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Summary

Background. 1t is well known that clival chordomas invade bony
structures; however, their invasiveness of other structures has rarely
been reported. We report an autopsy case of clival chordoma in a
61-year-old woman, who underwent surgery 6 times for a period of
8 years, with special reference to its local invasiveness.

Method and Findings. The histological studies showed that the
tumour grew in the loose connective tissue in multilayers or multi-
lobular fashion, invading the submucous layer in addition to the
bone; however, it did not invade other soft tissue, particularly vital
neurovascular structures or the dura itself, even in the advanced
stage.

Interpretation. The dura may serve as a strong barrier against
tumour invasion into the intradural space, which emphasises the
importance of not injuring the dura, when the tumour is removed
extradurally. For radical removal of clival chordoma, it will be nec-
essary to remove the tumour extensively including normal bone and
soft tissues surrounding the tumour, especially the mucous mem-
brane, because the normal mucous membrane is surgically difficult
to preserve by dissecting it from the invaded submucous layer.
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Introduction

It is well known that clival chordomas invade the
bony structure [25]; however, their invasiveness other
structures has rarely been reported [7, 10, 12, 21]. We
report an autopsy case of clival chordoma with special
reference to its local invasiveness.

Methods and Patient

Case Report

Clinical course. This 61-year-old woman was referred to our hos-
pital at the age of 53 years, with a 1.5-year history of diplopia and
left-sided ptosis, and a 3-month history of numbness of the face on
the left side. Neurological examination on admission revealed bilat-
eral visual disturbance, left-sided ptosis and total ophthalmoplegia,
and hypalgesia and hypesthesia of the face in the left side. Computed
tomography scanning revealed a low density mass with enhanced
rim at the left petroclival region as well as bony destruction of the
upper clivus, petrous apex and anterior clinoid process (Fig. 1, left).

\

Fig. 1. Neuro-imaging before the first operation. A computed tomography scan revealing a low density mass with enhanced rim at the left
petroclival region as well as bony destruction of the upper clivus, petrous apex and anterior clinoid process (left). Magnetic resonance images
showing a well-enhanced mass involving the left cavernous sinus and clivus (middle: axial view, right: sagittal view)
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Table 1. Profile of Surgery in the Patient

Date of surgery Procedures

1. 1989, March It. frontotemporal craniotomy with
zygomatic osteotomy

2. 1990, August transsphenoidal approach

3. 1991, June transfacial approach

4. 1992, October It. infratemporal fossa approach

S. 1995, March transbasal approach

6. 1997, April rt. infratemporal fossa approach

It. Left, rt. right.

Magnetic resonance (MR) imaging revealed a well-enhanced mass
as low signal intensity in T1-weighted image and high signal intensity
in T2-weighted image involving the cavernous sinus and clivus
(Fig. 1, middle and right). The tumour was subtotally removed via
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a left frontotemporal craniotomy with zygomatic osteotomy. Left
visual acuity improved slightly; facial hypalgesia and hypesthesia
were slightly worsened postoperatively. Pathological diagnosis was
typical chordoma.

After the operation, the patient underwent surgery 5 more times
for tumour regrowth, each time resulting in partial removal (Table
1). In April 1997, the 6th operation was performed via a right
infratemporal fossa approach. Pre-operative examination showed
bilateral blindness, cranial nerve palsy of the bilateral 3rd to 6th
nerves and right 12th nerve, and right-sided slight hemiparesis
without sensory disturbance or cerebellar sign. The tumour was
partially removed uneventfully. An MR image taken 6 months after
the surgery revealed massive regrowth of the tumour at the cen-
tral external skull base extending to the right infratemporal fossa. It
was encasing both internal carotid arteries, and compressing the
midbrain (Fig. 2). One month later, she died due to respiratory dys-
function.

At autopsy, the tumour was removed en-block with surrounding
structures. This specimen was then studied macro- and microscopi-

Fig. 2. Magnetic resonance images before the patient’s death. Enhanced magnetic resonance images obtained at 6 months after the last oper-
ation (one month before death) revealing massive regrowth of the tumour at the external central skull base extending to the right infratemporal
fossa, which is entirely encasing both internal carotid arteries and compressing the midbrain. (upper: axial views, lower: coronal views)
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cally with reference to tumour invasion of surrounding structures
such as the bone, muscle, mucous membrane, artery, vein, nerve and
dura.

Results

Macroscopic Observation

The tumour occupied both cavernous sinuses with
extension into the clivus area, adhered moderately to
the brain, and compressed the brainstem markedly.
The tumour was mostly located extradurally; it partly
extended into the intradural space through a ruptured
part of the dura mater.

Microscopic Observation

The pathological diagnosis was typical chordoma
(Fig. 3.1), which was confirmed by immunohisto-
chemical studies. The tumour grew into the space of
the loose connective tissue among the vessels, nerves
and muscles in multilayers or multilobular fashion.
The loose connective tissue was lost where the tumour
had spread. The bone including the marrow was di-
rectly invaded by the tumour; the normal bony struc-
ture was destroyed with loss of the periosteum, and
normal bony margins were unclear without a definite
membranous structure between the tumour and bone
(Fig. 3.2). The mucous membrane of the nasophar-
yngeal cavity, the mucous epithelium and propria were
compressed without tumour infiltration, while the
submucous layer was invaded by the tumour in multi-
lobular or cluster fashion (Fig. 3.3).

The tumour did not invade the artery (internal ca-
rotid artery), vein, nerve, muscle or fascia; the adven-
titia of the artery and epineurium were well preserved,
even though these structures were strongly compressed
by the tumour (Figs. 3.4-3.6). In this area the tumour
was surrounded by a membranous structure, which
was not a true tumour capsule (pseudocapsule [19]).
The dura mater was compressed and thinned by the
tumour, but the dural tissue itself was well preserved
and not infiltrated by the tumour (Fig. 3.7).

Discussion

Chordomas, particularly clival chordomas, have
been considered as one of the most difficult tumours to
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treat surgically [5, 8, 13, 18, 19], because of their criti-
cal location and infiltrative propensity into surround-
ing structures. In this study, we found that the tumour
tended to grow in the loose connective tissue among
the vessels, nerves and muscles in multilayers or mul-
tilobular fashion [5, 13, 19], and to invade the bony
structure and submucous layer, but did not invade the
artery, vein, nerve, dural tissue, muscle, fascia or mu-
cous membrane itself.

Some authors have described that cranial chordo-
mas simply displace surrounding soft tissues without
invasion, though they invade the bone [7, 12, 13, 21],
or that they only compress the adjacent artery and
nerve without invasion [10]. Our observation histolog-
ically confirmed most of their findings, but an espe-
cially noteworthy finding in our study was that the
tumour invaded the submucous layer, and did not
invade the dura itself and vital neurovascular struc-
tures even in the advanced stage, or even if the re-
peated surgical interventions have affected the in-
vasive potential of this tumour. Intradural tumour
extension, which is occasionally encountered and can
bring a fatal result, might be caused by rupture of the
dura as a result of tumour compression, not by direct
tumour invasion of the dura. The dura serves as a
strong barrier against tumour extension into the intra-
dural space. It is, therefore, important not to tear or
open the dura, when the tumour is removed extra-
durally.

Since many skull base approaches to the clival
region have been reported [2, 3, 4, 6, 11, 14-17, 20,
22-24], an extensive and aggressive surgical approach
is advocated to increase the rate of radical removal
[1, 9]. However, the recurrence rate seems to be still
high even using advanced microsurgical and skull base
techniques [9]. The difficulties in radical removal of
clival chordomas may be mainly due to their in-
vasiveness of the submucous layer and extension into
the loose connective tissue in multilayers or multi-
lobular fashion. For radical removal of clival chor-
domas, it will be necessary, at the initial surgery, to
remove not only the invaded bone and submucous
layer but also normal bone [21] and soft tissues sur-
rounding the tumour, especially the mucous mem-
brane over the tumour as much as possible. Because
normal bony margins are not clearly defined [21], the
tumour extends in the loose connective tissue, and
the normal mucous membrane is surgically difficult to
preserve by dissecting it from the invaded submucous
layer.
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Fig. 3. Microscopic findings of the tumour and its surrounding structures (H & E) (1) showing the pathological findings of the tumour as typical
chordoma. Original magnification x 40. (2) showing that the bone is invaded by the tumour (7°) and its normal structure is destroyed without
clear bony margins. Original magnification x 36.7. (3) showing that the epithelium and propria of the nasopharyngeal mucous membrane (M)
are well preserved but the submucous layer (SM) is invaded by the tumour (7") in multilobular or cluster fashion (arrows). Original magnifi-
cation, left x 8, right x 10. (4) showing that the adventitia of the internal carotid artery (A4) is well preserved without tumour infiltration despite
the fact that it is encased by the tumour (7°). Original magnification x 5.3. (5) showing that the vein (7) has no tumour (7") infiltration. Original
magnification x 13.2. (6) showing that the trigeminal nerve (N ) has no tumour (7’) infiltration. Original magnification x 31.2. (7) showing that
the dura (D) is well preserved without tumour (7') infiltration, though it is thinned by tumour compression. Original magnification x 40



Invasiveness of Clival Chordoma

References

1.

10.

11.

12.

14.

Al-Mefty O, Borba LAB (1997) Skull base chordomas: a man-
agement challenge. J Neurosurg 86: 182189

. Anand VK, Harkey HL, Al-Mefty O (1991) Open door max-

illotomy for lesions of the clivus. Skull Base Surg 1: 217-224

. Bowles AP Jr, Al-Mefty O (1996) The transmaxillary approach

to clival chordomas. In: Al-Mefty O et al (eds) Controversies in
neurosurgery. Thieme, New York, pp 115-122

. Cocke EW, Robertson JH, Robertson JT, Crook JP Jr (1990)

The extended maxillotomy and subtotal maxillectomy for exci-
sion of skull base tumors. Arch Otolaryngol Head Neck Surg
116:92-104

. Dahlin DC, MacCarty CS (1952) Chordoma. A study of fifty-

nine cases. Cancer 5: 1170-1178

. Derome PJ, Guiot G (1979) Surgical approaches to the sphe-

noidal and clival area. In: Krayenbuhl H et al (eds) Advances
and technical standards in neurosurgery, vol 6. Springer, Wien
New York, pp 101-136

. Derome PJ, Visot A, Monteil JP, Maestro JL (1987) Manage-

ment of cranial chordomas. In: Sekhar LN et a/ (eds) Tumors
of the cranial base. Diagnosis and treatment. Futura, Mount
Kisco, New York, pp 607-622

. Forsyth PA, Cascino TL, Shaw EG, Scheithauer BW, O’Falon

JR, Dozier JC, Piepgras DG (1993) Intracranial chordomas: a
clinicopathological and prognostic study of 51 cases. J Neuro-
surg 78: 741-747

. Gay E, Sekhar LN, Rubinstein E, Wright DC, Sen C, Janecka

IP, Synderman CH (1995) Chordomas and chondrosarcomas of
the cranial base: results and follow-up of 60 patients. Neuro-
surgery 36: 887-897

Goel A (1995) Chordoma and chondrosarcoma: relationship to
the internal carotid artery. Acta Neurochir (Wien) 133: 30-35
Harsh GR IV, Sekhar LN (1992) The subtemporal, trans-
cavernous, anterior transpetrosal approach to the upper brain
stem and clivus. J Neurosurg 77: 709-717

Heffelfmger MJ, Dahlin DC, MacCarty CS, Beabout JW (1973)
Chordomas and cartilaginous tumors at the skull base. Cancer
32:410-420

. Higinbotham NL, Phillips RF, Farr HW, Hustu HO: Chor-

doma (1967) Thirty-five-year study at Memorial Hospital.
Cancer 20: 1841-1850
James D, Crockard HA (1991) Surgical access to the base of
skull and upper cervical spine by extended maxillotomy. Neu-
rosurgery 29: 411-416

. Kyoshima K, Matsuo K (1997) Transfacial approach to the

16.

18.

20.

21.

22.

23.

24.

25.

1069

skull base with the degloving procedure. In: Torrence M et al
(eds) Operative skull base surgery. Churchill Livingstone, New
York, pp 107-115

Lalwani AK, Kaplan MJ, Gutin PH (1992) The transsphe-
noethmoid approach to the sphenoid sinus and clivus. Neuro-
surgery 31: 1008—1014

. Rabadan A, Conesa H (1992) Transmaxillary-transnasal

approach to the anterior clivus: a microsurgical anatomical
model. Neurosurgery 30: 473-482

Raffel C, Wright DC, Gutin PH, Wilson CB (1985) Cranial
chordomas: clinical presentation and results of operative and ra-
diation therapy in twenty-six patients. Neurosurgery 17: 703—710

. Rich TA, Schiller A, Suit HD, Mankin HJ (1985) Clinical and

pathologic review of 48 cases of chordoma. Cancer 56: 182—187
Sekhar LN, Nanda A, Sen CN, Synderman CN, Janecka IP
(1992) The extended frontal approach of the anterior, middle,
and posterior skull base. J Neurosurg 76: 198-206

Sen CN, Sekhar LN, Schramm VL, Janecka IP (1989) Chor-
doma and chondrosarcoma of the cranial base: an 8-year expe-
rience. Neurosurgery 25: 931-941

Spetzler RF, Herman JM, Beals S, Joganic E, Milligan J (1993)
Preservation of olfaction in anterior craniofacial approaches.
J Neurosurg 79: 48-52

Uttley D, Moore A, Archer DJ (1989) Surgical management of
midline skull-base tumors: a new approach. J Neurosurg 71:
705-710

Van Loveren HR, Fernandez PM, Keller JT, Tew JM Jr,
Shumrick K (1994) Neurosurgical applications of Le Fort I-type
osteotomy. Clin Neurosurg 41: 425-443

Watkins L, Khudados ES, Kaleoglu M, Revesz T, Sacares P,
Crockard HA (1993) Skull base chordomas: a review of 38
patients, 1958—1988. Br J Neurosurg 7: 241-248

Comment

A well written, interesting Case Report of an autopsy study of a
massive chordoma of the base of the skull. The authors concentrate
on demonstrating tissues that do not seem to be invaded by tumour.
From the imaging it could be quite a unique case.
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