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Abstract

Background. In modern neurosurgery, preference is given to less invasive procedures. A classic example is switching from
standard surgical approaches to keyhole approaches, in particular transition from pterional to minipterional approach.

In turn, addition of extradural resection of the anterior clinoid process to the minipterional approach significantly expands the
range of its indications.

Method. The paper analyses the stages and main features of microsurgical clipping of carotid-ophthalmic aneurysms through
the minipterional approach with extradural anterior clinoidectomy in patients operated in the Federal Centre of Neurosurgery
(Tyumen, Russia) by professor Sufianov.

Conclusion. The technique described in this research is a safe surgical approach, which demonstrates the efficacy of
adding some skull base surgery elements to keyhole approaches. This type of craniotomy could become a method of choice
for many neurosurgical conditions.

Keywords: vascular neurosurgery; skull base surgery; keyhole surgery; anterior clinoid process; internal carotid artery;
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AHHoTauus

AKTyanbHOCTb. B COBpEMEHHON HENPOXMPYPrMM NPEANoYTEHNE OTAAETCS CHUKEHWIO MHBA3WBHOCTY NPOBOAMMBIX NPO-
ueayp. Knaccuyeckum npumepom SIBNSETCS Nepexop OT CTaH4apTHbIX OnepauMoHHbIX 4OCTynoB k keyhole-goctynam,
B YaCTHOCTW Nepexof OT NTEPUOHANBLHOrO AOCTYNA K MUHU-NTEPUOHaNbHOMY. B cBOK oyepenp, AobaBneHue K MUHU-NTe-
PUOHANBLHOMY JOCTYNY 3KCTPagypanbHOM pesekLum nepeaHero HakMmoHEHHOMo OTPOCTKA 3HAUMTENBHO pacLUMPSeT CNekTp
NOKa3aHWM K ero BbINOSTHEHWIO.

Metogb!. MpeacTaBneHbl aTanbl 1 OCHOBHbIE OCOBEHHOCTW MUKPOXMPYPIYECKOTO KIUMMPOBaHUS KapoTUAHO-0TanbMo-
OTMYECKNUX aHEBPU3M C MPUMEHEHNEM MUHWU-MTEPUOHANBHOMO AOCTYNA C 3KCTpafypanbHO nepeaHen KNMHOULIKTOMM-
e/l Ha OCHOBAHWW BbINOSTHEHUS AiaHHbIX ONEPATMBHbIX BMELLATENLCTB B YCNoBUsAX PefepanbHOro LiEHTpa Hepoxmupyprim
(Poccus, TromeHb) npocgeccopom A.A. CycmaHoBbIM.

3akntoyenue. MyHW-NTEpUOHANbHBIA AOCTYN C KCTPaZypanbHOM pe3ekLmen nepeaHero HaknoHEHHOro 0TPOCTKa ABNSET-
cs1 6e3onacHbIM onepauyoHHbIM AOCTYMOM, CyXalyM OAHUM W3 npumepoB AobaBneHus k keyhole-goctynam anemeHToB
XMpYPrum OCHOBaHWS Yepena. [JaHHbIA TN KPaHMOTOMMM MOXET CTaTb METOLOM BblGOpa B NEYEHUM LUIMPOKOTO CrekTpa
HEeNpPOXMUPYPrUYECKoit NaToNormm.

KntoueBble cnoBa: cocyauctas HeMPOXUPYPrust; XMpYpriss 0CHoBaHus Yepena; keyhole-gocTyn; nepeaHuin HakNOHEHHbIN
OTPOCTOK; BHYTPEHHSAS COHHAs apTepuns; aHeBprU3Ma

Py6pukn MeSH:

AHEBPU3MA - OIUATHOCTUKA

AHEBPU3MA - XUPYPT A

COHHAA APTEPUA BHYTPEHHAA — XUPYPTUA

COHHOW APTEPUW BONE3HM — AUATHOCTUKA

COHHOW APTEPUW BONE3HW — XUPYPT A

KNMHOBWOHAA KOCTb — XUPYPTUA

MUKPOXWPYPTUA — METOLbI
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List of abbreviation
ACP - anterior clinoid process

The conventional pterional approach is the “gold
standard” in the surgical treatment of most neurosurgical
pathologies [1, 2]. However, in modern neurosurgery,
there has been a tendency to develop minimally invasive
procedures. A classic example is the transition from
standard surgical approaches to keyhole approaches, 3—5
cm in size, and in particular, the transition from pterional
approach to minipterional approach [3-5].

Along with a wide range of advantages of these
approaches, there are several limitations. The

FIG. 1. Schematic representation of the pillars of the anterior
clinoid process.

PUC. 1. CxemarnuHoe m300paXkeHHE HOKEK TEPEIHETO Ha-
KJIOHEHHOT'O OTPOCTKA.

Note: ACP - anterior clinoid process; IP — inferior pillar (optic strut); LP —
lateral pillar (sphenoid wing); OC — optic canal; MP — medial pillar (roof of
the optic canal); SOF — superior orbital fissure.

Mpumeyanmne: ACP (anterior clinoid process) — nepeaHuin HakNoHEeHHbI
otpoctok; IP (inferior pillar) [optic strut] — HuxHAS HOXKa [3puTenbHas
neperopogka]; LP (lateral pillar) [sphenoid wing] — natepanbHas Hoxka
[kpbino knuHoBMaHoW koct]; OC (optic canal) — kaHan 3puTensHoro
Hepsa; MP (medial pillar) [roof of the optic canal] — megnansHas Hoxka
[kpbiwa kaHana 3putensHoro Hepsa); SOF (superior orbital fissure) —
BEPXHSAS rMasHn4iHas LLenb.

ICA - internal carotid artery

combination of keyhole approaches with elements of
skull base surgery can significantly expand the range of
indications [6].

Using the combination of minipterional approach
(keyhole approach) with extradural resection of the
anterior clinoid process (ACP) — an element of skull
base surgery — we can significantly expand the range
of indications for this approach. The main indications
are: paraclinoid aneurysms of the internal carotid artery
in patients having contraindications for endovascular
treatment; small lesions of the sella turcica, the area
of the sphenoid bone wings, and the anterior clinoid
process; optic nerve gliomas; pathologies requiring
decompression of the optic canal [7-10].

The article describes the technique and features of
performing the minipterional approach with extradural
clinoidectomy demonstrated by the case of the carotid-
ophthalmic aneurysm clipping.

FIG. 2. Patient positioning, skin incision planning. An arcuate
skin incision is made just behind the hairline, 1 cm above the
zygomatic bone.

PUC. 2. IlnanupoBanue KOKHOTO paspesa. JyrooOpasHblii
pa3pes3 KOXH [eaeTcs cpa3y 3a JIMHUEH pocTa BOJoC, Ha 1 cM
BBIIIE CKYJIOBOH KOCTH.

Note: STL — superior temporal line; SW — sphenoid wing; ZA - zygomatic
arch.

Mpumeyanue: STL (superior temporal ling) — BEpXHAS BUCOYHAS NNHUS;
SW (sphenoid wing) — kpblino knuHoBUAHOM kocTu; ZA (zygomatic arch) —
CkynoBas fyra.
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ANATOMICAL FEATURES

The superior orbital fissure is bounded Ilaterally
by a fold formed by the dura covering the frontal and
temporal lobes, called the meningo-orbital band, which
attaches the temporal lobe to the wall of the cavernous
sinus and the ACP.

Anatomically, the ACP is attached to the wing of
the sphenoid bone by three bony structures (pillars)
(Fig. 1):

(1) a lateral pillar, which is formed by a wedge-
shaped ridge and is bounded from below by the superior
orbital fissure;

(2) the medial pillar that forms the roof of the optic
canal;

(3) the inferior pillar (or optic strut), which separates
the supraclinoid portion of the internal carotid artery
(ICA) inferolaterally from the superior medial optic
nerve.

A

SURGICAL TECHNIQUE

Patient positioning and skin incision

The patient’s head is fixed in the Mayfield® skull
clamp in the same way as described for the classic
pterional approach. A 5-7 cm curvilinear skin incision
along the hairline is usually sufficient to expose an area
of the bone for the craniotomy (Fig. 2).

To prevent intraoperative damage to the branches
of the facial nerve, dissection of interaponeurotic fatty
tissue is performed along the border between the latter
and the temporal muscle. The temporalis muscle can
then be safely dissected downwards without the risk of
damaging the branches of the facial nerve that remain in
the adipose tissue (Fig. 3a, 3b).

The temporalis muscle is dissected using an
interfascial technique and retracted downward

until the superior orbital margin and pterion are
exposed.

FIG. 3. Schematic representation of the dissection of interaponeurotic fatty tissue along the border with the temporal muscle to

prevent damaging the branches of the facial nerve.

A. The aponeurotic skin flap is separated along the border between the interaponeurotic fatty tissue and the temporalis muscle.

The facial nerve is intact.

B. The aponeurotic skin flap is separated along the border with the interaponeurotic fatty tissue, and the branches of the facial

nerve are crossed.

PUC. 3. Cxemaruunoe I/1306pa)I(CHI/IC JAUCCCKIUU XXUPOBOTO KOMKaA I10 I'paHULC C BHUCOYHOM MLIHIHGﬁ JUISL TIpEAOTBPAIICHHUS 110~

BPCIKACHU BETOK JINLEBOIO HEPBA.

A. KO)KHO-aHOHeBpOTI/I'-IeCKI/Iﬁ JIOCKYT OTACJICH II0 I'paHULC MCKIAY Me)I(aHOHeBpOTH‘ICCKOfI )KPIpOBOfI KJIETYaTKOM M BUCOYHOM

MBIIIEH, JINIEBOX HEPB LE.

B. KO)KHO-aHOHeBpOTI/I‘ICCKI/Iﬁ JIOCKYT OTACJICH IIO I'paHUIIC C Me)l(aHOHeBpOTH‘IeCKOﬁ )KPIpOBOfI KJ'IGT‘-IaTKOﬁ, BCTKH JIMICBOI'O

HEPBA MICPECCUCHBI.

Note: F — interaponeurotic fatty tissue; FN — facial nerve; S — skin; SFT — subcutaneous fatty tissue; TB — temporal bone; TM — temporal muscle; ZA -

zygomatic arch.

Mpumeyanue: F (fat) — mexanoHeBpoTuyeckas xupoBas knetyatka; FN (facial nerve) — nuueson Heps; S (skin) — koxa; SFT (subcutaneous fatty
tissue) — nogkoxHas xupoBas knetyatka; TB (temporal bone) — BucouHas koctb; TM (temporal muscle) — BucouHas Mbiwua; ZA (zygomatic arch) —

CKyrioBasi fiyra.
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Craniotomy

Classic pterional craniotomy involves approaching
from within the frontal, parietal, temporal, and sphenoid
bones, and its superior border extends beyond the
superior temporal line. Minipterional craniotomy is a
3x5 cm craniotomy, and its upper border does not go
beyond the superior temporal line (Fig. 4).

A 3x5 cm craniotomy is performed below the superior
temporal line (minipterional craniotomy) (Fig. 5).

The dura mater, covering the temporal and frontal
lobes, and the lesser wing of the sphenoid bone are
exposed.

Then, using a cutting burr, the lesser wing of the
sphenoid bone is resected to the outer edge of the superior
orbital fissure. This allows the lateral pedicle of the ACP
to be removed.

Extradural part of approach

The meningo-orbital band is coagulated and dissected.
In this case, the periosteal layer of the dura mater is
dissected above the lateral wall of the cavernous sinus.
This allows the surgeon to get into the layer between

HEMPOXUPYPI A

the dura mater layers and, if necessary, perform the
“peeling” of the cavernous sinus wall. At the same time,
it is possible to mobilize the dura mater of the temporal
lobe outwards, and completely expose the ACP.

Extradural anterior clinoidectomy

At this stage, only the medial and inferior pedicles
are still holding the ACP in place, as the lateral pedicle
was removed during the resection of the lesser wing of
the sphenoid bone and part of the roof of the superior
orbital fissure.

Removal of the optic septum and medial stem of the
ACP is most safely performed using specialized bone
clippers (Muranaka, Japan) (Fig. 6A, 6B). After resection
of all bone pillars, the ACP becomes mobile and is fixed
mainly due to the petroclinoidal and interclinoidal
ligaments. A complete dissection of the ACP is performed
by sharply dissecting these ligaments with microscissors
or a specialized sickle-shaped microdissector (Feather,
Japan) (Fig. 6C, 6D).

Then, the ACP is removed and the paraclinoid portion
of the internal carotid artery is exposed (Fig. 7A—C).

FIG. 4. Schematic representation of the stages of minipterional craniotomy.
(1) The first stage of craniotomy is performed in an arcuate manner from the burr hole along the superior temporal line to the large

wing of the sphenoid bone;

(2) The second stage of the craniotomy is performed in an arcuate manner from the milling hole to the large wing of the sphenoid

bone;

(3) Resection of the outer plate of the greater wing of the sphenoid bone with a cutting bur.
PUC. 4. Cxemaruueckoe U300paKeHHE ITAOB BHIMOJIHCHNS MUHU-ITEPHOHATBHON KPAHHOTOMHH.
(1) TlepBblii aTan KPAaHUHOTOMHUH BBITOIHIETCS TyrooOpa3HO OT (Pe3eBOro OTBEPCTHS BIOJIb BEPXHEH BUCOUHOM JTHHUH K OOJb-

IOMY KpbLTY I(J'IPIHOBPI}IHOﬁ KOCTH,

(2) Bropoii 3Tan KpaHUOTOMUH BBIIOJIHAETCS JyrooOpa3Ho OT ()pe3eBOro OTBEPCTHs K OOJIBLIOMY KPbUTY KIMHOBUIHOM KOCTH;
(3) Pezexuus Hapy>KHOI IUIACTUHKU OOJIBLIOTO KPbIa KIMHOBUIHON KOCTH PEXYIIUM OOPOM.

Note: TB - temporal bone; SB — sphenoid bone; FB - frontal bone; ZA — zygomatic arch; SqS — squamous suture; CS — coronal suture; SFS — spheno-

frontal suture; SSqS - spheno-squamous suture.

Mpumeyanue: TB (temporal bone) — BucouHas koctb; SB (sphenoid bone) — knuHoBuaHas kocTs; FB (frontal bone) — no6Has kocTb; ZA (zygomatic
arch) — ckynoas gyra; SqS (squamous suture) — yewwyinyatblit Wwos; CS (coronal suture) — BeHeuHbIl WwoB; SFS (sphenofrontal suture) — knuHoBKAHO-
nobHbIN woB; SSgS (sphenosquamous suture) — KMMHOBWUAHO-YeLLYAYaTbIiA LLIOB.
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FIG. 5. Intraoperative image of a minipterional craniotomy.

A. Intraoperative image of dissection of interaponeurotic fatty tissue along the border with the temporalis muscle to prevent
damage to the branches of the facial nerve: the aponeurotic skin flap is separated along the border with interaponeurotic fatty
tissue.

B. Intraoperative image of dissection of interaponeurotic fatty tissue along the border with the temporalis muscle to prevent
damage to the branches of the facial nerve: The aponeurotic skin flap is separated along the border between the interaponeurotic
fatty tissue and the temporalis muscle, the facial nerve is intact, and the temporalis muscle can be safely dissected downward
without the risk of damaging the branches of the facial nerve that remain in the adipose tissue.

C. Intraoperative view of the temporalis muscle dissection: The temporalis muscle is widely dissected from top to bottom, the
upper orbital margin and pterion are exposed.

D. Intraoperative image of a minipterional craniotomy: a burr hole is made in the projection of the Sylvian fissure, the upper edge
of which is the outer edge of the minipterional craniotomy:

(1) the first stage of the craniotomy is performed in an arcuate manner from the burr hole along the superior temporal line to the
large wing of the sphenoid bone;

(2) the second stage of the craniotomy is performed in an arcuate manner from the milling hole to the large wing of the sphenoid
bone;

(3) resection of the outer plate of the greater wing.

E. A minipterional craniotomy with bone graft 3x5 cm was performed.

F. A minipterional craniotomy was performed, the bone flap removed: the dura mater is visible, covering the frontal and temporal
lobes of the brain, the course of the Sylvian fissure is traced, the lesser wing of the sphenoid bone is visualized.

PUC. 5. UutpaonepaiioHHOe H300pakeH e BBIIIOIHEHNS! MUHHA-ITEPHOHAIBHON KPaHHOTOMHH.

A. UHTpaonepanrioEHOe H300paskeHHe IUCCEKIMH )KUPOBOTO KOMKA IT0 TPaHHUIE ¢ BUCOYHOI MBIIIIEH I IPEIOTBpPAIIeHHS 110~
BPEXKIEHHS BETOK JIUIIEBOTO HEPBA: KOKHO-AIIOHEBPOTHYECKUH JIOCKYT OT/JEIIEH MO IPAHUIE C XKUPOBEIM KOMKOM.

B. UHTpaonepanuoHHOe H300pakeHNe MUCCEKIUH )XKUPOBOTO KOMKA IO TPAHUIIE C BUCOYHOI MBIIIMIEH IS MPeIOTBpaIlCHIUS
TIOBPEKICHUS BETOK JIHIIEBOTO HEPBA: KOXKHO-aITOHEBPOTHYECKUH JIOCKYT OT/ENIEH IT0 IPaHUIEe MEXTY KHPOBEIM KOMKOM U BH-
COYHOW MBIMIIIEH, JINIEBOH HEPB IieJl, BUCOYHYIO MBIIIITy MOXHO O€30IIaCHO PacceKaTh KHU3Y 0e3 pHCKa MOBPEKICHUS BETOK
JIMIEBOTO HEPBa, KOTOPHIE OCTAIOTCS B )KHPOBOH TKAHN.

C. HHTpaonepannoHHOE H300paK€HNE AUCCEKINH BHCOYHOM MBIIIIBI: BUCOYHAS MBIIIIA MIUPOKO PACCEUCHA KHU3Y, OOHAXKEH
BEPXHHUH INIa3HUYHBIA Kpal U ITEPUOH.

D. HHTpaonepanyioHHOe N300pakeHUE BHITOIHEHNS MUHH-IITEPHOHANPHON KPAaHHOTOMHU: BBIIOTHCHO (hpe3eBOE OTBEPCTHE B
MIPOEKIIMH CHIIEBUEBOIT OOPO3/IBI, BEPXHUM KPaeM KOTOPOTO SBICTCS HAPYKHBIH Kpail MUHH-IITEPHOHATEHOH KPAaHHOTOMHAM:
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(1) mepBbIii 3Tam KPAaHUOTOMHHU BBITIOJIHACTCS yrooOpa3HO OT (Jpe3eBOr0 OTBEPCTHS BIOJIb BEPXHEH BUCOYHOW JMHHUU K 0OJIb-
IOMY KPBUTY KIIMHOBHIHOH KOCTH;

(2) BTOpOI¥T 3TNl KPAHUOTOMHH BBITTOTHSIETCS TyrooOpa3HO OT (pe3eBOTO OTBEPCTHS K OOJIBIIIOMY KPBLTY KJIMHOBHIHON KOCTH;
(3) pesekius HapYKHOM TUTACTHHKU OOJIBIIOTO KPbLIa KIMHOBUIHON KOCTH PEXYIIUM OOPOM.

E. MHTpaonepannoHHOe M300pa)KeHHE BBIOJHEHUS MUHH-IITEPUOHAIBHON KPAaHWOTOMUH: BBINOJHEHA MUHHU-NITEPHOHAIBHAS
KPaHUOTOMHS C KOCTHBIM JIOCKYTOM 3X5 cM.

F. MaTpaonepanonHoe M300pakeHHEe BBITIOJHEHHS MHHHU-NTEPHOHAIBHON KPAaHHOTOMHHM: BBITIONHEHA MUHHU-NITEPHOHANBHAS
KPaHUOTOMHUSI, KOCTHBIH JIOCKYT yOpaH. BumHa TBepaast Mo3roBast 000J109Ka, HOKPEIBAIOIIAst JIOOHYIO U BUCOYHYIO JOJIH TOJIOBHO-
T'O MO3Ta, IPOCIIEKUBACTCS X0 CHIIBBUEBOH OOPO3/IBI, BU3YAJIH3HPYETCS Majloe KPBUIO KIMHOBUIHOM KOCTH.

Note: F — interaponeurotic fatty tissue; FL — frontal lobe; KP — key point; Pt — pterion; SF — Sylvian fissure; SW — sphenoid wing; TB — temporal bone;
TL - temporal lobe; TM — temporal muscle.

Mpumevanue: F (fat) — mexanoHeBpoTuyeckas xuposas knetyatky; FL (frontal lobe) — nobHas gons; KP (key point) — kntouesas Touka; Pt (pterion) —
ntepuoH; SF (sylvian fissure) — cunbBuesa (natepanbHas) 6oposaa; SW (sphenoid wing) — kpbino knuHoBuaHOM kocTu; TB (temporal bone) — BUcoYHas
kocTb; TL (temporal lobe) — Bicouras gons; TM (temporal muscle) — BUCouHast MbiLuLa.

FIG. 6. Microsurgical instruments for extradural anterior clinoidectomy.

A. Bone clippers used for extradural clinoidectomy (Muranaka, Japan) (a general view of the instrument with an original bayonet
design that facilitates its use).

B. Bone clippers used for extradural clinoidectomy (Muranaka, Japan) (view of the tool tip.

C. Crescent microdissector for transection of ACP ligaments (Feather, Japan) (general view of a tool with a bayonet grip).

D. Crescent microdissector for transection of ACP ligaments (Feather, Japan) (view of a sickle-shaped blade)

PUC. 6. Mukpoxupyprudeckie HHCTPYMEHTBI, HCIIOIb3YEMBbIE JUTsl BHINOIHEHHUSI KCTPaLypabHOM NepeaHei KITMHOMAIKTOMHUH.
A. KocTHBIE KyCcauKH, HCIIONIB3YyeMBIe IS 3KCTPaaypanbHOi kauHOMg3KkToMun (Muranaka, Japan) (oOmmit B HHCTpYMEHTA C
OpHUTHHAIBHON 6allOHETHON KOHCTPYKITHEH, yTydIIaomei y1o0CTBO HCIIONb30BaHN).
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B. KocTHble KycadkH, UCTIONB3yEeMbIC TSl KCTpaLypaibHON KinHOUA3KTOMUH (Muranaka, Japan) (BuI KOHUHKA HHCTPYMCHTA).
C. CeprioBuHbIil MUKpoauccekTop st iepecedcHus cBsa3ok [THO (Feather, Japan) (oOmuii Bug uHCTpyMeHTa ¢ OailoHETHOM
PYUKO#).

D. CepnioBuanslit Mukpomuccekrop s nepeceuenus cesizok [THO (Feather, Japan) (Bun Jie3BUst CEpHIOBUAHOMN (HOPMBI).

Note: ACP — anterior clinoid process.
Mpumeyanme: ACP (anterior clinoid process) — nepeaHuii HaknoHeHHbIn otpocTok (MHO).

A

FIG. 7. Extradural anterior clinoidectomy.

A. Schematic representation of the stages of extradural anterior clinoidectomy.

B. Microsurgical stages of extradural anterior clinoidectomy (bone stage of ACP mobilization).

C. Microsurgical stages of extradural anterior clinoidectomy (removal of ACP).

PUC. 7. DkcrpanypanbHas nepeqHsisi KITHHOMAIKTOMHSL.

A. Cxemarnyeckoe U300pakeHHe TAIOB BBIIOIHEHHS SKCTpaypaabHON NepeaHel KINHONIIKTOMUH.

B. Mukpoxupyprudeckuii 3Tar BbIIOJIHEHUS 3KCTPaypalbHOM IepeaHel KITMHOUAIKTOMUY (KOCTHBIN sTan Moounu3anuu [THO).
C. MuKpoXupypruueckuii 3Tall BbIIOIHEHHS 3KCTpalypalbHON nepenHel knunona kromuu (ynanenue ITHO).

Note: A1 -A1 segment of anterior cerebral artery (ACA); A2 - A2 segment of ACA; ACoA (anterior communicating artery); ACP — anterior clinoid process;
ICA - internal carotid artery: C4 — cavernous segment, C5 - clinoid segment, C6 — ophthalmic segment, C7 — communicating segment; M1 — M1
segment of middle meningeal artery; OA — ophthalmic artery; ON — optic nerve; OS - optic strut; SW — sphenoid wing.

Mpumeyanue: A1 — A1 cermeHT nepepHen Mo3rosoit aptepuu; A2 — A2 cermeHT nepeaHeit Mo3rosoit aptepum; ACoA (anterior communicans artery) —
nepepHsist coeguHuTensHas aptepusi; ACP (anterior clinoid process) — nepeaHuit HaknoHeHHbIn oTpocTok (IMHO); ICA (internal carotid artery) — BHy-
TPEHHSIA COHHas apTepus: C4 — newepucTbiii cermeHT, C5 — knuHomaHblil cermeHT, C6 — ochTanbMuyeckuit cermeHT, C7 — KOMMYHUKATUBHBIA CErMEHT;
M1 — M1 cermeHT cpenHeit moarosoit aptepuu; OA (ophthalmic artery) — odpransmuyeckas aptepust; ON (optic nerve) — 3putensHeii Heps; OS (optic
strut) — 3putenbHas neperopogka; SW (sphenoid wing) — KpbIno KNMHOBUAHOM KOCTU.
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Venous bleeding at this point is stopped with fibrin glue
and irrigation.

Dura mater incision

The dura mater is dissected in a Y-shape. The
Y-shaped section of the dura mater is supplemented
with a linear one up to the optic nerve. Then the carotid
optic cistern is opened microsurgically, the falciform
ligament and the distal dural ring are dissected to
ensure mobilization of the supraclinoid part of the
internal carotid artery and the optic nerve, and the
aneurysm, especially its neck, is adequately exposed.
When dissecting the distal dural ring of the dura mater,
special attention should be paid to the verification of
the ophthalmic artery. In unruptured aneurysms, the
opening of the optic carotid cistern and drainage of the
cerebrospinal fluid cause enough brain relaxation to
manipulate ICA aneurysms located in the paraclinoid
region, which is necessary to proceed safely with the
intradural stage of the operation.

Intradural stage of the operation

The extradural stage provides a direct approach to
the paraclinoid region and guarantees proximal control
at all subsequent stages. An arachnoid dissection is
then performed at the neck of the aneurysm to expose it
sufficiently (Fig. 8A).

A

HEMPOXUPYPI A

After the neck of the aneurysm has been identified,
the clipping of the aneurysm is performed. At this stage,
special attention should be paid to the preservation of
blood flow in the ophthalmic artery, and to avoid clipping
it (Fig. 8B, 9, 10).

Closing the surgical wound

The dura mater is hermetically sealed, and small
defects in the dura mater are closed with the temporal
fascia and fibrin glue. This is especially true for the
zone of the optic strut and the dissected distal dural ring,
and falciform ligament. Since hermetic suturing is not
possible, the defect is tamponed with autologous tissue
to prevent postoperative CSF leak. The bone flap is fixed
with two craniofixes or bone sutures.

The wound is sutured in layers, and the skin with an
intradermal cosmetic suture (Fig. 11).

INDICATIONS

This research paper describes the use of
minipterional approach with extradural resection
of the anterior clinoid process illustrated with the
surgical clipping of carotid-ophthalmic aneurysms.
However, the range of indications for this technique
is quite wide, with the main ones being other
aneurysms of the paraclinoid internal carotid artery
that cannot be ‘turned off’ endovascularly; small

FIG. 8. Schematic representation of the clipping of an aneurysm of the ophthalmic segment of the internal carotid artery.
A. Aneurysm of the ophthalmic segment of the ICA with a wide neck covered by the anterior clinoid process.

B. Clipping of the aneurysm of the ophthalmic segment of the ICA (a permanent clip is placed on the aneurysm neck to block the
blood flow in the aneurysm, the blood flow in the ophthalmic artery is preserved).

PUC. 8. CxemarnuHoe n300pakeHre KIUITHPOBAHUS aHEBPH3MBI 0D TATIBMUYECKOTO CETMEHTA BHYTPEHHEH COHHO apTepuu.

A. AreBpusma odransmuueckoro cermenta BCA ¢ mmpoxoit meiikoi, npukpeitor [THO.

B. KiiunupoBanue aneBpusMsbl opraipmudeckoro cermenta BCA (Ha mieiiKky aHeBpH3MbI HAJIOXKEH KIIMIIC, KPOBOTOKA B aHEBPH3-
M€ HET, KPOBOTOK B O TaIbMHUUYECKOI apTEpPUU COXPAHEH).

Note: A—aneurysm; A1 — A1 segment of anterior cerebral artery (ACA); ACP - anterior clinoid process; ICA — internal carotid artery; M1 — M1 segment
of middle cerebral artery (MCA); OA — ophthalmic artery; OC — optic chiasm; SOF — superior orbital fissure.

Mpumeyanue: A (aneurism) — aHespuama; A1 — A1 cermeHT nepeaHen mosrosoit aptepuu; ACP (anterior clinoid process) — nepeaHnin HakNoHEHHBIN
otpoctok (IMHO); ICA (internal cerebral artery) — BHyTpeHHsIs coHHas apTepusi (BCA); M1 — M1 cermeHT cpegHei mosroson aptepun; OA (ophthalmic
artery) — odpranbmuyeckas aptepust; OC (optic chiasm) — nepekpect 3putensHbix Hepeos; SOF (superior orbital fissure) — BepxHsis rnasHuyHas Lwens.
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FIG. 9. The clipping of the aneurysm of the ophthalmic segment of the internal carotid artery.

A. Microsurgical image of clipping of the aneurysm of the ophthalmic segment of the ICA (a permanent clip is placed on the
aneurysm neck to obstruct the blood flow in the aneurysm, the blood flow in the ophthalmic artery is preserved).

B. ICG fluorescence imaging of the clipped aneurysm of the ICA ophthalmic segment, proximal control (a permanent clip is placed
on the neck of the aneurysm, the dome of the aneurysm is not filled with a contrast agent, the blood flow in the ICA is preserved).
C. ICG fluorescence imaging of the clipped aneurysm of the ICA ophthalmic segment, distal control (a permanent clip is placed
on the neck of the aneurysm, the dome of the aneurysm is not filled with a contrast agent, the blood flow in the ophthalmic artery
is preserved).

PUC. 9. Knunuposanue aHeBpH3MbI 0()TATBMHUYECKOTO CETMEHTA BHYTPEHHEH COHHOM apTepuu.

A. MHUKpOXHPYPTUUECKUHN 3Tall KIUITMPOBAHKS aHEBPU3MbI oranbMudeckoro cermenra BCA (Ha 1meiiKky aHeBpHU3MBbI HAJIOXKEH
MOCTOSIHHBIH KJIMIIC, KPOBOTOKA B aHEBPHU3ME HET, KPOBOTOK B O(TaTbMUUECKON apTEePUH COXPAHEH).

B. ICG-¢unyopecuieHTHas BU3yalu3alys KIUIAPOBaHUS aHEBPU3MbI opTaibMuueckoro cerMmeHTa BCA (Ha mieiiKy aHeBpH3MBbI
HaJIOKeH MOCTOSIHHBIA KIIMIIC, KYIOJI aHEBPH3MBI KOHTPACTHBIM BEIIECTBOM HE 3aroHseTcs, KpoBOTOK B BCA coxpaHeH).

C. ICG-¢nyopecrieHTHasi BU3yaau3alys KIMITUPOBAHUS aHEBPU3MbI oTambmuyeckoro cermeHra BCA (Ha 1ieliky aHeBpU3MBI
HaJIOKeH TOCTOSIHHBIN KIIUIIC, KyITOJ aHEBPU3MBI KOHTPACTHBIM BEIIECTBOM HE 3aIlOHSETCS, KPOBOTOK B O(pTaIbMHYIECKOH apTe-
pHH COXpaHEH).

Note: A— aneurysm; Clips — clips are placed on the neck of the aneurysm; OA — ophthalmic artery; ICA — internal carotid artery; ON — optic nerve.
Mpumeyanue: A (aneurism) — aHeBpuama; Clips — HanoxeHHbIN Ha wenky aHeBpuambl knunc; OA (ophthalmic artery) — odransmudeckas aptepus; ICA
(internal carotid artery) — BHyTpeHHss coHHas apTepust; ON (optic nerve) — 3puTenbHbIit Heps.
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FIG. 10. Results of computed tomography angiography of a patient with an aneurysm of the ophthalmic segment of the internal
carotid artery before and after the surgical treatment.

A. preoperative angiogram, a visualized aneurysm of the ICA ophthalmic segment (arrow).

B. postoperative angiogram, the clip is placed on the neck of the aneurysm, the dome of the aneurysm is not filled with a contrast
agent.

PUC. 10. Pe3ynsrarsl KOMIIBIOTEPHO# TOMOTpapuyeckoil aHrHOTpaduu MalMeHTa ¢ aHEBPU3MOM O(TaTIBMHUYECKOTO CErMEHTa
BHYTPCHHEH COHHOII apTepHu [0 1 MMOCIIE ONEPaTHBHOTO BMELIATEIbCTBRA.

A. Pesynbrarel KT-anruorpadun 10 ONepaTHBHOTO BMELIATE/ILCTBA, BU3YAIH3UPYETCsl aHEBPH3Ma O(TaIbMIUYECKOrO CerMeHTa
BCA (yka3ana cTpenkoit).

B. Pesynbrarsl KT-anruorpaduu nocie onepaTiBHOTO BMEIIATEIBCTBA, BU3YaTH3UPYETCS KIUIIC, HAJIOXKEHHBIN Ha IICHKY aHEeB-
PH3MBI, KYIIOJ aHEBPH3MBI KOHTPACTHBIM BEIIIECTBOM HE 3aIOJIHSICTCS.

Note: ICA - internal carotid artery.
Mpumeyanue: ICA (internal carotid artery) — BHyTpeHHss coHHas apTepus (BCA).

A

!
I

FIG. 11. Postoperative view of the skin wound and good cosmetic effect, no face asymmetry.

A. Frontal view. B. Side view.

PUC. 11. TloceonepatiOHHbIH BHI KOYKHON PaHBI ¥ XOPOIITHA KOCMETHIECKUH 3P (EKT, OTCYTCTBHE aCHMMETPHH JIHIIA.
A. Bun ciepenu. B. Bup cOoky.
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mass lesions of the sella turcica, the areas of the
sphenoid bone wings, and the anterior clinoid
process; ophthalmic nerves gliomas; necessity for
the optic canal decompression, etc.

MAIN ADVANTAGES

Excellent cosmetic effect (skin incision 5-7
centimeters long behind the hairline, maintaining the
integrity of the branches of the facial nerve, craniotomy
with a diameter of 3—5 centimeters). Additional resection
of bone tissue at the extradural stage provides additional
volume for surgical manipulations and optimal angles of
attack for this keyhole approach, which determines the
absence of direct manipulations with brain tissue during
extradural clinoidectomy, and, accordingly, the absence
of brain injury.

Early proximal control obtained after ACP resection
allows for safe clipping of aneurysms that have a high
risk of rupture, and in the case of an intraoperative
rupture, a temporary clip can easily be applied to the ICA
region, proximal to the aneurysm.

MAIN LIMITATIONS

The main limitation of the minipterional approach
with extradural ACP resection is the possible
intraoperative rupture of the aneurysm during rough
clinoidectomy. However, the learning curve of the
operating neurosurgeon and the use of delicate
specialized neurosurgical instrumentation minimizes the
possibility of this complication.

The small size of the craniotomy makes it difficult
for two neurosurgeons to work simultaneously, which
requires relevant surgical training and experience, along
with appropriate neurosurgical instruments.

In addition, it is always necessary to be aware of
possible bleeding from the cavernous sinus located in the
immediate vicinity of the surgical manipulation area, and
to have the necessary means and experience to perform a
thorough hemostasis.
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SPECIFIC INFORMATION TO PROVIDE

THE PATIENT WITH REGARDING THE

SURGERY AND POTENTIAL RISKS

The information to be given to the patient before the
surgical intervention is essentially the same as in the case
of microsurgical clipping of aneurysms, but the potential
risks are higher due to the nature of the craniotomy
performed. The risk of intraoperative aneurysm rupture
is increased by extradural clinoidectomy, and the patient
should be informed of this before the operation, but the
risk is still low, and such complications have not occurred
in our practice. The risk of haemorrhagic complications
also increases with the surgical procedures described and
may be associated with some heavy bleeding from the
cavernous sinus, which must also be communicated to
the patient before the operation. The small size of the
craniotomy can make it difficult to seal the dura mater
and lead to early postoperative complications in the form
of CSF leakage and infectious inflammatory changes.
Nevertheless, if the operating surgeons have enough
experience, the risk is insignificant and such cases have
not occurred in our series.

CONCLUSION

The minipterional approach with extradural resection
of the ACP is a safe surgical approach, which can
exemplify the efficacy of adding some elements of skull
base surgery to keyhole approaches. This combined
approach contributes to a significant expansion of the
range of neurosurgical pathologies which could benefit
from this type of craniotomy. However, this technique
is more demanding both from the point of view of
the manual skills of the surgeon and the instrumental
support needed. But with qualified personnel, as well
as all the necessary tools, for example, in neurosurgical
clinics, as well as in modern neurosurgical departments
of multidisciplinary clinical centers, this approach can
become a “method of choice” in the treatment of a wide
range of neurosurgical pathology.

BKITAQ1 ABTOPOB

A.A. CyduaHOB BBIIONHII ONKCHIBAEMOE B MPEACTaBICHHON
MyONMUKalMM ONEPAaTHBHOE BMEMIATENBCTBO, BHEC OCHOBHOIT
BKJaJ B Pa3pabOTKy KOHIEIIUH W MPUHSI Ha ceds PyKOBOACTBO
HalMCAHMEM HAy4YHOM CTaTbu M peAaKkIMed ee TeKcra.
E.C. Mapxkun, U.C. lllensarun u P.A. CyduanoB npussnu ygactue
B pa3pabOTKe KOHIIEINHU My OIHKAaINHY, TOATOTOBKE MaTepHaoB,
HallUCaHWM W PEJAKTHPOBAHMHM TEKCTa, a TaKXkKe IOATOTOBKE
WILTIOCTpanuid. Bce aBTOPBI yTBEPAMIN OKOHUATEIBHYIO BEPCHIO
CTaTbU M TOTOBBI IPUHATH HA Ce0S OTBETCTBEHHOCTH 3a BCE
ACTIEKTHI IIPEJICTABICHHON ITyOIHKAINN.
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