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17.1 Signs and Symptoms

Aneurysms of the basilar artery (BA) may occur
at several locations including the BA-vertebral
artery junction, BA-anterior inferior cerebellar
artery junction, BA-superior cerebellar artery
junction, and BA tip. Upper BA aneurysm is usu-
ally considered to include BA tip aneurysm and
BA-superior cerebellar artery junction aneurysm.
BA aneurysm seldom manifests as neurological
problems before rupture. Partially thrombosed
BA aneurysm may manifest as progressive neu-
rological deficits due to compression of the brain
stem and cranial nerves caused by aneurysm
growth. Unruptured BA tip aneurysm has a
higher tendency to rupture compared to other
types of cerebral aneurysm. Therefore, the surgi-
cal indications for unruptured BA aneurysm
should consider this fact as well as the age, size,
and shape of the aneurysm.

17.2 Investigation

Upper BA aneurysms are surrounded by many
important osseous and neurovascular struc-
tures such as the anterior (ACP) and posterior
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clinoid processes (PCP), optic nerve, oculomo-
tor nerve, internal carotid artery (ICA), poste-
rior communicating artery and its perforators
(anterior thalamoperforating arteries), and
posterior cerebral artery and its perforators
(posterior thalamoperforating arteries: PTPAs)
(Fig. 17.1). The PTPAs arise from the superior
or posterosuperior surface of the P1 segment of
the posterior cerebral artery and at a distance
of 0.41-4.71 mm (mean 1.93 mm) from the BA
apex. The PTPAs number 1-8 (mean 3.6) with
diameter of 0.24-1.18 mm (mean 0.7 mm)
[1]. Dissection of the PTPAs from the BA tip
aneurysm is the key step to successful clipping
surgery.

17.3 Preoperative Preparation

Three-dimensional computed tomography angi-
ography and/or digital subtraction angiography
are mandatory to investigate the BA complex
with the aneurysm (Fig. 17.2). The distance of
the aneurysm neck from the clinoid line (the line
between the tips of the ACP and PCP) is par-
ticularly important to determine the operative
approach. Anterolateral approaches such as the
pterional transsylvian approach and extradural
temporopolar approach (ETA) are suitable for
the treatment of BA aneurysms located between
15 mm above and 5 mm below the clinoid line.
The subtemporal transtentorial approach or
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Fig. 17.1 Illustration of the basilar artery (BA) complex
with BA tip aneurysm via the anterolateral approach. Note
the anterior thalamoperforating arteries from the posterior
communicating artery (p-com) and the posterior thalamo-
perforating arteries from the posterior cerebral artery (P1
and P2). I optic nerve, /1] oculomotor nerve, [V trochlear
nerve, V first branch of trigeminal nerve, ACP anterior cli-
noid process(resected), PCP posterior clinoid process, IC
internal carotid artery, SCA superior cerebellar artery

anterior petrosal approach should be considered
for aneurysms located more than 5 mm below
the clinoid line.

17.3.1 Approach
17.3.1.1 Extradural Temporopolar
Approach ETA

The pterional transsylvian approach and subtem-
poral transtentorial approach are usually used to
treat upper BA aneurysms, but both have advan-
tages and disadvantages. The anterior temporal
approach, which retracts the temporal tip posteri-
orly, combines the advantages of both these
approaches and facilitates the surgical trajectory
from the anterolateral direction. The anterior
temporal approach is a pure intradural approach
based on dissecting the superficial middle vein
and anterior temporal artery from the temporal
lobe. The ETA is an epidural approach involving
posterior displacement of the temporal lobe with

Fig. 17.2 Three-dimensional computed tomography angiograms of a case of basilar tip aneurysm. Left preoperative,
Right postoperative
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the dura mater [2, 3] and includes extradural
anterior clinoidectomy, optic canal opening,
peeling the lateral wall of the cavernous sinus,
and retraction of the temporal lobe over the dura
mater. The ETA enables the neurosurgeon to pass
through the open anterior part of the cavernous
sinus to the retrocarotid space and interpeduncu-
lar cistern. Such epidural temporal lobe retraction
is less likely to cause contusion. Furthermore,
opening the oculomotor foramen and drilling the
PCP provide space for securing the proximal
BA. The use of the ETA for treatment of BA top
aneurysm is discussed below.

17.3.1.2 Patient Position, Skin
Incision, and Craniotomy

After induction of general anesthesia, lumbar spi-
nal drainage is placed for cerebrospinal fluid
(CSF) aspiration to relax the dural tension during
the epidural procedures. The patient is placed in
the supine position, and the head is rotated away
from the operative side at about 30° (Fig. 17.3).
Semi-coronal skin incision and interfascial dis-
section of the temporal muscle fascia are then
performed. The temporal muscle is detached
from the superior temporal line but not incised.
The temporal muscle is dissected subperiosteally

Fig. 17.3 Scheduled skin incision, frontotemporal crani-
otomy with orbitozygomatic osteotomy

Fig. 17.4 After frontotemporal craniotomy with orbito-
zygomatic osteotomy. ZA zygomatic arch, OR orbit
(opened), FD frontal dura mater, 7D temporal dura mater

and retracted posteroinferiorly using fish hooks.
Standard frontotemporal craniotomy is per-
formed with the anterior border at the midpoint
of the orbit, and the temporal squama is ron-
geured out until the floor of the middle cranial
fossa is exposed. If the orbitozygomatic approach
is needed for specific cases such as high position
BA tip aneurysm, the orbitozygomatic bar is
removed as in the two-piece method (Fig. 17.4).

17.4 Steps of the Surgery

The frontal dura and the temporal dura are dis-
sected subperiosteally until flush with the frontal
and middle fossae. The lesser wing of the sphe-
noid and the orbital apex is drilled away until the
meningo-orbital band is exposed. Dissection of
the middle fossa dura is continued until the ori-
fices of the superior orbital fissure (SOF) and
foramen rotundum are exposed (Fig. 17.5). The
roof of the SOF is opened to a width of 2 mm to
expose the junction between the dura propria of
the temporal lobe and the periosteal dura
(Fig. 17.5 arrowhead). The meningo-orbital
band is pulled proximally using forceps or a
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Fig. 17.5 Junction between the dura propria of the tem-
poral dura mater (TD) and periosteum at the superior
orbital fissure (SOF). FD frontal dura mater, MOB
meningo-orbital band, OR orbit. Arrowhead indicates the
junction

Fig.17.6 Cutting the meningo-orbital band (MOB)

stitch and cut with micro-scissors for about
4 mm. The tip of the micro-scissors should be
pointed toward the exposed junction at the SOF
(Fig. 17.6). Any bleeding from the meningo-
orbital artery should be coagulated and divided.
Peeling of the dura propria from the inner mem-
brane can be started anywhere, with the easiest
point between the SOF and foramen rotundum,
using a micro-dissector with a sharp edge. If the
dura propria and inner membrane are tightly
attached, sharp dissection using micro-scissors
is recommended. The peeling is continued until
the entire ACP is exposed epidurally. The troch-
lear nerve and first and second branches of the
trigeminal nerve can be seen though the semi-
transparent inner membrane (Fig. 17.7). Care
should be taken to maintain the sphenoparietal
sinus at the dura propria side and to stop the
peeling at the point where the sphenoparietal
sinus drains into the cavernous sinus to prevent
problems with venous congestion. Drilling of the
ACP with a high-speed drill using saline irriga-

Fig. 17.7 After peeling of the dura propria (DP) of the
temporal dura mater and exposure epidurally of the ante-
rior clinoid process (ACP). VI ophthalmic branch of the
trigeminal nerve, V2 maxillary branch of the trigeminal
nerve. Open triangle shows Mullan’s anterolateral triangle

Fig. 17.8 Completion of epidural procedures after
removal of the anterior clinoid process and opening of the
optic canal. /I optic nerve, /Il oculomotor nerve, VI oph-
thalmic branch of the trigeminal nerve, V2 maxillary
branch of the trigeminal nerve, C3 clinoid segment of the
internal carotid artery, DP dura propria. Open triangle
shows Dolenc’s anteromedial triangle

tion is started from the lateral part of the ACP,
and the optic canal is then opened partially in the
medial part of the ACP. The ACP is hollowed
like an egg shell, and the remainder of the ACP
can be removed en bloc. The anterior loop of the
ICA (clinoid segment, C3) in the opened clinoid
space can be seen through the thin carotid oculo-
motor membrane. The partially opened optic
canal can be enlarged using a micro-punch, and
the remainder of the optic strut between the
opened clinoid space and optic canal can be
removed with either a small diamond drill or a
micro-punch (Fig. 17.8). During the skull base
drilling, if the posterior ethmoid sinus is opened
and the mucous membrane is injured, a muscle
piece should be inserted and sealed with fibrin
glue to avoid CSF leakage. At this point, the tem-
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poral lobe with the temporal dura mater can be
displaced posteriorly by 25-30 mm from the tip
of the middle cranial fossa. The dura mater is cut
along the sylvian fissure as far as the optic nerve,
the falciform ligament is cut, and then the dural
cutting is continued to the inferior frontal dura
mater in an L-shaped fashion over the distal
dural ring. Incision of the falciform ligament and
distal dural ring will facilitate movement of the
optic nerve and ICA. Before tentorial incision,
the sylvian fissure should be opened widely, and
the arachnoid membrane around the oculomotor
nerve should be incised to free the nerve from
the medial temporal lobe. By observing at the
cisternal and extradural parts of the oculomotor
nerve, the medial tentorial edge is cut for separa-
tion from the cavernous sinus around the oculo-
motor nerve. Following these procedures, the
temporal lobe can be retracted posteriorly with
the temporal dura mater to complete the ETA
with the surgical corridor of the opened anterior
part of the middle fossa and the cavernous sinus
(Fig. 17.9). Opening of the oculomotor foramen
facilitates mobilization of the oculomotor nerve.
If the target pathology is located beneath the
PCP, the latter can be drilled away to expose the
pontine cistern to secure the proximal BA. The
ICA is retracted medially to expose the BA com-
plex with the BA tip aneurysm (Figs. 17.10 and
17.11). After temporary clips are applied to the

Fig. 17.9 After dural opening and tentorial incision. The
falciform ligament (FL) and the distal dural ring (DDR)
are incised. The tentorium is incised along the anterior
petroclinoid ligament (APCL). The temporal dura is
retracted posteriorly with the temporal dura mater (TD). /1
optic nerve, /I-1 intradural oculomotor nerve, /II-E extra-
dural oculomotor nerve, IV trochlear nerve, VI ophthal-
mic branch of the trigeminal nerve, V2 maxillary branch
of the trigeminal nerve, C3 clinoid segment of the internal
carotid artery

Fig. 17.10 Basilar artery (BA) complex and BA tip
aneurysm. Note the small thalamoperforating arteries
around the aneurysm (AN). /C internal carotid artery, A/
anterior cerebral artery, M/ middle cerebral artery, R-PCA
right posterior cerebral artery, L-PCA left posterior cere-
bral artery

Fig. 17.11 Dissection of the basilar tip aneurysm (AN)
via the retrocarotid space. p-com posterior communicat-
ing artery, /C internal carotid artery

Fig. 17.12 After neck clipping of the basilar tip
aneurysm

BA and bilateral posterior cerebral arteries,
aneurysm dissection is started. If the posterior
communicating artery obstructs the operative
view, this vessel can be ligated and divided
except for the fetal type. Great care is required to
dissect the PTPAs in the vicinity of the aneurysm
before neck clipping is performed (Fig. 17.12).
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After clipping of the aneurysm, the dural defect
around the dural ring can be approximated with
a small piece of harvested temporal fascia and
fibrin glue. The skull is fixed with titanium
plates, a subcutaneous drain is placed, and the
wound is closed as usual.

17.5 Specific Plans to Handle
Complications and Expert
Opinion

17.5.1 How to Avoid Heat Injury
During Skull Base Drilling

Constant cooling with saline irrigation is
extremely important to avoid heat injury to the
neurovascular structures. Before drilling the ACP,
the ACP should be carefully dissected from the
surrounding tissue because the oculomotor nerve
passes along the inferolateral face of the ACP. The
optic canal is partially opened with a drill and

should be enlarged using a micro-punch. Opening
the optic canal using a micro-punch can avoid
heat injury.

17.5.2 How to Control Bleeding
from the Cavernous Sinus

There are two major points of bleeding from the
cavernous sinus, Dolenc’s anteromedial triangle
and Mullan’s anterolateral triangle. Bleeding
from the cavernous sinus can be controlled by
packing with Surgicel® cotton soaked with fibrin
glue or direct injection of fibrin glue into the
sinus (Fig. 17.13).

17.6 Important Observations

and Postoperative Care

CSF drainage (about 150 cm*/day) from the lum-
bar spinal tube should be continued for several

Fig. 17.13 How to control bleeding from the cavernous
sinus. (a) Bleeding from Mullan’s anterolateral triangle
(arrow). (b) Direct injection of fibrin glue into Mullan’s
triangle. (¢) Bleeding from Dolenc’s anteromedial trian-
gle (arrow). (d) Application of Surgicel® soaked with

fibrin glue (open triangle). ACP anterior clinoid process,
II optic nerve, /Il oculomotor nerve, VI ophthalmic
branch of the trigeminal nerve, V2 maxillary branch of
the trigeminal nerve
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days (3-7 days) after the operation to prevent 2. Day JD, Giannotta SL, Fukushima T. Extradural
temporopolar approach to lesions of the upper basi-

CSF rhinorrhea, especially if the ethmoid sinus is g . . .
. lar artery and infrachiasmatic region. J Neurosurg.
opened during surgery. 1994;81:230-5.
3. Day JD, Fukushima T, Giannotta SL. Cranial base

approaches to posterior circulation aneurysms. J
Neurosurg. 1997;87:544-54.
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