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Introduction

Objective To assess our clinical experience in treating midline intracranial pathology
using minimally invasive surgical techniques.

Design Retrospective chart review of patients undergoing endoscopic endonasal
resection of clival chordomas.

Setting Two tertiary referral centers in Australia and New Zealand.

Main Outcome Measures Patients were assessed by intraoperative findings (macro-
scopic resection rate, tumor size, and operative complications) and clinical outcomes
(residual disease, postoperative complications, recurrence rate, and mortality).
Results Fourteen patients underwent endoscopic resection of clival chordomas (seven
primary, seven revision) with a mean follow-up of 41.45 months (3 to 104 months).
Macroscopic resection rates were 71% and 29%, respectively. Mean operative time was
386 minutes. Overall cerebrospinal fluid (CSF) leak rate was 3/14 (21%) and, using the
nasoseptal flap, it was 0/5 (0%). Two patients developed late recurrence; one died of
disease and one was treated with intensity modulated radiation therapy. Overall
mortality was 2[14 (14%).

Conclusion Endoscopic resection of clival chordomas is a safe and viable alternative to
the traditional open approach. The nasoseptal flap is an excellent method of obtaining a
watertight skull base closure. Furthermore, this series highlighted the fact that the
primary attempt at surgery offers the best chance to achieve a total resection.

0.08/100 000." They arise from remnant notochord cells
found predominantly within the clivus (30 to 40%) and

The endoscopic transnasal approach to the mid- and posteri-  sacrococcygeal regions (40 to 50%) but can be found any-
or skull base is an increasingly popular route of access in the ~ where along the spinal column.? Clival chordomas tend to
treatment of midline skull base lesions such as clival chordo-  present late with associated neurological impairment due to
mas. Chordomas are rare neoplasms with an incidence of  involvement of the lower cranial nerves.> Median survival is
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poor (6.3 years) with a 5-year survival rate of 36 to 68%.14
Metastases occur in ~30% with a predilection for lung, bone,
skin, lymph nodes, and liver.”>~’

Access to the clivus has historically been through anterior
craniotomies, but the endoscopic transnasal approach is
increasingly being utilized. Initial reports have shown that
this is equivalent to the traditional open approach in terms of
residual disease, recurrence, surgical and functional morbid-
ity, and mortality.8-1°

This study aims to evaluate the management of skull base
chordomas surgically resected via an endoscopic transnasal
approach by the South Australian Endoscopic Skull Base Unit
(SAES) and Wellington Skull Base Unit since 2002. The safety
and efficacy of the procedure, role of the multidisciplinary
team approach, and areas for further technical refinement are
analyzed.

Materials and Methods

Study Design and Population

We present a retrospective case series of 14 consecutive
patients who underwent endoscopic transnasal resection of
clival chordomas between 2002 and 2011. Ethical approval
was obtained from the Institutional Review Board, and tu-
mors approached solely by alternative surgical methods were
excluded from the study. Demographic and clinical informa-
tion were compiled by reviewing patient charts and operation
notes. Tumor size was calculated by measuring the antero-
posterior, craniocaudal, and horizontal diameters on preop-
erative magnetic resonance imaging (MRI) scans, and tumors
were graded according to the Snyderman'® surgical level,
which describes whether a tumor has a cortical cuff, vascular
attachment, or vascular encasement. Tumor grades are pre-
sented in = Table 2. The extent of resection was obtained from
the operative report and correlated with review of intra-
operative videos, postoperative histopathology, and radiolo-
gy reports. The literature was then reviewed to compare our
results with those from other published series.

Surgical Method

An endoscopic transnasal approach with Image Guidance
(StealthStation®, Medtronic, Minneapolis, MN, USA) was
used with MRI and computer tomography (CT) sequences
obtained immediately prior to surgery in all cases.

The nose is prepared with 2 mL of 10% cocaine, 2 mL of
1:1000 adrenaline, and 2 mL of saline applied topically with
neurosurgical patties. The septum and lateral nasal wall are
injected with 2 mL of 2% lignocaine and 1:80,000 adrenaline.
The patient is placed in reverse Trendelenburg position at an
approximate angulation of 30 degrees. The anterolateral
thigh or abdomen is prepared for harvesting of fat and fascia
to repair the dural defect. An indwelling catheter, invasive
blood pressure monitoring, prophylactic antibiotics, and
deep vein thrombosis (DVT) prophylaxis are used.

The first step consists of raising a nasoseptal flap as
described by Haddad'” to be used later for the skull base
reconstruction. The septal flap is then transferred from the
nasopharynx and placed into the maxillary sinus through a
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wide middle meatal antrostomy, where it remains for the
remainder of the resection. Where possible, the flap is raised
contralateral to the tumor when there is significant lateral
extension that will require a transpterygoid extension of the
dissection. Endoscopic sinus surgery is then performed with
the aim being to (1) provide access for a two-surgeon, four-
handed operation; (2) identify key landmarks such as the
skull base, orbit, orbital apex, carotico-optic recess, optic
nerve, and internal carotid artery; and (3) expose the skull
base overlying the area to be resected.

The approach is dependent upon the location of each
tumor, but in general a wide removal of the clivus is needed.
The entire floor of the sphenoid between the vidian nerves is
resected. The inferior extent depends upon the position of the
tumor but can extend as far as the second vertebral arch. The
paraclival carotid artery on each side is skeletonized and
identified, and the floor of the pituitary fossa is removed (for
higher tumors). The bone of the clivus is resected with wide
exposure of the underlying dura. Tumor is often encountered
prior to the dura and is removed before the dura is opened.
The tumor is then resected using well-established neurosur-
gical techniques using a combination of sharp and blunt
dissection. The tumor is mobilized from the surrounding
neurovasculature and removed. Hemostasis is achieved
with bipolar cautery and/or the use of Gelfoam paste (Phar-
macia and Upjohn Company, Kalamazoo, MI, USA) and warm
saline irrigation. Once hemostasis has been confirmed, the
skull base defect is reconstructed using the septal flap as the
workhorse. Our technique uses an intradural fat layer, fol-
lowed by an underlay of tensor fascia lata (or rectus abdom-
inus), and overlay of fascia with the nasoseptal flap as the final
layer. The nasoseptal flap is positioned without tension and
care is taken to make sure that it is in contact with bone at the
periphery of the defect to promote revascularization. The
repair is then supported with ribbon gauze soaked in bismuth
iodoform paraffin paste (BIPP).

Follow-up

Follow-up was at 3 months postoperation with clinical as-
sessment and MRI scanning. Patients with evidence of nasal
crusting or discharge had microbiological swabs taken. If
these were positive for bacteria, culture-sensitivity-guided
antibiotics were prescribed. All patients received saline nasal
douching. MRI scans were repeated yearly thereafter unless
clinically indicated otherwise.

Results

Fourteen patients (eight male and six female) underwent
endoscopic resection of clival chordomas with a median age
of 48.5 years (interquartile range [IQR] 41.9 to 54.5). Clinical
data are summarized in =Tables 1 and 2. Seven patients
underwent primary endoscopic endonasal resection with the
other seven undergoing revision surgery. All revision cases
had their primary surgery in another institution; two had
undergone external resection by craniotomy, two had transo-
ral excision, two underwent a previous combined transnasal
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and external resection, and one had a Le Fort I approach. The
results of the two cohorts are summarized in =Table 3.

Presentation

Only two of the seven primary cases presented with focal
neurological symptoms, although a further four complained
of persisting headache. Almost all revision cases noted neu-
rological impairment, with diplopia being the most common
symptom.

Extent of Resection and Histology

Complete macroscopic resection was achieved in 71% of
primary as opposed to 29% of revision cases, with surgery
being limited by involvement and invasion of critical struc-
tures. The remaining cases underwent subtotal resection.
Overall tumor histology was reported as 10 classical chordo-
mas, three chondroid chordomas, and one dedifferentiated
chordoma.

Complications
Complications are summarized in =Table 2. One major intra-
operative complication occurred in a patient undergoing revi-
sion surgery after proton beam irradiation; the patient
sustained a basilar artery injury. This was repaired endoscopi-
cally with a muscle graft. Subsequent on-table angiography
demonstrated good flow within the repaired vessel, and the
patient did not demonstrate any neurological deficit postpro-
cedure and to date has not has any pseudoaneurysm formation.
Postoperative complications occurred after one primary
surgery and three revision cases. One patient developed
aspiration pneumonia secondary to two failed extubation
attempts. There was one case of postoperative confusion and

Table 3 Primary versus Revision Surgical Cases

Endoscopic Surgery of Skull Base Chordomas Tan et al.

hydrocephalus that settled with medical treatment. The third
patient experienced postoperative emesis, which was
thought to have dislodged the cranial base reconstruction
causing pneumocephalus. The pneumocephalus was treated
conservatively with complete resolution and no additional
morbidity.

There were three postoperative CSF leaks that required
endoscopic repair; two following primary (29%) and one
following revision surgery (14%). A further two cases resolved
following insertion of lumbar drain. All occurred prior to the
routine use of the nasoseptal flap; in our last five cases we
have reconstructed the skull base defect with fat, fascia lata,
and the Hadad-Bassagasteguy nasoseptal flap'’ with no
postoperative CSF leaks.

Residual Disease and Recurrence

Residual disease was found in two primary cases (29%) and
five revision cases (71%) by early follow-up MRI surveillance
(=~Fig. 1). We have not noted any late recurrences (>2 years)
in the primary cohort. Within the revision cohort there have
been two late recurrences (15%) occurring at 3.5 years and
5 years.

Overall Status and Mortality

Overall disease-free progress rates are 71% (n = 5) in primary
surgeries and 14% (n = 1) in revision surgeries. Two patients
died due to progression of residual disease, with both cases
being recurrent tumors with incomplete resection. Within
the remaining patients, two (17%) have progressive residual
disease and are awaiting further treatment, three (25%) have
stable residual disease under close surveillance, and seven
(54%) are disease free.

Primary Revision
N 7 7
Age (years) 46.3 43.9
Sex M:F 3:4 5:2
Neurological deficit on presentation 2 (29%) 6 (86%)
Macroscopic resection 5(71%) 2 (29%)
Operative time 338.8 +/- 132 443.6 +[- 161
Mean length of stay 12.4 15.43
Postoperative complications 1 (14%) 3 (43%)
Postoperative CSF leak 2 (29%) 1 (14%)
Radiological residual 2 (29%) 5(71%)
Radiotherapy 1 adjuvant proton beam 2 adjuvant, 1 RT post surgical recurrence, 1 palliative,

3 previous RT

Late recurrence 0 (0%) 2 (29%)
Mortality 0 (0%) 2 (29%)
Disease-free survival 5(71%) 2 (29%)
Follow-up 41.1 (2-104) 35 (14-98)

CSF, cerebrospinal fluid; RT, radiotherapy.

Journal of Neurological Surgery—Part B Vol. 73 No. B6/2012
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14 Chordomas

7 Primary

5 Total
Resection (71%)

2 Subtotal
Resection (29%)

7 Revision

¥y

5 Subtotal
Resection (71%)

2 Total Resection
(29%)

Figure 1 Resection Outcomes in Primary versus Revision Surgery.

Discussion

This is the second largest study with the longest mean follow-
up to date reporting outcomes of clival chordomas removed
with an endoscopic transnasal technique. The outcomes
achieved by this unit are comparable with published litera-
ture and offer significant advantages over an open approach.

The aim of chordoma surgery is maximal tumor resection
and minimal surgical morbidity. Clival lesions are difficult to
treat predominantly due to surgical access and the risk to
surrounding neurovascular structures, including the carotid
artery, brain stem, and lower cranial nerves.

The traditional surgical approach has been an anterior,
lateral, or paramedian open approach.'®2% Resection rates
via open approach range from 61.7 to 79%.2'~23 A significant
downside of open surgery is the high risk of permanent
neurological deficit, reported at up to 29%>.

The endoscopic transnasal approach has gained consider-
able interest in the last decade. Chordomas arise in the
midline lesions and are therefore ideally suited to a transnasal
approach. It avoids significant brain retraction, which is a
potential disadvantage of the open approach. This approach
also minimizes transgression of neurovascular structures,
which is one of the guiding principles of skull base surgery.
High-definition endoscopic camera systems and angled tele-
scopes facilitate access by providing the skull base surgeon
with exquisite anatomical detail and an ability to see around
corners in this critical area.

Other outcomes are comparable with the results achieved
at other institutions. The macroscopic resection rate of 7/14
(50%) and CSF leak rate of 3/14 (21%) is on par with reported
endoscopic studies of comparable numbers (~Table 4). We do
note that since the routine use of the nasoseptal flap, our CSF
leak rate has been 0/5 (0%).

Patients undergoing primary resection appear to have
better outcomes than those who undergo revision surgery.
In this series, complete macroscopic surgical resection was
achieved in 71% of primary surgeries and in 29% of revision
cases (~Fig. 1). This finding is noted in other series'?** and is

Journal of Neurological Surgery—Part B Vol. 73 No. B6/2012

mirrored in the treatment of chordoma at other primary
sites.?

Repair of the cranial vault has historically been a techni-
cally challenging issue for endonasal skull base surgeons,
relying on fat, fascia, and catheter balloons to maintain the
closure. However, recent advances in surgical techniques
including the use of traditional multilayered free tissue flaps,
as well as the “gasket—seal"26 or the Hadad-Bassagasteguy
nasoseptal flap,'” have led to significantly increased confi-
dence in obtaining a watertight closure of the skull base
defect. Indeed, in our five most recent cases using the
nasoseptal flap, we did not note any postoperative CSF leaks,
which mirrors our experience in dealing with other cranial
base tumors.?’ The success of this vascularized flap depends
on the harvesting of sufficient mucosa to allow a tension-free
overlay of the flap onto bone surrounding the skull base
defect. The septal mucosa has a tendency to shorten after
being raised, so we advocate making the flap much larger
than the size of the defect. The septal flap can be raised
anteriorly as far forward as the mucocutanueous junction,
superomedially high up under the nasal dorsum, and infer-
olaterally extending onto the floor of the nose. Furthermore,
we aim to raise the flap contralateral to the tumor when there
is significant lateral extension that will require a transpter-
ygoid extension of the dissection.

There was one major intraoperative complication when
the basilar artery was injured during sharp dissection of a
previously irradiated and consequently very firm tumor. This
was managed using the principles and techniques learned
from a sheep model of vascular injury pioneered by this
department.?® The blood pressure was maintained so as not
to compromise cerebral perfusion, and the injury was re-
paired using crushed muscle.?’ Regular postoperative mag-
netic resonance angiograms show no pseudoaneurysm
formation. All members of the skull base team practice the
management of such vascular injuries in the animal labora-
tory and in regular courses convened by the department.

The two late recurrences both occurred in patients who
had undergone revision surgery. The first patient underwent
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a revision debulking procedure followed by postoperative
radiotherapy and appeared clinically free of disease. Howev-
er, she re-presented 35 months later with rapidly progressive
cranial nerve palsies, ultimately dying due to disease pro-
gression. The second patient underwent total endoscopic
tumor resection, having had a prior external approach resec-
tion 5 years earlier. He developed a local recurrence 2 years
postsurgery that was treated with intensity modulated radi-
ation therapy and has remained disease free for a further
6 years with no neurological deficit.

Conclusion

This series illustrates that endoscopic resection of skull base
chordoma is a safe and viable alternative to the traditional
open approach. Furthermore, it highlights the fact that the
primary attempt at surgery offers the best chance to achieve a
total resection. Further follow-up will be important to assess
the long-term outcomes in this patient group. A team-based
approach with each member having appropriate training and
experience is critical. With the evolution in equipment,
operator skills, and techniques for skull base resection and
repair, more skull base lesions are likely to be tackled endo-
scopically in the future.
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