condyle if 
needed. The ipsilateral shoulder is gently pulled 
toward the patient’s feet while avoiding exces-
sive traction on the brachial plexus, and the 
entire body secured with adhesive tape to allow 
for side-to-side rotation of the table. The table 
is placed in reverse Trendelenburg, elevating 
the head slightly above the heart, to decrease 
cerebral venous congestion.

�Incision and Muscle Dissection

A hockey stick incision is started in the midline at 
the level of the C2 spinous process, and extended 
superiorly to 2 cm above the inion (Fig. 5.2a, b). 

It is continued laterally above the superior nuchal 
line to a point directly superior to the mastoid 
process and then turned inferiorly to end at the 
mastoid tip. The occipital artery is preserved if 
required later in the procedure, as is pericranium 
for potential duraplasty. Dissection through the 
midline aponeurosis decreases muscle trauma 
and allows for early identification of the C1 lam-
ina at a distance from the vertebral artery 
(Fig.  5.2c). The trapezius and sternocleidomas-
toid muscles overlie the semispinalis capitis and 
splenius capitis, which together conceal the sub-
occipital triangle. The superficial muscles are 
reflected as a single flap, maintaining a cuff along 
the superior nuchal line for a tight closure to 
decrease risk of cerebrospinal fluid leak 
(Fig.  5.2d). The muscle mass is elevated in the 
subperiosteal plane and swept laterally to expose 
the mastoid process and digastric groove 
(Fig. 5.2e). The attachments of longissimus capi-
tis and posterior belly of digastric muscle are 
then released. As the technique aims to approach 
the ventral brainstem from a lateral trajectory, 
adequate inferolateral retraction is necessary to 
prevent encroachment upon the exposure by 
muscle bulk; hooked retractors on elastics serve 
this function better than hinged self-retaining 
retractors.

Incisions including the linear/curvilinear ret-
romastoid incision and the S-shaped incision, 
beginning in the retromastoid region and extend-
ing medially to the midline, reduce the lateral 
bulk by directing the exposure through the mus-
culature. However, these approaches increase 
muscle trauma and likelihood of sectioning the 
occipital artery and nerve, and place the verte-
bral artery at greater risk of injury as bony land-
marks are not readily identified. Alternatively, 
the lateral muscle bulk can be decreased by indi-
vidually identifying and dividing the sternoclei-
domastoid, splenius capitis, and semispinalis 
capitis and reflecting the muscles medially, 
although this approach increases the risk of 
wound dehiscence.

As the subperiosteal dissection continues 
inferiorly, the occipital attachments of the 
rectus capitis posterior minor, rectus capitis 
posterior major, and obliquus capitis supe-
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rior are released. These latter two muscles, 
along with the obliquus capitis inferior, form 
the suboccipital triangle, which overlies the 
V3 segment of the vertebral artery and the 
C1 nerve root. The rectus capitis posterior 
major arises from the spinous process of C2 
and forms the medial border of the suboc-
cipital triangle. The obliquus capitis superior 
arises from the transverse process of C1 and 
forms the superior border, and the obliquus 
capitis inferior arises from the spinous pro-
cess of C2 and inserts on the transverse pro-
cess of C1, forming the inferior border. 
Elevation of the muscles laterally exposes 
the foramen magnum rim and lamina of C1, 
and the vertebral artery.

After the vertebral artery ascends through the 
C1 transverse foramen, it turns medially behind 
the atlanto-occipital joint and crosses the sulcus 
arteriosus of C1 in the depths of the suboccipital 
triangle. It then passes under the inferior border 
of the posterior atlanto-occipital membrane, and 
finally penetrates the dura (Fig.  5.2f). A rich 
venous plexus surrounds the artery and can cause 
brisk bleeding; coagulation and packing with 
hemostatic agents generally suffice to control it, 
although in some instances it may need to be 
resected. This segment of the artery is particu-
larly vulnerable, as an aberrant loop toward the 
occipital bone may be injured during muscle dis-
section, or it may be compressed or avulsed 
against an ossified atlanto-occipital membrane 

Fig. 5.1  Head positioning incorporates four movements: 
anteroposterior flexion to expose the suboccipital region; 
contralateral flexion to bring the vertex away from the 

shoulder; contralateral rotation to make the suboccipital 
region highest in the field; and upward translation to par-
tially sublux the atlanto-occipital joint

5  Far Lateral Approach and Its Variants



68

arch. Electrocautery should be avoided when dis-
secting in the lower suboccipital area, as a sharp 
inadvertent arteriotomy is more readily repaired 
than a thermal injury. In addition, the muscular 
and posterior meningeal branches that arise in 
this segment may need to be divided in order to 
mobilize the artery. However, the posterior spinal 
artery or posterior inferior cerebellar artery 
(PICA) may have an extradural origin [1] and 
must be distinguished from muscular branches. 
Thorough preoperative imaging investigations 
provide forewarning about such variations and 
can guide decisions about repair or sacrifice of an 
injured vessel.

�Extradural Exposure

The suboccipital craniotomy extends superolat-
erally from the rostral extent of the pathology to 
inferomedially across the midline at the fora-
men magnum (Fig. 5.3a). The posterior arch of 
C1 is likewise removed from beyond the mid-
line to the sulcus arteriosus near the lateral mass 

of C1, approximately 1 cm lateral to the dural 
ring surrounding the vertebral artery (Fig. 5.3b). 
Variations in anatomy such as an incomplete C1 
arch or assimilation of C1 must be recognized 
and are ideally anticipated on preoperative 
imaging. Removal of bone around the foramen 
magnum continues to the occipital condyle 
(Fig.  5.3c). This extensive lateral exposure 
forms the crux of the far lateral approach, allow-
ing for an inferolateral approach to the anterior 
brainstem while avoiding retraction; the lateral 
lip of the foramen magnum is thus analogous to 
the greater sphenoid wing in the pterional crani-
otomy. As the foramen edge becomes more ver-
tical, further bone removal is facilitated by use 
of a high-speed drill while the surgical assistant 
retracts and protects the vertebral artery and its 
venous plexus (Fig.  5.3d). At the posterior 
aspect of the condyle, bleeding may be encoun-
tered from the posterior condylar emissary vein, 
which communicates the vertebral venous 
plexus with the sigmoid sinus. It traverses the 
condylar canal, the extracranial opening of 
which lies at the base of a depression, the con-

Fig. 5.2  Muscle dissection of the far lateral approach. (a) 
The final position maintains alignment of the craniocervi-
cal junction to facilitate orientation during dissection. (b) 
The hockey stick incision begins at C2, extends above the 
inion, then continues laterally and inferiorly to end at the 
mastoid tip. (c) Below the inion, a midline dissection 
decreases muscle trauma and allows for exposure of C1 a 
safe distance from the vertebral artery. (d) Preservation of 
a muscle cuff along the superior nuchal line facilitates a 

tight closure to decrease CSF leak. The skin is retained on 
the muscle surface to reduce postoperative pseudomenin-
gocele formation. (e) A single muscle flap is elevated lat-
erally and caudally. (f) Completed muscle dissection has 
exposed the lamina of C1 (1) and the suboccipital bone (2) 
to the foramen magnum. Laterally, the digastric groove 
and mastoid tip are seen. The V3 horizontal segment of 
the vertebral artery is seen passing over the sulcus arterio-
sus and penetrating the dura
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dylar fossa (Fig.  5.3e). Exposure of the emis-
sary vein denotes the lateral limit of the basic far 
lateral approach (Figs. 5.3f and 5.4).

�Transcondylar Variants

Increased anterior exposure of the lower clivus, 
basilar artery, and anterior medulla may be gained 
with removal of the occipital condyle in part or 
whole. The condyles lie in a posterolateral to 
anteromedial orientation at the anterolateral 
aspect of the foramen magnum. Their articular 
surfaces are convex and are oriented inferolater-
ally toward the superior facets of C1, which are 
oriented superomedially. The intracranial open-
ing of the hypoglossal canal is situated approxi-
mately 5 mm superior to the condyle, one-third 
of the distance from its posterior edge, typically 
6–10 mm [2]. The canal courses anterolaterally, 
exiting one-third of the distance behind the 
anterior edge of the condyle, medial to the jugu-
lar foramen. As it carries the hypoglossal nerve 
within a channel fully surrounded by cortical 
bone, removal of the condyle is guided by the 

changes from condylar cortex, to cancellous bone 
within the condyle, to the posterior cortex of the 
canal.

Fig. 5.3  Bone removal of the far lateral approach. (a) The 
teardrop-shaped suboccipital craniotomy extends across 
the rim of foramen magnum. (b) Soft tissue attachments 
are stripped from the ventral surface of the C1 lamina 
prior to its removal. (c) The dura is stripped from the rim 
of foramen magnum to allow for further lateral bone 
removal. (d) A high-speed diamond burr is used to remove 
bone of the foramen magnum toward the occipital con-

dyle. (e) Exposure of the posterior condylar emissary vein 
(particularly large in this specimen) within the condylar 
canal denotes the lateral limit of the far lateral approach. 
(f) Removal of the foramen magnum rim to the base of the 
condyle and of C1 to the lateral mass completes the far 
lateral approach. The dura previously underlying the C1 
arch (1) and suboccipital bone (2) is fully exposed

Fig. 5.4  Schematic diagram of the basic far lateral expo-
sure. The suboccipital craniotomy and bone removal of 
foramen magnum extends from midline to occipital con-
dyle. The laminectomy of C1 extends from midline to the 
lateral mass. Occipital condyle (1), lateral mass of C1 (2), 
transverse foramen of C1 (3), mastoid tip (4)
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The occipito-transcondylar variant is readily 
incorporated into the basic far lateral approach, 
extending the removal of bone to the hypoglossal 
canal (Fig. 5.5a). The posterior third of the con-
dyle is drilled away, limited at its medial aspect 
by the cortex of the hypoglossal canal. The con-
dylar emissary vein may be encountered, its 
bleeding controlled with bone wax, and should 
not be confused for the venous plexus within the 
hypoglossal canal. Although the posterior two-
thirds of the condyle may be drilled while remain-
ing lateral to the hypoglossal canal, such 
extensive removal may cause instability of the 
atlanto-occipital joint.

Circumferential access to the dural ring sur-
rounding the entrance of the vertebral artery is 
obtained using the atlanto-occipital variant, by 
removing the posterior aspect of both the occipi-
tal condyle and C1 lateral mass. Further access to 
the atlanto-occipital articular pillar is gained in 
the complete transcondylar variant by transpos-
ing the vertebral artery (Fig. 5.5b); the obliquus 
capitis superior and inferior muscles are detached 
from the C1 transverse foramen, which is then 
opened posteriorly, allowing for medial and infe-
rior displacement of the vessel. The posterior 

condyle and C1 lateral mass can then be drilled 
anteriorly to the level of the hypoglossal canal. 
An unrecognized tortuous vertebral artery may 
be injured if it loops posteriorly between the C2 
and C1 transverse processes. Complete removal 
of the condyle requires skeletonization of the 
hypoglossal nerve and stabilization of the cranio-
vertebral junction, and is reserved for extradural 
pathology involving the condyle [3].

�Supracondylar Variants

Increased rostral exposure may be achieved by 
removing bone superior to the occipital condyle. 
The supracondylar approach can be directed supe-
riorly to expose the hypoglossal canal above the 
condyle, or both below and above the hypoglossal 
canal toward the lateral clivus, while preserving 
the articular surface (Fig. 5.6a). The cortical bone 
of the hypoglossal canal can also be preserved to 
decrease likelihood of injury to the nerve.

Approximately 5 mm superior to the intracra-
nial opening of the hypoglossal canal, medial to 
the lower edge of the jugular foramen, arises the 
rounded prominence of the jugular tubercle. The 

Fig. 5.5  The transcondylar variants. (a) The occipito-
transcondylar variant incorporates removal of the poste-
rior third of the condyle, to the hypoglossal canal. The 
shaded area denotes exposed cancellous bone, deep to 
the articular surface of the condyle and caudal to the 
hypoglossal canal. (b) The complete transcondylar vari-

ant requires removal of the posterior aspect of the C1 
lateral mass to open the transverse foramen. This allows 
for inferomedial displacement of the vertebral artery. 
The condyle and C1 lateral mass are then both drilled to 
the depth of the medial hypoglossal canal

K. Au et al.



71

protrusion of the jugular tubercle may limit ante-
rior exposure, and in the manner that removal of 
the occipital condyle prominence provides an 
opening to the pre-medullary region, so removal 
of the jugular tubercle prominence gains access 
to the pre-pontomedullary space (Fig. 5.6b). As 
the glossopharyngeal, vagus, and accessory 
nerves cross the posterior surface of the jugular 
tubercle intradurally, performing the transtuber-
cular approach requires the removal of the tuber-
cle without causing cranial nerve injury by 
traction or heat. The drilling is most safely done 
through an intradural approach, with direct visu-
alization of the lower cranial nerves. Caution 
must be also be exercised when drilling the lat-
eral aspect of the jugular tubercle, which abuts 
the medial edge of the jugular bulb.

The transtubercular approach can be appreci-
ated by drawing parallels with the familiar 
cranio-orbital approach (Table 5.1); each involves 
stepwise removal of bone to gain exposure of a 
deep target while preserving critical adjacent 
neural and vascular structures.

�Paracondylar Variants

Further lateral exposure, or access to the poste-
rior aspect of the jugular foramen, can be obtained 
with the transjugular variant. Lateral to the poste-
rior part of the occipital condyle is a quadrilateral 
prominence extending toward the squamous 
occipital bone, the jugular process. The rectus 
capitis lateralis extends upward from the trans-
verse process of C1 to insert on the jugular pro-
cess, and detaching this muscle reveals the 
extracranial aspect of the jugular foramen imme-
diately anterior. Removal of the jugular process 
exposes the transition between the sigmoid sinus 
and jugular bulb (Fig. 5.7a). Further lateral expo-
sure of the jugular bulb can be better achieved 
using a lateral technique, such as a transtemporal 
approach.

Lateral to the jugular foramen, at the anteroin-
ferior end of the digastric groove, is the stylomas-
toid foramen bearing the facial nerve. To gain 
access to the mastoid segment of the facial nerve 
and the presigmoid dura in the transmastoid vari-
ant, the posterior mastoid is removed up to the 
facial canal (Fig.  5.7b). The sigmoid sinus can 
then be retracted laterally.

Fig. 5.6  The supracondylar variants. (a) The supracon-
dylar variant increases rostral exposure while preserving 
the articular surface of the condyle. The shaded region 
denotes exposed cancellous bone below the hypoglossal 
canal. (b) Removal of the jugular tubercle in the transtu-

bercular variant provides access to the pre-
pontomedullary region. The edge of bone that is removed 
is depicted by the dotted line, and the intradural course 
of the cranial nerves exiting the jugular foramen is 
shown in yellow

5  Far Lateral Approach and Its Variants
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�Intradural Exposure

The dura is opened as an inverted-U with the 
medial limb extending inferiorly across the fora-
men magnum opening, and retracted laterally 
(Fig.  5.8a). Variations such as a low or medial 
sigmoid sinus or transdural PICA must be recog-
nized. Brisk bleeding may arise from a prominent 
marginal sinus. If the vertebral artery has been 
mobilized medially, the dura is opened while 
maintaining a circumferential cuff at its penetra-
tion; the posterior spinal artery may be incorpo-

rated into this fibrous ring and must be preserved. 
The dentate ligament and bands of arachnoid 
membrane are divided to create windows for 
visualization and access to the target pathology 
(Fig. 5.8b).

�Conclusions

The modifications of the far lateral technique that 
are incorporated into any procedure are deter-
mined by the location and extent of pathology 
and the specific anatomy of each patient 

Table 5.1  Comparison of the cranio-orbital and transtubercular approaches

Cranio-orbital Transtubercular

Craniotomy Frontotemporal Far lateral

Blood supply Superficial temporal artery Occipital artery

Muscle Temporalis Suboccipital muscle group

Bony obstacle (outer) Greater sphenoid wing Foramen magnum

Bony obstacle (middle) Lesser sphenoid wing Occipital condyle

Bony obstacle (inner) Anterior clinoid process Jugular tubercle

“Buried” nerve Optic nerve Hypoglossal nerve

Nerves at risk Superior orbital fissure contents Jugular foramen contents

Nearby artery ICA (clinoidal and supraclinoid 
segments)

VA (V3 and V4 segments)

Nearby venous lake Cavernous sinus Jugular bulb

Connecting venous channel Clinoidal space Condylar emissary vein

Fig. 5.7  The paracondylar variants. (a) Removal of the 
jugular process lateral to the occipital condyle in the tran-
sjugular variant exposes the posterior aspect of the jugular 

bulb. (b) The mastoid segment of the facial nerve is 
exposed with removal of posterior mastoid bone in the 
transmastoid variant
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(Table  5.2). The basic far lateral exposure may 
often be sufficient to access lesions along the 
anterolateral margin of the foramen magnum. 
The greatest gain in visualization is obtained 
with removal of the jugular tubercle [4], and the 
risk of injury to cranial nerves and the jugular 
bulb in carrying out this step may be justified in 

some cases. Posterior partial condylectomy 
increases visualization to only a small extent, but 
provides much improved freedom for surgical 
manipulation; this step can be performed with 
relatively low morbidity [5].
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Fig. 5.8  Intradural exposure achieved with the far lateral 
approach. (a) The dural flap is retracted laterally to ensure 
the widest exposure is maintained. Note the low profile of 
the dural base achieved by the extradural bone removal. 

(b) The far lateral approach provides access to pathology 
such as a VA-PICA aneurysm. Dural penetration of verte-
bral artery (1), upper rootlets of hypoglossal nerve (2), 
spinal accessory nerve (3), aneurysm at PICA origin (4)

Table 5.2  Summary of the exposure obtained with vari-
ants of the far lateral approach

Approach Indications

Basic far lateral Lateral/anterolateral foramen 
magnum

Transcondylar

Occipito-
transcondylar

Lower clivus, pre-medullary 
space

Atlanto-occipital Vertebral artery at dural ring

Complete 
transcondylar

Anterior foramen magnum

Supracondylar

Hypoglossal canal Lateral lower clivus

Transtubercular Pre-pontomedullary space, 
high PICA origin

Paracondylar

Transjugular Posterior jugular bulb

Transmastoid Presigmoid dura, mastoid 
segment of facial nerve
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�Introduction

Driven by the revolution of endoscopic pituitary 
surgery, the development of the expanded endo-
scopic endonasal approach (EEA) and the associ-
ated surgical tools have pushed the limits of 
transnasal access to the ventral skull base. The 
EEA rapidly became a safe alternative in the 
armamentarium of skull base approaches, and it 
has been increasingly used in the management of 
ventral extradural and intradural posterior fossa 
tumors. It provides the advantage of direct access 
to pathologies with near-field magnification 
while minimizing manipulation of neurovascular 
structures and avoiding brain retraction, ulti-
mately decreasing morbidity [1–5].

In this chapter, the ventral posterior cranial 
fossa tumors are divided in “extradural” and 
“intradural” due to the differences in approach 
selection, surgical strategy, complexity of the 
surgery and microsurgical dissection, and skull 
base reconstruction depending of the site of ori-
gin and type of tumor.

The “extradural” posterior fossa tumor group 
is represented by chordomas and chondrosarco-
mas. Although sometimes there is intradural 
tumor extension (Figs. 6.1 and 6.2), chordomas 
and chondrosarcomas are mainly located extra-
durally within the skull base bone. Hence, a sig-
nificant part of the tumor resection is done during 
the bone work of the approach. In addition, the 
tumor resection is often completed without a 
cerebrospinal fluid leak facilitating skull base 
reconstruction and reducing postoperative 
complications.

The “intradural” posterior fossa tumors that 
are suitable to EEA resection are represented 
mainly by meningiomas (Fig.  6.3). In general, 
EEA for intradural tumors involves more chal-
lenging microsurgical dissection and skull base 
reconstruction. Ventral posterior fossa intradural 
epidermoid and dermoid cysts may be resected 
through EEA, but our previous experience sug-
gests that the transnasal corridor may increase 
the risk of infection and abscess occurrence 
within the residual tumor, so we do not recom-
mend it. Schwannomas are also another common 
type of intradural posterior fossa tumor. 
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Nevertheless, the EEA cannot be used to treat the 
most common posterior fossa schwannomas that 
arise from CN VIII based on the fact that the cra-
nial nerve VII is anteriorly located and would 
prevent a ventral approach. Likewise, the EEA is 
not an adequate approach to less common 
schwannomas (CN VII, IX, X, XI) since they 
arise at the lateral aspect of the brainstem with 
the inferior cranial nerves pushed ventrally. 
Anatomically, there is a potential application of 
this approach in the treatment of schwannomas of 
CN VI and CNXII, but these are extremely rare 
tumors that even when diagnosed may be man-
aged conservatively.

�Endoscopic Endonasal Transclival 
Approach

The endoscopic transnasal access to the posterior 
fossa is done through a transclival approach. It 
may be expanded laterally on the petrous bone 
depending on the tumor extent and required 

exposure. The clivus separates the nasopharynx 
from the posterior cranial fossa. It is composed of 
the posterior portion of the sphenoid body (basi-
sphenoid) and the basilar part of the occipital 
bone (basiocciput), and it is further subdivided 
into upper, middle, and lower thirds:

•	 Upper clivus is at the level of the sphenoid 
sinus and is formed by the basisphenoid bone 
including the dorsum sella.

•	 Middle clivus corresponds to the rostral part 
of the basiocciput, and it is located above a 
line connecting the caudal ends of the petro-
clival fissures.

•	 Lower clivus is formed by the caudal part of 
the basiocciput.

Approaching the posterior fossa through the 
upper two thirds of the clivus requires wide open-
ing of the sphenoid sinus. When the posterior 
fossa was approached at the lower clivus, the 
bone removal may be done solely below the 
sphenoid rostrum.

Fig. 6.1  Recurrent chordoma in a 61-year-old male 
patient. Patient underwent an upper and middle transclival 
EEA to remove the tumor (red arrows). A small dural 
invasion and opening into the posterior fossa was observed 
in the preoperative images. The postoperative MRI shows 
Duragen occluding the opening and protecting the basilar 

artery and brainstem (first layer), covered with a free fat 
graft (second layer) and the nasoseptal flap on top (third 
layer). Notice in the DWI image pre (upper row)- and post 
(lower row)-operative that the hyperintensity suggesting a 
high cellular density is no longer present in the postopera-
tive image
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The intracranial surface of the upper two 
thirds of the clivus faces the pons and is concave 
from side to side. The extracranial surface of the 
clivus gives rise to the pharyngeal tubercle at the 
junction of the middle and lower clivus. The 
upper clivus faces the roof of the nasopharynx 
that extends downward in the midline to the level 
of the pharyngeal tubercle.

The upper and middle clivus are separated from 
the petrous portion of the temporal bone on each 
side by the petroclival fissure. The basilar venous 
plexus is situated between the two layers of the 
dura of the upper clivus and is related to the dor-
sum sella and the posterior wall of the sphenoid 
sinus. It forms interconnecting venous channels 
between the inferior petrosal sinuses laterally, the 
cavernous sinuses superiorly, and the marginal 
sinus and epidural venous plexus inferiorly. The 
basilar sinus is the largest communicating channel 
between the paired cavernous sinuses [6].

�Extradural Posterior Fossa Tumors

�Chondrosarcomas and Chordomas

Chondrosarcomas are rare slow-growing malig-
nant bone tumor of chondroid origin cells 
throughout the axial and appendicular skeleton 
(Fig. 6.4) [7–9]. They often arise from the lateral 
aspects of the skull base that house cartilage, 
including the temporo-occipital synchondrosis, 
the spheno-occiput, and the sphenoethmoid com-
plex [10]. Most skull base chondrosarcomas 
involve the clivus (32%), followed by other syn-
chondroses [11]. They can also involve the cav-
ernous sinus, petrous bone, and sphenoid bone. 
In the skull base, 64% arise in the middle fossa, 
14% involve both middle and posterior fossa, 
14% occur in the anterior fossa, and 7% originate 
in the posterior fossa [7].

Fig. 6.2  Recurrent chordoma in a 61-year-old male. (a, b) 
Tumor and scar tissue in front of the clivus being 
removed. (c) Clivus drilling. (d) Dural opening and pos-
terior fossa invasion. (e) Microsurgical dissection and 

removal of the tumor from the basilar artery. (f, g) Cranial 
nerves no longer covered by the tumor. (h, i) Duragen 
“plug.” (j) Fat-free graft. (k) Nasoseptal flap being 
placed
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Fig. 6.3  Ventral foramen magnum meningioma in a 
47-year-old female patient. Patient underwent a lower 
transclival EEA for removal of the lesion (red arrows). 

Postoperative MRI shows a gross total resection with the 
multilayered reconstructions of the small clival opening

Fig. 6.4  Right side chondrosarcoma in a 32-year-old 
female patient (red arrows). Patient underwent an EEA 
for total resection. Notice in the surgical images the access 

is limited by the Eustachian tube that is then removed 
allowing an adequate access to the tumor and gross total 
resection
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Chordomas are rare primary bone tumor 
thought to arise from transformed notochord 
remnants with an estimated incidence rate of 
0.08–0.09 per 100,000. It occurs most commonly 
in males with a peak incidence in their fourth to 
fifth decades of life and rarely affects children 
and adolescents. Skull base chordomas are essen-
tially midline lesions that occur at the vicinity of 
the clivus (spheno-occipital bones) and represent 
only 0.15% of all intracranial tumors [8]. They 
are considered a low-malignancy neoplasm with 
slow-growing pattern that rarely metastasizes. 
However, chordomas have a local aggressive 
behavior and high recurrence rates [11–13].

The slow-growing nature of most skull base 
chordomas and chondrosarcomas often leads to 
variable presentation of clinical signs and symp-
toms based on the location of the tumor. 
Treatment goals should involve complete surgi-
cal resection that should be tempered with a judi-
cious effort to avoid neurological compromise. 
The extent of surgical resection correlates directly 
with recurrence rates. Among all chordoma 
patients, median survival is 6.29  years with 5-, 
10-, and 20-year survival rates precipitously 
dropping to 67.6%, 39.9%, and 13.1% across all 
races and genders underscoring the dismal prog-
nosis of this disease. Nonsurgical management or 
observation may be reserved for some patients 
who are high-risk surgical candidates. 
Chondrosarcomas tend to have a slightly better 
prognosis and are regarded to be less aggressive 
with higher recurrence-free survival rates when 
compared to chordoma. In one study, recurrence-
free survival at 5  years was as high as 90%. 
Surgical and postoperative management goals of 
chordomas and chondrosarcomas are often very 
similar, and case series often report results for 
both these pathologies together because of the 
rarity of the diseases.

While aggressive gross total resection may be 
achieved through a variety of skull base 
approaches including EEA (Fig.  6.4), en bloc 
resection may not be feasible in the skull base as 
has been described in the spine due to involve-
ment of critical neurovascular structures, with 
surgeons most often resorting to piecemeal 
removal of the tumor. Based on available clinical 

case series from experienced skull base surgeons, 
aggressive surgical resection is only possible 
48–61% of the time underscoring the technical 
challenge that surgeons have with treatment of 
tumors in this location. As a result, radiation 
treatment has played an important role in the 
postoperative management of these patients.

�Preoperative Radiological Assessment
Radiologic investigation and preoperative plan-
ning for skull base approaches of chordomas and 
chondrosarcomas have greatly improved because 
of rapidly evolving imaging methods. Computed 
tomography (CT) and magnetic resonance imag-
ing (MRI) should always be performed in cases 
of suspected skull base bone lesion for bone and 
soft tissue assessment, respectively. The combi-
nation of these two radiologic modalities permits 
the definition of important diagnostic and thera-
peutic characteristics of skull base tumors: radio-
logic appearance, location, extension, and 
relation to critical neurovascular structures.

Chordomas and chondrosarcomas have an 
overall similar appearance on MRI, and some-
times it is impossible to differentiate them with-
out histopathology. In general, chordomas 
typically present as midline extradural masses 
originating within bone and tend to expand poste-
riorly and laterally. They usually present as well-
delineated soft tissue masses that may displace 
and compress adjacent structures. More advanced 
tumors show local invasiveness and characteristic 
bone destruction.

The CT scans demonstrate best bone erosion, 
osteolysis, and intratumoral calcifications. 
There is typically no surrounding sclerosis. 
Moderate to marked heterogeneous enhance-
ment following administration of iodinated con-
trast material can also be depicted. Most 
chordomas are hypointense or isointense on 
T1-weighted images. High signal correlates 
with hemorrhage or mucinous collection. 
T2-weighted images characteristically demon-
strate a high signal. Gadolinium enhancement is 
mostly heterogeneous and often presents a 
“honeycomb” appearance [14].

Chondroid chordomas represent 5–15% of all 
chordomas and are characterized by the partial 
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replacement of their gelatinous matrix by carti-
laginous tissue. Compared with typical chordo-
mas, they normally present in a more lateral 
position, and intratumoral calcifications are more 
often evidenced on CT scans. Because of the dif-
ferences in composition, chondroid chordomas 
may not appear as bright as typical chordomas on 
T2-weighted MRIs. These findings are important 
prognostic factors because of significantly better 
survival rates of patients with chondroid 
chordomas.

In chondrosarcomas, CT scan demonstrates 
bony destruction of the skull base lateral to the 
midline; the typical appearance is a destructive 
lesion with scalloped erosive borders. Like in 
chordomas, the tumor has a low to intermediate 
signal intensity on T1-weighted images and 
high signal intensity on T2-weighted images. 
The enhancement is usually marked, and signal 
heterogeneity post-contrast is observed fre-
quently because of matrix mineralization and 
prominent fibrocartilaginous elements within 
the tumor.

Imaging studies have an important role in 
defining diagnosis and planning the surgical 
approach. Angiographic studies (CTA, MRA, or 
conventional) are important whenever vascular 
compromise is suspected. The presence of arte-
rial displacement or encasement must be 
assessed before surgery, so the dissection and 
debulking of the tumor can proceed safely. 
Arterial narrowing is highly suggestive of adven-
titia invasion, which hinders a total resection 
when the encased artery cannot be sacrificed. 
Despite not being routinely performed for skull 
base bone lesions, conventional angiography 
studies may help to define whether sacrifice of 
an encased artery is possible or not by defining 
the patient’s tolerance and collateral flow on bal-
loon test occlusion.

The location and extension of the skull base 
lesion determines the pattern of CN displacement 
and involvement, hence the surgical corridors 
available for tumor resection. New MRI technol-
ogies (fast imaging with steady-state precession 
and fast imaging using steady-state acquisition) 
now permit clear identification of the CN and its 
relationship to the skull base lesion, instead of 

simply assuming it based on the extension and 
position of the tumor [14].

�Approach Selection
The main approaches to the skull base are 
divided into anterior (transbasal, transsphe-
noidal, transoral, and EEA), anterolateral 
(pterional and orbitozygomatic), lateral (sub-
temporal and anterior petrosal), and postero-
lateral approaches (posterior petrosal, 
suboccipital retrosigmoid, and transcondylar). 
In the past decades, the microsurgical anterior 
approaches were gradually replaced by the 
expanded EEA.

Because of the midline origin of the skull 
base chordomas, the endoscopic endonasal 
transclival approach is frequently the first and 
best option when defining the surgical route. As 
a general rule, a second approach should always 
be considered in chordomas with lateral exten-
sion. Exceptions for not choosing the EEA as 
the first surgical route are inability to resolve 
the patient’s main neurologic signs and symp-
toms through the EEA, need for cranio-cervical 
junction stabilization/fusion, and impossibility 
to adequately reconstruct the resulting skull 
base defect.

Chondrosarcomas tend to have a paramedian 
origin at petroclival synchondrosis, and the 
approach selection is based on tumor extension 
(midline vs. lateral vs. superior) and patient’s 
symptoms. Since the majority of these tumors 
start on the petroclival synchondrosis, there is a 
major advantage on using the EEA route to reach 
these tumors primarily. The midline location of 
the tumor extension further facilitates an 
EEA. The lateral extensions of these tumors are 
followed from a midline to lateral approach 
behind the ICA and frequently can be completely 
resected via EEA (Fig. 6.4).

The first and the best surgical approach for 
chondrosarcomas is the one that will provide 
maximal tumor resection and/or improvement 
of the patient’s symptoms. Most of the time, the 
EEA is the initial and ideal surgical approach 
that may be combined to a lateral or posterolat-
eral approach when lateral residual tumor can-
not be reached.
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The Role of EEA
Endoscopic endonasal approaches provide the 
most direct access to the ventral skull base. 
Chondrosarcomas (usually originated at the 
petroclival region) and chordomas (originated 
at midline clivus) tend to displace neurovascu-
lar elements laterally, superiorly, and posteri-
orly. For that reason we advocate the use of 
EEA as the initial surgical corridor. In a single 
procedure, EEA allows access to multiple 
skull base compartments avoiding extensive 
retraction of neurovascular structures. It also 
allows extensive drilling of the clivus, sphe-
noid bone, and petrous portions of the tempo-
ral bone, which are frequently invaded by 
tumor.

For lesions located in the upper petroclival 
region, cavernous sinus, and middle cranial fossa, 
the transsphenoidal approach with removal of the 
sphenoid and temporal bony encasement is indi-
cated. Tumors extending in the middle third of 
the clivus can be approached through a transs-
phenoidal approach associated to clivectomy and 
petrosectomy. Lesions in the lower clivus and 
infratemporal fossa extension require a transpter-
ygoid approach.

Depending on the location of the tumor, some 
other following steps may be necessary. Tumors 
located inferior to the petrous apex may require 
removal or mobilization of the Eustachian tube 
(Fig. 6.4). Removing the pterygoid processes and 
adjacent musculature can provide access to the 
infratemporal fossa. In order to gain access to the 
anterior portion of Meckel’s cave and medial 
middle cranial fossa, the lateral sphenoid recess 
must be accessed [15].

Chondrosarcomas and chordomas are often 
soft; however, it sometimes can be hard and very 
calcified. Usually, extensive bone removal to 
expose the whole tumor is done before soft 
tumor resection. Lateralization of the ICA allows 
the removal of the paramedian tumor located on 
the petroclival synchondrosis. Dissection within 
the cavernous sinus, jugular foramen, infratem-
poral fossa, and high cervical region is per-
formed using stimulating dissectors to prevent 
cranial nerve injuries.

�Intradural Posterior Fossa Tumors

�Meningiomas

The role of the expanded EEA in the manage-
ment of ventral posterior fossa meningiomas is 
still restricted due to limited surgical indications 
in selected cases [16]. However, when surgery is 
well indicated, the surgeon may benefit from the 
advantages of EEA such as direct access to ven-
tral skull base pathologies avoiding brain and 
brainstem retraction, near-field magnification, 
better surgical field illumination, and minimal 
manipulation of neurovascular structures [1–5].

Nevertheless, unlike the EEA to sellar pathol-
ogy, there is a relative paucity of literature regard-
ing endoscopic management of posterior fossa 
meningiomas. The probable reason is the combi-
nation of limiting factors including rarity of the 
pathology and the indication of approaching it 
through an EEA, technical challenges in tumor 
resection and skull base reconstruction, expertise 
of the surgical team, and available resources [16].

The current literature involving the endo-
scopic management of posterior fossa meningio-
mas consists in the collective experience of an 
approach rather than experience with the particu-
lar type of tumor [16–25].

Ventral posterior fossa meningiomas are chal-
lenging lesions to manage independently of the 
selected surgical approach and are unique tumors 
in the type of pathological displacement of the 
surrounding anatomy. Despite the recent reports 
demonstrating the role of radiation therapy on 
their management, surgical resection continues 
to be the first and best treatment method aiming 
the permanent tumor eradication [26, 27].

The surgical outcomes for petroclival menin-
giomas, regardless of the approach used, have 
greatly improved over the past decades with the 
development of better microsurgical technique, 
intraoperative monitoring, and radiological imag-
ing. Nevertheless, it is still associated with sig-
nificant morbidity specially regarding new cranial 
nerve palsies or persisting/worsening of preexist-
ing palsies that range from 39% to 76% of the 
patients [28–31].
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�Preoperative Radiological Assessment
The evolution of imaging studies improved the 
preoperative information on the pathological 
anatomy of the tumors, enabling surgeons to plan 
the best approach or combination of approaches 
to resect the tumor safely. The radiological pre-
operative investigation for a meningioma should 
always include a computed tomography angiog-
raphy (CTA)  and a magnetic resonance imaging 
(MRI) for bone, vascular, and soft tissue assess-
ment, respectively [32–35].

It is essential to identify the primary base of 
the meningioma and understand the growth pat-
tern of the tumor and displacement of surround-
ing neurovascular structures. It may help predict 
intraoperative difficulties due to pathological 
anatomy, and it is crucial on the approach selec-
tion [36–39].

The T1-weighted with gadolinium-enhanced 
contrast imaging is the best MRI sequence to 
define the dural attachment site (“dural tail”) of 
the meningioma. Although MRI provides supe-
rior soft tissue assessment, the CT scan with bone 
window remains the tool of choice for identifying 
calcification, hyperostosis, and osseous anatomy. 
Frequently, a hyperostotic bone is found at the 
primary base of the tumor. Additionally, the CT 
scan bone assessment provides a better idea of 
the surgical corridor available and allows plan-
ning of the extent of bone removal necessary for 
tumor resection [16].

The vascular relationships to the petroclival 
meningiomas may be evaluated through angio-
graphic studies (CTA, MRA, or conventional 
angiography). The presence of arterial encase-
ment must be assessed before surgery so the 
internal debulking of the tumor can proceed 
safely. The arterial narrowing is highly sugges-
tive of adventitia invasion, which hinders a total 
resection when the encased artery cannot be sac-
rificed. The conventional angiography may also 
help to define whether sacrifice of the encased 
artery is possible by defining collateral flow and 
the patient’s tolerance to balloon occlusion test.

The cranial nerve positioning is crucial to 
define the limit of the surgical corridors avail-
able for tumor resection. As mentioned previ-
ously, the primary base of the meningioma 

determines the pattern of cranial nerve displace-
ment. The evolution of MRI (steady-state free 
precession imaging and diffusion tension imag-
ing improvements) permitted clear identification 
of the cranial nerves, instead of assuming its 
position based on the origin of the tumor [40, 
41]. With a better understanding of the cranial 
nerve positioning in relation to the tumor, one 
can define if an EEA, a craniotomy, or a combi-
nation of both is the best approach. In general, it 
is the position of the VI cranial nerve and the XII 
cranial nerves that will determine if the ideal 
approach is anteromedial (EEA) or posterolat-
eral (eg, petrosectomy, far lateral).

Once the choice of an EEA is made, the pre-
operative radiological assessment of the naso-
sinusal region is imperative. A CT scan with fine 
imaging cuts provides information on the patient 
anatomy such as nasal septum deviations, integ-
rity and degree of aeration of the paranasal 
sinuses (particularly the sphenoid sinus), loca-
tion and presence of intersinus septa, presence 
of an Onodi cell, presence and extent of bone 
erosions, dehiscence or hyperostosis of the skull 
base, position of the internal carotid arteries, 
and thickness and incline of the clivus (basal 
angle) [16].

�Pathological Anatomy

Petroclival Meningiomas
The petroclival meningiomas have its primary 
base at the petroclival fissure and have a particu-
lar displacement pattern of surrounding struc-
tures. They tend to dislocate the cranial nerves V, 
VII, VIII, IX, X, and XI posteriorly. The cranial 
nerve VI most times it is displaced medially, 
however a careful analysis of MRI is necessary to 
confirm that. The brainstem is medially and pos-
teriorly dislocated. 

The main advantage of approaching these 
tumors through an anterior route is the posterior 
displacement of the majority of the cranial 
nerves. However, the medial displacement of CN 
VI may pose a significant surgical difficulty, and 
its injury risk must be weighted in the case selec-
tion. Situations where the tumor is more superi-
orly positioned (e.g., lateral dorsum sellae 
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origin), CN VI is pushed inferiorly allowing an 
EEA to be performed. Similarly, when the tumor 
has a more inferior origin, as it occurs when cen-
tered on the tuberculum jugulare, the CN VI may 
be pushed superiorly allowing an EEA to be per-
formed safely as well.

There are situations that CN VI is simply trav-
eling through the tumor and a combination of 
approaches may be the more adequate solution. 
The midline component of these tumors is prone 
for an EEA resection, whereas the lateral compo-
nent can be accessed by a retrosigmoid, presig-
moid, or anterior petrosectomy approach.

Nevertheless, petroclival meningiomas are 
unlikely to be completely removed through an 
endoscopic transclival approach due to its para-
median origin. The exception is for the rare ret-
roclival tumors, where the entire tumor is medial 
to the CN VI as explained below. In general, pet-
roclival meningiomas should be considered in 
combination with a posterior or lateral surgical 
routes or when the surgical goal is brainstem 
decompression.

Clival Meningiomas
Clival meningiomas have their primary base at the 
midline. They tend to displace CN V laterally and 
superiorly; CN VI laterally and posteriorly; CNs 
VII, VIII, IX, X, and XI posteriorly; CN XII pos-
teriorly and inferiorly; and the brainstem posteri-
orly. The primary base and pattern of displacement 
make clival meningiomas ideal for the EEA.

Foramen Magnum Meningiomas
The foramen magnum meningiomas may be cra-
nial or spinocranial lesions. The spinocranial 
meningiomas have its origin below the foramen 
magnum and thereby displace the cranial nerves 
and the vertebral arteries to the superior pole of the 
tumor. On the other hand, the cranial lesions may 
have its origin anywhere at the foramen magnum 
with different patterns of structure dislocation.

Tumors with primary base at the poster border 
of the foramen magnum are easily accessed 
through a posterior surgical route. If the origin is at 
the lateral border of the foramen magnum, between 
the jugular and hypoglossal foramina, CN XII will 
be found medial and CNs IX, X, and XI laterally. 

These tumors are also better approached through a 
posterior or lateral surgical route.

The anterior cranial lesions originating at the 
anterior border of the foramen magnum are suited 
for the EEA (Fig. 6.3). Its origin is medial to the 
hypoglossal and jugular foramen, so the displace-
ments pattern of all the cranial nerves is posteri-
orly and laterally. However, the cervical extension 
of these tumors may pose a limitation for the 
EEA because of the cranio-cervical instability 
associated with the removal of anterior arch of 
C1, C2 odontoid process, and its ligamentous 
complex. Therefore, a posterior approach is usu-
ally the choice for a single- or first-stage surgery 
for ventral foramen magnum meningiomas that 
extend inferiorly to C1 and C2 levels.

�EEA Indications in Posterior Fossa 
Meningiomas
The general surgical indications for any posterior 
fossa meningiomas are symptomatic lesions, 
asymptomatic large volume lesion, and tumor 
growth on radiological follow-up.

The tumors with major portion of its dural 
base located at the midline of the clival region are 
the ones favorable for resection through an 
expanded EEA.

Contraindications for EEA in petroclival and 
clival meningiomas include patient comorbidities 
precluding those from prolonged general anes-
thesia, major dural attachment located laterally, 
vascular encasement, unfavorable anatomy for 
transsphenoidal surgery, and lack of specialized 
equipment/instruments.

�Advantages and Limitations
The main advantages of approaching the ventral 
posterior fossa through an endoscopic transclival 
approach include the ability to avoid any cerebral 
retraction and decrease the incidence of injury to 
the cranial nerves. It enables the tumor resection 
without crossing the cranial nerves [4, 13, 42, 43].

In addition, the approach utilizes a natural 
corridor providing direct and relatively quick 
access to the tumor. The early access to the 
meningioma vascular supply (cranial base dura) 
can greatly reduce intraoperative blood loss and 
facilitate removal. Further advantages of this 
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approach include removal of involved bone and 
dura as a part of the approach, which allows a 
Simpson Grade I resection. The surgeons must be 
very careful when indicating an EEA for a petro-
clival meningioma as the cranial nerve VI may be 
pushed medially blocking the safe access. The 
cases where CN VI is pushed inferiorly (dorsum 
sellae meningiomas) or superiorly (tuberculum 
jugulare meningioma) are potential good indica-
tions for EEA. For the situations where the CN 
VI is inside the tumor, we believe that a combina-
tion of approaches is more appropriate for safe 
management of the tumor. We usually start with 
the approach that will give us access to most of 
the base of the tumor in order to provide better 
devascularization. In these cases a retrosigmoid 
approach would be indicated if most of the tumor 
is based on the petrous surface and a second-
stage EEA would address the medial component. 
On the other hand, a tumor with a wide clival 
base would be approached with an EEA tran-
sclival approach primarily followed by a retrosi-
gmoid, far lateral, presigmoid, or anterior 
petrosectomy to complement the resection 
depending on the position of the residual tumor.

Although endoscopes do not allow a three-
dimensional perspective, they do provide a close 
and wide view of the operative field from differ-
ent angles. However, endoscopes only allow for a 
narrow operative field, which is surrounded by 
critical neurovascular structures making the risks 
of major intradural bleeding, CSF leakage, and 
neural damage still possible [20].

The main disadvantages of EEA are related to 
the resection of lateral extension of tumors and the 
reconstruction of large dural and bone defects of 
the posterior fossa, being CSF leak rates quite high 
(ranging between 4% and 33.3%) [18, 42, 44].

The expanded EEA, in its current form, is not 
a substitute of the posterior skull base approaches 
in the treatment of ventral posterior fossa menin-
giomas. It is a safe alternative for the rare cases of 
meningiomas with most part of its dural base at 
the midline clival region, and it may be used as 
solely or combination of other approaches. Thus, 
appropriate case selection may optimize the 
advantages of the approach and reduce morbidity 
of this complex pathology.

�Skull Base Reconstruction

Skull base defects can be divided into extradural 
and intradural. Intradural defects are further sub-
divided into low- or high-flow leaks. A high-flow 
CSF leak is defined by the communication of 
multiple subarachnoid cisterns or a ventricle with 
the dural defect. Extradural defects are defined 
by the resection of the skull base bone with an 
intact dura and, therefore, no CSF leak. 
Reconstruction following resection of ventral 
posterior fossa lesions is particularly challenging 
due to the lack of gravity effect given the vertical 
position of the brainstem, which limits the sup-
port available for the reconstruction provided by 
the weight of the brain and supporting bony 
structures to stabilize inlay grafts, in addition to 
the associated large dural defects with the risk for 
high-flow CSF leaks [45].

Regardless of the approach, the goals of 
reconstruction of skull base defects are the same 
and include:

•	 Water and airtight closure to prevent CSF 
leak, pneumocephalus, meningitis, and other 
intracranial infections.

•	 Complete separation of the cranial cavity and 
the brain from the sinonasal tract.

•	 Protection of the brain, cranial nerves, and 
intracranial vessels from desiccation and 
infection.

•	 Accelerate the healing process especially if 
the patient is scheduled to undergo postopera-
tive external beam irradiation.

•	 Preservation and rehabilitation of function.
•	 Preservation or restoration of cosmesis.
•	 Avoidance of dead spaces that may contribute 

to hematomas and infection.

Critical factors to be considered when recon-
structing defects following the resection of skull 
base lesions are the size and location of the bony 
and dural defect, high- versus low-flow CSF 
leaks, prior radiation therapy or scheduled post-
operative radiotherapy, previous sinonasal or 
skull base surgery, extent of invasion of sinonasal 
structures, morbid obesity and obstructive sleep 
apnea (requiring CPAP), and possibility of 
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increased CSF pressure as suggested by imaging 
findings (e.g., dilated ventricles, empty sella, 
dilated optic nerves). Finally, the route for tumor 
resection should be adequate to reconstruct the 
skull base, thus avoiding the morbidity of a sec-
ond approach.

The authors favor reconstruction of skull base 
defects using pedicled vascular flaps, multilayer 
reconstruction techniques, and the aforemen-
tioned principles, especially for central skull base 
defects. However, multiple options are available 
to reconstruct the skull base bone and dura and 
can be divided in free grafts, synthetic/heterolo-
gous materials, and vascularized flaps.

Free autografts imply the harvesting of tissue 
from a donor site that is then transferred and 
implanted in a recipient site. They lack their own 
vascularization as there is no attachment to the 
donor site; therefore, they require a well-
vascularized recipient bed to optimize the take of 
the graft. Commonly used free autografts include 
the following: free mucoperiosteal/ mucoperi-
chondrial autograft, autologous fascia lata graft, 
free fat autograft, free cartilage autograft, and 
free bone autograft. The synthetic and heterolo-
gous materials most commonly used are collagen 
matrix and acellular dermal matrix processed 
from banked human cadaver skin [45].

There are numerous vascularized flaps that 
can be used to reconstruct the ventral skull base, 
and they are divided into intranasal or local and 
extranasal or regional. The main intranasal flaps 
that are suitable for reconstruction of petroclival 
defects include the nasoseptal flap, the posteri-
orly based lateral nasal wall flap, and the inferior 
turbinate flap. The main extranasal flaps are the 
temporoparietal fascia flap and the pericranial 
flap. Lumbar drain is not used routinely, but may 
be considered in large posterior fossa dural 
defects [45].
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�Introduction

Petroclival (PC) meningiomas are skull base 
lesions with primary dural attachment along the 
PC synchondrosis, typically near the upper two 
thirds of the clivus [1–4]. The origins of these 
lesions are anatomically situated medial to cra-
nial nerves V and VII–XI than posterior petrous 
meningiomas, in which the origin of the tumors 
is located laterally to these nerve complexes. 
Clival meningiomas in the lower third of the cli-
vus are often categorized separately as foramen 
magnum meningiomas, and they are accessed 
via entirely different surgical approaches than 
their PC counterparts and are covered elsewhere 
in this text [1–4]. Although Hallopeau first 
described PC meningioma in 1874 [2], 
Olivecrona and Tonnis [5] described the first 
attempt at surgical resection in 1927. Surgery for 
these tumors was associated with dismal out-
comes and mortality rates exceeding 50% [6, 7] 

until the microneurosurgical era [8]. Since the 
original classification of PC meningiomas by 
Castellano and Ruggiero in 1954 [9], multiple 
classification schemes have been proposed for 
these tumors based on anatomical locations, 
tumor extensions, and tumor dimensions. PC 
meningiomas are notorious for having tumor 
extensions along the cavernous sinus (CS) , 
Meckel’s cave, jugular foramen, sella, parasellar 
region, and foramen magnum, making aggres-
sive surgical resection without iatrogenic neuro-
logical deficits technically challenging. The 
interposition of cranial nerves between the sur-
geon and the tumor and the intimate relation of 
the tumor and the brainstem vascular supply 
limit the safe and aggressive resectability.

The management of PC meningiomas has 
undergone paradigm shifts over the past few 
decades from radical resection to more tailored 
surgical decompression that offers deficit-free 
survival. These changes have been enabled by 
the advent of modern microneurosurgical skull 
base techniques, better understanding of the sur-
gical anatomy, and availability of intraoperative 
neurophysiological monitoring and efficacious 
adjuvant therapy option such as stereotactic 
radiosurgery (SRS)  in the armamentarium of 
modern skull base neurosurgeon. This chapter 
reviews the natural history, clinical presentation, 
preoperative evaluation, decision-making, surgi-
cal approaches, role of SRS, and treatment 
outcomes in the era of multimodality manage-
ment of PC meningiomas.
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�Natural History and Clinical 
Presentation

PC meningiomas account for approximately 2% 
of all intracranial meningiomas and 0.15–0.4% of 
all intracranial tumors [2]. They occur predomi-
nantly in middle-aged and older women, with 
three times the incidence as compared with men 
[2]. The natural history of PC meningiomas dem-
onstrates insidious and progressive growth leading 
to neurological decline from cerebellar dysfunc-
tion, cranial neuropathy, and brainstem compres-
sion, leading to death if left untreated [3]. In a 
cohort of patients who were managed conserva-
tively (i.e., no neurosurgical or radiosurgical treat-
ment) and monitored for a minimum of 4 years, up 
to 50% of asymptomatic patients developed cra-
nial nerve (CN) palsy, and 20% of patients with 
preexisting CN palsies developed new CN deficits 
[10]. Even within the same histological tumor 
grade, there was a wide variation in growth rates. 
Overall, the average growth rate was 0.81  mm/
year in diameter or 0.81 cm3/year in volume [10]. 
Havenbergh et  al. [10] also found a statistically 
significant correlation between infratentorial 
growth and moderate/severe functional deteriora-
tion and between tumor growth index and the 
severity of functional deterioration. They also 
observed that brainstem compression/displace-
ment influenced functional outcome, and an 
increase in tumor growth index correlated with 
functional or clinical deterioration. In other words, 
an increase in the tumor growth rate often pre-
cedes neurological decline, thereby highlighting 
the importance of close radiological surveillance 
in patients with smaller asymptomatic lesions.

Petroclival meningiomas often reach sizeable 
dimensions (usually >2–3  cm) before they 
become clinically symptomatic from cranial 
nerve or brainstem compression. These benign 
tumors commonly present with a varied constel-
lation of symptoms, including headache, facial 
numbness, chewing difficulties, dizziness, gait 
disturbances, facial weakness, hearing impair-
ment, and diplopia. If there is further extension of 
the lesion, patients may have visual disturbances, 
ptosis, hormonal imbalance, swallowing difficul-
ties, nasal regurgitation, hoarseness of voice, and 

tongue deviation. Out of this wide range of symp-
tomatology, headache, gait disturbance, and tri-
geminal neuropathy are the most common 
presenting complaints, occurring in approxi-
mately 90% of patients [11].

�Preoperative Assessment 
and Planning

�Radiological Imaging

The radiological imaging of choice for patients 
with PC meningiomas is gadolinium-enhanced 
magnetic resonance imaging (MRI) to assess the 
site, size, and extent of the tumor [1, 2, 4]. Of 
particular importance is to understand where the 
epicenter of tumor is located. If the bulk of the 
tumor is located in the supratentorial compart-
ment, then anterior and anterolateral approaches 
like the transbasal, pterional, orbitozygomatic, 
and transzygomatic subtemporal/pretemporal 
approaches are preferred. For tumors with the 
epicenter lying in the infratentorial compartment, 
lateral and posterolateral approaches such as the 
anterior/posterior/combined transpetrosal and 
retrosigmoid/far lateral approaches are more suit-
able for safe tumor resection [1–4]. In addition, 
T2/FLAIR MRI needs to be carefully examined 
to ascertain whether there is encasement of the 
basilar and internal carotid arteries (ICA) along 
with their major branches and to assess the pres-
ence of brainstem edema, which may be a surro-
gate for tumor invasion into the brainstem pia 
mater [1–4]. Both of these parameters have 
implications for the safety of radical tumor resec-
tion. To assess the bony anatomy and presence of 
any associated bony hyperostosis, thin-slice com-
puted tomography (CT) of head is essential. 
Pneumatization of skull base should also be 
examined before performing any skull base 
approach to preemptively plan the reconstruction 
measures necessary to prevent postoperative 
cerebrospinal fluid (CSF) leak. Statistically, the 
most commonly utilized approach by the senior 
author for removal of petroclival tumors is the 
retrosigmoid approach, used in approximately 
60% of cases (Fig. 7.1) [11, 12].
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The venous drainage system must be carefully 
evaluated before planning any skull base approach 
to the PC region. In particular, the variations in 

drainage patterns of the superficial middle cere-
bral venous and superior petrosal sinus systems 
need to be appropriately assessed using either CT 

Fig. 7.1  Case illustration of removal of petroclival tumor 
via the retrosigmoid approach. (a, b) Coronal T1-weighted 
MRI with gadolinium demonstrating large petrotentorial 
tumor. (c) Axial T1-weighted MRI with gadolinium dem-
onstrating large petroclival tumor with brainstem com-
pression. (d) Surgical incision demonstrated in 
relationship to transverse and sigmoid sinus. (e) Upon 
exposure of the tumor, the VII and VIII nerve complex is 
noted lateral to the tumor. (f) The posterior lip of the IAC 
is drilled to assess the relationship between the tumor 
attachment and the IAC. (g, h) The suprameatal protuber-
ance is drilled to afford exposure to the region of the 
tumor attachment. (i) The trigeminal nerve is noted adja-

cent to the attachment of the tumor. (j) The tumor is deb-
ulked using the ultrasonic aspirator. (k) The capsule of the 
tumor is then dissected free of the cerebellum and brain-
stem. (l) The remaining tumor is removed from the attach-
ment to the petroclival-tentorial junction. (m, n) The 
trochlear nerve is repaired using end-to-end suture tech-
nique. A 9-0 filament suture is used. (o) After tumor 
removal is complete, the dura is closed in a watertight 
fashion. Here, the authors have used autologous fascia as 
a dural substitute. Note that the mastoid air cells have 
been occluded with bone wax. (p, q) Axial FLAIR image 
(p) and T1-weighted image with gadolinium (q) demon-
strating complete removal of the tumor
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or MR venography [13]. This is especially rele-
vant for transpetrosal approaches in dominant 
hemispheres [13]. Apart from the venous anat-
omy, the arterial supply and its relation to the 
tumor can be assessed using MR angiography. If 
the cavernous segment of carotid artery is encased 
by the cavernous sinus extension of the PC menin-
gioma, a digital subtraction angiogram may be 
warranted to assess the cross-flow from the con-
tralateral circulation and ipsilateral posterior cir-
culation. This can be performed using balloon 
occlusion test or carotid compression test [11]. 
Similarly, the dominance and cross-flow of blood 
across the posterior circulation need to be assessed 
in tumors encasing the basilar, posterior cerebral, 
and superior cerebral arteries if radical resection 
is planned. Tumor embolization may also be tried 
preoperatively if a particularly large arterial 
feeder is identified on angiogram, although in 
most cases, there are multiple small-caliber feed-
ers (tumor blush), which cannot be embolized. 
The senior author rarely utilizes preoperative 
embolization for meningiomas in this location, as 
the primary supply often arises from internal 
carotid artery branches and the risk-benefit ratio is 
not in favor of embolization.

�Preoperative Hearing Status

Hearing status is one of the primary factors to 
consider when choosing the appropriate skull 
base approach for PC meningiomas. Assessment 
via pure tone audiogram and speech discrimina-
tion score helps classify the hearing as service-
able or nonserviceable. Serviceable hearing 
(<50 dB hearing loss or >50% speech discrimina-
tion score) corresponds to American Academy of 
Otolaryngology – Head and Neck Surgery class 
A/B and Gardner-Robertson class I/II and war-
rants choosing a skull base approach that pre-
serves hearing [1, 3, 4]. It is especially relevant 
for transpetrosal approaches, which put the ves-
tibulocochlear apparatus and cochlear nerve at 
risk of iatrogenic injury. The anterior transpetro-
sal approach carries a lower risk of hearing dete-
rioration than the posterior transpetrosal 
approaches. Among the various posterior trans-

petrosal approaches, the retrolabyrinthine and 
transcrusal approaches may enable hearing pres-
ervation in contrast to the more extensive trans-
labyrinthine, transotic, and transcochlear 
approaches [1, 3, 4].

�Preparation for Cerebral 
Revascularization

It is vital to anticipate and prepare for a cerebral 
revascularization procedure in PC meningioma 
surgery where the intent of surgery is radical 
resection, especially in younger patients with 
recurrent and more aggressive tumors (WHO 
grade II/III) with a poor cerebrovascular reserve 
[14, 15]. In general, the approach to these 
tumors is subtotal with adjuvant radiation ther-
apy if the cavernous cranial nerves are function-
ally intact. However, at recurrence following 
radiation therapy in the central skull base, 
aggressive surgical resection is considered. The 
common indications for a high-flow or high-
capacitance extracranial-to-intracranial bypass 
include (1) acute vascular injury during the sur-
gical procedure along with preoperative evi-
dence of intolerance to sacrifice; (2) the desire 
to preserve cerebrovascular reserve in a young 
patient with long life expectancy; (3) the inva-
sion of tumor into major intracranial arteries 
requiring sacrifice of the pivotal vessel to 
achieve radical resection, especially for malig-
nant or aggressive tumors; (4) poor preoperative 
vascular reserve with symptoms of preoperative 
ischemia; and (5) high risk of intraoperative 
vessel injury due to tumor encasement or inva-
sion, especially in cases with prior radiation or 
surgical treatments [14, 15]. Although the pri-
mary assessment tool for cerebrovascular 
reserve is the balloon occlusion test, the false-
negative rate means up to 8% of patients can 
still be missed [14, 15]. Given this risk, the 
senior author prefers to augment cerebrovascu-
lar reserve via a revascularization procedure in 
younger patients with longer life expectancy 
after radical surgical resection. The risk of sur-
gical complications in this subset of patients is 
relatively low (<5%).
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�The Role of Intraoperative 
Electrophysiological 
Neuromonitoring and Safe 
Anesthetic Techniques

The intricate relation of PC meningiomas with 
multiple cranial nerves and brainstem puts these 
vital neural structures at risk during surgical 
resection. Recently, strong evidence has emerged 
supporting the use of intraoperative electrophysi-
ological monitoring for safe surgical resection 
and optimal functional outcome [16]. The senior 
author has made it a practice to utilize at least 
motor evoked potentials, somatosensory evoked 
potentials, brainstem auditory evoked response, 
and facial nerve monitoring in all cases of PC 
meningioma resection. Lower cranial nerve mon-
itoring to assess the vagus, spinal accessory, and 
hypoglossal nerves is also employed when indi-
cated. Finally, electroencephalography is used to 
assess the depth of anesthesia in cases where 
burst suppression is indicated while performing 
cerebral revascularization procedures. Carefully 
titrated and judicious use of safe anesthetic 
agents and muscle relaxants is essential to opti-
mize the interpretation of electrophysiological 
monitoring and keep the intracranial pressure 
within a desirable range. Baseline potentials 
should always be obtained before and after 
patient positioning to assess the baseline neuro-
logical deficits and any iatrogenic deficits arising 
from patient positioning, which can be rectified 
appropriately [11].

�Decision-Making and Treatment 
Strategies

The primary factors influencing the decision-
making process in choosing an appropriate treat-
ment strategy for patients with PC meningioma 
include age of the patient, functional status of the 
patient, whether the patient is symptomatic or 
asymptomatic, baseline hearing status, and radio-
logical parameters such as tumor size, pattern of 
tumor extension and its epicenter, cavernous sinus 
involvement, and tumor-brainstem interface. 
Treatment strategies include the options of conser-

vative management with close radiological sur-
veillance, SRS, and surgical resection [1, 3, 4]. 
Because studies assessing the natural history of 
PC meningiomas [3] have demonstrated progres-
sive increment in tumor dimensions leading to 
neurological decline and death if left untreated, 
watchful waiting is usually not employed as the 
first line of treatment in most cases if the lesion is 
symptomatic. Middle-aged or elderly asymptom-
atic patients with multiple comorbidities who have 
been incidentally diagnosed with small PC lesions 
suggestive of a benign meningioma may be an 
appropriate exception. In such cases, first follow-
up imaging is done at 3–4 months to rule out an 
aggressive variant of tumor, which may warrant 
surgical exploration. If there is no significant inter-
val change in tumor dimensions at the first follow-
up, serial scans can be safely deferred to once a 
year. Objective decision-making can also be aided 
by calculation of the tumor growth index. These 
patients are generally advised to avoid hormonal 
replacement therapy, which may potentially accel-
erate the growth rate of these tumors and cause 
early onset of neurological symptoms.

SRS has emerged as an invaluable alternative/
adjunct to surgical resection for these tumors [17, 
18]. Although long-term data supporting its effi-
cacy and safety are limited, its short-term results 
are reassuring. Many neurosurgeons across the 
globe have switched from aggressive radical 
tumor resection to more tailored safe tumor 
decompression and use of SRS as adjuvant ther-
apy for better functional outcome. SRS can be 
used as primary therapy for small, minimally 
symptomatic, PC lesions suggestive of meningi-
oma with primary involvement of cavernous sinus, 
especially in elderly patients with multiple comor-
bidities and limited life expectancy [17, 18]. SRS 
is more often employed as adjunct/adjuvant ther-
apy in the modern microneurosurgical era, particu-
larly for residual tumors along the cavernous sinus 
for patients with any age group, tumors with 
higher histological grade, and remnant tumors 
showing progressive growth on serial imaging 
[17, 18]. Another school of thought believes that 
small, benign WHO grade I residual tumors can be 
safely monitored using serial imaging because 
many have already been devascularized during 
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bone drilling and dural coagulation, thereby reduc-
ing their growth potential [12, 19]. This strategy is 
especially used in younger patients who have a 
higher risk of long-term radiation toxicity.

Surgical resection has been the standard of 
care for PC meningiomas in the present micro-
neurosurgical era, although the aggressiveness 
of tumor resection has decreased over the past 
two decades in an effort to reduce iatrogenic 
neurological deficits. Surgery is primarily con-
sidered for young, symptomatic patients with 
rapidly growing tumors and no/minimal sys-
temic comorbidities, patients with larger tumors 
causing brainstem compression and multiple 
cranial neuropathies, and cases where the diag-
nosis of benign lesion is in doubt [1, 3, 4]. The 
aim of the surgical intervention is maximal safe 
resection (complete if possible) of tumor with-
out causing undue traction to surrounding neu-
rovascular structures to minimize iatrogenic 
neurological deficits. The goals of surgery 
include establishing the histological diagnosis, 
achieving brainstem and cranial nerves decom-
pression to facilitate improvement in functional 
outcome, and reducing tumor volume to smaller 
dimensions making it compatible to SRS adju-
vant therapy (especially tumors extending into 
cavernous sinus). Intraoperative assessment of 
the tumor-brainstem interface is critical, as 
overzealous attempts at radically removing firm 
and adherent tumors stuck to brainstem may 
lead to catastrophic sequelae. Lastly, use of neu-
roendoscopy, neuronavigation, and electrophys-
iological monitoring intraoperatively can 
contribute toward a safe surgery and optimal 
patient outcome [11].

�Surgical Approaches

The basic tenets of skull base surgery include 
optimal patient positioning to help gravity-
assisted retraction; use of intraoperative lumbar 
drain to facilitate brain relaxation for easy access 
to the tumor, moving from one anatomical land-
mark to another to ensure precise surgical expo-
sure and maximal use of the operative corridor; 
early devascularization of the tumor via drilling 

of involved bone and coagulating tumor feeders 
along the involved dura mater; and maintaining 
the arachnoid plane between the tumor and the 
surrounding vital neurovascular structures. The 
rationale for choosing each skull base approach 
optimizes the balance between iatrogenic mor-
bidity due to the approach and the need to limit 
brain retraction for good visualization of neuro-
vascular structures involved. Broadly speaking, 
the surgical approaches to the PC region are 
divided into transfacial and transcranial 
approaches (Fig. 7.2) [11]. Transfacial approaches 
can utilize transoral, transsphenoidal, or trans-
maxillary surgical corridors for accessing the PC 
region. Advances in the realm of neuroendos-
copy, the availability of precise neuronavigation 
systems, and development of better hemostatic 
agents have provided a much-needed boost to 
efforts to resect large PC meningiomas via mini-
mally invasive transfacial approaches. At present, 
however, the data to support long-term safety and 
efficacy for this purpose are lacking.

On the contrary, transcranial approaches have 
stood the test of time for resecting PC meningio-
mas safely. They are further subdivided based on 
the surgical trajectory taken to reach the PC 
region: anterior/anterolateral and lateral/postero-
lateral approaches [1, 3, 4, 11]. The principal 
anterior approach is the transbasal transplanum 
transclival approach, which has traditionally 
been used for extensive and more midline tumors 
such as clival chordoma and craniopharyngioma, 
especially involving anterior and middle cranial 
fossa. Access to the petroclival region is limited 
for tumors involving the inferior half of the clivus 
and extending lateral to the internal acoustic 
meatus. Cavernous sinus and Meckel’s cave 
involvement further limits surgical access via this 
approach. Anterolateral approaches include the 
pterional, orbitozygomatic, and transzygomatic 
subtemporal/pretemporal approaches [1, 3, 4, 
11]. They are primarily utilized for tumors with 
their epicenters/tumor bulk in the supratentorial 
compartment, which are difficult to access via 
lateral/posterolateral approaches. The primary 
disadvantages to these approaches are limited 
access to tumor extending to the contralateral 
side across ventral brainstem, utilization of a 
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long surgical access route to the tumor, and work-
ing in a narrow operative corridor between the 
optic apparatus, oculomotor nerves, and carotid 
vessels. Detailed description of these anterior/
anterolateral approaches is beyond the scope of 
this chapter.

Lateral/posterolateral approaches include the 
transpetrosal and suboccipital approaches [1, 3, 
4, 11]. Transpetrosal approaches are the work-
horse for accessing PC tumors. They include 
anterior, posterior, and combined transpetrosal 
approaches, which are the primary focus of this 
chapter. The primary advantages of transpetrosal 
approaches over anterior/anterolateral approaches 
are wider, shorter, and direct access to the tumor 
and a much better surgical trajectory to access 
tumors extending across the midline along ven-
tral brainstem. Limitations include the higher 
risk for retraction injury to the temporal lobe with 
consequent seizures and dysphasia, facial weak-
ness, hearing loss, cerebrospinal fluid rhinorrhea, 
and iatrogenic injury to sigmoid sinus, transverse 
sinus, and vein of Labbé leading to venous 

infarcts. The decision to use either of these 
approaches is governed by tumor size and extent, 
preoperative hearing status, and surgeon’s prefer-
ence [1, 3, 4, 11]. The retrosigmoid suboccipital 
approach (Fig. 7.1) is yet another option to resect 
lesions in PC region, although it is limited by the 
supratentorial extension of the tumor and contra-
lateral extension across the ventral aspect of 
brainstem. The interposition of facial and 
cochlear cranial nerves between the tumor and 
the surgeon further limits the surgical freedom. 
The retrosigmoid suboccipital approach may also 
be used as a second-stage procedure after an 
anterior transpetrosal approach to resect the 
residual tumor lateral to the internal acoustic 
meatus and along the ventral brainstem. By 
choosing this surgical strategy, many neurosur-
geons have been able to reduce the rate of iatro-
genic complications arising from much more 
extensive combined (anterior and posterior) 
transpetrosal approaches (see below). Far/
extreme lateral approaches can also be combined 
with retrosigmoid suboccipital approaches for 

Fig. 7.2  Illustration demonstrating various transfacial and transcranial skull base approaches to the clivus and petro-
clival regions (Reproduced with permission from Liu and Couldwell [32])
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tumors extending along lower third of the clivus 
and contralaterally along the ventral brainstem to 
optimize the surgical trajectory with limited 
brainstem traction [1, 3, 4, 11]. In addition, 
suprameatal extension of the conventional retro-
sigmoid suboccipital approach enhances the sur-
gical access to Meckel’s cave, an area commonly 
involved by these tumors (Fig. 7.1). The suboc-
cipital approaches are described in depth else-
where [1, 3, 4, 11].

�Transpetrosal Approaches

�Anterior Transpetrosal (Kawase’s) 
Approach

�Indications and Limitations
Small- to moderate-sized PC tumors centered on 
the petrous apex, which have a smaller supraten-
torial component and a larger infratentorial com-
ponent, are good candidates for the anterior 
petrosal (Kawase) approach. It is an extremely 
handy approach that can be utilized for a large 
proportion of PC meningiomas. It has the advan-
tage of providing direct access along the long 
axis of the tumor, offers the ability to devascu-
larize the tumor first by drilling the involved 
bone extradurally and coagulating the dura mater 
feeders to the tumor, and carries lower risk of 
iatrogenic injury to vestibulocochlear apparatus 
and facial nerve. However, tumors extending lat-
eral to internal acoustic canal (IAC) and inferior 
to the lower third of the clivus are difficult to 
access adequately using just this approach, 
which often needs to be combined with a poste-
rior transpetrosal approach. There is also a risk 
of venous embarrassment of the temporal-pari-
etal region with elevation of the middle fossa 
dura during dissection.

�Surgical Technique and Nuances
Use of an intraoperative lumbar drain may be 
beneficial to prevent retraction injury to the tem-
poral lobe. The patient is positioned supine in a 
comfortable beach chair position, with the head 
turned to contralateral side with slight extension 
so that the superior sagittal sinus is approxi-

mately parallel to the floor. This may be altered 
if a frontotemporal craniotomy is used, where 
the head is turned about 45° from midline. The 
pressure points are padded to prevent pressure 
sores and compression neuropathy. Intraoperative 
electrophysiological monitoring is useful in rul-
ing out any positioning-related neurological def-
icits, which are reversible if identified early. 
Once the patient is positioned, the incision is 
marked in a small reverse question mark shape 
(based on the anterior division of superficial 
temporal artery and supratrochlear artery) or 
with a quadrangular flap (based on the posterior 
division of superficial temporal artery and poste-
rior auricular artery) along the temporal area. 
The craniotomy is centered on the external audi-
tory meatus and the root of the zygoma, flush 
with the skull base. Any opened air cells along 
the root of the zygoma and mastoid region are 
evaluated and filled with wax during bony expo-
sure. Via an extradural approach, the two layers 
of the lateral cavernous sinus wall are separated 
so that the gasserian ganglion and inferior aspect 
of V3 are exposed adequately [20]. Next, the 
middle meningeal artery is identified ~2 cm infe-
rior to the root of the zygoma, where it is coagu-
lated and divided where it enters the foramen 
spinosum, just lateral and posterior to the fora-
men ovale. The greater superficial petrosal nerve 
(GSPN) is identified running posterior to the 
middle meningeal artery and is dissected free off 
the dura from a posterior-to-anterior trajectory to 
avoid traction and injury to the geniculate gan-
glion. The arcuate eminence is the next structure 
to be identified; it represents the upward projec-
tion of the superior semicircular canal (SCC). 
Once the boundaries of Kawase’s triangle are 
identified—anteriorly the V3 nerve, laterally the 
GSPN, posteriorly the IAC, and medially 
Meckel’s cave—the drilling can be safely per-
formed to expose the posterior fossa dura mater. 
Dura is opened parallel to the base of the tempo-
ral lobe, followed by ligation of the superior 
petrosal sinus (SPS) proximal to the drainage of 
vein of Labbé. The tentorium is incised posterior 
to the entry of the trochlear nerve in its free mar-
gin to combine the supra- and infratentorial 
access [20].
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�Complications and Their Avoidance
Morbidity arising from this approach includes 
hearing loss, facial weakness, decreased tearing, 
CSF leak, and temporal lobe injury leading to 
seizures and dysphasia. The bony labyrinth sur-
rounding the SCC and the cochlea can be identi-
fied by their distinct color and thickness of the 
bone, which facilitates avoiding these structures. 
The petrous segment of the ICA is also at risk of 
exposure and damage along the anterolateral 
aspect of Kawase’s triangle. The GSPN is an 
accurate landmark for the underlying petrous 
ICA, and careful attention to its course can help 
prevent ICA injury. The use of neuronavigation 
can further reduce the risk of iatrogenic injury to 
bony and vascular structures. To prevent 
decreased tearing and to maintain the integrity of 
the GSPN, it is dissected off the periosteum 
invested over it in a posterior to anterior direction 
to prevent traction avulsion of the nerve from the 
geniculate ganglion and also indirect facial pare-
sis that may ensue. CSF leaks can be avoided by 
meticulous waxing of exposed air cells. Use of 
appropriate autologous grafts (fat/pericranium/
muscle) or dural substitutes ensures optimal 
reconstruction of the dural defect along the skull 
base. SPS ligation distal to the drainage of the 
vein of Labbé can lead to disastrous sequelae, 
especially in the dominant lobes. To understand 
the venous drainage pattern, careful assessment 
of the preoperative CT/MR venogram is essen-
tial. The use of lumbar drainage and intermittent 
use of retraction can help prevent this 
complication.

�Posterior Transpetrosal Approach

�Indications and Limitations
The ideal candidates for posterior transpetrosal 
approach are patients with large PC tumors with 
their epicenter in the infratentorial compartment, 
extending across the midline as well as lateral to 
the IAC and inferiorly along the lower third of the 
clivus. Depending on the preoperative hearing sta-
tus of the patient and the extent of the ventral brain-
stem exposure required, there is a choice of various 
modifications of the posterior transpetrosal 

approach: retrolabyrinthine, transcrusal, translaby-
rinthine, and transcochlear approaches [21]. The 
advantages of these approaches include direct, 
short, and wide access to the PC region with ade-
quate surgical freedom to access tumors extending 
across midline along ventral brainstem and lateral 
to IAC. These approaches demonstrate beautifully 
the principle of removing bone to avoid retracting 
the brain for visualization. Tumor vascularity is 
reduced by the approach, as all vascular supply 
emanating through the bone is removed with the 
approach. They are limited by the ability to visual-
ize and resect the supratentorial component of the 
tumor, which may warrant a combined approach 
with anterior transpetrosal approach. Given the fact 
that these are essentially presigmoid approaches, 
dominance of the ipsilateral sigmoid sinus may 
limit the surgical view and easy maneuverability. 
Therefore, careful assessment of venous drainage 
patterns and anatomy is pivotal to ascertain the 
safety and feasibility of these approaches [13].

�Surgical Technique and Nuances
The senior author prefers to perform these proce-
dures with the patient in the lateral approach. 
This reduces neck rotation, and ventilation of the 
patient is unimpeded. Apart from the usual 
patient preparation, the abdomen is also prepared 
to harvest autologous fat graft. The incision is 
typically a C-shaped or curvilinear incision in the 
retroauricular region intended to expose the infe-
rior aspect of the temporal bone, the mastoid pro-
cess, and the suboccipital region. Next, the 
mastoidectomy is performed until the mastoid 
antrum—which lies posterior to the posterior ear 
canal and acts as an internal landmark for the 
vital middle ear structures—is opened. The mas-
toid antrum is also situated deep within the 
Macewen’s triangle and posterior to the spine of 
Henle. Further drilling can be done using neuro-
navigation assistance or with the help of an oto-
rhinolaryngologist to expose the sigmoid sinus 
and deeper otic capsule. The posterior semicircu-
lar canal can be identified deep to the mastoid 
antrum, and the fallopian bony canal of the facial 
nerve can be identified by a short process of incus 
and also by its location at the anterior and inferior 
border of the antrum [21]. Depending on the 
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degree of removal of the vestibulocochlear struc-
tures to gain better access along ventral brain-
stem, the modifications of this approach can be 
retrolabyrinthine, transcrusal, translabyrinthine, 
and transcochlear, although at the cost of pro-
gressively greater hearing loss and facial weak-
ness in the successive approaches [21]. The 
retrolabyrinthine approach preserves the hearing 
by leaving the otic capsule intact. The transcrusal 
approach has been modified from the classical 
translabyrinthine approach in that it only sacri-
fices the superior and posterior SCCs from their 
ampullae to the common crus. The translabyrin-
thine approach involves the removal of all three 
(superior, posterior, and lateral) SCCs including 
the common crus. With the openings of the SCCs 
and common crus occluded using bone dust and 
wax, the endolymph is contained within the otic 
capsule in the transcrusal approach, which helps 
preserve hearing in many instances; on the other 
hand, the translabyrinthine approach is almost 
inevitably associated with complete hearing loss 
[21]. The transcrusal approach also provides 
~89% of the clival exposure afforded by the much 
more aggressive transcochlear approaches, which 
include removal of the complete vestibuloco-
chlear apparatus and its otic capsule by drilling 
along the most anterior aspect of the petrous 
bone, ventral to the IAC [22, 23]. The transco-
chlear approaches also require facial nerve trans-
position from its bony canal, which leads to at 
least a transient grade III facial palsy. The poste-
rior fossa dura is then opened to tackle the intra-
dural pathology.

�Complications and Their Avoidance
The morbidities most commonly associated with 
these approaches include hearing loss, vertigo, 
tinnitus, dizziness, facial palsy, CSF leak, and sig-
moid sinus thrombosis. Hearing loss can be pre-
vented by opting for hearing-preserving posterior 
transpetrosal approaches and using intraoperative 
brainstem auditory evoked response monitoring 
in select patients with preoperative serviceable 
hearing status. Careful application of bone dust 
and wax in occluding opened SCCs and common 
crus in the transcrusal approach helps prevent 
inadvertent hearing loss from the loss of endo-

lymph. Taking care to prevent fat graft filling the 
mastoidectomy defect from prolapsing in the 
middle ear cavity will reduce the incidence of 
conductive hearing loss after hearing preservation 
surgery [21]. Vertigo, tinnitus, and dizziness are 
often transient in nature, and the contralateral ves-
tibular apparatus usually spontaneously compen-
sates for the loss of ipsilateral vestibular function 
in a few days. Facial palsy is common with the 
transcochlear approaches but can also arise in 
translabyrinthine approaches while drilling in the 
vicinity of bony facial canal. Therefore, it is 
imperative that the facial nerve is not skeletonized 
if its transposition is not intended, and a thin layer 
of bone must remain to protect the nerve. Use of 
intraoperative facial nerve monitoring and neuro-
navigation may help reduce the risk of iatrogenic 
facial paresis. CSF leak is another common, pre-
ventable complication of transpetrosal approaches. 
Appropriate packing of the dural defect with 
autologous fat graft harvested from the abdomen 
helps to reduce the risk of postoperative CSF 
leak/paradoxical rhinorrhea. Use of a postopera-
tive lumbar drain may further reduce the inci-
dence of postoperative CSF leaks. Intraoperative 
injury to the sigmoid sinus predisposes for the 
risk of sinus thrombosis that can lead to cata-
strophic raised intracranial pressure symptoms 
and cerebellar venous infarct. Therefore, ensuring 
adequate hydration in such cases along with the 
use of antiplatelets/anticoagulants is mandatory, 
especially in cases of dominant sinus injury.

�Combined Transpetrosal Approach

�Indications and Limitations
The combined transpetrosal is the most versatile 
transpetrosal approach available for approaching 
PC meningiomas; it combines the advantages 
offered by both anterior and posterior transpetro-
sal approaches, although it is a much more 
aggressive skull base approach that carries a 
higher risk of iatrogenic complications and a 
greater propensity for longer operative duration, 
increased blood loss, and prolonged anesthesia 
[11]. Radical resection is afforded for almost the 
complete spectrum of PC meningiomas using 
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this single approach, even tumors with significant 
supratentorial extension. This approach provides 
the widest exposure to PC tumors having multi-
compartmental spread and extensions across the 
midline, allowing their safe resection, along with 
good visualization of the tumor brainstem inter-
face. In-depth evaluation of venous drainage pat-
terns and anatomy is again pertinent to plan this 
approach to optimize the patient outcome.

�Surgical Technique and Nuances
The senior surgeon prefers the lateral position 
for a combined petrosal approach. The incision 
is marked in a large quadrangular fashion with 
the anterior limb curving back from 1  cm in 
front of the tragus along superior temporal line 
and the posterior limb extending in the retroau-
ricular region along the hairline, ending approx-
imately 1 cm inferior to the mastoid tip [11, 24]. 
A combined supratentorial (temporal) and 
infratentorial (suboccipital) craniotomy is made 
across the transverse sinus (Fig. 7.3). The senior 
author performs a cosmetic mastoidectomy for 
the approach [25]. The outer table of the mas-
toid is undercut by an oscillating saw or drill to 
allow replacement as a bone flap at closure [24]. 
A complete mastoidectomy is performed next 
by drilling along the mastoid triangle, which is 
bounded anteriorly by the posterior ear canal, 
superiorly by the inferior temporal line, and 
posteriorly by the occipital bone. Next, the 
boundaries of Trautmann’s triangle—the sig-
moid sinus posteriorly, the superior petrosal 
sinus superiorly, and the posterior SCC anteri-
orly—are exposed. Once the appropriate bony 
exposure is completed to achieve the anterior 
petrosectomy and intended posterior petrosec-
tomy, the dura is incised in a curvilinear fashion 
from the subtemporal region to the presigmoid 
region. The superior petrosal sinus is ligated 
and divided proximal to the drainage site of the 
vein of Labbé into the sigmoid transverse sinus 
junction to prevent venous infarct of the tempo-
ral lobe [11, 24]. The tentorium is then divided 
posterior to the entry point of the trochlear nerve 
to complete the exposure. The dural defect can 
be plugged using pericranial graft, myofascial 
flap, and autologous fat graft.

�Complications and Their Avoidance
Apart from the typical set of complications and 
their prevention techniques for anterior and pos-
terior transpetrosal approaches (see above), par-
ticular attention needs to be given to a few aspects 
including a risk of CSF leak and the risk of 
venous infarcts. If a cosmetic mastoidectomy is 
performed, there is no bony defect associated 
with the approach. A vascularized pedicled myo-
fascial flap based on the sternocleidomastoid 
muscle and temporalis fascia is an invaluable 
option to plug the large dural defect created by 
combined petrosectomy approach to reduce the 
incidence of CSF leak [24]. The risk of venous 
infarct can be reduced by dividing the SPS as 
proximal as possible to maintain the petrosal vein 
drainage as well as that of vein of Labbé. Lastly, 
another important modification of the combined 
petrosectomy has been proposed to reduce the 
time of surgery and its associated anesthesia- and 
blood loss-related complications [26]. It includes 
anterior petrosectomy along with the petrous api-
cectomy in place of conventional posterior petro-
sectomy approaches, which helps reduce 
operative time and associated morbidity without 
sacrificing much of the operative exposure.

�Treatment Outcomes 
in the Multimodality 
Management Era

The assessment of postoperative outcome has 
been done conventionally using tools such as 
Karnofsky Performance Status score, Glasgow 
Outcome Scale, and Modified Rankin Scale [24]. 
More recently, Morisako et al. [24] devised a pet-
roclival meningioma impairment scale, which is 
specifically designed for more comprehensive 
assessment of patients with PC meningiomas. 
Gross total resection rates have improved over 
time, and they presently range from 20% to 79% 
[11]. Although new-onset iatrogenic cranial neu-
ropathies or worsening of preexisting nerve defi-
cits has been reported to occur in as many as 76% 
of patients, the majority are transient in nature, 
and long-term data suggest a return to preopera-
tive status with no/minimal limitation of activi-
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Fig. 7.3  The combined petrosal approach, which pro-
vides both infra- and supratentorial access (a). The patient 
is placed in the full lateral position (b), with extensive 
padding (c). After removal of the L-shaped bone flap 
extending in the temporal-occipital region to the suboc-
cipital region, the outline of the cosmetic mastoidectomy 
is planned with cutting through the outer table of bone at 
the perimeter of the mastoid. After the outer table of the 
mastoid is removed, the mastoid resection is performed. 
The amount of bone removal is based on the status of 
hearing and need for basal exposure. The dural incision is 
then planned (d). Opening of the dura is done carefully in 
the region of the transverse-sigmoid junction, and the 
entrance of the vein of Labbé is preserved into this region. 
There is variability (and sometimes multiplicity) of 
venous drainage from the posterior temporal lobe in this 
region, and one must open the dura carefully to under-
stand the individual drainage. The superior petrosal sinus 
is then ligated in a location to ensure the drainage of the 

temporal lobe is not embarrassed. After the superior 
petrosal sinus is ligated, the tentorium is then divided 
along the region of the petrous apex. The trochlear (fourth 
cranial) nerve is located, and the tentorium is cut posteri-
orly to where the nerve enters the tentorial edge. This 
maneuver then enables posterior retraction of the sigmoid 
sinus and cerebellum from the region of the petrous bone 
(e). (f) All cranial nerves are preserved during dissection 
and removal of the tumor. (g) Completion of tumor 
removal. (h–j) Case of large petroclival tumor that was 
removed with a combined petrosal approach. In this case, 
hearing was intact and the mastoidectomy was performed 
to preserve the labyrinth. The closure of the cosmetic 
mastoidectomy demonstrating replacement of the bone 
flap (k), preoperative MRI with gadolinium (l), and fat 
graft on placement on the postoperative CT scan (m) (a–g 
Reproduced with permission from Liu and Couldwell 
[32]; k–m Reproduced with permission from Couldwell 
and Fukushima [25])
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ties of daily living [11]. The trochlear nerve is 
most commonly involved, followed by oculomo-
tor and abducens nerve paresis [11]. Mortality in 
the perioperative period has reduced over the past 
few decades, and it varies from 0% to 7% in 
recently published series [11]. It is primarily due 
to poor neurological outcome secondary to a 
brainstem stroke, which reemphasizes the impor-
tance of preoperative and intraoperative assess-
ment of the tumor-brainstem interface.

Tumor recurrence and progression rates up to 
42% after surgical resection of PC meningiomas 
have been reported [11]. The primary factors con-
tributing to higher risk of tumor recurrence include 
less extensive surgical resection, malignant histol-
ogy, and cavernous sinus involvement. Use of adju-
vant SRS for any residual tumor demonstrating 
progressive growth reduces the potential for tumor 
recurrence to approximately 4.5–22% with length 
of follow-up ranging from 6 to 8 years [12, 27, 28]. 
The studies assessing the role of SRS as a primary 
treatment modality for PC meningiomas have 
reported excellent tumor control rates (~100%), 
with an average follow-up of 3–4  years [28–30]. 
They also demonstrated favorable neurological 
outcome in 96–100% of patients [28, 30], along 
with improvement in cranial nerve function in 
~50% of cases [29]. However, SRS has its own set 
of risks and side effects. Benign skull base menin-
giomas have been demonstrated to exhibit aggres-
sive behavior following treatment failure with 
radiation treatment, especially with unpredictable 
growth pattern and growth rate. Primary radiosur-
gery treatment-resistant tumors are much more dif-
ficult to resect after receiving radiation therapy 
because of increased adhesiveness of the tumor, 
and surgery is often associated with higher compli-
cation rates if complete resection is attempted. 
Residual tumors >8 ml in volume are often associ-
ated with reduced efficacy of SRS treatment, high-
lighting the importance of adequate tumor resection 
as the primary modality for large tumors [17]. 
Because we lack sufficient data on long-term risks 
of SRS, the risk of radiation-induced malignancy 
must be considered. Finally, the limited long-term 
data available on the role of SRS in meningioma 
treatment have demonstrated less optimistic long-
term survival. Rowe et al. [31] found a 53% 15-year 

survival, with 67% of patient mortality caused by 
meningioma after SRS treatment.

Direct comparison of radiation treatment and 
microsurgical resection cannot be aptly performed 
because of the lack of randomized controlled trials 
to assess the difference in treatment outcome and 
complications. In addition, the rarity of petroclival 
meningiomas, the heterogeneity in the clinical 
profile of patients, differential tumor characteris-
tics among various studies, and institutional bias 
toward one modality over the other do not allow 
proper comparison of the two treatment modali-
ties. These comparisons should be judiciously 
applied on a case-by-case basis. It is imperative to 
understand that the treatment modalities are not 
competitive but complementary to each other, and 
together they form an integral part of the arma-
mentarium of the present-day neurosurgeon. The 
development of microneurosurgical skull base 
approaches, a better understanding of the surgical 
anatomy, the availability of newer imaging tech-
niques, optimal electrophysiological monitoring 
and modern neuroanesthesia setups, and the intro-
duction of radiosurgery have led to the modern 
multimodality management. In the current era of 
multimodality treatment aimed at preservation of 
the patient’s functional status and quality of life, 
mortality rates have reduced to ~0% in the most 
recent reports, and a permanent morbidity rate of 
~20% is observed, primarily in the form of cranial 
nerve deficits, which are often well compensated 
by patients in their day-to-day life [4].

�Conclusions

During the inevitable evolution of modern-day 
neurosurgery, the aim for treatment of PC menin-
giomas has gradually shifted from primary 
aggressive resection and long-term survival to 
more selective resection and preservation of 
patient’s quality of life using a multimodality 
approach comprising surgery, radiation treat-
ment, and conservative management with close 
radiological surveillance. Therefore, appropriate 
decision-making is vital in choosing the best pos-
sible treatment strategy tailored to the individual 
patient’s needs.
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�Anatomic Classification

The posterior face of the petrous temporal bone 
forms the lateral boundary of the CPA, while the 
pons and cerebellum form the medial boundary, 
the tentorium the superior boundary, and the 
jugular foramen the inferior boundary. Along the 
medial anterior aspect of the petrous bone runs 
the petro-occipital suture, which defines petro-
clival meningiomas when more than 25% of 
their attachment lies medial to this suture. 
Lateral to this and anterior to the internal audi-
tory canal (IAC) is what can be referred to as the 
“anterior petrous face” meningiomas (APFM) 
(Fig. 8.1a, d). These tumors tend to present clini-
cally with trigeminal symptoms such as numb-
ness or pain (trigeminal neuralgia). Their arterial 
supply comes from non-internal carotid artery 
and non-tentorial artery dural feeders [10].

Tumors of the middle petrous face straddle 
the IAC and usually have a point of origin 
above the internal acoustic meatus and can be 
referred to as “middle petrous face” meningio-
mas (MPFM) (Fig.  8.1b, e). These are the 
tumors that Cushing referred to as “those simu-
lating acoustic tumors,” as they present with 
audiovestibular symptoms such as tinnitus, 
hearing loss, dizziness, and vertigo [9]. The 
hearing loss tends to manifest as decreased 
pure tone audiometry and impaired speech 
audiometry. Interestingly, high-frequency hear-
ing is preserved, in contrast to the high-
frequency sensorineural hearing loss that 
occurs with vestibular schwannoma [2].

Tumors arising from the region from the IAC 
posteriorly to the sigmoid sinus can be referred to 
as “posterior petrous face” meningiomas (PPFM) 
(Fig. 8.1c, f). In the lower 1/3 of the petrous face 
lies the vestibular aperture, an oblique opening in 
the bone for the vestibular aqueduct. The vestibu-
lar aqueduct terminates in a blind sac called the 
endolymphatic sac that lies partially embedded in 
folds of posterior petrous face dura. Even small 
tumors overlying the endolymphatic sac have 
been associated with audiovestibular symptoms 
resembling Meniere’s syndrome. It is likely that 
compromise of the as yet poorly understood func-
tion of the endolymphatic sac gives rise to altera-
tions in the fluid spaces of the inner ear, thus 
potentially giving rise to cochlear and vestibular 
dysfunction [8]. Large tumors of the posterior 
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petrous face are associated with symptoms of 
cerebellar dysfunction, ataxia, or elevated intra-
cranial pressure. Figure 8.1 shows the proposed 
anatomic locations for each of the three petrous 
face locations and the approximate relationships 
to cranial nerves 5 and 7–12. Large tumors that 
span the entire petrous face can be referred to as 
AMPPF meningiomas.

�Surgical Approaches

Most petrous face meningiomas can be exposed and 
resected via a standard retrosigmoid craniotomy. 
Preoperative preparation includes a volumetric 
magnetic resonance (MR) imaging study with 

1.25  mm slices for image guidance during sur-
gery. Since the approach is behind the mid-
coronal plane of the skull, we use scalp-based 
fiducials for registering the image to physical 
space. An MR venogram can be included and is 
used to assess patency and dominance of the 
venous sinuses preoperatively.

The patient is positioned supine with a padded 
1 Liter intravenous fluid bag under the ipsilateral 
shoulder, the head is secured with pins in the head 
holder, and the head is rotated 60° to the opposite 
side and then gently laterally extended down 
toward the floor. Kidney rests are placed along the 
side opposite of the exposure to secure the patient 
during rotation of the body away from the surgeon, 
which is used to obtain optimal lateral and superior 

Fig. 8.1  Diagram of positions of meningiomas in axial and sagittal plane. APFM (a, b), MPFM (b, e). PPFM (c, f) 
(Published with permission)
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views. Intraoperative neuromonitoring of cranial 
nerves 5, 7, 8 (Auditory Brain Responses (ABR)), 
and 11 is established. For larger tumors, somato-
sensory and motor-evoked potentials may also be 
monitored. Tumors with adjacent brainstem 
edema are usually not completely resectable due 
to the obscured pial-tumor interface. We have 
tried to move away from the routine use of a lum-
bar drain. A preoperative lumbar spinal tap for 
drainage of 30 mL of cerebrospinal fluid (CSF) is 
one option for decompression. The image guid-
ance reference arc should be positioned anterior 
to the surgical field. After image registration, the 
position of the transverse-sigmoid sinus junction 
is marked on the scalp. A C-shaped incision is 
marked behind the ear using the top of the pinna 
and mastoid tip as the superior and inferior end 
points. The skin flap is dissected subcutaneously 
and rotated forward over the ear. Then the fascia 
over the mastoid process is incised with electro-
cautery from near the tip superiorly to the base of 
the mastoid process and then posteriorly along 
the superior nuchal line. The posterior aspect of 
the temporalis muscle is dissected subperiosteally 
forward and the suboccipital muscles posteriorly 
and inferiorly. Initially a self-retaining retractor is 
used but after the soft tissue dissection can be 
replaced by scalp hooks so as not to interfere with 
access to the operative field once under the 
microscope.

Once the soft tissue dissection is complete, 
image guidance is used to select burr hole posi-
tioning, and then a small craniotomy or craniec-
tomy is completed exposing the inferior surface 
of the transverse sinus and the posterior surface of 
the sigmoid sinus. The mastoid emissary vein is a 
good landmark to follow toward the sigmoid 
sinus as it is posterior to the sinus. It can be iso-
lated by removing the surrounding bone and can 
be coagulated and cut close to the sigmoid sinus, 
or it can be left in a bony canal up to the back 
edge of the sinus. Care must be taken to not use a 
volume of bone wax so as not to stuff in too much 
wax sufficient to encroach upon the lumen of the 
sigmoid sinus and thus cause thrombosis. In addi-
tion to bone wax, excessive use of any hemostatic 
agent, including liquid ones, can also lead to sinus 
thrombosis, so these should be avoided as well. 

If bleeding is encountered, a simple Gelfoam 
placed over the sinus followed by a cotton patty 
should be sufficient to control bleeding without 
thrombosing the sinus. We typically avoid the 
“extended retrosigmoid approach” advocated by 
others [14] due to our experience with two cases 
of intraoperative sinus thrombosis and cerebellar 
swelling. During the standard retrosigmoid 
approach, opening the dura toward the foramen 
magnum and subsequently opening the cisterna 
magna arachnoid allow for drainage of CSF, cer-
ebellar relaxation, and exposure of the tumor.

There are some nuances for each location, 
which will be covered below based on an experi-
ence of over 115 cases.

�APFM

These tumors reside high and anteriorly in the 
CPA, and we perform suprameatal drilling in 
nearly every case to facilitate exposure of their 
base of attachment. It is our practice to do these 
cases with our neuro-otologists who perform the 
drilling. The removal of this bone is completed 
using a combination of round cutting and dia-
mond burrs. The bone is removed over the mid-
portion internal auditory canal until the dura is 
exposed to delimit the inferior portion of the dis-
section, and the bone is progressively removed 
superiorly. The subarcuate artery is drilled 
through and controlled with bone wax or drilling 
and can be taken without adverse sequelae. 
Posterolaterally, care must be taken to not enter 
the superior semicircular canal. Medially the dis-
section may be continued until the entry of the 
trigeminal nerve or tumor is clearly seen into 
Meckel’s cave. Removal of this bone carries with 
it the advantage of removing a common site of 
the attachment of the meningioma to its dural 
base, which may devascularize the tumor and 
simplify further dissection. We typically preserve 
the superior petrosal vein when possible. The 
fifth nerve is usually displaced superiorly and 
medially to the tumor. Larger tumors have vari-
able extension into Meckel’s cave. While 
ultrasonic aspirators are efficient at tumor deb-
ulking, their size can pose a problem due to the 
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depth of the tumor in the CPA. The CO2 laser is 
small enough to fit easily into the angle and can 
be used to cut pieces of tumor out, debulk the 
central portion of the tumor, and vaporize the 
base of the tumor attachments.

�MPFM

The main challenge in removing MPFMs is their 
relationship to the cranial nerve 7–8 complex and 
the risk of hearing loss or facial weakness. Similar 
to tumors around the optic apparatus, we have 
found it beneficial to debulk the tumor first before 
attempting to dissect the nerves from the surface 
of the tumor. Often there is a tongue of tumor or 
hypervascular tissue that extends into the internal 
auditory canal (IAC). Removal of the bone 270° 
surrounding the IAC with round diamond and 
cutting burrs permits the removal of these tumor 
extensions allowing more complete removal. If 
hearing preservation is a priority, then care should 
be taken to not enter the vestibule laterally. This 
limits the dissection of the lateral most few milli-
meters of the IAC. The preoperative scans should 
also be evaluated for evidence of a high-riding 
jugular bulb which may compromise the bony 
removal over the IAC. All of the drilling of the 
IAC should be completed prior to opening the 
dura of the IAC. If it appears that the meningioma 
extends into the IAC like a carpet, we accept near 
total removal while monitoring evoked potentials 
from the seventh and eighth nerve. It should be 
noted that there is often enhancement that extends 
into the IAC visible on preoperative MRI scans 
that may correspond to hypervascular dura rather 
than frank tumor involvement. Indeed, often 
residual enhancement seen on early post-op scans 
fades over the subsequent 12–18 months, suggest-
ing in these cases that the enhancement was sim-
ply hypervascular tissue and not residual tumor.

�PPFM

Small tumors in this location may be operated 
on when there is a consistent and disabling 

audiovestibular syndrome presumably related to 
the function of the endolymphatic sac. 
Hyperostotic bone should be drilled down in 
this region when encountered. When the tumors 
are very large in this location, a modified far lat-
eral approach can assist with CSF release in the 
upper cervical spine as reported previously by 
Sanai et al. [14].

�Case Examples

Case 1: �APFM

A 73-year-old woman presented after several 
years of left facial numbness and atypical facial 
pain, multiple dental procedures, and root canal 
surgery with no relief. She was evaluated by a 
neurologist who identified trigeminal sensory 
loss. MR imaging revealed a small/medium 
APFM impinging on the fifth nerve root entry 
zone (Fig.  8.2a). A retrosigmoid craniotomy 
was done with neuromonitoring, suprameatal 
drilling, and the use of the CO2 laser to com-
plete a Simpson Grade 2 removal (Fig.  8.2b). 
Her postoperative course was uncomplicated 
with relief of her facial pain syndrome and grad-
ual improvement in facial numbness over the 
next 18 months.

Case 2: �MPFM

A 43-year-old woman presented with reduced hear-
ing, dizziness, and fullness in her right ear. She was 
unable to use the phone with her right ear due to 
reduced auditory perception. She was diagnosed 
with benign positional vertigo, but because of per-
sistent symptoms, she requested an MR scan. The 
study showed a contrast-enhancing mass arising 
above the IAC, spanning the internal acoustic 
meatus with enhancement in the auditory canal 
(Fig. 8.3a). A right retrosigmoid craniotomy with 
superior and posterior meatal drilling with neuro-
monitoring was performed (Fig.  8.4). Gross total 
resection of the CPA mass and the extension into 
the first 5 mm of the IAC was achieved (Fig. 8.3b). 

S.T. Magill et al.
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Postoperative imaging showed residual enhance-
ment of the IAC; however, at 118 months postop-
erative, there was no recurrence (Fig.  8.3d). 
Symptoms resolved and hearing improved so that 
she could again use her phone on the right side.

Case 3: �PPFM: Small-Sized Tumor

A 35-year-old woman presented with a 3-year 
history of episodic dizziness and two episodes of 
true vertigo 2 years apart. There was no tinnitus 
and no change in hearing. MR imaging showed a 
meningioma attached to the dura near the vestib-
ular aperture (Fig. 8.5). A left retrosigmoid crani-

otomy was performed and achieved a Simpson 
Grade 1 resection. The patient had marked 
improvement in audiovestibular symptoms.

Case 4: �PPFM: Large-Sized Tumor

A 52-year-old woman presented with 6 months 
of right-sided suboccipital headache, worse with 
coughing, sneezing, and straining. She com-
plained of dizziness and “walking like a drunk.” 
She was seen by a neurologist who ordered a MR 
brain scan which revealed a 4.5 cm right PPFM 
with mass effect (Fig. 8.6). Surgery was recom-
mended and a right-sided modified far lateral 

Fig. 8.2  Case example 1, APFM. Axial (a) preoperative and (b) postoperative T1 post-contrast MRI of APFM
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suboccipital craniotomy was performed. A right 
C1 laminotomy allowed for opening of the cervi-
cal subarachnoid space below the circular sinus 
with release of CSF, which provided excellent 
relaxation for opening the convexity dura over 
the right cerebellum (Fig. 8.7).

�Discussion

Meningiomas of the CPA are the second most 
common tumor in this location after vestibular 
schwannomas. While Cushing referred to them 

Fig. 8.3  Case example 2, MPFM. (a) Axial preoperative 
MPFM spanning IAC.  The right-hand panel shows the 
tumor invading into the IAC. (b) Postoperative MR show-

ing tumor removal with small residual enhancement deep 
in IAC (left panel)
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collectively as “tumors of the cerebellar cham-
ber,” there are distinct clinical syndromes associ-
ated with location and size. Previously, we 
reported an early experience with 24 patients and 
now have accumulated over 50 such patients [9]. 
The senior author has divided these now into 
three distinct locations with four clinical syn-
dromes, similar to the classification of Peyre 
et al. and the modified Desgeorges and Sterkers 
classification [6, 13]. The trends in presentation 

size and symptomatology by location described 
in this chapter were also seen by Schaller et al. 
[16] Rather than dividing into three regions, they 
simply categorized the CPA meningiomas as pre- 
or retromeatal and found that smaller tumors 
were symptomatic anteriorly, while retromeatal 
tumors tended to grow much larger before caus-
ing symptoms. The importance of the tumor 
origin and dural attachment were emphasized in 
Robertson’s series, where they demonstrated that 

Fig. 8.4  Intraoperative photos from case example 2, small 
MPFM. (a) Intraoperative photo showing residual tumor 
superior and anterior to the IAC that extends into canal 

after drilling of superior and posterior wall of IAC. (b) 
Final result with gross tumor resection
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tumor origin determined the direction of the 
seventh to eighth nerve displacement [18]. They 
used transpetrosal or translabyrinthine 
approaches to reach the tumors anterior to the 
7–8 nerve complex, but we have been able to 
resect these using the retrosigmoid approach 
complemented by intradural drilling of the petro-
sal bone, which facilitates hearing preservation.

Over recent years, the surgical approach of 
choice has shifted from a transpetrosal or trans-
labyrinthine approach to the retrosigmoid 

approach. This has been driven by improved out-
comes and hearing preservation with the retrosig-
moid approach. When Thomas and King reported 
a series of CPA tumors and separated out the 
petrous face meningiomas from the petroclival 
tumors, they also observed the clinical syndromes 
described above [17]. They used a retrosigmoid 
approach for the posterior petrous tumors but 
required the more invasive translabyrinthine or 
transcochlear approach to the midpetrosal tumors. 
They used a middle fossa transtentorial approach 

Fig. 8.5  Small PPFM.  Preoperative axial T1 post-contrast MRI showing the tumor in the region of the vestibular 
aperture
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to the anterior petrous/Meckel’s cave tumors. We 
are able to use the retrosigmoid approach with 
additional petrous drilling to reach all these 
tumors. Overall, they had excellent results with 
most patients returning to full function and 
achieved gross total resection in all 13 cases.

Functional preservation is one of the keys to 
resection, with facial and hearing outcomes 
being the most important for petrous face 
tumors. The greatest experience reported in the 
literature belongs to Majid Samii, who pre-
sented his experience with more than 400 CPA 
meningiomas in two papers [12, 15]. He used a 
sitting suboccipital/retrosigmoid approach in 
95% of cases and achieved Simpson Grade 1 or 
2 resection in 86% of patients. The facial nerve 
was preserved in 89% of cases, and hearing was 
preserved in 91% of cases where the patient had 
functional hearing preoperatively. In tumors 
that invaded the IAC and required drilling of the 
petrosal bone around the internal auditory 
canal, facial nerve function was preserved in 
80% of cases and hearing in 75% of cases. 
Deveze et al. evaluated outcomes in 43 patients 
with CPA meningiomas resected via a transpe-
trosal approach and found lower rates of gross 
total resection (79%), facial nerve preservation 
(73%), and hearing preservation (55%) [7]. 
Given these data, most modern surgeons use the 
retrosigmoid approach when resecting petrous 
face tumors. Baroncini et  al. reported on 115 

Fig. 8.6  Large PPFM. Preoperative axial T1 post-contrast MRI showing a large PPFM that required a modified far 
lateral approach

Fig. 8.7  Decompressed posterior fossa. Intraoperative 
photograph from Case 4, the large PPFM, demonstrating 
a relaxed cerebellum after CSF was released from the 
upper cervical subarachnoid space
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patients with CPA meningiomas that were 
resected with a retrosigmoid approach and 
achieved total removal in 91% of patients with 
facial nerve preservation in 91% of patients and 
hearing preservation in 83% [3]. A recent series 
advocated for subtotal resection followed by 
Gamma Knife radiosurgery for residual or small 
tumors with the goal of preserving facial nerve 
function, and they achieved similar functional 
results to Samii, with only 10% of patients hav-
ing decreased facial function postoperatively 
but had a much lower rate of total resection 
(67%) [5]. Another recent smaller series that 
focused on functional preservation reported a 
low rate of facial deficits (5.9%) and no new 
hearing deficits in 34 patients [1]. Finally, a 
recent large Chinese series of 193 patients with 
CPA meningiomas found that gross total resec-
tion was markedly lower in tumors involving 
the IAC (30%) compared to no IAC involve-
ment (71%) but did not report facial nerve or 
hearing outcomes.

The decision to treat with microsurgery or 
radiotherapy/radiosurgery depends on patient and 
tumor-specific factors. All patients with middle 
and posterior petrous face meningiomas should 
have preoperative audiometry to evaluate hearing. 
Observation with serial imaging is an option for 
asymptomatic small tumors. For tumors <2.5 cm 
in diameter, radiotherapy can be considered as an 
upfront treatment option and has excellent out-
comes with regard to tumor growth arrest and 
preservation of cranial nerve function and avoids 
the morbidity of open surgery [5]. However, for 
larger tumors or symptomatic tumors, surgical 
resection is considered the standard of care and 
can lead to excellent outcomes, even in elderly 
patients [11]. Approach selection is determined 
by surgeon comfort and facility with the different 

approaches; however, most tumors can be resected 
via a retrosigmoid or modified far lateral approach 
as discussed above. The presence of a neuro-otol-
ogist to assist with petrous drilling through the 
retrosigmoid approach has been very useful in 
our hands. Finally, patient preference must be 
taken into consideration, and a mutual decision 
on management should be made by the patient 
and surgeon.

In conclusion, petrous face meningiomas can 
be separated into three categories based on loca-
tion, anterior, middle, and posterior. They present 
with distinct size and symptoms based on loca-
tion. They can be resected via retrosigmoid or 
modified far lateral approaches, and surgical 
resection should be focused on maximal safe 
resection with preservation of facial and hearing 
function. Adjuvant postoperative radiotherapy or 
radiosurgery can be performed for small residu-
als with excellent tumor control (Table 8.1).
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Tentorial Meningiomas

Hiroki Morisako, Takeo Goto, and Kenji Ohata

�Introduction

The surgical treatment of tentorial meningiomas has 
been a challenge for most neurosurgeons over the 
years [1, 2]. Tentorial meningiomas are estimated to 
represent only 2–4% of all intracranial meningiomas 
[1]. Because of the intricate anatomical relationship 
of the tentorium to the surrounding neurovascular 
structures, their location and extension need to be 
precisely delineated before surgery [1].

The morphological features of the downward 
sloping of the tentorium from its apex anteriorly 
to the petrous bones laterally add a complicating 
factor when accessing these meningiomas. More 
recent advances in microsurgical techniques and 
skull base approaches have made access and 
resection of some of these larger and medially 
located tumors less difficult.

Tentorial meningiomas can be divided into 
incisural, falcotentorial, lateral, and posterior 
types according to their sites at the tentorium cer-
ebelli (Fig. 9.1). In this chapter, the features of 
each type of tentorial meningioma are explained, 
with a focus on the surgical perspective.

�Incisural Type

Surgical excision of meningiomas involving the 
tentorial incisura is a significant technical chal-
lenge, mainly due to access, especially for medi-
ally located lesions, as well as their relationship 
to the brain stem, cranial nerves, temporal lobe, 
blood vessels, and venous sinuses.

Meningiomas arising from the tentorial incisura 
grow up around the interpeduncular, crural, and 
ambient cisterns. Since they sometimes encase 
cranial nerves and blood vessels, such as the supe-
rior cerebellar artery or trochlear nerve, resection 
of the tumor requires great care to avoid any 
neurological dysfunction. If the tumor is huge, the 
tumor compresses the brain stem and adheres to it, 
thus making total resection relatively difficult.

�Surgical Planning

Preoperative brain MRI scans and preoperative 
vascular studies (MRA, CTA, or angiogram) 
should be evaluated to identify the location of 
tumor extension, as well as the relationship to the 
brain stem, any encasement of vessels, and involve-
ment of the cavernous sinus. In the case of incisura 
type, the venous system is crucial for planning sur-
gery. Evaluation of the transverse and sigmoid 
sinuses and their connection at the torcular 
Herophili is important for lateral and posterior 
approaches. The venous drainage pattern of the 
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temporal lobe, including the vein of Labbe and 
basal temporal veins and the relationship between 
the superior petrosal sinus and petrosal vein, is also 
important to avoid any venous complications.

Different surgical approaches have been proposed 
for tentorial incisura meningiomas. A retrosigmoid 
approach and an anterior or combined transpetrosal 
approach are most frequently performed.

The retrosigmoid approach is appropriate for 
infratentorial tumor extension or older patients. 
This approach is simple and quickly performed, 
with no risk of temporal retraction. Its disadvan-
tage is limited access to the prepontine region and 
clivus. If it is necessary to gain more access to the 
cerebellopontine angle, careful removal of the 
petrous apex with a high-speed drill is useful. The 
limits of this exposure are defined by the trigemi-
nal nerve medially and the seventh and eighth cra-
nial nerves laterally. If the petrosal vein is well 
developed, the surgical corridor is more obstructed.

The transpetrosal approach is reserved for rela-
tively large meningiomas invading the cerebellopon-
tine angle at the lateral incisura and the supratentorial 
region. By using the transpetrosal approach, the sur-
geon’s operative distance to these regions is shorter 
than with the retrosigmoid approach, and a more 
multi-angled corridor leads to better control of the 
basilar artery and perforating vessels, with minimal 
retraction of the cerebellum and temporal lobe.

�Illustrative Case

�Case 1: Retrosigmoid Approach 
(Fig. 9.2)
A 43-year-old woman presented with a 1-year 
history of left facial pain. MR imaging demon-
strated a mass lesion at the left tentorial incisura. 
The size of the tumor was 25  mm. The tumor 
compressed the brain stem slightly, and there was 
no edema into the brain stem. The tumor was 
excised via a retrosigmoid approach. The tumor 
had a well-defined plane of dissection from the 
brain stem and cranial nerves. The tumor could 
be totally removed with preservation of the petro-
sal veins, and there were no postoperative 
complications.

�Case 2: Retrosigmoid Approach 
with Drilling of the Petrous Apex 
(Fig. 9.3)
A 52-year-old woman presented with a 2-year 
history of headache. Neurological examination 
showed instability of tandem gait. MR imaging 
demonstrated a mass lesion at the left tentorial 
incisura with extension into Meckel’s cave. The 
tumor was removed via a retrosigmoid approach. 
After internal debulking of the tumor, the 
petrous apex was drilled out, and Meckel’s cave 
was opened. Most of the tumor was resected 
except for around the porous part of the troch-
lear nerve. There were no postoperative 
complications.

�Case 3: Anterior Transpetrosal 
Approach (Fig. 9.4)
A 67-year-old woman presented with a 1-year 
history of left facial pain. MR imaging 
demonstrated a mass lesion at the left tentorial 
incisura. Although the size of the tumor was not 
very large, the tumor compressed the brain stem 
slightly. The tumor was excised via a left ante-
rior transpetrosal approach. The trigeminal nerve 
was compressed caudally, so that the tumor 
inside Meckel’s cave was removed easily, and 
the tentorium was incised along the posterior 
edge of the tumor. The tumor was totally 
removed (Simpson G1), and there was no neuro-
logical worsening.

Fig. 9.1  Anatomical subclassification of tentorial menin-
giomas. Tentorial meningiomas are classified based on the 
tumor location. The four groups include the incisural type, 
falcotentorial type, lateral type, and posterior type
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�Case 4: Combined Transpetrosal 
Approach (Fig. 9.5)
A 39-year-old man presented with a 2-month 
history of gait disturbance. MR imaging showed 
a large mass lesion at the right tentorial incisura. 
The tumor severely compressed the brain stem 
and medial temporal lobe. Resection of the tumor 
was performed via a combined transpetrosal 
approach. The tumor adhered tightly to the mid-
brain at the interpeduncular cistern, leaving a 
small residual amount of tumor along the right 

oculomotor nerve. Subtotal resection of the 
tumor was performed with transient right oculo-
motor nerve palsy and left hemiparesis. These 
symptoms improved completely within 3 months.

�Falcotentorial Type

Meningiomas arising from the falcotentorial 
junction are relatively rare, and only isolated case 
reports or small series related to surgical 

Fig. 9.2  Case 1. Preoperative axial (a) and coronal (b) 
T1-weighted magnetic resonance images with gadolinium 
showing the left incisural type of tentorial meningioma. 

Postoperative axial (c) and coronal (d) T1-weighted mag-
netic resonance images with gadolinium showing no 
tumor residual via a retrosigmoid approach
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Fig. 9.3  Case 2. Preoperative axial (a) and coronal (b) 
T1-weighted magnetic resonance images with gadolinium 
showing the left incisural type of tentorial meningioma. 
Postoperative axial (c) and coronal (d) T1-weighted mag-
netic resonance images with gadolinium showing near-
total resection of the tumor via a retrosigmoid approach 
with drilling of the petrous bone. After internal debulking 

of the tumor (e), the left SCA is exposed (f). The tumor is 
peeled from the brain stem (g), and the petrous apex is 
drilled out (h). The tumor in Meckel’s cave is removed (i), 
and most of the tumor is resected, except for just around 
the porous part of the trochlear nerve (j). SCA superior 
cerebellar artery

H. Morisako et al.



119

Fig. 9.3  (continued)
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Fig. 9.4  Case 3. Preoperative axial (a) and coronal (b) 
T1-weighted magnetic resonance images with gadolinium 
showing the left incisural type of tentorial meningioma. 
Postoperative axial (c) and coronal (d) T1-weighted mag-
netic resonance images with gadolinium showing total 
removal of the tumor via an anterior transpetrosal 
approach. After opening of Meckel’s cave (e), internal 

debulking of the tumor is performed. The tumor is care-
fully peeled from the trochlear nerve (f), and the tento-
rium is detached from the tumor (g). The tumor located 
around the trigeminal nerve and brain stem is removed 
(h). Residual tentorium, which was the origin of the 
tumor, is resected completely (i), and the tumor is totally 
removed (j)
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Fig. 9.4  (continued)
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Fig. 9.5  Case 4. Preoperative axial (a) and coronal (b) 
T1-weighted magnetic resonance images with gadolinium 
showing the large right incisural type of tentorial menin-
gioma. Postoperative axial (c) and coronal (d) T1-weighted 
magnetic resonance images with gadolinium showing 
near-total resection of the tumor via a right combined 
transpetrosal approach. After cutting of the superior 
petrosal sinus (e) and opening of Meckel’s cave, internal 

debulking of the tumor is performed (f, g). The proximal 
portion of the right SCA is exposed (h). The distal portion 
of the right SCA and brain stem are peeled from the tumor 
(i). Near-total resection of the tumor is achieved with a 
small residual tumor along the right oculomotor nerve (j). 
SPS superior petrosal sinus, SCA superior cerebellar 
artery, * residual tumor
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Fig. 9.5  (continued)
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Fig. 9.6  Illustration demonstrating the type of tumor by 
location. A tumor located over the vein of Galen and com-
pressing it downward is classified as the superior type (a), 

and one situated under the vein of Galen and dislocating it 
upward is the inferior type (b)

technique are available in the literature [1, 3]. 
Because of the lesion’s depth from the surface 
and its anatomical proximity to critical neural 
and vascular structures, surgical access and 
technique are complex issues. A variety of fac-
tors, including the tumor location and the patency 
of the vein of Galen and the straight sinus, influ-
ence surgery and the outcomes. Falcotentorial 
meningiomas are difficult to treat, but they can be 
well controlled by meticulous strategy.

�Surgical Planning

Preoperative neuroimaging investigations include 
MR imaging, MR venography, CT venography, 
and angiography. Apart from evaluating the physi-
cal characteristics of the tumor, the relationship of 
the tumor to the great vein of Galen, the patency of 
the vein of Galen and the straight sinus are evalu-
ated, and pre-existing occlusion of the Galenic 
system and the subsequent development of 
collateral venous circulation are important factors 
when considering surgery on pineal region tumors, 
including falcotentorial junction meningiomas [3].

Depending on the relationship of the tumor to 
the great vein of Galen, tumors are classified into 

two types: tumors located superior to the vein 
and compressing it downward are labeled the 
superior type, whereas those displacing it superi-
orly are labeled the inferior type (Fig. 9.6).

The superior type of falcotentorial meningi-
oma growing inside the posterior pericallosal cis-
tern might compress deep veins over the 
arachnoid membrane. In this situation, a thick 
arachnoid membrane septum between the poste-
rior pericallosal cistern and the quadrigeminal 
cistern protects the deep veins from direct tumor 
invasion, which enables the surgeon to dissect 
the lesion from the deep veins. Therefore, in the 
case of superior type tumor, even when the vein 
of Galen is patent, careful surgical technique 
enables the surgeon to separate the tumor from 
the vein of Galen. Thus, complete surgical 
removal can be relatively safely performed in the 
case of superior type tumors.

The inferior type of falcotentorial meningi-
oma growing in the quadrigeminal cistern might 
compress the deep veins and dorsal midbrain in 
direct contact with it. Accordingly, in many 
cases of inferior type, the tumor adheres tightly 
to the vein of Galen, basal vein, collateral veins, 
and midbrain. In cases of inferior type tumor 
with an occluded Galenic system, dissecting the 
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tumor from surrounding collateral veins and 
brain stem is relatively difficult technically. 
Resection of the tumor in such cases leads to 
damage of the surrounding structures with addi-
tional neurological deficits. In cases in which the 
Galenic venous system is patent, the surgical 
procedure is more difficult because the tumor 
adheres tightly to the venous system. To prevent 
injury to the deep veins, a small amount of the 
tumor can be left behind around the deep veins 
to avoid their injury in the context of an inferior 
type tumor. Considering the surgical risk 
involved in excising the inferior type of menin-
gioma, a combination of subtotal tumor resec-
tion and stereotactic radiotherapy might be 
recommended.

As a surgical strategy, the superior type 
tumor is accessed using a posterior interhemi-
spheric transtentorial approach, and there may 
be some who prefer a posterior interhemispheric 
transtentorial approach for inferior type tumors. 
With inferior tumors located below the vein of 
Galen, a supracerebellar approach might be 
advantageous because the vein of Galen would 
not be directly in harm’s way. Surgeons would 
not have to work through the vein and its tribu-
taries. Therefore, a supracerebellar infratento-
rial approach to inferior type tumors should be 
considered [3].

�Illustrative Case

�Case 5: Posterior Interhemispheric 
Transtentorial Approach (Fig. 9.7)
A 36-year-old woman presented with a head-
ache. MR imaging demonstrated a mass lesion 
at the falcotentorial junction. The size of the 
tumor was 42  mm, and the main part of the 
tumor was located below the vein of Galen. CT 
venography showed stenosis of the vein of 
Galen due to tumor compression. The tumor 
was excised via a posterior interhemispheric 
transtentorial approach. Subtotal resection of 
the tumor was performed with some residual 
tumor just around the vein of Galen to preserve 
the deep venous system. There were no neuro-
logical deficits after the operation.

�Lateral Type

Surgical resection of meningiomas located at the 
lateral tentorium is relatively simple.

�Surgical Planning

Preoperative neuroimaging including MR 
imaging and MR venography or CT venography 
is complementary.

Meningiomas located at the lateral tentorial 
region and extending mainly into the cerebellopon-
tine angle are very well managed through a retrosig-
moid approach. This allows the early identification 
of the cranial nerves, especially the seventh to eighth 
complex. During tumor dissection, care should be 
taken to respect the arachnoidal layer to preserve the 
cranial nerves that are usually compressed dorsally.

Meningiomas located at the lateral tentorial 
region and extending mainly into the supratento-
rial region are resected via a subtemporal approach. 
The ventral or lateral aspect of the midbrain and 
pons can be accessed by a simple temporal crani-
otomy. Additional zygomatic osteotomy enhances 
extensive superior exposure, and anterior petro-
sectomy enlarges the surgical corridor to the 
infratentorial region.

Large tentorial leaf meningiomas with superior 
extension into the occipital lobe and inferior exten-
sion into the cerebellum can be approached using 
a supra-infratentorial approach. In this approach, 
wide exposure of the transverse sinus is achieved 
above and below without sinus sacrifice.

�Illustrative Case

�Case 6: Retrosigmoid Approach 
(Fig. 9.8)
A 53-year-old man presented with a 2-month 
history of headache, floating sensation, and gait dis-
turbance. MR imaging demonstrated a large mass 
lesion at the left lateral tentorium with no invasion 
of the venous sinuses. The tumor was removed via 
a left retrosigmoid approach. Simpson G2 removal 
of the tumor was performed. Postoperatively, the 
patient’s symptoms recovered completely.
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Fig. 9.7  Case 5. Preoperative axial (a), coronal (b), and 
sagittal (c) T1-weighted magnetic resonance images with 
gadolinium showing the large falcotentorial type of menin-
gioma. Preoperative CT venography shows stenosis of the 

vein of Galen (d). Postoperative axial (e), coronal (f), 
and sagittal g) T1-weighted magnetic resonance images 
with gadolinium showing subtotal resection of the tumor 
via a posterior interhemispheric transtentorial approach.
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Fig. 9.7  (continued) The tumor is exposed via a left pos-
terior interhemi spheric approach (h), and the tentorium is 
cut (i). After internal debulking of the tumor (j), the vein 

of Galen is exposed (k). The tumor is peeled from the 
deep venous system (l), and subtotal resection of the 
tumor is performed 
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�Case 7: Combined Presigmoid 
and Retrosigmoid Approach 
with Resection of Tumor Invading 
the Sigmoid Sinus (Fig. 9.9)
A 35-year-old woman was found to have an intracra-
nial lesion incidentally. MR imaging demonstrated a 
large mass lesion at the right lateral tentorium. CT 
venography showed the right sigmoid sinus that was 
already occluded. Simpson G1 resection of the 
tumor was performed via a left combined presig-
moid and retrosigmoid approach. There were no 
neurological deficits postoperatively.

�Posterior Type

The surgical management of meningiomas located in 
the posterior tentorium is relatively simple if the 
tumor has no relationship to the torcular Herophili 
and transverse sinus. On the other hand, the optimal 
surgical management of meningiomas involving the 
major venous sinuses represents a therapeutic 

dilemma. The operative approach should be planned 
according to the MRI results, and the venous sinuses 
should be preserved. Stereotactic radiation therapy 
might be a beneficial auxiliary treatment of menin-
giomas in the torcular Herophili region. The decision 
is whether to leave a fragment of the lesion and have 
a higher recurrence rate, especially for higher grade 
meningiomas, or to attempt total removal, which 
may increase risk to the venous circulation [4].

�Surgical Planning

Preoperative MR imaging to determine the extent 
of the tumor and the degree of brain and venous 
sinus invasion and vascular imaging in the form of 
digital subtraction angiography, MR venography, 
or CT venography are essential. The degree of 
occlusion of the sinus, anatomy of the sinus and 
associated large cortical veins, and development of 
venous collaterals are evaluated preoperatively in 
cases with invasion into the venous sinuses.

Fig. 9.8  Case 6. Preoperative axial (a) and coronal (b) 
T1-weighted magnetic resonance images with gadolinium 
showing the lateral type of tentorial meningioma. 
Preoperative MR venography shows no invasion of the 

venous sinuses (c). Postoperative axial (d) and coronal (e) 
T2-weighted magnetic resonance images show total 
resection of the tumor via a retrosigmoid approach
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Aggressive resection is contraindicated for 
meningiomas located at the posterior tentorial region 
invading the sinus partially with sinus patency [5]. 
After a conservative approach, the residual tumor 
may be observed or stereotactically irradiated either 
initially or at the time of recurrence [6].

In the case of total sinus occlusion, particularly 
if collateral venous channels have developed, 
complete removal of the tumor, including the seg-
ment of the invaded sinus, can be performed 
safely without venous flow restoration [7].

An aggressive removal may be needed for a 
higher-grade meningioma with reconstruction of 
the sinus, especially in younger patients [4].

�Illustrative Case

�Case 8: Suboccipital Approach 
with Resection of Invasion 
into the Transverse Sinus (Fig. 9.10)
A 67-year-old woman presented with head-
ache. MR imaging demonstrated a mass lesion 
at the right posterior tentorium, invading the 
right transverse sinus. MR venography showed 
the already occluded right transverse sinus. 
The tumor was removed, including the part 
invading the right transverse sinus, via a sub-
occipital approach. Postoperatively, there were 
no complications.

Fig. 9.9  Case 7. Preoperative axial (a) and coronal (b) 
T1-weighted magnetic resonance images with gadolinium 
showing the lateral type of tentorial meningioma. 
Preoperative CT venography shows occlusion of the right 
sigmoid sinus (c). Postoperative axial (d) and coronal (e) 
T1-weighted magnetic resonance images with gadolinium 
show total resection of the tumor via a combined presig-
moid and retrosigmoid approach. Right temporal craniotomy 

and suboccipital craniotomy with partial petrosectomy is 
performed (f). After internal debulking of the tumor though 
a retrosigmoid approach (g), the right sigmoid sinus is cut 
at the distal side (h). Additional resection of the tumor into 
the right sigmoid sinus is performed via a presigmoid 
approach (i). The right transverse sinus is cut on the margin 
of the tumor (j), and the tentorium is resected through a 
presigmoid approach (k). The tumor is totally removed (l)
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Fig. 9.9  (continued)
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Fig. 9.10  Case 8. Preoperative axial (a) and coronal (b) 
T1-weighted magnetic resonance images with gadolinium 
showing the posterior type of tentorial meningioma. 
Preoperative MR venography shows invasion of the right 

transverse sinus (c). Postoperative axial (d) T1-weighted 
magnetic resonance images with gadolinium showing 
total resection of the tumor, including the part invading 
the sinus, via a suboccipital approach

�Case 9: Aggressive Resection 
with Reconstruction of the Superior 
Sagittal Sinus (Fig. 9.11)
A 47-year-old woman who had twice undergone 
tumor resection and γ-knife treatment at a previous 
hospital showed recurrent tumor at the torcular 
Herophili. Preoperative CT venography demon-

strated occlusion of the straight sinus and left 
transverse sinus, but venous flow from the supe-
rior sagittal sinus to the right transverse sinus was 
preserved. Thus, an aggressive resection with 
reconstruction of the sinus using a saphenous vein 
graft was performed. Simpson G1 removal of the 
tumor was performed without any complications.

9  Tentorial Meningiomas



132

Fig. 9.11  Case 9. Preoperative axial (a) and sagittal (b) 
T1-weighted magnetic resonance images with gadolinium 
showing the posterior type of tentorial meningioma. 
Preoperative CT venography shows occlusion of the 
straight sinus and left transverse sinus, although venous 
flow from the superior sagittal sinus to the right transvers 
sinus is preserved (c). Postoperative axial (d) and sagittal 
(e) T1-weighted magnetic resonance images with gado-
linium show total resection of the tumor. After craniotomy, 
the tumor, superior sagittal sinus, and right transverse 

sinus are exposed (f). The left transverse sinus and tento-
rial edge are cut at the lateral and anterior margins of the 
tumor (g, h). The cerebellar surface is peeled from the 
torcular Herophili (i). Most of the tumor is resected with 
no residual tumor around the torcular Herophili (j). After 
anastomosis between the right transverse sinus and supe-
rior sagittal sinus using a saphenous vein graft is per-
formed (k, l), the tumor is totally removed (m)
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Fig. 9.11  (continued)
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�Conclusions

•	 Surgical difficulty is related to tumor location.
•	 Incisural lesions require a skull base approach.
•	 Falcotentorial lesions are difficult but can be 

well controlled by meticulous strategy.
•	 Lateral lesions and posterior lesions that do 

not involve the major venous sinuses are rela-
tively simple to treat.

•	 Surgical management of posterior lesions 
invading the sinus remains controversial.

•	 The normal deep venous system should be 
preserved to avoid any complications.
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�Introduction

Foramen magnum meningiomas (FMMs) are a 
rare entity; they account for 2.5% of all intracra-
nial meningiomas and 4% of posterior fossa 
meningiomas [22]. The pathologic entity of FMM 
was first described in 1872; the first publication 
describing surgical removal was in 1922 [10]. 
That same year Cushing described a nomenclature 
for these lesions and published his series. The 
location of these lesions at the craniocervical junc-
tion in proximity to, and possibly encasing, the 
lower cranial nerves or vertebral arteries makes 
successful removal particularly challenging [14, 
20]. A meningioma is considered to arise from the 
foramen magnum if the insertion of the tumor is in 
the region bounded anteriorly by the lower third of 
the clivus and the upper edge of the body of C2, 
laterally by the jugular tubercles and the upper 
aspect of the C1 laminas, and posteriorly by the 
anterior edge of the squamous occipital bone and 
C2 spinous process [8]. The large majority (90%) 
of these tumors are located ventrally or ventrolat-
erally requiring a lateral or anterior trajectory for 
successful surgical removal [8, 21, 23].

�Clinical Presentation

FMMs are typically slow growing with an indo-
lent course, but when they become symptomatic, 
they most commonly present with quadriparesis, 
sensory abnormalities, ataxia, and dysfunction 
of cranial nerves (CN) IX and X [22]. Patients 
often describe suboccipital headache or upper 
cervical pain, exacerbated by coughing or strain-
ing [10]. The vague nature of symptoms often 
prevents early diagnosis with a mean of 
31 months to diagnosis from symptom onset [7]. 
The classic presentation of weakness associated 
with a FMM is initial weakness in the ipsilateral 
arm. Progression then occurs to the ipsilateral 
leg, then the contralateral leg, and finally the 
contralateral arm [7]. With compression at the 
craniocervical junction, patients may also have 
downbeat nystagmus on physical exam. Other 
signs that may be present include wasting of the 
sternocleidomastoid, trapezius, or intrinsic mus-
cles of the hands [10].

�Evolution of Surgical Approach 
to FMM

A suboccipital craniotomy with drilling of the 
condyle/jugular tubercle was initially described 
for resection of craniospinal lesions in 1978 [22]. 
Heros then described the far-lateral approach 
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in 1986 for the treatment of lesions of the verte-
brobasilar system [13]. A similar technique was 
then described in 1988 for the resection of ante-
rior foramen magnum pathology [12]. Since 
those early descriptions, many variations on the 
far-lateral approach have been described with 
differing degrees of mastoidectomy, condylec-
tomy, the extent of the cervical laminectomy, and 
mobilization of the vertebral artery depending on 
the specifics of the case [5, 21]. In 1991, six vari-
ations of the dorsolateral approach for meningi-
oma resection were reported: transfacetal, 
retrocondylar, partial transcondylar, complete 
transcondylar, extreme-lateral transjugular, and 
transtubercular [17].

�Classification

Foramen magnum meningiomas may be classi-
fied based on their compartment of development 
(intradural or extradural), their relation to the 
vertebral artery (below, above, or on both sides), 
and the location of their dural attachments (pos-
terior, lateral, or anterior) [8]. FMMs are consid-
ered anterior if the origin is bilateral with respect 
to the anterior midline (Fig. 10.1), lateral if the 
origin is between midline and the dentate liga-
ment, and posterior if the origin is posterior to the 
dentate ligament. Extradural meningiomas at the 
foramen magnum are less common than intradu-
ral tumors, but complete resection is more chal-
lenging due to their invasive nature [8, 15]. In 
tumors that originate beneath the vertebral artery, 
the cranial nerves are displaced cranially and 
posteriorly. However, in tumors that originate 
above the vertebral artery, the location of the cra-
nial nerves is variable, and great care must be 
taken to avoid injury during tumor resection [15].

�Preoperative Assessment

Preoperative workup is aimed at determining 
the best surgical approach and proximity to 
nearby structures in order to accurately assess 

surgical risks. CT is the best tool for assessing 
bony anatomy in regard to hyperostosis and cal-
cifications, as well as allowing for preoperative 
determination of the surgical corridor and the 
degree of bony removal required. In the event of 
significant bony erosion by the tumor, the 
patient may require surgical fusion to prevent 
instability at the craniocervical junction. MRI 
remains the imaging modality of choice for 
assessing soft tissues, including the origin of the 
tumor and the involvement of the critical neuro-
vascular structures located nearby [19].

Many advocate vascular imaging (CTA, 
MRA, or conventional angiography) preopera-
tively to evaluate arterial feeders, venous 
drainage, and the extent of vascular involve-
ment. In particular, defining the V3 and V4 
segments of the vertebral artery along with the 
origin of the PICA will aid in operative plan-
ning and the avoidance of complications [8]. 
Identification and analysis of vessels that are 
encased in tumor are particularly important. 
The presence of significant stenosis is sugges-
tive of tumor invasion of the adventitia. In 
these cases, conventional angiography allows 
the surgeon to determine if vessel sacrifice is a 
feasible option based on the results of balloon 
occlusion test and the presence or absence of 
collaterals [4].

�Surgical Considerations

Patients presenting with FMMs are usually con-
sidered for surgery if the lesion is symptomatic, 
has experienced growth, or is causing mass effect 
on the brainstem. In these patients, radiosurgery 
is considered difficult due to the absence of a 
plane between the tumor and the brainstem and 
the likelihood of ongoing compression of the 
brainstem.

As most foramen magnum meningiomas are 
located ventrally, surgical resection via a far-
lateral or extreme-lateral approach may be uti-
lized (see chapter on the far-lateral approach). 
For midline posterior tumors that do not cross the 
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plane of the dentate ligament, a midline posterior 
approach is indicated. Midline anterior tumors 
without significant spinal extension may appear 
at first glance to be best approached via an endo-
scopic endonasal route (EEA), if the tumor is 
located on the anterior rim of the foramen mag-
num, the origin is medial to the hypoglossal canal 
and jugular foramen with posterior and lateral 
displacement of the lower cranial nerves. 
However, significant inferior extension would 
necessitate removal of the anterior arch of C1, the 
C2 odontoid process, and the ligamentous com-
plex that provides stability at the craniocervical 
junction. Therefore these tumors are usually 
managed via a posterolateral approach [4]. The 

proponents of the EEA would state that it allows 
for tumor resection without retraction of brain 
tissue and does not necessitate crossing the plane 
of the cranial nerves. In anteriorly based tumors, 
this approach allows for early access to the dural 
blood supply with improved visualization during 
tumor resection and decreased intraoperative 
blood loss. Also, involved bone and dura may be 
resected more easily as compared to a more lat-
eral trajectory. Our objection to utilizing the EEA 
to intradural meningiomas is based on five cate-
gories of pitfalls. First, the bony removal in this 
approach necessitates reconstruction of the skull 
base and is accompanied by a significant risk of 
CSF leak [11]. Second, lower rates of complete 

Fig. 10.1  MRI of a 38-year-old female presenting with 
headaches and dysphagia. (a–c) Preoperative imaging. (a, 
b) T1-weighted image with gadolinium demonstrating an 
anteriorly located FMM eccentric to the right. (c) 

T2-weighted image. (d–f) Postoperative imaging T1 
weighted with gadolinium demonstrating successful 
resection of the tumor
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resection are achieved. Similar to the case with 
tuberculum sella meningiomas, the dural tails, 
not well appreciated on preoperative MRIs, often 
extend lateral to the “presumed” margins of the 
tumor and are missed or not seen properly during 
an endoscopic approach. Third, the current, even 
state-of-the-art instrumentation available for 
endoscopic skull base surgery lags behind the 
more mature microscopic arsenal available to 
microsurgeons. Fourth, the nasal/nasopharyngeal 
mucosa postoperative morbidity is not trivial and 
often mischaracterized. Lastly, if a transoral 
approach is combined with a transnasal route, 
there is the risk of velo-palatine insufficiency [9]. 
Additionally, this approach requires a multi-
disciplinary team and not all surgeons are famil-
iar or adept with it.

The vertebral artery is identified early in lat-
eral surgical approaches, and the decision must 
be made to work around the artery or mobilize it. 
We agree with those surgeons who argue against 
mobilization of the vertebral artery in most cases 
[6, 14, 15, 23], although, others routinely employ 
this tactic [16, 20]. Encasement of the vertebral 
artery by tumor can be seen, and if identified pre-
operatively, the consequences of vessel sacrifice 
can be anticipated with balloon occlusion testing. 
Both extradural encasement and repeat surgery 
are associated with increased risk of vessel rup-
ture as well as incomplete removal (41% and 
51%, respectively) [20, 23].

�Monitoring

Many surgeons recommend the use of somatosen-
sory evoked potentials, brainstem auditory evoked 
potentials, and electromyographic monitoring of 
the lower cranial nerves (CN X, XI, XII), and this 
is good practice for this type of surgery [8]. 
Approaching via a transnasal route mandates 
monitoring CN VI motor and sensory evoked 
potentials as this cranial nerve will be encoun-
tered early during the approach to the tumor [4]. 
The senior author has experienced cases where 
the radicular artery traveling with the C1 nerve 
root would have been sacrificed (with devastating 
consequences) to improve exposure for a foramen 

magnum meningioma during a far-lateral 
approach, had it not been for a change in evoked 
potentials when a temporary clip was placed on 
the artery to test its contribution to the vascular 
supply of the upper cervical cord.

�Specific Microsurgical 
Considerations

A detailed discussion of the far-lateral approach 
is described in the chapter dedicated to that sub-
ject. Patient positioning, location of the incision, 
and drilling of the foramen magnum are addressed 
there. Once the approach to a foramen magnum 
meningioma has been completed, be it a far lat-
eral or unilateral suboccipital, there are some 
general principles to be respected.

The dura is opened in a linear or C-shaped 
manner based laterally. The dentate ligament 
should be divided, with particular attention to not 
confuse it with a portion of the spinal accessory 
nerve (located posterior to the dentate). The other 
relational anatomy of relevance is that the V4 
segment of the vertebral artery is anterior to the 
12th nerve rootlets, which in turn are anterior to 
the 9/10/11th nerve complex, while the PICA 
originates at variable heights along the V4 and 
also courses in a variable direction between the 
nerves (Fig. 10.2). Once the dentate ligament is 
divided, the rostrocaudal extent of the tumor 
needs to be defined. A good practice is to lyse all 
arachnoidal fibers above and below the tumor, 
then posterior and medial to the tumor, to allow 
the cerebellum and other structures to “fall away” 
from the tumor with gravity. This helps define the 
“boundaries” of the resection and focuses the sur-
gery. Self-retaining retractors are almost never 
used. We favor the use of nonstick Telfa strips to 
create the surgical boundaries.

Ideally, the next step should then be an expo-
sure to the dural base of the tumor for early 
bipolar devascularization (Fig. 10.3). This step 
is always straightforward in the case of a lateral 
origin of the tumor, but may be more problem-
atic in the case of a large midline base covered 
by a large bulk of tumor, particularly when the 
vertebral artery and its perforators may be 
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Fig. 10.2  Intraoperative photograph during resection of 
a FMM (patient shown in Fig. 10.1) from the right side. At 
the superior aspect of the field, the dura can be appreci-
ated lying flat due to complete drilling of the foramen 
magnum. This allows optimal visualization of the surgical 

field. The tumor can be seen displacing the medulla and 
CN XI posteriorly, creating a working corridor. Distortions 
of the normal anatomy are common with these tumors, 
and care must be taken to identify the key neural and vas-
cular structures

Fig. 10.3  The inferior 
aspect of the tumor has 
been identified, and 
early coagulation of the 
base using the bipolar 
devascularizes the mass, 
simplifying piecemeal 
removal as resection 
progresses

engulfed in the tumor. Here, a “test” resection 
of an accessible piece of tumor is done first to 
see how vascular it might be. Piecemeal resec-
tion can continue if the tumor is not too bloody, 
without further consideration given to reaching 
the base first (Figs. 10.4, 10.5). If on the other 
hand the vascularity is significant, then a tai-
lored corridor to the dural base should be cre-
ated through a careful and systematic partial 
debulking of the most accessible part of the 
tumor. Once part of the base is reached, the 
tumor can be devascularized, leading to incre-

mental exposure of more of the base, more deb-
ulking, and so on with sequential steps of 
increasing returns. The tumor shell most adher-
ent to neurovascular structures is naturally left 
for the end of the resection, when more space is 
available to tease it out safely. It has been our 
observation that no matter how large or fibrous 
or invasive a foramen magnum meningioma is, 
it never transgresses the pia of the medulla, 
which, for unclear reasons, is not the case for 
large petroclival meningiomas that unfortu-
nately often invade the pons subpially.
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Fig. 10.4  With this 
same exposure, the 
jugular foramen can be 
seen. Inspection of the 
superior portion of the 
tumor allows 
visualization of the CN 
IX, X complex with an 
appreciation for the 
distortion of normal 
anatomic relationships 
caused by the tumor. CN 
XII can be seen 
displaced posteriorly (in 
comparison to the CN 
IX and X) as it is draped 
over the tumor surface

Fig. 10.5  Depending on 
the particular anatomy 
of the tumor and 
locations of the neural 
and vascular structures, 
the surgeon may work 
through one or more 
surgical corridors that 
are offered. Debulking 
continues through these 
various approaches

As in most meningioma surgeries, the princi-
ples of using sharp dissection and measured 
countertraction cannot be overemphasized. 
Ultrasonic aspirators must be used with caution, 
as they will not respect perforators or buried 
arteries and nerves (Fig. 10.6).

Once the bulk of visible tumor is removed, 
one can then address the dural base (Figs. 10.7, 
10.8). It is not at all uncommon for a segment 
of meningioma to extend in the interdural 
space, which is why the dural base has to be 
resected as completely as possible. The depth 
of the resection rarely needs to go through and 
through to the bone, as FMM rarely invades 
that deeply.

�Outcomes and Complications

Over the past 20 years, the overall reported mor-
tality for FMM resection is 6.2% with a lower 
rate of permanent morbidity in the far-lateral 
approach as compared to the extreme-lateral 
approach (0–17% vs. 21–56%) [8]. In Yasargil’s 
review of 114 FMMs, a good outcome was 
achieved in 69% of patients, fair in 8%, and poor 
in 10% [24]. In larger series (>10 patients), neu-
rological improvement was seen in 70–100% of 
patients [8]. Cerebellar and long tract signs tend 
to improve postoperatively; however, only a 
minority of patients experience recovery of pre-

A.M. Richardson et al.



Fig. 10.6  Debulking of 
the tumor can be 
performed using sharp 
dissection. An ultrasonic 
aspirator may also be 
used, but this must be 
done with caution to 
avoid damage to the 
surrounding structures

Fig. 10.7  With 
progressive debulking, 
portions of the tumor 
can be pushed away 
from the surrounding 
structures and removed

Fig. 10.8  Adequate visualization provided by the exposure allows bipolaring of the dural base following tumor resec-
tion, yielding a Simpson Grade 2
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existing cranial nerve deficits [22]. Lower cranial 
nerve palsies are the most commonly observed 
postoperative deficit, although these deficits 
(unlike those present preoperatively) have a ten-
dency to recover with time [1–3]. Dysphagia with 
an attendant risk of aspiration pneumonia may be 
seen in up to 10% of patients. Multiple regression 
analysis identified tumor recurrence, arachnoid 
scarring, prevalent cranial extension, and absence 
of preoperative lower CN dysfunction as signifi-
cantly associated with aspiration pneumonia 
[18]. Vigilance is required postoperatively to 
minimize these risks.

�Conclusions

Foramen magnum meningiomas are a rare entity 
with the potential for significant symptoms pre-
operatively and significant complications postop-
eratively. Thorough preoperative imaging and 
evaluation aids in determining the extent of neu-
rovascular involvement and in detailing the bony 
anatomy in the region of the tumor. With ade-
quate surgeon experience and selection of the 
optimal surgical approach, successful extirpation 
of the tumor may be achieved.
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�Introduction

Vestibular schwannomas (VSs) are benign nerve 
sheath tumors originating along the vestibuloco-
chlear nerve course that account for 6–8% of all 
intracranial tumors. VS is the most common 
pathology found in the cerebellopontine angle 
(CPA), accounting for up to 80% of tumors there 
[19]. The management options of these tumors 
are observation, radiation therapy, and surgical 
removal, depending on imaging findings and 
clinical presentation. The surgical removal of 
VSs is accomplished through three main surgical 
routes: the middle fossa approach (MFA), the 
translabyrinthine approach, and the retrosigmoid 
approach.

The choice of microsurgical approach for VS 
tumors is multifactorial and depends on the 
tumor size, patient age, tumor site and extent of 
internal auditory canal (IAC) involvement, anat-
omy of the vestibule, amount of tumor extension 
in the CPA, brainstem involvement, preoperative 

hearing status, and surgeon’s preference [1, 16, 
26, 34].

The availability of superior microscopes, 
safer high-speed drills, better hemostatic agents, 
and intraoperative neuromonitoring has led to 
an evolution in the goals of microsurgery for 
VS, which have progressed from preserving life 
to preserving facial nerve function and now to 
hearing preservation [8, 11, 20]. Whereas the 
translabyrinthine approach sacrifices hearing to 
achieve greater exposure, the MFA and retrosig-
moid approaches to resection of VS tumors 
offer the possibility of hearing preservation. In 
this chapter, we describe these three most com-
monly used approaches for the removal of VSs 
and their technical nuances.

�Retrosigmoid Approach

�Indications

The retrosigmoid approach is indicated in patients 
undergoing removal of VS of any size or when an 
attempt at hearing preservation is to be made with 
smaller tumors, either intercanalicular or extra-
canalicular. From a practical standpoint, the retro-
sigmoid approach is used by the senior authors for 
large tumors, as it offers expansive view of the 
posterior fossa for rapid verification of neurovas-
cular anatomy, and for medial acoustic tumors in 
which hearing preservation is the goal of surgery.
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�Surgical Technique

The steps of the retrosigmoid technique for hear-
ing preservation are illustrated in Fig. 11.1, and 
those for the non-hearing preservation procedure 
are illustrated in Fig. 11.2. At our institution, we 
use the lateral position with the head held in a 

Mayfield three-point pin headrest. We try to min-
imize the rotation of the head and flex the neck in 
a lateral direction to offer increased working dis-
tance between the suboccipital region and the 
upper shoulder of the nondependent arm. The 
arm is placed on an airplane rest and retracted 
gently inferiorly. An axillary roll and a Foley 

Fig. 11.1  (continued)
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catheter are placed, and pillows are positioned 
between the legs. For all surgeries in the posterior 
fossa, we use a total intravenous anesthesia tech-
nique. The benefits of this have been described 
elsewhere [5]. The patient is given corticoste-
roids, antibiotics, and mannitol for brain 
relaxation.

The incision used is a gently curved incision 
of one to two fingerbreadths behind the mastoid. 
The course of the transverse and sigmoid junc-
tion and transverse and sigmoid sinuses can be 
anticipated based on the bony anatomy. A straight 
line is drawn between the roots of the zygoma to 
the inion, and the transverse sinus lies along this 
line. It curves inferiorly into the sigmoid sinus at 
the region of the asterion. The incision is infil-
trated with lidocaine and opened with a sharp 
blade. After self-retaining retractors are placed, 
we attempt to identify the region of the mastoid 
emissary vein, which is a guide to the location of 
the sigmoid sinus. Bleeding from the mastoid 
emissary is controlled with bone wax. We per-
form either a craniectomy or a craniotomy, 
located just below the transverse sigmoid junc-
tion at its most superior extent. We look to iden-
tify the inferior aspect of the transverse sinus and 
the posterior aspect of the sigmoid sinus along 
the course after the bone flap is removed. This 
ensures an adequate trajectory and maximal visu-
alization of the CPA. A roughly 2- to 3-cm oval 
opening is made extending from the transverse 
sinus down along the posterior aspect of the sig-
moid sinus. The dura is usually opened in a cruci-

ate fashion that allows the flap to be reflected 
superiorly or laterally along the transverse and 
sigmoid sinuses, respectively. Alternatively, a 
cuff of dura may be left adjacent, and the opening 
may follow the sinuses. This allows the cuff to be 
reflected with sutures for added retraction. After 
the dura is opened, we bring the operating micro-
scope in the field and identify the superior and 
lateral aspects of the cerebellum. We then con-
tinue our dissection down along the petrous ridge 
at its junction with the tentorium and identify the 
petrosal vein. The arachnoid is opened in this 
location to allow egress of cerebrospinal fluid 
(CSF). Immediately inferior to the petrosal sinus, 
we look for evidence of the VS.

Upon visualization of the tumor, the outer layer 
of arachnoid is reflected down to expose the poste-
rior aspect of the tumor. We use soft cottonoids to 
reflect the arachnoid and the vasculature from the 
tumor and expose the tumor to develop the win-
dow for resection. We immediately stimulate the 
back of the tumor to see if there is an aberrant loca-
tion of the facial nerve. At this time, we use a dis-
sector and identify the IAC. The cuff of dura over 
the IAC is opened approximately 1–2 cm, and the 
lateral aspect of the IAC is drilled to enable visual-
ization of the limits of tumor within the canal. This 
then enables identification of the location of the 
facial nerve early in the dissection. If the facial 
nerve is running along the anterior aspect of the 
tumor as in the vast majority of cases, a window is 
opened in the posterior aspect of the tumor, and a 
specimen is removed for pathological analysis. We 

Fig. 11.1 (continued)  Images showing steps of a retrosi-
gmoid approach for resection of a left small VS. Axial CT 
brain cuts without contrast (a) and with contrast (b) dem-
onstrating medially located VS. (c) Preoperative BAEP 
responses demonstrate symmetric hearing. (d) Skin inci-
sion. (e) A 2.5-cm-diameter craniectomy is performed 
exposing the transverse and sigmoid sinuses. (f) Dural 
opening along the margins of the transverse and sigmoid 
junction. (g) IAC drilling intradural. (h) Sealing of the 
opened air cells using bone wax after IAC exposure is 
completed. (i) Dura is opened over the medial aspect of 
the tumor. (j) The posterior aspect of the tumor exposure 
and a window is cut after verifying the facial nerve is not 
located on the posterior aspect of the tumor. (k) The ultra-
sonic aspirator is used to debulk the center of the tumor. 

(l) The tumor capsule is gently elevated from the cerebel-
lum and brainstem, and the facial and vestibulocochlear 
nerves are located at their brainstem exit and entry, 
respectively. (m) Continued dissection of the capsule 
from the facial and vestibulocochlear nerves. We carefully 
use soft cottonoids to protect the nerves during the dissec-
tion. (n) The tumor has been removed and the facial nerve 
is stimulated at the brainstem to verify continuity. (o) The 
region of the IAC that was drilled is coated with bone wax 
to prevent any possibility for CSF leak. (p) Fat graft is 
placed over the drilled IAC and fibrin glue is applied. (q) 
Large bur hole cover is used to cover craniectomy defect. 
(r) Postoperative BAER demonstrates preserved hearing. 
(s, t) Postoperative CT in the coronal and axial planes 
demonstrating region of bone drilling and tumor removal
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Fig. 11.2  (continued)
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then debulk the center of the tumor. The amount of 
removal of the interior aspect of the tumor is deter-
mined by the size of the tumor on the scan, with 
the objective of leaving a margin of the tumor 
along the tumor capsule to enable the capsule to be 
dissected from the surrounding cerebellum, brain-
stem, and nerves.

Attention is then paid to activity of the facial 
and vestibulocochlear nerves as measured by the 
electromyographic activity of the facial nerve 
and the brainstem auditory evoked responses 
(BAERs) of the cochlear nerve. If the tumor is 
large and the hearing is nonserviceable, vestibu-
locochlear nerve monitoring is not performed. 
We then start a dissection around the capsule of 
the tumor to identify the CPA and the location of 
the vestibulocochlear and facial nerves at the 
brainstem. The vestibulocochlear nerve is more 
posteriorly located in the brainstem and is usu-
ally found without difficulty on the medial aspect 
of the tumor. If hearing preservation is not a goal, 
the vestibulocochlear nerve is stimulated to 
ensure there is no aberrant course of the facial 
nerve and then is divided sharply. We then con-
tinue to rotate the capsule of the tumor laterally 
and identify the facial nerve, which is located 
anterior to the root entry zone of the vestibuloco-
chlear nerve. The root exit zone of the facial 
nerve is identified visually and verified electro-
physiologically with stimulation from the Prass 
electrode. Once the facial nerve is identified at 
the brainstem, dissection is then continued with 
debulking of the tumor, removal of the capsule, 
and slow dissection of the capsule in a medial-to-

lateral direction from the facial and possibly ves-
tibulocochlear nerves if hearing preservation is a 
goal (Fig. 11.1). The most adherent aspect of the 
tumor to the facial nerve is usually at the region 
of the lip of the porus acusticus. The nerve often 
flares in dimension at this location, but in most 
cases, judicious dissection from medial to lateral 
can be performed and the nerve dissected free of 
the tumor. The remaining tumor is removed from 
the IAC, and careful dissection is performed to 
sharply divide the vestibular nerve lateral to the 
attachment to the nerve. At this point, we verify 
functional continuity of the facial nerve by stimu-
lating the nerve at the brainstem to assess its 
function. The BAER is recorded carefully after 
resection of the tumor.

The drilled posterior aspect of the IAC is 
inspected carefully to see if any air cells have 
been entered. If air cells have been entered, bone 
wax is used to obliterate them, and a small piece 
of abdominal fat is placed over the drilled area 
and held in place with fibrin glue. Hemostasis is 
obtained, and a small piece of Surgicel is placed 
over the region of the brainstem where the tumor 
has been dissected free. The dura is closed in a 
watertight fashion using dural substitute if neces-
sary. AlloDerm is our preferred material. The 
bone is carefully waxed over the region of the 
mastoid where any air cells have been entered. 
We either replace the bone flap at this point or 
place a small titanium or MEDPOR (Stryker, 
Kalamazoo, MI)  cranioplasty over the defect. 
The muscle is closed in separate layers, and the 
skin is closed with a 3-0 nylon suture.

Fig. 11.2 (continued)  Images showing steps of a retrosi-
gmoid approach for resection of a left large VS. (a) Axial 
T1-weighted MRI with gadolinium demonstrating large 
tumor. (b) Axial T2-weighted MRI demonstrating CSF 
cleft between tumor, brainstem, and cerebellar peduncle. 
(c, d) Coronal T1-weighted MRI with gadolinium demon-
strating large tumor. (e) Dural opening with flaps of dura 
adjacent to transverse and sigmoid sinuses. (f) Tumor 
exposure in the CPA and the petrous surface dural open-
ing is made in a semilunar fashion behind Fig. 11.2  (con-
tinued)  the posterior lip of the IAC. (g, h) Posterior lip of 
IAC is drilled. (i) IAC is opened and the tumor is identi-
fied and the facial nerve is located. (j) The ultrasonic aspi-

rator is used to debulk the tumor. (k) The vestibular nerve 
is identified entering the tumor. It is then divided sharply 
at the brainstem. (l) The facial nerve is identified at its root 
exit zone from the brainstem. It is verified with the stimu-
lator. (m) Continued dissection of the tumor from the 
facial nerve at the IAC. (n) The capsule of the tumor is 
dissected from the facial nerve from the brainstem in a 
medial-to-lateral direction. (o) The remaining portion of 
tumor is dissected off the facial nerve near the lip of the 
porus acusticus. (p) A small MEDPOR cranioplasty is 
used to cover the craniectomy defect. (q, r) Postoperative 
axial MRI with gadolinium demonstrating complete 
resection of the tumor
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�Surgical Risks and Complications

The reported mortality rate for retrosigmoid 
approach for VS is 0.3% [1]. Morbidities includ-
ing CSF leak in 10.3%, postoperative headache in 
17.5%, postoperative symptomatic hemorrhage in 
2.2%, major neurological complications in 1.8%, 
postoperative hydrocephalus in 2.3%, and menin-
gitis in 3% have been reported [1, 27]. Inspection 
for air cells while opening and drilling the IAC, 
careful tumor dissection, and meticulous dural 
closure may help reduce the risk of these morbidi-
ties. A systematic review for this approach found 
residual tumor on imaging postoperatively in 
5.6% of the patients planned for gross-total resec-
tion and tumor recurred in 6.2% [1].

�Surgical Outcome

The hearing preservation rates after retrosigmoid 
approach are 55.7%, 35.7%, and 28.4% for intra-
canalicular, <1.5 cm, and 1.5–3-cm tumors, respec-
tively [1]. The facial nerve function preservation 
rate is >90% for intercanalicular tumors ≤3 cm in 
diameter and 69.8% for tumors >3 cm [1].

�Middle Fossa Approach

The MFA was used by otolaryngologists to treat 
pathologies involving the inner and middle ear 
long before it was adapted by neurosurgeons for 
resection of intracanalicular VSs. This approach 
and its modifications provide an excellent 
corridor for middle and posterior fossa patholo-
gies. The MFA was first performed in Glasgow 
by R.  H. Parry, a Scotch otolaryngologist, in 
1904 to treat a 30-year-old patient with left ear 
pain, tinnitus, and vertigo. The surgery was car-
ried out to divide the vestibular nerve, but unfor-
tunately, the facial nerve was injured when 
additional bone was removed over the most prox-
imal portion of the fallopian canal during the 
approach [23]. For this reason, the MFA did not 
gain popularity until William House and 
Theodore Kurze described their microsurgical 
technique in 1961; they used the MFA in 14 

patients for treatment of Ménière’s disease and 
otosclerosis of the middle ear and later treated 
106 patients with intracanalicular VS via the 
MFA without permanent facial nerve paralysis 
[12–14]. This approach has undergone few modi-
fications over the years, most of which are related 
to the methods for localization of the IAC.

�Indications

Ménière’s disease, dehiscence of the posterior 
semicircular canal, and VS are the most common 
indications for MFA.  Other indications include 
facial nerve decompression and repair in trauma 
and Bell’s palsy, facial nerve neuroma, cholestea-
toma drainage, middle fossa encephalocele, CSF 
leak through the middle ear, petrous carotid 
exposure for high-flow intracranial bypass for 
complex aneurysms, skull base tumors, and fun-
gal infections. For patients with VS, we use the 
MFA for hearing preservation in relatively young 
patients with purely intracanalicular tumor, for 
VS located in the IAC with cisternal extension of 
less than 1–1.5  cm (Fig.  11.3), and for tumor 
extending to the fundus of the IAC (lateral VS).

�Relevant Surgical Anatomy

The middle fossa is bordered by the sphenoid 
ridge anteriorly, squamosal bone laterally, mas-
toid bone posterolaterally, petrous ridge postero-
medially, and cavernous sinus and sella medially. 
The floor of the middle fossa hosts a number of 
important structures. Rhoton et  al. [33] divided 
the floor of the middle fossa using a vertical plane 
through the anterior border of the cochlea into 
anterior and posterior parts. The anterior part 
contains, from lateral to medial, respectively, the 
eustachian tube, tensor tympani, and petrous 
carotid artery, parallel and deep to the greater 
superficial petrosal nerve (GSPN) in the space 
between the V3 divisions of the trigeminal nerve 
anteriorly and the cochlea posteriorly. The eusta-
chian tube and tensor tympani are almost always 
covered by the bone, but in 63% of cadaveric 
specimens, the horizontal segment of the petrous 
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carotid artery is apparent with only a very thin or 
no bony covering [21, 33]. The posterior part of 
the middle fossa floor contains the bony labyrinth 
with its three components: the cochlea, vestibule, 
and semicircular canals. The posterior part of the 
middle fossa is more vulnerable to injury during 
surgery given its intimate relationship with the 
lateral part of the IAC. The cochlea is located at 
the cochlear angle between the GSPN and the 
labyrinthine part of the facial nerve just anterior 
to the IAC fundus. The semicircular canals open 
inferomedially into the vestibule, which is a 
small cavity located in the posterolateral margin 
of the IAC fundus.

Along the petrous ridge on the floor of the 
middle fossa, a few bony landmarks can be iden-
tified: the petrous apex, trigeminal impression, 
trigeminal prominence, meatal depression, arcu-
ate eminence (AE), and tegmen from medial to 
lateral, respectively. The superior semicircular 
canal (SSC) projects toward the middle fossa 
floor and makes a bony elevation known as the 
AE. In the anterior part of the middle fossa, the 
foramen spinosum and foramen ovale are very 
important landmarks that must be identified. The 
foramen spinosum, with the middle meningeal 
artery (MMA) passing through it, is located just 
posterior and lateral to the foramen ovale. The 

GSPN carries the preganglionic parasympathetic 
fiber of the facial nerve to the lacrimal gland, and 
some taste fibers from the soft palate originate at 
the geniculate ganglion. It passes anteriorly in the 
sphenopetrosal groove, where it runs beneath the 
V3 division of the trigeminal nerve toward the 
foramen lacerum, and then joins the lesser 
petrosal nerve to form the vidian nerve in the vid-
ian canal (Fig.  11.4). The lateral extent of the 
IAC is divided into four quadrants: Bill’s bar 
(vertical crest) separates the facial nerve in the 
superior-anterior quadrant from the superior ves-
tibular nerve in the superior-posterior quadrant; 
the transverse crest separates the superior vestib-
ular nerve in the superior-posterior quadrant from 
the inferior vestibular nerve in the inferior-poste-
rior quadrant. The cochlear nerve is located in the 
inferior-posterior quadrant of the IAC.

�IAC Localization Techniques 
in the Petrous Bone

Four techniques are commonly reported in the lit-
erature to localize the IAC during MFA. The House 
technique follows the GSPN posteriorly to the area 
of the Gasserian ganglion (GG) and the labyrinthine 
segment of the facial nerve medially toward porus 

Fig. 11.3  Axial (a) and coronal (b) T1-weighted MRI 
with gadolinium showing patient who presented with pro-
gressive vestibular symptoms and preserved hearing. The 

cuts demonstrate a small VS located at the right IAC 
extending from the fundus of the IAC to the prepontine 
cistern
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acusticus in a lateral-to-medial direction [12]. The 
Fisch technique exposes the blue line of the SSC, 
and the IAC plane is approximated by drawing an 
imaginary line angled 60° to the SSC plane directed 
toward the posterior fossa dura [9]. Both techniques 
expose the IAC in a lateral-to-medial direction 
where the facial nerve is most superficial in the 
petrous bone, increasing the risk for facial nerve, 
SSC, and cochlear injury. The Garcia-Ibanez tech-
nique uses the GSPN and AE to locate the IAC [10]. 
The IAC is localized using a line bisecting the angle 
between GSPN and AE, and then the drilling is 
directed toward the porus acusticus to expose the 
IAC in a medial-to-lateral direction, decreasing the 
risk for facial nerve injury; this technique does not 
require exposure of the SSC. Another less popular 
technique involves drilling a point away from the tip 
of the GG about 9.9 mm on a line angled with the 
GSPN about 96° [17].

Given the variation in the middle fossa anat-
omy, there is no one technique fit for all patients. 
We generally prefer the Garcia-Ibanez technique 
(Fig. 11.4) because of the lower risk for injuring 
the facial nerve and inner ear structures.

�Surgical Technique

�Bony Exposure
After general anesthesia and intubation, the 
patient is positioned in either a completely lateral 
position with the side of the surgery up and the 
head fixed in a Mayfield head clamp or a supine 
position with small shoulder post under the ipsi-
lateral side with head turned 60° to the contralat-
eral side (Fig. 11.5). We tilt the head toward the 
contralateral shoulder until the ipsilateral sig-
moid sinus becomes parallel to the floor. Facial 
nerve monitoring and auditory BAER are used 
routinely for all VS cases. A lazy “S” skin inci-
sion is marked starting at the zygomatic root just 
anterior to the tragus and then extending superi-
orly, curving posteriorly and then anteriorly just 
above the superior temporal line and behind the 
coronal suture. Preoperative antibiotics, dexa-
methasone, and mannitol are administered. The 
incision line is injected with local anesthetic and 
a vasoconstrictor, after which the skin incision is 

Fig. 11.4  (a) Cadaveric dissection (right-sided approach) 
photograph demonstrating the anatomy of the middle 
fossa. The temporal lobe is elevated extradurally to expose 
the floor of the middle fossa. This is performed in a poste-
rior-to-anterior direction to avoid traction injury to the 
facial nerve by putting stretch on the greater superficial 
petrosal nerve (GSPN). The horizontal segment of the 
petrous internal carotid artery (ICA) is visible through a 
bony dehiscence. The arcuate eminence (AE) initially is 
identified along the petrous ridge. Extradural elevation 
then is continued anteromedially to expose the geniculate 
ganglion (GG) and the GSPN.  The middle meningeal 
artery at the foramen spinosum (FS) is divided to allow 
further release of the temporal dura from the middle fossa 
cranial base to expose the posterior cavernous sinus and 
the V2 and V3 branches of the trigeminal nerve. (b) 
Cadaveric dissection photograph showing the middle 
fossa rhomboid (red) is bordered by the V3 anteriorly, the 
GSPN laterally, the AE posteriorly, and the petrous edge 
medially. The horizontal segment of the petrous ICA 
courses parallel to and beneath the GSPN. The internal 
auditory canal (IAC, blue dotted line) lies approximately 
in the plane that bisects the angle between the GSPN and 
AE. The cochlea (C) is situated anteromedial and inferior 
to the geniculate ganglion. Glasscock’s triangle (blue) is 
bordered by the posterior rim of the foramen ovale, the 
foramen spinosum, the posterior border of V3, and the 
cochlear apex. (Liu et al. [18], by permission of Congress 
of Neurological Surgeons [18])
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Fig. 11.5  (continued)
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Fig. 11.5 (continued)  Intraoperative photographs show-
ing a right middle fossa approach for an intracanalicular 
tumor with small cisternal extension. (a, b) Surgical posi-
tioning. (c) Planned surgical incision extending from the 
superior temporal line to the front of the tragus. (d) 
Exposure of the zygomatic process, which is centered at 
the inferior end of the planned craniotomy (measuring 
2.5  cm anterior and 2.5  cm posterior to the zygomatic 
root). (e) Exposure of the middle meningeal artery 
(MMA) at the foramen spinosum, which then coagulated 
and divided. Note that the zygomatic root is made flush 
with the middle fossa floor. (f) Completed temporal dural 
elevation in the posterior-to-anterior direction with 
exposed arcuate eminence (AE), greater superficial 
petrosal nerve (GSPN), and V3 division of the trigeminal 
nerve at foramen ovale. Note the placement of the retrac-
tor blades’ tips just underneath the lip of the petrous 

ridge. (g) Drilled petrous bone ridge and IAC lip and 
exposure of the IAC dura as far laterally as Bill’s bar. 
Note the relation between the AE, GG, GSPN, and IAC. 
(h) Dural opening along the superior and posterior mar-
gin of the IAC long axis to avoid injuring the facial nerve 
anteriorly. (i, j) Complete exposure of the IAC with iden-
tification of the facial nerve and the tumor attachment to 
the vestibular nerve. The tumor may need to be debulked 
internally to be able to manipulate and dissect away from 
the nerves. Note the elevation of the tumor from a medial-
to-lateral direction. (k) Complete resection of the tumor 
with intact cochlear nerve and sectioned distal end of the 
vestibular nerve posterior to the facial nerve. (l) 
Placement of a fat graft over the IAC and fibrin glue to 
prevent CSF leak. (m) Bone flap placement with place-
ment of MEDPOR to cover the drilled part of the tempo-
ral bone inferiorly
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made down to the galea. This is followed by 
opening the temporalis fascia and muscle using a 
monopolar cautery down to the bone. The skin 
incision is often extended inferiorly over the 
zygomatic root to allow for a wider exposure 
when the retractors are placed. Care must be 
taken not to injure the frontal branch of the facial 
nerve below the zygomatic arch. A periosteal 
elevator is used to dissect the temporalis along 
with the periosteum from the bone anteriorly and 
posteriorly, making sure the root of the zygoma is 
completely exposed and centered at the lower 
margin of the bony exposure. A self-retaining 
retractor is placed, and two bur holes are made. 
One bur hole is placed just above the root of the 
zygoma and the other one just above the squamo-
sal suture in the same plan. A craniotome is used 
to make the bony cuts; and a bone flap (~5 × 
5 cm) is elevated while maintaining the integrity 
of the dura, which is then tacked up to the edge of 
the craniotomy superiorly. The lower edge of the 
craniotomy is made flush with the middle fossa 
floor using a cutting drill. Air cells of the tempo-
ral bone may be encountered in some cases and 
must be closed using bone wax to prevent the risk 
of CSF leak. Under microscopic visualization, 
the dural elevation is commenced. A small suc-
tion and a dural dissector are used to elevate the 
dural from the middle fossa floor. This process is 
started by identifying the foramen spinosum and 
the MMA in the middle fossa floor, which is con-
sidered a very important landmark. The foramen 
spinosum is always located posterolateral to the 
foramen ovale and V3, so injury of the GSPN at 
this stage of the operation is unlikely. We then 
identify the foramen ovale and the V3 anteriorly 
and medially. The foramen spinosum and ovale 
with the MMA and V3 mark the anterior limit of 
the surgical exposure. The MMA is coagulated 
and divided sharply, which will release the dural 
tethering and ease the dural elevation to identify 
the foramen ovale and V3. Bipolar cautery is 
avoided in this area to prevent thermal injury to 
the GSPN or GG. Bleeding from small emissary 
veins from both foramina is not uncommon and 
is easily controlled by using a hemostatic agent. 
Once that is done, attention is turned toward the 
petrous ridge posteriorly, where the dura is ele-

vated from lateral to medial along the ridge, iden-
tifying the tegmen, AE, meatal depression, and 
trigeminal prominence. The trigeminal impres-
sion and petrous apex do not need to be exposed. 
Dissection then is continued in a posterior-to-
anterior direction along the floor of the middle 
fossa toward the foramen ovale to identify the 
GSPN, which is dissected from the dura and fol-
lowed to where it enters under V3. A malleable 
self-retaining retractor is placed as far deep as the 
superior petrosal sinus to expose the petrous 
ridge and retract the temporal dura superiorly. 
The IAC location is now approximated using a 
line bisecting the angle between the GSPN ante-
riorly and the AE (SSC) posteriorly. A 3-mm dia-
mond drill is used with a continuous 
suction-irrigation system to expose the IAC. The 
drilling starts medially close to the petrous ridge 
and deepens inferiorly until the medial portion of 
the IAC dura is identified. The drilling is contin-
ued laterally until we identify Bill’s bar, which 
can serve as an important landmark for the facial 
nerve at the lateral canal. Drilling continues 
~270° around the IAC dura to provide a room for 
maneuverability after dural opening. Care must 
be taken not to open the cochlear angle just 
anteromedial to the junction of the labyrinthine 
facial segment and the GG or the vestibule, which 
is located posterolateral to this lateral end of the 
IAC (Fig. 11.5).

�Dural Opening and Tumor Dissection 
Techniques
Once the IAC dura is exposed, it is incised along 
its posterior length parallel to the superior ves-
tibular nerve to avoid injury to the facial nerve, 
which lies in the anterosuperior portion of the 
IAC. A facial nerve stimulation probe is used to 
identify the location of the facial nerve in the lat-
eral portion of the IAC. A sharp hook is used to 
transect the superior vestibular nerve just in the 
posterior margin of Bill’s bar using very gentle 
movement to protect the labyrinthine segment of 
the facial nerve. The transverse crest at this lat-
eral aspect of the canal may prevent adequate 
visualization of the cochlear nerve anteroinferi-
orly; however, when the dura of the IAC is 
removed along the axis of the IAC posteriorly to 
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the area of the porus acusticus and the CSF is 
allowed to egress, more brain relaxation and bet-
ter middle fossa retraction can be accomplished. 
This will allow for better surgical trajectory to the 
lateral aspect of the IAC and cochlear nerve.

The facial nerve is identified first in the 
medial portion of the IAC proximal to the tumor 
using the facial nerve stimulator, and then the 
proximal vestibular nerve is divided sharply. The 
tumor is now elevated slowly and gently from 
the facial nerve and the cochlear nerve in a 
medial-to-lateral direction to minimize the risk 
of tearing the cochlear nerve fibers entering the 
lamina cribrosa from the hair cell. In some cases, 
tumor debulking is completed using a microscis-
sor or ultrasonic aspirator to facilitate tumor 
manipulation and dissection from the facial and 
cochlear nerve. A sharp hook is used to create 
the plan between the tumor and the facial and 
cochlear nerves and to divide the facial-vestibu-
lar communication fibers. Bipolar cautery is 
avoided during this surgery to prevent thermal 
injury to the delicate facial and cochlear nerve. 
Bleeding in these small tumors in the IAC is 
minimal and usually controlled easily with 
hemostatic agents and continuous irrigation; 
however, when bleeding obscures the dissection 
plan and the surgical cavity, the operative table 

can be placed in reverse Trendelenburg position 
to decrease the venous congestion and allow the 
blood and the irrigation to egress out of the sur-
gical field until the tumor is completely removed. 
Care must be taken not to injure the labyrinthine 
artery or its branches during tumor dissection. 
Any exposed air cells are sealed off using bone 
wax. After hemostasis is achieved, a small piece 
of fat is harvested from the abdomen or thigh 
and placed over the IAC. The lower margin of 
the craniotomy is inspected for any open air 
cells, and bone wax is used to seal them. The 
bone flap is placed back, and the lower end of the 
drilled bone is covered using a small piece of 
MEDPOR cranioplasty (Fig.  11.5). Temporalis 
muscle is closed as a separate layer followed by 
closure of the fascia, galea, and skin. A routine 
postoperative CT scan of the brain is obtained 
showing the surgical corridor and the amount of 
bony drilling (Fig. 11.6).

�Limitations of the MFA

Although it offers a short operative time and easy 
approach with minimal morbidity and mortality 
for carefully selected patients with VSs, there are 
several limitations to the MFA. The surgical cor-

Fig. 11.6  Axial (a) and coronal (b) CT scan brain bone window demonstrating the extent of the bone removed during 
middle fossa approach to reach the right IAC postoperatively
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ridor is narrow. Tumors with significant burden in 
the cisternal space of the CPA are difficult to 
remove. Furthermore, the infrequent use of this 
approach and limited familiarity with the petrous 
bone anatomy can be disadvantageous for the 
inexperienced neurosurgeon, but with experience 
the approach is desirable for well-selected 
tumors.

�Surgical Risk and Complications

All middle fossa structures are at risk during the 
MFA including the temporal lobe, vein of Labbé 
in the dominant side, trigeminal nerve (V3), 
GSPN, GG, petrous carotid artery, cochlea, vesti-
bule, facial nerve, cochlear nerve, and labyrin-
thine artery. Air cell openings in either the inferior 
or lateral aspect of the temporal bone or in the 
middle ear should be recognized and sealed ade-
quately on the way in and out during this 
approach. Although the reported rate of CSF leak 
following MFA is 5.3–8% because of unsealed 
air cells (early, within 3 days) or hydrocephalus 
(late, more than 3 days) [1, 6], in our series, there 
was 0% incidence of postoperative CSF leak, 
which has been attributed to meticulous closure 
technique and continuous bone dust irrigation 
and clearance during bony drilling [25]. 
Increasing body mass index and prolonged oper-
ative time have been suggested as independent 
risk factors for CSF leak [6]. A systematic review 
of VS resections done using MFA reported 8% 
incidence of postoperative headache, 2.6% inci-
dence of residual tumor, 1.1% rate for tumor 
recurrence, and 0.4% mortality rate [1]. In our 
series, there was no residual tumor, no recur-
rence, and no deaths at 15 months of follow-up 
[25]. Postoperative temporal lobe venous infarc-
tion, intracranial hemorrhage, epidural hema-
toma, subdural hematoma, seizure, and aphasia 
are also potential risks during the MFA.

�Surgical Outcome for MFA

The reported hearing preservation rate with the 
MFA has ranged from 37% to 82% in the most 
recently published series [3, 7, 15, 24, 29, 30, 32, 

34, 35]. In a systematic review of 35 studies for VS 
resection, the hearing preservation rate was 56.4% 
for tumors <1.5  cm and 59.4% for purely intra-
canalicular tumors. The facial nerve function pres-
ervation rate was found to be 96.7% for tumors 
<1.5  cm and 83.3% for purely intracanalicular 
tumors [1]. The authors demonstrated that the 
MFA is superior to the retrosigmoid approach for 
hearing preservation and superior to the translaby-
rinthine approach for facial nerve function preser-
vation for tumors <1.5 cm [1]. In our experience, 
the hearing preservation rate is 75.5%, and the 
facial function preservation rate is 90% at 
15 months postoperatively with MFA for VS [25].

�Translabyrinthine Approach 
for Vestibular Schwannoma

�Indications

The translabyrinthine approach is indicated for 
VS resection in patients with nonserviceable 
hearing or complete hearing loss preoperatively. 
This approach provides the most direct access to 
the CPA. Generally, all VSs that can be 
approached through a retrosigmoid route can be 
removed through a translabyrinthine route; how-
ever, this approach is particularly useful for 
tumors that extend to the fundus of the IAC later-
ally and into the CPA angle medially (Fig. 11.7). 
The entire length of the facial verve is exposed 
routinely from the origin of the brainstem to the 
fundus of IAC. This approach allows surgeons to 
identify the facial nerve early during surgery, 
minimal or no cerebellar retraction is required as 
opposed to  the retrosigmoid approach, and the 
approach allows for early CSF drainage and 
relaxation to the cerebellum [2, 4, 22]. The surgi-
cal positioning and bony exposure have been 
described elsewhere in this book.

�Tumor Removal Techniques

After the presigmoid dura and IAC dura are 
exposed, under microscopic vision, the dura is 
opened first superoposteriorly along the axis of 
the IAC away from the presumed position of the 
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facial nerve under the dura. The tumor is followed 
laterally, and the vestibular nerve is identified pos-
terior to Bill’s bar and transected by using a sharp 
hook. The facial nerve is identified first distal in 
the canal just anterior to Bill’s bar and is con-
firmed using a facial nerve stimulator. Because 
the translabyrinthine approach is a non-hearing 
preservation procedure, the tumor can be partially 
dissected off the facial nerve in this position in a 
medial-to-lateral direction. Next, a linear incision 
is made anterior to the sigmoid sinus and inferior 
to the sinodural angle. Care must be taken not to 
injure the underlying cerebellar tissue, veins, or 
arteries. This dural opening is widened superiorly 
and inferiorly in a funnel shape toward the upper 
and lower extent of the IAC.  The dural flap 
between the IAC and presigmoid region is tran-
sected and removed to expose the tumor. The 
arachnoid of the CPA is divided sharply, and the 
tumor should be apparent. Every effort is made to 
preserve the arachnoid plan and preserve all neu-
rovascular structures of the CPA. In most cases, 
the facial nerve is located in the anterior surface of 
the tumor, running anterior-superior or anterior-
inferior; however, the facial nerve stimulator is 
used to stimulate the posterior surface of the 
tumor to ensure absence of stimulation where the 
tumor is opened. Bipolar cautery at a low setting 

can be used to coagulate the posterior surface of 
the tumor, and a small window is made in the back 
side of the tumor using a microscissors. A piece of 
tumor is removed and sent for pathological analy-
sis. An ultrasonic aspirator is used next to debulk 
the tumor from the center. During this step, it is 
important to stay inside the tumor capsule and 
avoid aggressive debulking so that the tumor cap-
sule can be manipulated during tumor dissection 
off the brainstem and facial nerve. A small hook is 
used to visualize the thickness of the remaining 
capsule after debulking to ensure enough debulk-
ing and maneuverability of the tumor. The goal of 
this maneuver is to make the tumor smaller and 
easier to manipulate without too much traction on 
the facial nerve or brainstem.

Once enough debulking is achieved, the facial 
nerve should be identified at the root exit zone at 
the brainstem level. The origin of the facial nerve 
is located ventral and caudal to the vestibuloco-
chlear nerve origin. A hook is used to gently lift 
the tumor capsule away from the brainstem, and 
the space between the tumor capsule and brain-
stem is inspected. The facial nerve stimulator is 
used to confirm the position of the facial nerve, 
and the vestibulocochlear nerve is divided 
sharply. Tumor capsule is peeled away gently 
from the facial nerve in a medial-to-lateral direc-

Fig. 11.7  (a) Axial T2-weighted and (b) coronal 
T1-weighted MRI of the brain with gadolinium demon-
strate a large right CPA VS extending into the right IAC 

fundus. Note the significant brainstem and fourth ventri-
cle compression causing hydrocephalus
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tion. As the tumor is dissected, the redundant 
capsule can be debulked more with microscissors 
or an ultrasonic aspirator. This is continued until 
just before the porus acusticus, where the maxi-
mum adhesion between the tumor and the facial 
nerve usually exists. The dissection now is 
directed toward the lateral extent of the tumor in 
the IAC. The tumor is debulked similarly at the 
lateral end of the IAC and then dissected sharply 
off the facial nerve in a lateral-to-medial fashion. 
A back-and-forth  dissection–debulking tech-
nique is used to remove this last piece of tumor 
from the facial nerve until both dissection plans 
are met at the porus acusticus. All opened air 
cells must be checked and sealed with bone wax. 
Similar to the MFA, the closure is done using just 
enough pieces of fat to fill the surgical corridor in 
the mastoid. It is important to ensure that these 
fat grafts do not fall into the intradural space in 
the CPA angle. On the other hand, too much fat 
packing may compress the sigmoid sinus and 
should be avoided. The first fat piece may be 
made just big enough to plug the dural opening, 
and the other small fat pieces are placed over it. A 
small absorbable plate is placed over the mastoid 
to buttress the fat. The muscle and galea are 
closed in layers; the skin is closed using a simple 
running or locking nylon stitches (Fig. 11.8). The 
extent of the bone removal and tumor removal 
using the translabyrinthine approach can be seen 
in Fig. 11.9.

�Surgical Risks and Complications

The operative-related mortality rate for the trans-
labyrinthine approach for VS resection ranges 
from 1% to 1.3% [1, 31], mainly in elderly 
patients with tumors larger than 3 cm [31]. CSF 
leak postoperatively has been reported to occur in 
1.8–14% of patients [28, 31]. Major neurological 
deficits such as stroke, seizure disorder, and per-
sistent cerebellar dysfunction have been reported 
in 2.6% of patients [1]. In a large series of 1244 
patients with VS who underwent translabyrin-
thine approach, the risk of the following compli-
cations was <1%: subdural hemorrhage, CPA 
hematoma, cerebellar edema, brainstem hema-
toma, transient aphasia, and lower cranial nerve 

dysfunction [31]. In cases where gross-total 
resection was planned, residual tumor was 
reported in 5.6% of patients [1].

�Facial Nerve Preservation 
with the Translabyrinthine Approach

The overall facial nerve preservation rate reported 
with the translabyrinthine approach was 89.5% in 
a large systematic review [1]. The reported rates 
of facial nerve preservation are 100%, 84.2%, 
and 57.7% for intracanalicular tumors, tumors 
measuring 1.5–3  cm, and tumors larger than 
3 cm, respectively [1].

�Limitations of Translabyrinthine 
Approach

The translabyrinthine approach is usually indi-
cated for resection of VS in patients with unser-
viceable hearing or with poor hearing preservation 
prognosis preoperatively. The size of the tumor is 
not a limiting factor for this approach; however, 
in some cases, the jugular bulb is located very 
close to the IAC, and careful studying of the jug-
ular bulb height in the preoperative MRI and CT 
scans is important to ensure adequate distance 
between the IAC and jugular bulb, especially in 
large VSs.

�Specific Perioperative Considerations

Thin-cut axial, sagittal, and coronal MRIs of the 
skull base should be studied preoperatively. The 
dominant temporal lobe and vein of Labbé must 
be kept in mind for complication avoidance. 
Neuronavigation systems that use stereotactic CT 
scan or MRI may be useful surgical adjuncts to 
localize the IAC and define the limits of bony 
drilling. Facial nerve monitoring and BAER are 
used routinely for all VS cases. Muscle paralysis 
agents should be avoided during anesthesia. 
Dexamethasone and mannitol can be used to 
relax the brain and prevent dural tear during bone 
elevation. Early mobilization and physiotherapy 
postoperatively are important parts of the treat-
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Fig. 11.8  (Continued)
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ment plan for postoperative complication avoid-
ance and vestibular function rehabilitation.

�Conclusion

Detailed anatomical understanding of the middle 
fossa, inner ear, and IAC anatomy is the key to 
achieving the desired outcome with very low mor-
bidity and mortalities in the retrosigmoid, MFA, 
and translabyrinthine approaches for VS resec-

tion. Unlike otolaryngologists, many neurosur-
geons are not familiar with these approaches 
because of the rarity of VSs compared with the 
other pathological processes that may involve the 
inner or middle ear. Nevertheless, learning the 
technical nuances of these approaches is advanta-
geous. Having dedicated skull base and ear, nose, 
and throat surgical teams during the preoperative, 
operative, and postoperative care for patients with 
VSs treated using these approaches is an impor-
tant aspect for management of this pathology.

Fig. 11.8  Translabyrinthine approach for a large VS. (a, 
b) Surgical position and skin incision marking. (c) 
Completed bone removal of the mastoid air cells and 
exposure of the presigmoid dura and the tumor in the right 
IAC. Note the complete skeletonization of the sigmoid 
sinus with only a thin shell of the bone left over the jugu-
lar bulb. (d) Identification of the Bell’s bar and opening 
the IAC dura just posterior to it. Note the eustachian tube 
plugged with muscle. (e) Further dissection of the tumor 
off the facial nerve in the IAC. (f) Opening of the presig-
moid dura parallel and inferior to the sinodural angle. The 
black lines denote the dural opening Fig.  11.8  (contin-
ued)  around the IAC. (g) Debulking of the tumor after 
opening a window in the backside of the tumor (facial 
nerve stimulator is used to confirm the absence of aberrant 

facial nerve course along the incision line of the tumor 
capsule). (h) Lifting the tumor capsule off the cerebellum 
and brainstem after adequate tumor debulking is achieved. 
Note the use of cottonoids to gently dissect the tumor cap-
sule from the brainstem using traction-countertraction 
technique in medial-to-lateral direction. (i) Identifying the 
facial nerve at the inferior and anterior part of the tumor. 
(j) Tumor remnant dissected from lateral-to-medial direc-
tion off the facial nerve after more tumor debulking. (k) 
Complete tumor removal with intact facial nerve. Note the 
view provided by translabyrinthine approach at the end of 
the dissection (ability to see the whole length of the facial 
nerve from the root exit zone to the IAC fundus). (l) The 
use of an absorbable plate for mastoidectomy repair after 
placement of fat graft over the presigmoid dura
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�Introduction

Epithelial inclusion cysts generally form con-
genitally between the third and fifth weeks of 
gestation secondary to an early dysjunction and 
entrapment of the ectoderm before neural tube 
closure [11, 27, 29]. Iatrogenic implantation of 
the skin after lumbar puncture and traumatic 
implantation after gunshot wound have been 
proposed as rare mechanisms underlying the 
development of these lesions [12, 32]. 
Epidermoid cyst walls are lined with stratified 
squamous epithelium overlying a connective 
tissue lamina that closely adheres to the pia 
mater and is grossly anatomically indistinguish-
able from the latter. Tumor growth results from 
continuous desquamation and degradation of 
epithelial cells inside the cyst, forming pearly 
and shiny debris composed of cholesterol crys-
tals and keratin [7, 9, 23]. These cysts constitute 
0.2–1.8% of all intracranial tumors [11, 17, 18, 
25]. The most common location for epidermoid 
tumors is the cerebellopontine angle (CPA). In 
the posterior fossa, these represent 5–7% of all 
CPA lesions [11, 31], and 40–50% of all intra-

cranial epidermoid cysts are located in the CPA 
[11, 31]. The paramedian location of this lesion 
is thought to be related to the otic vesicles dis-
placing the epithelia rest more peripherally 
toward the CPA [3, 4, 19]. The second most 
common location in the posterior fossa is the 
fourth ventricle, accounting for 5–18.5% of all 
intracranial epidermoid tumors [9, 20, 35].

�Clinical Presentation

Epidermoid cysts can remain asymptomatic clin-
ically for a long time because they have a slow 
and linear growth pattern similar to the normal 
epidermis but are insinuated into the surrounding 
subarachnoid spaces [2, 11, 14]. Patients usually 
become symptomatic between the third and fifth 
decades of life, and a latency period of clinical 
presentation of CPA epidermoids of 2–4.6 years 
has been reported [1]. This latency period may be 
shorter for fourth ventricular epidermoids, which 
have a reported average of 1.6  years from the 
onset of symptoms to diagnosis [11, 34]. The 
pathophysiological mechanism for symptoms 
and signs of onset of posterior fossa epidermoid 
cysts may be related to compression of neurovas-
cular structures, encasement and strangulation of 
the cranial nerves and blood vessels, or irritation 
of the neurovascular structures secondary to the 
cyst rupture and spillage of its content into the 
subarachnoid space (Mollaret’s meningitis) [14]. 
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Trigeminal neuralgia, hearing impairment, dizzi-
ness, headaches, diplopia, and facial paralysis are 
common presenting symptoms of CPA epider-
moid cysts [7, 8, 17], whereas gait disturbance, 
abducens and facial nerve palsy, and hydrocepha-
lus are common presentations for fourth ventric-
ular epidermoids [33]. Seizures and diplopia can 
also be a presenting symptom for epidermoids of 
the CPA extending to the middle fossa secondary 
of mesial temporal structure compression [33].

�Imaging and Differential Diagnosis

The signal characteristics of epidermoid tumor 
on CT (Fig. 12.1) and standard MRI (Fig. 12.2) 
are similar to those of cerebrospinal fluid (CSF). 
Typically, these cysts appear as an extra-axial 
hypodense lesion on CT scan, are hypointense on 
T1-weighted MRI and hyperintense on 
T2-weighted MRI, and display no contrast 
enhancement on MRI. However, a rare CT scan 
characteristic of some epidermoid cysts has been 
referred to as “dense epidermoid cysts” or “white 
epidermoids” [5, 26]. These lesions have atypical 
CT scan hyperdensity that has been variously 
described as being a result of liquefaction of the 
cyst content, representing high protein content or 
prior hemorrhage into the cyst, indicating the 
presence of ferro-calcium or iron-containing pig-
ment or denoting the presence of polymorpho-
nuclear leukocytes based on intraoperative 
observation and pathological correlation [22, 26, 
31, 36]. Other radiological features including cal-

cifications have been reported in 10–25% of 
cases, and capsular enhancement related to per-
ilesional inflammation in the MRI has been 
described [7, 31]. Fluid-attenuated inversion 
recover (FLAIR) sequence may show heteroge-
neous signal with central hyperintensity in epi-
dermoid cysts and can be used to differentiate 
epidermoids from other cystic lesion of the CPA 
[16, 31]. True restricted diffusion on diffusion-
weighted MRI (hyperintense signal) and appar-
ent diffusion coefficient MRI (hypointense 
signal) is the most characteristic MRI finding for 
typical epidermoid cysts [6]. The main differen-
tial diagnosis for epidermoid cysts in the CPA is 
arachnoid cysts. Uncomplicated arachnoid cysts 
are usually isointense in FLAIR with no restricted 
diffusion. The differential diagnosis for atypical 
epidermoid cysts should include atypical appear-
ance of meningioma, cystic schwannoma, endo-
lymphatic sac tumors, teratoma, pilocytic 
astrocytoma, hemangioblastoma, and gangliogli-
oma [15, 31].

�Management

Epidermoid cysts are slow growing and benign 
and do not respond to chemotherapy or radiother-
apy, and asymptomatic small epidermoid cysts of 
the CPA can be monitored with serial imaging. 
However, for symptomatic or large asymptomatic 
cysts with significant mass effect on the brainstem, 
surgical removal is indicated. Complete surgical 
resection of the epidermoid tumor along with its 

Fig. 12.1  Axial (a), coronal (b), and sagittal (c) CT scans 
of the brain demonstrating a hypodense lesion located at 
the left CPA angle. Note the supratentorial extension of 

the lesion and the mass effect on the brainstem and mesio-
temporal structures
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capsule is ideal to reduce the risk of recurrence, 
but it is almost impossible to predict preopera-
tively how adherent the cyst capsule is to the brain-
stem and the traversing CPA neurovascular 
structures. Hence, the goal of surgical resection for 
these lesions should be maximum safe resection. 
Some studies have demonstrated that recurrence 
risk for CPA epidermoid cysts is the same with 
complete removal and incomplete removal [17, 
30]. However, these studies are limited by short 
follow-up periods. Epidermoid cysts are com-
posed of soft white material and are often amena-
ble to suctioning. In some cases, however, the 
lesion grows around the cranial nerves and blood 
vessels in the CPA, making it difficult to distin-
guish between the cyst contents and the cranial 
nerves, especially the sixth and fourth cranial 
nerves, which are small and fragile and can be eas-
ily injured during surgery. Identifying the cranial 
nerves where they enter the skull base foramina 

during surgery may be a helpful trick during sur-
gery for safe resection.

Surgery is the mainstay of treatment for epi-
dermoid cysts. Epidermoid cysts of the fourth 
ventricle are removed using a standard midline 
suboccipital craniotomy. Most of the epidermoid 
cysts confined to the CPA are removed using a 
standard retrosigmoid approach [17, 30, 33], but 
epidermoids that extend into the middle fossa can 
be removed using a combined retrosigmoid and 
subtemporal transtentorial approach simultane-
ously or in separate stages [28, 30] or an extended 
retrosigmoid transtentorial approach. More 
recently, the endoscopic-assisted retrosigmoid 
approach [28] or pure endoscopic retrosigmoid 
approach has been described [24]. In the follow-
ing section, we describe the keyhole retrosigmoid 
transtentorial approach for epidermoid cyst of the 
CPA extending into the supratentorial (middle 
fossa) compartment.

Fig. 12.2  Brain MRI demonstrating a right CPA 
epidermoid cyst with characteristic T1-weighted hypoin-
tense signal (a), T2-weighted hyperintense signal (b), het-
erogeneous signal intensity in FLAIR (c), and restricted 

diffusion signal in DWI (d) and ADC (e) sequences. Note 
the supratentorial extension and the mass effect on the 
brainstem and mesiotemporal structures
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�Surgical Approach

After general anesthesia induction and patient 
intubation, the patient is positioned in a lateral 
decubitus position with the head held in a three-
point fixation head clamp. Muscle paralytic 
agents are avoided, and neuromonitoring—
including motor evoked and somatosensory 
evoked potentials, facial nerve and auditory 
brainstem evoked responses, and 9th, 10th, 
11th, and 12th cranial nerve monitoring—is 
used routinely in these cases. The head is kept 
in a neutral position with slight lateral neck flex-
ion toward the contralateral shoulder so that the 
mastoid tip is at the highest point in the surgical 
field. An axillary roll is placed under the depen-
dent side; the ipsilateral shoulder is slightly 
flexed, and the arm is pulled down and secured 
with a tape over a bellow or an arm support fixed 
in the operating table. Undue traction of the 
ipsilateral shoulder and arm should be avoided 
to prevent brachial plexus injury. The operat-
ing table is reflexed, and the patient is secured 
onto the operating table using an adhesive tape 
for airplane positioning during the surgery. The 
pressure points are checked and padded appro-
priately. Neurophysiological baseline studies 
are obtained after positioning is complete so that 
undue traction of the brachial plexus or neck 
lateral flexion is detected and readjusted before 
starting the procedure. A neuronavigation sys-
tem can be used to help localize the position of 
the skin incision and the bony removal in rela-
tion to the sigmoid and transverse sinuses.

Anatomically, a straight line connecting the 
ipsilateral root of the zygoma and the inion along 
the superior nuchal line is a landmark for the ipsi-
lateral transverse sinus. The asterion is located 
4 cm posterior to the ipsilateral external auditory 
meatus and can usually be felt as a bony depres-
sion just superior and posterior to the mastoid 
notch. This point marks the inferior margin of the 
sigmoid-transverse sinus junction. A line extend-
ing from the asterion inferiorly just posterior to 
the mastoid tip marks the posterior margin of the 
sigmoid sinus. A curved skin incision is planned 
0.5–1 cm posterior to the mastoid notch so that 
one third is above and two thirds are below the 

asterion. The hair above the ipsilateral pinna is 
clipped and draped in case a subtemporal bony 
window is necessary for resection of the supra-
tentorial part of the lesion.

Once the skin incision and the bony exposure 
are complete, a small craniotomy or craniectomy 
is performed. It is very important to expose the 
posterior third of the sigmoid sinus and the infe-
rior third of the transverse sinus to be able to 
reflect the dural edges or leaflet and to see along 
the posterior petrous and the inferior tentorial 
surface without difficulties. In cases where 
hydrocephalus is present on preoperative imag-
ing, a preoperative or intraoperative frontal or 
occipitoparietal external ventricular drain may be 
inserted and used to relax the brain during the 
surgery and to prevent postoperative CSF leak. 
The dura is opened in a cruciate fashion or curved 
along the inferior sinus border leaving a small 
cuff of dura for watertight closure at the end. The 
dural margins are tacked up superiorly and ante-
riorly over the sinuses margins using dural 
stitches. Under microscopic vision, the prepon-
tine and/or the pontomedullary cistern arachnoid 
membrane is opened sharply, and CSF is allowed 
to egress to aid cerebellar relaxation. The cyst 
should be visible at this stage, and the arachnoid 
membrane covering the cyst is dissected sharply 
A small, self-retaining retractor with a brain spat-
ula may be used with minimal retraction over the 
lateral part of the cerebellum to allow better visu-
alization. Care must be taken not to cause traction 
injury of the seventh and eighth cranial nerves or 
petrosal veins during this stage. The seventh and 
eighth nerve complex should be identified early. 
Attempts should be made to preserve all petrosal 
veins, but in certain cases, some petrosal veins 
may have to be sacrificed to prevent accidental 
tears or to provide better visualization for the 
deeper portion of the CPA cistern. At this stage, 
the cyst contents are debulked using careful 
microdissection techniques. It is important to 
remember that the cranial nerves and posterior 
circulation blood vessels and the perforators may 
be embedded within or displaced by the cyst and 
should be preserved at all costs. Careful attention 
to the abducens and trochlear nerves is important 
because these two nerves are small and can be 
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difficult to visualize during the debulking of epi-
dermoids. The abducens nerve can be identified 
below the seventh and eighth cranial nerve com-
plex from its brainstem origin before going back 
up to its clival intradural fold before it enters 
Dorello’s canal. The trochlear nerve should be 
sought just medial to the dural free margin at the 
incisura. Enough debulking is achieved once the 
4th, 5th, 6th, 7th, and 8th complexes; the 9th, 
10th, 11th, and 12th cranial nerves; the basilar 
artery; and the anterior inferior cerebellar artery 
are identified and decompressed. At this stage, 
the arachnoid-epidermoid cyst wall adhesions are 
identified and divided sharply, and the cyst wall 
is removed. In cases where the cyst wall is very 
adherent to the brainstem, cranial nerves, or 
blood vessels, the adherent part of the cyst is left 
behind to prevent neurological or vascular injury.

Attention now is turned toward the supraten-
torial middle fossa portion of the cyst. The tento-
rial surface posterior to the superior petrosal 
sinus and medial to the petrosal vein is divided 
sharply using a sharp blade and extended toward 
the tentorial free margin using a microscissor. 
The trochlear nerve is at risk during this step and 
must be visualized and protected before complet-
ing the tentorial cut, which is performed posterior 
to where the trochlear nerve enters the tentorial 
edge. Bleeding from the tentorium can be con-
trolled with hemostatic agent and bipolar cautery. 
The supratentorial portion of the cyst can now be 
debulked, and the third cranial nerve, posterior 
cerebellar artery, and posterior communicating 
artery can be identified and freed using microsur-
gical techniques. The endoscope can be brought 
at this stage and 30-, 45-, and 70-degree angled 
scopes can be introduced into the surgical field so 
the remaining pieces of the lesion can be visual-
ized and removed using curved suction and 
microinstruments.

In cases where the supratentorial portion of 
the cyst proves difficult to resect microscopi-
cally or endoscopically from the retrosigmoid 
window, the skin incision can be extended supe-
riorly by curving forward and then inferiorly to 
the level of the root of the zygoma just anterior 
to the tragus, and a separate subtemporal bone 
window is made. Once the bone window is ele-

vated, the inferior margin of the temporal bone 
is drilled away until the root of the zygoma is 
flush with the middle fossa floor. The dura is 
opened in an inverted U shape and reflected 
inferiorly. The temporal lobe is elevated, and the 
tentorium is followed medially to the free mar-
gin. The arachnoid over the ambient cistern is 
divided sharply, and the lesion should be evi-
dent at this stage. In a similar fashion, the epi-
dermoid is debulked, and the oculomotor and 
trochlear nerves, the posterior cerebellar artery, 
and the posterior communicating artery should 
be identified and freed (Fig. 12.3).

The dura is closed in a watertight fashion 
either primarily or using a dural substitute. Bone 
wax is used to seal the middle fossa and mastoid 
bone to ensure obliteration of any opened air 
cells. Muscle and fascia, galea, and skin are 
closed in a multilayered fashion.

�Complication Avoidance

Surgical position-related neuropathy is not 
uncommon, especially in an obese patient with a 
short neck when lateral positioning is used. In 
our experience, somatosensory and motor evoked 
potentials may provide invaluable information 
after final positioning and may be used to adjust 
the extremity position of neck position before 
starting the procedure.

To avoid sigmoid or transverse injury during 
surgical exposure and to ensure adequate bony 
removal before opening the dura, a neuronaviga-
tion system is a useful surgical adjunct when 
available. Careful attention to the sigmoid and 
transverse dominance in the preoperative imag-
ing is important in all posterior fossa approaches. 
When sinus injury occurs during surgery, every 
effort is made to repair the injured sinus primar-
ily using a vascular stitch; depending on the 
extent of the injury, postoperative antiplatelet 
treatment using aspirin may be considered. When 
a subtemporal window is planned, the superficial 
sylvian vein drainage patterns and vein of Labbé, 
especially in the dominant temporal lobe, should 
be identified in the preoperative imaging and pro-
tected during surgery.
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Fig. 12.3  continued
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When preoperative hydrocephalus or signifi-
cant perilesional edema is evident preoperatively, 
insertion of an external ventricular drain before 
starting the procedure can be of clinical benefit to 
avoid intraoperative intracranial hypertension 
and postoperative acute deterioration. The drain 
is inserted preoperatively and opened at high 
pressure or kept closed until the bone is removed. 
Once this is done, the drain is opened, and CSF is 
drained to allow for cerebellar relaxation just 
before dural opening. The drain can be kept in 
place to prevent postoperative CSF leak for few 
days, and then a weaning trial is attempted. If the 
trial fails, then a shunt should be inserted.

Most of these surgical cases can be done 
with dynamic brain retraction using the suction 

instrument in the nondominant hand; however, 
when a fixed brain retractor is used, care must 
be taken not to apply too much retraction on the 
cerebellum to prevent cranial nerve (especially 
seventh and eighth nerve complex) traction 
injury or petrosal vein tears. During cyst wall 
dissection off of the cranial nerve, manipula-
tion of the seventh and eighth nerve complex 
should be avoided to prevent postoperative 
facial nerve weakness or hearing loss. On the 
other hand, the trigeminal nerve is more resil-
ient to manipulation and can be maneuvered 
with impunity.

Approaching the supratentorial portion of the 
cyst from the posterior fossa can be challenging. 
Care must be taken not to injure the trochlear 

Fig. 12.3  (continued) Patient positioning (a, b) and 
microscopic (c–h) and endoscopic (i, j) views of left ret-
rosigmoid transtentorial approach for resection of a left 
CPA epidermoid cyst with supratentorial extension into 
the left middle fossa. (a) The patient is positioned in a 
right lateral position with slight operative table reflex to 
help with decreasing the venous congestion and bleeding. 
(b) The location of the surgical incision in relation to the 
sigmoid and transverse sinus. Note the extension of the 
incision toward the left temporal bone in cases were a 
middle fossa window for the supratentorial portion is 
required. (c) Microscopic view of the left seventh and 
eighth cranial nerve complex entering the internal audi-
tory canal after freeing the complex from the epidermoid 
cyst. (d) Microscopic view of the fifth cranial nerve 
pushed toward the seventh and eighth cranial nerve com-

plex as well as preservation of the petrosal veins. (e) 
Microscopic view of the tentorial surface, tentorial free 
margin, and the fourth cranial nerve. (f) Microscopic view 
of the opening of the tentorium toward the incisura with 
direct visualization of the fourth cranial nerve. (g) 
Microscopic view of the removal of the supratentorial part 
of the epidermoid cyst with identification of the left poste-
rior cerebral artery. (h) Microscopic view of the fourth 
cranial nerve, the interpeduncular cistern, and the third 
cranial nerve after partial removal of the supratentorial 
part of the epidermoid cyst. (i) Endoscopic view of the 
supratentorial compartment demonstrating a residual epi-
dermoid cyst located between the third cranial nerve and 
the mesiotemporal lobe. (j) Endoscopic view shows the 
removal of the a small piece of epidermoid cyst from the 
Meckel’s cave around the fifth cranial nerve
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nerve when performing the tentorial cut by iden-
tifying the nerve before completing the cut. 
When dissecting the middle fossa portion, care 
must be taken not to injure the oculomotor nerve, 
posterior cerebral artery, or posterior communi-
cating artery. The adherent portion of the cyst 
wall should be kept in place, with no attempt to 
pull or dissect it, because these lesions are 
benign and slow growing. Any residual tumor 
can be monitored with serial imaging 
postoperatively.

In cases where the epidermoid cyst wall is liq-
uefied or ruptured, and the cyst contents are 
spilled in the arachnoid space, the risk of aseptic 
meningitis is high. The reported incidence of this 
complication is as high as 18.2% [7]. Preoperative 
steroid administration, intraoperative surgical 
field irrigation with normal saline and hydrocor-
tisone solution [30, 33], and long-term postoper-
ative steroid administration have been advocated 
in these patients [7, 8, 17].

�Surgical Outcome

The rate of gross total resection for posterior 
fossa epidermoid cysts varies widely in the litera-
ture. It is evident in the contemporary series for 
posterior fossa epidermoid cysts that complete 
resection is achievable in no more than 75% of 
the cases (Table 12.1). In one study, the reported 
recurrence-free survival rates for gross total 
resection and subtotal resection after 13 years of 
follow-up were 95% and 65%, respectively [33]. 
In another study, the recurrence-free survival for 
gross total resection and subtotal resection after 
15 years of follow-up were 91% and 7%, respec-
tively [11]. Fourth ventricle epidermoid has a 
higher rate for gross total removal when com-
pared with CPA epidermoid cysts.

A perioperative mortality rate related to neu-
rovascular structure injuries for posterior fossa 
epidermoid cysts of 2–12% was reported in the 
literature published before 2002; however, 
advancement in microsurgical techniques and 

Table 12.1  A summary for the major publications of the CPA and PF epidermoid cyst

Author Location
No. of 
cases Total removal (%) Mortality Recurrence (%)

Follow-up 
(years)

Sabin et al. (1987) CPA 20 5 5 10 6

Salazar et al. (1987) CPA 17 0 6 24 6.8

Yamakawa et al. 
(1989)

CPA 15 47 6.6 20 8

Yasargil et al. (1989) CPA 22 97 0 0 5.7

De Souza et al. (1989) CPA 27 18 3 14.8 15 (max)

Lunardi et al. (1990) CPA 17 35 12 30 9

Samii et al. (1996) CPA 40 75 2.5 7.5 5.7

Doyle et al. (1996) CPA 13 54 0 31 8.6

Brunori et al. (1997) CPA 12 33 0 17 6.5

Mohanty et al. (1997) CPA 25 48 8 0 3.5

Talacchi et al. (1998) PF 28 57 3 30 8.6

Kobata et al. (2002) CPA 30 57 0 10 11.5

Scheifer et al. (2006) CPA 24 54.1 0 25 4.3

Safavi-abbasi et al. 
(2008)

CPA 12 75 0 25 2.25

Gopalakrishnan et al. 
(2014)

PF 50 62 0 44.7 9.4

Czernicki et al. (2015) CPA 17 29.4 0 29.4 9

Hasegawa et al. (2016) CPA 22 81.8 (total/
near-total)

0 – 9

Yawn et al. (2016) CPA 47 46 0 8 3.5
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better understanding of these lesions has led to 
0% perioperative mortality rate in the contempo-
rary series (Table 12.1). On the other hand, post-
operative morbidity—both worsening of 
pre-existing deficit or development of new neuro-
logical deficit—is common. The reported inci-
dence approaches 60% in some studies, and the 
injuries are mainly related to sixth, seventh, and 
eighth nerve complex and lower cranial nerve 
deficits [7, 30, 37]. However, most of these defi-
cits resolve completely or improve on long-term 
follow-up [7].

�Management of Recurrence 
and Malignant Transformation

Recurrence rates for these cysts vary depending 
on the follow-up periods; they have been reported 
to be 8–29.4% in the series published between 
2002 and 2016 over a follow-up period ranging 
from 2.25 to 11.5 years [7, 14, 17, 28, 30, 37]. 
One recently published study including 50 
patients with CPA epidermoid cysts reported a 
44.5% recurrence rate over 9.3 years of follow-
up, a high rate attributed to the long follow-up 
period [11]. Some authors have found that the 
recurrence rate is not influenced by the extent of 
resection [30, 37]; however, the follow-up peri-
ods for these studies were less than 5 years, and it 
is important to remember that these cysts are 
benign and slowly growing. Thus, a follow-up 
period longer than 5 years is necessary to reflect 
the true recurrence rate.

Recurrent cysts are managed based on the 
clinical status of the patients. Recurrent epider-
moid on imaging with no evidence of a new neu-
rological deficit or worsening of a baseline 
neurological deficit can be monitored with serial 
imaging. A second surgery for symptomatic 
recurrent epidermoid cysts in the CPA is unlikely 
to result in complete removal, but the postopera-
tive result is generally comparable to that of the 
first surgery, with no increased mortality or mor-
bidity [11].

Malignant transformation in epidermoid cysts 
is rare phenomena. Degeneration of the epider-
moid cyst into squamous cell carcinoma, primary 

malignant epidermoid carcinoma, and leptomen-
ingeal carcinomatosis with malignant epidermoid 
carcinoma has been reported [25]. Containment 
of the tumor within the intracranial and intradural 
compartment, evidence of benign squamous cell 
epithelium, and exclusion of metastasis or exten-
sion from a nasopharyngeal carcinoma are the 
criteria to diagnose malignant epidermoid [10, 
13]. Metastasis occurs more commonly in male 
patients than in females, with a reported 4:3 
male-to-female ratio [21]. Management options 
for this rare type of epidermoid cyst may include 
palliative treatment, surgery, stereotactic radio-
surgery (SRS), chemotherapy, or a combination 
of these. In a systematic review of 58 patients 
with malignant epidermoids, the average survival 
was 5.3  months with palliative treatment, 
29.5  months with SRS, and 25.7  months with 
chemotherapy (alone, combined with surgery, 
radiation, or SRS) [21]. When surgical resection 
is combined with radiation, SRS, or chemother-
apy, the average survival was 36.3 months [21]. 
For leptomeningeal carcinomatosis associated 
with malignant epidermoids, the average survival 
was 9.1  months without treatment and 
14.5 months with multimodality treatment [21].

�Conclusion

Posterior fossa epidermoid cysts including those 
in the CPA and the fourth ventricle are typically 
benign and slow-growing lesions. When discov-
ered incidentally and causing no significant mass 
effect or hydrocephalus, they can be managed 
conservatively. However, when symptomatic, 
surgery is the mainstay of treatment. Most of 
these cysts are amenable to surgical resection 
through a standard retrosigmoid or midline sub-
occipital craniotomy/craniotomy approach. 
These cysts are soft and often a small craniotomy 
will suffice to obtain access. The goal of treat-
ment is safe gross total resection; however, epi-
dermoid cysts wall can be very adherent to the 
surrounding neurovascular structure, and 
attempts to remove these parts of the wall should 
be resisted. Long-term follow-up with serial 
imaging postoperatively for completely removed 
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or residual epidermoid cysts is recommended, 
especially in young patients. Recurrent epider-
moid cysts can be observed clinically and radio-
logically when asymptomatic, but surgery should 
be offered when they become symptomatic with-
out increased mortality or morbidity.
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Metastasis to the Posterior Fossa

Bradley D. Weaver and Randy L. Jensen

Abbreviations

C1	 First cervical vertebra
CSF	 Cerebrospinal fluid
CT	 Computed tomography
EGFR	 Epidermal growth factor receptor
EVD	 Extraventricular drain
GTR	 Gross total resection
iMRI	 Intraoperative MRI
KPS	 Karnofsky performance scale
LINAC	 Linear accelerator
LMD	 Leptomeningeal disease/dissemination
MRI	 Magnetic resonance imaging
PFS	 Posterior fossa syndrome
RPA	 Recursive partitioning analysis
SRS	 Stereotactic radiosurgery
WBRT	 Whole-brain radiotherapy

�Introduction

Retrospective analyses have estimated the incidence 
of brain metastasis among all cancer patients at or 
over 30% [1–3]. The discovery of brain metastasis 
in patients with previously diagnosed or as-yet-
undiagnosed cancer significantly changes the 
prognosis and treatment options for these patients. 
If the metastasis is left untreated, the patient’s sur-
vival is often measured in months; however, in 
many cases, life span can be significantly extended 
with treatment. Ultimately, brain metastases rep-
resent a far more common disease than primary 
brain tumors, and their incidence is increasing [1]. 
This increase is thought to be largely due to 
greater therapeutic control of extracranial disease, 
which allows more time and opportunity for met-
astatic spread from marginally controlled sites 
[4]. Improved brain imaging with expanded avail-
ability is also increasing discovery of solitary and 
multiple metastases. The problem of metastatic 
disease of the brain is thus one of the growing 
interests to the neurosurgeon and neuro-oncologi-
cal teams, as improving therapies create larger 
numbers of long-term survivors.

�Metastasis to the Cerebellum

The most common cancers that spread to the 
central nervous system parenchyma are the 
lung, melanoma, genitourinary, and breast. 
Approximately 10–15% of all brain metastases 
are located in the cerebellum or posterior 
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fossa of the brain. This is generally explained 
as being due to the proportionally higher 
intracranial blood flow (15%), which is con-
sistent with hematogenous spread of embolic, 
metastatic tumor cells [5]. Others have dis-
cussed that the retrograde dissemination via 
the paravertebral venous plexus may best 
explain posterior fossa metastasis from retro-
peritoneal organs, which are particularly 
overrepresented in the frequency of posterior 
fossa metastasis [6].

The genomic landscape of brain metastases 
also differs from the parental tumor in many 
instances. Recent reports highlight correlations 
between particular KRAS and epidermal 
growth factor receptor (EGFR) mutations and 
organotropic metastasis [7, 8]. Tumor exosome 
data also point toward metastatic specificity 
driven by expression patterns of key extracel-
lular matrix proteins, such as integrins, and 
likely others [9]. Ultimately, the question of 
organotropic metastasis remains open for inves-
tigation, and as new technologies become avail-
able for assessing the biological underpinnings 
of metastasis, patterns and distributions of met-
astatic brain lesions will become increasingly 
clear. Nevertheless, the prevalence of brain 
metastasis demands that neurosurgeons under-
stand the individualized interventions suitable 
for each patient, the surgical anatomy of the 
posterior fossa, the nonsurgical options such as 
stereotactic radiosurgery (SRS), and the impor-
tance of coordination with other neuro-onco-
logical team members.

�Metastasis to the Base of Skull

Skull base metastasis (SBM) represents a distinct, 
challenging, and relatively rare clinical entity. 
These metastatic lesions may cause significant 
morbidity when interfering with important neuro-
vascular structures. Most data regarding patients 
with SBM comes from case reports, small case 
series, and retrospective analyses comparing treat-
ment modalities. SBMs are estimated to occur in a 
small percentage of the general population, with up 

to 3% incidence of temporal bone metastatic 
lesions [10]. However, SBM is most commonly 
diagnosed in patients who have a known history of 
metastatic cancer, especially when osseous metas-
tasis is already confirmed [11]. SBMs to the base of 
the frontal, ethmoidal, sphenoidal, temporal, and 
occipital bones are inherently more challenging to 
detect than calvarial metastases because of their 
variable clinical presentations and sequestered 
anatomy. This difficulty likely leads to an underes-
timation of their true incidence [12].

The three most common cancers contributing to 
skull base metastases are the breast, lung, and pros-
tate, whose rate of metastasis were estimated at 
40%, 14%, and 12%, respectively, in a cohort of 43 
patients [11]. Prostate carcinoma represents the 
most frequent culprit in men, while carcinoma of 
the breast is the most frequent skull base metastasis 
found in women [13]; however, many other cancers, 
such as colon, melanoma, and lymphoma, may 
metastasize to the skull [14–16]. A large fraction of 
the time—28% in one meta-analysis [17]—SBM 
may incite the initial presentation of previously 
undiagnosed cancer. Further, as patients harboring 
widely metastatic lesions live longer because of 
improved current therapies, the prevalence of SBM 
is undoubtedly increasing, and modern neurosur-
geons should be aware of the presentation and chal-
lenges presented by patients harboring these lesions.

The pathophysiology of SBM is relatively 
understudied, yet it is widely accepted that hema-
togenous spread directly (as from primary tumors 
of the lung or other tumors) or retrograde venous 
seeding through Batson’s plexus likely account 
for the vast majority of SBM [17, 18].

�Patient Presentation

Patients with metastasis to the cerebellum may 
have varied and dramatic clinical presentations. 
Metastases within the cerebellum may cause dys-
metria, dysdiadochokinesia, dysarthria, truncal 
instability, and ataxia. Symptoms related to 
brainstem or fourth ventricular compression are 
also common in patients with infratentorial 
metastasis, often producing nausea and vomiting, 
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headache, and other lower cranial nerve deficits 
[19]. Hydrocephalus may ensue via compression 
or blockage of the aqueduct of Sylvius or fourth 
ventricular outflow channels. Clinical presenta-
tion is ultimately determined by tumor location. 
Highly vascular metastatic tumors may have apo-
plectic onset of symptoms with associated hem-
orrhage, compression, and brainstem herniation. 
Rapidly decompensating and lethargic patients 
exhibiting signs of hydrocephalus may require 
urgent placement of an extraventricular drain 
(EVD) before preoperative planning or operative 
intervention. In fact, some patients with multiple 
metastatic lesions and hydrocephalus may require 
placement of ventriculoperitoneal shunt before 
undergoing radiosurgery or whole-brain radio-
therapy (WBRT) (Fig. 13.1).

The most common overall presentation of 
patients with SBM includes a worsening, ipsilat-
eral cranial nerve deficit, or craniofacial pain, 
depending on the extent and location of the 
lesion. Physicians and neurosurgeons should 

have a high index of suspicion for SBM in a 
patient with known metastatic disease presenting 
with progressive cranial nerve deficits or facial 
pain. Greenberg et al. [11], and others since, have 
described as many as five clinically distinct syn-
dromes in patients that occur at different frequen-
cies: orbital, parasellar, middle fossa, jugular 
foramen, and occipital condyle syndromes. 
Middle fossa syndrome predominated (35%) in 
one cohort of 43 patients [11], whereas parasellar 
and sellar syndromes predominated (29%) in the 
meta-analysis by Laigle-Donadey et  al. [17], 
although up to 33% of patients in that review had 
an undefined clinical syndrome. In this chapter, 
we will focus our discussion on the two syn-
dromes stereotypically affecting patients with 
posterior fossa SBM: the jugular foramen syn-
drome and the occipital condyle syndrome.

The jugular foramen syndrome is character-
ized by a lesion compressing cranial nerves IX, 
X, XI, and occasionally XII, depending on the 
size and exact location of the tumor. Patients may 

Fig. 13.1  Images of a breast cancer patient with multiple 
metastatic lesions. (a–d) Preoperative axial T1-weighted, 
contrast-enhanced MRIs demonstrating posterior fossa 
lesions and multiple supratentorial lesions. This patient 
had mild ventriculomegaly on imaging but severe nausea 

and vomiting requiring placement of ventriculoperitoneal 
shunt before further treatment. (e–h) Axial T1-weighted 
MRIs with gadolinium enhancement obtained at 6-month 
follow-up after patient underwent ventriculoperitoneal 
shunt placement and WBRT
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describe this as a dull ache behind the ear or in 
the occipital region. The clinical picture of these 
patients often reveals dysphagia and weakness of 
the palate, hoarseness, and weakness of the ipsi-
lateral sternocleidomastoid and trapezius mus-
cles. Horner’s syndrome has been reported [20], 
as has Collet-Sicard syndrome [11, 21, 22]. 
Jugular venous or transverse sinus compression 
may result in increased intracranial pressure and 
papilledema [11, 21, 22].

The occipital condyle syndrome is defined by 
unilateral, often superficial, pain in the occipital 
region. If the pain initially occurs in the absence 
of neurological deficits, it often progresses within 
a short period of time to dysphagia and dysar-
thria. Unilateral cranial nerve XII palsy is also 
often present, and patients often complain of a 
stiff neck [22–24] and pain exacerbated upon 
flexion or contralateral rotation. The extent of 
cranial nerve involvement and occipital and neck 
pain is undoubtedly a function of size and loca-
tion of the offending tumor.

�Diagnosis and Selection for Surgical 
Intervention

Increased surveillance imaging using computed 
tomography (CT) and magnetic resonance imag-
ing (MRI) of patients with known cancer has 
allowed an increase in the detection of asymp-
tomatic intracranial lesions [25, 26]. However, a 
large number (~30%) of patients who are ulti-
mately found to have brain metastases have had 
no previous diagnosis of cancer [27]. In these 
patients, a thorough workup is mandatory during 
treatment planning and should include extensive 
imaging, using CT or MRI of the chest, abdo-
men, pelvis, and even radionucleotide bone scans 
and positron emission tomography scans. For the 
neurosurgeon, MRI with and without contrast is 
the modality of choice and is mandatory before 
surgical planning, unless it cannot be obtained 
because of an MRI contraindication. Metastases 
to the brain are typically found at the “gray-
white” junction and have abnormal vascular per-
meability. Therefore, extensive vasogenic edema 
is common, and administration of contrast agent 

typically produces enhancement of the metasta-
ses of interest, as nearly all metastases disrupt the 
blood–brain tumor barrier. Patterns of MRI sig-
nal intensity are currently not robust enough to 
use for diagnosis of specific metastatic tumors, 
yet many important distinctions can be made. 
Most brain metastases will show high T2 signal 
intensity [28]. Necrotic and cystic lesions may 
demonstrate sharp lesional demarcation but can 
have variable T1 and T2 signals. T1 rim enhance-
ment is often noted [29]. Hemorrhagic metasta-
ses may have heterogeneous enhancement 
patterns and incomplete rim enhancement and 
can cause difficulty in diagnostic imaging. 
Identification of the tumor body is usually suffi-
cient to diagnose a hemorrhaging metastasis ver-
sus an arteriovenous malformation or 
parenchymal hematoma [30]. Notably, MRI 
offers superior sensitivity to contrast-enhanced 
CT for detection of metastases in the posterior 
fossa as well as other small metastases through-
out the brain [31].

Imaging studies obtained for a patient with 
suspected SBM include standard T1- and 
T2-weighted MRI with and without contrast. It 
may be helpful to rely on fat-suppressed images 
in the context of gadolinium administration to 
pick out enhancing lesions near bone and soft tis-
sue junctions [17]. Skull base CT scan bone win-
dows may provide confirmatory imaging or may 
substitute for MRI only when absolutely neces-
sary. Radionuclide bone scans or positron emis-
sion tomography may be helpful in diagnosis of 
bony SBM (Fig.  13.2). Laboratory tests should 
include cerebrospinal fluid cytology to exclude 
meningeal carcinomatosis [32].

The number and location of metastases, as 
well as the overall clinical picture of each patient, 
must be used to guide the decision to intervene 
surgically. Single or solitary lesions, >3  cm in 
diameter, and close to the surface of the brain are 
most accessible to the neurosurgeon. This is 
especially true in patients with a large posterior 
fossa lesion causing mass effect, fourth ventricu-
lar compromise, and neurological symptoms 
(Fig. 13.4). In patients with stable, or relatively 
stable, metastatic disease, removal of these 
lesions surgically has been shown to provide sub-
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stantial survival benefits [33]. Alternatively, hav-
ing more than three or four small metastases in 
eloquent brain or in a patient with rampant extra-
cranial disease would be a relative contraindica-
tion for surgical intervention, and WBRT or SRS 
coupled with chemotherapy may be considered. 
In cases of asymptomatic patients with lesions in 
the posterior fossa, SRS is an excellent treatment 
choice (Figs.  13.3 and 13.4). This approach is 
even more attractive if multiple metastatic lesions 
are present in both the supratentorial and the 
infratentorial compartments in asymptomatic 
patients (Fig.  13.5). Even tumors thought to be 
moderately or highly “radioresistant” (i.e., mela-
noma, renal cell carcinoma, thyroid, non-small-

cell lung cancer, colon) may benefit from SRS 
when WBRT might otherwise not prove to be 
efficacious. There is good evidence to suggest 
that the mechanism of SRS-induced cell death 
may be different than that of WBRT [34]. This is 
discussed later in this chapter. Nevertheless, SRS 
has been shown to be equivalent to surgical 
intervention in up to four metastatic lesions, but 
some surgeons contend that safe, effective radio-
surgery can be performed for patients with up to 
ten metastases [35].

Tumors of the posterior fossa represent a 
unique challenge for the neurosurgeon. Normally 
a contraindication to surgical intervention, mul-
tiple metastases or single, relatively inaccessible 

Fig. 13.2  (a, b) Axial CT images of right occipital con-
dyle lesion initially thought to be a paraganglioma but 
confirmed a metastatic lung adenocarcinoma by needle 
biopsy. (c, d) T1-weighted axial MRI with and without 
gadolinium enhancement. (e) Positron emission tomogra-

phy image consistent with active tumor. (f, g) Coronal 
T1-weighted MRI with and without gadolinium enhance-
ment. (h) FLAIR imaging. (i) T2-weighted axial MRI. (j) 
Radiosurgical isodose treatment planning lines for this 
lesion treated with stereotactic radiosurgery
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metastases may produce debilitating neurologi-
cal symptoms that warrant surgical intervention 
despite no increase in patient survival and a 
greater chance of postoperative morbidity [36]. 
These cases should be approached judiciously; 
however, the opportunity to offer recourse from 
debilitating neurological impairment for a patient 
who has months to live cannot be overstated. A 
neurosurgeon must weigh all aspects of a patient’s 
condition, as well as his or her own technical 
abilities, and exercise the appropriate clinical 
judgment.

For treatment of brain metastases, management 
algorithms seek to provide evidence-based prog-
nostic indicators to inform treatment decisions. 
The recursive partitioning analysis (RPA) classifi-
cation scale devised by Gaspar and associates 
within the Radiation Therapy Oncology Group is a 
well-known prognostication tool [37]. Notably, 
the RPA for brain metastasis is divided into three 
prognostic categories, incorporating Karnofsky 
performance scale (KPS) metrics as well as age 

and systemic disease state (Table  13.1). Class I 
patients appear to benefit the most from any thera-
peutic modalities, such as surgery, SRS, or WBRT, 
and tend to have KPS ≥70, controlled extracranial 
disease, and an age of <65 years. Most patients fall 
into Class II, with ambiguous benefit depending 
on the patient, disease, and therapeutic options 
available. Class III patients (KPS <70) do not con-
sistently benefit from therapy, no matter the 
modality, and have a median survival of approxi-
mately 2 months [37]. Therefore, the decision to 
operate must be considered within the context of 
the systemic disease, and more advanced systemic 
disease often predicts short-term survival regard-
less of intracranial tumor burden [38, 39].

Because of the short overall median survival 
times often seen in patients with brain metastasis 
(8–12 months), much of a neurosurgeon’s efforts 
may be palliative and short; however, with appro-
priate patient selection, instances of long-term sur-
vivors will continue to increase. For patients with 
high tumor burdens and multiple metastases, SRS 

Fig. 13.3  Images of a patient with newly diagnosed lung 
cancer and solitary posterior fossa metastatic lesion. (a, b) 
Preoperative MRIs demonstrate (a) large enhancing mass 
on axial T1-weighted gadolinium-enhanced image; (b) 
coronal section of the same sequence both demonstrate 
significant mass effect and fourth ventricular compres-

sion. (c, d) Preoperative (c) T2-weighted and (d) FLAIR 
images demonstrate peritumoral edema. (e–h) Immediate 
postoperative (e) axial T1-weighted, gadolinium-
enhanced, (f) coronal and (g) axial T2-weighted, and (h) 
FLAIR images demonstrate resection of the lesion, reso-
lution of mass effect, and improving peritumoral edema

B.D. Weaver and R.L. Jensen



183

or WBRT may provide palliation of symptoms in 
sync with the medical or neuro-oncological team 
approach. Aggressive cytoreductive surgeries are 
often contraindicated in the context of the broader 
health of these patients, especially if they are neu-
rologically compromised and have short life 
expectancy at the time of presentation [40].

Treatment options for patients with SBM 
include conventional chemotherapeutics (i.e., 
cytotoxic or hormonal) targeted at the specific 
type of tumor. Surgical resection is typically 
reserved for solitary or rapidly enlarging tumors 

that are causing a high degree of morbidity and 
decreased quality of life, although total resection 
of these lesions is often precluded by involve-
ment of critical neurovascular structures. 
Radiation therapy, or SRS, is often the treatment 
modality of choice in these patients.

SRS is now a frequently used, precise method 
for addressing local tumor control and SBM-related 
symptom management. Most reports of SRS used 
for SBM are positive, often citing patient symptom 
improvement until time of death [41–43].

Fig. 13.4  Images of a patient with an asymptomatic 
ovarian cancer metastatic lesion to the left cerebellopon-
tine angle. (a, d) Preoperative axial (a) and coronal (b) 
T1-weighted, gadolinium-enhanced MRIs demonstrating 
moderately sized lesion, with mild edema visible on axial 
(c) FLAIR and (d) T2-weighted images. Radiosurgery 

was performed to 1800 cGy to the 90% isodose line using 
dynamic conformal arc linear accelerator therapy (g). (e, 
f) Three-month posttreatment axial (e) and coronal (f) 
MRIs demonstrate significant decrease in size of the 
lesion. (h–i) Two-year follow-up axial (h) and coronal (i) 
MRIs demonstrate continued tumor control
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�Perioperative Care and Surgical 
Techniques for Metastasis 
to the Posterior Fossa

Prior to the work of Harvey Cushing, tumor resec-
tion of posterior fossa lesions was seldom 
attempted because of the high morbidity and mor-

tality associated with the procedure. Through 
meticulous documentation and perioperative care, 
coupled with new cautery instrumentation, Cushing 
added the practice of posterior fossa surgery into the 
neurosurgical armamentarium [44]. Much of 
today’s surgical decision making is influenced by 
understanding the precise three-dimensional 
location of a tumor and the posterior fossa. 

Fig. 13.5  Images of a 
patient with metastatic 
colon cancer with 
controlled systemic 
disease and no 
neurological complaints 
or symptoms. 
Preoperative (a) axial 
and (b) coronal 
T1-weighted, 
gadolinium-enhanced 
MRIs demonstrate one 
small cerebellar lesion 
and one high parietal 
lesion. (c, d) 
Radiosurgical treatment 
of both lesions was 
performed. (e, f) MRI 
3 years later demonstrate 
no new lesions and only 
small enhancing scar 
tissue with no evidence 
of tumor growth over 
this time period
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The posterior fossa is a special surgical situation 
where space is limited, and vital structures such 
lower cranial nerves and the brainstem are in 
close proximity. Successful surgical resection of 
metastatic tumors in the posterior fossa requires 
careful study and examination of tumor volume, 
location, and neighboring structures. The primary 
surgical objective should be safe gross total resec-
tion (GTR) for any metastatic lesion without 
incurring new neurological deficits.

�Preoperative Care

Preoperatively, patients with posterior fossa met-
astatic lesions are started on dexamethasone to 
control vasogenic edema and brain swelling. 
Intraoperatively, mannitol, 3% saline, and mild 
hyperventilation may be required to relax the cer-
ebellum during the dural opening. Patients who 
present with features of hydrocephalus and ven-
tricular obstruction may have received an EVD 
preoperatively. Alternatively, a prophylactic burr 
hole can be placed intraoperatively 7 cm superior 
and 3 cm lateral to the inion to aid in placement 
of a ventricular drain for intracranial fluid man-
agement throughout the case. Surgical neuronav-
igation can aid in this process as necessary.

�Surgical Approaches 
to the Posterior Fossa

Many surgical corridors to posterior fossa lesions 
have been described [45–51]. For the purposes of 
this chapter, we describe approaches that can be 
applied to metastatic lesions of the vermis, cere-
bellar hemispheres, and often deeper anatomy 
including the cerebellar peduncles, depending on 
the use of stereotactic guidance as necessary to 
define acceptable boundaries of resection. 
Approaches to the midline vermis, as well as the 
cerebellar hemispheres, can follow standard 
practices of suboccipital craniotomy and expo-
sure. Lateral lesions, such as those near the cere-
bellopontine angle or jugular foramen, as well as 
deeper or anteriorly distributed metastases are 
accessed via retrosigmoid or skull base 
approaches. Frameless stereotaxis guided by 
thin-sliced MRI for real-time image guidance is 
used to avoid damaging important structures dur-
ing approach and to ensure efficient and thorough 
tumor resection.

Posterior fossa craniectomy or craniotomy 
may be appropriate for single or multiple meta-
static lesions that are surgically resectable. A 
recent retrospective, multivariate analysis of 88 
patients undergoing surgical removal of meta-
static posterior fossa lesions highlights a poten-
tial difference in patient outcome resulting 
from choice of surgical approach. The authors 
report a lower incidence of postoperative com-
plications (12.5%) in patients receiving a crani-
otomy rather than craniectomy (34.6% overall 
complication rate). However, the relatively 
small number of patients and single-institution 
analysis precludes any strong conclusions 
based on this work. Importantly, mortality was 
unaffected by surgical approach [52]. Another 
group arrived at a similar conclusion in the 
pediatric population [53].

Proper patient positioning for posterior fossa 
craniotomies is important to provide clear work-
ing space, microscope visibility, and maneuver-
ability of surgical instrumentation. Historically, 
three major positions have been used for surgical 
access to the posterior fossa: a park bench (lateral 
oblique), prone (or modified prone), or sitting 
position. Although the latter provides excellent 

Table 13.1  Recursive partitioning analysis classification 
scale for brain metastasis

Class Patient characteristics
Proportion of 
patients

I KPS ≥70 20%

Controlled primary disease

Age <65 years

No evidence of extracranial 
metastases

II KPS ≥70 65%

Uncontrolled primary 
disease

Age ≥65 years

Other extracranial 
metastases present

III KPS <70 15%

Data from Gaspar et al. 1997, 2000 [37, 86]
Note that the majority of patients fall into Class II, where 
the prognostic benefit of any given form of therapeutic 
modality is more ambiguous.
KPS Karnofsky performance scale
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exposure, a clear operative field, and venous 
drainage, it is associated with a risk of air emboli 
and surgeon fatigue after operating with out-
stretched arms. This approach has largely been 
abandoned by the senior surgeon and will not be 
further discussed in this chapter. A 3/4 prone posi-
tion or lateral oblique position is preferred by the 
senior author for lateral hemispheric cerebellar 
lesions; however, in cases in which intraoperative 
MRI (iMRI) is used, this position is difficult 
because of limitations on the size of the MR bore 
(especially in larger patients), and a straight prone 
position has been adopted as a compromise. iMRI 
is an excellent adjunct to compensate for “brain 
shift,” a common phenomenon in posterior fossa 
surgery where cerebrospinal fluid (CSF) drainage, 
retraction, lesion excision, and brain edema are 
frequent occurrences. iMRI can compensate for 
these factors and ensure that complete removal of 
the lesion has been achieved [54].

�Midline Approach for Vermial or 
Medial Hemispheric Lesions

For midline lesions, the patients are positioned 
straight prone on the operating table. Special atten-
tion must be given so that the skull is securely 
placed in the head-holding fixation device. Military 
flexion (axial distraction and head flexion) is 
obtained by allowing at least a finger’s breadth 
spacing between chin and chest. The venous jugu-
lar drainage and endotracheal tube are checked for 
any kinking, and the surgeon and anesthesiologist 
together confirm that ventilation and venous out-
flow are intact. For prone cases, a rigid or the so-
called “armored” endotracheal tube may help with 
airway patency throughout the case. The table is 
elevated 10–15° above horizontal; with the patient’s 
head in about 20° of military flexion, there is a 
clear line of sight for midline approaches including 
C1 and foramen magnum anatomy when working 
under the operating microscopes. The patient’s legs 
may be flexed and supported with pillows under the 
shins. All extremities are padded, and the patient is 
securely belted or taped to the bed to allow for table 
rotation during the case for more avenues of visual-
ization into the posterior fossa.

For medial lesions of the vermis or medial cer-
ebellar hemispheres, a linear, medial incision is 
made beginning 2  cm superior and extending 
6 cm inferior to the inion. Dissection of the soft 
tissue should occur along the nuchal line, care-
fully dividing it in the midline. Skin hemostasis is 
obtained with Raney clips, and the incision is 
retracted to provide access to the skull base for 
bony opening. The periosteum is reflected off of 
the bone with a periosteal elevator, and bone wax 
is used to occlude bridging and epiploic veins. 
The craniotomy or craniectomy (preferred by the 
senior author) is then performed, with special 
attention to remove all bone up to the venous 
sinuses (Fig.  13.6a). Neuronavigation can be 
used in these instances to verify vascular anat-
omy, especially if placing burr holes for a crani-
otomy; however, most of the time, with careful 
drilling and dural visualization, injury to the 
sinuses can be avoided. Small amounts of 
Surgicel or other hemostatic agents can be placed 
on any small areas of venous bleeding and with 
gentle pressure usually are sufficient to obtain 
hemostasis.

The exposed dura is carefully examined for 
venous lakes and divided in a “Y”-shaped inci-
sion as possible to avoid these areas. The depth of 
the tumor will dictate its visibility at this stage, 
but careful surgical planning and extensive 
knowledge of posterior fossa anatomy often pre-
cludes excessive use of stereotactic navigation in 
many cases. For a deeper, midline lesions affect-
ing the fourth ventricle, the inferior vermis may 
be divided at the midline, permitting resection of 
the tumor. The major concern with this approach 
is the risk of cerebellar mutism. Alternatively, a 
telovelar approach can be adopted to avoid split-
ting the vermis during resection of a fourth ven-
tricular lesion. For deeper hemispheric lesions, 
the cerebellar cortex should be divided with a 
small corticectomy parallel to the cerebellar 
folia, and the tumor may then be visualized and 
resected. Neuronavigational tools may be useful 
here to define acceptable boundaries of resection, 
and intraoperative ultrasound can be used to 
localize tumors that are not easily visible at the 
surface. In select cases, iMRI can confirm ade-
quate removal of tumor.
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�Paramedian and Retrosigmoid 
Approaches for Lateral and Far 
Anterolateral Lesions

For lateral lesions, a retrosigmoid or paramedian 
bony exposure will provide maximum access to 
the tumor, allow sufficient working space for 
resection, and reduce unnecessary retraction on 
the cerebellum. Patients are positioned in the lat-
eral oblique position for paramedian and retrosi-
gmoidal approaches. If iMRI will be needed for 
successful completion of the tumor removal, a 
prone position with mild head turn might be a 
reasonable compromise and still allow for para-
median approach.

In the lateral oblique position, axillary rolls 
are used to support the downward arm. The 
upward arm is supported with pillows, and the 
superior portion of the table should be elevated 
10–15° above horizontal. The head is then rotated 
into a flexed position with the vertex shifted 
toward the floor. Again, attention to the place-
ment of the Mayfield pins—with the single pin 

placed on the superior side and the double pins 
placed in the most dependent area of the cra-
nium—to securely stabilize the patient is critical. 
Careful thought about pin placement and 
Mayfield attachment is necessary to avoid line-
of-sight or instrument interference during the 
microsurgical portion of the procedure.

For a paramedian approach to a lateralized, 
hemispheric lesion, a vertical, linear incision is 
made beginning approximately 5 cm above and 
2 cm medial to the mastoid notch. The incision is 
extended inferiorly approximately 4  cm below 
the level of the mastoid notch (Fig. 13.6b). Soft-
tissue dissection should preserve the paraspinal 
musculature as much as possible, while hemosta-
sis is maintained by using cautery. Depending on 
the level of the planned craniotomy, the vertebral 
artery may be identified and carefully avoided. 
The craniotomy can be extended above, or situ-
ated below, the transverse sinus, and care should 
be taken to avoid injury to these structures during 
approach. The dura is opened such that the bases 
of the dural flaps are on the transverse and/or 

Fig. 13.6  Patient positioning and surgical approaches for 
lesions of the posterior fossa. Solid lines represent planned 
incision points. Dashed lines represent planned craniot-
omy/craniectomy areas. (a) Positioning, incision, and cra-
niotomy/craniectomy for straight prone positioning for a 
midline or medial hemispheric lesion. Deeper midline 
lesions can be accessed through this approach, and the 
craniectomy may be extended inferiorly as far as the fora-
men magnum, often including C1 laminectomy for greater 
inferior exposure. Superior lesions of the cerebellar hemi-
spheres may be accessible through this approach as well 
but necessitate tentorial retraction or transtentorial dissec-
tion. The incision in these cases may be moved progres-
sively farther off of the midline to provide access to more 
anteriorly oriented lesions. (b) Park bench positioning for 

a lateralized lesion of the cerebellar hemisphere. Incision 
and craniotomy/craniectomy are made in relation to the 
mastoid notch but should be modified depending on the 
exact location of the lesion. (c) Modified supine position-
ing is useful for retrosigmoid approaches to far lateralized 
or anterior lesions of the cerebellum and/or brainstem. 
Incision and craniectomy are made in relation to the mas-
toid notch. A linear or curved (black line) incision can be 
made, depending on surgeon preference. Craniotomy/cra-
niectomy can follow a similar path, using transverse and 
sigmoid sinuses as boundaries when possible. Importantly, 
the approach can be altered slightly depending on the 
anterolateral positioning of the lesion for maximal tumor 
exposure
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sigmoid sinuses. CSF is then carefully aspirated 
from the adjacent cisterns to allow for a relaxed 
cerebellar hemisphere. Taking a little extra time 
to remove CSF at this point will make the rest of 
the procedure proceed much easier and decrease 
the chance of retraction injury to the cerebellum. 
For surface lesions, en bloc resection should pro-
ceed after identification of tumor boundaries, 
often with the help of registered neuronaviga-
tional systems.

Patient positioning in retrosigmoid approaches 
may be modified depending on tumor location. 
Modified supine positions may be appropriate for 
far anterior lesions bordering the cerebellopon-
tine angle and brainstem. In these approaches, 
the patient is positioned supine, with a large roll 
placed under the shoulder on the same side as the 
lesion. The patient is thus rotated away from the 
neurosurgeon, and the head may be further 
rotated approximately 45° to the contralateral 
side. Depending on surgeon preference and 
tumor size, the skin incision may be positioned 
linearly over or slightly lateral to the mastoid 
notch, following a path beginning 5 cm superior 
and terminating 4 cm inferior to the notch. Other 
surgeons may prefer a C-shaped incision begin-
ning 2 cm above the ear, proceeding to its vertex 
at the mastoid notch and terminating 2 cm poste-
rior to the pinna. The craniotomy can be planned 
following a similar arc; the transverse sinus may 
be used as the upper border and the mastoid pro-
cess as the lower border (Fig. 13.6c). Mastoid air 
cells exposed during the procedure should be 
plugged with bone wax. After bone flap removal, 
the dura is divided, exposing the lateral border of 
the cerebellar hemisphere. Once again, aspiration 
of CSF from the cerebellopontine angle cistern is 
key to obtaining relaxation of the cerebellum, 
which is then progressively and gently retracted 
posteriorly using small cottonoids, exposing the 
lateralized or anteriorly extending tumor.

�Superior Cerebellar Approach

Far anterior or superior cerebellar lesions can be 
accessed by modifying the standard suboccipital 
craniotomy via a supracerebellar, infratentorial 

approach. A vertical, linear incision is made 2 cm 
above the inion and extending 6–8 cm below the 
inion. The preferred craniotomy in these cases 
extends from above the torcula superiorly to just 
above or including the foramen magnum inferi-
orly. Upon bone flap removal and dural opening, 
the tentorium may be gently retracted superiorly, 
allowing clear visualization of the tentorial sur-
face of the cerebellum. Resection of the tumor 
can then proceed according to best practices out-
lined below. This approach can be moved pro-
gressively further lateral, allowing greater access 
to more anterior lesions. A transtentorial dissec-
tion after occipital craniotomy may provide bet-
ter viewing of the cerebellar peduncles and 
anterosuperior anatomy of the posterior fossa. 
These approaches should employ stereotactic 
navigation to aid in tumor resection and defini-
tion of acceptable boundaries of resection.

�Excision of Metastatic Lesions

The technique for excision of metastatic lesions 
is an important consideration. The senior author 
favors an en bloc resection whenever possible. 
This minimizes disruption to the tumor body and 
at least theoretically reduces the incidence of 
local and regional recurrence [55, 56]. Dissection 
just outside of the glial pseudocapsule of the 
tumor allows for excellent hemostatic control of 
interfacing and feeding vessels and provides the 
surgeon with an opportunity for thorough 
GTR. Some tumors may be too large for en bloc 
resection, and an ultrasonic aspirator may be 
used initially to debulk the tumor in these cases. 
The gliotic pseudocapsule should be targeted 
thereafter, ensuring a safe and efficient resec-
tion. Recent retrospective analyses have exam-
ined the extent to which resection technique 
influences leptomeningeal disease (LMD) after 
posterior fossa metastasis as well as local and 
regional tumor recurrence. LMD is a known risk 
after resection of metastases to the posterior 
fossa [57–61] and confers a shortened survival 
time and dismal prognosis once discovered. Suki 
and colleagues discovered that piecemeal tumor 
resection was associated with a significantly 
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higher incidence of LMD than en bloc resection, 
but there was no significant increase in LMD in 
the SRS treatment arm versus the surgical resec-
tion arm of the analysis [55]. Finally, the neuro-
surgical oncologist must be aware of the varying 
tumor biologies posed by metastatic lesions to 
the brain. Vascular tumors such as renal cell car-
cinoma, thyroid cancer, and melanoma are prob-
ably best devascularized externally before 
attempting removal, and an en bloc approach is 
preferred for these lesions, if feasible. Other 
lesions such as breast cancer and lung cancer can 
be very friable, making en bloc resection diffi-
cult. After the tumor is resected, hemostasis 
should be a priority within the tumor cavity. 
Gelfoam and Surgicel may be applied to the cav-
ity, initiating hemostatic cascades and reducing 
oozing of blood into the subarachnoid space. 
CSF flow pathways should be examined and 
cleared of debris. The dura can then be closed in 
a watertight fashion, and a Valsalva maneuver 
should be performed to assess the seal. A dural 
patch is a norm rather than an exception. The 
bone flap is replaced if a craniotomy has been 
performed. Muscle is closed in multiple layers to 
ensure a tight, secure, postoperative surgical site.

�Postoperative Care 
and Complications

The postoperative period is critical after posterior 
fossa surgery. Patients should receive an immedi-
ate postoperative CT scan if there are any new 
neurological deficits. Otherwise, unless the iMRI 
has been used for the case, a postoperative MRI 
with and without contrast should occur within 
72 h of surgery to define the extent of resection 
and guide future care. Patients who have EVDs 
placed preoperatively will be gradually weaned 
as tolerated or converted to a permanent shunt.

Common complications during the postop-
erative period after posterior fossa surgery 
include double vision, hearing loss, facial 
nerve weakness, and swallowing difficulty. 
Respiratory depression and hydrocephalus are 
the leading causes of rapid patient deteriora-

tion. The constricted space of the posterior 
fossa allows for neurological decompensation 
to occur much more quickly and without atten-
dant supratentorial signs (confusion, etc.), 
which typically signal a progressively deterio-
rating clinical picture in most brain surgery. 
Loss of brainstem function secondary to surgi-
cal injury or hydrocephalic compression may 
preclude spontaneous respiration and prevent 
weaning from ventilation after surgery. Cranial 
nerves should be meticulously monitored in 
the postoperative period. A rare, but particu-
larly troublesome, complication of posterior 
fossa tumor resection is the so-called posterior 
fossa syndrome (PFS). PFS is described as a 
collection of symptoms including cranial nerve 
deficits, nausea, transient mutism, emotional 
lability, and other cerebellar signs such as 
imbalance and ataxia. These symptoms appear 
to be most common after radical and aggres-
sive resection of tumors adjacent to the lateral 
fourth ventricular borders [62]. Not surpris-
ingly, these symptoms may cause patients and 
their families great anguish throughout the 
postoperative and follow-up period. An early 
rehabilitation medicine consultation, and 
immediate initiation of physical therapy, may 
speed recovery if a patient begins to manifest 
PFS. However, with time, most symptoms tend 
to resolve on their own.

Late common complications in the postopera-
tive period after posterior fossa surgery include 
wound infection and pseudomeningocele. A 
pseudomeningocele, by definition, is a collection 
of CSF outside the dura. This may occur after 
posterior fossa surgery because of a failure of 
dural closure but in many cases is due to hydro-
cephalus/increased intracranial pressure. This 
once again calls to mind the attention to detail 
necessary for dural closure in the posterior fossa. 
Pseudomeningoceles must be identified early, 
and many can resolve over time or with place-
ment of a lumbar drain. Rarely, the CSF leakage 
can transgress the wound closure, with the poten-
tial for meningitis. These leaks need to be treated 
emergently to wash out and close the wound to 
prevent further infectious complications.
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�Stereotactic Radiosurgery 
for Treatment of Posterior Fossa 
Metastasis

Traditionally, most brain metastases were treated 
with fractionated radiotherapy, in which patients 
receive small, fractionated doses of radiation 
daily for 10–15 days to the whole brain (WBRT). 
Within the last few decades, there has been a 
trend to move to newer models of radiation deliv-
ery focused on higher doses delivered to smaller 
target volumes. SRS defines the application of 
one to five doses of radiation to a precise loca-
tion, with high-dose delivery to the site of inter-
est, yet minimal dose toxicity in the surrounding 
tissue. Today this is achieved through a number 
of different systems. The first was the Gamma 
Knife system, which was introduced in 1967 by 
Leksell [63]. This system utilizes a series of 192 
or 201 cobalt (60) decay sources whose beams of 
radiation are mechanically focused at a single 
site to achieve high-dose delivery with good pre-
cision and rapid falloff of radiation dosage in the 
adjacent tissues [64]. Newer methods of delivery 
have been developed that rely on the use of a lin-
ear accelerator (LINAC) and the robot-based 
delivery LINAC system called the CyberKnife. 
LINAC systems function through the same basic 
principle as Gamma Knife and rotate around a 
patient’s head to deliver “arcs” of radiation at 
varying, nonoverlapping points of incidence—all 
targeting a defined site to produce high-dose 
delivery to the tumor with minimal extralesional 
tissue toxicity and necrosis. These methods have 
proven to have similar complications and tumor-
treating efficacy [65, 66].

The first cases of SRS for cerebral metastasis 
were described in 1987 by Sturm et al., who used 
a LINAC system [67]. Gamma Knife therapy has 
been demonstrated in numerous studies to pro-
vide an average local tumor control rate ranging 
from 84% to 97% [68]. There have been numer-
ous prospective and retrospective studies exam-
ining the clinical utility of SRS versus WBRT 
versus surgical resection [69–72]. An exhaustive 
review of this literature is outside the scope of 
this chapter but we review a few key studies and 
summarize the use of SRS in the context of pos-

terior fossa metastasis. This first began with the 
demonstration that WBRT in addition to surgical 
resection was superior to WBRT alone. Patients 
had better functional outcomes as well as better 
median survival rates [33]. Follow-up studies 
confirmed these findings [73].

Subsequently, a number of studies compared 
the efficacy of SRS with that of surgery. In these 
studies, surgery with postoperative WBRT was 
compared with SRS with follow-up WBRT, and 
the authors found no difference between the SRS 
or surgical resection arms of the studies [74–76]. 
These data suggest that surgery and SRS have 
equal efficacy for lesions with little to no mass 
effect. It is not clear whether this is always the 
case in the posterior fossa, where smaller volume 
tumors can cause more mass effect than within 
the supratentorial space. The biggest limitation of 
SRS is that although local control rates are very 
good, distant brain metastasis control is not 
included. This is overcome in studies that dem-
onstrate SRS + WBRT offers a better 1-year local 
and distant tumor control and survival when 
compared with SRS-only treatments but at the 
expense of neurocognitive decline [77, 78]. There 
are a couple of tumor biological considerations 
associated with radiosurgery treatment. The rela-
tive radiosensitivity of metastatic lesions is an 
important caveat when considering the results of 
these trials. Many tumors that are relatively 
radioresistant to WBRT (such as renal cell carci-
noma or melanoma) may be treated successfully 
with SRS [79, 80].

Although radiotherapy and radiosurgery have 
been appreciated as a cytotoxic therapy histori-
cally, recently uncovered molecular mecha-
nisms of cell death after radiotherapy point 
toward an intersecting role with the tumor 
immune response. Immune evasion is necessary 
for clinically significant tumors [81]. Ionizing 
radiation has a demonstrated ability to increase 
proinflammatory cascades such as interferon 
gamma release and to promote recruitment of 
effector and helper T-cells [82–84]. Current data 
support the hypothesis that radiation treatments 
can create novel epitopes to be leveraged for 
immune cell activation, in essence creating an 
in vivo vaccine.
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Metastatic lesions of the posterior fossa are 
often well suited for SRS intervention, yet SRS is 
not without complications. Brain edema after 
SRS is a well-described phenomenon, and the 
small space of the posterior fossa amplifies these 
effects. Judicious use of steroid therapy and a 
slow wean over a couple of weeks can overcome 
most brain edema issues. Post-SRS contrast-
enhanced MRI often demonstrates an apparent 
increase in tumor size and surrounding edema, 
but this increase often does not truly represent 
tumor progression [85]. Tumor “pseudoprogres-
sion” on radiographic imaging is a complicating 
factor for predicting patient prognosis and plan-
ning future therapies after initial intervention. We 
tend to ignore early small increases in enhancing 
volume, especially those clearly within the 
treated field. Persistent increasing volume or 
development of symptoms not relieved with ste-
roids leads to surgical resection if possible or ste-
reotactic biopsy if the lesion is not amenable to 
open resection. Despite these complicating fac-
tors, SRS is used to treat small metastatic lesions 
to the posterior fossa, especially those that are 
deemed unresectable because of their proximity 
to vital structures. We propose that SRS can be 
used for metastatic lesions to the posterior fossa 
in the following situations:

	1.	 Lesions deemed unresectable due to their 
proximity to eloquent brain

	2.	 Lesions <3 cm or without any mass effect
	3.	 Up to three lesions in the posterior fossa (or 

five total including lesions in supratentorial 
compartment) in the absence of mass effect

Relative contraindications for SRS include 
space-occupying lesions and symptoms of brain-
stem or aqueductal compression and hydrocepha-
lus. Resection of the offending lesions in these 
cases should be expedited, and SRS may be con-
sidered as an adjunct therapy or for locally recur-
rent lesions. When multiple lesions are present, 
WBRT should always be considered. If the 
known cancer is melanoma, renal cell carcinoma, 
or sarcoma, we tend to favor SRS for up to five or 
six lesions. For other cancers, our threshold is 
typically three lesions but can be up to five 

lesions. Radiosurgical treatments have become a 
mainstay in the neurosurgical oncologist’s prac-
tice. The indications for these therapies appear to 
be increasing, and future clinical analyses teasing 
apart optimal integration of SRS with other che-
motherapeutics will undoubtedly advance the 
field of neuro-oncology.

�Conclusions

Metastatic lesions to the posterior fossa present 
complex clinical and surgical challenges for the 
neurosurgical oncologist. With a ratio of metasta-
ses to primary brain tumors of approximately 
10:1, these lesions represent a large volume of 
the neurosurgeon’s caseload. Despite the prog-
ress made in the past decades, devising optimal 
treatment strategy paradigms that incorporate a 
patient’s overall disease state, the tumor’s loca-
tion, and tumor biology remains a central 
problem.

Surgical approaches to the posterior fossa 
necessitate specialized care and perioperative 
consideration for hydrocephalus, cerebellar mut-
ism, and leptomeningeal spread of metastatic 
lesions. The neurosurgical oncologist needs to be 
well versed in posterior fossa anatomy, standard 
cranial base approaches, and indications and 
contraindications for these procedures in the con-
text of metastatic neoplasms. Tumors should be 
removed en bloc whenever possible, paying 
respect to the varying tumor biologies that are 
encountered. Many lesions can be targeted with 
SRS, and often SRS and surgical approaches are 
combined for optimal therapy. Moving forward, 
the optimization of SRS promises to influence 
therapeutic decision making well into the future.

In the past, surgical intervention of lesions in 
the posterior fossa was often deemed futile, 
owing to the often-devastating outcomes of sur-
gery. Today, techniques marrying MRI and real-
time neuronavigational software allow tumors to 
be removed in previously inoperable regions of 
the brain. SRS has further reduced the invasive-
ness of treating brain metastases, yet evidence 
supports the superiority of surgical excision in 
many instances. Detailed knowledge of the clinical 
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picture, surgical approaches, and therapeutic 
decision making regarding metastasis to the pos-
terior fossa is important background for the mod-
ern neurosurgical oncologist, and this knowledge 
will only increase in utility throughout the com-
ing decades.
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Abbreviations

AICA	 Anterior inferior cerebellar artery
ARUBA	 A Randomized Trial of Unruptured 

Brain AVMs
AVM	 Arteriovenous malformation
BA	 Basilar artery
CT	 Computed tomography
CTA	 Computed tomography angiography
DSA	 Digital subtraction angiography
ICG	 Indocyanine green angiography
ISUIA	 International Study of Unruptured 

Intracranial Aneurysms
MRA	 Magnetic resonance angiography
MRI	 Magnetic resonance imaging
PCA	 Posterior cerebral artery
PCoA	 Posterior communicating artery
PICA	 Posterior inferior cerebellar artery
SAH	 Subarachnoid hemorrhage
SCA	 Superior cerebral artery
SCIT	 Supracerebellar infratentorial
VA	 Vertebral artery

�Introduction

Microsurgical management of lesions in the 
posterior fossa is complicated by the labyrinth 
of critical neurovascular structures that reside 
in a confined corridor encased by a dense for-
tress of bone. The complexity of the anatomy 
and the unforgiving nature of the neurovascu-
lar bundle in the posterior fossa have resulted 
in reluctance on the part of many practitioners 
to surgically treat lesions in this region. The 
past two decades have seen a gradual decline 
in reliance on surgical treatment of lesions in 
the posterior fossa and a greater dependence 
on other treatment modalities, such as endo-
vascular treatment for vascular lesions and 
radiosurgery for tumors and vascular malfor-
mations. Nonetheless, surgical competence 
and excellence remains essential for treating 
select posterior fossa lesions, including those 
vascular lesions that cannot be treated opti-
mally using other modalities [1]. In this chap-
ter, we review the microsurgical treatment of 
posterior circulation vascular lesions, focus-
ing on the treatment of aneurysms, arteriove-
nous malformations (AVMs), and cavernous 
malformations.M.Y.S. Kalani, MD, PhD • R.F. Spetzler, MD (*) 
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�Surgical Vascular Anatomy 
of the Posterior Circulation

The vascular anatomy of the posterior circulation 
consists of the paired vertebral arteries (VAs), the 
basilar artery (BA), the posterior inferior cerebel-
lar arteries (PICAs), the anterior inferior cerebel-
lar arteries (AICAs), the superior cerebellar 
arteries (SCAs), and the posterior cerebral arter-
ies (PCAs) [2].

The VA consists of four segments (Fig. 14.1). 
The V1 segment originates from the subclavian 
artery and enters into the transverse foramina of 
the cervical vertebrae, most commonly at C6. 
The V2 segment of the vessel begins as the VA 
enters the transverse foramina and continues 

until C1. The V3 segment of the VA is the portion 
of the vessel from its emergence from the C1 
transverse foramen to the point that it penetrates 
the dura of the posterior fossa at the level of the 
foramen magnum. The V4 segment of the VA 
constitutes its intracranial course until its union 
with the opposite VA at the vertebrobasilar junc-
tion to form the BA. The intracranial VAs give 
rise to medullary perforators before joining to 
form the BA. The first intracranial branch of the 
VA is the posterior spinal artery, although this 
vessel may arise from the V3 segment of the VA 
in exceptional cases. The anterior spinal artery is 
another major branch of the VA that is responsi-
ble for supplying the spinal cord. It is the third 
major branch of the VA before it joins the contra-
lateral VA at the vertebrobasilar junction.

The PICA is the second branch vessel to arise 
from the VA (Fig. 14.2) [3]. This vessel is divided 
into five segments, designated p1 through p5. The 
p1 segment (the anterior medullary segment) 
arises from the VA and travels anterior to the 
medulla to the hypoglossal rootlets at the medial 
edge of the olive. The p2 segment (the lateral 
medullary segment) courses from the medial edge 
of the olive to the rootlets of the lower cranial 
nerves at the lateral edge of the olive. The p3 seg-
ment (the tonsillomedullary segment) begins at 
the lateral edge of the olive and extends to the 
inferior extent of the cerebellar tonsil, coursing 
rostrally to the midpoint of the medial tonsil. The 
p4 segment (the telovelotonsillar segment) begins 
at the midpoint of the medial tonsil, courses past 
the roof of the fourth ventricle, and extends to the 
tonsillobiventral fissure. The p5 segment (the cor-
tical segment) is the remainder of the artery distal 
from the tonsillobiventral fissure and is responsi-
ble for irrigating the cerebellar hemispheres.

At the pontomedullary junction, the VAs join 
to form the BA (Fig. 14.3) [4]. The BA extends 
from the pontomedullary junction to the mesen-
cephalopontine junction where it bifurcates to 
form the PCAs. In addition to a rich array of per-
forating vessels arising from the dorsal surface of 
the basilar apex, the BA gives rise to large pon-
tine vessels, including the pontomedullary arter-
ies, the posterolateral arteries, and the long lateral 
pontine branches that supply the brainstem. The 

Fig. 14.1  Illustration showing the four segments of the 
vertebral artery (V1-V4) as well as its relationship to adja-
cent structures. BA basilar artery, PICA posterior inferior 
cerebellar artery, SA subclavian artery (Used with permis-
sion from Barrow Neurological Institute, Phoenix, Arizona)
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Fig. 14.2  Illustration 
showing the five 
segments (P1-P5) of the 
posterior inferior 
cerebellar artery (PICA), 
as well as its 
relationship to adjacent 
structures. AICA anterior 
inferior cerebellar artery, 
BA basilar artery, VA 
vertebral artery (Used 
with permission from 
Barrow Neurological 
Institute, Phoenix, 
Arizona)

Fig. 14.3  Illustration showing the anatomy of the basilar artery and its relationship to adjacent neural structures (Used 
with permission from Barrow Neurological Institute, Phoenix, Arizona)
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height of the basilar bifurcation relative to the 
bony anatomy of the clivus is of important clini-
cal consideration because the level of the bifurca-
tion can render approaches to the basilar apex 
challenging in some cases.

The BA gives rise to three paired vessels: 
these include the AICAs, SCAs, and PCAs.

The AICAs arise from the lower half of the 
BA, most commonly from a single trunk 
(Fig. 14.4) [5]. There are four segments to the 
AICA: the anterior pontine (a1), the lateral 
pontine (a2), the flocculopeduncular (a3), and 
the cortical (a4) segments. The a1 extends 
from its origin to the midpoint of the inferior 
olive. The a2 extends from the inferior olive to 
the flocculus and consists of multiple named 
branches, including the labyrinthine, the subar-
cuate, the cerebellosubarcuate, and recurrent 
perforating arteries. The a3 extends from the 
flocculus to the cerebellopontine fissure. The 
a4 constitutes the vessel distal to the cerebel-
lopontine fissure.

The SCAs originate from the BA proximal 
to or within 2.5  mm of the PCAs (Fig.  14.5) 
[6]. The SCA is divided into four segments: the 
anterior pontomesencephalic (s1), the lateral 
pontomesencephalic (s2), the cerebellomesen-
cephalic (s3), and the cortical (s4) segments. 
The s1 extends from the origin to the anterolat-
eral margin of the brainstem. The s2 extends 

from the anterolateral margin of the brainstem 
to the cerebellomesencephalic fissure. The s3 
is the portion that resides within the cerebello-
mesencephalic fissure. The s4 is the portion of 
the vessel distal to the cerebellomesencephalic 
fissure.

The PCAs constitute the termination of the 
BA (Fig.  14.6) [7]. The PCAs have comple-
mentary calibers with their associated poste-
rior communicating arteries (PCoA), a remnant 
of their development in the embryo (i.e., the 
caliber of the PCA and PCoA will vary but 
complement each other to serve the vascular 
territory). The PCA also consists of four named 
segments, with branches of clinical impor-
tance. The P1 segment is the portion of the ves-
sel from where it branches from the BA to its 
point of insertion on the PCoA. This portion of 
the PCA is rich in thalamoperforating arteries, 
which if injured can result in devastating 
effects, particularly during surgical treatment 
of basilar apex aneurysms. The P2 segment is 
further divided into an anterior (P2a) and a 
posterior (P2p) segment. The P2a segment is 
the portion of the PCA from the insertion of the 
PCoA to the posterior border of the peduncle. 
It gives rise to the peduncular perforating arter-
ies, the thalamogeniculate arteries, the medial 
posterior choroidal artery, the anterior tempo-
ral artery, and the hippocampal arteries. The 

Fig. 14.4  Illustration 
showing the anatomy of 
the anterior inferior 
cerebellar artery 
(segments a1-a4) and its 
relationship to adjacent 
neural structures (Used 
with permission from 
Barrow Neurological 
Institute, Phoenix, 
Arizona)
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P2p is the portion of the vessel from the poste-
rior peduncle to the calcarine fissure. It gives 
rise to thalamogeniculate arteries, the lateral 
posterior choroidal artery, and the middle and 
posterior temporal arteries. The P3 segment is 

the portion of the PCA from the posterior bor-
der of the midbrain to the calcarine fissure. 
Many cortical arteries branch from the P3 and 
P4 segments, including the parieto-occipital, 
calcarine, and splenial arteries.

Fig. 14.5  Illustration 
showing the segments of 
the superior cerebellar 
artery (SCA, segments 
s1-s4) and its 
relationship to adjacent 
neural structures. PCA 
posterior cerebral artery 
(Used with permission 
from Barrow 
Neurological Institute, 
Phoenix, Arizona)

Fig. 14.6  Illustration 
showing the segments 
(P1-P4) of the posterior 
cerebral artery (PCA) 
and its relationship to 
adjacent neural 
structures. a artery, aa 
arteries, CN cranial 
nerve, SCA superior 
cerebellar artery (Used 
with permission from 
Barrow Neurological 
Institute, Phoenix, 
Arizona)
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�Posterior Circulation Aneurysms

�Incidence of Aneurysms 
of the Posterior Circulation

One to five percent of individuals harbor cerebral 
aneurysms [8]. Aneurysms of the posterior circu-
lation constitute 15–20% of all intracranial aneu-
rysms [9]. The most common location of posterior 
circulation aneurysms is the BA apex (49–72% 
of cases), followed by aneurysms of the VA and 
PICA (which constitute 18–20% of all infratento-
rial aneurysms). Less commonly, aneurysms 
arise from the SCA (7–9%), the basilar trunk 
(2–8%), or the vertebrobasilar junction (9–13%) 
[10–16]. The mean age of patients harboring 
aneurysms is between 50.5 and 53.9  years old, 
and 60–70% of these patients are women [10–
16]. Most posterior circulation aneurysms are 
small (≤11  mm; 47–63%), followed by large 
aneurysms (12–24 mm; 25–40%) and giant aneu-
rysms (≥25 mm; 6–9%). Women are also more 
likely to have multiple aneurysms [17].

�Presentation of Aneurysms 
of the Posterior Circulation

The three most common presentations of poste-
rior circulation aneurysms include subarachnoid 
hemorrhage (SAH), mass effect, and ischemia 
[18, 19]. Posterior circulation aneurysms com-
monly present with sudden onset of headache 
from SAH.  SAH is the presenting symptom in 
55–81% of cases [18–20]. Because of the prox-
imity of the vasculature to the brainstem, espe-
cially the proximity of the VA to the medulla, 
these patients may present with sudden onset of 
loss of consciousness, respiratory or cardiac 
arrest, or lower cranial nerve dysfunction from 
aneurysm rupture [20]. Large or giant aneurysms 
may become symptomatic due to mass effect on 
the brainstem or the lower cranial nerves or due 
to hydrocephalus caused by compression of the 
fourth ventricle. Fusiform or dissecting aneu-
rysms can present with ischemic episodes, likely 
caused by thromboembolic phenomena resulting 
in hemiparesis. Smaller aneurysms can be dis-
covered incidentally during imaging workup for 

other symptoms. In general, 22–45% of posterior 
circulation aneurysms are unruptured when dis-
covered [10–16]. Due to the proximity of the 
PCA and SCA to the third cranial nerve, patients 
with aneurysms arising from these vessels may 
present with a partial or complete third cranial 
nerve palsy. Alternatively, the proximity of the 
SCA to the fifth cranial nerve may result in tri-
geminal neuralgia as a presenting symptom. 
Patients with AICA aneurysms may present with 
facial weakness or hearing loss.

�Natural History of Aneurysms 
of the Posterior Circulation

Aneurysms of the posterior circulation have a 
more aggressive course and natural history than 
their counterparts in the anterior circulation [21, 
22]. The International Study of Unruptured 
Intracranial Aneurysms (ISUIA) found that 
regardless of size, aneurysms of the posterior cir-
culation had a higher rate of rupture over a 5-year 
period than aneurysms of the cavernous sinus or 
other anterior circulation locations [21] 
(Table 14.1). The outcomes for patients with rup-
tured aneurysms treated conservatively are poor, 
with rebleeding rates approaching 40% at 
4 weeks and mortality from a repeat hemorrhage 
approaching 50% [23–25]. The common risk fac-
tors for development and rupture of aneurysms in 
the posterior circulation include female sex, 
increasing age, family history of aneurysms, 
tobacco use, connective tissue disorders, hyper-
tension, and prior history of SAH.

�Indications for Interventions 
for Aneurysms of the Posterior 
Circulation

The decision to intervene and treat any lesion 
depends on the natural history of the lesion, the 
risk associated with treatment versus observa-
tion, the experience of the surgeon, intrinsic 
patient factors (such as health and life 
expectancy), and the wishes of the patient and 
family. Because of the aggressive nature of pos-
terior circulation aneurysms compared to anterior 
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circulation aneurysms, posterior circulation 
aneurysms should be considered for treatment if 
they occur in patients with a history of SAH, if 
they exhibit growth, if they are present in a 
patient with a family history of SAH, if the 
patient is symptomatic and the symptoms could 
be attributed to the aneurysm, and if they are of a 
size that place them at significant risk for rupture 
based on the ISUIA data. Factors such as patient 
age, sex, comorbidities, patient wishes, and other 
risk factors should be taken into account when 
deciding whether the patient should undergo 
treatment and the type of treatment that would 
best suit the patient.

�Posterior Fossa Arteriovenous 
Malformations

�Incidence of Arteriovenous 
Malformations of the Posterior Fossa

AVMs constitute 2% of all hemorrhagic strokes 
[26]. They are ten times less common than aneu-
rysms but cause 38% of all intracerebral hemor-
rhages in patients between 15 and 45 years old, 
and they are a disproportionate cause of morbid-
ity and mortality [27–29]. Posterior fossa AVMs 
represent 7–15% of all intracranial AVMs, with 
cerebellar AVMs being the most common sub-
type (75–82%) [30, 31]. Brainstem AVMs consti-
tute 12.5–23% of cases [30, 31]. The mean age at 

presentation for all AVMs is 32.8 ± 15 years, and 
the mean age of patients with AVMs in the poste-
rior fossa is 42 years [32, 33]. There is no gender 
predilection.

�Presentation of Arteriovenous 
Malformations of the Posterior Fossa

Unlike supratentorial AVMs, AVMs in the poste-
rior fossa rarely present with seizures. Instead, 
these lesions are more likely to present with hem-
orrhage (60–86% of cases compared to 34–55% 
for supratentorial AVMs) [33–35]. Hemorrhage 
from AVMs in the posterior fossa may be sub-
arachnoid, intraventricular, or intraparenchymal. 
Hemorrhage into the ventricular space can result 
in hydrocephalus.

The second most common presentation of 
posterior fossa AVMs is progressive neurological 
deficit (seen in nearly 1/3 of cases) [34]. These 
symptoms may be due to ischemia, mass effect, 
or hydrocephalus. Less common presentations 
include cranial nerve palsies, gait instability, cer-
ebellar symptoms, hemiparesis, and headache.

�Natural History of Arteriovenous 
Malformations of the Posterior Fossa

As discussed above, posterior fossa AVMs are 
more likely to present with hemorrhage than their 

Table 14.1  Relationship between size and location of aneurysms and the annual and cumulative risk of rupture after 
5 years

Aneurysm location

Aneurysm size (% of aneurysms)

<7 mm group 1a <7 mm group 2b 7–12 mm 13–24 mm ≥25 mm

Cavernous carotid 
artery (n = 210)

0 0 0 3.0 6.4

AC/MC/IC (n = 1037) 0 1.5 2.6 14.5 40

Post-P comm 
(n = 445)

2.5 3.4 14.5 18.4 50

Data from International Study of Unruptured Intracranial Aneurysms Investigators [21]
AC/MC/IC, anterior communicating artery or anterior cerebral artery, middle cerebral artery, internal carotid artery (not 
cavernous carotid artery); Post-P comm,  posterior cerebral arterial system, vertebrobasilar, or posterior communicating 
artery.
aGroup 1, no history of SAH; group 2, previous SAH from another aneurysm
bThe data were not provided in the original article because for lesions larger than 7 mm the presence of previous SAH 
made no difference in bleeding rate
Adapted from Lancet 2003;362:103–110
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intracranial counterparts [36–38]. The annual 
risk of hemorrhage for all AVMs is estimated to 
be between 2% and 4%, but rates as low as 1% 
have been reported [32, 36, 37, 39–44]. Each epi-
sode of hemorrhage is associated with a 15–20% 
risk of significant morbidity and mortality [32, 
38, 42–44]. Mortality associated with hemor-
rhage has been reported to be as high as 67% for 
patients with posterior fossa AVMs [45]. In one 
of the largest data sets on the natural history of 
AVMs, Hernesniemi et al. determined that poste-
rior fossa AVMs have a relative rupture risk of 
3.07 compared to supratentorial AVMs [32]. The 
risk of hemorrhage increases in patients with a 
history of a prior hemorrhage. Ruptured AVMs 
have an annual rerupture rate of 6–7%, compared 
to a rate of 2–3% for previously unruptured 
AVMs. The 5-year risk of rupture of a previously 
ruptured AVM can approach 26%, while that of 
an unruptured AVM is 10% [32]. Other features 
that could increase the likelihood of hemorrhage 
include the presence of flow-related and intrani-
dal aneurysms [46–48], venous outflow stenosis 
[49], and high feeding artery pressures [50, 51].

�Indications for Interventions 
for Arteriovenous Malformations 
of the Posterior Fossa

Patient selection is critical in order to optimize 
outcomes for AVM treatment. Although a full 
discussion of patient selection is beyond the 
scope of this chapter, we refer the reader to the 
excellent reviews on patient selection and consid-
erations in AVM surgery that are available [52–
56]. The Spetzler-Martin grading scale provides 
a paradigm for selecting an appropriate treatment 
algorithm and ascertaining the likely risk of mor-
bidity from surgical treatment [57]. In general, 
patients with low-grade AVMs (Spetzler-Martin 
grade I and grade II lesions) should be considered 
for treatment with surgery, regardless of presen-
tation. Patients with high-grade lesions (Spetzler-
Martin grade IV and grade V lesions) whose 
lesions are identified incidentally should be mon-
itored closely, although a subset may undergo 
multimodality treatment with good outcomes 

[58]. Patients with intermediate-grade AVMs 
(Spetzler-Martin grade III lesions) should be 
considered on a case-by-case basis [57, 59, 60]. 
In patients who present with hemorrhage, the sur-
geon may be forced to intervene, despite a high-
grade lesion, in order to prevent devastating 
consequences from the hemorrhage [61]. In many 
cases, the surgeon may evacuate the hematoma in 
the acute setting to ameliorate symptoms caused 
by mass effect until definitive treatment can be 
considered. Patients who present with incidental 
lesions that demonstrate high-grade features may 
undergo selective treatment of the high-risk com-
ponent of their AVM, but selective treatment, 
especially with endovascular techniques, is not 
without risk [62, 63]. Although rare, patients 
with posterior fossa AVMs may present with sei-
zures due to vascular steal. In this cohort with 
high-grade lesions, selective embolization may 
relieve the symptoms caused by steal [64].

�Brainstem and Cerebellar 
Cavernous Malformations

�Incidence of Cavernous 
Malformations of the Brainstem 
and Cerebellum

The incidence of cavernous malformations in 
the general population is estimated to be on the 
order of 0.5%, meaning that 1 in 200 individu-
als harbor a cavernous malformation [65]. 
Cavernous malformations are distributed in the 
supratentorial and infratentorial compartments 
in proportions roughly equal to the volume of 
the brain. Supratentorial lesions constitute 
60–90% [66, 67] of all cavernous malforma-
tions, while infratentorial lesions account for 
8–36% of all cases [68–72]. In the posterior 
fossa, the brainstem [73] is the involved site in 
4–35% of cases [67]. Brainstem cavernous mal-
formations account for 13% of all vascular mal-
formations of the posterior fossa [73]. The 
remainder of the cavernous malformations of 
the posterior fossa are located in the cerebel-
lum, and cerebellar cavernous malformations 
account for 1–12% of all intracranial cavernous 
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malformations and 9.3–52.9% of all infratento-
rial lesions [67, 74].

�Presentation of Cavernous 
Malformations of the Brainstem 
and Cerebellum

The mean age of patients who present with symp-
tomatic cavernous malformations ranges between 
32 and 38  years [66, 75, 76]. In patients who 
present with bleeding from a posterior fossa cav-
ernous malformation, the most common symp-
toms are headache, nausea, vomiting, gait 
disturbances, and symptoms attributable to vari-
ous cranial nerve palsies. The site of the hemor-
rhage determines the type of neurological deficit. 
These deficits can include hemiparesis, facial and 
abducens nerve palsies, internuclear ophthalmo-
plegia, and sensory disturbances, among others 
[66, 71, 76]. Fatal hemorrhage from brainstem 
cavernous malformations is rare, and with few 
exceptions, most patients experience improve-
ment of their symptoms after hemorrhage, mak-
ing the decision on the timing of surgery a rather 
complicated point of discussion with patients.

�Natural History of Cavernous 
Malformations of the Brainstem 
and Cerebellum

A discussion of the natural history of cavernous 
malformations is beyond the scope of this chap-
ter. Readers are referred to other recent sources 
for an extensive discussion [77]. In short, the 
annual risk of hemorrhage from a cavernous mal-
formation without a previous history of hemor-
rhage ranges between 0.6% and 1.1% per year 
[72, 78]. This rate increases significantly in 
patients who have had a previous episode of 
hemorrhage, and in the posterior fossa, this risk 
may be as high as 25% per year in the year imme-
diately after hemorrhage [79]. Evidence also 
exists for clustering of hemorrhagic events, 
which may explain this rather high rate in the 
year immediately after the initial hemorrhage 

[65, 77, 80, 81]. Although patients may suffer 
from neurological deficits after a hemorrhage, it 
is important to remember that neurological 
recovery is the rule rather than the exception after 
a hemorrhage, and this fact should be considered 
when advising patients regarding surgery. Samii 
et al. [82] reported that 16.7% of the patients in 
their series of surgically treated brainstem cav-
ernous malformations had completely recovered 
before surgery. Kupersmith et  al. [83] reported 
that 37% of patients in their series had recovered 
completely, while Li et al. [84] reported complete 
recovery in more than a quarter of their patients 
(28.7%).

�Indications for Intervention 
for Cavernous Malformations 
of the Brainstem and Cerebellum

Because of the more aggressive natural history of 
posterior fossa cavernous malformations, surgi-
cal resection is indicated in patients whose 
lesions abut a pial or ependymal surface or in 
patients with fixed and permanent deficits [85]. 
The goal of surgery is to eliminate repeated epi-
sodes of hemorrhage that may cause the patient 
to suffer additional morbidity or even death; 
therefore, resection should be complete when 
possible. In patients in which the lesion does not 
abut a pial or ependymal surface or in patients in 
which the lesion is identified incidentally, conser-
vative monitoring is a perfectly reasonable 
approach. However, we do recommend resection 
for lesions that may not abut a pial plane but that 
can be accessed using a safe-entry zone [86] with 
acceptable morbidity or for lesions that have 
undergone repeated episodes of hemorrhage. For 
surgical timing, there is no consensus regarding 
when lesions should be resected after a hemor-
rhage. As previously stated, most patients 
improve and recover most of their neurological 
function after a hemorrhage, so the decision may 
be made to follow the patient after a hemorrhage 
to see how much function is regained. 
Alternatively, surgery immediately after a hem-
orrhage may relieve mass effect caused by the 
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hemorrhage and may allow a patient to recover 
more readily from the bleed by removing blood 
and toxic blood products from the eloquent struc-
tures of the brainstem.

�Preoperative Evaluation

�Patient History and General 
Considerations

The preoperative evaluation of patients with poste-
rior circulation vascular lesions should begin with 
a thorough history and physical examination [87]. 
The history should consist of family history of 
aneurysms or vascular malformation, personal his-
tory of prior hemorrhage, predisposing factors 
such as hypertension, fibromuscular, and collagen 
vascular disorders, and disorders such as Osler-
Weber-Rendu syndrome. The patient’s social his-
tory, specifically smoking and illicit drug use, 
should be obtained. History of recent infection, 
trauma, cancer, or immunosuppression should also 
be obtained, as these can predispose patients to the 
risk of rare aneurysm types, such as infectious or 
traumatic aneurysm formation. The patient should 
be asked to describe symptoms and durations 
because some patients may have experienced a 
sentinel bleed, a forbearer of a larger eventual 
hemorrhage from an aneurysm or vascular malfor-
mation. The patient should also be questioned 
regarding nausea, vomiting, or a history of tran-
sient weakness, which may be indicative of com-
pressive or ischemic etiology. A review of patient 
medications often reveals much about other under-
lying conditions that could predispose the patient 
to the formation of aneurysms or ischemic lesions 
in the posterior circulation. Additionally, medica-
tions such as antiplatelet and antithrombotic medi-
cations should be noted. Allergies to medications 
can also reveal much about patient physiology. 
Specifically, any allergy to common antiplatelet 
medications should be noted.

A detailed physical examination, including a 
thorough neurological examination, should be per-
formed to evaluate for alterations in mood, cogni-
tion, new onset or progressive weakness, gait 
instability, evidence of cerebellar dysfunction, 
brainstem symptoms, and cranial nerve deficits.

Patients undergoing microsurgical treatment 
of vascular pathologies should undergo routine 
laboratory testing including a basic metabolic 
panel, a complete blood count, coagulation sta-
tus, and a chest x-ray. Patients with a history of 
cardiac disease should be evaluated and cleared 
by a cardiologist for surgery. An additional group 
of patients who require close medical workup are 
those who will undergo surgery in a sitting posi-
tion because the presence of a patent foramen 
ovale in this position can result in preventable 
complications.

�Diagnostic Imaging

In patients who present with sudden onset neuro-
logical alterations, the initial evaluation should 
include computed tomography (CT). CT has a 
sensitivity of nearly 100% for detecting SAH 
immediately after ictus [88]. When hemorrhage 
is not shown on CT but the patient has a history 
concerning for hemorrhage, a lumbar puncture 
should be performed to evaluate the presence of 
any blood cells. All patients who are suspected of 
having vascular lesions in the posterior circula-
tion should undergo a CT angiography (CTA) 
study. CTA with three-dimensional reconstruc-
tion protocols can evaluate the vascular tree, 
including collateral circulation and can identify 
aneurysms, dissections, vascular malformations, 
and vascular malignancies. CTA has a sensitivity 
of 96% for aneurysms as small as 3 mm, but may 
underestimate the size of partially thrombosed 
aneurysms [89, 90]. For cases of suspected vas-
cular lesions, we favor obtaining imaging of the 
vasculature of the head and neck.

An alternative to CT is magnetic resonance 
imaging (MRI) and magnetic resonance angiog-
raphy (MRA). These modalities permit improved 
visualization of soft tissues and better assessment 
of aneurysm size compared to CT. MRI can help 
delineate the proximity of the vascular malfor-
mations to eloquent brain regions. Because blood 
of various ages has different signal intensities, 
MRI can help identify the age of any hemorrhage 
from cavernous malformations. Fluid-attenuated 
inversion recovery (FLAIR) MRI sequences 
have a sensitivity approaching that of CT for 
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detecting acute hemorrhage [91]. Fine-cut fast 
imaging employing steady-state acquisition 
(FIESTA) MRI sequences can help identify vas-
cular compression syndromes in the confines of 
the posterior fossa [92, 93].

The gold standard for workup of vascular 
pathologies in the posterior fossa is digital sub-
traction angiography (DSA). Biplane rotational 
DSA with three-dimensional reconstruction pro-
vides dynamic views of blood flow, which can 
assist surgeons with surgical planning. DSA can 
evaluate collateral circulation, and by applying 
selective and sequential compression or tempo-
rary occlusion of inflow vessels to the brain, by 
using the Alcock’s test, for example, can provide 
essential information for planning treatment. In 
patients with AVMs, DSA can provide important 
information regarding the extent of shunting, 
flow-related aneurysms, and evidence of venous 
outflow obstruction. In some cases, DSA can be 
combined with endovascular intervention as a 
part of a multimodality treatment strategy [62], 
for example, combined endovascular and micro-
surgical treatment of AVMs and aneurysms.

�Operative Adjuncts

�Neuromonitoring and Mapping

We routinely use intraoperative neuromonitoring 
for neurovascular surgery in the posterior fossa, 
including monitoring of somatosensory evoked 
potentials, motor evoked potentials, and cranial 
nerve-specific monitoring, depending on the 
location of the lesion in the posterior fossa [94, 
95]. Intraoperative neuromonitoring provides 
real-time output of the function of pathways that 
may be injured during the operation. Caution 
should be used, however, because of the depen-
dence of these techniques on the type and depth 
of anesthesia. A neuroanesthesia team that is pro-
ficient with the use of monitoring is critical to 
properly perform the operation. In addition to 
monitoring the function of pathways, electro-
physiological mapping of critical nuclei is possi-

ble, especially during operations on the brainstem 
for intrinsic lesions.

�Intraoperative Evaluation of Blood 
Flow

Several well-accepted adjuncts exist for evalu-
ating intraoperative blood flow. The most com-
mon modalities include intraoperative 
angiography, which provides similar informa-
tion to traditional DSA, indocyanine green 
angiography (ICG), and intraoperative ultraso-
nography. ICG is now widely used in operating 
theaters and has replaced the need for intraop-
erative angiography in many cases [96–98]. In 
this technique, a fluorescent dye is adminis-
tered that allows the blood flow in vessels to be 
visualized in real time. ICG can be used to con-
firm the patency of vessels and occlusion of 
flow from an aneurysm dome during aneurysm 
surgery. ICG can help identify inflow arteries 
and draining veins during AVM surgery 
(although ICG is most useful for superficial 
lesions, and its application for deep AVM sur-
gery is debated). Quantitative ICG can provide 
flow measurements [99, 100]. Alternatively, 
handheld Doppler ultrasonography probes can 
be used to evaluate blood flow measurement in 
the operating room. The best application of 
this technology is for the selection of donor 
and recipient vessels during bypass surgery 
and for confirming patency of inflow and out-
flow vessels before and after aneurysm clip-
ping [101, 102].

�Cerebral Protection and Hypothermia

Cerebrovascular surgical procedures have the 
potential for significant injury to neural structures. 
Hypotension, retraction, excessive blood loss, iat-
rogenic injury, hemodilution, hypo- and hypergly-
cemia, and hypoxia can all cause ischemic injury. 
Maneuvers that decrease cerebral metabolism 
greatly prolong the amount of time that the brain 
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can tolerate ischemia. For that reason, all opera-
tions should be performed under pharmacological 
cerebral protection (using barbiturates or propofol) 
with mild hypothermia (33 °C) [103–105].

�Pharmacological Cardiac Arrest
Circulatory arrest is an important adjunct for the 
treatment of cerebrovascular lesions. In properly 
selected patients, circulatory arrest greatly facili-
tates the surgical treatment of aneurysms and 
AVMs, but it is associated with a high risk of 
complications [106]. As a result, the use of hypo-
thermic circulatory arrest has largely been aban-
doned, particularly due to the introduction of 
well-tolerated pharmacological alternatives. The 
introduction of adenosine has transformed circu-
latory arrest from an invasive procedure to one 
that is much better tolerated, safer, and more tran-
sient than hypothermic circulatory arrest. 
Moreover, adenosine produces reliably reproduc-
ible arrest durations. Adenosine allows the sur-
geon to decrease flow into an aneurysm (or a 
ruptured AVM), allowing for vascular control 
and final intervention for the lesion [107]. In 
aneurysms, the use of adenosine allows the sur-
geon to obtain proximal and distal control, or it 
provides the relaxation necessary to allow proper 
placement of the clip across the neck of the aneu-
rysm. In AVMs, the use of adenosine allows the 
rupture point to be identified and controlled. Akin 
to other methods of cardiac arrest, rapid ventricu-
lar pacing allows for a reproducible period of car-
diac arrest, necessary for the final steps of 
aneurysm dissection or for identification of 
bleeding points, especially in the confines of the 
posterior fossa. Unlike adenosine arrest, rapid 
ventricular pacing is titratable, and controlled 
periods of arrest can be obtained with this 
technique.

�Approaches and Approach 
Selection to Posterior Fossa 
Vascular Lesions

The choice of approach for any lesion should 
take certain basic parameters into consideration. 
These parameters include the shortest approach 

(when possible), an approach that allows the sur-
geon to readily visualize the lesion or lesions 
while minimally disturbing other eloquent neuro-
vascular structures, thereby limiting patient mor-
bidity, and the approach that is most convenient 
to the surgeon due to handedness and experience. 
For intrinsic lesions, such as cavernous malfor-
mations of the brainstem, the two-point method 
is an excellent starting point for approach selec-
tion but must be combined with knowledge of 
safe-entry zones for optimal approach selection 
[86]. The judicious use of skull base approaches 
allows for adequate visualization of the contents 
of the posterior fossa, without undue risk of 
injury to the critical structures (Fig.  14.7). An 
important tenet of skull base surgery is the 
removal of bone and minimization of tissue and 
brain retraction to achieve the necessary visual-
ization and working trajectory. Some general 
approach-related considerations are presented 
below; however, the specific steps of the various 
surgical approaches are not outlined, and the 
reader is referred to other material for details of 
the approaches [85, 86, 108–110].

�Approaches to the Ventral Midbrain/
Posterior Fossa

Approaches to the ventral midbrain include the 
pterional, orbitozygomatic, and anterior petro-
sectomy approach and their variants. Aneurysms 
of the basilar apex, proximal PCA, and SCA can 
be readily exposed using the pterional, subtem-
poral, supraorbital, modified orbitozygomatic, 
and full orbitozygomatic approaches (Fig. 14.8) 
[111]. These ventrolateral approaches allow the 
surgeon to release cerebrospinal fluid from the 
basal cisterns and develop working corridors 
between the carotid artery, optic nerve, and ocu-
lomotor nerve to arrive at the region of the basilar 
apex. These approaches are also well suited for 
intrinsic lesions that lie in the ventral midbrain. 
Exposure using these surgical corridors leads the 
surgeon to two safe-entry zones on the ventral 
midbrain, the anterior mesencephalic and the 
interpeduncular safe-entry zones, which can be 
accessed to remove lesions from the lateral and 
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centeromedian mesencephalon [85, 86, 112]. The 
addition of an anterior petrosectomy [113] allows 
the surgeon to expose the basilar trunk down to 
the level of the sixth cranial nerve. This additional 
exposure can be used to treat aneurysms of the 
BA or the AICA, as well as cavernous malforma-
tions located at the mesencephalic-pontine junc-
tion on the ventral surface of the brainstem.

�Approaches to the Lateral Midbrain

The lateral midbrain surface can be approached 
using a posterior petrosal approach [114], a retro-
sigmoid approach, or a lateral (or extreme lateral) 
supracerebellar infratentorial (SCIT) [115] 
approach. These approaches afford the surgeon 

exposure of the lateral PCA and SCA that may be 
used for the surgical treatment of aneurysms or 
AVMs that involve these vessels. They also allow 
the surgeon to visualize the lateral midbrain sur-
face, thereby facilitating removal of intrinsic 
lesions, such as cavernous malformations. The 
lateral brainstem contains the lateral mesence-
phalic sulcus safe-entry zone, which is readily 
exposed using a lateral or extreme lateral SCIT 
approach to resect lateral mesencephalic lesions 
[85, 86]. At our institution, we have moved away 
from the use of the posterior petrosal approaches 
due to the added morbidity associated with their 
use. In lieu of the posterior petrosal approaches, 
we prefer to approach lesions in the lateral mid-
brain using the retrosigmoid approach or the 
SCIT approach (and its variants).

Fig. 14.7  Skull base approaches to the posterior fossa (Used with permission from Barrow Neurological Institute, 
Phoenix, Arizona)
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Fig. 14.8  Orbitozygomatic approach to a basilar apex 
aneurysm. A 61-year-old woman with history of more 
than 40 pack-years of smoking presented for evaluation 
after workup for headaches. (a, b) Magnetic resonance 
angiography revealed two aneurysms, a right middle cere-
bral artery (MCA) aneurysm (dashed arrow) and a basilar 
apex aneurysm (solid arrow). The lesions were approached 
using a right orbitozygomatic craniotomy. After the 
Sylvian fissure was widely split, three operative corridors 
to the basilar apex were explored. These included the 
supracarotid, carotico-oculomotor, and optico-carotid 
working corridors. Next, the arachnoid on the medial sur-
face of the third nerve was dissected to allow it to fall 
away with the temporal lobe. (c) After Liliequist’s mem-

brane was opened, the contents of the posterior fossa, 
including the basilar apex aneurysm, were identified. The 
basilar perforators, emanating from the posterior surface 
of the basilar artery, were carefully dissected prior to 
application of the clip. (d) Indocyanine green angiogra-
phy revealed occlusion of the basilar apex aneurysm (long 
arrows) and preservation of the flow in the perforator. 
Postoperatively, the patient was neurologically intact. (e) 
Postoperative computed tomography angiography dem-
onstrated complete occlusion of the aneurysm, and (f) 
postoperative magnetic resonance imaging revealed no 
infarction (a, b, e, f are used with permission from Journal 
of Neurosurgery, and c, d are used with permission from 
Barrow Neurological Institute, Phoenix, Arizona)
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�Approaches to the Dorsal Midbrain

The dorsal midbrain can be approached using the 
midline SCIT approach or the posterior 
interhemispheric transtentorial approach [116]. 
These approaches expose the distal most aspect 
of the PCA and SCA and can be used to approach 
aneurysms involving these vessels, to perform 
technically challenging occipital artery-to-PCA 
or -SCA bypasses, to remove AVMs involving 
the incisura, cerebellar hemisphere, and poste-
rior midbrain, and to remove cavernous malfor-
mations at the level of the colliculi, using the 
intercollicular safe-entry zone. We prefer to use 
the SCIT approach over the posterior inter-
hemispheric transtentorial approach to avoid 
the scenario where there may be a rich venous 
network draining into the superior sagittal sinus 
posteriorly.

�Approaches to the Ventral Pons

The ventral pons is encased by the clivus, and 
ventral pontine lesions are usually not approached 
using a direct anterior route but rather by a ven-
trolateral approach. More recently, endonasal 
endoscopic, transclival approaches have been 
reported for resecting ventral pontine/posterior 
fossa lesions. Care must be selected when 
approaching vascular lesions using this approach, 
and the use of these approaches should be limited 
to surgeons with extensive experience 
[117–120].

�Approaches to the Lateral Pons

The posterior petrosal and retrosigmoid 
approaches are the workhorses for exposure of 
the lateral pons [121]. These approaches allow 
the surgeon to release cerebrospinal fluid from 
the cerebellopontine angle, thereby allowing for 
cerebellar relaxation and exposure of the entire 
lateral surface of the pons. These exposures allow 
for visualization of the lateral SCA, the AICA, and 
the entire BA for treating aneurysms involving 

these vessels (Fig. 14.9). The additional exposure 
of the lateral pons allows for surgical removal of 
AVMs and fistulas on this lateral surface 
(Fig. 14.10). These exposures also allow the sur-
geon to enter the pons at three safe-entry zones: 
the peritrigeminal, the supratrigeminal, and the 
lateral pontine or middle cerebellar peduncle 
safe-entry zones (Fig. 14.11). These safe-entry 
zones permit safe entry into the lateral pons for 
resecting intrinsic lesions. At our institution, we 
rarely use petrosal approaches and instead most 
often use the retrosigmoid approach and the 
middle cerebellar peduncle safe-entry zone to 
remove lateral pontine cavernous malforma-
tions [121].

�Approaches to the Dorsal Pons

The dorsal pons is approached using a suboccipi-
tal craniotomy. The suboccipital craniotomy can 
be used for resecting posterior pontine/cerebellar 
AVMs and cavernous malformations in this 
region. When combined with opening of the tela 
and the velum interpositum, the suboccipital 
telovelar approach permits the dorsal pons to be 
visualized to the level of the foramen of Luschka. 
The telovelar approach allows the surgeon to 
expose the superior fovea safe-entry zone to 
resect lesions at the level of the facial colliculus 
(Fig. 14.12) [122]. In addition to this safe-entry 
zone, the surgeon may use the suboccipital 
approach to expose the median sulcus of the 
fourth ventricle, as well as the suprafacial collic-
ulus and infrafacial colliculus safe-entry zones 
[86]. In general, we prefer to avoid incising the 
floor of the fourth ventricle in the midline when 
possible to avoid injury to the calamus 
scriptorius.

�Approaches to the Ventral Medulla

Similar to the ventral pons, direct approaches to 
the ventral medulla are seldom necessary. Lesions 
at the level of the ventral medulla can be readily 
exposed laterally or dorsolaterally.
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�Approaches to the Lateral Medulla

The lateral medulla can be exposed using a low 
retrosigmoid or a far lateral approach [85, 86, 
123]. These approaches allow for visualization of 
the lower BA, the vertebrobasilar junction, the 
VA, the PICA, and the lateral medullary surface. 
Aneurysms involving these arteries can be surgi-
cally treated using these approaches with excel-
lent proximal control and exposure for treatment. 
Additionally, AVMs of the lateral cerebellar 
hemisphere and lateral medulla can be resected 
using these approaches. These approaches also 

expose the anterior medullary sulcus, the olive, 
and the lateral medullary zone (or the inferior 
cerebellar peduncle), all of which can be used as 
safe-entry zones to resect intrinsic medullary 
lesions.

�Approaches to the Dorsal Medulla 
and Cervicomedullary Junction

The posterior medulla and the cervicomedullary 
junction can be exposed using a suboccipital cra-
niotomy. In addition to pontine lesions, the suboc-

Fig. 14.9  Retrosigmoid approach to an anterior inferior 
cerebellar artery (AICA) aneurysm. A 68-year-old woman 
presented who had a history of aneurysmal subarachnoid 
hemorrhage 4  years previously caused by rupture of an 
AICA aneurysm, which was treated by a flow-diverting 
device. Upon presentation to our institute, the aneurysm 
exhibited (a) continued growth on computed tomography 
angiography. (b) Anteroposterior and (c) lateral vertebral 
artery angiography better delineates the anatomy of the 

recurrent right AICA aneurysm. The aneurysm was 
approached using a right retrosigmoid craniotomy. The 
aneurysm was occluded using a stacking clipping strategy. 
Postoperative (d) anteroposterior and (e) lateral vertebral 
artery angiography demonstrates complete occlusion of 
the aneurysm with preservation of the parent artery (Used 
with permission from Barrow Neurological Institute, 
Phoenix, Arizona)
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cipital craniotomy exposes the posterior sulci of 
the medulla, which can be used as a safe-entry 
zone for resection of intrinsic medullary lesions. 
When combined with resection of the posterior 
arch of C1 and ligation of the dentate ligaments, 
the suboccipital (or far lateral craniotomies) may 
be used to approach more ventrally located lesions.

�Outcomes of Microsurgery

�Posterior Circulation Aneurysms

The treatment of posterior circulation aneurysms 
has evolved greatly over the past two decades, in 
large part due to the publication of two random-

Fig. 14.10  Retrosigmoid approach to a brainstem 
AVM. A 58-year-old man suffered from a sudden onset 
ptosis of the right eye. (a) Axial computed tomography 
angiography demonstrates a tangle of vessels in the right 
cerebellopontine angle. (b) Anteroposterior (AP) and (c) 
lateral vertebral artery angiography demonstrates an AVM 
of the lateral brainstem that is exophytic into the right cer-
ebellopontine angle cistern. Preoperative angiography 
demonstrated two branches of the SCA and a single feeder 
from AICA.  The lesion was preoperatively embolized 

using n-butyl cyanoacrylate glue. (d) AP and (e) lateral 
angiograms demonstrate partial devascularization of the 
AVM after embolization. The lesion was approached 
using a right retrosigmoid craniotomy and resected in a 
gross-total fashion. (f) AP and (g) lateral postoperative 
vertebral artery angiography demonstrates complete 
removal of the lesion. The patient was at his baseline post-
operatively (Used with permission from Barrow 
Neurological Institute, Phoenix, Arizona)
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ized controlled trials, the International 
Subarachnoid Aneurysm Trial (ISAT) [124] and 
the Barrow Ruptured Aneurysm Trial (BRAT) 
[17]. A shortcoming of ISAT, in particular, is the 
relatively small number of posterior circulation 
aneurysms that were treated in this trial, 3%, yet 
the results of the trial were widely applied to all 
posterior circulation aneurysms. In the BRAT 
study, endovascular coil embolization did seem 
to confer an improved outcome, with results that 
were sustained at both 3- and 6-year follow-ups 
[125, 126]. Based on this data, and many smaller 
case series, the current treatment recommenda-
tion for most posterior circulation aneurysms is 
an endovascular first approach. This recommen-
dation does not preclude scenarios in which sur-
gical treatment can be an alternative and, at times, 
a better alternative to endovascular therapy.

With regard to surgical outcomes of posterior 
circulation aneurysms for each specific vascular 
territory, several studies warrant discussion and 
are described below.

�Basilar and Vertebral Artery Aneurysms
Peerless et  al. [127] reviewed their extensive 
experience with microsurgical clipping of BA 
aneurysms and reported a morbidity of 25% 
and mortality rate of 8% for all basilar aneu-
rysms treated. In their series, the rate of mor-
bidity was related to the size of the aneurysm. 
The morbidity and mortality was 13% for small 
aneurysms and increased to 42% for giant aneu-
rysms. Samson et  al. [128] reviewed their 
results with surgical treatment of basilar apex 
aneurysms and noted a rate of morbidity of 
17% and a rate of mortality of 7% at the time of 

Fig. 14.11  Retrosigmoid, trans-middle cerebellar pedun-
cle approach to a pontine cavernous malformation. A 
38-year-old woman with a pontine cavernous malforma-
tion presents for evaluation. (a) Preoperative axial 
T2-weighted and (b) sagittal T1-weighted magnetic reso-
nance imaging scans demonstrate the lesion. The middle 
cerebellar peduncle (MCP) safe-entry zone was used to 
approach this pontine lesion. (c) Postoperative axial 
T2-weighted and (d) sagittal T1-weighted magnetic reso-
nance imaging scans demonstrate the complete removal 

of the lesion. (e) Intraoperative neuronavigation trajecto-
ries in axial and (f) coronal views demonstrate the trajec-
tory of surgical approach without (vertical dashed line at 
right) and with (vertical dashed line at left) the dissection 
of the petrosal fissure. Dissection of the petrosal fissure is 
an important step for dissection and exposure of the MCP 
during a transpeduncular approach to the pons (Used with 
permission from Barrow Neurological Institute, Phoenix, 
Arizona)
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discharge after basilar aneurysm surgery. Krisht 
et  al. [129] reported a more recent experience 
with the surgical treatment of basilar apex 
aneurysms, of which half presented with 
SAH.  In this cohort, 98% of aneurysms were 
successfully clipped. The authors report that 
88% of patients had a Glasgow Outcome Scale 
score of 4 or 5.

�Posterior Inferior Cerebellar Artery 
Aneurysms
D’Ambrosio et al. [130] reviewed a series of 20 
patients with PICA aneurysms who were treated 
using microsurgery. Most of these patients (16 
patients; 80%) presented with SAH.  In this 

cohort, 93% of patients had a good outcome, and 
there were no mortalities. Al-Khayat et al. [131] 
reviewed their experience with 52 aneurysms and 
reported good outcomes in 90% of patients, with 
a mortality rate of 2%. Williamson et  al. [132] 
reported a series of 22 patients with PICA aneu-
rysms from the BRAT cohort. In this group, 19 
patients were treated with clipping, 1 died before 
treatment, and 2 were treated using an endovas-
cular technique. The authors reported that 
although the demographics of patients harboring 
PICA aneurysms were not significantly different 
than patients who harbored aneurysms at other 
locations, these patients had a higher incidence of 
poor outcome compared to all other patients 

Fig. 14.12  Suboccipital, trans-superior fovea approach to a 
dorsal pontine cavernous malformation. A 68-year-old man 
presented with acute-onset facial paralysis. (a) Preoperative 
axial T1-weighted, (b) sagittal T1-weighted and (c) axial 
T1-weighted, magnetic resonance imaging studies demon-
strate a dorsal pontine cavernous malformation at the level 
of the facial colliculus. The lesion was approached using a 

midline suboccipital telovelar approach and through the 
superior fovea safe-entry zone. (d) Postoperative axial 
T1-weighted and (e) sagittal T2-weighted magnetic reso-
nance imaging studies demonstrate complete resection of 
the lesion. The patient exhibited transient worsening of his 
facial weakness but improved to baseline at follow-up (Used 
with permission from the Journal of Neurosurgery)
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included in the BRAT study at discharge (91% 
versus 67%), at the 1-year follow-up (63% versus 
29%), and at the 3-year follow-up (63% versus 
32%). They attributed these outcomes to the 
location of the aneurysm and hemorrhage rela-
tive to the lower cranial nerves and medulla.

�Posterior Cerebral Artery, Superior 
Cerebral Artery, and Anterior Inferior 
Cerebellar Artery Aneurysms
Aneurysms of the PCA, SCA, and AICA are less 
common than their counterparts in the posterior 
circulation, and, as such, the results of microsur-
gical treatment involving these aneurysms arise 
from smaller case series, most of which include 
fewer than 20 patients. For PCA aneurysms, the 
results of good outcomes after microsurgical 
treatment ranges from 57.1% to 90.9% with mor-
tality rates ranging from 0% to 20% [20, 133–
139]. The treatment of SCA aneurysms similarly 
result in good outcomes in 67% to 90% of 
pateints, with mortality rates ranging from 0% to 
10% [20, 140, 141]. For patients with AICA 
aneurysms, good outcomes were achieved in 
65% to 100% of patients, with mortality rates 
ranging from 0% to 6% [20, 142–144].

�Posterior Fossa Arteriovenous 
Malformations

Any discussion of treatment outcomes of cere-
bral AVMs must take into account the recent 
results of A Randomized Trial of Unruptured 
Brain AVMs (ARUBA), its impact on patient 
selection and referral, and its shortcomings [145–
147]. A full discussion of the shortcomings of the 
ARUBA trial is beyond the scope of this chapter, 
but an important point is that, of the 1740 patients 
screened, only 726 were deemed eligible and 323 
refused enrollment in the trial. Another 177 chose 
to have treatment outside of the trial randomiza-
tion process. In addition, the study looked at all 
treatments and compared them against medical 
management. The widely accepted standard of 
treatment for low-grade AVMs, surgery, was used 
in only five cases, although 76 patients in the trial 
had grade I or II AVMs. When combined with the 
very short follow-up of the trial, the results of 

ARUBA and its recommendations must be taken 
into consideration with great caution.

Drake et  al. [31] reported a series of surgical 
treatment of posterior fossa AVMs and demon-
strated that complete resection can be achieved in 
most cases (92% in this series), and good out-
comes can be achieved in 71%. The morbidity and 
mortality rates in this series were 21% and 15%, 
respectively. Other series report good outcomes in 
80–91% of patients, morbidity rates of 9–17%, 
and mortality rates of 4.1–8.3% [30, 45, 148].

�Brainstem and Cerebellar Cavernous 
Malformations

With improvements in microsurgical techniques 
and surgical tools, including neuronavigation and 
microinstruments, surgical resection of cavern-
ous malformations in eloquent regions has 
become possible. In a recent report [80] from our 
institution, 260 adults with brainstem cavernous 
malformations underwent microsurgical resec-
tion. These patients suffered a new or transient 
worsening of their existing deficits in 53% of 
cases and permanent deficits were noted in 36% 
of patients. More than one-quarter of the patients 
(28%) experienced perioperative deficits. The 
rate of rehemorrhage after resection was 2% at an 
average follow-up of 51 months, and the average 
Glasgow Outcome Scale score was 4.6. In this 
cohort, 12 patients required reoperation for recur-
rence or residual lesion. The Stanford group 
[149] reported their experience with 176 deep-
seated cavernous malformations that included 
those in the brainstem and thalamus. Of these, 
136 cavernous malformations were in the brain-
stem. They reported new postoperative deficits in 
31.2% of patients. At follow-up, however, the 
majority (61.8%) had improved, and 11.2% had 
worsened. Li et al. [150] reviewed their experi-
ence with 242 cavernous malformations of the 
brainstem. They noted that 95% of patients 
achieved complete resection, and 46.3% of 
patients suffered postoperative deficits. At a mean 
of 89.4  months of follow-up, the majority of 
patients (60.7%) had improved. They calculated 
a postoperative annual hemorrhage rate of 0.4%. 
The mean modified Rankin Scale score at last 
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follow-up was 1.8, whereas the mean score at the 
time of discharge was 2.6.

Microsurgical resection of cerebellar cavern-
ous malformations is associated with good out-
comes in the majority of cases. Because cerebellar 
cavernous malformations are often grouped with 
cavernous malformations in the brainstem, a few 
reports have looked at the outcome of these 
lesions independent of others in the posterior 
fossa. Wu et al. [151] recently reported a series of 
58 patients with cerebellar cavernous malforma-
tions treated using microsurgery. They found that 
complete resection could be achieved in every 
case and that the mean postoperative modified 
Rankin Scale score was 0.5.

�Conclusions

Despite advances in endovascular techniques and 
chemoradiotherapy, many lesions in the posterior 
fossa are best treated by microsurgery. Continued 
developments in interventional tools and tech-
niques, as well as better chemotherapeutic, radio-
surgical, and radiotherapy regimens, are likely to 
continue to help shrink lesions in the posterior 
fossa so that they may be treated using open sur-
gery. However, for the foreseeable future, contin-
ued training in microsurgery in this confined 
space is necessary and essential.
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