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Abstract. The pterional approach is a workhorse in neurosurgery, to the point where perfect knowledge of
its execution is essential in neurosurgical daily practice. The pterional transsylvian corridor is used to treat
aneurysms involving anterior circulation, basilar apex, the proximal segment of the superior cerebellar and
posterior cerebral artery, arteriovenous malformations and cavernous hemangiomas of the basal forebrain, an-
terior and middle skull base tumors, gliomas of the frontal, parietal, and temporal opercula, insula, mediobasal
temporal region, cerebral peduncles, interpeduncular fossa, and also orbital lesions. We herein overview the
core technique and variations of the pterional approach aimed at broadening surgical freedom and decreasing
the risk of approach-related complications. (www.actabiomedica.it)
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Introduction

Introduced by Yasargil in the 1970s, the pterional or
frontotemporosphenoidal approach is the most used ap-
proach in neurosurgery (1-3). Its critical point lies in the
drilling of the lateral most part of the greater sphenoid
wing to access the entire anterior and middle skull base.

The pterional approach has several vascular tar-
gets, namely the internal carotid artery (ICA) with its
branches, middle cerebral artery (MCA), anterior com-
municating artery (ACoA), basilar tip, P1 segment of
the posterior cerebral artery (PCA), and proximal seg-
ment of the superior cerebellar artery (SCA). Anterior
and middle skull base lesions and intra-axial tumors of
the frontal, temporal, and parietal opercula, uncus, in-
sula, basal ganglia, lateral ventricle, and interpeduncular
fossa may be reached through the pterional transsylvian
route. The pterional approach may be also used to treat
orbital tumors.

The present article reports the core technique and
variations of the pterional approach. Hints and tips to
maximize surgical freedom and avoid complications
are also discussed.

Indications

The pterional approach allows access to the su-
pratentorial basal cisterns and uppermost and median
infratentorial cisterns. Accordingly, it is the approach
of choice for most extra-axial lesions involving the an-
terior and middle skull base and a large proportion of
intra-axial lesions affecting the basal forebrain and an-
terior midbrain.

Regarding the neurovascular pathology, the pterion-
al approach is indicated in most anterior circulation an-
eurysms and selected median and paramedian aneurysms
involving the upper part of the posterior circulation.



Acta Biomed 2021; Vol. 92, Supplement 4: ¢2021420

Arteriovenous malformations and cavernous he-
mangiomas involving the fronto-basal, anterior tem-
poral, and opercular areas and the Sylvian fissure are
approached by the pterional route in most cases.

Technique
Positioning

The patient is placed supine, with the head fixed
to a Mayfield—Kees or Sugita skull clamp and elevated
above the level of the heart to allow optimal venous
outflow. In the classic description by Yasargil in 1976,
an extension of approximately 20° is recommended.
The malar eminence becomes the highest point of the
patient’s head. A contralateral rotation of the head,
ranging from 15° to 45°, based on the specific neuro-
vascular target, is suggested (1-3) (Figure 1A).

Chaddad-Neto et al. reported a study in which
they revised the concept of extension and rotation of
the head for anterior circulation aneurysms (4). They
demonstrated that excessive extension of the head
causes a dramatic hindering of the optic-carotid com-
plex by the orbital roof. The extension also deepens the
anterior clinoid process and plane of the ICA, ulti-
mately making anterior clinoidectomy and exposure of
the ophthalmic artery more diflicult. Conversely, a 15°
rotation without extension makes the longest axis of
the clinoid process parallel to the floor. Therefore, they
recommended a neutral extension of the head with 15°
of rotation for ophthalmic, posterior communicating
artery (PCoA), and anterior choroidal artery (AChA)
aneurysms. An extension of 15° and rotation of 10° is
suggested for aneurysms involving the MCA bifurca-
tion, ICA, and anterior and inferior projecting ACoA
aneurysms (4).

Skin incision and soft tissue dissection

Local subcutaneous infiltration, along the skin
incision mark, of lidocaine hydrochloride 1% or me-
pivacaine chlorhydrate 2% plus adrenaline diluted in
normal saline 0.9% (1:1) is recommended for antalgic
purposes and to promote easier detachment of the skin
from the subcutaneous layers.

The skin incision starts 1 cm in front of the tragus,
anteriorly to the superficial temporal artery and auric-
ulotemporal nerve. The incision curves upward, behind
the hairline, to reach the midline. It should not involve
the galea, which can be preserved and used as an au-
tologous patch graft in case of duraplasty. The galea is
subperiosteally dissected to prepare a double-layered
galea-pericranium vascularized flap useful to repair the
frontal sinus in case of accidental violation.

Hemostatic scalp clips, known as Raney clips, are
placed along the edge of the incision to reflect the flap.

In the description by Yasargil, the skin flap is di-
vided by the temporalis muscle and reflected forward.

To avoid damaging the frontal branch of the fa-
cial nerve, the superficial layer of the temporal fascia
and the fat pad, within which the nerve courses, are
separated from the deep layer (interfascial technique)
1,2).

Two main variations have been reported for this
step: the subfascial and submuscular techniques. The
former involves the incision of the superficial and deep
layers of the superficial temporal fascia, whereas the
latter encompasses the incision of the deep temporal
fascia, subperiosteal blunt dissection of the temporalis
muscle, and forward reflection of the myocutaneous
flap.

The submuscular technique is the most employed
because faster and characterized by a lesser risk of
iatrogenic damage to the frontal branch of the facial
nerve. Regardless of the techniques, the temporalis
muscle should be incised above the posterior root of
the zygoma and subperiosteally detached in a retro-
grade superior to posterior and backward to forward
direction. This technique has been described by Oi-
kawa and colleagues (5). Electrocauterization must
be avoided to preserve the anatomical integrity of the
deep fascia along with the blood supply from the in-
ternal maxillary artery. Preservation of the deep fas-
cia is the key to preventing temporalis muscle atrophy
and functional and cosmetic complications (3, 5-7).
A compulsive subperiosteal dissection of the muscle
is also helpful in the recognition of skull sutures. The
fronto-zygomatic suture and the superior aspect of the
posterior root of the zygomatic process of the temporal

bone should always be exposed (Figure 1).
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Figure 1: Surgical position (A), skin mark (B), and incision (C). (D) Hemostasis of the skin flap with Raney clips. (E-I) Prepara-
tion of the galea-pericranium flap; (J-N) Incision of the superficial temporal fascia, temporalis muscle, and deep temporal fascia
(submuscular technique), and retrograde subperiosteal dissection of the deep temporalis fascia according to Oikawa’s technique. (O)
Identification of the sutures of the pterional region and drawing of the bone flap. (P) The first and second burr-hole is placed just
above the McCarty keyhole and above the posterior root of the zygoma, respectively. (Q) Partial drilling of the lateral third of the

greater sphenoid wing before completing the craniotomy. (R) Frontotemporal bone flap.
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Bony landmarks

The skull sutures at the level of the pterional re-
gion serve as landmarks for bone work.

The pterion is the joining point of the frontal, pa-
rietal, temporal, and sphenoid bone. Identification of
the coronal, spheno-parietal, spheno-frontal, spheno-
squamosal, and spheno-zygomatic sutures is of utmost
importance to localize the lateral third of the greater
sphenoid wing. The spheno-squamosal suture coincides
with the anterior third of the temporoparietal suture,
also known as squamosal. The highest point of the sphe-
no-squamosal suture is located at the same level of the
spheno-parietal and spheno-frontal sutures. It marks
the uppermost point of the greater sphenoid wing and,
indirectly, the superior orbital fissure (SOF).

The frontal process of the zygomatic bone an-
teriorly and the greater sphenoid wing posteriorly
constitute the lateral wall of the orbit, of which the
spheno-zygomatic suture labels the midportion. The
fronto-zygomatic suture, located anterosuperior to the
spheno-zygomatic one, is located at the level of the
orbital roof. It also marks the limit between the lat-
eral wall and roof. The supraorbital foramen and nerve
should be identified early to mark the medial limit of
the craniotomy (Figure 10 and Figures 2A and C).
Rarely, the air frontal sinus extends laterally to the su-
praorbital foramen. This point is important to avoid
accidental violation of the frontal sinus.

Craniotomy

The MacCarty keyhole is placed 5 mm behind the
connection between the fronto-zygomatic, spheno-
zygomatic, and fronto-sphenoidal sutures. The dura of
the anterior fossa and periorbita, separated by the thin
orbital roof, are thus exposed (8, 9). Nevertheless, in
most cases, the exposure of the orbit and its contents is
not necessary to treat the lesion for which the pterional
approach has its indication. As a consequence, the first
burr hole is generally placed just above the McCarty
keyhole to access the anterior cranial fossa. The second
burr hole should be placed at the level of the temporal
squama, above the posterior root of the zygoma.

Two burr holes are enough in most cases. How-
ever, if the dura is firmly adherent to the bone, as in

older patients with an internal frontal hyperostosis
or chronic renal failure, a third burr hole can be po-
sitioned at the superior temporal line. Before crani-
otomy, partial drilling of the lateral third of the greater
sphenoid wing will facilitate the passage of the crani-
otome and detachment of the bone flap. In doing so,
the cancellous bone of the greater sphenoid wing and
middle meningeal artery may bleed. The oozing can be
managed with bone wax or bipolar coagulation.

The first and second burr holes are connected with
the craniotome in a curvilinear fashion. In cases of hy-
perpneumatization of the frontal sinus or where a huge
subfrontal exposure is unnecessary, the lateral limit of
craniotomy at the level of the frontal bone corresponds
to the superior temporal line.

The bone flap is elevated with the aid of Penfield
dissector no. 3, carefully completing the detachment of
the underlying dura. In case the flap is still attached to
the inner cortical surface of the greater sphenoid wing
it can be easily fractured.

The key step of the pterional approach consists
of wide drilling of the lateral part of the greater sphe-
noid wing until the SOF. This allows for a full and un-
obstructed view of the sphenoidal part of the Sylvian
fissure which is the access door of the entire anterior
and middle skull base. Drilling of the lateral part of
the greater sphenoid wing avoids fixed brain retrac-
tion. The greater the drilling of this bony component,
the lesser the need for spatulas. The meningo-orbital
artery serves as a useful landmark to early identify the
lateral third of the SOF between the lesser and greater
sphenoid wing (10-12). Skeletonization and partial
enlargement of the SOF are helpful in allowing the
reflection of the dural flap. The thinning of the orbital
roof with the drill is recommended to achieve a line
of sight and working corridor as flat as possible to the
anterior cranial fossa (Figures 2A-C).

Dura opening

The dura may be opened in a curvilinear fashion
around the SOF.

However, this cut is perpendicular to the Sylvian
vein complex and middle meningeal artery, both of them
being at risk of injury. To prevent this complication, a
cut parallel to the posterior ramus of the Sylvian fissure
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can be alternatively performed, having so two duralleaf-  Intradural corridors

lets. Tack-up sutures along the edge of the craniotomy

and tenting stiches of the dural leaflets are important to The pterional approach is related to the subfron-
keeping a clean surgical field (Figures 2d-—e). tal, transsylvian, pretemporal, and anterior subtem-

poral working corridors. The transsylvian route to the

Figure 2: (A-C) left frontotemporal craniotomy and bone flap. Exposure of the sphenoidal part of the sylvian fissure (blue area)
before (D) and after (E) drilling of the lateral third of the greater sphenoid wing. Splitting of the sylvian fissure (F) and intradural
exposure of optico-carotid complex (G), lamina terminalis (H), anterior cerebral artery (I), Liliequist’s membrane (J), posterior com-
municating, and posterior cerebral artery (K). (L) Osteosynthesis of the bone flap with titanium low profile burr-hole covers, mini
plates, and self-screwing unicortical screws.
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posterior fossa is limited only by the Liliequist’s mem-
brane, the opening of which allows access to the basilar
bifurcation and anterior midbrain.

Three different deep windows may be utilized: the
optic-carotid, carotid-oculomotor, and supra-carotid
one. Splitting of the Sylvian fissure is the starting
point for all of these corridors, which can be tailored
on a case-by-case basis depending on the lesion to be
treated. The combined subfrontal-transsylvian corri-
dor is employed for the anterior circulation aneurysms,
while the transsylvian deep windows, along with the
pretemporal and subtemporal perspectives, are routes
used for aneurysms of the basilar tip, P1 segment of
the PCA, and proximal segment of the SCA. Anterior
clinoidectomy is critical to expose the paraclinoid seg-

ment of the ICA (Figures 2F-K).
Closure

The dura is closed in a watertight fashion. In the
case of duraplasty, the galea is widely preferred to any
other heterologous or synthetic substitutes. The os-
teosynthesis of the bone flap is accomplished via low-
profile titanium plates, burr-hole covers, and 4-mm or
5-mm self-tapping screws (Figure 2L).

The temporalis muscle is reapproximated with
2/0 Vicryl stiches. A separate suture of the superficial
temporalis fascia is recommended to achieve better
functional and cosmetic results. Neither interfascial

S\

nor submuscular technique requires a muscle cuff for
reconstruction along the superior temporal line. Sub-
cutaneous blood collections are avoided with the use
of drainage. The skin suture is executed with 3/0 silk
stiches to achieve a good aesthetic result (Figure 3).

Tailoring the pterional approach

The pterional approach is characterized by tre-
mendous versatility and it can be adapted to different
lesions. The main aspects of tailoring are the size of the
bone flap and the frontal versus the temporal extension
of the craniotomy (13-23).

About aneurysms, a smaller craniotomy is gener-
ally adequate for unruptured paraclinoid aneurysms,
where wide splitting of the Sylvian fissure is unnec-
essary, and small unruptured MCA bifurcation aneu-
rysms. By contrast, larger bone flaps are required for
ruptured and giant aneurysms and those complex of
the ACoA. A wider subfrontal extension is useful if
the subfrontal perspective is the prevalent working
corridor, as for all the ACoA aneurysms. A greater
temporal extension is critical for basilar apex and P1
PCA aneurysms. In these cases, the pretemporal cor-
ridor is the elective route to the target. In some basi-
lar tip aneurysms, combined transsylvian—pretemporal
working corridors are used in the so-called half-and-

half approach (24, 25).

c]

Figure 3: (A-C) Illustrative examples of good functional and cosmetic outcomes of three randomly selected patients of the patients’

cohort.
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Complications avoidance

The pterional approach involves potential complica-
tions that can be functional or aesthetic in nature. Iatro-
genic injury of the fronto-temporal branch of the facial
nerve, temporalis muscle atrophy, masticatory imbalance,
and hypo-anesthesia of the auricle and external acoustic
meatus have a more concrete risk. The more frequent use
of the submuscular technique has dramatically decreased
the incidence of iatrogenic injury to the fronto-temporal
branch of the facial nerve, which is associated with a poor
aesthetic outcome mainly from the paralysis of the fron-
talis and corrugator supercilii muscles.

The implementation of a subperiosteal blunt and
“cold” (avoiding electrocauterization) dissection of the
deep temporal fascia is the key to preventing postopera-
tive atrophy of the temporalis muscle with all related aes-
thetic and functional complications, masticatory imbal-
ance for first.

The preservation of the auriculotemporal nerve dur-
ing skin incision and soft tissue dissection prevents trou-
blesome dysesthesia of the pinna.

Ilustrative case

Multiple Bilateral Intracranial Aneurysms Treated in
Single-Stage Surgery

58-year-old female suffering from an aneurys-
mal subarachnoid hemorrhage (GCS: 6; Hunt-Hess
score: 4) underwent CT angiography that showed six
anterior circulation aneurysms. An MCA bifurcation,
PCoA, and AChA aneurysm were found on the left
side, while a PCoA, M1 MCA, and MCA bifurca-
tion aneurysm were on the right side. The patient was
a candidate for a late treatment which was performed
2 months later in the light of a partial recovery. A left
pterional transsylvian approach permitted to clip in a
single-stage five of the six aneurysms. The suprachias-
matic corridor was used to clip the contralateral, un-
ruptured PCoA aneurysm. The right unruptured M1

MCA aneurysm was also clipped through the same
corridor (Figure 4). The left MCA bifurcation aneu-
rysm, which was giant and partially thrombosed, was
surgically treated 2 months later through clip ligation.

Figure 4: (A) Pre-operative 3D CT-angiography. Anterior (B) and lateral (C) projection digital subtraction angiography (DSA) of
the right internal carotid artery (ICA). Anterior (D) and lateral (E) projection DSA of the left ICA. Clipping of the aneurysm of the
left middle cerebral artery (MCA) bifurcation (F-G), left posterior communicating artery (PCoA) (H), left anterior choroidal artery
(D), right PCoA (J), and right M1 segment MCA (K) aneurysm. (L) Post-operative 3D CT-angiography. Anterior (M) and lateral
(N) projection DSA of the right ICA. Anterior (O) and lateral (P) projection DSA of the left ICA.
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The patient furtherly recovered in the third month and
the overall modified Ranking score was 3.

Discussion

After >40 years from its original description by
Yasargil (2), the pterional is still today the most used
skull base approach in neurosurgery. It is routinely em-
ployed in the treatment of neurovascular pathologies,
lesions of the anterior and middle skull base, and some
intra-axial tumors (19, 20, 26, 27). Despite the con-
stant refinements and advances about the techniques
in neurosurgery (28-39), the pterional approach has
maintained its primary role.

Several morphometric and dimensional studies
have led to a better understanding of the technical as-
pects at the base of tailoring of the pterional approach
in accordance with the lesion to be treated (40-46).
They also have led to drawing the exact limits between
the pterional approach and other anterolateral skull
base approaches, classically considered as extensions of
it. The reported illustrative case confirms the extreme
versatility of the pterional approach.

Some technical tips of this workhorse approach
deserve to be stressed.

The skin incision must be placed behind the hair-
line to achieve the best aesthetic outcome and must
not be excessively anterior in those cases where full
exposure of the posterior ramus of the Sylvian fissure
is planned. This is because the more anterior the skin
incision is, the more limited and anterior the size of
the bone flap will be.

Another reason lies in the fact that the splitting of
the Sylvian fissure should start at the tip of the pars tri-
angularis of the frontal operculum, which may remain
unexposed in case of an excessively anterior bone flap.

In performing the blunt subperiosteal dissection
of the temporalis muscle according to the Oikawa
technique, the best method to preserve the deep fascia
is to detach the muscle from the back to the front but
especially upward toward the superior temporal line
which is the point where the muscle is more tenacious-
ly attached (5, 7, 47-52). In doing so, sharp tips such
as those of the Langenbeck elevator or even the tip of
the knife plays better than blunt ones because the deep

temporal fascia is extremely thin and may be damaged
by coarse instruments. During the muscle detachment,
a simple trick to be sure to have been adequately paral-
lel to the skull base is to expose the midpoint of the
spheno-zygomatic suture.

The key aspect of the pterional approach is drill-
ing the most lateral aspect of the greater sphenoid
wing along with the thinning of the orbital roof. This
step allows for a working corridor that is fully parallel
to the anterior skull base, thus avoiding the need for
brain retraction. In comparison with the front-tempo-
ral approach, the drilling of the sphenoid wing allows
for shortening the working distance and increasing the
angular exposure of the target.

During the closure, the bone gap on the tempo-
ral side of the bone flap can be filled with hemostat-
ics and fibrin glue sealant. Bone dust can also be used
for this purpose having an intrinsic hemostatic power.
To obtain a good aesthetic outcome, the use of silk or
Ethilon 3/0 stiches is recommended.

Conclusion

The pterional approach is the backbone of all the
anterolateral approaches to the skull base. Its tremen-
dous versatility makes it appropriate for most neuro-
vascular pathologies, lesions involving the anterior and
middle skull base, as well as some intra-axial forebrain
tumors.

Accurate planning, meticulous execution, and
especially the extensive knowledge of the skull base
anatomy are essential to exploit all advantages of this
approach and decrease the risk of complications.
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