Endoscopic Endonasal
Transsphenoidal Approach

25

Domenico Solari, Luigi Maria Cavallo,
Enrico Tedeschi, Chiara Caggiano, Massimo Niola,
Rosa Maria Gerardi, and Paolo Cappabianca

25.1 Indications

Clival chordomas are lesions located at the
anterolateral aspect of the brainstem, involving
the extradural and seldom the intradural spaces.
These tumors have been historically accessed
through posterolateral approaches, which offer
a comfortable surgical corridor for this kind of
lesions: indeed, the retrosigmoid approach is
considered adequate for chordomas that
involve mainly the cerebellomesencephalic
and cerebellopontine cisterns [55], whereas in
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the far lateral approach, it is more suitable for
those mainly interested in the cerebellomedul-
lary cistern [45, 61].

Besides, it has been possible to expose chor-
domas via complex and often morbid procedures
such as the presigmoid approach, anterior and
posterior petrosectomies with or without labyrin-
thectomy [9], and the extreme lateral approach
[4]. These approaches, however, provide narrow
dissection corridors with limited working area
and mandatory angle of attacks, above all, in
between the cranial nerves. Hence, such surgical
procedures have been burdened often by signifi-
cant brain tissue and cranial nerve morbidity.

Because chordomas displace dorsally the neu-
rovascular structures, ventral corridors have been
preferred: indeed, in transfacial [2, 12, 18, 34,
46, 58], transsphenoidal [1, 13, 22, 30, 39, 42,
43, 47, 51, 56], and transoral [11, 17, 33] tech-
niques, lesions have been adopted and refined
along years.

In recent times, the endoscope brought in
transsphenoidal surgery a wider and panoramic
view, pushing the refinement of several routes
targeted mainly to entire midline of the skull
base from the anterior skull base to the cranio-
vertebral junction and adjacent areas. These cor-
ridors represent a direct and minimally invasive
approach to the suprasellar, retrosellar, and ret-
roclival space, obviating brain retraction, visu-
alizing safely and effectively the surgical field,
and granting the lowest rates of morbidity and
mortality in a safe and effective way. Hence, the
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extended endoscopic approaches (EEAs) pro-
vided ideal surgical alternative options [5, 16,
29, 60] also for clival chordomas and, in particu-
lar, those with a major component ventral to the
brainstem and/or to the lower cranial nerves [10,
26, 35, 57]. By using a direct anterior approach,
the EEAs allow the surgeon to work in a large
window and to work between and not cross the
cranial nerves, achieving early devascularization
of the tumor and microsurgical dissection under
closeup view.

Chordoma surgery, as any other skull base
procedure, requires careful and specific postop-
erative management and long-term patient fol-
low-up, which can make the difference between a
satisfactory result and a poor result.

Detailed anatomy, neuroimaging, pathophysi-
ology, and natural history of the disease are
knowledge prerequisite pillars to build up a mul-
tidisciplinary team, which becomes familiar with
all the different therapeutic options and fully
informed about current therapeutic possibilities
in the interest of the patient and of the institution
where the operation is done.

Indications for surgery have changed through
time and refinements of the surgical techniques,
as well as according to the evaluation of results
and experience, to the development of knowledge
about disease’s molecular biology, and to the use
of effective new pharmacological agents and
radiation techniques [3, 6, 14, 24, 32, 42, 43, 48,
59, 62].

Whether an EEA represents an appropriate
surgical management strategy for a clival chor-
doma, the epicenter and extent of the tumor’s
bony and/or dural relationships, as well as neuro-
vascular structures involvement, should be care-
fully evaluated preoperatively.

Though, it is worth reminding that tumor to be
resected should be ventral to the brainstem and
medial to the cranial nerves, i.e., when extending
into the interpeduncular cistern, the mass should
not extend beyond the third cranial nerve; when
involving the prepontine cistern, it should be
medial to the sixth cranial nerve; or when in the
premedullary cistern, it should be preferably
enclosed within the hypoglossal nerves [10, 23,
25, 26, 39, 40, 52, 57].

Frequently, the nerves and perforating arteries
are pushed away by the tumor, which allows
direct visualization and safe tumor debulking.
Hence, the possibility of running tumor removal
with the vital structures located lateral and/or
posterior to it and without any neural tissue
retraction or dissection in between cranial nerves
should be considered as a main advantage of the
endonasal endoscopic approach.

Nevertheless, there are conditions that could
limit and somehow hinder the choice of the endo-
nasal route, either related to the anatomy of the
surgical route or to the inner features of the lesion
itself: the size and the pneumatization of the
sphenoid sinus and/or carotid arteries position
and shape, the caudal extension of the lesion, as
well as the encasement of the main neurovascular
structures and above all the lateral extension
beyond the ascending tract of ICAs.

25.2 Radiology

Clivus chordoma originates at the spheno-
occipital synchondrosis (35 % of all chordomas)
and usually spreads as an expansile multilobu-
lated mass from the midline toward the lateral
neighboring regions. In fact, after eroding of the
occipital bone, the neoplasm tends to invade
anteriorly the sphenoid sinus and the rhinophar-
ynx and, posterosuperiorly, the subarachnoid
spaces of the brainstem. The brain parenchyma is
seldom infiltrated, while the brainstem is com-
pressed on the midline [50].

The first-choice imaging modality is contrast-
enhanced magnetic resonance imaging, which
demonstrates the different histological compo-
nents of the mass [27]: typical chordomas show
large areas with increased water content and pro-
longed relaxation times compared with the forms
where chondroid tissue predominates. The lesion
therefore usually appears isointense (75 %) or
hypointense in T1-weighted images and markedly
hyperintense in T2-weighted images, reflecting
the high fluid content of vacuolated cellular com-
ponents [20]. Often, within the mass it is possible
to spot areas of signal void representing seques-
tered fragments of destroyed cortical bone (rather
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Fig. 25.1 (a) Sagittal and (b) axial preoperative MRI
scans showing an invasive extradural sellar chordoma
extending to the clivus. This latter T2-weighted image
shows the typical inhomogeneous hyperintensity known

than calcific foci), fibrous connective septa, ves-
sels or hemorrhage, or, conversely, areas with
increased signal intensity in T1-weighted images
that may reveal cyst-like mucoid material or hem-
orrhage (see Figs. 25.1 and 25.2).

Besides providing an optimal view on the sagit-
tal plane, MRI permits the accurate definition of the
intracranial extension of the tumor and its relation-
ships with the brainstem — the impinging on the

as “thumb sign.” (¢) Axial and (d) sagittal postoperative
scans showing complete tumor removal via an extended
endoscopic endonasal approach

pons is typical and defined as “thumb sign” (see
Fig. 25.1b) — the third ventricle, the sellar and hypo-
thalamic structures, and the rhinopharynx [50].

Moreover, a better and earlier detection of the
pathological substitution of the normal yellow
marrow of the clivus can be obtained with
MRI. Instead, the definition of intratumoral calci-
fications and osteolytic areas is more problematic
compared to CT.
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Fig.25.2 (a) Sagittal and (b) axial preoperative MRI scans revealing an intradural clival chordoma; the lesion appears
inhomogeneously enhancing post-GAD. (c) Axial and (d) sagittal postoperative scans showing complete tumor removal

The CT appearance of chordoma (see Fig. 25.3)
is that of centrally located, well-circumscribed,
inhomogeneous soft-tissue mass (hyperdense
compared to the brain), with irregular intratu-
moral calcific spots and destructive osteolysis,
sometimes with marginal sclerosis [27].

After contrast media administration, both on
CT and MRI, the tumor shows variable areas of
moderate to marked enhancement, creating a
“honeycomb” appearance of the enhancement
pattern [19].

As the usual clinical presentation is lined out
by visual disturbances — i.e., oculomotor nerve

palsies — and orbitofrontal headache, the diagnos-
tic workup should start with contrast-enhanced
MRI, with angiographic sequences to evaluate the
encasement/displacement of carotid or vertebral
arteries (80 %); then, unenhanced spiral CT may
be used for the evaluation of the osseous skull base.
As for the differential diagnosis, chondroma and
chondrosarcoma, clival meningioma, giant inva-
sive pituitary macroadenoma, plasmacytoma, and
nasopharyngeal carcinoma must be considered:

¢ Chondromas and chondrosarcomas, while
similar in T1 and T2 signal intensity, tend to
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Fig. 25.3 (a) Axial and (b) sagittal preoperative CT
scans showing a clival chordoma involving and partially
destroying the dorsum sellae. Tumor calcifications are

have a more lateral origin (the petro-occipital
fissure) and show larger (archlike) calcifica-
tions compared to chordoma.

¢ In meningioma, the signs of bone destruction
are usually less evident and a dural attachment
may be seen.

* Macroadenomas of course cannot be sepa-
rated by the pituitary gland, unlike chordo-
mas, which usually displace but do not invade
the gland.

* Plasmacytoma typically shows intermediate
to low signal intensity in T2-weighted images.

* Nasopharyngeal malignancies usually extend
more anteriorly and are associated with head
and neck lymphadenopathy.

Chordomas very rarely metastatize, but they
frequently recur, given also the difficulty in

clearly seen. (¢) Axial and (d) sagittal postoperative scans
showing tumor removal

obtaining a radical resection in advanced cases.
Therefore, radiation therapy is frequently
employed and neuroradiological follow-up with
MRI is warranted, to assess whether the residual
disease is under control (i.e., if there is lack of
progression) and also to evaluate the possible
complications of radiation therapy, such as optic
neuritis, edema, gliosis, or even necrosis in the
temporal lobes [15].

25.3 Anatomy of the Approach

According to the anatomical classification intro-
duced by Rhoton [53], the clivus can be divided
into three segments in a cranio-caudal direction:
the upper third extends from the level of dorsum
sellae and posterior clinoids down to the sellar
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floor; the middle third limits are represented by
the lower aspect of the sellar floor, superiorly,
and the level of the sphenoid sinus floor, inferi-
orly; and finally, the lower segment goes from the
sphenoid sinus floor to the foramen magnum. As
described also in a recent publication by
Prevedello et al. [52], this anatomical scheme
could be adopted when exploring this area from
endoscopic endonasal route (see Figs. 25.4 and
25.5)

25.3.1 Upper Third of the Clivus

The utmost superior aspect of the clivus is repre-
sented by the dorsum sellae and the posterior cli-
noids on both sides.

The anterior aspect of this area encloses poste-
riorly the sella: two layers of dura cover its bony
surface. the periosteal and meningeal layers, the
same two layers covering the sellar floor, between
which run the superior, inferior, and posterior
intercavernous sinuses (PIS) [54]. This latter
venous channel is located behind the pituitary
gland and could be seen upon elevation of the
gland; the dorsum sellae could be identified pos-
terior to the PIS. Upon bone removal, the clival
dura harboring the basilar venous plexus is
exposed (see Fig. 25.4): dural opening at this

level gives access to the interpeduncular cistern
encompassed laterally by Liliequist membrane
and the posterior communicating arteries, the
respective perforating arteries, and the third cra-
nial nerves (see Figs. 25.5 and 25.6a, b). The
mesencephalon, the basilar bifurcation, the pos-
terior cerebral arteries, and the superior cerebel-
lar arteries are noble neurovascular structure
encountered in a deep level, being the epicenter
of this area. The horizontal lamina of Liliequist
membrane represents the inferior limit of this
area [52, 53].

25.3.2 Middle Third of the Clivus

The bony aspect of this clival area is enclosed
between the sellar floor superiorly and the sphe-
noid floor inferiorly; the protuberances of the
ascending segments of ICAs, the so-called para-
clival tract, represent the lateral limits of the area
[41]. The identification of this region from a ven-
tral endonasal route depends on the degree of
pneumatization of the sphenoid sinus: it is well
represented in sellar and presellar types, while it
could be troublesome to recognize its boundaries
in case of conchal sinuses (see Fig. 25.4).

Once the bone has been removed, the dura is
exposed with the basilar venous plexus within: a

Fig. 25.4 Endoscopic endonasal view of the clival
region. The main anatomical landmarks can be observed:
(a) in this case the venous system has been injected with
blue latex. The bone of the upper clivus has been removed,
and (b) the transposition of the pituitary gland has been
made. OP optic protuberance, PS planum sphenoidale,

ICA internal carotid artery, ocr opto-carotid recess, sis
superior intercavernous sinus, Pg pituitary gland, FL fora-
men lacerum, ds dorsum sellae, VI abducens nerve, V2
maxillary branch of the trigeminal nerve, dm dura mater
of the clivus, * inferior hypophyseal artery, ** pericarotid
sympathetic plexus
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segment of the sixth cranial nerve’s root runs in
between the two layers of clival dura just before
piercing Dorello’s canal [31]. The dural opening
reveals the prepontine cistern with the sixth cra-
nial nerves laterally; the pons with the basilar
artery and its branches and the anteroinferior cer-
ebellar arteries lie deeply (see Fig 25.6b). The
pontomedullary junction and the vertebrobasilar
junction (VBJ) are considered as the inferior
edge of this region [7, 35].

Fig.25.5 Intradural exploration of the upper and middle
clival area. The dura mater has been opened in order to
show the main neurovascular structures. ON optic nerve,
Ch optic chiasm, Pg pituitary gland, /CA internal carotid
artery, BA basilar artery, VI abducens nerve, V2 maxillary
branch of the trigeminal nerve, aica anteroinferior cere-
bellar artery, VA vertebral artery, XII hypoglossal nerve,
pica, postero-inferior cerebellar artery, * inferior hypoph-
yseal artery, ** ophthalmic artery, dotted lines proximal
and distal dural rings of the internal carotid artery

25.3.3 Inferior Third of Clivus

The inferior third has its superior border at the
level of the floor of the sphenoid sinus and
reaches down the foramen magnum; on both
sides, the inferior third of the clivus is not limited
directly by the ICA as in the middle third, so that
dissection can be safely extended further later-
ally. Upon the lateral aspects of the clival bone,
the petroclival synchondrosis can be identified
and followed all the way to the jugular foramen
(see Fig. 25.6¢). The occipital condyles are found
in the anterior portion of the foramen magnum:
the lateral exposure can be increased by remov-
ing the condyles up to the hypoglossal canal,
wherein the twelfth cranial nerve runs, this latter
being fixed as the limit of maximum lateral extent
[7, 35]. Once the dura has been opened, the pre-
medullary cistern and the medulla oblongata are
identified as the epicenter of this area. Whether a
supracondylar approach is extended through the
jugular tubercle, the ninth, tenth, and eleventh
cranial nerves are exposed, in the lateral aspect of
the cistern [49].

25.4 Surgical Technique

Surgical approach for a clival chordoma should
be planned according to the location, dimension,
and spread of the tumor. Clival lesions located
predominantly in the midline are more fit to the
endoscopic endonasal approach, which could

Fig. 25.6 Endoscopic endonasal panoramic view of the
clival area with (a) the basilar trunk is clearly seen on the
ventral side of the pons. (b) Closeup view of the upper
clivus and (c) of the inferior third of the clivus. Sca supe-
rior cerebellar artery, /1] oculomotor nerve, /CA internal
carotid artery, BA basilar artery, VI abducens nerve, Pg

pituitary gland, MB mammillary bodies, * inferior
hypophyseal artery, PCA posterior cerebral artery, sca
superior cerebellar artery, /Il oculomotor nerve, aica
anteroinferior cerebellar artery, VI abducens nerve, VA
vertebral artery, ASA anterior spinal artery, ** postero-
inferior cerebellar artery
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offer a safer and more direct anatomical route.
When tumor involves lateral aspects of the area,
the endoscopic transclival approach can be
implemented, gaining more exposure by the
opening of bony surfaces around the different
segments of the ICA. The concept behind this
kind of surgery is to minimize the opening at the
most superficial compartment while expanding
the exposure in close proximity of the targeted
area [25, 26, 39, 40, 52, 57].

The initial segments of the procedure are run
according to the paradigm of Pittsburgh school for
the expanded endoscopic endonasal approaches:
middle turbinectomy in one nostril, accompanied
by posterior ethmoidectomy, and a wider anterior
sphenoidotomy are accomplished. At this time,
whether reconstruction should rely on naso-sep-
tal flap [28, 37], it should be harvested and stored
in the maxillary sinus or down into the choana.
Upon sphenoid sinus opening, different steps are
required to achieve a complete exposure of the
clivus in each of the three portions as considered
in the anatomical classification.

25.4.1 Superior Third

Once the main landmarks, i.e., clival indent,
carotid protuberances, and sellar floor, have been
identified, the bone removal can start at the level
of the sellar floor: dura is exposed from the supe-
rior intercavernous sinus (SIS), down to inferior
intercavernous sinus (IIS) and, posteriorly, at the
sella-clival junction. Once circular sinuses have
been managed, the dura is opened up to the supra-
diaphragmatic space to allow freeing the pituitary
stalk. In order to gain a more comfortable corri-
dor, Kassam et al. [36] introduced the so-called
pituitary transposition/trans-dorsum sellae tech-
nique: the gland is mobilized superiorly after
ligaments connecting the pituitary capsule to the
medial cavernous sinus have been dissected. The
posterior sellar dura is coagulated and transected
so that the dorsum sellae and posterior clinoids
are exposed; these are then drilled and carefully
removed, minding attention to avoid injuries to
the ICA and third and sixth cranial nerves. The
retroclival dura harboring the basilar plexus is
visualized: basilar plexus can determine intense

venous bleeding, which can be controlled with
hemostatic agents such as oxidized cellulose or
thrombin/gelatin matrix.

Once the dura has been opened tumor, deb-
ulking is first performed and then the dissection
from surrounding neurovascular structures com-
pletes the removal maneuvers. Chordomas in this
location can be tightly attached to the branches
of the superior hypophyseal artery, which should
be preserved in order to avoid vascular dam-
ages to the pituitary stalk and the optic chiasm;
as well, the basilar apex and its perforators are
pushed posteriorly and attached to tumor capsule,
while, laterally, the lesion can impinge the third
cranial nerve and the posterior communicating
artery from which it should be dissected carefully.
Owing that, these maneuvers should be performed
sharply under direct closeup view. Finally, it is
useful to remark that when performing removal of
the inferior aspects of tumor involving this area,
the preservation of the inferior horizontal lamina
of Liliequist membrane helps to decrease sub-
arachnoid blood dissemination to other cisterns.

25.4.2 Middle Third (Clival Recess
of Sphenoid Sinus)

In well-pneumatized sphenoid sinus, the middle
third of the clivus is that thin bone, i.e., the clival
recess, lying over the posterior wall of the sphe-
noid sinus, enclosed between the ascending tracts
(paraclival) of the ICAs.

The bone is drilled away and the dura and the
basilar plexus are exposed; laterally, the exposure
is limited by the paraclival ICAs; particularly in
cases of chordomas located immediately behind
this vessel, removal maneuvers are hindered via
this route. In such situations, to increase exposure
and instruments maneuverability, the ICA bony
canals should be opened and the periosteum
exposed in order to allow ICA mobilization. It is
important to identify the vidian nerve as referring
landmark for this approach: indeed it points
toward the anterior genu of the ICA, at the level
of the foramen lacerum, thus helping the identifi-
cation of the petrous ICA in non-pneumatized
sphenoid sinuses and/or cases in which the anat-
omy is altered by the disease [38].
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Fig.25.7 Intraoperative picture showing the removal of a
clival chordoma by means of the endoscopic endonasal
technique. Dissection maneuvers are run with (a) ring

In case of extradural chordomas, dissection
maneuvers are run in a deep median plane accord-
ing to bimanual microsurgical concept: this route
offers a direct, safe corridor (see Fig. 25.7).

Whether chordomas have breached the dura,
this is opened at the midline, under neurophysiol-
ogy and nerve stimulation monitoring: it is of
utmost importance to recognize at this level the
sixth cranial nerve that could have been displaced
medially by the tumor. Furthermore, image guid-
ance system should also be used to determine the
positioning of the vertebrobasilar junction (VBJ):
dural opening should be performed below the
VBJ, in order to ensure that the sixth cranial
nerve origin remains above, at the brainstem.

When dissecting posterior aspects of the
tumor, care should be taken to avoid injuries to
the basilar artery and its perforator branches as
well as their relationship with the pons.

25.4.3 Inferior Third

To properly expose this area, the nasal septum
has to be detached from the anterior surface of
the sphenoid bone, and the sphenoid sinus floor
is completely drilled down to create a unique
working room constituted of the sphenoid sinus
and the nasopharynx; the basopharyngeal fascia
is then stripped from the sphenoid rostrum and
the clival bone.

Careful drilling of the anterior surface of the
clivus down to the foramen magnum is carried
out under image guidance; Kerrison rongeurs are
used to bite off the bony speckles under endo-
scopic direct visual control. Dural exposure and
whether or not the dura itself is opened depend

curettes and (b) spoons. Thereafter, (c¢) the lesion is
removed in piecemeal fashion. 7" tumor

on chordoma’s features, each approach being tai-
lored to the single patient. In case of intradural
tumor, the vertebral arteries, VBJ superiorly, and
medulla represent the posterior limit of the
dissection.

According to Prevedello et al., the dissection
can be refined in a coronal plane identifying three
modules [52]:

1. Infrapetrous extension: in this module, the
petrous bone below the ICA is removed and
the area of the foramen lacerum exposed; the
dense fibrous tissue attached to eustachian
tube is transected.

2. Supracondylar or transjugular tubercle
approach: the occipital bone medial to the pet-
roclival synchondrosis and above the occipital
condyle is removed; the dissection follows the
petroclival synchondrosis inferiorly in order
to expose ninth, tenth, and twelfth cranial
nerves. In such module investigation of these
inferior nerves with neurophysiology moni-
toring is mandatory.

3. Transcondylar route: a medial condylectomy
is performed. The hypoglossal nerve repre-
sents the lateral limit of occipital condyles
removal: this allows identification of the prox-
imal aspect of the vertebral artery.

25.4.4 Reconstruction

This step of the procedure could tremendously
affect the final surgical outcome. We usually
adopt a multilayer technique that addresses all
the single compartments of the osteodural defect
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[8, 21, 44]. Initially, intradural closure, consisting
of the obliteration of dead space, with fibrin glue
and/or autologous fat is achieved. Thereafter, the
extradural closure with positioning of one or mul-
tiple dural substitute layers, free mucosal flaps,
and/or fascia lata in the extradural space and/or
over the bony aperture is performed. Recently, we
perform what we call “sandwich technique”: the
surgical cavity is filled with fat sutured the inner
layer of a three-layer foil of fascia lata or dural
substitute; the first layer is positioned intradu-
rally, the second between the dura and the bone,
and the third outside to cover the bone. A vas-
cular flap of septal mucosa harvested according
to the Hadad-Bassagasteguy [28, 37] method is
used to cover the skull base defect and a moderate
inflated Foley balloon catheter is then placed in
the sphenoid sinus to support the reconstruction.
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