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Cavernous sinus also proposed.

Despite the advances in techniques and technologies, the management of cavernous sinus
(CS) meningiomas still remains a challenge for both neurosurgeons and radiation oncolo-

On the other hand, the improvement of the anatomical knowledge and the microsurgical
techniques together with diffusion of radiosurgery are currently changing the treatment
strategy, opening new perspectives to the patients which are suffering from such lesions.

The authors reviewed here the literature data. A multidisciplinary treatment algorithm is

Meningioma © 2015 Greater Poland Cancer Centre. Published by Elsevier Sp. z o.0. All rights reserved.
Surgery
Radiosurgery

. . . In 1965 Parkinson® was the first to realize an anatomical
1. Introduction and historical remarks

The cavernous sinus (CS) region, due to its complex anatomy
and its particular position in the antero-lateral skull base, has
always been a challenge for neurosurgeons. The treatment of
malignant diseases has presented over the past few decades
a number of developments, particularly with the progress of
the techniques of radiotherapy and radiosurgery. Even today
however, it is still a controversial and debatable subject, and
the best multimodal treatment is yet to be defined.

* Corresponding author. Tel.: +39 0223942398.
E-mail address: laura.fariselli@istituto-besta.it (L. Fariselli).
http://dx.doi.org/10.1016/j.rpor.2015.05.002

study and to propose a surgical approach to the CS. Despite
the development of the microsurgical technique in the seven-
ties, it was thought that microneurosurgery was reaching its
furthest limits in the approach of lesions in and around the
CS. The extremely high risk of damaging nervous structures,
as well as causing uncontrollable haemorrhage or postopera-
tive CSF leak seemed to be an unavoidable and insuperable
obstacle. Thanks to the anatomical work of Dolenc and his sur-
gical experiences, a rational surgical approach was eventually
developed and the different relations between the lesion and
the neurovascular structures were defined. In Dolenc’s book
preface, Yasargyl states that “there is no doubt that this type
of microsurgical anatomical study is a new step in the 100 year

history of neurosurgery”.?

1507-1367/© 2015 Greater Poland Cancer Centre. Published by Elsevier Sp. z o.0. All rights reserved.
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Once this frontier was opened the experiences of other
groups of skull base surgeons were added and we started to
develop different approaches and new techniques to address
these tumours.>* More recently, new and less invasive endo-
scopic routes started to flourish. These approaches are less
invasive and allow to address the tumour combining two
complementary corridors, one antero-lateral and one trans-
sphenoidal.

Still, a complete radical removal or the attempt of near
total excision with anatomo-functional preservation is a very
arduous exercise or even an illusion. The intimacy between
tumour, nerves and vessels can be hardly overcome and rep-
resents the main unfavourable prognostic factor.

The role of both radiotherapy and radiosurgery to treat the
recurrent tumours of the skull base is well known.>

However, it was with the gradual evolution of stereotactic
radiosurgery that the method of dealing with the CS pathology
has really changed. A multimodal treatment strategy combin-
ing surgery with radiotherapy, as well as radiotherapy alone
in selected cases, have become the main practice to handle
these tumours.

2. Anatomy

Cavernous sinus is constituted of paired venous structures
located in the middle cranial fossa.?®

These structures are surrounded by dural layers, which
contain neurovascular structures, and face the sella turcica,
the pituitary gland, the sphenoid bone on the medial side and
the temporal lobe on the lateral side.

A cavernous sinus is roughly arranged in four walls, the
lateral, medial, anterior and posterior walls, and a roof.

The lateral wall faces the temporal lobe. The medial wall is
mainly arranged by the sella turcica and the pituitary gland
together with the sphenoid bone. The posterior margin is
limited by the posterior cranial fossa. Anteriorly the cavernous
sinus reaches the superior optic fissure and the near infe-
rior surface of the anterior clinoid process. The roof faces the
basal cisterns, extending anteriorly from the anterior clinoid
process to the posterior clinoid process posteriorly.

The dura completely surrounds the cavernous sinus. From
the floor of the medial cranial fossa the dura curves rostrally
along the lateral edge of the sella and then it turns laterally to
shape the lateral wall of the cavernous sinus.

The lateral dural wall of the cavernous sinus is composed
of two layers, the outer dural layer (dura propria) and the inner
membranous layer. The inner layer of the lateral edge of the
cavernous sinus contains the critical structures, it separates
the lateral wall and its contents form the venous spaces. The
outer layer faces the mesial temporal lobe.

The lateral wall meningiomas usually grow between the
inner and the outer layer. In this sense these lesions are sub-
stantially extra cavernous tumours. This particular condition
has to be considered in surgical planning and an accurate dis-
section of these layers has to be performed in order to obtain
a total removal of these tumours.

The cavernous sinus contains vascular and nervous struc-
tures.

The vascular structures include the cavernous segment of
the internal carotid artery (ICA) and multiple venous tribu-
taries (superior and inferior petrosal sinuses, the basilar sinus,
the intercavernous sinus) as well as various draining veins of
the skull base, sylvian fissure, and middle cerebral vein.

The nervous structures include the sympathetic plexus,
the oculomotor nerves (IlI, IV, VI) and the first and second
branch of the trigeminal nerve (V1, V2). According to a cranio-
caudal direction, the cranial nerves IIl and IV as like as V1 and
V2 travel inside the lateral wall of the cavernous sinus. The
cranial nerve VI occupies a more medial position, behind and
lateral the ICA.

According to their anatomy it is possible to identify menin-
giomas which arise from cavernous sinus dura itself (the
strictly speaking cavernous sinus meningiomas) and menin-
giomas arising from the dura of the sphenoid ridge, clinoid
processes and petroclival region extending to or infiltrating
the cavernous sinus.

3. General considerations

In CS tumours management histological type, biological
behaviour, location, extent of dural attachment and particu-
larly relationship and encasement of neurovascular structures
have to be considered. Biological behaviour can be schemat-
ically categorized into three groups: benign, intermediate
malignancy and high malignancy. This subdivision is proba-
bly too simplistic, but it may facilitate decision making and
the most appropriate treatment strategy. Among the most
common benign oncotype, we find meningiomas, pituitary
adenomas and schwannomas. These tumours may invade
and encase nearby structures. Tumours of intermediate malig-
nancy include chordomas, chondrosarcomas, adenoid cystic
carcinomas and low grade esthesioneuroblastomas. Highly
malignant tumours include cranial base carcinomas, sarco-
mas, high grade esthesioneuroblastomas and lymphomas.’

Meningiomas represent 41% of all CS tumours. They can
either start in areas outside the CS and subsequently invade
it, or start into CS and then spread to the surrounding struc-
tures. The CSis frequently invaded by tumours (meningiomas)
of the orbital apex, sella, medial sphenoid wing, middle fossa,
Meckel’s cave, petrous apex and tentorium. This behaviour is
mostly to be found in en plaque meningiomas. On the other
hand, meningiomas arising within the CS can extend and
involve the same above mentioned areas, infiltrating extra or
subdural spaces and bone.

Sekhar in order to assess the surgical technical difficulties
and risks, and to compare different patients’ series, created a
classification based on the CS areas involved by the tumour, on
its volume and on carotid artery involvement.># According to
this point, the most important variable influencing risks and
patients outcome in the management of such lesions is the
grade of involvement-encasement of nerves and vessels.

The natural history of meningiomas is still partially
unknown. Although the growth rate is estimated to be
between 2 and 24 mm per year, some authors found that about
23% of the meningiomas (particularly the calcified ones) did
not grow.’
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4. Surgical management

The modern approach to CS meningiomas arises in particu-
lar from the anatomical studies and surgical experiences of
Dolenc.'?

According to his experience the drilling of the temporal
floor up to the carotid canal, together with the partial removal
of the orbital roof with opening of optic canal and with the
clinoidectomy provide an optimal approach to the sellar and
cavernous region, almost without brain retraction. In addition,
clinoidectomy and unroofing of optic canal allow a good and
early control of the carotid artery and of the optic nerve.

Variations to this approach have been proposed and mainly
consist in removing the orbito-zygomatic arch and extending
in different directions the skull base drilling.>41-1>

In 1997 Dolenc'® published a very large surgical series of
1050 patients operated because of tumours or vascular lesions
of the CS. He described very encouraging results: 7 patients
died, 9 lost vision in ipsilateral eye, 25 had a visual dete-
rioration, 15 transient emiparesis (3 persistent), 6 needed a
reoperation for CSF leak, 820 had a partial transient oculo-
motor paresis. Overall 770 patients regained the preoperative
clinical function.

This study represented a milestone in the CS surgery.
Mainly basing on this positive experience new and amaz-
ing improvements in the microsurgical technique have been
made. Unfortunately the results in terms of complete tumour
removal, post-operative cranial nerves deficit and patient
quality of life not always corresponded to the expectations.
In addition, the rate of recurrences was not negligible.

Mainly basing on the critical review of the results, the
combined surgical, radiosurgical approach is nowadays widely
accepted. Indeed, by combining less aggressive surgical
approach with adjuvant radiosurgery, this strategy may limit
the patients risk while maintaining the tumour control."’-1°

This new philosophy opened the way to endoscopic
approaches: through a transnasal route it is possible to safely
perform a partial debulking, to decompress the optic canal
or to do a biopsy in cases where no clear diagnosis can be
established.?0-2*

Furthermore, in case of small asymptomatic meningiomas,
considering the very slow (or even absent) growth rate of these
tumours, a “wait and scan” approach appears to be a safe and
more than reasonable strategy.?”

Despite the real benefit of an aggressive intracavernous
surgery is actually debated, some selected circumstances may
still require more aggressive approach. This is the case of there
are some rare eveniences (mainly recurrences resistant to all
treatment attempts) in which a very aggressive surgery of
complete CS resection with carotid revascularization can be
seen as a “salvage therapy”.?°

5. Radiotherapy

The intrinsic limit of microsurgery in the treatment of CS
meningiomas was overcome with the advent of radiosurgery
in Leksell era. The use of gammaknife and, in the most recent
period, of dedicated linac and Cyberknife systems gave the

possibility to obtain excellent results in terms of local con-
trol and reduction of possible injuries. From a radiobiological
point of view meningiomas are classically considered as late
responding tissue and can be better controlled with a higher
dose/fraction rather than conventional fractionation. Radi-
ation injury to the cranial nerves is probably secondary to
damage of small vessels and protective Schwann cells.?’

Major radiosurgery (RS) series report progression-free
survival rates at 5 and 10 years of 80-100% and 73-98%
respectively and a radiographic response in a rate of 29-69%
(Table 1).28-46

This technique has obtained a large consensus in the med-
ical community of neurosurgeons but the validation of these
results is limited by the paucity of randomized and controlled
studies.'® The other limit is related to a technical point: the
application of the RS is reserved only to lesions of small vol-
ume (range 7-15 cc). Given the proximity of CS meningiomas
to radiosensitive structures, the choice of RS is usually based
on a balance between the risk of delayed toxicity and delayed
loss of control over the growth of the meningioma.

The peripheral dose of 12-14 Gy is accepted in most cases
for CS meniongiomas radiosurgery.’®~*® The total dose is a lit-
tle bit lower than the total dose in other sites’ meningiomas
(tentorium, falx) but it is considered safe in terms of local
neurotoxicity. The proximity of the tumour to optic pathways
can determine the reduction of the dose to 12 Gy in order to
keep the dose to organs at risk lower than 10 Gy. In the situa-
tion of a parasellar meningioma, the distance between nerve
and tumour must be carefully considered. The risk of visual
impairment is related to the volume of the optic apparatus
receiving high doses. A distance of 5 mm between the menin-
gioma and the optic nerve is considered safe in single shot
RS.39’45

In RS technique the target volume (TV) is the contrast
enhanced lesion without margin. MR and TC images are usu-
ally acquired and fusions images used to obtain a better
definition in drawing both the volume that has to be irradi-
ated and the organs at risk (OARs) to be spared. The necessity
to include the dural tail in the TV is in debate among the
physicians:*’° It is true that the 75% of the recurrences
involve the dura outside the treatment field3! but it is diffi-
cult to correctly define its extension and in fact the evaluation
of the infiltration is totally related to the skill of the specialists
involved in the contouring phase of the treatment. Importance
has to be given to the verification in future trials of the impor-
tance of this issue in local control and efficacy of radiosurgery.
In case that the decision to insert the dural tail in target defi-
nition is adopted, care has to be observed in dose distribution
when an irregular shape of TV is dominant.

RS can be used alone or in combination with previous
surgery. In the series where RS is used as first line treatment
a rate of 3-15% of new or preexisting cranial nerve deficits is
reported. A meta-analysis of more than 2000 CS meningiomas
retrospectively evaluated and treated with either RS or surgery
followed by radiotherapy or RS showed a significantly higher
rate of neurological morbidity in patients undergoing surgery
and RS as compared with those undergoing RS alone (59.6% vs
25.7%).° This fact could be explained by the negative impact
of resection on micro-vascular support therefore contribut-
ing to reinforce the effects of radiosurgery and consequently,
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Table 1 - Radiosurgery series.

Year First Patients Mean f/u Prior SRS PFS 5 PFS 10 New CN  GK/Linac
author (n) (mo) surgery alone years years deficits

1999 Morita 88 35 49 39 95% = 10.2% GK
1999 Liscak 67 19 24 43 = = 3.8% GK
2000 Roche 80 30.5 30 50 92.8% = 5.8% GK
2001 Shin 40 42 28 12 - 82.3% 20% GK
2002 Spiegelmann 42 36 9 31 97.5% = 7.5% Linac
2002 Nicolato 156 48.9 81 75 96.5% = 1% GK
2002 Lee 159 35 76 83 93.1% 93.1% 9% GK
2003 Iwai 42 49.4 22 20 92% = 4.8% GK
2004 Maruyama 40 46 23 17 94.1% = 25% GK
2004 Kuo 57 42 = = 97% = 2.2% GK
2005 Metellus 36 63.6 13 23 94.4% = 0% GK
2005 Pollock 49 58 0 49 80-85% = 10% GK
2007 Hasegawa 115 62 66 49 87% 73.0% 12% GK
2009 Kimball 49 50 12 38 100% 98% 3.5% Linac
2009 Colombo 199 30 = 99 mSRS 92% = 3.5% Linac
2010 Spiegelmann 102 67 33 69 98% = 4% Linac
2011 dos Santos 88 86.8 41 47 92.5% 82.5% 12.5% Linac
2013 Pollock 115 89 46 69 99% 93% 12% GK
2014 Correa 89 73 26 32 98% 92% 7% Linac

Abbreviations: CN=cranial nerves; f/u=follow-up; GK=gamma knife; mSRS=multisession radiosurgery; PFS=progression-free survival,

SRS =stereotactic radiosurgery.

leading to the neurological deterioration of preexisting symp-
toms or to the onset of new ones. In the majority of RS series
a rate of 15% of new or preexisting cranial nerve deficits is
reported; this element could be a support to identify RS as
first line treatment in the algorithm for the management of
CS meningiomas patients.>*°!

Another very tough challenge is the therapeutic algorithm
of large meningiomas. Single fraction radiosurgery cannot be
used because of the high risk of healthy tissue damage and
because of a possible reduction of the local control due to the
low marginal doses usually used. A complication rate of 21%
was observed in patients with large CS meningiomas com-
pared to a 3% in patients with small lesions (volume less than
10cm?3),** on the other hand the local control in these series
is near 85% at 5 years.*0°?

Surgical debulking followed by RS can be an option but only
in skilled neurosurgical departments.

Advanced radiotherapy techniques with standard fraction-
ation schedules (56 Gy/28 fractions) can be a good option.
At the beginning of 2000 the development of sophisticated
devices (MicroMultileafCollimator, pencil beam algorithm,
relocatable frame) gave the opportunity to implement better
treatment plans. The result in terms of efficacy and tolerance
was interesting: the reported local control reached 82-95% at 5
years and a radiological response rate of 29-31% was observed,
even if this value is lower respect to the 50% noticed when RS
is used.27,38,53-55

With the advent of Cyberknife the use of multisession
radiosurgery (mRS) in meningiomas has been evaluated.*?>®
Dose selection was based on previous experience with
radiosurgery and stereotactic radiotherapy,”’->® but also on
previous studies concerning the dose tolerance of the cranial
nerves.?’,28°054 Radiobiological data indicate that a hypofrac-
tionated schedule should offer benefit in anatomical regions
such as the cavernous sinus where the meningioma involves
cranial nerves.°® When a 25Gy in 5 fractions scheme is

adopted, the total dose is theoretically comparable to the
doses delivered with conventional fractionated regimens
(50.4-56 Gy). In small published studies*?®° pre-treatment per-
itumoral oedema and a location adjacent to a large vein
were significant risk factors for radiographic post-treatment
oedema. Anyway, no major complications have been observed
and improvement of pre-existing deficit is noted in 50% of the
patients. Our preliminary experience in mRS is in agreement
with most of the RS series. The indication for multisession
radiosurgery was given by the proximity to optic nerve and chi-
asma or the dimension of the lesion (>3 cm). The local control
rate at 5 years was of 95%. Only 3.5% of patients experienced
a deterioration of preexisting symptoms (personal data). The
local control is similar to RS series, the critical issues remain
the short follow-up and the limited series considered.

Last but not least also proton has been advocated as
advanced technique to obtain reduced complication in this
specific site. In a recent study by Loma Linda University high
overall 5 years local control rate (96%) was observed using
57EGy without major toxicity.?!

6. Conclusions: evolution of a modern
treatment

The comprehension of the CS meningiomas’ natural history
as well as the knowledge of the treatments results underline
the need for a more modern treatment approach.

As we already stressed, a radical removal of the tumour
inside the CS is often hard if not impossible and a subtotal
removal is associated with a inevitably high recurrence rate.

On the other hand the therapeutic goal should be achiev-
ing tumour control while minimizing any treatment related
morbidity.?>°!

Tentatively, in order to respect this assumption we propose
the following treatment algorithm.
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Small and asymptomaticintracavernous meningiomas can
be observed, evolving into good candidates to radiosurgery in
case of progression.

Larger meningiomas with the involvement of the lateral
wall of the CS may have a safe and radical microsurgical
resection.

The large extra-intracavernous meningiomas, could be
managed with a combined approach. The extracavernous part
can be safely removed while the remnants can be treated by
RS. Multisession RS could be also take in consideration as the
exclusive treatment.

The role of pre-operative radiosurgery aiming to de-
vascularize the tumour and to allow an easier dissection from
the CS walls and trigeminal branches is still under debating.®?

Finally, the giant spheno-petro-cavernous meningiomas
represent a lesion likely beyond the possibility of a real
treatment. Performing selective, partial resection in order to
decompress targeted structures, carefully balancing risks and
benefits, seems to be the most appropriate solution if com-
bined with the radiosurgical treatment of the remnants.

All these considerations underline the importance of a real
multidisciplinary cooperation.
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