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Abstract

Parasellar lesions comprise a wide variety of inflammatory and benign or malignant
tumorous processes. Each of these lesions requires individual considerations regarding
the best management. Percutaneous biopsy through the foramen ovale should be
performed in cases of insufficiency of imaging findings to avoid unnecessary open
procedures or inappropriate treatment and to guide therapeutic decision. Pathological
diagnostic may be sometimes difficult to ascertain with imaging findings. The parasellar
region can be reached for biopsy through the foramen ovale percutaneously. After a
complete overview of surgical anatomy, the authors describe the used methods. Based on
the authors’ experience with 50 such procedures, the results are described in terms of
diagnostic accuracy and morbidity. Percutaneous biopsy revealed a good diagnostic
accuracy with a sentitivity of 83% (CI: 52 — 98) and a specificity of 100% (ClI: 79 — 100).
No mortality was deplored and morbidity was mostly transient. Indications are lesions
located in Meckel’s cave, posterior part of the cavernous sinus and upper part of
petroclival region.

Introduction

Various types of lesion may appear in the parasellar region, so called “cavernous sinus”
and its surroundings. The most frequent encountered tumors are meningiomas but neuromas,
chordomas, metastasis and lymphomas are also often seen. Non-tumorous processes such as
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inflammatory process can be a differential diagnosis of lesions in the cavernous sinus area [1,
2]). Many lesions in this area have been considered unresectable because of the existence and
density of important neurovascular structures [3], and total removal of these various lesions
are associated with a relatively high rate of morbidity and mortality [4]. The different surgical
open approaches are: the fronto-pteriono-temporal craniotomy to access the Parkinson
triangle, the subtemporal approach to reach the Mullan triangle, the pterional approach to
reach the roof of the cavernous sinus along the third nerve (Dolenc or Hakuba) or through the
carotid ring (Perneczky), the inferomedial wall by transsphenoidal approach (Laws), the
contralateral subfrontal approach to access the superomedial wall (Sano), the periauricular
infratemporal approach to access the Meckel’s cave (Sekhar). Although the microsurgical
anatomy of this region has been extensively described in the past [5-11], surgical exposure is
still challenging for neurosurgeons. However, several treatment strategies are available. A
choice has to be made between radical surgical removal, conservative surgery combined with
radiotherapy, medical treatment or simple survey. Furthermore, the choice between surgical
or non-surgical treatment is still controversial and the treatment of each lesion requires
individual consideration [12-14]. Therefore it is necessary to obtain the exact pathological
diagnosis of the lesion in order to establish the best strategy. Current neuroimaging can
indirectly provide a diagnosis but lesions in this area are sometimes difficult to characterize
radiologically so that a histopathological diagnosis can be necessary with this goal.
Percutaneous biopsy through the foramen ovale has been developed. The first description was
reported by Stechison and Bernstein [15] in 1989. This technique uses the same approach of
the technique for percutaneous treatment of trigeminal neuralgia described by Hartel [16] and
Kirschner [17]. This percutaneous biopsy allows performing cytological and/or
histopathological examination avoiding unnecessary open craniotomy.

The aim of this chapter is to familiarize readers to the decision-making process for
percutaneous biopsy through the foramen ovale. For this goal, authors will recap surgical
anatomy and highlight method, indications and results. This chapter is based on the
experience of the senior neurosurgeon (M.S.) who operated on 306 central skull base tumors
between 1991 and 2010, among which 50 patients benefited from percutaneous biopsy
through the foramen ovale.

Surgical Anatomy

An exact knowledge of the anatomical region crossed by the biopsy needle is of
paramount importance in order to avoid any complication and to reach correctly the
cavernous sinus area. There are three main landmarks, which delineate the triangular bases of
the 3D pyramid area with its apex at a cutaneous point 3 cm from the labial commissure:

1. The foramen ovale

2. The cutaneous point 3 cm anterior to the tragus, on the orbito-meatal line along the
inferior border of the zygoma.

3. The pupilla
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The entry point of the percutaneous needle (Figure 1) is the apex of the pyramidal area
i.e. the cutaneous cheek point located 3 cm from the labial commissure.
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Figure 1. Landmarks for the transjugal-transovale route for percutaneous biopsy. The entry point (1) is
located 3 cm from the labial commissure. The trajectory to the foramen ovale is defined by targeting at 35
mm anterior to the tragus (2) in lateral view and the medial border of the pupilla (3) in frontal view. Depth is
guided by fluoroscopy.

From this point to the parotid duct, there is the inferior segment that is approximately 13
mm in length. From the parotid duct to the lateral pterygoid muscle, there is the middle
segment which lengths approximatively 29 mm. It is constituted of fatty tissue and contains
the lingual, the chorda tympani, and, the buccal and the inferior alveolar nerves. This segment
should be passed very carefully because it is possible to encounter branched of the maxillary
artery. From the lateral pterygoid muscle to the foramen ovale, there is the superior segment.
This passage should also be made with caution because there is still the possibility to
encounter the maxillary artery located posteriorly to the lateral pterygoid muscle. There is
also a risk to encounter the pterygoid venous plexuses.

The passage through the foramen ovale leads the needle to the trigeminal cave where it is
necessary to be vigilant to the trigeminal system [18]. When reaching the skull base, many
structures may be encountered [19]:

e The internal jugular vein: located approximatively 27 mm posterolaterally to the
right needle trajectory
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e The internal carotid artery: located either approximatively 25 mm posteriorly to the
right needle trajectory into the petrous carotid canal or at the foramen lacerum if
cases of deviation of the needle from 10° medially of the correct trajectory

e The inferior and superior orbital fissures, and, the optic nerve, in cases of deviation
of the needle from 17° anteriorly of its correct trajectory

e The membranous portion of the auditory tube in cases of deviation of the needle from
9° angle in the anteromedial direction of the correct trajectory

Surgical Procedure

Preoperative Protocol

When preparing a percutaneous biopsy though the foramen ovale, patients should be
evaluated preoperatively using Magnetic Resonance Imaging (MRI), Computed Tomography
Scanning (CT-scan) and cerebral angiography. MRI evaluation used T1 weighted images with
and without enhancement and T2 weighted images in sagittal, coronal and axial planes. This
MRI provides information about tumor extent and its relationship with the internal carotid
artery. CT-scan with 3D reconstruction provides information regarding bone structures
(erosions, calcifications) and the diameter of the foramen ovale. Selective angiographic
details tumor’s vascularization and allows eliminating an arteriovenous malformation or
arterial aneurysm. All these examinations are realized in order to optimize the surgical
procedure of the biopsy.

The preoperative evaluation also includes neurootological and ophthalmological
examinations.

Figure 2. Biopsy needle (ref Sindou Biopsy Needle N°ACS-976 DIXI microtechniques SAS, 4 chemin de
Palente - BP 889, 25025 Besangon, Cedex, France). A: Outer needle introduced first with needle B for
puncturing; B: inner solid needle withdrawn when the targeted region is reached; C: inner needle placed into
Outer needle to aspirate tissue samples, this needle is connected to a 20 ml syringe allowing strong negative
pressure to aspire.
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Surgical Steps

Patients are operated using light anesthesia with propofol (Diprivan; Zeneca Pharma,
Cergy, France) and local anesthesia with xylocaine at the site of the cheek up to the pterygo-
maxillary fossa. Patients are in supine position and the procedure is performed under
fluoroscopy. A biopsy needle, a Tuohy’s No. 14 needle [20] (Cordis S.A., Sofia Antipolis,
France) or a new designed needle (Sindou 2010) (Figure 2) is introduced through the foramen
ovale according to the technique used for trigeminal thermorhizotomy [21, 22].

The entry point as described above is located 3 cm lateral to the labial commissure and
the right trajectory is to reach the foramen ovale 3 cm anterior to the tragus on a horizontal
line corresponding to the inferior border of the zygoma and the pupilla. The location of the
needle tip, which reaches to Meckel’s cave is confirmed by a lateral view X-Ray (Figure 3).
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Figure 3. Lateral control X Ray of needle insertion. To be correctly place, the tip of the needle must be
approximatively at the intersection between the upper petrous ridge line (continuous line) and the clivus line
(dotted line). When entering the pterygo maxillary fossa, note that the projection of the needle passed at the
maxillary sinus angle (ovale)

Then, the needle is connected to a 20 ml syringe through which strong negative pressure
is applied, and at least two specimens of soft consistency without any trouble are obtained.

In all the cases, the cytological specimens are studied using the May-Grunwald staining
technique, either directly or after centrifugation. Preliminary staining and microscopic
examination of each specimen are performed extemporaneously at the department of
histology. When the samples are big enough, additional conventional histological techniques
and study of the immunological markers are added.
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Indications for Percutaneous Biospy — Management

A recent published article [23] on a series of 50 patients by Messerer et al. the senior
author (MS) discussed the percutaneous biopsy of cavernous sinus lesions, i.e. cavernous
sinus, Meckel’s cave and petroclival apex region, through the foramen ovale.

There are a great variety of symptoms that can reveal a mass lesion of the cavernous
sinus area, including benign or malign tumors. Some symptoms have been described in the
literature to be more frequent in certain lesions. For instance, patients with malignant lesions
of the Meckel’s cave may be more likely to suffer paresthesiae and trigeminal motor deficits
than those with meningiomas [24]. However, it is really important to notice that any symptom
or association of symptoms cannot be considered as a specific sign of a disease. Every
symptom may reveal every disease.

By comparison with this great variety of symptoms, there are also a great variety of
lesions that can match with many types of symptoms and each lesion may require its own
treatment strategy. The cavernous sinus and its surroundings can be invading by intrinsic
tumors such as trigeminal neuromas, meningiomas, congenital tumors (epidermoid cysts,
lipomas and dermoids), or, by secondary tumors which consist in retrograde perineural
extension along the trigeminal nerve or in subarachnoid dissemination and metastasis from
extracranial malignancy [25]. The incidence of cancer first presenting as one or more
metastatic intracranial lesions is between 5% and 12% [26]. Furthermore, it is difficult to
distinguish metastatic tumors from benign tumors solely based on clinical or radiographic
characteristics, especially in those patients without an identified primary malignancy at the
time of presentation. In a historic series of 137 cavernous sinus, there were 37% of malignant
lesions described by Sekhar et al. [6] in 1991.

In the beginning of the nineties, the treatment of cavernous sinus lesions was practically
exclusively surgical with the will of neurosurgeons to obtain gross total removals. This
surgical treatment was associated with a relatively high rate of morbidity [4, 9, 27]. However
from the end of this decade, a bend was marked with the advent of oncological treatment such
as radiosurgery and, other approaches to treatment were advocated with the aim of achieving
an optimal life quality [28, 29]. Coppa et al. [30] reported that surgical resection of skull base
malignancies may no longer be the “gold standard” or optimal first line treatment thanks to
the advent of radiosurgery. For instance, for a meningioma that is not resectable, many
studies demonstrated a high degree of local tumor control after radiosurgery [28]. Pollock et
al. [31], in a series of 198 meningiomas, demonstrated that radiosurgery provided superior
tumor control for patients with either a Grade 2 or Grade 3 — 4 resection. Therefore when
mass lesions are revealed during diagnostic evaluation, tissue diagnoses should be obtained
because it is absolutely necessary to establish an exact pathological diagnosis in order to
provide the best management and to avoid unnecessary surgical procedures and its associated
morbidity.

Our series published in the literature [23] represents the largest series of percutaneous
biopsy through the foramen ovale for the diagnosis of cavernous sinus area lesions. Since its
first description in 1989 by Stechison et al. [15], studies have been involved but they only
reported few cases [32-34] preventing the analysis of their diagnostic accuracy. Only one
report included more than five patients [20]. Our series allowed us to evaluate the diagnostic
accuracy of the percutaneous biopsy in comparison with histopathological examination which
came from a second surgery. The sensitivity to distinguish benign and malign tumors was
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83% (CI: 52 — 98) and the specificity was 100% (CI: 79 — 100). In addition, the kappa
coefficient showed a good correlation in terms of histopatholgical diagnosis between biopsy
results and histopathological results from another surgery.

Although this diagnostic test is not perfect, it can be used as a useful add-on test in order
to identify the pathological diagnosis of cavernous sinus area lesions. Figures 4, 5, 6 and 7
show sample examples of imaging, biopsy and/or histopathological (from open surgery)
findings for some patients.

In addition, percutaneous biopsy via the foramen ovale for cavernous sinus area lesions
and percutaneous trigeminal rhizotomies has been reported previously and is considered to be
a minimal invasive procedure without major complications [20, 33, 35]. In our published
study [23], we encountered two complications: a face cellulitis and a cheek hematoma likely
due to a vascular injury of the maxillary artery that is located on the very trajectory of the
needle [36].
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Figure 4. Coronal T1-weighted images with gadolinium enhancement showing a lesion into the right
cavernous sinus with a floor middle fossa extension. Percutaneous biopsy stated for a meningioma, which
was confirmed at open surgery.

Figure 5. Coronal T1-weighted images with gadolinium enhancement showing a lesion into the right
cavernous sinus extending to the tentorial incisura, suggesting a meningioma. Percutaneous biopsy stated for
an inflammatory pseudotumor. Lesion regressed after corticosteroid treatment.
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Figure 6. a: Axial T1-weighted MR images, and, b: sagittal T1-weighted MR image, with gadolinium
enhancement showing a lesion into the right cavernous sinus extending to the pterygomaxillary fossa.
Percutaneous biopsy stated for an adenocarcinoma and the patient was treated with chemotherapy.

RN (O VIS0

a 7

Figure 7. a: Coronal T1-weighted MR image and, b: axial T1-weighted image, with gadolinium enhancement
showing a lesion into the right cavernous sinus. This patient was initially referred for diploplia due to a right
oculomotor nerve palsy. Percutaneous biopsy stated for an inflammatory pseudotumor. Lesion totally
regressed after corticosteroid treatment.

The major inconvenience of the percutaneous biopsy is the difficulty in obtaining a
sufficient fragment of pathological processes in order to allow a cytohistopathogical
examination. Though, it is necessary to have a close cooperation between the referring
neurosurgeon and the cytopathologist. Another problem is the relatively high frequency of
presence of meningeal cells in fragments of lesions, which are not meningiomas. This is



Percutaneous Biopsy of Parasellar Lesions Through the Foramen Ovale 233

certainly due to the effraction of the meninges during the biopsy. So it can lead to a wrong
diagnosis when no other types of cells are present in the fragment due to a wrong biopsy.

PARASELLAR LESIONS

Informative clinical and imaging features

Yes No

Lesions located in:

- Meckel's cave

- upper petro-clival region

- posterior part of the cavernous sinus

PERCUTANEOUS BIOPSIES
Productive (86%)

Indications for:

- Open craniotomy

- Oncological treatment
- Medical treatment

- Watching-waiting

Figure 8. Decision making process for parasellar lesions.

Conclusion

In the argument above, authors recommend performing percutaneous biopsies of the
cavernous sinus area lesions through the foramen ovale in all cases of lesions located in the
Meckel’s cave; posterior part of the cavernous sinus and the upper part of the petroclival
region. Especially when neuro-imaging does not provide sufficient information on the
histopathological nature of the pathological process. In the function of biopsy results,
individual consideration with regards management could be made (Figure 8).

Percutaneous biopsy of lesions through the foramen ovale is an accurate and useful
method to orientate the management of parasellar lesions by avoiding unnecessary open
craniotomy and its rate of morbi-mortality. The authors recommend performing a
percutaneous biopsy in cases of an insufficiently established pathological diagnosis of clinic-
radiological findings.
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