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Abstract Objectives To present a critical evaluation of our experience using an expanded
endoscopic endonasal approach (EEEA) to clival lesions and evaluate, based on the
location of residual tumor, what the anatomic limitations to the approach are.
Design A retrospective review of all endoscopic endonasal operations performed at
ourinstitution identified 19 patients with lesions involving the clivus. Extent of resection
was determined by preoperative and postoperative tumor volumes.

Results Three patients underwent planned subtotal resections. Of the remaining
patients, gross total resection was achieved in 8/16 (50%), > 95% in 5/16 (31%), and
< 95% in 3/16 (19%). Residual tumor occurred, most commonly with extension
posterior and lateral to the internal carotid artery, with inferior, lateral invasion of
the occipital condyle and with deep inferior extension to the midportion of the dens.

Keywords Conclusions The EEEA represents a safe and effective technique for the resection of
= clival lesions clival lesions. Despite excellent overall visualization of this region we found that
= endoscopy adequate exposure of the most lateral and inferior portions of large tumors is often
= minimally invasive difficult. Knowledge of these limitations allows us to determine which tumors are best
= transnasal suited for an EEEA and which may be more appropriate for an open skull base or
transsphenoidal combined technique.
Introduction tories to access clival lesions but, depending upon the location

of the tumor, may entail brain retraction and require the
Lesions involving the clivus present a surgical challenge to  surgeon to traverse critical neurovascular structures to gain
skull base surgeons because of their central and deep location.”  access to the tumor. Anterior skull base approaches including
As aresult, several approaches have traditionally been utilized  rhinoseptal,” transoral,® transfacial,’ and transcervical'® re-
for the removal of these lesions with varying rates of success.  duce the need for brain retraction by providing more direct
“Open” approaches (e.g., frontotemporal, orbitozygomatic,>  access to the clivus but may be less desirable due to facial
subfrontal transbasal,®> subtemporal-infratemporal,* transpe- incisions, palatal dysfunction, high cerebrospinal fluid (CSF)
trosal,® and extreme lateral transcondylare) offer lateral trajec-  leak rates, and/or technical difﬁculty,”
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Laws'2 in the 1980s and Maira et al'? in the early 1990s
were the first to utilize a more natural corridor to the clivus
with a microscopic extended transnasal, transsphenoidal
approach. Although effective at reducing some of the mor-
bidity associated with the removal of these lesions, access to
the more paramedian, lateral, and inferior portions of a tumor
is restricted in part due to the confines of the nasal specu-
lum.'*"° The adoption of the endoscope in skull base surgery
has resulted in improved visualization, increased lateral
exposure and greater maneuverability when utilizing a trans-
sphenoidal corridor. Despite these advantages, however, pre-
vious reports have demonstrated varying success rates in
achieving gross total tumor resection (GTR) when utilizing an
expanded endoscopic endonasal approach (EEEA) to remove
lesions of the clivus,'416-20

The panoramic view of the clivus and ventral brainstem
that can be achieved with the endoscope has been demon-
strated with anatomic studies in cadaveric specimens. Critical
neurovascular structures, primarily the paraclival internal
carotid artery (ICA) segments and the lower cranial nerves,
are generally considered to represent the lateral limits of safe
exposure.'>21-22 Clinically, clival lesions are often found to
displace, invaginate around, and extend beyond these struc-
tures, thus restricting the success of an EEEA.?? Understand-
ing the specific anatomic limitations associated with this
approach is important to better predict preoperatively
whether an expanded endoscopic, lateral, or anterior
“open” procedure would be most effective in safely achieving
the greatest amount of tumor removal.

In this study we present a critical evaluation of our
experience using an EEEA in patients with a variety of clival
lesions. Our goal was to use preoperative and postoperative
imaging to assess the anatomical relationships and other
surgical factors that prevented us from achieving GTR in
certain cases.

Methods

We retrospectively reviewed a database of all patients under-
going an EEEA at UCLA Medical Center between the
years 2008 and 2011. Patients with lesions significantly
involving the clivus were identified for inclusion within the
study. The senior authors (neurosurgeon [MB] and otolar-
yngologists [MW] and [JS]) were the primary surgeons in all
of the cases. Patient demographics, lesion size and volume,
pathology, complications, adjuvant treatment, and clinical
outcomes were analyzed. Extent of resection was determined
by a neuroradiologist (NS) after comparing preoperative and
postoperative tumor volumes on magnetic resonance imag-
ing (MRI) scans. Results were then divided into (1) GTR,
defined as no tumor on postoperative MRI; (2) > 95% tumor
resection; and (3) < 95% tumor resection.

All operations were performed purely endoscopically with
an otolaryngologist and neurosurgeon working simulta-
neously. Frameless stereotactic image guidance was utilized
in all cases. If, after evaluating the tumor on preoperative
imaging, a CSF leak was considered likely, then a right-sided
nasoseptal flap based upon the posterior nasoseptal artery
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was raised in the standard fashion prior to performing a
posterior septectomy.>* After dissection and removal of the
clival mucosa, the skull base was drilled using a 3-mm
diamond bur high-speed drill to obtain an expanded expo-
sure. A microvascular ultrasound Doppler probe was routine-
ly used to localize the internal carotid arteries (ICA) if
exposed. A combination of 0-, 30-, and 45-degree angled
endoscopes were utilized for direct tumor visualization and
removal. Tumor densely adherent to the ICAs was not aggres-
sively removed. Once tumor removal was complete, recon-
struction of the sellar/clival defects was performed using the
nasoseptal flap when necessary. In certain cases, a multilay-
ered closure consisting of abdominal fat, tensor fascia lata,
and/or septal bone was utilized, as well.

Results

Nineteen patients underwent an EEEA for resection of a lesion
involving the clivus (=Table 1). Tumors consisted of lesions
originating either directly from the clivus or from adjacent
areas but with extensive clival involvement. Final pathology
included nine chordomas, five invasive pituitary adenomas,
one adenocarcinoma, one meningioma, one adenoid cystic
carcinoma, one fibrous dysplasia, and one leiomyosarcoma
metastasis. Mean patient age was 54.6 years. Mean initial
tumor volume was 26.2 cm?>. Six patients presented with
tumor recurrence at the time of evaluation. Five of these
patients had undergone previous microscopic or endoscopic
transsphenoidal surgery for tumor resection. One patient had
two previous craniotomies for a recurrent clival chordoma.
One patient had had a previous endoscopic transsphenoidal
operation for a separate diagnosis. Three patients with recur-
rence had undergone previous radiation therapy.

Cranial nerve (CN) deficit was the most common present-
ing symptom. Eight patients had diplopia from CN VI deficits,
four patients had facial numbness from CN V dysfunction, two
patients had CN III palsies, and one patient had hoarseness
from CN X compression at initial diagnosis. Other presenting
symptoms included tinnitus/vertigo from CN VIII involve-
ment in three patients; headaches in three patients; de-
creased visual acuity and new visual field deficit from optic
chiasm/optic nerve compression in two patients; nasal symp-
toms in two patients; and Cushing disease, acromegaly, and
prolactinoma in one patient each.

Of the eight patients with preoperative CN VI deficits,
three had complete recovery following surgery, three had
partial improvement, and two patients experienced no
change in symptoms. Two patients experienced postoperative
improvement in facial numbness. Both patients with symp-
toms of visual deterioration improved with surgery. Of the
two patients with CN III palsies, one had complete and one
had partial recovery postoperatively. The patient with pre-
operative hoarseness from CN X compression demonstrated
no significant symptomatic improvement following surgery.

Three of the 19 patients underwent planned subtotal
resections. These included a sphenoid sinus lesion (histologi-
cally determined to be a meningioma) that extensively in-
volved the clivus and right cavernous sinus, the latter
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Fig. 1 Patient 10 (A) preoperative and (B) postoperative T1 with contrast sagittal magnetic resonance imaging (MRI) scan demonstrating gross
total resection (GTR) of a lesion involving the clivus following an expanded endoscopic endonasal approach (EEEA). Final diagnosis was consistent

with chordoma.

preventing a complete resection. The second case involved a
massive adenoid cystic carcinoma for which the goal of
surgery was debulking only, and the third lesion was diag-
nosed as fibrous dysplasia on intraoperative frozen section;
based on the benign diagnosis only, a limited resection was
pursued.

Of the remaining patients, GTR was achieved in 8/16 (50%),
> 95%in 5/16 (31%), and < 95% in 3/16 (19%). Average initial
tumor volume for the group with GTR, < 95%, and > 95% was
13 + 18, 39 + 12, and 24 + 19 cm?, respectively. A charac-
teristic lesion with GTR is demonstrated in =Fig. 1. A sum-

mary of the patients where GTR was attempted but not
achieved—including the specific location of residual tumor
and what associated anatomic/surgical limitations were pres-
ent during the attempted resection—is provided in = Table 2.

Complications included six intraoperative CSF leaks for
which a primary repair was performed during surgery.
Three patients experienced failure of their repair and
presented with a postoperative leak recurrence. Two of
these cases required reoperation and one was treated
successfully with lumbar drainage. Two patients developed
postoperative CN VI deficits, one patient had temporary

Table 2 Location of Residual Tumor in Patients Who Underwent an Expanded Endoscopic Endonasal Approach (EEEA) for a Clival

Lesion where GTR was Attempted but Not Achieved

Patient no. Extent of Location of residual tumor Anatomic/[surgical limitations
resection
1 > 95% Middle cranial fossa, dorsal/lateral CN V/Meckel cave lateral access
resection cavity
4 < 95% Inferior/lateral petroclival region, Jugular bulb/posterior occipital
medial jugular bulb/posterior condyle involvement, tumor exten-
carotid canal sion posterior to petrous ICA
9 > 95% Cavernous sinus, posterior paraclival Extensive cavernous sinus invasion,
ICA tumor involvement of paraclival ICA
11 < 95% Anterior to midportion of dens, Inferior tumor extension at mid to
inferior resection cavity lower dens, inferior view limited by
soft palate
16 < 95% Cavernous sinus Recurrent tumor in cavernous sinus
with scarring and adherence to ICA/
CNs
17 > 95% Cavernous sinus/posterior clinoid Recurrent tumor adherent to dura
and ICA
18 > 95% Inferior clivus Recurrent tumor with extensive
clival dura involvement, invasion
posterior to clival ICA
19 > 95% Sella/suprasellar region Tumor adherence to optic chiasm

Abbreviations: CN, cranial nerve; GTR, gross total resection; ICA, internal carotid canal.
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Fig. 2 Patient 1 residual tumor (blue) superimposed over the initial
lesion as seen on a preoperative T1 with contrast axial magnetic
resonance imaging (MRI) scan.

worsening of a CN VI deficit, one patient had a new CN V2
partial injury, and one patient developed a postoperative
pulmonary embolus.

Illustrative Cases

Patient 1 presented with a heterogeneously enhancing mass
in the left cerebellopontine angle (CPA) with extension to the
middle cranial fossa and the Meckel cave. To access the lateral
portion of the middle fossa component, we worked through
small windows between the trigeminal nerve branches with-

Cutler et al.

in the Meckel cave. Postoperative imaging revealed residual
tumor at the dorsal, lateral extent of our resection cavity,
indicating the difficulty we faced in visualizing tumor lateral
to the trigeminal nerve, through an endonasal route (~Fig. 2).
The patient developed a partial CN V2 hypoesthesia postop-
eratively as a result of extensive manipulation of the nerve
during the procedure.

Patient 4 presented with a heterogeneously enhancing
lobulated mass centered within the right occipital condyle,
lateral petroclival region, and jugular tubercle with lateral
extension to the jugular bulb. The 45-degree endoscope
allowed us to view what we believed to be the most inferior
and lateral portions of the tumor. Tumor removal in this area,
especially from within the occipital condyle, was challenging
and required us to operate at an acute angle while using
specially curved instruments. Postoperative imaging con-
firmed the difficulty we faced in accessing the far inferior
and lateral extent of the resection cavity with residual tumor
located adjacent to the jugular bulb, posterior to the carotid
canal and within the occipital condyle (~Fig. 3).

Patient 9 presented with Cushing disease and was found
on MRI to have a pituitary macroadenoma with extensive
clival invasion. Although we were confident that near GTR
had been achieved following surgery, the patient’s cortisol
level did not normalize. Residual tumor was noted on post-
operative imaging to be located in the posterior cavernous
sinus with small inferior extension behind the paraclival ICA
segment (~Fig. 4).

Patient 11 was found to have a chordoma extending from
the midportion of the clivus superiorly down to the level of
the body of the dens. The tumor tissue was densely adherent
to the nasopharyngeal fascia and required rather vigorous
curetting to remove it. Although we had adequate visualiza-
tion with angled endoscopes and felt that a GTR had been
obtained intraoperatively, the postoperative imaging demon-
strated a suspicion of residual tumor at the most inferior part
of our resection cavity (~Fig. 5).

Patient 16 had a large recurrent nonfunctional pituitary
adenoma with invasion of the right cavernous sinus. The

Fig. 3 Patient 4 residual tumor (light blue) superimposed over the initial lesion as seen on a preoperative T1 with (A) contrast axial and (B) T2
coronal magnetic resonance imaging (MRI) scan. Location of the petrous internal carotid artery (ICA) (red) and jugular bulb (purple) are

demonstrated.
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Fig. 4 Patient 9 residual tumor (blue) superimposed over the initial
lesion as seen on a preoperative T2 axial magnetic resonance imaging
(MRI) scan. Location of the internal carotid artery (ICA) (red) is
indicated.

decision was made intraoperatively not to remove the intra-
cavernous portion of the tumor because of extensive scarring
and adherence of the tumor to the ICA. Anatomic limitations
were not a factor in the subtotal resection of this tumor.

Discussion

Our case series compares favorably with the established data
on clival lesion resections utilizing either a transcranial skull
base, microscopic transsphenoidal, or EEEA.'%14-16.20,25-30
Our experience with clival lesions accessed using the EEEA
complements the experience of others in that this approach
can be highly effective in removing these surgically challeng-
ing lesions. We were able to achieve > 95% resection rate in
81% of the cases for which a GTR was attempted. This rate

Inferior/lateral to occipital  [NGNC
; condyle - :

-’
. ey |
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Fig. 5 Patient 11 residual tumor (light blue) superimposed over the
initial lesion as seen on a preoperative T1 with contrast sagittal
magnetic resonance imaging (MRI) scan.

agrees well with that of Fraser et al,'® who reported an 87%

success rate in achieving > 95% resection of clival chordomas
with an endoscopic endonasal transclival technique. They
cited tumor extension beyond the ICAs as the most important
limitation to obtaining a GTR.

To investigate the anatomic and surgical limitations of the
EEEA to clival lesions, we performed a detailed radiographic
analysis of the postoperative imaging on all of our patients
where a GTR was not achieved. We found that residual tumor
was most likely to be present with tumor invasion lateral or
posterior to the intracavernous and paraclival ICA segments,
with lateral tumor extension to the jugular bulb and carotid
canal, with tumor at the foramen magnum extending into the
occipital condyle, with inferior extension to the lower portion
of the dens, with extensive cavernous sinus involvement, and
in the presence of intradural tumor invasion with spread
lateral to the CNs. These anatomic limitations are demon-
strated in =Fig. 6. We also found that the average tumor

Dorsalilateral
Meckel's cave

canalfjugular bulb

—

S
il

Fig. 6 Areas of tumor extension that are associated with anatomic barriers to achieving gross total tumor resection (GTR) when using an
expanded endoscopic endonasal approach (EEEA) to clival lesions. ICA, internal carotid artery.
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volume in patients who underwent subtotal resection in our
series was significantly larger as compared with those where
a near-total resection (> 95%) or GTR was achieved. Based on
these results along with what has previously been reported in
the literature,'*3" we can conclude that the portion of a clival
tumor that may be difficult to access with an EEEA can be
identified fairly easily on preoperative imaging. Whether or
not and to what extent residual tumor is present postopera-
tively will therefore follow a fairly predictable pattern.

Kassam et al?> and Morera et al*' indicated that when
critical neurovascular structures are located primarily ventral
and medial to a clival lesion, they require extensive manipu-
lation prior to accessing the tumor and an EEEA in these cases
is usually contraindicated. Dehdashti et al'* achieved GTR in
58% of clival chordoma patients using an EEEA. In addition to
lateral extension, they mentioned tumor spread to the inferi-
or clivus and occipital condyle as common barriers to com-
plete tumor removal. Carrabba et al?° performed an EEEA on
17 patients with clival lesions. They reported a GTR rate of
59% and a subtotal resection rate, defined as > 80% tumor
removal, of 41%. Among the most common reasons they cited
for not achieving GTR was in cases of extensive lateral
invasion of the lower portion of the tumor. Solares et al’®
reported on their experience performing an EEEA to clival
lesions. They concluded that the ideal tumors for this ap-
proach were those primarily centered in the midline with
limited lateral extension. Finally, Kassam et al>? in describing
the EEEA to the Meckel cave acknowledge the difficulty
accessing tumor on the lateral side of the trigeminal nerve
via the endonasal route. This is especially true in patients with
normal sensory function when the nerve cannot be sacrificed.

Size also appears to play a role in tumor resectability with
the endoscope. According to Stippler et al,?> tumors with
diameters > 4 cm had a higher rate of radical resection with
an open skull base approach as compared with a transsphe-
noidal endoscopic technique. Fraser et al'® found initial
tumor volumes between 4.1 and 15.9 cm? in patients who
had > 95% tumor resection via an EEEA as opposed to
volumes between 80.6 and 124.3 cm? in patients with < 95%
tumor resection. They concluded that tumors with volumes
> 80 cm® may be more suited for an open skull base or
combined approach. These findings are not entirely unex-
pected, as larger tumors tend to have more significant lateral
neurovascular invasion. When adherent to these structures,
the tumor is unlikely to descend into the operative field of
view once the center has been removed. In addition, the
borders of larger tumors are often beyond the field of expo-
sure provided by even an angled endoscope. In these cases,
aggressive removal while attempting to achieve GTR often
results in neurovascular injury. In our series as well as other
published cases, longer follow-up data will be necessary to
better assess long-term cure rates when using an endoscopic
approach.

With regards to other measures of clinical efficacy, 6/8
(75%) patients with preoperative sixth nerve palsies showed
at least partial resolution following surgery, and all patients
with preoperative facial numbness or visual complaints
improved postoperatively.

Cutler et al.

The EEEA to clival lesions is not without risk. Two patients
developed new CN VI palsies, both with pituitary adenomas
also involving the cavernous sinus. The partial CN V deficit
associated with exploring the Meckel cave may have been
prevented with less vigorous resection. Our postoperative CSF
leak rate of 19% (3/19 patients) is similar to what has
previously been reported for an EEEA to clival lesions,'420-2>
with all occurring primarily early in our experience. These
leaks occurred despite the use of a nasoseptal flap. Wide dural
openings and a history of prior radiation treatment increased
the risk of repair failure.

Conclusion

The last decade has seen a significant change in the surgical
management of clival lesions. Refinement of endoscopic
surgical techniques and improvements in endoscopic equip-
ment have allowed for clival lesions to be successfully treated
via an EEEA with high rates of local tumor control while
limiting surgical morbidity. Despite the advantages over
traditional skull base approaches, however, the anatomic
limitations to the EEEA must be recognized and acknowl-
edged. This will allow surgeons to determine preoperatively
which clival lesions are best suited for an endoscopic endo-
nasal route and which may be more appropriate for an open
or combined technique. Longer follow-up data will be neces-
sary to more accurately compare the EEEA with traditional
microscope-based approaches.
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