Chapter 33

Core Messages

m Revision skull-base surgery (SBS) should be prac-
ticed within a multidisciplinary team.

= Standard endoscopic sinus instrumentation is often
inadequate for SBS and specialized equipment is re-
quired.

m Closure of large skull-base defects requires careful
preoperative evaluation and planning of reconstruc-
tive options.

m The use of pedicled mucosal flaps and a multilayered
reconstruction is the key to closing large skull-base
defects.

m The potential for complications differs little from
open SBS, but the ability for faster recovery and less
morbidity is great.

Introduction

Skull-base surgery (SBS) evolved from a combination
of craniofacial surgery and neurosurgery in the 19th
century. Its earliest applications were for the removal of
skull-base tumors and intracranial neurosurgery (39, 57].
Modern SBS now encompasses a diverse group of pathol-
ogies (Table 33.1) [54]. The use of endoscopes in surgery
for skull-base lesions has been particularly successful.
The management of sphenoid papilloma highlights the
advantages of an endoscopic approach - minimal opera-
tive morbidity, direct access to pathology, and detailed
visual assessment of anatomy and resection limits [14].
However, effective and safe treatment of lesions involving
the skull base remains a challenging problem. Difficulties
in endoscopic SBS and its revision include difficulty of
access, the relationship between critical anatomy and pa-
thology, and reconstructive techniques for large defects.
Revision SBS, either open or endoscopic, is a complex
process with a significant risk of postoperative complica-
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tions [12, 44]. In revision SBS, essential nasal landmarks
are often missing. Reconstructive options may be lim-
ited and prior radiotherapy can further impede healing.
Surgical success depends not only on technological ad-
vances, but also on a variety of factors, including intimate
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Table 33.1 Endoscopic skull-base pathologies

« Cerebrospinal fluid leak
« Trauma

- Optic nerve decompression
« Infection

- Epidural abscess

- Osteomyelitis

- Inflammatory sinus disease
+  Mucocele
« Allergic fungal sinusitis
« Benign neoplasms

- Pituitary adenoma

- Fibro-osseous lesions

- Meningioma

- Craniopharyngioma

- Angiofibroma
« Malignant neoplasms

- Sinonasal malignancies

- Esthesioneuroblastoma

- Chordoma

- Chondrosarcoma

- Metastases
« Miscellaneous

- Rathke’s cyst

- Dermoid cyst
Arteriovenous malformation
Epidermoid

knowledge of the involved anatomy, adequate instrumen-
tation, surgical experience, and a structured and appro-
priate surgical approach.

The direct transnasal route is ideal for lesions of the an-
terior and central skull base. There is also increasing ex-
perience in endoscopic management of lateral pathology
within the infra-temporal fossa [31, 49]. The entire ven-
tral skull base can be accessed by a transnasal endoscopic
route. Previous radiotherapy, surgery, and reconstructive
efforts often complicate revision cases. An endoscopic
route often allows minimal dissection of surgical planes.
When the initial procedure was performed via an open
approach, revision endoscopic SBS may provide fresh
tissue planes with access to regions left untreated during
previous surgeries [43]. In addition, postoperative recov-
ery is generally shorter with endoscopic surgery [8] and
morbidity is lower [3].
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There are a variety of indications for which revision en-
doscopic SBS may be performed. Removing recurrent
disease is only one indication for those who need revision
endoscopic SBS.

= Broadly, the goals of revision endoscopic SBS should
include:
1. Removal of disease.
2. Treatment of the complications arising from previ-
ous SBS.
3. Minimize functional loss:
a. Vision
b. Other cranial nerve integrity
c. Pituitary/hypothalamic function
d. Orbital function

An understanding of the significant complications asso-
ciated with surgery, whether neurological, orbital, endo-
crine, or infectious, is paramount to an informed discus-
sion with a patient considering revision endoscopic SBS.

The team approach in the management of challenging
pathology is still a relatively novel concept in medicine.
Although the multidisciplinary team (MDT) has evolved
only in the last few decades, complication rates from
SBS, since the introduction of such an approach, have
decreased [4]. The MDT approach should include neu-
rosurgery, otolaryngology, intensive care, anesthesiology,
pathology, endocrinology, and paramedical staff, such as
skilled nursing to care for patients at risk of significant
neurological sequelae [4, 32, 43, 46]. The MDT is even
more applicable to the management of the revision SBS
patient. With complication rates from open revision SBS
approaching 30-50% in some series [12], the need for
multiteam discussion and care is essential (Fig. 33.1).

= Indications:

1. Disease:
a. Removal of persistent disease.
b. Decompression of cranial nerves with subtotal

resection.

c. Planned second stage.

2. Common complications from prior SBS:
a. Cerebrospinal fluid (CSF) leaks
b. Frontal recess occlusion
c. Sphenoid sinus obstruction
d. Mucoceles
e. Encephalocele formation
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Fig. 33.1 'The specialist groups involved in the care of the re-
vision skull-base surgery patient (Reproduced with permission
from Centro de ORL, Sao Paulo, Brazil)

PATHOLOGY

f. Subdural hematoma
g. Osteoradionecrosis

= Contraindications:
1. Acute/subacute rhinossinusitis.
2. No MDT service.
3. Lack of specialized equipment.

Preoperative Workup

Revision endoscopic SBS is often substantially more
complex than primary surgery because essential nasal
landmarks have frequently been removed or drastically
altered. The skull base, lamina papyracea, and other natu-
ral barriers to complications may be eroded or removed
from previous surgery. Posterior septectomy and partial
or total amputation of the turbinates are common ana-
tomical alterations from prior surgery. It is essential in
the preoperative endoscopic evaluation to identify these
changes in the skull base and nasal cavity. Pathology may,
additionally, be hidden behind previous reconstructive ef-
forts. A careful surgical plan for the reconstruction of any
skull-base defect is very important. The use of pedicled or
free mucosal grafts might be hindered by previous sep-
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tum and turbinate removal. The loss of reconstructive op-
tions may be considerable.

Imaging is crucial in the evaluation for revision SBS. This

will almost always include both computed tomography

(CT) and magnetic resonance imaging (MRI) modalities.

A minimum slice thickness of 3 mm (preferably less) of

coronal, axial, and sagittal CT images of the sinuses and

skull base are essential in the assessment for surgery. In

addition to diagnostic information, CT offers critical ana-

tomical information such as [59]:

1. The presence and extent of erosions of the skull base.

2. 'The integrity of the medial orbital wall.

3. 'The position of anterior skull-base vessels.

4. The integrity and degree of aeration of paranasal si-

nuses (particularly the sphenoid sinus).

. The location and presence of intersinus septae.

6. The position and erosion near internal carotid arteries
(ICAs), optic nerves, and cavernous sinuses.

7. The relationship between the roof of the ethmoid si-
nuses and the cribriform plate.

8. The presence of Onodi cells.

w

MRI is the imaging study of choice to assess patients for
recurrent skull-base tumor [66]. MRI is also particularly
important when CT reveals soft-tissue densities adjacent
to dehiscent bone in the skull base. The evaluation of de-
hiscent areas becomes even more crucial when located in
the lateral sphenoid. latrogenic injury to this region can
result in significant bleeding, the formation of a carotid
pseudoaneurysm, or optic nerve injury.

= Anatomical areas that pose greater challenges to resec-
tion should be carefully evaluated. These include the:
1. Cavernous sinus
2. Meckel’s cave
3. Jugular foramen
4. ICA.

The involvement of the carotid artery, the vertebrobasilar
system, or dural sinuses should also alert the surgeon to
additional risk to the intracranial vasculature [43].
Appropriate imaging sequences are essential in the
correct interpretation of MRI changes. Previous SBS will
often leave enhancing tissue that may be a combination of
recurrent tumor, scar tissue, and reconstructive grafts.

= The use of T1-weighted images and fat saturation tech-
niques before and after gadolinium enhancement will

Unfiled Notes Page 3



33

292

reduce misdiagnosis, such as changes related to free fat
grafts used in prior reconstruction.

Scar and other high signal tissues may not be easily dis-
cernable from recurrent disease. Changes on serial exam-
inations, after an early postoperative baseline study, may
be the only characteristic features of residual pathology
[43]. MRI also enables differentiation of tumor from re-
tained secretions.

Magnetic resonance angiography or CT angiography
(Fig. 33.2) [36] can be used to assess the structure of me-
dium-to-large arteries in patients when erosion of the
sphenoid and clivus has occurred. The relationship be-
tween the basilar arteries and ICAs to pathology is crucial
in this area. Although conventional angiography is not
routinely performed, it may verify the functional integ-
rity of the circle of Willis, the extent of any carotid artery
compromise, and differentiate aneurysm from tumor.

Even with the best preoperative imaging, the relationship
between tumor and intracranial structures can be diffi-
cult to demonstrate. It is extremely difficult to evaluate
before surgery whether some tumors are extra-arachnoi-
dal, extrapial-subarachnoidal, or partially intraparenchy-
mal-subpial [16]. This weighs heavily on considerations
to obtain complete resection. Parasellar pathologies such
as craniopharyngiomas may often encase the pituitary
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stalk or involve the hypothalamus. Resection of the pitu-
itary stalk carries considerable morbidity with hormone
replacement and reproductive dysfunction for adults, and
has an even greater impact on growth and development
for children. Hypothalamic injury may result in severe,
crippling and life-threatening sequelae, such as adipsia,
morbid obesity, sleep disturbances, and behavioral and
cognitive disorders [56]. The decision to attempt complete
tumor removal when resection or injury to these struc-
tures is inevitable should be discussed with the patient
prior to surgery and not left to an intraoperative dilemma
when such circumstances arise [17]. Careful preoperative
assessment with an endocrinologist, within an MDT, for
pituitary and hypothalamic dysfunction is essential in the
operative planning for these patients [40, 48, 56].

Endoscopic SBS is highly dependant on specialized in-
strumentation and its absence is an absolute contraindi-
cation to surgery. Dissection instruments and drills that
are appropriately long enough to perform dissection be-
yond the sphenoid are essential. Similarly, high-quality
endoscopes and video equipment are required. It is not
appropriate to perform endoscopic SBS without camera
equipment. An entire operative team needs to be visu-
ally informed of the state of surgery. A second surgeon,
for bimanual dissection, and theater staff should be ac-
tively involved. The ability to maintain hemostasis and

Fig. 33.2 Computed tomography angiogram of a recurrent clival chordoma. Note the laterally displaced position of the inter-

nal carotid arteries (ICAs). (Reproduced with permission from Centro de ORL, Sao Paulo, Brazil)
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Fig. 33.3 Endoscopic skull-base surgery equipment. a 5.2-mm
and 4-mm endoscopes. b Image-guidance systems. ¢ Long bi-

a workable operative field during prolonged surgery is a
demanding aspect of extended endoscopic surgery. Long
endoscopic bipolar forceps and hemostatic materials
such as Surgicel or Avatine are essential to this process
(Fig. 33.3) [28].

Precise knowledge of previous radiotherapy fields will
have significant impact on reconstructive options. In ir-
radiated tissue, multilayered free graft repair of skull-base
defects has a high dehiscence rate in our experience and
elsewhere [45]. Reconstruction of the irradiated skull
base almost always demands vascularized tissue. Pedicled
mucoperiosteal and mucoperichondrial flaps are used for
reconstruction. Radiotherapy may also thicken the pia-
arachnoid tumor interface, obscuring dissection planes,
and contribute to a greater risk of neural injury [43].

polar forceps. d Long protected drill shafts. (Reproduced with
permission from Centro de ORL, Sao Paulo, Brazil)

Surgical Techniques

= The medial orbital wall, orbital apex, and prechiasmal
optic nerve axis is a key landmark in revision SBS.

= Dissection should always proceed from known to un-
known.

Endoscopic dissection in a previously operated skull base
can be challenging due to the loss of traditional surgical
landmarks. The use of image guidance has gained in-
creasingly popularity since early reports of its use [6]. Im-
proving the accuracy of image guidance has an associated
learning curve [55] and occasional use may prove frus-
trating to the unfamiliar. Fusion MRI and CT guidance
may provide more significant information for the sur-
geon operating on the skull base with extensive bone loss
and altered soft-tissue structures [34]. However, detailed
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