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Abstract

Nowadays, the middle cranial fossa approach (MFA) is one of the most useful operative procedures in skull base surgery.
When performed properly, it provides a relevant adjunct to treating complex skull base lesions. MFA allows one to resect
the anterior petrous bone (anterior petrosectomy), open the internal auditory canal (IAC), and access the lateral wall
of the cavernous sinus and the infratemporal fossa. Knowledge of the anatomical structures of the middle cranial fossa
and cavernous sinus is mandatory to perform this approach. We report in detail the standard extradural subtemporal route
for the anterior petrosectomy and MFA. The main indications for this approach are intradural lesions localized medially
to the trigeminal nerve, subtemporal interdural and extradural tumours and neoplasms involving the IAC (including IAC
pathology). Moreover, we describe the extended middle fossa approach, consisting in the anterior extension of MFA, indicated
for intradural tumours of the superior cerebello-pontine angle and of prepontine clivus (retroclival lesions, ventral brainstem
tumours, and cavernomas), for infratemporal fossa lesions, and cavernous sinus pathologies. Even if the anatomical
landmarks of the middle cranial fossa and lateral skull base are well known, training with cadaver dissection is necessary
for any skull-base surgeon to perform an optimum MFA. The cadaver-lab dissections simplify the learning of anatomical
structures, and prepare the surgeon properly for this technically challenging approach.
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AHHOTauus

B HacTosiLiee Bpems OOCTYN K cpeaHeit YepenHon samke (CYA) sensgetca ogHum 13 Hanbonee apdeKTUBHBIX B XMPYpriun
OCHOBaHus Yepena. Mpy NpaBrUIbHOM BbINOMHEHWUI 3TOT AOCTYN ABMSETCS BAXHOM ONLMEN XUPYPrUYECKOTO NIEYEHUS CIIOX-
HOM NaToNOMK OCHOBaHUS Yepena.

Hoctyn k CYA nossonseT NpoBeCTU PE3EKLMI0 NEPEQHETO Kpasi KAMEHWCTOM YaCTy BUCOYHOMN KOCTY (NepeaHsist NETPO3aKTO-
MUS1), OTKPbITb BHYTPEHHUIA cnyxoBoii npoxog (BCI), nonyunTb SOCTYN K NaTepasnbHON CTEHKe KAaBEPHO3HOIO CUHYCa U nog-
BMCOYHOMN AIMKe. 3HaHWe aHaToMmuyeckux cTpykTyp CHA 1 kaBepHO3HOTO CUHyca ABNSieTCH 0Bs3aTenbHbIM 41151 BbINOMHEHUS
aToro goctyna. Mbl noapoBHO onucbiBaem CTaHAAPTHbIN SKCTpaayparbHbIi cybTeMnopanbHbIi AOCTYN ANS NPOBEAEHNS
nepeaHen netpo3aktomun kK CHA. OCHOBHbIMM NOKa3aHWAMU ANS 3TOT0 AOCTYNa SBASIOTCA MHTPaAypanbHble MOpaxeHus,
roKann3oBaHHble MeananbHO K TPOMHUYHOMY HepBy, cy6TemMnopanbHble MHTPaaypanbHble 1 KCTpaayparibHble OnyXomu
1 HoBoObpa3oBaHws, Bonekatowme BCI (Bkntovas v ero natonoruto). Kpome Toro, Mbl ONUCbIBAEM PaCLUMPEHHBIN JOCTYN
k CYA, 3aknovaroLLmincs B ee nepegHeM pacluMpeHnm, KOTOpbIi MoKa3aH Npu UHTPadyparbHbIX ONyXOonsx BEPXHEl YacTu
MOCTO-MO3)XEYKOBOrO Yrra 1 NPenoHTUHHON YacTu ckaTa (PETPOKNMBarbHbIE MOPaXeHUs, BEHTparbHbIe ONyxonn CTBoNa
MO3ra W KaBepHOMBbI), MK MOPaXeHUsX NOABUCOYHOMN MKW U NATOMOrM KaBEPHO3HOTO CuHYca. [laxe ecnv aHaToMuyeckue
opveHTupbl CYA 1 natepanbHOrO OCHOBaHUS Yepena XOpoLUO U3y4yeHbl, Ansg Hanbonee KayeCTBEHHOrO BbINOMHEHUS LO-
ctyna k CYA niobomy xmpypry, cneumanmsvpytoLemMycs Ha BMeLLaTENbCTBAxX B 0611acT OCHOBaHUS Yepena, Heobxoaumo
0by4eHue Ha ANCCEKUMOHHBIX kagaBep-kypcax. OTpaboTka NpakTUYECKMX HAaBbIKOB Ha kaaaBEPHOM MaTepuane 3HauuTeb-
HO YNpOLLAeT WU3y4YeHne aHaTOMUYECKIX CTPYKTYP, AOMKHbIM 06pa3oM MOAroTaBnMBas Cneuuanucta K 3ToMy TEXHUYECKM
CNOXHOMY AOCTYNY.

KnioueBble cnoBa: xvpypruyeckas aHaToMWUs OCHOBaHMS Yepena; nepeaHuin NeTposanbHblii AOCTYN; AOCTYN K CpeaHen
YepenHom AMKe; KaBEPHO3HbIN CUHYC; KITMHUYECKOe NPUMEHEHME
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List of abbreviations

AE - arcuate eminence
CSF - cerebrospinal fluid
CT - computed tomography
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GG - geniculate ganglion

GSPN - greater petrosal superficial nerve
MFA - middle fossa approach

MMA - middle meningeal artery

HIGHLIGHTS KNIOYEBBIE MOJIOXEHUA

The middle cranial fossa approach is one of the most useful operative
procedures in skull base surgery.

It provides a relevant adjunct for treating complex skull base lesions.

The middle cranial fossa approach allows one to resect the anterior
petrous bone (anterior petrosectomy), open the internal auditory canal,
and access the lateral wall of the cavernous sinus and the infratemporal
fossa.

The main indications for this approach are intradural lesions localized
medially to the trigeminal nerve, subtemporal interdural and extradural
tumours and neoplasms involving the internal auditory canal.

The extended middle fossa approach, consisting in the anterior
extension of the middle cranial fossa approach, indicated for intradural
tumours of the superior cerebello-pontine angle and of prepontine clivus
(retroclival lesions, ventral brainstem tumours, and cavernomas), for
infratemporal fossa lesions, and for cavernous sinus pathologies.

The anterior transpetrosal approach is an extradural
subtemporal route and consists of exposure of the middle
cranial fossa (middle fossa approach: MFA) and anterior
petrosectomy.

CLINICAL APPLICATION

Intradural lesions medial to the trigeminal nerve
and ventral to the internal auditory canal are the most
common pathologies treated with the MFA. The
pathologies occupying the TAC itself (mostly in patients
with normal hearing) are included among the indications
[1-7].

The combination of MFA with mastoidectomy,
retrosigmoid suboccipital approach, and supramastoid
drilling allows one to perform the “combined petrosal
approach” to resect petroclival tumours, medial
cerebellopontine angle, and posterior cavernous sinus
[2, 3, 6, 8]. In particular, the combined petrosal approach
is used for:
* large sphenopetroclival meningiomas.
* transtentorial (supra- and

meningiomas and other tumours, and
» vertebrobasilar aneurysms [1-10].

The “extended middle cranial fossa exposure”
consists of the anterior extension of the anterior
transpetrosal extradural approach. This extended
extradural subtemporal route is indicated for:

infra-tentorial)

LocTyn K cpefiHen YepenHoii IMKe SABNSETCS OAHAM U3 Haubonee
3(DhHeKTUBHBIX B XMPYPruy OCHOBAHMS Yepena.

OTOT AOCTYN SABNISAETCS BAXHOI OMLMEN XMPYPIrUYECKOro NeYeHns Crox-
HOJA NaTonor1 0CHOBaHWUS Yepena.

LlocTyn K cpeqiHel YepenHoii sMKe No3BONSIET NPOBECTU PE3EKLMIO
NepesHEro Kpast KAMEHUCTOMN YacTI BUCOYHOM KOCTU (MepeaHssl NeTpos-
3KTOMWS), OTKPbITb BHYTPEHHUH CITyXOBOM NPOXOZ, NONY4UTb AOCTYN

K naTepanbHol CTEHKe kaBEPHO3HOTO CUHYCA U MOABUCOYHON SIMKE.

OCHOBHbIMM MOKa3aHUAMM Ans 3TOr0 00cCTyna aBNnaTCa UHTpadypanb-
Hbl€ NOopaXXeHus, nokan3oBaHHble MeanaribHO K TpOVIHVI‘-IHOMy HepBy,
CYGTeMI'IODaJ'IbeIe MHTpagdypanbHble U 3KCTpadypanbHbIe OnyXonu

" HOBOOGpa3OBaHWi|, BOBIeKatoLLlne BHyTpeHHVIVI CI'IYXOBOI7I npoxon.

PacLumpeHHbIA JOCTYN K CPpeAHeN YepenHoi IMKe, 3aKnioYatoLLmMincs

B NEpPeSHEM pacluMpeHuy JOCTyna K HeW, NokasaH npu MHTpagyparb-
HbIX OMYXOMsiX BEPXHEN YACTH MOCTO-MO3KEYKOBOTO YIMa 1 MPEMoH-
TUHHOW YacTu ckaTa (PeTpOKNMBaNbHbIE MOPAXEHMS, BEHTPaMNbHbIE
OMyXOnM CTBOMA MO3ra W KaBEPHOMBbI), MPY MOPAKEHUSX MOABMUCOYHON
SMKM 1 NaTONOMM KaBePHO3HOTO CUHYCa.

* intradural lesions of superior cerebello-pontine angle
and prepontine clivus (retroclival tumours, ventral
brainstem tumours and cavernomas).

* Dby-pass of the petrous segment of the internal carotid
artery, at the level of Kawase’s triangle of cavernous
sinus.

* cavernous sinus tumours [5, 6].

For the training of this technically complex approach
and to properly recognize the anatomy, both in cadaver-
lab hands-on dissections and in the practice on clinical
cases, we have developed a schematic method [8], which
is useful during the learning-curve period necessary to
adequately prepare the anterior transpetrosal subtemporal
approach.

SURGICAL ANATOMY AND TECHNIQUE

Fukushima’s lateral position is our preferred surgical
position for several lateral and posterior skull base
procedures, including MFA [6]. In particular, the sagittal
plane of the head positioned parallel to the floor and three
movements of the head are essential: (1) contralateral
rotation, (2) mild flexion on the chin, and (3) vertex down.

Supine position is a possible alternative, with the
head rotated to the opposite side of the lesion, and as
parallel to the floor as possible.

For a standard MFA, an 810 cm preauricular linear
or “lazy S” incision is performed behind the hairline,
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<1 cm anteriorly to the tragus, starting from the inferior

border of the root of zygoma. A 2-layer dissection of

galea and temporal muscle is performed, preparing a

vascularized pericranial flap useful for closure.

A squared craniotomy (maximum 4x4 cm) is
obtained, followed by temporal groove drilling [6, 11].
This exposure allows a subtemporal-extradural working
route, parallel to the lateral skull base. The extradural
and “interdural” [10] exposure of middle fossa nerve
and vascular anatomy starts with the identification and
elevation of the “dura propria” of the basal portion of the
temporal lobe. This is the key-point for the exposure of
all anatomical structures in this region.

During the dissection, the dura propria must be
separated from a second layer of fibrous dura that
covers: a. the superior orbital fissure, b. the second and
third branches of trigeminal nerve, and c. the gasserian
ganglion. A fatty inner reticular layer (usually not present
in the cadaver specimens) is present in this virtual plane
between the two layers of dura.

A detailed knowledge of MFA anatomy is essential
to avoid damaging any of the neurovascular structures
present in this area [6, 8—13]. It is mandatory to recognize
the position of:

» superior orbital fissure, containing the 3rd, 4th, and
first branch (V1) of 5th cranial nerve;

* C4, C5, and C6 segments of ICA, according to
Fukushima’s classification;

» sixth cranial nerve, in-between V1 and V2 (first and
second branch of trigeminal nerve), coming from
the posterior fossa through the Dorello’s canal at the
level of petrous apex and crossing the C4 segment of
ICA;

* VI, V2 and V3 (the three branches of trigeminal
nerve) and the Gasserian ganglion located in the
Meckel’s cave. Gasserian ganglion cover the C5
segment of ICA;

» greater petrosal superficial nerve (GSPN), usually
on the dorsal bony canal covering the C6 segment of
ICA. GSPN is a motor and parasympathetic branch
of the facial nerve and it is essential to identify
this landmark as soon as possible. It starts from the
geniculate ganglion (GG, located along the arcuate
eminence) and runs perpendicularly with the main
axis of V3, crossing this branch of trigeminal nerve
around halfway point between the Gasserian ganglion
and the foramen ovale. GSPN passes ventrally to V3,
in the direction of infratemporal fossa to join the deep
petrosal nerve. From the union of these two nerves
originates the vidian nerve (supplies ganglionic fibres
for the lacrimal gland);

» C6 portion of carotid artery is sometime covered by a
thin layer of bone, but frequently it is naked and the
GSPN runs immediately over it;

* TAC, in the depths of the “rhomboid fossa”.

The middle meningeal artery (MMA) and tensor
tympani muscle are two fundamental landmarks for

starting the interdural dissection. And, the MMA must
be interrupted to split the dura propria from the dura
covering all neuroanatomical structures of the middle
fossa. According to El-Khouly et al. [14] the closer the
interruption of the MMA to the foramen spinosum, the
higher the possibility of a facial nerve ischemic palsy.
In accordance with the results observed in the serial
cadaveric dissections, the closure of the MMA at more
than 10mm from the foramen spinosum allows one to
leave the proximal part of MMA attached to bone. This
enables the sparing of several petrosal arteries arising
within the first 10mm after the exit of the MMA from the
foramen spinosum and feeding the facial nerve and the
GG. Therefore, the risk of vascular damaging the facial
nerve during dura propria elevation could be much lower
if the dura is split in two layers, leaving the outer layer
attached to the middle fossa floor around the proximal
lcm of MMA, between foramen spinosum (lateral) and
the hiatus of GSPN and arcuate eminence (AE) (medial).

Once the MMA has been divided, it is possible to
start the interdural dissections [10] and elevate the dura
propria from the layer close to the bone and covering
the cranial nerves. At this point it is possible to expose
the V2, V3 and the GSPN, starting posteriorly from the
GG (located on the arcuate eminence), covering the C6
segment of the ICA, and running anteriorly crossing V3.

Attention must be paid required during the interdural
dissection of the MFA due to the frequent anatomical
variations. At first, GG, GSPN, and C6 segment of
ICA are not always covered by bone [6, 11]: GG is not
covered by bone in 15-17% of cases and the length of
the bony canal covering the GSPN from the GG is very
variable, ranging from 0 to 7.6 mm (mean 3.8 mm) [11].

The petrous ICA can be directly exposed along the
carotid canal in 20% of cases due to the absence of bone
in the canal roof [6, 11], and to safely locate it, the GSPN
needs to be searched for just below the posterior border
of V3, halfway between foramen ovale (mean distance
7.3 mm) and the gasserian ganglion [6, 11]. The exposure
of the GSPN is a crucial landmark: following the nerve
posteriorly it is possible to locate the GG and the
fallopian hiatus. It is also the best reference for the ICA,
covering its horizontal C6 segment. In clinical cases,
it is very useful to confirm the ICA with intraoperative
micro-doppler.

Going-on with elevation of dura propria, it is possible
to expose:

» the AE, that usually overlies the superior semi-

circular canal [11, 12];

* the third branch of trigeminal nerve (V3), from the
foramen ovale to the gasserian ganglion;

e V2and V1,

* the porous trigeminus.

We normally suggest that, to mobilize anteriorly the
V2 and V3, and minimize their traction and the possible
damages of their fibres, it is important to drill to widen
the foramen rotundum and foramen ovale.
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The next steps of MFA dissection are to identify the
(1) “rhomboid fossa” and (2) position of the IAC (Fig. 1).
The “rhomboid fossa” is a rhomboid-shaped bony
area of the middle fossa to be drilled away to remove the
bone of petrous apex. Its borders and limits are:
» petrous ridge and superior petrosal sinus, from the
porous trigeminus to the AE;
* AE (from the petrous ridge to the GG);
* GSPN (from the intersection with the GG and AE to

V3 junction); and
» posterior border of V3 (from the intersection with the

GSPN to the porous trigeminus).

Several rules have been proposed to locate the
position of the IAC inside the rhomboid fossa [3, 4,
6, 8, 13]. The method suggested by Y. Cokkeser et al.
[13] seems to be the safest and easiest to remember
(also called “Sanna’s method). The authors evaluated
and measured the medial and lateral ends of the IAC on
20 cadaveric temporal bones [13]. Measurements were
obtained at three levels: (1) the width of IAC on the
fundus, (2) the width of IAC on the porous, and (3) a
safe distance around the IAC on meatal level.

The mean width of the IAC on the porous is over
3-times larger than the mean width at the level of Bill’s
bar (between GG and AE). The width of the medial
safe area around the IAC is over 7-times the width of
the IAC at the lateral end. To obtain a quick and safe
direct exposure of the IAC, and minimize the possible
handling of the facial nerve and the inner ear structures,

S :

FIG. 1. Rhomboid fossa construct [6]
PUC. 1. Anaromust poMOOBHIHOM SIMKH [6]

HEMPOXUPYPI A

the Sanna’s Group suggested that the drilling of the roof
of TAC should start from the medial area (petrous ridge),
continuing the unroofing in the lateral direction [13].

One the unroofing of IAC has been completed, one
needs to drill the premeatal triangle (limited anteriorly
by posterior border of V3) and the postmeatal triangle
(limited posteriorly by the AE), exposing the posterior
cavernous sinus (Fig. 2). The cancellous bone of the
premeatal triangle must be drilled away until the
posterior fossa dura is reached, and the inferior petrous
sinus exposed, taking care to maintain the integrity of the
cochlea and avoid damaging the ICA.

The cochlea is positioned at the corner between
the GG, GSPN and IAC, about 4-5 mm ventral and
anterior to the GG, and medial and posterior to the C6
segment of the ICA, at about 1 mm from the genu of
intrapetrous horizontal and vertical segments of ICA
[6]. The cochlea is covered by hard bone, very different
from the cancellous bone of the premeatal triangle, and
knowledge of the anatomical details of its position can
be very helpful in avoiding damaging it and, making the
patient deaf.

At this point, maximal bone removal is extended
inferiorly, until the limit of the inferior petrosal sinus,
and anteriorly (under the Gasserian ganglion), pointing
the petrous apex and the clivus, following the course of
ICA as far as the petrous apex (extended MFA) [6].

The dissection inside the cavernous sinus triangles
and close to the superior orbital fissure allows

Note: AE - arcuate eminence, GSPN — greater superficial petrosal nerve, MMA — middle meningeal artery, V3 - third branch of trigeminal nerve.
Mpumeyanue: AE (arcuate eminence) — ayroobpasHoe Bo3sbieHne, GSPN (greater superficial petrosal nerve) — 60nbLUOA NOBEPXHOCTHbIN KaMEHM-
cTbin Hepe, MMA (middle meningeal artery) — cpenHss MeHuHreansHas aptepus, V3 — TpeTbs BETBb TPOMHNYHOTO HEpBa.
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FIG. 2. Cadaveric injected specimen. Cancellous bone of rhomboid fossa drilled away until the petrous apex
PUC. 2. Anaromuveckuii mpenapar ¢ HHbEKIMEH COCYIOB IBETHBIM CHIIMKOHOM. I'yOuaras KoCTh pPOMOOBHIIHOM SMKH BBICBED-

JICHa 10 BEPXYIIKM MUPaMH/Ibl BUCOUHON KOCTH

Note: C6 - sixth tract of internal carotid artery, IAC — Internal auditory canal, IPS - inferior petrosal sinus, GSPN- greater superficial petrosal nerve,

SPS - superior petrosal sinus, V3 - third branch of trigeminal nerve.

MpumeyaHue: CB — LeCTON cerMeHT BHYTpEHHel coHHoi apTepuu, IAC (internal auditory canal) — BHyTpeHHuit cnyxoBoii kaHan, IPS (inferior petrosal
sinus) — HXHUI kameHucTbIn cuHyc, GSPN (greater superficial petrosal nerve) — 60nbLLION NOBEPXHOCTHbIN kKaMeHUCTbIN Heps, SPS (superior petrosal
SiNUS) — BEPXHMI KAMEHUCTBIN CUHYC, V3 — TPETbS BETBb TPOMHUYHOMO HEpBa.

visualization of V1, 3rd and 4th cranial nerves and, close
to the cavernous segment of the ICA in-between V1 and
V2 branches of trigeminal nerve, the 6th cranial nerve.

Both in cadaver specimens and in clinical practice,
it is possible to follow the 6th nerve which runs close to
the inferior petrosal sinus, inside Dorello’s canal, from
the posterior petro-sphenoidal (Gruber’s) ligament to the
superior orbital fissure [2, 3, 5, 6, 9-11].

CADAVER HEAD STUDY AND TECHNICAL

“TRICKS”

This anatomical study was performed in Skull Base
Microdissection Laboratories during single dissections
and skull-base courses in Florida and Las Vegas (USA),
Arezzo and Roma (Italy), and Tyumen (Russia).

Dissections of 30 fixed human cadaver heads and 20
isolated temporal bones were performed to yield 80 sides
studied. As described in a previously published article
[8], in order to identify and expose all the anatomical
structures contained in this anterior transpetrosal
approach, two fans bordering each other at 90° can be
drawn (Fig. 3) [8].

A simple trick to remember the different segments of
the petrous and cavernous ICA, according to Fukushima’s
classification [6], is the following:

* C6 segment of the ICA lies under the GSPN,
* (5 segment under the 5th cranial nerve (V2-V3 and

Gasserian ganglion), and
* (C4-C3 segments under trochlear (4th) and the

oculomotor (3rd) nerves, respectively (close to the

superior orbital fissure).

The base of the posterior fan can is the GG, and the
base of anterior fan the Gasserian ganglion.

Posterior fan: proceeding in posterior—anterior and
medial-lateral directions, the “rays” of the fan are: 0. AE,
1. the line running along the IAC, 2. the cochlear line
(an ideal line passing through the cochlea), and 3. the
GSPN. The cochlea lies in a deeper plane than the IAC
and GSPN, in front of the loop horizontal and vertical
segments of ICA [6].

Anterior fan: proceeding in posterior-anterior and
medial-lateral directions, the rays are: 0. the petrous
ridge, 1. first (V1), 2. second (V2), and 3. third (V3),
branches of the trigeminal nerve.

The two fans border the rhomboid fossa in the
following way: (1) GSPN-V3 junction; (2) lateral edge
of porous trigeminus; (3) intersection of petrous ridge and
AE; and (4) intersection of GSPN and AE [3, 4, 6, 8-14].

In conclusion, the anterior transpetrosal approach
(MFA) provides a solid adjunct for treating complex
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FIG. 3. Extradural middle fossa approach. Proposal of a learning method: the “rule of two fans” [8]
PUC. 3. DkcrpasypanbHblii JOCTYII K CpeiHeil YepernHoii simke. Metoq 00y4eHus: «IIpaBUiIo ABYX BeepoB» [8]

Note: AE — arcuate eminence, IAC -

Internal auditory canal, SVN — superior vestibular nerve, VIl - facial nerve, C - cochlea, cg —
(C6-C7), C6 - sixth tract of internal carotid artery, C5 — fifth tract of internal carotid artery, GSPN - greater petrosal superficial nerve, TTM

carotid genu
— tensor

tympany muscle, MMA — middle meningeal artery, V3 — third branch of trigeminal nerve, V2 — second branch of trigeminal nerve, V1 - first branch

of trigeminal nerve.
Mpumeyanue: AE (arcuate eminence)
vestibular nerve) —

BHYTPEHHel CoHHOM apTepuu, C5 — NATbIA cerMeHT BHYTpeHHeN coHHomn apTepun, GSPN (greater petrosal superficial nerve) —
MblliLa, Hanpsratowas 6apabaHyto nepenotky, MMA (middle meningeal artery) —
MEHWUHreanbsHas apTepus, V3 — TpeTbs BETBb TPOMHMYHOIO HepBa, V2 — BTOpas BETBb TPOMHUYHOTO HepBa, V1 —

HbIi KaMeHUCTLIN HepB, TTM (tensor tympany muscle) —

skull-based meningiomas and tumours involving the
middle fossa and the lateral skull base, and, although the
anatomical landmarks of the lateral skull base are well
known, our simple rules and tricks could be helpful for
recognizing and exposing all vascular, nervous, osseous,
and fibrous structures during the approach.

The cochlea, labyrinth, ICA, and 3rd, 4th, 5th, 6th,
7th, and 8th cranial nerves are all at risk during drilling
and dissection [3, 6—14]. The practice and training of this
technique on injected cadaver heads in the anatomical
laboratories is mandatory before clinical application.

RESULTS

Results of the MFA are strictly related to the pathology
treated, to its size, to the WHO tumour grade, and to the
possibility of radical removal (around 80% of cases) [1,
3,4,6,7,10, 15, 16].

The possible postoperative complications of this
approach are [1,3,4,6,7,10, 15, 16]:

mortality: very low in experienced hands (< 0,2%);

» severe brain swelling and temporal lobe injuries:
rare;

» cerebrospinal fluid (CSF) leakage and wound com-
plications in 4-19% of patients, including cases with
pneumocephalus;

— pyroobpasHoe Bo3BbiweHme, |AC (Internal auditory canal) — BHyTpeHHuIA criyxoBoit kaHan, SVN (superior
BEPXHWI NpeaaBepHblit kopewwok, VII - nuuesoit Heps, C — ynuTka, cg — KoneHo coHHol apTepun (C6-C7), C6 — LwecToii cermeHT

BOnbLLIOM MOBEPXHOCT-
cpenHss
repeasi BETBb TPOVHWUYHOO HEPBa.

» intracranial subdural, extradural, or intracerebral
haemorrhage in 0,4—2%;

* septic or aseptic meningitis: 1-7% of cases;

» deep venous thrombosis: 1-2% of cases;

» complete facial nerve and permanent deficit: 4-5%;

* hearing loss: 50% to 60% of cases with preoperative
serviceable or socially useful hearing.

» facial numbness/hypesthesia: up to 2/3 of patients;
facial pain: up to 80-90% of cases (both usually tran-
sient); permanent in <10% of cases;

» problems in jaw opening for reduced motor function
of 5th cranial nerve: <3% of cases;

» diplopia (usually transient): up to 20% of cases, usu-
ally from transient palsy of abducens (6th) nerve.

Intraoperative management

After reviewing the magnetic resonance image (MRI)
and computed tomography (CT) scan and other possible
exams (e.g., angiography), the positioning is done, a
3-pin head-holder is placed, and operative planning with
neuronavigational equipment is performed (Fig. 4).

We place facial nerve free run neuromonitoring,
bilateral ABR, endotracheal tube electrodes to map and
monitor activities of the 7th, 8th, 9th, 10th cranial nerves
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FIG. 4. Surgical planning with MRI of a right middle fossa meningioma invading the apex of orbit and cavernous sinus.
Designations: Blue mass: tumour; Yellow irregular line: optic nerve; Red lines: different segments of internal carotid artery
PUC. 4. TIpenonepainoHHOe MIIAHKPOBAHUE C MOMOIIBI0 MATHUTHO-PE30HAHCHON TOMOTPadUH TSI XUPYPTHIECKOTO JICUCHHUS
MEHHHTHOMBI [TPABOH CPEAHEH YepenHOi SMKH, HHBA3UPYIOICH BEPUIMHY OPOUTHI U KABEPHO3HBINH CHHYC.

0O0603Ha4YCHHUS: OMYXOJb (CHHUI), 3pUTENBHBIA HEPB (KEJITHII), CETMEHTHI BHYTPEHHEH COHHOM apTepuH (KpacHBIN )

intraoperatively. Moreover, SSEP and MEP are used for
large tumours reaching the brain stem.

A 2-curved arms brain retractor system is fixed to
the head holder. In patients with large tumours, a lumbar
drainage is placed for possible multiple CSF-subtractions
during surgery. Minimal shave, sterile scrub, and mark
incision are performed.

After scalp and muscle incision and removal of bone
flap, accurate haemostasis is performed with bipolar.
Coagulation of MMA, about 1 cm after its exit from the
foramen spinosum, is the first key point of this approach.
The rest of the procedure, as described above, is mostly
extradural. When we need to open the dura, we check
with neuronavigation the position of tumours and cut
meninges just close to it.

The removal of the tumour is performed with
microsurgical technique, with dedicated dissectors,
microscissors, microcurettes (ring and cup), Sonopet
ultrasonic aspirator, and Hand-held laser fibre devices.
Microdoppler probe is used to locate the position of big
vessels, especially cavernous ICA. In some selected
cases, a flexible endoscope can assist the microsurgical
resection of “hidden” tumour residue. Frequent checks

with a navigational probe are performed during surgery
to respect the preoperative planning.

Accurate final haemostasis is always performed. The
closure of dura mater, if opened during the procedure, is
performed with interrupted 4-0 silk suture. All exposed
air cells are sealed with bone wax mixed with antibiotics
in powder.

The bone flap is fixed with miniplates and miniscrews,
and the muscle and fascia sutured with Vicryl interrupted
sutures. The skin is closed with 2-0 or 3-0 reabsorbable
or silk sutures. A subcutaneous drain is leaved rarely and
removed after 2-3 days.

Postoperative care

After surgery, the patient is monitored in the
neurosurgical intensive care unit for a minimum
24 hours. Blood pressure is controlled to prevent
intracranial haemorrhages, if too high, and possible
cranial nerves ischemia, if too low. A Neurologic
examination is performed when the patient has
recovered from the general anaesthesia and repeated
hourly for the first 24 hours to identify any neurologic
complication.
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When placed in the operating room, the lumbar drain
is either removed at the end of surgery or left clamped
and removed after several days if there is no sign of
CSF leak. High doses of steroids are administered for
48 hours, or extended up to 7 days, in cases of facial
paralysis or signs of brain swelling. Prophylaxis of
deep venous thrombosis is started the day after surgery.
Droperidol or other similar medicines are used to treat
possible nausea and vomiting.

After the second postoperative day, bladder catheter,
arterial line, and electrocardiogram leads are removed,
and the patient is transferred to a neurosurgical ward.
Haemoglobin levels are verified every day in cases of
significant intraoperative bleeding. When nausea has
been resolved, a semi-liquid diet is started and usually
well tolerated. A manual compression of both jugular
veins (Queckenstedt test) is performed daily; if no CSF
rhinorrhoea is present, the patient is allowed to sit up and
then progressively encouraged to walk with assistance.

Before discharge, an MRI scan is always obtained
to assess the radicality of surgery. The patient can be
discharged if they can tolerate a regular diet, walk and
have no CSF rhinorrhoea 4 or 5 days after the operation.
They are instructed on wound care, daily temperature
checks, activity, analgesia, and CSF leak prophylaxis.
The patient is then seen at the outpatients’ clinic 10 days
after surgery to remove the sutures and final neurological
examination.
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