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Anatomy of the optic nerve based on cadaveric
dissections and its neurosurgical approaches:
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Abstract

Vision is a complex sense that is widely represented in the cortex and involves multiple pathways that can be affected
by conditions amenable to surgical treatment. From a neurosurgical point of view, the treatment of major lesions affecting
the optic nerve, such as tumours, intracranial hypertension, trauma and aneurysms, can be approached depending
on the segment to be worked on and the surrounding structures to be manipulated. Therefore, surgical manipulation
of the visual pathway requires a detailed knowledge of functional neuroanatomy. The aim of this review is to present
the functional and microsurgical anatomy of the second cranial nerve, through illustrations and cadaveric dissections,
to support the choice of the best surgical approach and avoid iatrogenic injuries. For this purpose, a literature search was
performed using the PubMed database. Additionally, cadaveric dissections were performed on adult cadaver heads fixed
with formaldehyde and injected with coloured silicone.
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AHHOTaumsa

3peHue — 3TO CIOXHbI OpraH YyBCTB, LUMPOKO NPeACTaBMEHHbIN B KOPE FOMOBHOIO MO3ra W BKMoYatoLLmii B cebs MHOXKECTBO
TPaKToB, KOTOpble MOTYT BbITb 3aTPOHYTHI 3ab60neBaHNAMY, MOAAAIOLLMMUCA XMPYPTUYECKOMY NeveHunio. B Herpoxupyprim
neYeHne OCHOBHbIX MOPaXeHW, BIUSIOLLMX Ha 3pUTENbHbIA HEPB, TaKWUX Kak OMyXOmnu, BHyTpUYepenHas runepTeHsuns, Tpas-
Mbl 1 @HEBPU3MbI, MOXHO paccMaTpyBaTh C TOMKM 3PEHWS CErMeHTa, Ha KOTOPOM BedeTCs OnepaTMBHOE BMELLATENLCTBO,
W OKpYXaIoLMX CTPYKTYP, NOABEPraeMbIX XUPYPrityeckumM MaHunynaumam. [ns BbINONHEHUS XMPYPrUYeckux MaHunynsauumn
Ha 3puTenbHbIX NyTAX TpebyeTcs AeTarnbHOE NOHUMaHWe PYHKLUMOHaNsLHoN HeipoaHatomuu. Lienb gaHHomn paboTsb! — npo-
AEMOHCTPUPOBATbL (PYHKLMOHANBHYKO Y MUKPOXMPYPrUYECKYI0 aHAaTOMUIO 3PUTENbHOMO HEPBA C MOMOLLLIO UNMCTpaLmi
W KaZaBepHbIX CPE30B, YTO HeobxoanMo Ans Bbibopa ONTUMANbHOTO XUPYPrYECKOrO JOCTYNa U UCKITIOYEHNS ATPOTEHHbIX
noBpexaeHuit. ing BOCTUxXEHNS NOCTaBINEHHON Lienu bbin nogrotosneH 0630p nuteparypbl ¢ UCNONb30BaHWeM 6asbl faH-
Hbix PubMed. Kpome Toro, Gbiia BbINonHeHa kagaBepHas QMCCEKLMS NpenapaTos rofoB B3pOCIbIX Stogei, UMKCMpoBaH-
HbIX popManbaerMaoM C UHLEKLMEN COCYAO0B LIBETHLIM CUNUKOHOM.

KntoyeBble cnoBa: 3puUTenbHbIN HEPB; 3pUTENbHbIN TPAKT; YePerHble HEPBbI; HEMPOAHATOMIS; HEMPOXMUPYPrineCKIre Npo-
Leaypel

Py6puku MeSH:

3PUTENbHbIA HEPB — AHATOMWA U TUCTONOMA

3PUTENbHbIA HEPB — XUPYPT 1A
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HIGHLIGHTS KNOYEBBIE MOJIOXEHUA

The optic nerve is an extension of the telencephalon in the form of
tracts.

latrogenic optic nerve damage in neurosurgical procedures is avoidable
with accurate knowledge of neuroanatomy.

Damage of the neurovascular structures surrounding the optic nerve can
result in significant visual loss.

Cadaveric dissections are an invaluable tool for gaining knowledge of
neurosurgical anatomy.

Ignorance of the anatomical variants of the optic nerve can lead to
errors during the neurosurgical procedure.

The choice of neurosurgical approach depends on the segment of the
optic nerve to be approached.

The vision is a complex sense that has a broad
representation in the cortex. The optic nerve, like the
olfactory nerve, is not a true peripheral nerve but an
extension of the telencephalon in the form of tracts [1,
2]. From a neurosurgical perspective, the leading lesions
that affect the optic nerve and are susceptible to surgical
treatment are tumours, intracranial hypertension,
traumatic brain injury, hematomas and aneurysms [3].
A detailed knowledge of the microsurgical anatomy
of this nerve and neighbouring structures in cadaveric
models contributes to the success of surgical treatments
and avoids post-operative visual deficits, by minimizing
the risk of a direct surgical injury [4]. Below we present
a brief review of the functional anatomy of the visual
pathway, and a description of the surgical anatomy of
the optic nerve, based on cadaveric dissections and
histologic sections.

3pVITeJ'IbeIVI HEepB B BMUAE TPAKTOB ABNAETCA NPOAOINKEHUEM KOHEYHOrO
Moasra.
l'ny60Koe 3HaHMe aHaTOMUK NO3BONSAET U3bexaTb PUCKa ATPOreH-

HOTO MOBPEXAEHUS 3PUTENBHOTO HEPBA NPU HEMPOXUPYPTYECKIX
onepaLmsx.

MoBpeskaeH1e HeMpOCOCYANCTBIX CTPYKTYP, OKPYXAHOLLMX 3PUTENbHbIiA
HEpB, MOXET NPMBECTM K 3HAUUTENBHON NOTEPE 3PEHMS.

KapasepHas guccekums sBnsetcs 6eCLEeHHbIM MHCTPYMEHTOM Afst
WU3yYEHNS1 HEMPOXMPYPrUYECKON aHATOMMMU.

He3HaHue aHaTOMU4YECKIX BAPUAHTOB 3PUTENBHOTO HEPBA MOXET Mpy-
BECTY K OLLMGKaM BO BPEMS HEMPOXMPYPTUYECKON onepaLmy.

Bbl60p HeVIpOXMpprMHeCKOFO [0CTyna 3aBUCUT OT TOrO, K KakoMy cer-
MEHTY 3pUTENBbHOro HepBa 6y,qu OCYLLEeCTBNATLCA AOCTYN.

FUNCTIONAL ANATOMY OF THE OPTICAL

PATHWAY

Unlike other sensitive neural pathways such as smell,
touch or hearing, which use a single neuronal relay to send
the signal directly to the central structures, the visual path
requires two further steps to connect to the cortex (three
synaptic relays) [5]. The first three neurons are found in the
retina, the fourth relay is at the lateral geniculate body and
projects to the primary visual cortex (calcarine cortex) in the
occipital lobe. In both, the lateral geniculate body and the
calcarine cortex, retinal distribution of the stimuli is preserved
with high accuracy, creating a retinotopic map that allows the
visual information of both eyes to be integrated [6].

Retina
The retina is a light-sensitive layered tissue that coats
the eyeball-inner-posterior surface. It originates from the
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embryonic diencephalon and contains different kinds
of neurons: photoreceptors (cones and rods), ganglion,
bipolar, amacrine and horizontal neurons. It also
contains neuroglia, such as Miiller’s (radial glial) cells,
astrocytes, and microglia. Miiller’s cells contribute to
the formation of inner and outer retinal limiting barriers,
and, during embryonic development, they guide the
cellular stratification of the retina [7]. Astrocytes provide
metabolic support to the other retinal components,
regulate blood flow in the optic nerve and are major
contributors to the blood-retinal barrier. Microglia
participate in the local innate immune response [8].
Three of the retinal layers are made up of somas
from retinal cells (ganglion cell layer, inner nuclear
layer, and outer nuclear layer) and two layers are made
up of the synapses between these cells (inner and outer
plexiform layers) [7]. Light passes through the five
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inner layers to reach and stimulate the photoreceptors
(outer nuclear layer). The average human retina is
comprised of 92 million rods and 4.6 million cones.
Rods are responsible for dim-light vision because
they can detect single-photons [9], while cones are
for colour vision due to a better sensitivity to red,
green and blue colours [7]. Pigmentary epithelium
and choroid are beyond the cytoplasmic projections of
photoreceptors (Fig. 1) [5].

The retina varies in structure in different regions.
The macula is a specialized area, 5-6mm in diameter,
located on the temporal side. In this area, the stratum of
ganglion cells has several layers of thickness. The fovea,
(within the macula,) a small depression in the surface of
approximately 1-1.5 mm, specializes in high-definition
visual acuity. While rods are more abundant in the
periphery of the retina, cones are particularly plentiful in
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FIG. 1. Types of neurons and signalling cells in the retina.

Sclera

Lualiederghe

Schematic illustration of the eyeball as well as neurons, glia and other structural elements on each layer of the retina, seen on the
right on a hematoxylin and eosin-stained section. In the schematic view, a Miiller’s glial cell is labelled with a black arrow. Other
glial cells (astrocytes and microglia, blue arrows) are mainly localized in the outermost layers; their nuclei are easily identified in
the histological section. A capillary (*) can be seen in the transition between the ganglion cell layer and their axons.

PUC. 1. Tumb! Hef{poHOB M CUTHAIBHBIX KJIETOK B CETYATKe IVIa3a.

CxeMarndeckoe H300paxeHne TIa3HOTO S0I0Ka, a TakKe HEHPOHOB, TIIHU U APYTHX CTPYKTYPHBIX JIEMEHTOB HA KaXKIOM CJIO€
CEeTYaTKH — CIpaBa Ha cpe3e, OKPAIICHHOM TeMaTOKCHIMHOM H 303WHOM. Ha cxemaTmdeckoM H300paXKeHHH TIHANbHas KIeTKa
Mromtepa 0603HadeHa YepHOii cTpenkoi. J[pyrue muansHble KIeTKH (aCTPOIUTHI 1 MEKPOTTIHS — CHHHE CTPEIIKH) JIOKATH30BaHEI
B OCHOBHOM B HapY’KHBIX CIIOSIX; UX SIpa JIETKO HACHTH(OHUIUPYIOTCS Ha THCTOIOTHYeckoM cpese. Kammmsap (*) MoxHO yBHIETH
B IIEPEX0JIe MEXK/Ty CIOEM FaHTIHO3HBIX KJIETOK M HX aKCOHAMH.

Note: GCL — ganglion cell layer; ILM — internal limiting membrane; INL — inner nuclear layer; IPL — inner plexiform layer; NFL — nerve fibre layer; OLM —
outer limiting membrane; ONL — outer nuclear layer; OPL — outer plexiform layer; PE — pigment epithelium.

Mpumeyanme: GCL (ganglion cell layer) — cnoi ranrnnoatbix knetok; ILM (internal limiting membrane) — BHyTpeHHss orpaHuumTensHas membpana; INL
(inner plexiform layer) — BHyTpeHHWUA snepHbIi (3epHnCTBIN) cnoi; IPL (inner plexiform layer) — BHyTpeHHuiA nnekcudopmHblin crio; NFL (nerve fibre
layer) — crnoin HepBHbIx BonokoH; OLM (outer limiting membrane) — HapyxHas orpaHnyntensHas membpana; ONL (outer nuclear layer) — HapyXHblit
snepHbiit cnoit; OPL (outer plexiform layer) — HapyxHbIi nnekcudopmHbIi croi; PE (pigment epithelium) — nurMeHTHbIA anuTenmii.
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the macula, specifically in the fovea, which contributes  Each optic nerve is composed of around 0.8—1.2 millions

to increased visual acuity [10]. of axons from ganglion cells, a number which decreases
with age [11]. The axons originate from both the medial
Optic nerve and chiasm (nasal) portion and the lateral (temporal) portion of the

The optic nerve is the first segment of the optic tract  retina to form each optic nerve [1)], and are then fused
running from the eyeball to the optic chiasm (Fig. 2).  together to form the optic chiasm [12, 13].

NR

Optic Nerve

\
Optic Chiasm ||

e |

Anterio

bundle ‘

Central
bundle

Posterior
bundle '

Optic

Radiations Visual

Cortex

luhalbeds 5

FIG. 2. Schematic illustration of the optical pathway.

Visual information received from nasal and temporal segments of both retinas (blue/orange lines) converges on each side in the
optic fibres that form the optic nerve. In turn, both optic nerves fuse in the optic chiasm. Axons from the nasal portion of each
retina decussate, while the temporal projections remain ipsilateral. Thus, each optical tract (blue/orange tracts) is made up of axons
from the contralateral nasal retina and the ipsilateral temporal retina. In the LGB of the thalamus, geniculocalcarine radiations are
divided into three bundles: anterior (Meyer’s loop, yellow, upper half visual field), central (green, macula) and posterior (purple,
lower visual field). From the optical tract, a set of axons of ganglion cells go towards the suprachiasmatic nucleus to form the
retinohypothalamic pathway. Light reflex is established by the emission of afferent projections towards the pretectal olivary
nucleus. The saccade reflex is integrated through synaptic afferences towards the superior colliculi which in turn sends projections
towards the pulvinar (red line).

PUC. 2. Cxemarnueckoe n300paxeHne 3pUTEINHHOTO Ty TH.

3pHTeTbHBIE HMITYJIBCHI, HCXOSIIIE OT HOCOBOTO M BHCOYHOTO CETMEHTOB OOEHX CETYaTOK (CHHHE/OpAaHKEBBIE JIMHHIM), CXOISTCS
C K&)XIOW CTOPOHBI B 3pUTENBHBIX BOJIOKHAX, KOTOpBIE 00pa3yroT 3pHTeNbHBII HEPB. B cBOIO 04epens, 00a 3pHTeNbHBIX HEpBa CITH-
BAIOTCSI B 3pUTEIILHOM IIepeKpecTe. AKCOHBI OT HOCOBOH YacTH Ka)XKIOH CeTYaTKU MEPEKPEIIIBAIOTCS, 8 BOJIOKHA, HIYIINE OT BUCOY-
HBIX TIOJIOBUH KXKJIOW CETYATKH, OCTAIOTCS MUIICHIIATEPATbHBIMH. TakuM 00pa3oM, Kbl 3pHUTEIIbHBIN MyTh (CHHHI/OpaHKEBBIi
IyYKH) COCTOUT M3 aKCOHOB KOHTpPAJaTepaIbHON HOCOBOM CETYATKH M MIICHIIaTepalbHOW BUCOYHOM ceTdyaTku. B narepambHOM Ko-
JIEHYaToOM TeJle Tajamyca KOJIeHUaTo-IIMOPHBIA MyTh (3pHTeIbHAsI JIyIUCTOCTD) NEUTCS Ha TPH IyYKa BOJIOKOH: TepeIHMil (TeTs
Meiiepa, KeNThIi, BEPXHSS MOJIOBHHA TOJIS 3PCHUSI), ICHTPAJILHBIH (3€JIeHbIH, MaKy/a) U 3aJHu# (ProIeTOBBIN, HUKHSS YaCTh MOt
3penwst). OT 3pHTETBHOTO ITyTH MHOXKECTBO aKCOHOB TaHIVIMO3HBIX KJIETOK HANPABISIFOTCS K CyNpaxra3MaTHdeckoMy sipy, o0pasys
pETHHOTHUIIOTAIAMUYECKU# yTh. CBETOBOH peduiekc Bo3HHUKaeT Onaromapsi popMUpoBaHHIO adPEepeHTHBIX MPOEKIHMH 1O Halpas-
JIGHHIO K OJIMBAapHOMY IPETEKTAIbHOMY siIpy. Pedmekc cakkaJpl HHTErpUpyeTcs Yepe3 CHHANTHYECKYIO epenady HH(pOopManuu
K BEPXHEMY XOJIMHKY, KOTOPBIii, B CBOIO OY€pe/ib, IIOCHIIAET MPOCSKIHH K MyJIbBUHAPHOMY SIAPY (KpacHast JIMHUS).

Note: LGB - lateral geniculate body; MGB — medial geniculate body; NR — nasal retina; Pretectal N. — pretectal nucleus; Pulvinar N. - pulvinar nucleus;
S. Collicullus - superior colliculus; S. Chiasm. N — supra chiasmatic nucleus; TR - temporal retina.

Mpumeyanue: LGB (lateral geniculate body) — natepansHoe konenuatoe Teno; MGB (medial geniculate body) — meauansHoe koneHvatoe Teno; NR
(nasal retina) — HocoBasi cetyaTka; Pretectal N. (pretectal nucleus) — npetektansHoe sapo; Pulvinar N. (pulvinar nucleus) — nynbBUHapHOe 4po;
S. Collicullus (superior colliculus) — BepxHuin xonmuk; S. Chiasm. N (supra chiasmatic nucleus) — cynpaxua3smatuyeckoe sapo; TR (temporal retina) —
BMCOYHas ceTyaTka.
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The optic chiasm is the anatomical structure where
fibres from both nasal parts of the retina intersect and are
joined to the temporal tracts. The number of fibres which
cross is greater than those which do not; this is vital
for binocular vision as chiasmal decussation combines
information from the halves of each retina of the same
visual field [13].

From the optic chiasm, the axons continue
through the optic tract, but a specific type of retinal
ganglion cell axon, which characteristically contain
a photo-sensitive pigment called melanopsin, leave
the chiasm and project toward the suprachiasmatic
nucleus [14]. This establishes the retinohypothalamic
pathway (Fig. 2) which contributes to controlling the
circadian cycle [15].

Parietal Lobe

Sup. Long. Fasc.

Int. C.
Frontal

Lobe \ ; -t Thalam.

Optic tract, lateral geniculate body, and optic

radiations

Following chiasmatic decussation, the set of axons
which comes from the ipsilateral temporal retina and the
contralateral nasal retina compose each optic tract. Their
primary target is the thalamus, where they establish a
synaptic relay and then move on to the visual cortex or
other central structures [6].

A small number of fibres are sent towards the dorsal
midbrain and synapse with neurons in the superior
colliculi, relevant for eye and head movements (saccade)
in response to visual stimuli [16]. Another set of fibres
project to the pretectal area to innervate the pretectal
olivary nucleus (Fig. 2 and 3) that send axons to both
Edinger-Westphal nuclei. Parasympathetic neuronal

Frontal Lobe

Meyer’s
s Loop

Parietal
operculum

Cerebellum

FIG. 3. Sagittal view (a) and basal surface (b) of a white matter fibres dissection of the optic radiations.

a. The fibres emerge from the thalamus lateral geniculate body laterally coursing in the roof of the temporal horn towards the
primary visual cortex passing laterally to the atrium.

b. Optic radiation fibres from the lower part of the geniculate body loop forward and downward, forming the Meyer’s loop, then
turn back to join the central and posterior groups until they reach the calcarine fissure.

PUC. 3. Carurranbusiii Bua (a) u 6asanbHas MOBEPXHOCTH (b) THCCEKIIMN BOJOKOH OEJI0TO BEIIECTBA 3PUTETBHOM JTyIHCTOCTH.
a. BoioxHa BBIXOIAT M3 JIaTepaNbHOTO KOJIEHYATOro Tella TajlaMmyca JaTepajbHO, HAYT B KPBIIE BUCOYHOTO POTA K IEPBUIHON
3PHUTENBHON KOpe, IPOXOJs JIATEPATbHO K MPENCEPIHIO.

b. BorokHa 3puTenpHON JIyYUCTOCTH U3 HIJKHEH YaCTH KOJIEHYATOTo TeJla HallpaBIISIIOTCS BIIEpE M BHU3, 00pasys meTimo Meliepa,
3aTeM MOBOPaYMBAIOT Ha3a/l, YTOOBI IPHCOCANHHUTECS K IICHTPAILHOA U 3aJHEH TpyIIaM BOJIOKOH, ITOKa He JOCTUTHYT KaJlbKa-
PHHOBOM IIEIH.

Note: 1 — oculomotor nerve (cranial nerve ll1); 2 — mammillary bodies; Ant. comm. — anterior commissure; Caudate n. — caudate nucleus; Int. C. — internal
capsule; LGB - lateral geniculate body; Mesenc. — mesencephalon; OB - olfactory bulb; OCh — optic chiasma; OT - optic tract; Parietal L. — parietal
lobe; Pit. GL. — pituitary gland; Sup. Long. Fasc. — superior longitudinal fasciculus; Thalam. — thalamus.

Mpumeyanme: 1 — rnasoasuratensHbIn Heps (YepenHoi Heps lIl); 2 — mammunnspHble Tena; Ant. comm. (anterior commissure) — nepeaHsas cnainka;
Caudate n. (caudate nucleus) — xsocTatoe sapo; Int. C. (internal capsule) — BHyTpeHHss kancyna; LGB (lateral geniculate body) — natepanbHoe koneH-
yatoe Teno; Mesenc. (mesencephalon) — meseHuedanoH; OB (olfactory bulb) — obonsTensHas nykosuua; OCh (optic chiasma) — 3puTenbHbIit nepe-
kpecT; OT (optic tract) — 3putenbHbIii nyTh; Parietal L. (parietal lobe) — TemenHas gons; Pit. GL. (pituitary gland) — runocus; Sup. Long. Fasc. (superior
longitudinal fasciculus) — BepxHuit npogonbHbIA Nyyok; Thalam. (thalamus) — Tanamyc.
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relays are then directed to the ciliary ganglion and
innervate the ciliary muscle, integrating the circuit for
light reflex in both pupils [17].

The main target of the optic tract in the posterior
thalamus is the lateral geniculate body, a six-layered
structure localized lateral and caudal to the pulvinar, which
comprises the first relay between retinal cells and the
cerebral cortex [18]. The fourth-order neurons from each
lateral geniculate body project ipsilaterally to the primary
visual cortex (Brodmann area 17 or striate cortex) of the
occipital lobe forming the geniculocalcarine tract [6, 19].

Based onmicrosurgical anatomical studies[19,20] and
in diffusion tensor imaging technology [6], the trajectory

HEMPOXUPYPI A

through the temporal lobe (Meyer’s loop) and terminates
at the lingual gyrus. The posterior bundle represents the
superior retina (upper contralateral visual quadrant),
goes through the parietal lobe, and ends at the cuneus
gyrus. The central bundle transmits macular information
[6, 19, 20].

MICROSURGICAL ANATOMY

OF THE OPTIC NERVE

According to Bernstein et al. (2016), the optic
nerve is 43 to 47 mm long from globe to chiasm [21].
For its study, it is divided into four segments (Fig. 4a
and 4b): intraocular, intraorbital, intra-canalicular, and

and anatomical relationships of optical radiations have  intracranial [22].
been detailed. Three bundles have been described in this
tract (Fig. 2 and 3): anterior, central and posterior [6].
The anterior bundle carries visual information from the

lower retina (lower contralateral visual quadrant), runs

Intraocular segment
Also known as the optic disc or optic nerve head, it
is located inside the sclera and measures 0.91-2.91 mm

Lam. region

Long Post.
Ciliary artery

Central retinal
vein  Central retinal
artery

Cribriform Plate

FIG. 4. Microsurgical anatomy intraocular, intraorbital, and intracanalicular segments of the optic nerve.

a. Photomicrograph of a histological section of optic nerve stained with Masson’s trichrome stain, showing the optic disc and its
four portions. It is possible to observe the pores that form between the connective tissue fibres through which the axons cross. A
fragment of the retina and sclera is shown.

b. Sagittal view of the optic nerve in cadaveric dissection. The lateral and superior rectus muscles have been retracted and the
periorbital fat removed to expose the intra-orbital, intracanalicular, and the first portion of the intracranial segments. Anatomical
relationships of the optic nerve with neighbouring structures such as blood vessels and muscle are shown. The anterior clinoid has
been partially removed and the annular tendon opened so that the origin of the ophthalmic artery from the internal carotid artery
and its intra-orbital pathway can be seen, but the intracanalicular segment remains hidden as its short longitude is covered with the
annular tendon surrounding the orbital end of the optic foramen.

c. Schematic illustration of the vascular supply of the optic nerve and structures of the eye.

d. Unroofed optic canal to show the intracanalicular segment of the optic nerve without the optic sheath to reflect it upwards and
uncover the intradural type of the ophthalmic artery.

e. Schematic illustration of the ophthalmic artery classification: intradural type (a), extradural supraoptic strut type (b) and
extradural transoptic strut type (c).

f. Upper view of the osseous relationships of the sphenoid bone and its foramens, including the optic canal.

PUC. 4. Muxkpoxupyprudueckasi aHaTOMHsI BHY TPHIJIA3HOTO, HHTPAOPOUTAIBHOIO U MHTPAKaHAIBHOIO CErMEHTOB 3PUTEIBHOTO
HepBa.
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a. ®oromMukporpadus THCTOIOTUIECKOTO Cpe3a 3PUTENEHOTO HepBa, OKPAIeHHOTO TPHXPOMHBIM METOJOM 1o MaccoHy, Ha KOTo-
PO¥1 BHIECH JAUCK 3PUTENHEHOTO HEPBA U €ro YeThIpe yacTH. MOXXHO HaOMOnaTh Iopsl, 00pas3yomuecs MKy BOJIOKHAMH COSIH-
HHUTEJILHOM TKaHH, Yepe3 KOTOPbIe IPOXOIAT aKCOHBL. [loka3aH GparMeHT ceTdaTku U CKIEPHI.

b. CaruTtanpHBIil BH 3pUTENBHOTO HEpBa NPH MpEMapupoBaHUM Tpyma. JlaTepanbHas W BEpXHSSA MPsIMasi MBILIIBI OTBEICHBI
PETPaKTOPOM, IEPHOPOUTATIBHBIHN XKUP yAalleH, YTO0bI O0HaXKUTH BHYTPHOPOUTANIBHBIN, BHYTPHKAHAIBHEINA U IEPBYIO YaCTh BHY-
TpHUYEpenHoro cerMenTa. [lokazaHbl aHaTOMIYECKHE B3aUMOOTHOLIEHHS 3pUTENFHOTO HEPBA C COCEIHIMH CTPYKTYpaMH, TAKUMH
KaK KPOBEHOCHBIE COCYABI M MBIIIIBI. [lepeHnit HaKJIOHEHHBIH OTPOCTOK YaCTHYHO YAaIeH, KOJIBIIEBUIHOE CYXOXKUINE BCKPHITO
TakuM 00pa3oM, YTO BUHO HAYaJl0 MIA3HOW apTEepUH OT BHYTPCHHEH COHHOM apTepuu U ¢ MHTPAaOpOUTaIbHAS YacTh, HO BHY-
TPHUKAHAIBHBIN CETMEHT OCTAETCsl CKPBITBIM, TaK KaK €ro KOPOTKas MPOIOJbHAS JIMHUS 3aKPbhITa KOJIBLEBHIHBIM CYXOXKHIHEM,
OKPY’KaIOIMM OpPOHTAIBHBIA KOHEI[ 3pUTEIFHOTO KaHaa.

c. CxemaTH4eckasi WIUTIOCTPAIUs CUCTEMbI KPOBOCHAOKEHUSI 3pUTEIHLHOTO HEPBa U CTPYKTY IJiasa.

d. KpeIma 3puTensHOro KaHaia yaaneHa, 9ToObl MoKa3aTh CErMEHT 3pUTEIBHOTO HepBa BHYTPH KaHana 0e3 000JI0UKH 3pUTEIb-
HOTO HepBa JUIsl OTOOPa)KEHNUS €ro HalpaBJIeHUs BBEPX M AEMOHCTPAIX HHTPALYPaIbHOTO THIIA JOKATH3ALUH TTIA3HOH apTepuH.
e. CxemaTnueckasi WUTIOCTpAIMs KIacCU(UKAIUHU JIOKATH3AIUN TIIa3HOW apTepHH: HHTPAAYPaIbHbINA THII (a), SKCTpaaypabHbIH
TUN (TIPOXOZMT HAJ 3PUTEILHON MEPEropoKoil (3aHEH HOXKKOW MaJIoro KpblUla KIMHOBUAHOW KOCTH)) (b) M 3KCTpaaypaibHbIi
TUN (TIPOXOTUT Yepe3 3PUTEIBHYIO MEPEropoIKy (3aHIO0 HOXKKY MAaJIOro Kpbliia KIMHOBHIIHON KOCTH)) (C).

f. Bun cBepXy Ha KOCTHBIE B3aHMOOTHOIICHUSI KIIMHOBUIHON KOCTH U €€ OTBEPCTHUH, BKITIOUAs 3pUTEIBHBINA KaHAI.

Note: CN III - cranial nerve IIl (oculomotor nerve); CN VI - cranial nerve VI (abducens nerve); Frontal L. - frontal lobe; Frontal n. — frontal nerve; Hyp.
Fossa — hypophysial fossa; ICA — internal carotid artery; Intercav. Sin. — intercavernous sinus; Jug. Sph. — jugum sphenoidale; Lam region — lamina
cribrosa region; Lat. Rec. m. — lateral rectus muscle; Lev. Palp. m. - levator palpebrae muscle; Long Post. Ciliary artery — long posterior ciliary artery;
OA - ophthalmic artery; ON — Optic nerve; ON sh. — optic nerve sheath; OR — orbital rim; Prelam. Region — prelaminar region; Retrolam. Region —
retrolaminar region; SHA — superior hypophysial artery; Short Post. Ciliary arteries — short posterior ciliary arteries; Sup. Rec. m. — superior rectus
muscle; Temporal L. — temporal lobe; 1 — intraorbital segment of the optic nerve; 2 — intracanalicular segment of the optic nerve; 3 — intracranial segment
of the optic nerve; 4 — anterior ethmoidal artery; 5 — supratrochlear artery; 6 — lacrimal nerve; 7 — infundibulum; 8 — tuberculum sellag; 9 — foramen
rotundum; 10 — foramen ovale; 11 — foramen spinosum; 12 — foramen lacerum; 13 — posterior clinoid process; 14 — lesser wing of sphenoid bone; 15 -
greater wing of sphenoid bone; 16 — anterior clinoid process.

Mpumeyanme: CN 11l (cranial nerve Il) —yepenHoit Heps Il (rnasoauratentHbin Heps); CN VI (cranial nerve V1) — yepenHoi Heps VI (Bo3BpaTHbIit HEPB);
Frontal L. (frontal lobe) — nobHas gons; Frontal n. (frontal nerve) — no6HbIit Heps; Hyp. Fossa (hypophysial fossa) — runodmsapHas samika; ICA (internal
carotid artery) — BHyTpeHHsIs COHHas apTepus; Intercav. Sin. (intercavernous sinus) — HTepkaBepHO3HbINA CUHYC; Jug. Sph. (jugum sphenoidale) — k-
HOBMAHOE BO3BbILLEHME; Lam region (lamina cribrosa region) — obnacTb pelwetyaton nnactutky; Lat. Rec. m. (lateral rectus muscle) — natepansHas
npsimMas Mbilwya; Lev. Palp. m. (levator palpebrae muscle) — nesatop nanbnetpanbHom Mbiwubl; Long Post. Ciliary artery (long posterior ciliary artery) —
ANuHHas 3aaHas uunuapHas aptepus; OA (ophthalmic artery) — rnasHas aptepusi; ON — (optic nerve) 3putencHbiid Heps; ON sh. (optic nerve sheath) —
obonoyka 3putenbHoro Hepea; OR (orbital rim) — opbuTanbHbIn 06ogok; Prelam. Region (prelaminar region) — npenamuHapHas obnacte; Retrolam.
Region (retrolaminar region) — petponamuHapHas obnactb; SHA (superior hypophysial artery) — BepxHss runocusapHas aptepusi; Short Post. Ciliary
arteries (short posterior ciliary arteries) — kopoTkue 3agHue uunuapHble apTepum; Sup. Rec. m. (superior rectus muscle) — BepxHss npsiMas MblLULa;
Temporal L. (temporal lobe) — BiucouHas fons; 1 — BHyTproOpOUTanbHbIA CErMEHT 3pUTENTbHOMO HEPBA; 2 — BHYTPUKAHANbLEBbIA CErMEHT 3pUTENTbHOMO
HepBa; 3 — BHYTPUYEPENHOI CErMEHT 3pUTENBHOTO HEPBa; 4 — NepedHss aTMouaanbHas apTepus; 5 — cynpaTpoxneapHas apTepusi; 6 — CnesHblii
HepB; 7 — uHdyHanbynym; 8 — Byropok Typeukoro ceana; 9 — kpyrnoe oteepcTue; 10 — oBanbHOe 0TBEpCTME; 11 — OCTUCTOE 0TBEPCTUE; 12 — pBaHOe
otBepcTue; 13 — 3a4HWIN HAKIOHEHHBI OTPOCTOK; 14 — Masnoe KpbIno KIMHOBWAHO KOCTU; 15 — 60MbLLOE KPbINO KIMHOBMAHOM KocTu; 16 — nepeaHui
HaKIOHEHHbI OTPOCTOK.

long at its largest diameter, with the horizontal diameter
usually smaller than the vertical [23]. The chorioscleral
canal, shaped like a cone and found at the level of Bruch’s
membrane, determines the shape and dimension of the
vertical diameter, which generally measures 1.5-1.9 mm
[1, 23]. Four regions, front to back, can be identified in
this portion (Fig. 4a): 1) superficial nerve fibre layer;
2) prelaminar region; 3) lamina cribrosa region; and 4)
retrolaminar region [24].

The most anterior region is the superficial nerve fibre
layer, composed mainly of ganglion cell axons, and
separated from the vitreous by the (Elsching’s) inner
limiting membrane, which in turn is continuous with
the inner limiting barrier of the retina. The prelaminar
region behind the latter is composed of astrocytes and a
superficial capillary network as well as tributaries of the
retinal vessels immersed in supporting connective tissue,
maintaining the viability of this first segment of the nerve
[24, 25]. The prelaminar region is where pathological

changes such as optic disc ooedema, glaucoma or
anterior ischemic optic neuropathy can be detected [1].

The lamina cribrosa region, known as the scleral
segment, has fibres similar to those in the prelaminar
region, surrounded by concentric connective tissue fibres
(elastin and collagen) forming pores through which the
nerve fibres pass [26]. In the retrolaminar region, axons
follow a parallel course to each other and are surrounded
by astrocytic processes [24, 25]. The presence of
oligodendrocytes documented in this layer coincides
with the onset of the myelinated portion of the nerve,
400 to 500 um beyond the laminar region limit [27].
Intraretinal myelination of ganglion cell axons is present
in 1% of the human population [28].

The retinal vascular supply comes from the retinal
artery. The retinal and choroid circulation supply the
prelaminar region; the laminar region is supplied by
the posterior ciliary short arteries (branches of the
ophthalmic artery) and the retrolaminar region by the
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pial arteries (Fig. 4¢). Its venous drainage is provided by
the central vein of the retina [29].

Intraorbital segment

This segment constitutes the area from the eyeball
to the optical canal, with an approximate length of 25—
30 mm and a larger diameter than the intraocular (3 to
4 mm) because of the myelin [1]. From the retrolaminar
region, once it emerges from the eyeball, it is coated by
the typical meningeal layers: the pia mater and arachnoid
membranes continuations of the choroid; and by the dura
mater from the connective tissue of the sclera (Fig. 4b). A
subarachnoid space is therefore generated which continues
to the intracranial segment and central structures. This
anatomical condition explains optic disc oedema as a
consequence of intracranial hypertension [30].

This segment is in relation with the muscles of the
orbit initially separated by fat but as it approaches the
entry point into the optic canal, its sheath binds to the
tendon fibres of the upper oblique, medial straight and
upper rectus muscles. The ciliary ganglion is found
between the rectus lateralis muscle and the lateral wall
of the optic nerve [31]. In this portion, the optic nerve
is medial to the annular tendon and below the elevator
muscles of the eyelid and superior rectus muscles
(Fig. 4b). The surrounding dura mater of the optic nerve
is attached to the annular tendon [31].

In this segment, irrigation is dependent on the
ophthalmic artery (Fig. 4c and 4d). Anatomical studies
report that in 75% of specimens its origin is in the
anteromedial or superomedial faces of the supraclinoid
segment of the internal carotid artery (Fig. 4d and 4e)
[30, 32, 33]. Other reported origins are in the intradural
segment [34], the middle meningeal artery [35] and even
the anterior cerebral artery [35]. The optic canal is the
entrance site of the ophthalmic artery to the cranial cavity
(Fig. 4f), usually inferolateral in relation to the optic
nerve [36, 37]. On its intraorbital trajectory, the artery
travels immersed in the dural covering of the optic nerve
usually on its inferolateral edge for the first third of the
path to the eyeball (Fig. 4d). It is then angulated to cross
either over (in 83% of cases) or under (17%) the optic
nerve, adjacent to the superior rectus muscle (Fig. 4e), as
observed by S.S. Hayreh in 61 specimens [36]. The final
segment runs medial to the optic nerve to finish at the
superomedial angle of the orbit (Fig. 4b) [38].

The ophthalmic artery branches to the central retinal
artery or, less commonly, can arise from the posterior
ciliary or a muscular branch [39]. This artery penetrates
the dural sheath and the nerve inferomedially (mainly)
or inferolaterally, approximately 11 mm from the sclera,
to run centrally through the nerve, along with the central
vein until reaching the retina [39]. The ophthalmic artery
also gives rise to short and long ciliary arteries that emit
multiple small branches that penetrate the nerve and
form the pial plexus, which is in turn anastomosed by
branches of the central artery of the retina to irrigate
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the intraorbital segment of the optic nerve (Fig. 4b and
4c). The ciliary arteries also irrigate the structures of the
eyeball [40].

Intracanalicular segment

This corresponds to the segment that runs through
the optic canal (Fig. 4b), with an approximate length of
5 to 10 mm, and is attached to the Zinn’s ring making
it the segment that is most susceptible to compression
[41]. On its canalicular pathway, the nerve is covered
medially by a small layer of bone in relation to the
sphenoidal recess and ethmoid cells, and between these
are sphenoethmoid or Onodi cells [41, 42]. According to
K. Fujii et al., 4% of the population does not have this
layer of bone, so the nerve is in direct contact with the
sphenoidal sinus and 8% of the population has no bone
covering of the carotid artery in the sphenoidal sinus
[43]. Due to its trajectory, an impression is made on the
sphenoidal sinus and, depending on the protuberance,
it can be divided into four types: type 1 nerves course
adjacent to the sphenoid sinus with no indentation of
the wall; type 2 nerves course adjacent to the sphenoidal
sinus, causing indentation of the sinus wall; type 3
nerves course through the sphenoid sinus; type 4 nerves
course immediately adjacent to the sphenoidal sinus
and the posterior ethmoidal air cell. These variants are
also called non-impression, impression, semi-canal and
canal, respectively [44].

The optic canal is composed of four walls (Fig. 4f):
1) The optical abutment or the posterior root of the
sphenoid (inferior wall); 2) the body of the sphenoid
(medial wall); 3) the anterior or superior root of the lesser
sphenoid wing (superior wall); and 4) the anterior clinoid
process (lateral wall) [42]. If a straight line is drawn from
the frontozygomatic suture in the medial direction, the
optical canal is at approximately 13 mm [37].

With a width of 4 to Smm and a length of
approximately 10mm, the canal becomes thinner as it
approaches the eyeball, although the subarachnoid space
surrounding the intracranial segment of the optic nerve is
continuous with the intracranial portion [37]. Once in the
optical canal, the dura mater fuses to form the periorbital
connective tissue [37, 41, 45]. It is in the optic canal
where the optic nerve is closely related to the ophthalmic
artery, from which it receives its major irrigation, found
in an inferolateral situation going to inferomedial in the
next segment [37].

Intracranial segment

This segment is only 10mm long [46]; the nerve rests
on the sellar diaphragm, and more dorsally is in relation
to the cavernous sinus, covered only by the pia mater in
all its trajectory at this level up to the entry of the optic
canal [1, 40]. The irrigation of this segment is provided by
branches of the anterior cerebral artery, internal carotid
artery, and anterior communicating artery (Fig. 5a and
5b) [40].
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FIG. 5. Intracranial trajectory of the optic nerve.

a. Coronal section with a view of the pituitary gland and the optic nerves and chiasm below. The ophthalmic artery runs immersed
in the dural covering of the optic nerve on its inferior edge.

b. Sagittal view of the sellar region, suprasellar area and third ventricle. Above the sella the infundibulum and optic chiasma, and
between the later and the lamina terminalis we find the suprachiasmatic recess of the third ventricle.

c. Postfixed variation of the optic chiasma on a subfrontal approach.

d. Normal variation of the optic chiasma on a pterional approach.

PUC. 5. Bayrpudepertas TpaeKTOpHs 3pUTEIHLHOTO HEPBA.

a. KopoHnanpHEIH cpe3 ¢ BUIOM Ha rurmodu3 U pacroioKeHHbIE HIDKE 3pUTENbHBIE HEPBBI U XHa3My. [1a3Hast apTepusi IPOXOJHUT
B AypaJIbHOM 000JIOUKE 3PUTENEHOTO HEPBA 110 €r0 HIDKHEMY Kparo.

b. CarutranpHblil BU CEIUTIPHON 00NIACTH, HAACEIUIIPHOM 00JACTH U TPEThEro Kenynouka. Ham Typerkum ceioM HaxomsaTest
BOpOHKa rHItou3a 1 3pUTEIbHBINA MePEKPECT, a MeXKAy HUMU ¥ TepMHHAIIbHAS TUIACTHHKA — CyIIpaxua3MaTHIeckoe yrryOoaeHue
TPETHETO KETyHT0UKa.

c. [octdukcupoBanHas Bapualysi 3pUTEIBHOTO TIEpEKpecTa MpHu CyOPPOHTATIEHOM JIOCTYTIC.

d. HopmanbHast Baprarust 3puTeIbHOTO MIEPeKpecTa P NTEPUOHATIBHOM JIOCTYIIE.

Note: ACA - anterior cerebral artery; ACoA - anterior communicating artery; CN Il — cranial nerve Ill (oculomotor nerve); CN IV - cranial nerve
IV (trochlear nerve); CN V-1 — ophthalmic division of trigeminal nerve; CN V-2 — maxillary division of trigeminal nerve; Corp. C. - corpus callosum;
Frontal L. — frontal lobe; ICA — internal carotid artery; Och — optic chiasma; ON - optic nerve; Pit. Gl. - pituitary gland; Sept. Pell. — septum pellucidum;
1 — infundibulum; 2 — tuberculum sellae; 3 — ICA supraclinoid segment; 4 — ICA intracavernous segment; 5 — cavernous sinus; 6 — sphenoidal sinus;
7 - basilar artery; 8 — third ventricle; 9 — interthalamic adhesion; 10 — anterior vein of septum pellucidum; 11 - choroid plexus; 12 — pericallosal artery;
13 — posterior clinoid process.

Mpumeyanue: ACA (anterior cerebral artery) — nepeaHsis Mo3rosas apTepust; ACOA (anterior communicating artery) — nepeHss coobuiatllascs apte-
pus; CN I (cranial nerve IIl) — yepenHoit Heps Il (rnasoasuratensHbin Heps); CN IV (cranial nerve 1V) — yepenHoit Heps IV (TpoxneapHbiii Heps); CN
V-1 - odhTanbmonornyeckuin 0Taen TPOMHNYHOO Hepea; CN V-2 — BepXHeUentoCTHOM 0TAeN TponHuuHoro Hepea; Corp. C. (corpus callosum) — mo3onu-
ctoe Teno; Frontal L. (frontal lobe) — nobras gons; ICA (internal carotid artery) — BHyTpeHHsst coHHas apTepus (BCA); Och (optic chiasma) — 3putens-
HbI nepekpect; ON (optic nerve) — 3putenbHbIit HepB; Pit. Gl. (pituitary gland) — runocons; Sept. Pell. (septum pellucidum) — npoapayHas neperopoaka;
1 - BOpoHka rmnocn3a; 2 — 6yropok Typewkoro ceana; 3 — cynpaknuHouaHbiin cermeHT BCA; 4 — nHTpakaBepHO3HbIn cermeHT BCA; 5 — kaBepHO3Has
nasyxa; 6 — KnuHoBMAHas nasyxa; 7 — 6asunsapHas apTepus; 8 — TpeTui xenypodek; 9 — mextanammuyeckas cnamka; 10 — nepeaHss BeHa npo3payHon
neperopogku; 11 — cocyaucToe cnneteHue; 12 — okoniomo3onucTas aptepus; 13 — 3aHWIA HAKIOHEHHbI OTPOCTOK.
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At the opening of the optic canal, there is a fold of
dura mater known as the falciform process which lies
over it, covering it by several millimetres medially
following the anterior clinoid processes [37, 45]. As
each nerve emerges from the optic canal they adopt an
angle of 45 degrees and, after a short path, fuse to the
contralateral nerve to form the optic chiasm, taking a
medial position to the internal carotid and lower frontal
lobe (Fig. 5a and 5b) [12].

Optic chiasm
The optic chiasm, covered with arachnoid and pia
mater has an anteroposterior diameter of 4 to 13mm, a
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width of 3 to 5 mm, and a transverse diameter of 4 to
13 mm [12]. The incisura of tentorium is crossed by the
anterior part of the optic tract, chiasm and optic nerves
[12,47].

The chiasm (Fig. 5¢ and 5d) is located in the
suprasellar cistern, below the hypothalamus, 10mm
above the pituitary gland and sellar diaphragm, in front
of the pituitary stem [12]. In front of the chiasm, we
find the continuation of the subarachnoid space, through
which the intracranial portion continues, with third
ventricle behind and above [48]. The anterior cerebral
artery and the anterior communicating artery run above
the optic chiasm [40].

OPTIC NERVE SURGICAL APPROACHES /

XUPYPITHYECKHUE JOCTYIIbI K 3PUTEJIBHOMY HEPBY
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FIG. 6. Surgical approach algorithm for each of the optic tracts.

Extracranial approaches are chosen for the intraorbital segment, susceptible to optic nerve gliomas, to reach the central, medial,
and lateral walls of the nerve. Here, the transcranial-transorbital medial approach is the first choice but some endoscopic approach
could also reach the medial and lateral walls (dashed lines). For the Intracanalicular segment, mainly injured by trauma, minimally
invasive endoscopic endonasal approaches could be undertaken (external ethmoidectomy, transanthral transethmoidal or endonasal
endoscopic) reaching the medial/lateral/inferomedial walls of the segment, but when required a combination of transcranial/
supraorbital approach with an extradural anterior clinoidectomy gives better decompression as it allows the opening of the annular
tendon. If the lesion affects the intracranial segment, most commonly in tumours, an intracranial approach should be undertaken:
frontotemporal, modified orbitozygomatic (OBZ) and bifrontal/subfrontal or the minimally invasive supraorbital approach.
PUC. 6. Anroput™ XUpypraueckoro JOCTyma st KaXJ0T0 U3 3PUTEIBHBIX TPAKTOB.

JU71st BHyTPHOPOHTAIBHOTO CErMEHTA, TOIBEPIKCHHOTO TIIMOMaM 3PUTEIIBHOTO HEPBa, BRIOUPAIOTCS SKCTPAKPAaHUABHBIC TOCTYIIH,
9TOOBI JOCTHYb LIEHTPAJIbHON, MEANABHON H JIATepabHOW CTEHOK HepBa. 3/1eCh TPAHCKPaHHATEHO-TPAHCOPOHUTABHBIA M-
QIIBHBIN JIOCTYII SBISIETCS TIEPBBIM BEIOOPOM, HO Ye€pe3 HEKOTOPBIE SHIOCKOMMIECKHE JOCTYIIBI TAKIKE MOXKHO JOCTHYb MEIHAIb-
HOM U JIaTepainbHOI CTEHOK (IIyHKTHPHBIEC JIUHUH). J{Js1 BHYTPHKAHAIIBHOTO CETMEHTA, B OCHOBHOM IIOBPEXICHHOTO B PE3YIIBTATE
TPaBMBI, MOTYT OBITh MPUMEHEHBI MaJOMHBA3UBHBIC YHIOCKOMMYIECKHE SHIOHA3AIBHBIC TOCTYIIBI (HapyXKHAsS 3TMOUAIKTOMUS,
TPAHCAHTPAJIBHBIM TPAHCITMOUNAIBHBIA WM SHIOHA3AIBHBIA HIOCKOIMMYECKHIA), JOCTHTAIONINE MeIHaTbHOW/ TarepaibHOM/
nH()EpOMETNaTbHOM CTEHOK CErMEHTa, HO IPH HEOOXOMMMOCTH COYETAHHE TPAHCKPAHHAIBHOTO/CYpaopOUTaBHOTO JOCTYIa
C 9KCTPaJypajibHON MepeiHell KINHOUAIKTOMHUEH NaeT JTyYIIylo JCKOMIIPECCUIO, TAK KaK MO3BOISIET OTKPBITH KOJBIEBUIHOE
cyxoxmiue. Eciu nopakeHre 3aTparuBacT BHYTPHUEPEITHON CErMEHT, Yallle BCEro MPH OIMyXOJSX, CIEAyeT MPUMEHUTh HHTpPA-
KpaHUANBHBIA JOCTYII: (PPOHTOTEMITOPAITBHEINA, MOTHU(UIIMPOBaHHEIH opOuTo3uromMarnueckuii (OBZ — orbitozygomatic) u oud-
POHTABHBIH/CYO(MPOHTAIBHBIN WIIH MHHIMAJIbHO HHBA3HBHBIHA CyIPaOpOUTAIbHBINA TOCTYII.

Note: OBZ - orbitozygomatic.
Mpumeyanme: O3] — opbuTO3MroMaTyeCcKuin 4OCTyn.
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Although uncommon, there are anatomical variants
where the intracranial portion of the optic nerve may be so
long or so short that the chiasm is not found in relation to
the sellar diaphragm or the pituitary gland [49]. The two
variants are: prefixed (Fig. 5d) which lays more anteriorly
in relation to the tuberculum sellae, and postfixed (Fig. Sc)
found over the dorsum sellae [12, 48]. The importance of
identifying them is that a prefixed chiasm or a protruding
tuberculum will limit access to the sellar and suprasellar
region in a transcranial approach [31, 47].

NEUROSURGICAL APPROACHES

TO THE OPTIC NERVE

Depending on the segment to be approached, we
suggest an algorithm to choose the most suitable and
effective surgical approach for the optic nerve (Fig. 6).
For the intraorbital segment, the orbital bones are taken
as reference, dividing the nerve in a lower, upper, lateral,
and medial face. The lesions that most commonly affect
this area and are surgically treatable are neoplasms
derived from glia and the optic nerve sheath [31]. The
intracanalicular segment is, as explained before, the site
of surgical decompression, with either an extracranial
or transcranial approach [50]. There are several open
extracranial approaches as well as minimally invasive
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