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Skull Base Chondrosarcomas: Surgical Treatment and Results

Ahmad Sbaihat, MD; Andrea Bacciu, MD; Enrico Pasanisi, MD; Mario Sanna, MD

Objectives: We describe our experience in the management of patients

neoplasm of the skull base.

Methods: Thirteen cases of surgically treated skull base chondros

ranged from 7 to 86 months (mean, 47 months).

Results: The most common tumor locations were the jugular foraf
roclival region (3 cases). An infratemporal fossa type A approach w

1 case. One patient underwent an infratemporal fossa ty

roachf¢ombined with a transotic aj

V3
\n@ase chondrosarcoma, an uncommon

as were identified. The patients’ follow-ups
es), the petrous apex (3 cases), and the pet-

erformed in 2 cases, and 2 patients underwent an
approach, 1 patient underwe etro-occipital
()

as chosen in

infratemporal fossa type B approach. Two patients underwen anso
transsigmoid approach, and a petro-occipital transsigmoid a ppfoae
ch combined with a trangotica @ bach, and 2 pa-

tients underwent an infratemporal fossa type B approach

7 cases. The most common complications were 1
months and 6 years after surgical removal.

Conclusions: We believe that the primary trea
tion. We usually do not recommend radiotherapy as

I(Na: with a transotic approach.

infratemporal fossa type B approach combined with g transzy atic approach, and the last

mastoid approach. Gross total tumor removal was ac WH patients. Postoperative ragdi
ra nerve deficits. Two patient:

nt underwent an

ient tinderwent a trans-
y was performed in
erienced recurrences, 36

t féy,chondrosarcomas of the sku gross total surgical resec-
e primary treatment for patient

ull base chondrosarcomas;

ses in which there are serious

rative radiotherapy for patients
esection or recurrent tumors.

INTRODUCTION

are rare, slow-
ors that constitute

Chondrosarcomas of t
growing, locally aggres
0.15% of all intracrani sms.! Approximate-
ly three fourths of all chegdrosarcomas of the skull
occur at the craniglgbase, accounting for 6% of afl
neoplasms at t
both sexes equa
sentation is or fifth decade of life.*-¢

been hypo @ that cranial base chondr o-
mas may origigafc from multipotential m%—
mal cells*’ or from embryonal cartilag s
of skull synchondroses.?>7 The gaos mon
tumor sites of origin have been reported§to be the
petroclival, petro-occipital, sphen@yoccipital, and
sphenopetrosal synchondroses.”> Histopathological-
ly, chondrosarcomas are divided into the following
subtypes: conventional (myxoid and hyaline types),

dedifferentiated, clear cell, and mesenchymal; the
conventional form is the most common type within

&!-3 Chondrosarcoma affec
d'the mean age of tumor phe-

ondrosarcomas.!%12 Conventional chondro-
omas are further subdivided into three grades
¢d on cellularity, the nuclear size of the cells, the
droid matrix, and nuclear atypia: well differen-
tidted (grade I), moderately differentiated (grade II),
and poorly differentiated (grade III). The variable
location of these tumors, their large size at diagno-
sis, their frequent encroachment on neurovascular
structures, and their tendency to invade surrounding
bones are some of the criteria that make resection
difficult. Surgery is considered the standard of care
in the treatment of skull base chondrosarcomas. Pro-
ton beam radiotherapy, radiosurgery (gamma knife
or Cyber knife), or stereotactic radiotherapy is of-
ten used as adjuvant treatment.!1-14 In the present
study we reviewed the management and outcomes
of 13 patients with a diagnosis of skull base chon-
drosarcoma treated at a single center.
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TABLE 1. PATIENT DEMOGRAPHICS, LOCATION OF TUMOR, TYPE OF OPERATION,
AND POSTOPERATIVE COMPLICATIONS
Preop Gross New Preop/ Site and
Pt Age LCN Surgical Total Postop LCN Postop  Histologic  Time of  Follow-Up
No. Sex (y) Deficits  Site of Tumor Approach Removal Radiotherapy Deficits Hearing  Grade Relapse (mo)
1 F 54 IX-X JF,EAC,ME, TO + angular vein Yes No None DE/DE I No 63
IAC,PCF,CC ligature
2 M 60 None IJF,ME,CC, IFTA Yes No IX,X NH/DE 1 No 68
cochlea
3 M 34 X JF,ME, IR, IFTA Yes No X H/CHL 1 No 42
neck
4 F 56 IX,X JFIR,PCF POTS Yes Yes XI NH/NH I No 32
5 F 35 IX-XII JF,PA,CC POTS + TO Yes Ye. ne NH/DE 1 No 55
6 M 44 None PA,clivus,CC, IFTB +TO Yes None NH/DE 1 PA 86
JF, PCF (1st stage); POTS 6y)
(2nd stage)
7 M 40 None PA,clivus,CC, IFTB+TO Yes Yo XII NH/DE 1 o 26
OC, PCF (1st stage); far
lateral (2nd stage) L 4
§ M 53 None IR Transmastoid Yes\ No None  NH/NH \ No 50
9 F 39 None IF,CC,cochlea IFTB + es Yes None NH/DE No T4
transzygomatic
10 F 31 None PA,clivus,JF, IFTC +TO es Yes IX,X CH 1 JF 37
CC,ME, PCF, (preop ICA (36 mo)
IF, nasopharynx, balloon
sphenoid occlusion) @
11 F 38 None PA,CC,CS IFTB (preo Yes No None 1 No 36
ICA st
12 F 59 None PA,OC,ME, TO Yes Yes L/DE I No 7
cochlea
13 F 44  None PA B Yes Yes one NH/CHL 11 No 37

LCN — lower cranial nerve; JF — j
— posterior cranial fossa; CC — cafotid
hearing; IR — infralabyrinthine regi

r foramen; EAC — external auditory can
; TO — transotic approach; DE — dea
s CHL — conductive hearing loss; POTS ¢

middle ear; IAC — internal auditory canal; PCF

FTA — infratemporal fossa type A; NH — normal
@-occipital transsigmoid; PA — petrous apex; IFTB — in-
imfratemporal fossa type C; ICA — internal carotid artery;

MATERIA ETHODS

We conducted a retroSpgctive review of patients
a of the skull base registered 3‘[\

enza-Rome between 19*

nts with chondrosarcoma’
wee 1dentified by means of a co
i % ecame the subjects of th y.
The collected @at? were analyzed for age, Q—
senting signs and symptoms, operative y%\ S,
location and extent of the tumor, histelogiefedtures,

flexible fiberoptic laryngoscopy, an
sessment. All patients were evaluated before surgery
with high-resolution computed tomographic (CT)
scans with bone windows and gadolinium-enhanced
magnetic resonance imaging (MRI). Arteriovenous
magnetic resonance angiography was performed in
5 patients, and four-vessel angiography was per-
formed in 8 patients. The facial nerve (FN) function
was evaluated before the operation and 1 year after
the operation with the House-Brackmann (HB) sys-
tem.!>

RESULTS

eneral Characteristics and Clinical Manifesta-

. The study group was composed of 13 patients
with histologically confirmed skull base chondrosar-
comas. Table 1 shows the demographic characteris-
tics, tumor locations, treatments, and outcomes of
the investigated group. Eight patients (53.8%) were
female, and 5 (38.5%) were male. The mean age at
the time of surgery was 45.1 £ 10 years (range, 31 to
60 years). The durations of follow-up (consisting of
clinical evaluation, hearing tests, flexible fiberoptic
laryngoscopy, and serial CT and MRI scans) ranged
from 7 to 86 months (mean, 47 = 21.6 months).
Eleven tumors (84.6%) were on the right side, and 2
(15.4%) were on the left side. The presenting symp-
toms and signs are listed in Table 2. Diplopia due to
abducens nerve palsy (46.1%), hearing loss (38.4%),
tinnitus (30.7%), and dysphonia (30.7%) were the
most common presenting complaints. The mean du-
ration of symptoms before presentation was 15 +
13.6 months (range, 2 to 45 months). Four patients
(30.7%) were found to have at least one lower cra-
nial nerve (CN) deficit at presentation.
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TABLE 2. PRESENTING FEATURES IN 13 PATIENTS
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TABLE 3. TUMOR LOCATIONS IN 13 PATIENTS

Symptom or Sign No. %

Diplopia 6 46.1
Hearing loss 5 384
Tinnitus 4 30.7
Dysphonia 4 30.7
Dysphagia 3 23.1
Unsteadiness 3 23.1
Vertigo 3 23.1
Retrotympanic gray mass 2 154
Facial nerve palsy 2 154
Facial paresthesia 1 7.7
Headache 1 7.7
Shoulder weakness 1 7.7
External auditory canal polypoid mass 1 7.7

Location of Tumor. The location and the extent of \

the lesions were determined before surgery from the
radiology reports, and were confirmed duringgth
S

operation. Five patients had lesions that we
tered on the jugular foramen, 3 patients ha

3

sions of the petroclival region, 1 patient
involving the infratemporal fossa, an
a small lesion in the infralabyrinthij

O
ith jugular fora-
ulb compressed
umor® None of the
t sinus or insuf-
and none under-

are presented in Table 3. Patien
men involvement had the jug
and already closed off by th
patients had an ipsilateral domi
ficient collateral venous drainage
went preoperative embo

Treatment, Tumor ction, and Pathologi-
cal Findings. Al i

Twelve patients [

Jergone no previous therap&
presented with a recurrent tu-
mor previougly®perated on elsewhere by the s
cipital appf % leven patients underwent e-
stage tumor rétagVal, and 2 patients requirm@ -
ond-stage operation to achieve total tum L.
No patients had undergone preoperati hera-
py. A transotic approach extendingffo thefaeck with
ligature of the internal jugular veinWyas performed
in 1 patient (No. 1), who presented with a dead ear
and a tumor arising from the jugular foramen with
involvement of the cerebellopontine angle, middle
ear, and external auditory canal, together with ero-
sion of the carotid canal. During surgery, the tumor
was found to invade the mastoid portion of the FN
and was intentionally transected and reanastomosed
with a sural nerve graft. A transotic approach was
also used in another patient (No. 12) with a tumor in-
volving the petrous apex, occipital condyle, middle
ear, and cochlea. One patient (No. 2) with good pre-

Location No. %
Carotid canal 8 61.5
Petrous apex 7 53.8
Jugular foramen 7 53.8
Middle ear 5 38.5
Posterior cranial fossa 5 38.5
Cochlea 3 23.1
Clivus 3 23.1
Infralaby#int region 3 23.1
Infrat&ss 2 154
Occipital co e 2 154
Ca inus 1 7.7
Nasophrynx 1 7.7
¥ hegoW sinus \ 1 77
Neck 1 7.7
al auditory canal ¢ 1 7.7
ternal auditory canal \ 1 7.7

@ limited to the jugular

the hypotympanum and

operative hearing a
foramen and spreadi
the vertical intern
type Al® (IFTA) approach;
and sural nerve grafting was
f infiltration of the mastoid por-
rve. Patient 3 underwent an IFTA

approac h permanent anterior transposition of
the FN @ ount of tumor extension into the in-
fralab iine region, middle ear, and upper neck.
Pati ho had good preoperative hearing and

tu ipvolving the jugular foramen and the infra-

ital transsigmoid (POTS) approach. Patient 5,

o had a tumor involving the jugular foramen and
the petrous apex, together with a tumor component
located anteromedial to the vertical ICA, required
a combined POTS-transotic approach. Patient 10
underwent an infratemporal fossa type C!¢ (IFTC)
approach combined with the transotic approach for
a petroclival tumor extending into the infratempo-
ral fossa, sphenoid sinus, and nasopharynx. This
patient underwent preoperative permanent balloon
occlusion of the ICA on account of circumferential
petrous carotid encasement. In 2 cases (patients 6
and 7), subtotal removal with an infratemporal fossa
type B16 (IFTB) approach combined with the trans-
otic approach was planned to resect a petroclival tu-
mor that had carotid canal involvement and extend-
ed into the posterior cranial fossa. In 1 of these 2
cases, a residual tumor was left in place at the occip-
ital condyle and removed via a far-lateral approach
3 months after the first surgery; in the remaining
case, a POTS approach was used to remove a resid-

inthine region and extending into the posterior
ial fossa, without middle and inner ear involve-
%, underwent tumor removal through the petro-

atients were treated surgicall?.\
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TABLE 4. HOUSE-BRACKMANN SCORES

Pt Immediate
No. Preoperative Postoperative Follow-Up

1 I VI* I
2 VI VI* II
3 I vy I
4 I I I
5 I VI I
6 I VI I
7 I 1 1
8 I I 1
9 I I 1

10 I I 1

11 I I 1

12 I I I

13 I I I

*Sural nerve grafting.
TAnterior rerouting.
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immediately after surgery and 1 had grade III; both
had recovered to grade I at the 1-year follow-up.

Hearing Outcomes. Hearing preservation surgery
was attempted in 7 patients. The 2 patients treated
with an IFTA approach had preoperative audiomet-
ric testing within normal limits. In 1 of these 2 pa-
tients (No. 2), the cochlea was found to be eroded by

the tumor @nd was drilled to achieve total tumor re-
moval. T: eypatient had postoperative conduc-
tive . Hearing was preserved at the pre-

hedring
oper. vel (normal hearing) in the patient (No.
4) in whom'hearing preservation was attempted via

th pproach. Three patients (Nos. 9, 11, 13)

ated with an IFTB approach‘ad good preopera-
tiveddaring. Two of these patxad postopera-

tive £onductive hearing loss, ad postopera-
\ deafness resulting fro cessity of drill-
¢ the cochlea because of by the tumor. Tu-
eservation was per-

S1

was already deaf b gery. In the remaining 5

) Vnor removal without heari
ual tumor at the jugular foramen 10 months af formed in 6 cases. mse 6 patients (No. 1)
first stage. Two patients (Nos. 11 and 13) un t e&r

an IFTB approach for tumors involving thé¥pgt
apex; 1 of these 2 patients (No. 11) required
erative stenting of the ICA on account of

sinus involvement. Patient 9 underwe
proach combined with the transzygd
for a huge tumor involving the i
and eroding the cochlea and the
ly, a transmastoid approach wds u

mor limited to the infralab thine region (patient
8). Gross total tumor remd & achieved for all
grade€ [ tumors and all

patients. Two patients with
patients with grade II or grade III tumors underwent

postoperative radiationsgherapy.

omes. Table 4 summariz&®

mé
T e o
Lo

Facial Nerve @
the FN results.
I preoperative F

function wagfpresent in 2 patients (Nos. 1 a
both of w Q@ high-resolution CT evid,
fallopian canalgvolvement by the tumor. Q
2 patients, the mastoid segment of the

sected because of tumor infiltration efect
was repaired with a sural nerve graft in th&same sit-
ting. Both of these patients had H ad¢’' VI func-
tion immediately after surgery; at 1-year follow-up,
1 patient reached grade III, and the other recovered
to grade II. One patient (No. 3) who underwent an
IFTA approach and permanent anterior transposition
of the FN had grade VI palsy in the immediate post-
operative period, but reached grade I after a year.
The patient (No. 5) who underwent a POTS-trans-
otic approach had grade VI function immediately
after surgery and recovered to grade III after a year.
Of the 2 patients (Nos. 6 and 7) who underwent an
IFTB-transotic approach, 1 had grade VI function

mypatients (84.6%) had gra&
netion. Preoperative FN dz

of
e

patients (Nos. 5,6
rificed in orde

2), the inner ear was sac-
plish safe and total tumor

removal.
Complic whower Cranial Nerve Status, and
Long-Tegm Follow-Up. There were no perioperative

or postopetative deaths, nor cases of cerebrospinal
fluid leakage) meningitis, or vascular injury, in the
1es. The function of the lower CNs para-
e surgery did not recover after surgery in
e patients. A new deficit of one or more of
e er CNs was recorded in 5 patients (41.6%).
patients had a new paralysis of CNs IX and X
required a prophylactic nasogastric feeding tube
e immediate postoperative period. One patient
had paralysis of CNs IX and XI. Cranial nerve XI
alone was lost in 1 case. A new isolated deficit of
CN XII occurred in 1 case. On long-term follow-up,
all patients were able to compensate well for their
lower CN deficits with the help of speech and swal-
lowing rehabilitation. Physical therapy was admin-
istered in the patient with CN XI paralysis to pre-
vent persistent shoulder dysfunction and pain. One
patient had permanent CN VI paralysis (No. 13).
Two patients (15.3%) had recurrences, 36 months
and 6 years after surgical removal, and were treat-
ed with radiotherapy. Serial follow-up MRI dem-
onstrated that these 2 patients had no evidence of
growth at 12 and 37 months from the diagnoses of
recurrence. So far, no patient has developed a distant
metastasis (average follow-up, 47 months; range, 7
to 86 months).

DISCUSSION

Skull base chondrosarcomas are rare lesions, and
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Fig 1. (Patient 10) A) Axial T1-weighted magne
clival chondrosarcoma. Tumor shows heterogenc@
though posterior cranial fossa dura is pushed

erosion of petrous apex and clivus.

only a few single-institution series hage be¢
ed that included more than 10 patiemg040-11.17-19
Because of the small numbers ofgpatients n each of
the series reported and the tre t heterogeneity,
there is still no definitive recommehngation for the
management of these tumg dtal surgical resec-
tion, different radiation teo @ , and the combi-
nation of surgery and poStgpe e irradiation have
all been proposed for ent of chondrosarco-
mas of the skull base.™#!1-14 Skull base chondro-
sarcomas represent a surgi
versy continues %

) moval with minimal su

morbidity. : Different surgical appr es,
both anteri laterally based, have -
scribed for resection of skull base chondrosa S,

including the retrosigmoid,® IFTA 16 Q) oral-
infratemporal 2! combined infrate@and pos-
or

hoice of surgical approac
gical treatment should b

terior fossa,2? transpetrosal-subte craniot-
omy,23 subtemporal-transpetrous,24 0-occipital
transsigmoid 2326 extended frontal 27 supra-infraten-
torial pre—sigmoid sinus,?® and transsphenoid?® ap-
proaches.

In the present series, we mainly used the infratem-
poral approach with its variants (A, B, and C). In-
fratemporal approaches are versatile procedures that
can be combined, if necessary, with other approaches
(eg, translabyrinthine, transotic, transcochlear, trans-
zygomatic).>9-16-30.31 The IFTA approach provides
excellent control of the petrous apex, jugular fora-

*nhancement and appears to be co
ally, Internal carotid artery is enc
placed. B) Axial high-resolution computed tomographic scan with bone windows of

I challenge, and contré- \

ed {0 extradural space even

umor and anteriorly dis-
or shows irregular bone

men, and i inthine areas, as well as the verti-
cal portion of CA .16 The IFTA approach has the
disadvantages of a postoperative conductive hearing
loss res om ear canal closure and FN paresis

relate anterior rerouting of the FN. We used
the 1 pproach in 2 cases of chondrosarcoma
centered™on the jugular foramen with involvement of

cal segment of the ICA. If the tympanic cav-

% FN are not involved, we prefer the POTS ap-
ch2526 gver the IFTA approach. A posterolateral

S) approach to the skull base offers a direct,
servative route to the jugular foramen and adja-
cent areas while keeping the FN in place and pre-
serving the external auditory canal and middle ear.
Areas that can be checked by this approach include
the jugular foramen, cerebellopontine angle, occipi-
tal condyle, ipsilateral lower clivus, vertical portion
of the ICA, and jugulocarotid space.

In this series, we used the POTS approach in a
case of chondrosarcoma centered on the jugular fo-
ramen with extension into the posterior cranial fos-
sa. In another case, the POTS approach was com-
bined with a transotic approach because of a mas-
sive erosion of the carotid canal. The IFTB approach
is designed mainly for lesions involving the petrous
apex and midclivus. This approach allows adequate
control of the vertical and horizontal intrapetrous
ICA while preserving the FN and the inner ear. The
IFTB approach has the disadvantages of postopera-
tive conductive hearing loss due to ear canal clo-
sure and the need to sacrifice the mandibular nerve.
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C)

Fig 2. (Patient 11) A) Axi
involving petrous apex. Inte
scan of same lesion s
intensity projections dem

type B approach,

of horizontal portion of caroi
rates narrowing of cervical and
shaded surface display reconsfruction from computed tomegra

folinium enhancement shows left chondrosarcoma
d. B) Axial high-resolution computed tomographic
al. C) Magnetic resonance angiogram with maximum-
rtions of internal carotid canal. D) Three-dimensional
shows surgical defect that resulted from infratemporal

otéwesh of stent inside internal caroti(
Because the co @ preserved, tumors lying Be- required preoperative interventional neuroradiolog-

tween the mg@iahaspect of the cochlea and the
nal auditor Q@ are not well controlled. se
cases, the IFI'Bya@pproach may be combineQra
transotic approach. In this series, 5 pati nder-
went an IFTB approach, which was gem with
a transotic approach in 2 of them. The IFT€ is an an-
terior extension of the type B approagh ingwhich the
pterygoid process is drilled, providing control of the
nasopharynx, pterygopalatine fossa, and sphenoid
sinus. It gives lateral access for extirpation of extra-
dural lesions involving the infratemporal fossa, the

pterygopalatine fossa, the sphenoid sinus, and the
intrapetrous ICA up to the precavernous segment.

We used an IFTC approach combined with a
transotic approach for a huge petroclival chondro-
sarcoma with a tumor component in the nasophar-
ynx and sphenoid sinus. Two patients in this series

ic management of the ICA. The first patient had a
huge petroclival chondrosarcoma; imaging studies
showed encasement of the intratemporal tract of the
ICA together with angiographic signs of stenosis
(Fig 1). Adequate collateral flow through the circle
of Willis permitted permanent occlusion of the ICA
by the balloon technique. The patient underwent to-
tal tumor removal by an IFTB approach combined
with a transotic approach, without complications.
The second patient underwent stenting of the pe-
trous and cervical segments of the ICA because of
a tumor involving the petrous apex with extension
into the cavernous sinus (Fig 2). The collateral flow
through the circle of Willis was not adequate to per-
mit permanent occlusion of the ICA by the balloon
technique. Two months after stenting, the patient
underwent an IFTB approach, and gross total tumor
removal was achieved. Having the ICA wall rein-
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forced by a stent allowed for relatively safe manipu-
lation of the artery to control its whole circumfer-
ence and reduce the risk of injury of the vessel. The
main risks associated with a stenting procedure are
distal embolization and thrombosis,32 none of which
occurred in this patient. The rate of recurrence is rel-
atively high even after total tumor removal, and it
can occur many years after treatment.>!7 Hence,
prolonged follow-up in these patients is necessary.
Overall recurrence rates have been reported be-
tween 8% and 53% .5-11.17.19 In our series, recurrent
tumors appeared in 15.3% of patients. It should be
noted that recurrence has been seen up to 17 years
after surgery.!!

Some authors propose radiotherapy as a prima-
ry treatment for chondrosarcomas and report results
equivalent to those of surgery and adjuvant radio-
therapy,!0-14 but the efficacy of radiotherapy in long-
term tumor control is still unknown, and further
domized controlled studies with longer fol
are necessary. Furthermore, valid statistical co
isons between radiotherapy and surgery are d

r_

benefits in such

i et al,!® we usu-
radidtherapy as the
h skull base chon-
Ity in achieving
cal salvage of pa-

well balanced against its potentj
slow-growing tumors. Like O
ally do not recommend prima

lignant cartilaginoug
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tients in whom primary irradiation fails. However,
primary radiotherapy may be considered as an al-
ternative treatment in selected cases in which there
are serious medical contraindications to surgery,
as well as in elderly patients. Adjuvant treatments
(preoperative and/or postoperative) such as proton
beam radiotherapy, stereotactic radiotherapy (gam-
ma knife opCyber knife), and fractioned radiother-
apy havegbe cessfully used.!2:14-33 Postopera-
ive i usually recommended in patients
igh riskK of recurrence (tumors more aggres-
e 1), as well as for residual and recur-
re s.5 In our series, all patients with his-
tologigally aggressive tumors (grade II or III) had

rative radiotherapy. Postopegative radiother-
tents who had

CONCL(@
Chondrosarcomas of base are rare tumors

and represent an im; gnostic challenge. We
believe that the pri eatment for chondrosar-
comas of the sku 1s gross total surgical re-
section of the rilyis our philosophy to reserve
postoperative radi rapy for patients with tumors
n grade I, as well as for cases
tion or recurrent tumor. We usu-

mas. ver, radiotherapy may be considered as
a ve primary treatment in selected cases in
w there are serious medical contraindications to

B ,as well as in elderly patients.
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