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Object. Transcranial approaches to clival chordomas provide a circuitous route to the site of origin of the tumor
often involving extensive bone drilling and brain retraction, which places critical neurovascular structures between
the surgeon and pathology. For certain chordomas, the endonasal endoscopic transclival approach is a novel minimal
access, but it is an equally aggressive alternative providing the most direct route to the tumor epicenter.

Methods. The authors present a consecutive series of patients undergoing endonasal endoscopic resection of
clival chordomas. Extent of resection was determined by postoperative volumetric MR imaging and divided into >

95% and < 95%.

Results. Seven patients underwent 10 operations. Preoperative cranial neuropathies were present in 4. The mean

patient age was 52.0 years. The mean tumor volume was 34.9 cm?®. Intraoperative lumbar drainage was used in 1
patient, and the tumors extended intradurally in 3. One patient underwent 2 intentionally palliative procedures for
subtotal debulking. Greater than 95% resection was achieved in 7 of 8 operations in which radical resection was the
goal (87%). All tumors with volumes < 50 cm® had > 95% resection (p = 0.05). The overall mean follow-up was
18.0 months. Cranial neuropathies resolved in all 3 patients with cranial nerve VI palsies. One patient with recurrent
nasopharyngeal chordoma died of disease progression; another experienced 2 recurrences before receiving radiation
therapy. All surviving patients remain progression free. There were no intraoperative complications; however, 1 pa-
tient developed a pulmonary embolus postoperatively. There were no postoperative CSF leaks.

Conclusions. The endonasal endoscopic transclival approach represents a less invasive and more direct approach
than a transcranial approach to treat certain moderate-sized midline skull base chordomas. Longer follow-up is nec-
essary to determine comparability to transcranial approaches for long-term control. Large tumors with significant

extension lateral to the carotid artery may not be suitable for this approach. (DOI: 10.3171/2009.7 JNS081504)
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that arise from the notochord remnant. Although
~ 35% occur in the skull base, they represent only
0.1% of all skull base tumors.'*!32% In addition to being
rare, they are also challenging to treat due to their loca-
tion, ventral to the brainstem, and their aggressive locally
invasive nature.'* The natural history of chordomas en-
tails a relatively poor survival of 0.9 years without treat-
ment.!” The current therapeutic algorithm entails an ag-
gressive surgical approach to attempt a radical resection,
generally followed by focal radiation therapy.!>2%-!
Extended open skull base approaches to the clival

C HORDOMAS are rare, pathologically benign tumors

Abbreviations used in this paper: CA = carotid artery; CN =
cranial nerve; GTR = gross-total resection; ICA = internal carotid
artery; PBRT = proton-beam radiotherapy; SRS = stereotactic radio-

surgery.
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region are traditionally the mainstay for achieving GTR
in chordoma. Extended subfrontal transbasal, anterior
transfacial, and lateral transtemporal or far-lateral ap-
proaches have been described, as well as staged surgi-
cal approaches.??223040 These circuitous approaches to
the ventral midline skull base often require extensive
removal of bone and brain retraction, and they place
critical neurovascular structures between the operating
surgeon and the pathology. Nevertheless, complete resec-
tion is achieved in only 49.2-79% of cases.?’333* With
the advent and incorporation of the rigid endoscope into
neurosurgical practice and the active collaboration be-
tween endoscopic sinus surgeons and neurosurgeons,
extended endonasal endoscopic approaches have become
well-accepted, minimally invasive routes to the midline
and paramedian skull base.?*% The endoscopic endona-
sal approach to the clivus and anterior brainstem is the
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most direct route to the epicenter of the clival chordoma
and has been described in detail by several groups who
have used cadaveric dissection and small surgical se-
ries.5:11:1420.22-24.35.3741 However, given the relative novelty
of this approach, limited cases and clinical outcome data
exist in the literature regarding patients with chordomas
treated using an endoscopic endonasal transclival ap-
proach. The aim of this study was to present an additional
series of patients to try and more clearly define the selec-
tion criteria for optimizing outcome with this approach.

Methods
Qualitative Literature Review

A PubMed search was performed to identify reports
of patients with skull base chordomas treated using en-
doscopic endonasal resection. Cases were included if the
publication provided data on tumor resection volume, re-
currence, clinical outcome, and complications. Publica-
tions that used case examples to describe surgical/tech-
nical nuances without follow-up data were not included.
Data were summarized with the following specific target
outcome variables: rate of GTR, recurrence after GTR,
use of adjuvant treatment, clinical outcome, progression-
free status, CSF leakage rate, and perioperative complica-
tion rate.

Retrospective Case Series

We retrospectively reviewed a prospectively collect-
ed database of all patients undergoing fully endoscopic
endonasal surgery between 2004 and 2008. From this
database, we identified all patients whose final pathology
revealed a chordoma. The senior neurosurgeon (T.H.S.)
and otolaryngologist (V.K.A.) were the primary surgeons
in each case. Demographics, lesion size and volume, pa-
thology, operative time, ability to meet preoperative goals,
complications, use of adjuvant treatment, and clinical
outcome were analyzed. The incidence of CSF leakage
was recorded. Extent of resection was determined using
volumetric measurements of preoperative and postop-
erative Gd-enhanced MR images, and the findings were
divided into > 95% and < 95% resection. Extent of resec-
tion was compared with the initial tumor volume using
Kruskal-Wallis testing with a significant p value of 0.05.
Institutional review board approval was obtained for this
study.

Surgical Approach

A surgical team approach that included an otolaryn-
gologist and neurosurgeon was used for all extended en-
doscopic skull base cases. A fully endoscopic transnasal
transclival approach was used in all cases and was similar
to that in previous reports.!:14233541 Some pertinent tech-
nical nuances used by our group included administration
of 0.25 ml of 10% fluorescein (AK-Fluor, AKORN) with
10 ml of CSF via lumbar puncture prior to the endoscopic
approach to help visualize CSF leaks and to ensure there
was no leak after reconstruction of the skull base. Neu-
ronavigation with MR imaging and/or CT angiography
was used in all cases. Vomer was harvested as a potential
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graft source for closure during the approach. The extent of
clival dissection was dictated by the location of the tumor.
The superior third of the clivus was exposed by drilling
the back wall off the sphenoid sinus starting at the sella.
It is important to remove the bone over the sella to be able
to elevate the pituitary gland to reach tumor extending
into the posterior clinoid processes. Neuronavigation and
laser Doppler ultrasonography were used contiguously to
localize vascular structures, most importantly the CAs
and basilar artery. If the tumors extend into the lower two-
thirds of the clivus (below the sphenoid sinus), an inverted
U-shaped incision was made in the basipharyngeal fascia
and prevertebral musculature, which was flapped inferi-
orly to expose the anterior aspect of the clivus. Using the
Eustachian tubes as the lateral limits of this exposure, the
clivus was drilled back until flush with the dura. Dural
opening, when necessary, was performed from medial to
lateral in the shape of an I to avoid damaging the CN V1.
For completely extradural tumors, small CSF leaks were
closed by placing fat over the dura and held in place with
DuraSeal (Confluent Surgical). Larger dural defects were
sealed with fat to obliterate the dead space, followed by
autologous fascia lata held in place with a countersunk
rigid buttress (vomer bone or Porex, Porex Corp.). This
technique has been called the “gasket seal” closure and is
finally covered with DuraSeal.?® More recently we have
begun using a vascularized nasoseptal flap directly over
the gasket seal followed by a final layer of DuraSeal to
hold everything in place and ensure a watertight closure.'®
If a lumbar drain is placed, it is typically drained at ~ 5
ml/hour for 1-2 days and then clamped and removed.

Results

Between 2004 and 2008, 7 patients underwent 10 en-
doscopic transclival chordoma resections (Table 1). Pre-
operative cranial neuropathies were present in 4 patients,
the most common of which was abducens nerve palsy.
Two patients were female, and the mean age was 52 + 18
years. The mean operative time was 210 + 108 minutes.
Lumbar drainage was placed at the beginning of the op-
eration in 1 patient. The tumors extended intradurally in
3 cases. The mean tumor volume was 34.9 + 48.0 cm?®.
One patient (Case 2) underwent 2 intentionally subtotal
palliative debulking procedures for a multiply recurrent
nasopharyngeal chordoma that caused recurrent nasal
airway obstruction. For the other 6 patients in whom a
GTR was attempted, > 95% resection was achieved in 7
of 8 operations (5 of 6 patients), and 80% resection was
achieved in the remaining case. The patient with a recur-
rent nasopharyngeal chordoma who underwent 2 pal-
liative debulking procedures died of disease progression
(Case 2). The initial tumor volumes among patients under-
going > 95% resection ranged from 4.1 to 15.9 cm® (me-
dian 6.0 cm?), while volumes in the 2 patients undergoing
< 95% resection were 80.6 and 124.3 cm? (median 102.5
cm?); the difference between the 2 medians was statisti-
cally significant (p = 0.05). There were no intraoperative
complications; 1 patient developed a pulmonary embolus
postoperatively that was successfully treated medically.
There were no postoperative CSF leaks.
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TABLE 1: Characteristics in 7 patients who underwent 10 endoscopic transclival chordomas resections

Age (yrs), Initial Tumor Initial Vol No. of  Intraop Op Time
Case No. Sex Presentation Dimensions (cm) (cm3) Clival Region Ops CSF Leak (mins)
1 46, F throat/nasal fullness 20x14x28 4.1 upper, middle 3 no 202, 200, 53
2 59,M  oral bleeding, airway obstruction 6.7 x4.6 x 7.7 124.3 middle, lower 2 no 87,112
3 45'M  transient diplopiaw/ CN Vlpalsy 3.2x2.0x2.9 9.7 upper, middle 1 no 305
4 57,F  subjective diplopia 1.7x19%x24 4.1 upper, middle 1 yes 330
5 87,M  progressive It CN lll/IV/VI palsies 3.5 x 2.8 x 3.1 15.9 upper, middle 1 yes 157
6 40,M  status postresection, CN Il palsy, 6.2 x 5.4 x 4.6 80.6 upper, middle, lower 1 yes 295
cognitive impairment
7 30,M  bilat CN VI palsies 17x26x%26 6.0 upper, middle 1 no 356
mean+SD 52+18 34.9+48.0 210 £ 108

Outcomes and further treatment are summarized in
Table 2. Figure 1 compares representative postcontrast
MR images from preoperative studies with the most re-
cent postoperative study in each case. Figure 2 shows an
intraoperative photograph of the approach in the patient
in Case 7. The overall mean follow-up was 18.0 months.
In 1 patient with brief clinical follow-up, the patient died
of airway compromise at home due to disease progres-
sion after undergoing palliative debulking of a rapidly
progressive nasopharyngeal tumor (Case 2). Cranial neu-
ropathies improved in all patients except one with a fixed
preoperative CN III palsy from a prior resection at an-

TABLE 2: Outcomes and further treatment in the 7 patients*

other institution. One patient suffered 2 recurrences after
radiographic GTR prior to receiving radiation therapy.
The patient received PBRT and remains progression free.
All but 2 surviving patients received adjuvant radiation.
All surviving patients remain progression free.

Literature Review

A PubMed search of the literature yielded 8§ case se-
ries of skull base chordomas resected through fully en-
doscopic endonasal approaches.!:1420.22.23.353841 Table 3
summarizes the operative results of the published case

Radiographic
Case Extent of FU Time
No. Resection Complications (mos) FU Status Further Treatment Planned/Undertaken
1 >95% none 511 diplopia after last resection at other institu- underwent 2 further STR operations followed
tion; clinically & radiographically stable by PBRT
2 50%/25%  none 0.2  died of disease progression
3 >95% PE 5 days postop 214  diplopia resolved; no residual/recurrent PBRT completed
disease
4 >95% none 21.7  diplopia resolved; no residual/recurrent PBRT completed
disease
5 >95% none 21.7  CN palsies resolved, no defects in extraocular radiological FU w/ possible RT
movement
6 80% none 2.3  stable preoperative deficits from prior resec-  radiological FU w/ possible RT
tion
7 >95% none 7.7 diplopia resolved PBRT
18.0

* FU = follow-up; PE = pulmonary embolus; RT = radiotherapy.
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series. A total of 66 detailed cases have been published
to date. Rates of GTR ranged from 0 to 100% with a me-
dian rate of 62.5%. The rates of CSF leak ranged from
0 to 33.3%, with a median rate of 11.1%. Rates of major
complications ranged from 0 to 100% with a median of
25%. These included new postoperative abducens nerve
palsies, ICA injuries, stroke, hematoma, significant suba-
rachnoid hemorrhage, and hydrocephalus requiring shunt
treatment. Minor complications included nasal and eye
dryness. Table 4 summarizes the follow-up and outcome
results of the published case series. Although not all stud-
ies detailed the improvement, stability, or worsening of
preoperative CN palsies, the series published by Deh-
dashti et al.!" (representing the largest series) demonstrat-
ed postoperative CN improvement in 9 patients (75%),
with 1 patient reporting worsening deficits. The majority
(46 of 66) of patients received adjuvant radiation therapy.
Although not every study provided the same level of de-
tailed reporting in follow-up, the majority of patients (63
of 66) were alive, and most had no evidence of disease
or stable progression-free disease after a follow-up that
ranged from 1 to 69 months overall; the median follow-up
among published studies ranged from 9 to 36 months.
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Fic. 1. Cases 1 (A and B), 2 (C and D), 3 (E and F), 4 (G

and H),5(land J), 6 (Kand L), and 7 (M and N). Preoperative
and the most recent postoperative postcontrast T1-weighted
MR images obtained in each patient.

Discussion

Clival chordomas, which arise from the notochord,
have their epicenter within the clivus, a midline struc-
ture. The bulk of the tumor often lies between the CAs,
ventral to the brainstem. The most direct approach to the
center of these tumors lies straight through the center of
the face, through a corridor that is formed by the natu-
rally aerated sinuses that can be accessed easily through
natural orifices provided by the nostrils. Transbasal and
far-lateral approaches are indirect, circuitous routes with
which to access this central area and require extensive
drilling, brain retraction, and manipulation of neurovas-
cular structures to reach their intended target. Recent
advances in rigid endoscope technology and instrumen-
tation combined with real-time neuronavigation has facil-
itated a fruitful collaboration between neurosurgery and
otolaryngology to develop the field of endoscopic skull
base surgery. These extended endonasal approaches have
been used to remove tumors in the midline and paracen-
tral skull base including clival chordomas.?3243236 Ca-
daveric studies have provided stepwise thorough descrip-
tions of the approach and have provided detailed views
of anatomical relationships of ventral skull base anatomy
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Fic. 2. Case 7. Endoscopic endonasal view of postresection cavity
from the patient. CS = cavernous sinus. DURA = dura behind the clivus;
PG = pituitary gland.

viewed “head-on” through the nasal corridor. Cavallo et
al.> most notably illustrated the extensive view of the ven-
tral brainstem available through an endoscopic endona-
sal transclival approach. Such descriptions are vital as a
first step in incorporating new surgical approaches to the
CNS. Kassam et al.>* published early case descriptions
that demonstrated clear and successful utilization of these
approaches to address clival pathologies. While cadaveric
studies are helpful to document the approach, these case
descriptions provide evidence of success in treating com-
plex skull base pathologies. In this setting, several authors
have published early case series detailing the use of the
endoscopic transclival approach as the primary surgical
procedure for resection of clival-region chordomas. We
endeavored to review these series and to add our own data
in an effort to demonstrate the early clinical experience
with this approach.

Jho and Ha?® published the earliest reports and in-
cluded detailed follow-up of 3 patients with chordomas
that were resected via an endoscopic transclival approach.
Although the authors achieved GTR 1in all 3 cases, 1 pa-
tient experienced a recurrence ~ 1 year after resection.
The patient underwent SRS to the recurrence and re-
mained progression free for 26 months.?* This early expe-
rience highlights the complexity of treatment paradigms
needed in addressing clival chordomas. Although extent
of resection is prognostically important, adjuvant radio-
therapy with such modalities as proton beams are vital in
stabilizing residual disease and preventing further recur-
rence.*”?! Indeed, some investigators have recommended
adopting an operative strategy that is not excessively ag-
gressive; rather, resection should not risk injury to vital
neurovascular structures, as adjunctive radiotherapy can
be used to control any small residual left attached to such
structures.®® In our series, all but one surviving patient
received PBRT. This is consistent with the limited pub-
lished literature, as 33 (72%) of the 46 patients from other
published series received radiotherapy. Thus, with post-
operative radiotherapy as an available adjunctive tool, we

J Neurosurg / August 21, 2009

have adopted a philosophy that seeks to maximize resec-
tion while minimizing risk to surrounding neurovascular
structures. Toward this paradigm, endoscopic endonasal
transclival resection is our preferred approach for midline
tumors without significant extension lateral to the CAs.
The endoscopic endonasal transclival approach uses
a minimal access corridor, but it can obtain maximal vi-
sualization to the clival region. At our institution, the ap-
proach represents a joint effort between otolaryngology
and neurosurgery, taking advantage of the combined un-
derstanding of sinonasal and skull base anatomy. In addi-
tion, neuronavigation aids in localizing the lesion and sur-
rounding vital structures, estimating depth through this
long surgical corridor, and providing a verification tool
for the surgeon’s understanding of anatomical relation-
ships.'”?> Another important technology in this approach
is the use of angled endoscopes. Thirty- and 45-degree
endoscopes provide the ability to create a panorama of
the exposed skull base, and extend the operative region
without expanding the surgical corridor. By moving the
lens and light source so close to the field, angled endo-
scopes extend the straight microscopic transsphenoidal
view into a more extensive operative vista, which facili-
tates extended approaches to the skull base.
Postoperative CSF leak—the often-feared compli-
cation—was reported in 16.7% of cases in the published
series, but there were no cases in our series. Clearly, the
degree of intradural invasion of the tumor will have a ma-
jor impact on the risk of this complication; however, even
in our 3 cases with extensive intradural involvement, CSF
leaks were successfully managed with multilayer closure.
All of our patients remain progression free after resec-
tion and prescribed radiotherapy. Only 1 patient required
further open skull base resection after the endoscopic ap-
proach, but radiation therapy was not used after the en-
doscopic resection to prevent further growth. These early
results provide encouraging data for further use of the en-
doscopic endonasal approach to clival chordomas.
Previous studies have suggested that the endoscopic
endonasal approach to resection of chordomas is equally
successful at obtaining a radical resection as open ap-
proaches. Gross-total resection was achieved in 54.5% of
published cases.!!:1420.22.23.35.3841 However, in the one endo-
scopic publication citing average tumor volumes, Stippler
et al.’® cited a mean tumor volume of 29.1 cm?, while the
mean volume was slightly higher in our series (34.9 cm?);
this is less than the average volume of transcranial series,
which is on the order of 58 cm?.!® We graded our resection
by using postoperative MR images. Greater than 95% re-
section was obtained in 88% of cases in which GTR was
attempted (83% of patients). We found a significant rela-
tionship between size of tumor and degree of resection.
Our results indicate that tumors with a diameter > 4.0 cm
or a volume > 80 cm?® may be more difficult to remove
completely through an endonasal approach. This may
represent an important limitation of the endoscopic trans-
nasal approach. However, it may represent a more global
difficulty with achieving total or near-total resections in
large clival chordomas. Although our series is small, it
suggests a potential relationship between tumor size and
potential for resection that requires further evaluation.



TABLE 3: Operative results of the published case series*

J. F. Fraser et al.

Recurrence CSF
No. of GTR After GTR FU (mos) Leak Complications
Authors & Year Cases No. (%) No. (%) Median Range No. (%) No. Type
Jho & Ha, 2004 3 3(100) 1(33.3) 26 20-28 1(33.3) 4 PE, atrial fibrillation, stroke, abducens palsy
Solares et al., 2005 3 2 (66.7) 0(0) 12 8-24 0 0
Frank et al., 2006 9 3(33.3) 0(0) 15 10-69 1(11.1) 1 ICAinjury
Hwang & Ho, 2007 3 0(0) NA 36 30-40 0 1 HCP requiring VPS
Dehdashti et al., 2008 12 7(58.3) 0(0) 16 4-26 4(33.3) 3 postop hematoma, hemiparesis, HCP
Hong Jiang et al., 2008 9 6 (66.7) 0(0) 17 6-30 0 14 nasal dryness (9) & eye dryness (5)
Zhang et al., 2008 7 6 (66.7) 0(0) 24 3-37 NR 1 subarachnoid hemorrhage
Stippler et al., 2009 20 9 (45) 2(22.2) 9 1-54 5(25) 5  brainstem hemorrhage, worsening CN palsy,
intraop ICA rupture

total 66 33 (54.5) 11 (16.7)

* HCP = hydrocephalus; NA = not applicable; NR = not reported; VPS = ventriculoperitoneal shunt.

In viewing these results, it is important to qualitative-
ly compare them with published results from open surgi-
cal series. Sekhar et al.** described their experience in
treating 64 patients with chordomas or chondrosarcomas
of the skull base. Among the 42 patients with chordomas,
the authors achieved GTR in 25 (59%) and subtotal resec-
tion (> 90% tumor resection) in 12 (28%). However, 9 pa-
tients (21%) with chordoma developed new abducens pal-
sies, while 11 (26% of chordomas) developed CSF leaks.*
DeMonte et al.'> described 4 patients who underwent an
open transmandibular, circumglossal, retropharyngeal
approach for chordomas of the clivus and upper cervi-
cal spine. While the authors achieved > 95% resection in
all patients (including 2 with GTR), the complications in-
cluded 1 transient abducens palsy, 2 cases of lingual neu-
ropathy, 1 case of soft-palate fistula, and 1 case of a hard
palate defect requiring prosthetic repair.’> With follow-up
ranging from 2 to 9 months, the authors noted 2 recur-
rences.'”” Sen and Triana* reported total resection in 18
(85.7%) of 21 patients using open skull base approaches;
however, they reported 24 new postoperative complica-
tions including 3 CSF leaks and 2 minor strokes. In com-
parison, both the rates of new abducens palsies and CSF
leaks in the endoscopic literature ranged from O to 33.3%.
Al-Mefty et al.? recently published a series of 43 patients
with clival pathology resected via an open midline an-
terior clivectomy approach. Of the 38 with chordomas,
GTR was achieved in 29 (76.3%). Among patients with
chordoma, 6 (15.8%) developed CSF leaks (although 2 did
so in a delayed fashion after radiotherapy). Among chor-
domas, there were 4 new postoperative abducens palsies
in 3 patients (7.9%), although only 1 remained perma-
nent. Finally, after surgery and radiotherapy, recurrence
in this cohort was 15%.? In their discussion, the authors
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made particular note of the important role of endoscopy
in treating these tumors. This is especially relevant, as the
open anterior clivectomy approach described provides a
similar portal of access and visualization panorama as
that provided by the endoscopic endonasal transclival ap-
proach.

Several studies have also evaluated the microscopic
transsphenoidal approach to clival chordomas. In a report
of 12 patients with clival chordomas treated with micro-
surgical transsphenoidal approaches by Maira et al.,”” to-
tal resection was achieved in 9 (75%). Couldwell et al.?
reported results of extended microsurgical transsphenoi-
dal approaches in 105 patients, 18 of which were clival
chordomas. Total resection was achieved in 12 (66.7%) of
18 chordomas. Among the chordomas, there were 3 ICA
hemorrhages, 2 CN palsies, and 1 CSF leak.® Fatemi et
al.” recently reported their microsurgical transsphenoidal
results of clival chordoma resections in 14 patients; total
resection was achieved in 43% and near-total resection
was achieved in 43%, leaving 14% with subtotal resection.
The authors noted in their report that the endoscope aided
in tumor removal and assessment of resection.'* These
reports of open skull base and microsurgical transsphe-
noidal approaches provide a frame of reference for un-
derstanding that the fully endoscopic endonasal approach
can enable appropriate resection of a clival chordoma
with acceptable complication rates in comparison with
other approaches. In time we believe that the endonasal
endoscopic approach will in fact produce fewer compli-
cations with equal or better rates of complete resection
in carefully selected patients. Understanding appropriate
patient selection will be a key principle in future evalua-
tion of these approaches as part of the armamentarium of
the skull base surgeon.
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TABLE 4: Follow-up and outcome results of the published case series*

No. of
Authors & Year Cases Adjuvant Treatment Neurological Outcome/Findings Reported Radiographic Outcome
Jho & Ha, 2004 3 noRT (1), GKS to site (1), GKS to CN Vi palsy (1) NR

recurrence (1)

Solares et al., 2005 3 noRT (1), IMRT to site (1), PBRT to
residual (1)

Frank et al., 2006 9 noRT (4), PBRT to site (2), PBRT to
residual (2), CRT to residual (1)

Hwang & Ho, 2007 3 SRT toresidual (3)

Dehdashti et al., 2008 12 preop RT (3), postop IMRT (9)

Hong Jiang et al., 2008 9  IMRT to site (8), IMRT to residual (1)

Zhang et al., 2008 7 notreported in detail

Stippler et al., 2009 20  postop RT (8), preop RT (SRT or
PBRT, 5)

total 66

NED (2), alive w/ disease (1)

CN VI palsy (2), anosmia (1)

residual HA, epistaxis, & visual
changes (1), complete symptom
resolution (8)

not detailed

new quadriparesis (1); died of dis-
ease progression (1)

PF (2), alive w/ active disease (1)

recurrence 2 times (1)

CN VI palsy (1); improving hemipare- PF w/ stable remnants (3)
sis/dysphasia (1); unchanged preop
CN IIVIVIIAX palsies (1)

worsened CN IX/X palsy (1), new
hemiparesis (1), improved CN
palsies (9)

PF w/ stable remnants (12)

recurrence (1)

alive w/ disease (1), no active
disease (6)

recurrence (2); progression of
residual (5)

* CRT = conformal RT, GKS = Gamma Knife surgery; IMRT = intensity-modulated RT; NED = no evidence of disease; PF = progression free; SRT =

stereotactic RT.

Case Selection

Although the endoscopic endonasal transclival ap-
proach is the most direct method for reaching the epi-
center of clival chordomas, it may not be suitable for all
chordomas. Probably the most important limitation is the
relationship between the CAs and the tumor. Although it
is possible to reach lateral to the CAs through an endo-
nasal approach, the risks of this maneuver may outweigh
the benefits. The surgeon has 2 alternatives in this situ-
ation. One is to choose a lateral skull base approach us-
ing the corridor created by the lateral extent of the tumor.
The other is to perform a combined or staged approach,
removing the midline tumor endonasally and the lateral
tumor transcranially. Likewise, tumors > 4 c¢m in diam-
eter or 80 cm?® may have a higher rate of radical resec-
tion with a transcranial approach. Our data as well as that
from Stippler et al.® support this. In their review of 20
patients who underwent endoscopic endonasal resection
of chordomas, the investigators obtained GTR in 9 pa-
tients (45%) and near-total resection in 4 patients (20%)
for a total of 65%, with a CSF leak rate of 25%. While we
obtained a > 95% resection in 71.4% of our total patients
(87% of those in which GTR was the goal) with no CSF
leaks, both studies share a commonality in the volumes
of tumors resected. Although these data represent small
numbers, they suggest that endoscopic endonasal resec-
tion may be most successful with smaller tumor volumes.
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On the other hand, intradural extension is not a contrain-
dication, although it does render the surgery more com-
plex and requires harvesting of appropriate grafts for suc-
cessful closure such as fat, fascia lata, and a vascularized
nasoseptal flap.

Study Limitations

Given the preliminary nature of these data, there are
several limitations to our study. The small number of pa-
tients limits the statistical power of any conclusions that
one may draw from this report, although it is difficult to
acquire relatively high case numbers as chordomas are
very rare tumors. Second, the short follow-up provides
only short-term outcomes; further follow-up will be nec-
essary to determine the durability of disease control in
patients treated with this type of resection compared with
more traditional open skull base approaches.

Conclusions

Surgical management of clival chordomas is undergo-
ing a paradigm shift as endoscopic endonasal approaches
become more widely practiced. It is difficult to directly
compare these approaches with open microsurgical ap-
proaches specifically for chordomas, as the rare epidemi-
ology of the disease makes accumulation of significant
case numbers difficult. However, in examining the lim-
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ited published data and adding our own experience, it is
clear that the early short-term results of endoscopic endo-
nasal transclival resection, combined with radiotherapy,
provide encouraging data for high rates of tumor control
and progression-free survival with limited morbidity for
selected cases of moderate-sized predominantly midline
tumors.
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