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xtended orbitozygomatic approach to the skull base to
mprove access to the cavernous sinus and optic chiasm

LLISON TERESA PONTIUS, MD, and YADRANKO DUCIC, MD, FRCS(C), FACS, Dallas and Fort Worth, Texas
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ACKGROUND: The orbitozygomatic approach to
he skull base has evolved over the past century,
ith a surge in development during the past 20
ears. We describe an extension of this technique

nvolving removal of the most inferior portion of the
emporal bone to the level of the internal carotid
rtery as it enters the carotid canal, to further facil-

tate exposure of tumors in this region.
ETHODS AND MATERIALS: We performed the ex-

ended orbitozygomatic approach in a series of 17
atients with a variety of neoplastic lesions. Our
ase series was reviewed in a retrospective fashion,
nd our surgical approach is described. The ap-
roach is performed safely and effectively by using

he spine of the sphenoid and middle meningeal
rtery as landmarks and then resecting the tempo-

al bone from the temporal craniotomy site to the
arotid canal.
ESULTS: The extended orbitozygomatic approach
as been performed at our institution over the past
years and has provided significantly improved

ccess to this region of the skull base, facilitating
umor extirpation in our patient population without
n increase in complications.
ONCLUSIONS: The extended orbitozygomatic ap-
roach further improves exposure and facilitates
urgical dissection in patients with neoplasms of the
avernous sinus, sellar region, interpeduncular re-
ion, and upper clivus. The improved access with-
ut an increase in complications supports the inclu-
ion of the extended orbitozygomatic approach in
he armamentarium of the skull base surgeon.
Otolaryngol Head Neck Surg 2004;130:519-25.)
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espite the apparent recent evolution and mod-
fication of skull base surgical approaches, the
nitial development of the lateral approach to the
kull base began almost 100 years ago. As early as
912, McArthur1 described the removal of the
upraorbital rim to access the pituitary. This was
ollowed shortly thereafter in 1913 by Frazier,2

escribing a similar approach. Despite these early
eginnings, the technique did not evolve further
ntil the late 1970s.3,4 In 1982, Jane5 revitalized
he technique by expanding its indications. He
dvocated its use for exposure of tumors of the
ateral anterior cranial fossa and of aneurysms of
he anterior communicating artery complex and
or access to orbital and retro-orbital neoplasms.
n the 1980s and early 1990s, there was a rapid
xpansion of the technique with multiple varia-
ions and developments of the approach,6-14 in-
luding the supraorbital approach,5 the or-
itozygomatic infratemporal approach,7 the
rbitofrontomalar approach,10 the cranio-orbital
pproach,12 the zygomatic approach,14 the cranio-
rbital-zygomatic approach,13 and the orbitozygo-
atic approach. The late 1990s and early 2000s

ave continued to provide further modifications of
he technique.15-18 In keeping with the ongoing
volution of skull base surgery, we present an
xtension of the orbitozygomatic technique in-
olving removal of the most inferior portion of the
emporal bone to the level of the internal carotid
rtery as it enters the carotid canal. This “ex-
ended” orbitozygomatic approach provides im-
roved visualization and facilitates the removal of
umors of the cavernous sinus, upper clivus, and
arasellar regions, by widening the exposure in
his critical region.

ATERIALS AND METHODS
perative Technique
The patient is taken to the operating room and

laced in the supine position. The patient’s head is
otated approximately 30 degrees to the side op-
osite the tumor, and the head is secured using the
ayfield headrest. We always begin our proce-
519



d
g
d
t
a
t
t
i
w
t
d
v
t
p
l
O
s
t
d
i
t
z
c
W
t
o
p
m
s
z
i
t
p
m
t
f
p
m
a
a
w
a
p
a
o
w
a
t
p

f
f
n
r
t
o
(
b
r
p
a
c
l
a
m
G
s
w
z
a
o
o
(
m
g
u
n
t
o
o
T
o
r
t
n
T
n
s

m
w
d
a
r
p
b
o
i
t

Otolaryngology–
Head and Neck Surgery

520 PONTIUS and DUCIC May 2004
ures with a tracheotomy if the frontal sinus is
oing to be entered at any point during the proce-
ure, to prevent postoperative soiling of the cen-
ral nervous system with oropharyngeal secretions
nd to help decrease the incidence of post-opera-
ive pneumocephalus. Following the tracheotomy,
he procedure is begun with a standard bicoronal
ncision extending into the preauricular region
ithin a natural rhytid. Dissection is carried down

o the level of the pericranium. Subpericranial
issection is then continued with a periosteal ele-
ator between the temporalis muscles bilaterally
o the level of the superior orbital rims. The su-
raorbital neurovascular bundles are released bi-
aterally to allow further inferior tissue retraction.
ver the temporal fossa of the affected side, dis-

ection is carried along the deep temporal fascia to
he level of the superficial temporal fat pad. The
eep temporal fascia is then incised and dissection
s carried just deep to this fascia and superficial to
he superficial temporal fat pad to the level of the
ygomatic arch. Further subperiosteal dissection is
arried along the medial and lateral orbital walls.
e next perform preadaptation of the hardware

hat will be eventually used to rigidly fixate the
steotomized segments at the conclusion of the
rocedure. Hardware consists of 1.5-mm titanium
iniplates adapted across the proposed osteotomy

ites at the level of the temporal attachment of the
ygomatic arch, the mid-portion of the malar em-
nence, and the lateral orbital wall across the fron-
ozygomatic suture. Following adaptation, the
lates are removed and set aside in precise align-
ent for later replacement. At this point, a fron-

otemporal craniotomy is performed on the af-
ected side. We next use a straight cutting bur to
erform an osteotomy across the posterior zygo-
atic arch and malar eminence. Next, the globe

nd periorbita are gently retracted inferomedially
nd the intraorbital osteotomies are performed
ith care to avoid injury to the infraorbital nerve

long the floor of the orbit. The cut along the floor
asses across the junction between the zygoma
nd maxilla. A cut is made along the articulation
f the greater wing of the sphenoid in the lateral
all of the orbit and brought up to meet the cuts

long the rim and malar eminence. Osteotomes are
hen used to disarticulate this segment. The tem-
oralis muscle is reflected inferiorly into the in-
ratemporal fossa pedicled to the coronoid process
or preservation of blood supply (Fig 1). The coro-
oid process may be osteotomized to improve the
ange of movement of this muscle if required. As
he condylar fossa is lateral to the vertical segment
f the petrous portion of the internal carotid artery
ICA), a condylectomy may be performed if mo-
ilization of the ICA in its extracranial course is
equired. With the bone flaps removed, we next
roceed to remove the bone from the inferior
spect of the craniotomy to the level of the internal
arotid artery as it enters the carotid canal with a
arge round bur, using the spine of the sphenoid
nd middle meningeal artery as key surgical land-
arks for this portion of the dissection (Fig 2).
enerous bone removal at this level provides for

afe exposure and proximal control of the ICA as
ell as allowing for its safe retraction or mobili-

ation. In addition, this exposure converts a deep
nd narrow approach into a broad and shallow
ne, improving access to the chiasm and cavern-
us sinus and minimizing retraction of the brain
Fig 3). The foramen spinosum is unroofed and the
iddle meningeal artery divided at this level. The

reater wing of the sphenoid is then removed to
nroof the second and third divisions of trigeminal
erve. At this point the dura is opened, exposing
he Sylvian fissure from lateral to medial. The dura
ver the lesser wing of the sphenoid is now
pened facilitating removal of the anterior clinoid.
his will allow the surgeon to open the roof of the
ptic canal and the superior orbital fissure if this is
equired. This widely opens the space defined by
he oculomotor nerve inferolaterally, the optic
erve medially, and the clinoidal ICA inferiorly.
he carotid artery can now be followed intracra-
ially with excellent exposure of the cavernous
inus and optic chiasm (Fig 4).

After tumor extirpation, the dura is reapproxi-
ated with suture. Any dural dehiscence is repaired
ith an onlay graft of tensor fascia lata or a xenograft
ural patch, which is set in place with suture fixation
nd fibrin sealant. If there is a significant dead space
emaining at the base of the brain after tumor extri-
ation, the temporalis muscle is pedicled into the
ase of the middle cranial fossa, effecting separation
f the intracranial from extracranial compartments. It
s held in position by suspending it to the edges of
he craniotomy with suture. If the ipsilateral frontal
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inus has been violated during the craniotomy, it is
ranialized at this point and the nasofrontal duct is
ccluded with inversion of the mucosa and a small
emporalis muscle graft to obliterate the duct. The
rea is then covered with a pedicled pericranial flap,
ffectively sealing the area. The previously adapted
iniplates and screws are used to replace the bone

egments in position with further placement of
iniplates and screws as needed to provide 3-dimen-

ional stabilization. We then adapt 1.5-mm titanium
ynamic mesh to the inferior temporal defect and
ecure this in place with a series of 4-mm-long
crews. Bone dust gathered during the osteotomies is
sed to fill the gaps between the osteotomy sites and
o fill the gaps within the titanium mesh. If a tem-

ig 1. Diagram demonstrating completed frontotemporal
emporalis muscle is being reflected inferiorly. Dashed lin
ccess to the orbital apex if this is required.
oralis muscle flap has been performed, hydroxyap-
tite cement is used to complete the temporal cra-
ioplasty to achieve restoration of temporal contour.

layered closure is performed over 2 No. 10 Jack-
on-Pratt drains.

ESULTS
Between 1997 and 2002, 17 patients underwent

he extended orbitozygomatic approach at our in-
titution for a variety of neoplasms with involve-
ent of the cavernous sinus and optic chiasm (8
eningiomas, 3 schwannomas, 2 hemangiomas,

nd 4 recurrent pituitary neoplasms with optic
hiasm involvement). Access to the neoplasm was
xcellent in each case. Proximal control of the

tomy. Orbitozygomatic segment has been removed and
n orbit represents area that may be removed to improve
cranio
e withi
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CA was gained in each case from where it was
ollowed into the cavernous sinus with the out-
ined technique. There was a single death in this
eries, which was thought to be unrelated to the
rocedure. The patient developed perioperative
ypotension resulting in a contralateral brain ce-
ebrovascular accident in the postoperative period.
therwise, all patients recovered uneventfully

rom the procedure and were discharged to home
ithin 11 days of the procedure with no adverse
rocedure-related outcomes. There was no evi-
ence of cerebrospinal fluid leak, meningitis, or
rain abscess in any of our patient population.
ross tumor clearance was achieved in each case.
Three patients with meningiomas and 1 with re-

urrent pituitary adenoma had received gamma knife
r other radiation treatment in the past before sur-
ery. In this subgroup, 1 patient with meningioma

ig 2. Diagram demonstrating removal of the bone inferior
ossa to the level of foramen ovale and middle meninge
erves as a safe landmark. V2, Second division of trigemi
., middle meningeal artery.
she had had both gamma knife and external beam
adiotherapy in the past) was noted to have early
ecurrent disease at the contralateral (to operated
ide) cavernous sinus 3 years postoperatively. All of
he others in the group who had received gamma
nife treatment before surgical resection of recurrent
umor remain free of disease.

Of the 13 patients who had not had radiation
reatment in the past, gross tumor clearance was
chieved in each case. One patient with meningi-
ma developed recurrent disease at the level of the
rbital apex dura, which was completely cleared
ith a subsequent operation (same approach). One
atient with schwannoma did receive gamma
nife treatment postoperatively as this had repre-
ented his third recurrence. Both of these patients
ow remain free of gross disease as based on
adiographic follow-up.

craniotomy site and along the floor of the middle cranial
ry. This artery is slightly anterior to the carotid canal and
rve; V3, third division of trigeminal nerve; md meningeal
to the
al arte
nal ne
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A single patient who had 3 resections of a recur-
ent pituitary adenoma before an extended orbitozy-
omatic approach underwent gross clearance of
isease but recurrence developed at 18 months

ig 3. Exposure achieved with the extended orbitozygoma
inus and parasellar areas. III, Oculomotor nerve; IV, tro
arotid artery; E. tube, Eustachian tube; m, middle menin
ostoperatively, which was treated with further sur-
ery (subcranial approach) and gamma knife treat-
ent. Subsequent follow-up at 1 year failed to reveal

he presence of any recurrent or persistent disease.

proach. Note wide and shallow access to the cavernous
r nerve; VI, abducens nerve; Trig., trigeminal nerve; c,

artery; lat.pterygoid, lateral pterygoid muscle.
tic ap
chlea
geal
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None of our patient series have died of disease.

ISCUSSION
The orbitozygomatic approach is indicated for

arge lesions in the suprasellar, parasellar, and
etrosellar areas, as well as for lesions extending
nto the cavernous sinus and the orbit. It is also
uitable for primary lesions of the cavernous sinus
nd tumors of the interpeduncular fossa and upper
livus.13 The approach has evolved over the past
entury into a useful and popular approach for the
kull base surgeon. The modern approach was
eveloped primarily through the works of Jane,5

ellerin,10 Hakuba,7 and Al-Mefty.13 Its evolution
ig 4. Carotid artery has been traced into cavernous sinus, safely removing tumor en route. Arrows track the course of the
arotid artery. O, Optic nerve; c, carotid artery.
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nd multiple modifications have been inspired by
he desire for increased exposure, decreased brain
etraction, and improved postoperative cosmesis
nd function. By removing the superior and lateral
rbital rims and the zygomatic bone combined
ith a frontotemporal craniotomy and mobiliza-

ion of the temporalis muscle inferiorly, this ap-
roach allows excellent exposure of the anterior
nd middle cranial fossa, the area of the upper
hird of the clivus and posterior fossa. However,
y extending the technique to include the most
nferior portion of the temporal bone up to the
arotid canal, a further increase in exposure can be
afely obtained. It facilitates tumor removal by
urther broadening access while continuing to
inimize brain retraction. In addition, it allows for
obilization of the proximal ICA if this is re-

uired.

ONCLUSIONS
The orbitozygomatic approach provides wide-

ngle exposure for removal of lesions involving
he cavernous sinus, the sellar region, the interpe-
uncular fossa, and the upper clivus. By identify-
ng the spine of the sphenoid and then farther
xtending the approach to include the most infe-
ior portion of the temporal bone up to the carotid
anal, we have been able to further facilitate ex-
osure of this region. The improved access with
inimal complications supports the inclusion of

he extended orbitozygomatic approach in the ar-
amentarium of the skull base surgeon.
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