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6The Supraorbital Pterional 
Approach

Francesco Maiuri , Giuseppe Mariniello , 
and Sergio Corvino

6.1	� Introduction

The approach to the cranio-orbital lesions is 
evolved over the years with the aims to obtain 
better control of the intraorbital structures and 
lesser brain retraction.

In the first years of the past century, some neu-
rosurgeons [1, 2] proposed resecting the supraor-
bital arch in the frontal approach. In 1982, Jane 
et al. [3] reviewed this approach and considered it 
the best supraorbital route for orbital tumors. 
Al-Mefty and Fox [4] suggested a supero-lateral 
approach and reconstruction to improve the 
orbital exposure. The pterional approach, first 
described by Heuer [5], was refined by Yasargil 
[6], who suggested drilling of the sphenoid ridge 
and occasional removal of part of the orbital 
ridge and roof.

All the above cited approaches are not ade-
quate for large tumors extending in both intracra-
nial and intraorbital compartments. To this aim, 
Al-Mefty [7] proposed the supraorbital pterional 
approach, which conjugates the pterional 

approach with removal of the lateral orbital wall 
and roof.

6.2	� Surgical Technique

6.2.1	� Patient Positioning 
and Skin Flap

The patient is positioned in the operating table 
with the head fixed at the Mayfield head holder 
and rotated 30° toward the contralateral side. The 
neck is slightly extended, allowing spontaneous 
retraction of the frontal lobe.

The scalp incision (Fig. 6.1) begins at level of 
the zygomatic arch, 1 cm anterior to the tragus, 
then it proceeds up to the superior temporal line 
and curves anterior and medially, up to the mid-
line, about 2  cm posterior to the hairline. The 
temporal muscle flap is detached from the tempo-
ral fossa and the lateral orbital wall is exposed; a 
small muscle margin is left attached to the bone 
to be used for the muscle closure. During the 
scalp dissection, the periosteum and galea must 
be preserved with the aim of being used over an 
eventual defect of the frontal sinus. The frontal 
and supraorbital nerves must be preserved to 
avoid paralysis of the frontal muscle and anesthe-
sia in the forehead.
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Fig. 6.1  Schematic draw of the scalp incision and crani-
otomy of the right supraorbital pterional approach. 
(Courtesy of Simona Buonamassa, MD)

Fig. 6.2  Intraoperative image after the craniotomy: the 
superior and lateral orbital walls and the frontotemporal 
region are well exposed

6.2.2	� Craniotomy

The craniotomy (Figs. 6.1 and 6.2) is performed 
by using 2 or 3 burr holes. A craniotome is used 
to create a fronto-temporal bone flap centered on 
the sphenoid wing that exposes the anterior and 
middle cranial fossa floors and temporal tip. 
Through a burr hole over the frontal sinus an 
osteotomy is made posterior to the orbital rime 
to detach the orbital roof. In this way, when the 
bone flap is elevated, the orbital roof remains 
attached to the flap itself. During the flap eleva-
tion, careful dissection of the dura mater and 
periorbita is necessary to avoid interruption. The 
superior orbital rime remains intact. When tumor 
invasion of the orbital roof and rime is evi-
denced, these structures may be resected using a 
rongeur. If the frontal sinus has been opened, the 
mucosa must be exenterated and the sinus must 
be filled with antibiotics and occluded by 
cottonoids.

6.2.3	� Management of the Skull Base 
Structures

The skull base structures, including orbital apex, 
optic canal, optic strut, anterior clinoid and supe-
rior orbital fissure, must be managed by micro-
surgical technique and the use of a high-speed 
diamond drill, and by extradural route. The 
orbital apex may be exposed by extending poste-
riorly the resection of the orbital roof. The optic 
canal must be opened by drilling its wall with a 
diamond drill during continuous washing, to 
avoid excessive heating. No attempt must be 
made to use rongeurs in the optic canal, because 
this maneuver may result in optic nerve damage.

The supraorbital pterional approach allows 
good exposure and opening of the superior and 
lateral walls of the optic canal and the optic strut; 
on the other hand, the inferomedial wall is less 
controlled [8, 9]. Thus, the circumferential 
decompression of the optic canal may be accom-
plished with an anterior clinoidectomy and 
removal of the optic strut.

The resection of the skull base structures 
depends on the direction of tumor growth and 
orbital location. If the tumor is in the apex or in 
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the optic canal, the entire orbital roof must be 
removed, and the optic canal must adequately be 
opened. If the tumor enters to the orbit through its 
lateral wall without involvement of the optic 
canal, it may not be opened [8–11].

6.2.4	� Incision of the Dura Mater 
and Periorbita

The incision of the dura mater and periorbita 
must follow rigorous criteria to obtain good 
exposure and to allow watertight closure. The 
dura mater is opened in a semicircular fashion, 
then the dural flap is bisected by a second dural 
incision that points toward the optic canal. The 
dural incision along the optic canal must be made 
by leaving a cuff of the dura around the optic 
nerve for an adequate closure [12]. The incision 
of the anulus of Zinn and the periorbita must be 
made medial to the levator and superior rectus 
muscles to avoid injury to the oculomotor nerve.

6.2.5	� Reconstruction

The closure of the dura mater must be watertight 
also over the optic canal, when preserved. The 
frontal sinus must be obliterated by muscle tissue 
and covered by a galeal flap mobilized and sutured 
to the dura mater and reinforced by fibrin glue.

We do not reconstruct the orbital roof in our 
cases. This usually does not result in cosmetic 
problems. The bone flap is replaced and fixed by 
wires and the temporal muscle is sutured to the 
small muscle margin left attached to the bone. 
Then, the skin is closed in layers.

Postoperatively, moderate periorbital ecchy-
mosis and slight-to-moderate swelling occur for 
several days.

6.3	� Complications

Complications of the supraorbital pterional 
approach may be observed during both intraop-
erative and post-operative periods.

Intraoperative complications may occur in 
all phases of the approach. During the turning of 

the skin flap, the frontal and supraorbital nerves 
may be injured, resulting in frontal nerve palsy or 
decreased sensation of the forehead, respectively; 
it may be avoided by carefully dissecting the 
nerves from the subcutaneous tissues and supra-
orbital notch.

At the elevation of the bone flap, the frontal 
sinus may accidentally be opened; this often 
results in post-operative cerebrospinal fluid 
(CSF) rhinorrhea. In such event, the careful clo-
sure of the defect by periosteum and galea flaps 
must be achieved.

Injuries to the cranial nerves may occur during 
the bone resection at the skull base and/or at the 
entry into the orbit. The injury to the optic nerve 
may be due to excessive retraction, particularly in 
presence of adherent tumors, to the occlusion of 
the central retinal artery, and particularly to heat 
transmission during drilling of the optic nerve 
canal. This complication is serious and not an 
exception (5% in the series of Maroon et al. [13]). 
It may be avoided by careful microsurgical drill-
ing using a high-speed drill and a diamond bur 
with continuous irrigation. The injury to the ocu-
lomotor nerves may occur at the superior orbital 
fissure, when opened, or within the orbit. This 
complication may be prevented by avoiding 
undue retraction of levator and superior rectus 
muscles and by approaching the intraorbital 
tumor component medially, between the superior 
rectus and levator and medial rectus muscles.

Intraoperative bleeding from the internal 
carotid and ophthalmic arteries, although very 
rare, may occur mainly at the reoperations for 
tumor recurrence.

Postoperative complications include pulsat-
ing proptosis, enophthalmos, hematoma, CSF 
rhinorrhea, and meningitis.

Pulsating proptosis is rare and may be due to 
cerebral edema and CSF; remission usually 
occurs within 1–2  months. Enophthalmos may 
occur after resection of large tumors with signifi-
cant residual cavity, but it is not significant. In 
exceptional cases, where the cosmetic problem is 
severe, the reoperation for orbital repair may be 
evaluated.

Postoperative intraorbital hematoma is rare 
and results from insufficient hemostasis of the 
surgical field. As already discussed, moderate 
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periorbital ecchymosis lacks pathological signifi-
cance, while severe chemosis should suggest a 
hematoma. The evacuation of the blood collec-
tion is often required to prevent eye damage.

The CSF rhinorrhea may occur because of 
accidental opening of the frontal and/or eth-
moidal sinus or not correct repair of the sinus 
wall after resection of an invading tumor. Its inci-
dence is about 3%. Most CSF fistulas undergo 
remission by lumbar puncture and antibiotic ther-
apy, as done for other surgical approaches and 
sites. Cases where the CSF leak persists with the 

risk of meningitis must undergo reoperation with 
careful closure of the communication.

6.4	� Supraorbital Pterional 
Versus Other Approaches: 
Advantages and Limits

The choice of the best surgical approach to the 
cranio-orbital mass lesions depends on several fac-
tors, including route of the orbital spread, intraor-
bital location, and mass size [14–16] (Table 6.1).

Table 6.1  The supraorbital pterional approach versus other approaches: advantages and limits

Approach Exposure Advantages Limits
Supraorbital 
pterional

 �� – � Supero-lateral orbital 
compartment

 �� – � Medial orbital 
compartment above the 
optic nerve

 �� – � Orbital apex
 �� – � Anterior and middle 

fossae

 �� – � No damage to the 
orbital structures

 �� – � Less risk of 
enophthalmos

 �� – � Need of craniotomy
 �� – � Bad exposure of the 

infratemporal fossa and 
infero-medial orbital 
region

Mini-pterional  �� – � Lateral compartment
 �� – � Optic canal
 �� – � Orbital apex
 �� – � Middle fossa

 �� – � Smaller incision
 �� – � Smaller craniotomy

 �� – � Smaller working corridor
 �� – � Poor orbital medial 

exposure

Supraorbital  �� – � Anterior cranial fossa
 �� – � Superior orbital 

compartment

 �� – � Minimal disruption of 
the temporalis muscle

 �� – � Large frontotemporal 
skin incision

 �� – � Risk of injury to the 
frontal branch of the 
facial nerve

Supraorbital 
“Keyhole”

 �� – � Anterior cranial fossa
 �� – � Superior orbital 

compartment

 �� – � Minimally invasive 
approach through 
eyebrow incision

 �� – � Limited maneuverability 
of instruments

 �� – � Cosmetic damage of the 
eyebrow

Lateral 
orbito-cranial

 �� – � Superolateral orbital 
compartment

 �� – � Lateral wall of the optic 
canal

 �� – � Orbital apex
 �� – � Temporal fossa

 �� – � Limited orbitotomy
 �� – � Wide exposure of the 

superolateral orbital 
compartment

 �� – � Poor control of the 
inferomedial orbital 
compartment

Fronto-temporal-
orbito-zygomatic 
(FTOZ)

 �� – � Orbital cavity
 �� – � Orbital apex
 �� – � Middle fossa
 �� – � Infratemporal fossa

 �� – � Enhanced exposure
 �� – � Less brain retraction

 �� – � More invasive
 �� – � Periorbital hematoma

Endoscopic 
endonasal

 �� – � Medial orbital 
compartment

 �� – � Medial aspect of the 
orbital apex

 �� – � Minimally invasive
 �� – � No orbitotomy
 �� – � No craniotomy
 �� – � No scar

 �� – � Limited exposure of the 
orbital apex

 �� – � Risk of CSF leak and 
infection

Endoscopic 
transorbital

 �� – � Inferomedial and lateral 
orbital compartments

 �� – � Good exposure of the 
optic canal and superior 
orbital fissure

 �� – � Less invasive
 �� – � No orbitotomy
 �� – � No craniotomy
 �� – � No scar
 �� – � Less distance to the 

orbital target

 �� – � Poor sphenoid wing, 
middle fossa and orbital 
apex exposure
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The supraorbital pterional approach pro-
vides good exposure of the lateral, superior, and 
partly medial orbital compartments, anterior and 
middle cranial fossa, orbital apex, optic canal, 
and superior orbital fissure [4, 8–10, 17, 18]. Its 
limits include the need for a large craniotomy, the 
bad exposure of the infratemporal fossa, and the 
infero-medial orbital region below the medial 
side of the optic foramen. Thus, mass lesions 
with significant infratemporal extension require a 
frontotemporal-orbitozygomatic approach; on 
the other hand, mass lesions of the medial intra-
orbital compartment with significant extension in 
the ethmoidal sinus may require a medial transor-
bital approach [15, 19].

Several other approaches may be used for 
cranio-orbital mass lesions. These include the 
mini-pterional craniotomy, the frontotemporal-
orbitozygomatic approach, the lateral supraor-
bital, supraorbital key-hole and lateral 
orbital-cranial approaches, the endoscopic endo-
nasal and transorbital approaches.

The mini-pterional craniotomy [20] is a less 
invasive modification of the standard pterional 
craniotomy [18, 21, 22]. However, the smaller 
craniotomy size may limit the space for frontal 
and temporal lobe mobilization in larger lesions. 
Moreover, the exposure at the medial orbital roof 
and inferolateral orbital wall is significantly more 
limited. Thus, the mini-pterional approach may 
be used only for small cranio-orbital lesions with 
no or limited extension in the medial orbital 
compartment.

The frontotemporal-orbitozygomatic 
approach is a frontotemporal approach with 
orbital roof opening associated to the resection of 
the zygomatic process [23, 24]. It allows good 
exposure of the orbital cavity, orbital apex, and 
middle fossa; the downward extension of the 
bone resection allows to expose the infratemporal 
fossa [25].

This approach enhances the surgical exposure 
and allows less brain retraction. However, it is 
more invasive and carries the risk of periorbital 
hematoma and enophthalmos. Thus, in the 
cranio-orbital surgery, this approach should be 
limited to more extensive tumors, mainly to those 
with significant extension into the infratemporal 
fossa [10].

The supraorbital approach is a variant of the 
pterional approach with no removal of the tempo-
ral bone [3]. It includes a standard pterional skin 
incision to provide supraorbital frontal bone 
exposure with minimal disruption of the tempo-
ralis muscle [15, 26]. Removal of the orbital roof 
and superior orbital rime allows to expose the 
orbital cavity.

The supraorbital approach provides good 
access to the anterior cranial fossa and superior 
orbital compartment; on the other hand, the 
access to the lateral intraorbital compartment is 
less easy. This approach may be used for cranio-
orbital lesions extending in the superior compart-
ment of the orbital region. It also carries the risk 
of injury to the frontal branch of the facial nerve.

The supraorbital keyhole approach, first 
introduced in 1998 by Perneczsky [27], is real-
ized through an incision within the eyebrow and 
a supraorbital enlarged keyhole. The minimal 
soft-tissue dissection and the small craniotomy 
size reduce postoperative orbital and frontotem-
poral swelling [28]. The limited exposure and the 
risk of frontal sinus contamination are the main 
disadvantages.

This approach, more limited than the previ-
ously cited, may be used for treating orbital intra-
conal and extraconal lesions superior to the optic 
nerve.

The lateral orbito-cranial approach [29] 
includes a lateral orbitotomy and a small crani-
otomy at the level of the temporal fossa. It allows 
good exposure of the superolateral intraorbital 
compartments, the lateral wall of the optic canal, 
and the anterior temporal region [30, 31].

This approach is useful for cranio-orbital mass 
lesions located at the lateral compartment of the 
orbital cavity also when involving the wall of the 
optic canal [29]. On the other hand, the mass 
lesions extending medially to the axis of the optic 
nerve are not sufficiently controlled.

The endoscopic approaches to the orbit 
include the transorbital, the transsphenoidal 
endonasal, and the combined endonasal-
transorbital approaches. The transorbital 
approaches [32–34] are realized by palpebral 
incision through medial and/or lateral surgical 
corridors; they allow to expose the sphenoid 
wing, the roof of the optic canal, and the superior 
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orbital fissure. The endoscopic endonasal 
approach provides exposure to the inferomedial 
orbital region and the inferomedial wall of the 
optic canal [35–37].

Although these approaches are less invasive 
than the cranio-orbital microsurgical ones, they 
are often too limited for large cranio-orbital mass 
lesions.

6.5	� Conclusion

The supraorbital pterional approach is, in our 
experience, the most useful approach to the 
cranio-orbital mass lesions of middle and large 
size. Those located in the lateral orbital compart-
ment may be approached through a less invasive 
lateral orbito-cranial approach. On the other hand, 
the indication to the fronto-temporal-orbito-
zygomatic approach may be limited to more 
extensive mass lesions with significant infratem-
poral extension. The significant tumor extension 
in the ethmoidal sinus and below the medial wall 
of the optic canal, although often exposed by the 
supraorbital pterional approach, may require a 
medial transorbital approach. The less invasive 
endoscopic endonasal and transorbital approaches 
may be used for treating not large mass lesions.
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