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Abstract

Background Chordoma is a rare bony malignancy known to
have a high rate of local recurrence after surgery. The best
treatment paradigm is still being evaluated. We report our
experience and review the literature. We emphasize on the
difference between endoscopic and open craniotomy in regard
to the anatomical compartment harboring the tumor, the lim-
itations of the approaches and the rate of surgical resection.
Method We retrospectively collected all patients with skull-
base chordomas operated on between 2004 and 2014.
Detailed radiological description of the compartments being
occupied by the tumor and the degree of surgical resection is
discussed.

Results Eighteen patients were operated on in our facility for
skull-base chordoma. Seventeen endoscopic surgeries were
done in 15 patients, and 7 craniotomies were done in 5 pa-
tients. The mean age was 48.9 years (£19.8 years). When
reviewing the anatomical compartments, we found that the
most common were the upper clivus (95.6%) and lower clivus
(58.3%), left cavernous sinus (66.7%) and petrous apex
(~60%). Most of the patients had intradural tumor involve-
ment (70.8%). In all craniotomy cases, there was residual
tumor in multiple compartments. In the endoscopic cases,
the most difficult compartments for total resection were the

This work was presented at the EANS annual meeting 2015, Madrid,
Spain

< Nevo Margalit
margalitn@tlvme.gov.il

Department of Neurosurgery, Tel-Aviv Medical Center, 6 Weizman
Street, Tel-Aviv 6423906, Israel

Department of Otolaryngology—Head and Neck Surgery, Tel-Aviv
Medical Center, Tel-Aviv, Israel

lower clivus, and lateral extensions to the petrous apex or
cavernous sinus.

Conclusions Our experience shows that the endoscopic ap-
proach is a good option for midline tumors without significant
lateral extension. In cases with very lateral or lower exten-
sions, additional approaches should be added trying to achieve
complete resection.

Keywords Chordoma - Clivus - Endoscopy - MRI - Skull
base

Introduction

Chordomas are rare malignant bony tumors that arise from the
notochord remnant along the cerebrospinal axis [37]. The
overall incidence of chordomas is 0.08 per 100,000 [16, 29,
37]. They are aggressive, slow-growing, invasive, and locally
destructive lesions [29]. Chordomas occur at extreme ends of
the vertebral axis, with 35-40% of them located at the clivus
or upper cervical spine and ~60% in the sacrococcygeal junc-
tion of the spine [23, 29]. Skull-base chordomas represent
0.1-0.2% of primary intracranial tumors [13, 14, 30, 34, 35].
Since chordomas have a high rate of metastases, a very high
rate of local recurrence and a high rate of seeding along the
surgical tracts when operated on [3], many surgeons do not
perform a biopsy before performing the definitive surgery for
tumor resection when the radiologic diagnosis of skull-base
chordoma is of high certainty.

The treatment paradigm for chordomas is complete surgi-
cal resection and adjuvant radiotherapy [1, 6, 7]. Although
chordomas are generally slow growing and histologically con-
sidered as being low-grade tumors, their high recurrence rate,
even after postoperative radiation, renders them difficult to
treat. Moreover, the recurrence rate is very high when total
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removal is not possible [6, 11, 23]. For spinal and sacral
chordomas, the aim of surgery is en-bloc resection if possible
[15, 17, 31]. However, in skull-base cases, this goal is more
challenging due to the neighboring structures, which include
the brainstem, the major arteries and several cranial nerves
(Fig. 1) [7, 34]. The occurrence of clival chordoma is higher
than that of upper spinal chordoma, with the former some-
times involving the C1-2 level (Fig. 1c) [23].

The surgical approach for resecting skull-base chordoma is
still evolving. Until the recent development of extended endo-
scopic endonasal surgery, craniotomy in different variations
was the preferred approach [9, 19, 27]. The reported rate of
total removal via craniotomy ranged between ~50 and 70%,
thus exposing the patients to a high recurrence rate and to the
need for adjuvant therapy, mainly radiotherapy [6, 8, 16, 19,
32,33, 37]. In recent years, several works described the use of
a transnasal endoscopic approach for resecting skull-base
chordomas, particularly clival chordomas [6, 9, 23, 27].
However, given the relative novelty of the endoscopic ap-
proach, there are limited cases and clinical outcome data in
the literature.

The aim of this study was to present our experience in
treating a series of patients with skull-base chordomas, and
to emphasize the selection criteria and limitations of the

Fig. 1 Chordomas of the skull
base can invade different
anatomical compartments. a MRI
sagittal T1 with gadolinium
showing big chordoma harboring
mostly upper and lower clivus. b
MRI axial T2 showing tumor
invading occipital condyles and
compressing the brain stem. ¢
MRI sagittal T2; the tumor is
invading lower compartments of
cranio-cervical junction including
C2. d MRI coronal T2; very large
tumor invading extra cranial
compartments
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various surgical approaches. We retrospectively reviewed 18
patients who were operated on for those lesions and describe
the change over time in our approach from craniotomy to an
endoscopic endonasal approach, which then became the main-
stay for resection of these tumors.

Methods

All patients operated on for skull-base chordomas between
2004 and 2014 were eligible for study entry. The study was
approved by the local ethical committee (TLV 0585-15).
Pathology was determined by a neuropathologist according
to the World Health Organization criteria [20]. Records of
the clinical, operative, and hospital course records were re-
trieved from the hospital database, and data on demographics,
presenting symptoms, medical comorbidities, neuroimaging
findings, and postoperative course were extracted.
Information on neurological presentation, anatomical com-
partments occupied by the tumor, surgical resection and out-
come were obtained for each operation. A few of the patients
needed more than one surgical procedure via different ap-
proaches (endoscopy or craniotomy), and the data were ex-
tracted for each operation as a separate entity.
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Tumor location was determined according to specific ana-
tomical compartments that were defined as follows: upper or
lower clivus (divided by the level of mid-pons), left or right
cavernous sinus, left or right petrous apex, left or right occip-
ital condyle involvement, C2 involvement, involvement of
extracranial parapharyngeal spaces, intracranial lateral exten-
sion (to the middle fossa) and intradural involvement (Fig. 2).
Those anatomical compartments were evaluated before and
after each procedure in order to demonstrate the region of
accessibility and categorized according to the extent of resec-
tion. We categorized tumor extent of resection (EOR) by vol-
umetric analysis (described later) as: GTR (no visible residual
on follow up MRI), STR (EOR >90%), PR (90% > EOR) and
biopsy only (EOR < 10%). The definition of radical resection
(GTR) and STR is not well established when looking at past
publications. Moreover, defining skull-base chordoma’s ex-
tent of resection by direct volumetric analysis, as was done
in this work, is a fairly new tool. The results of the volumetric
analysis tend to be much more strict in terms of grade of
resection. Hence, we have decided to use Colli and Al-
Mefty’s categories of extent of resection from 2001 (radical
resection—absence of residual tumor or presence of a small
questionable area; STR is defined as >90% resection; PR is
defined as <90% resection) [7]. For the volumetric analysis,
we include every enhancement seen on the postoperative MRI
as possible residual tumor. This measuring technique results in
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Fig. 2 An illustration of the different anatomical compartments
harboring the tumor

lower grade of resection rates, but we find it more reliable in
terms of tumor recurrence. We specifically examined the in-
volvement of the brainstem and the optic nerves, and evaluat-
ed whether the surgery had been successful in removing the
tumor from these compartments in an attempt to create an
optimal field for postoperative radiation. Postoperative com-
plications were recorded if they occurred within 30 days after
surgery, and mortality was recorded for the whole study
period.

Volumetric analysis

The preoperative and postoperative MRIs were obtained and
reviewed for each patient. A clinician expert in volumetric
assessment who was unaware of patients’ outcome made vol-
umetric measurements on MRI. The preoperative volume was
measured using T1-weighted gadolinium-enhanced and T2-
weighted MRIs (1.5—to 3-mm axial cuts) fused together using
Brainlab software (Brainlab, Heimstetten, Germany), the area
of contrast enhancement and relevant T2 changes were calcu-
lated for each axial section. The same was done for post op-
eration MRI.

Statistical analysis

Since our group has a small number of included patients, we
used Fisher’s exact test for statistical analysis. We also used #-
test statistical analysis in order to learn about basic differences
between the endoscopic group and open-surgery group.

Results

Between 2004 and 2014, 18 patients were operated on for
skull-base chordomas in our department. They all had com-
plete data on preoperative and postoperative magnetic reso-
nance imaging (MRI) and computerized tomographic (CT)
scans, preoperative and postoperative clinical assessments,
and outpatient follow-up findings. Fifteen patients underwent
17 endoscopic surgeries (the ES group), and five patients
underwent seven craniotomies (the OC group). One patient
underwent transnasal endoscopic surgery after having under-
gone several craniotomies, and one patient had a second-stage
craniotomy after transnasal surgery.

The mean age at admission was 48.9 years for the whole
group, 53 years for the ES group and 39 years for the OC
group. The male:female ratio was 14:10. Ten patients in the
ES group (58.8%) were males and four cases in the OC group
(57.1%) were males. The mean follow-up time was
27.5 months for all the cases, with 19.9 months for the ES
group and 46.1 months for the OC group. Table | summarizes
the demographic parameters of all the patients.
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Clinical presentation

Headache was the most common presenting symptom
(66.7%: OC, 57.1%; ES, 70.6%). Other common signs at
presentation were abducens palsy (62.5%: OC, 42.9%; ES,
70.6%), while complaints about actual diplopia upon admis-
sion were less common (54.1%: OC, 42.9%; ES, 58.8%).
Lower cranial nerve deficits were more common in the EC
group at presentation (66.7%: OC, 42.9%; ES, 76.5%).
Additional signs and symptoms included orbit-related pain
(25%: OC, 14.3%; ES, 29.4%), new visual deficit (12.5%:
OC, none; ES, 17.6%), and nasal congestion or discharge
(16.7%: OC, 14.3%; ES, 17.6%). Signs of elevated intracra-
nial pressure (ICP), such as nausea and vomiting, were less
common (16.7%: OC, 14.3%; ES, 17.6%). Interestingly, al-
most 17% of the patients in our group presented to their pri-
mary doctor with complaints about problems with sleeping
and breathing (OC, 14.3%; ES, 17.6%). Table 2 describes
the clinical presentation for the two groups.

Complications

Two patients (one in each group) needed cranio-cervical fixa-
tion after surgery for tumor removal. We used a lumbar drain
in nine patients in the ES group (53%) and in one patient in the
OC group (14%). None of the patients in our series had cere-
brospinal fluid (CSF) leak following surgery. Four patients in
the ES group (23.5%) had new diplopia after surgery, as did
one patient in the OC group (14.3%). Other than new-onset
diplopia, there were no other new neurologic deficits in either
group. The surgical complications in both groups are summa-
rized in Table 3.

The mean hospitalization period was 13 days for all cases,
12 days for the ES patients, and 15 days for the OC patients
(p=0.49). Two patients in the ES group and one patient in the
OC group required immediate re-admission (within 1 month
after surgery). Seven patients (29%) needed further surgery
after their first operation in an attempt to improve the resection
or due to progression of residual tumor. The mean time after
the first surgery was 16 months. Four patients in the ES group

Table 2 Neurologic presentation

Open craniotomy  Endoscopic ~ All

surgery surgery (n=24)

(n=17) (n=17)
Headaches 4 (57.1%) 12 (70.6%) 16 (66.7%)
Signs of elevated ICP 1 (14.3%) 3 (17.6%) 4 (16.7%)
Orbital pain 1 (14.3%) 5(29.4%) 6 (25%)
Visual deficit 0 3 (17.6%) 3 (12.5%)
Ophthalmoplegia 3 (42.9%) 12 (70.6%) 15 (62.5%)
Lower cranial nerves 3 (42.9%) 13 (76.5%) 16 (66.7%)
Diplopia 3 (42.9%) 10 (58.8%) 13 (54.1%)
Nasal congestion 1 (14.3%) 3 (17.6%) 4 (16.7%)
Nasal discharge 0 2 (11.8%) 2 (8.3%)
Endocrinologic deficit 0 3 (17.6%) 3 (12.5%)
Breathing deficit 1 (14.3%) 3 (17.6%) 4 (16.7%)
Motor deficit 3 (42.9%) 3 (17.6%) 6 (25%)

Values shown are number and percentage in parentheses

ICP intracranial pressure

needed further resection (23.5%), as did three patients in the
OC group (42.9%). For one patient, a two-stage procedure
was planned in advance: we started with an endoscopic resec-
tion and performed an OC for resection of a lateral extension
of her tumor to the middle fossa a few months later.

MRI analysis

The volumetric analyses of the tumors before surgery revealed
that the mean tumor volume for all 24 cases was 27.2 cm’,
25.3 ecm® for the ES group and 31.9 cm® for the OC group
(p =0.38). Examinations of the anatomical compartments har-
boring the tumor before surgery showed that the most com-
mon were the upper clivus (96%: OC, 86%; ES, 100%), lower
clivus (58.3%: OC, 43%; ES, 65%), left petrous apex (58%:
0OC, 57%; ES, 59% and 67%: ), right petrous apex (OC, 43%;
ES, 76.5%), and cavernous sinus. Less common sites were the
occipital condyles, C2 involvement, and lateral extension to
the middle fossa (Table 4).

Table 1 Demographic
parameters

Open craniotomy Endoscopic All
surgery surgery (n=24)
(n=17) n=17)
No. of patients 5 15 18
No. of surgeries 7 17 24
Age in years, mean 39.4 52.8 48.9
Male:female ratio 4:3 10:7 14:10
No. of patients who died from disease 3 (42.9%) 4 (23.5%) 7 (29.2%)
Follow-up, mean (months) 46.1 19.9 27.5
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Table 3 Morbidity after surgery
Open craniotomy Endoscopic surgery All
surgery n=17) (n=24)
(n=7)
Cerebrospinal fluid leak 0 0 0
Lower cranial nerves 1 (14.3%) 0 1 (4.2%)
New diplopia 1 (14.3%) 4 (23.5%) 5(20.8%)
Pneumocephalus 1 (14.3%) 7 (41.2%) 8 (33.3%)
Need for cervical fixation 1 (14.3%) 1 (5.9%) 2 (8.3%)
Seizures 0 1 (5.9%) 1 (4.2%)
Length of hospitalization, 14.7 12.3 13
days (mean)
Immediate readmission 1 (14.3%) 2 (11.8%) 3 (12.5%)
Need for further resection 3 (42.9%) 4 (23.5%) 7 (29.2%)

Values shown are number and percentage in parentheses

Intradural involvement was common in the re-do cases as
well as in the virgin cases. There was intradural involvement
in 17 out of the 24 operations (71%; 64.7% of the ES cases
and 85.7% of the OC cases).

For postoperative MRI analysis, we used the first postop-
erative MRI performed 1-3 months after surgery and checked
for residual disease in the same anatomical compartments.
Table 5 summarizes the results of the MRI analyses of the
different anatomical compartments harboring the tumor after
surgery and the extent of resection (EOR) calculated by volu-
metric analysis. The volumetric analyses of the tumors after
surgery revealed that the mean residual tumor volume for all
24 cases was 13.1 cm®, 10.6 cm” for the ES group and 19 cm’
for the OC group (p =0.19). The mean EOR was 55.12% for
all the cases, 61.2% for ES group and 40.3% for OC group
(p=0.15). When categorized according to tumor resection and
residual tumor by the conclusion of the operating team’s re-
sults, eight cases (33.3%) had gross total removal (GTR).
There was no significant group difference in GTR: 35.3%%
of the ES cases and 28.6% of the OC cases (p=1). We
achieved subtotal resection in six cases (25%) all of them in
the ES (35.3%) and none for the OC group (p =0.13). We had
nine cases (37.5%) with partial resection, four (23.5%) in the
ES group and five (71.4%) in the OC group (p =0.06). As
noted earlier, we did not perform intended tumor biopsies in
this series, but had one case (4.2%) from the ES group that
was categorized as tumor biopsy by volumetric analysis. We
then categorized extent of resection by direct volumetric anal-
ysis done using Brainlab software. By volumetric analysis,
none of the patients had complete GTR. Three patients
(12.5%) had sub-total resection (>90% resection); all of those
patients are from the endoscopic surgery group (17.6% vs 0%,
p=0.5). In 20 cases, partial resection (90% >EOR > 10% tu-
mor volume resection) was achieved, with 13 cases in the ES
group and 7 for the OS group (76.5% vs 100%, p = 0.3). As for

the operating team assessment, we had only one case of tumor
biopsy (10% >EOR tumor volume resection) and it was from
the ES group. Table 6 summarizes the rates of resection in both
groups by the volumetric assessment.

We compared the various anatomical compartments for
complete surgical resection as seen on the postoperative scans
by calculating the ratio of the number of cases that were clear
of tumor to the original number of cases with tumor for each
compartment. The results showed that more radical surgical
resection was achieved more successfully in the ES group for
the following compartments: upper clivus (ES, 70.6%; OC,
28.6%), lower clivus (ES, 45.5%; OC, no reduction), left pe-
trous apex (ES, 40%; OC, 50%), right petrous apex (ES,

Table4 MRI analysis of anatomical locations harboring tumor

Open craniotomy Endoscopic All

surgery surgery (n=24)
(n=17) (n=17)
Upper clivus 6 (86%) 17 (100%) 23 (95.6%)
Lower clivus 3 (42.9%) 11 (64.7%) 14 (58.3%)
Left petrous 4 (50%) 10 (58.9%) 14 (58.3%)
Right petrous 3 (42.9%) 13 (76.5%) 16 (16.7%)
Left cavernous 4 (50%) 12 (70.6%) 16 (16.7%)
Right cavernous 3 (42.9%) 6 (35.3%) 9 (37.5%)
Left occipital 3 (42.9%) 3 (17.6%) 6 (25%)
condyle
Right occipital 2 (28.6%) 3 (17.6%) 5(20.8%)
condyle
Intradural 6 (85.7%) 11 (64.7%) 17 (70.8%)
C2 involvement 3 (42.9%) 4 (23.5%) 7 (29.2%)
Extracranial soft 6 (85.7%) 6 (35.3%) 12 (50%)
tissue
Lateral extension 4 (57.1%) 4 (23.5%) 8 (33.3%)

Values shown are number and percentage in parentheses
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Table 5 MRI analysis of anatomical locations harboring tumor after
surgical resection

Open craniotomy Endoscopic All

surgery surgery (n=24)
n=17) n=17)
Upper clivus 4 (57.1%) 5(29.4%) 9 (37.5%)
Lower clivus 3 (42.9%) 6 (35.3%) 9 (37.5%)
Left petrous 2 (28.6%) 6 (35.3%) 8 (33.3%)
Right petrous 2 (28.6%) 5(29.4%) 7 (29.2%)
Left cavernous 3 (42.9%) 8 (47.1%) 11 (45.8%)
Right cavernous 2 (28.6%) 5(29.4%) 7 (29.2%)
Left occipital 2 (28.6%) 2 (11.8%) 4 (16.7%)
condyle
Right occipital 2 (28.6%) 0 2 (8.3%)
condyle
Intradural 4 (57.1%) 7 (41.2%) 11 (45.8%)
C2 involvement 2 (28.6%) 1 (5.9%) 3 (12.5%)
Extracranial soft 5 (71.4%) 3(17.6%) 8 (33.3%)
tissue
Lateral extension 3 (42.9%) 3 (17.6%) 6 (24%)

Values shown are number and percentage in parentheses

61.5%; OC, 50%), right occipital condyle (ES, 100%; OC, no
reduction), and C1-2 involvement (ES, 75%; OC, 33.3%).
Table 7 summarizes the complete resection rates for different
compartments achieved by each of the surgical approaches.

Compression of the brain stem or optic apparatus by resid-
ual tumor occurred in nine cases (37.5%) in which some tu-
mor was left adjacent to the brainstem. There was a trend
towards better resection in the ES group, in which 29.4% of
the cases had residual tumor versus 57.1% of the OC cases
(p=0.36). We achieved a total reduction in 62.5% of the cases
in which the tumor was adjacent to the optic nerves before
surgery. We had better results in the OC group in relieving the
optic apparatus from tumor burden but without statistical sig-
nificant difference (75% had reduction in tumor involvement
versus 58.3% for the ES group, p=1).

Discussion

We report our results for treating skull-base chordomas with
two surgical approaches, endoscopic resection and open cra-
niotomy. Complete surgical resection of these tumors is diffi-
cult because of the involvement of surrounding neurovascular
structures [19, 23, 28]. In addition, the need for large recon-
struction of the skull base after resection could be a limitation
for maximal tumor removal. It is therefore crucial that the
neurosurgeon and the otolaryngologist involved in treating
skull-base chordomas are experienced in both the resection
of the tumor as well as in the reconstruction of the skull base.

Our approach has changed during the last few years, from
being strictly craniotomy to understanding that the surgical
goal in skull-base chordomas can sometimes be achieved only
through multiple surgeries and, preferably, using different sur-
gical approaches for the different anatomical compartments
harboring the tumor.

Fernandez—Miranda et al. [16] recently published an algo-
rithm for a proposed approach to treat skull-base chordomas.
They stated that the endoscopic endonasal approach allows a
more direct anatomical route for clival lesions located pre-
dominantly in the midline, and that it offers a safer way to
resect the tumor by avoiding injuries to neurovascular struc-
tures. Cavallo et al. [4, 5] illustrated the extensive view of the
ventral brainstem that is obtainable through an endoscopic
endonasal transclival approach by allowing a better resection
anterior to the brainstem, which is a prerequisite before proton
beam treatment. We also found that the tumors involving the
midline from the sella above to C1 below are best approached
through the sphenoid sinus using an endoscope, thereby
allowing a safer way to remove the tumor from the anterior
brainstem. Of the anatomical compartments at the midline,
which were more accessible by the endoscopic approach, bet-
ter results were achieved in the upper clivus. In a recent re-
view, Jahangiri et al. [23] noted that the lower third of the
clivus is a problematic location for surgical resection

Table 6 Extent of resection by

direct volumetric analysis Open craniotomy Endoscopic surgery All

surgery (n=17) (n=24)
(n=7)

Gross total removal 0 0

(no visible tumor)

Subtotal resection 3 (17.6%) 3 (12.5%)

(EOR >90%)

Partial resection 7 (100%) 13 (76.4%) 20 (83.3%)

(90% >EOR > 10%)

Biopsy only 1 (5.9%) 1 (4.2%)

(EOR < 10%)

Values shown are number and percentage in parentheses

EOR extent of resection by volumetric assessment of tumor volume before and after surgery
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Table 7 Success in gross tumor removal for specific anatomical
regions *
Open craniotomy Endoscopic surgery

Upper clivus 33.3% 70.6%
Lower clivus 0% 45.5%
Left petrous 50.0% 40.0%
Right petrous 33.3% 61.5%
Left cavernous 25.0% 33.3%
Right cavernous 33.3% 16.7%
Left occipital 33.3% 33.3%

condyle
Right occipital 0% 100%

condyle
Intradural 33.3% 36.4%
C2 involvement 33.3% 75.0%
Extracranial soft 16.7% 50.0%

tissue
Lateral extension 25.0% 25.0%

? [No. of cases in an anatomical area before — after (no new cases)]/no. of
cases before

regardless of the surgical approach. Koutourousiou et al. [27]
reported that the lower third of the clivus was one of the weak
points for surgical intervention. In our current series, we also
found that the lower clivus is a difficult area for achieving
radical or even complete resection. In our experience, howev-
er, an extensive drilling of the upper clivus or floor of the
sphenoid sinus is needed in order to achieve a better resection
from the lower clivus compartment. In our later cases when
drilling was more extensive than in our earlier ones, we
achieved a better surgical resection in the lower clivus area.
In general, we consider a large bilateral opening of the sphe-
noid sinus to be a prerequisite for better tumor resection from
all compartments.

The endoscopic approach is not suitable for achieving com-
plete surgical resection when the tumor extends laterally into

Fig. 3 Lateral extension to
middle fossa (marked with a white
star) is shown by MRI T1 with
gadolinium, coronal (a) and axial

(b)

the middle fossa (Fig. 3) or cavernous sinus. As for tumor
invading the occipital condyle (Fig. 4), we found that as the
technical skills develop, the ability to achieve GTR improved
tremendously. Fernandez—Miranda et al. [16] showed that as
the pathology starts spreading laterally, the endoscopic trans-
clival approach can be augmented in order to achieve better
control around the different segments of the internal carotid
artery. They also stated that an open approach or a combina-
tion of endoscopic and open approaches in stages should be
considered when the anatomical compartments harboring the
tumor are too lateral or too inferior to be effectively resected
with an endoscopic approach alone. The use of different ap-
proaches is crucial not only for achieving complete resection
but also for avoiding postoperative cranial nerves deficits [19,
26]. Sen et al. [34, 36] recently reported the outcomes of 71
chordomas treated with different surgical approaches and
demonstrated that anterior approaches led to significantly bet-
ter postoperative cranial nerve function than lateral ap-
proaches. Those authors concluded that the surgeon often
works through spaces between cranial nerves in lateral ap-
proaches, thus increasing the likelihood of functional
impairment.

Several studies dealt with the extent of tumor resection
using different surgical approaches for skull-base chordomas
and chondrosarcomas. Since the methods for assessing tumor
resection have been done differently in the various works
dealing with extent of resection and tumor residual, it is hard
to compare the results in those works. Moreover, direct volu-
metric analysis was not frequently utilized as an assessment
tool for decision-making in follow-up of patients with skull-
base chordomas. In our series, none of the cases had GTR by
volumetric analysis, although eight of the cases (33.3%) had
GTR by the operating team, which followed the patients. Six
of those patients are still under strict follow-up without tumor
progression with a mean follow-up time of 44 months. Three
of the cases (12.5%), in our work, had STR with resection of
more than 90% of tumor volume by the volumetric analysis.
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Fig.4 Axial T1 with gadolinium.
Tumor is invading lower clivus
and occipital condyles (marked
with a white star)

Again, better results in achieving STR were in the ES group,
since none of the patients in the OC were with resection of
more than 90% of the initial tumor volume. Yet, all these
differences are with small numbers and did not reached statis-
tical significance. Previous studies have suggested that the
endoscopic endonasal approach for the resection of
chordomas is as successful as open approaches in terms of
obtaining a radical resection [19]. GTR was achieved in
54.5% of published cases, while one of the major differences
between those works is the tumor volume at diagnosis [9, 18,
21, 24]. In the one endoscopic publication citing average tu-
mor volumes, Stippler et al. [38] reported a mean tumor vol-
ume of 29.1 cm?, while the mean volume was slightly higher
(34.9 cm®) in Frazer et al.’s [19] series (and 58 cm® in their
transcranial group). The mean tumor volume before surgery
was 25.3 cm® in our ES group and 31.9 cm® in the OC group
(p=0.38): this is less than the average volume of transcranial
series, which is on the order of 58 cm’.

The goal of surgical resection of skull-base chordomas is
GTR or at least maximal resection around important structures
before implementing radiation therapy. Several earlier publi-
cations advocated the use of staged or simultaneous proce-
dures in specific cases [10, 15, 19, 22, 23, 28, 39]. They
recommended that surgical approaches should be planned ac-
cording to the location, size, and distribution of the tumor,
with some cases more suitable for total resection with a mid-
line approach, some more suitable for a lateral approach, and
some requiring a staged procedure with several surgeries
needed to achieve complete resection [23, 39]. In their work
from 2015, Jahangiri et al. [23] used the staged approach in
14% of their skull-base chordoma cases and described that the
staged procedures enabled GTR in 29% of them that would
have otherwise undergone subtotal resection. In our work, six
(25%) patients underwent two-stage procedures, and we re-
peated the endoscopic resection with good results in four of
them. In three of those cases, the first surgery was an OC and
the second one was performed endoscopically, while we
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began with ES and switched to OC for the second stage a
few months later in the fourth patient.

Radiation

In search of a better way to treat these patients, some investi-
gators have recommended adopting an operative strategy that
is not excessively aggressive toward reaching GTR, since ad-
junctive radiotherapy can be used to control a small residual
tumor after the initial resection. Adjuvant radiation therapy
has been shown in different series to improve local tumor
control with a relatively low rate of complications [12, 16, 25].

There are conflicting reports regarding the best radiation
treatment options, although proton beam therapy has been
used in most of the recent series in order to achieve a very
high radiation dose to the tumor. In their 2010 review on
endoscopic resection of clival chordoma, Frazer et al. [19]
concluded that although extent of resection is prognostically
important, adjuvant radiotherapy using proton beams are vital
in stabilizing residual disease and preventing further recur-
rence [5, 7, 21]. As is the practice of others, we also referred
our patients to receive proton beam therapy after completing
the different surgical steps for tumor resection, in accordance
with our policy to collaborate with the radiation oncologists in
these cases. We make a special effort to achieve a better
brainstem and optic apparatus decompression, even in cases
where complete tumor resection was not achieved from other
compartments (Fig. 5).

Complications

We concur with others that the utilization of the endoscopic
approach has reduced many of the complications associated
with the treatment of skull-base chordomas. Significant rates
of complications were reported in the major series that de-
scribed the open approaches for clival chordomas. Sen and
Triana [34] reported achieving GTR in 18 (85.7%) of 21
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Fig. 5 Intradural tumor invasion
and the need for separation of
brain stem from tumor invasion as
can be shown in MRI axial T2 (a)
and axial T1 with gadolinium (b).
Lower pictures showing resection
of intradural component and
separation from brain stem,
before (¢) and after (d) surgery

patients, with 24 new postoperative complications (CSF leaks,
minor strokes). Sekhar et al. [33] described a series of 64
patients with chordomas or chondrosarcomas of the skull ba-
se. Those authors achieved GTR in 25 of the 42 patients with
chordomas (59%). However, they also had a relatively high
complication rate, including 21% who developed new
abducens palsies and 26% who had CSF leaks. In 2008, Al-
Mefty et al. [2] reported a series of 43 patients with clival
pathology resected via a different technique of an open mid-
line anterior clivectomy approach. GTR was achieved in 29 of
the 38 chordomas cases (76.3%). In Al-Mefty et al. work
almost 8% of the patients with chordoma developed postop-
erative new abducens palsies (most of them were not perma-
nent) and 16% of the patients developed CSF leaks. In com-
parison, the rates of new abducens palsies and CSF leak in the
endoscopic literature ranged from 0 to 33.3% [19]. Overall,
there was no difference in postoperative complications be-
tween our OC and ES groups, with no patients experiencing
postoperative CSF leak and five patients (21%) with new
abducens palsy (23.5% in the ES group and 14.3% in the
OC group, p = 1, most of which were temporary and resolved
by 3-6 months after surgery). The mean length of hospital
stay was essentially similar for both groups, with a slight trend
for a shorter stay in the ES group.

Team approach

In our opinion, the endoscopic approach requires collabora-
tion between the neurosurgeon and the otolaryngologist

specialist in skull-base surgery. At our institution, a joint team
of the two specialties does all surgeries [19].

Conclusions

The endoscopic endonasal approach for resection of skull-
base chordomas provides a good view and pathway for mid-
line lesions. This approach is limited by extensive lateral in-
volvement of the skull-base compartments by the tumor and
significant vascular involvement. Better preparation, includ-
ing a wide and deep opening of the sphenoid sinus, enables
good surgical resection in the difficult lower areas in the lower
clivus and below. Multiple different surgical approaches are
indicated in selected cases when a complete as possible resec-
tion of the tumor is attempted. The surgical plan should enable
postoperative radiation treatment after optimal brainstem and
optic apparatus decompression. A team approach will ensure
better tumor resection and skull-base reconstruction and min-
imize surgical complications.
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