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Abstract
Purpose of Review  Tuberculum sellae (TS) and planum sphenoidale (PS) meningiomas are common lesions of anterior skull 
base posing a surgical challenge due to their proximity to the optic apparatus and vessels of the anterior circle of Willis.
Recent Findings  Traditionally, these lesions were attacked surgically via large transcranial approaches. However, with the 
advent and evolution of expanded endoscopic endonasal approaches as well as development of the minimally invasive “eye-
brow” approaches, different choices of approach became available for these lesions. Regardless, the wide, yet smooth spectrum 
of anatomical features of these tumors in relation to the adjacent neurovascular structures and osseous skull base anatomy 
may make one or more of these approaches superior to others with regard to ability to achieve gross total resection, clinical 
outcomes, and complication profile. Not surprisingly, there is considerable controversy in the literature regarding the choice 
of approach for these lesions.
Summary  This paper summarizes the historical evolution, relative advantages and disadvantages, and clinical outcomes of 
these approaches when used to resect TS/PS meningiomas and provide a simple decision-making algorithm for selection of 
surgical approach based on the current literature.

Keywords  Endoscopic endonasal approach · Optic canal · Planum sphenoidale · Supraorbital approach · Transbasal 
approach · Tuberculum sellae

Introduction

Tuberculum sellae (TS) and planum sphenoidale (PS) 
meningiomas comprise about 10% of skull base meningiomas 
and are more common in females [1, 2]. Common symptoms 
of presentation include headaches, visual complaints, and 
personality changes. With very large and giant lesions, loss 
of olfaction and/or hydrocephalus may arise. These lesions 
pose a surgical challenge because of their proximity to critical 
neurovascular structures and to the nasal cavity and paranasal 
sinuses. As potentially benign extra-axial intracranial mass 
lesions, safe gross total resection (GTR) is the primary goal 
of treatment when possible. However, this objective may not 
be always attainable because of special anatomic relationships 

between the tumor and the adjacent structures. Therefore, the 
surgeon sometimes may resort to a “less-than-GTR” goal to 
minimize complications. Regardless of this consideration, 
selection of the best surgical approach to achieve the therapeutic 
goal may not always be straightforward. Traditionally, these 
lesions were approached using a large transcranial approach 
(TCA) through the frontal (or frontotemporal) regions. 
Beginning in the 1980s, the pioneering works of Perneczky and 
others opened a new avenue of the less “generous” minimally 
invasive craniotomies with comparable surgical exposure and 
results for these lesions [3–9].

With the addition of endoscope to the transsphenoidal 
approach for resection of pituitary adenomas, the arena 
of skull base approaches expanded significantly and the 
endoscopic endonasal approach (EEA) to meningiomas of 
the anterior skull base began to gain progressive popular-
ity because of its efficiency, cosmetic results, ability to 
resect the involved skull base dura (hence a Simpson I 
resection), and avoidance of neural tissue retraction dur-
ing surgery to name a few. With all these options “on the 
table,” a new question arose: “What is the approach of 
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choice for these challenging lesions?” To this date, there is 
no definitive answer because all of the series published on 
the topic report acceptable outcomes and mostly include 
expert opinions about approach selection strategy. Obvi-
ously, performing a randomized controlled trial to assess 
the true advantages and disadvantages of these approaches 
and establish clearcut indications is extremely difficult 
and may not be even ethical when sound clinical judg-
ment clearly rules out an approach in some cases (e.g., a 
minimally invasive eyebrow approach for a giant planum 
sphenoidale meningioma). Therefore, the alternate means 
to selection of a safe and efficient surgical approach to 
these lesions is to review the experience with any spe-
cific approach in an attempt to identify relatively favorable 
and unfavorable candidates for each one. In this work, the 
authors aimed to provide a brief review of the advantages 
and limitations of each approach in comparison to others 
and the parameters that would significantly affect the deci-
sion-making process to select optimal surgical approach.

Human and Animal Rights

This article does not contain any studies with human or 
animal subjects performed by any of the authors.

TS Versus PS Meningiomas

Cushing categorized the anterior fossa meningiomas near 
the optic apparatus as parasellar meningiomas and pro-
vided a staging system for their growth [10]. Al-Mefty 
distinguished between clinoidal, suprasellar, TS, and PS 
meningiomas [11]. Although one could associate the PS 
and TS meningiomas with their anatomic origin, these 
tumors show different growth patterns helping with their 
nosological categorization. TS meningiomas tend to grow 
laterally, posteriorly, and superiorly and compress and 
deform the optic apparatus, hence visual symptoms. The 
distinction between TS and PS meningiomas is arbitrary 
and it seems that a working definition of PS meningiomas 
is still lacking/controversial [2, 12, 13]. While Hullay 
stated that PS meningiomas are associated with remod-
eling and hyperostosis of PS [12], others have shown that 
the thickness of underlying skull is not different between 
TS and PS meningiomas [14]. Henderson et al. reviewed 
a large series of TS/PS meningiomas (n = 47) over an 
18-year period and showed that TS/PS meningiomas exist 
as a smooth continuum. In their series, optic canal inva-
sion was more frequent in PS meningiomas [14].

Evolution of Surgical Approaches  
to TS/PS Meningiomas

Unilateral Frontal, Bilateral Frontal, Pterional, 
and Orbitozygomatic Approaches

Surgery of anterior skull base did not begin with removal of 
the TS and PS meningiomas. In 1879, the Scottish surgeon, 
Sir William MacEwen, reported successful removal of an 
anterior cranial fossa lesion causing periorbital edema, mio-
sis, and seizures in a 14-year-old girl [15]. A few years later 
in 1884, Francesco Durante reported an anterior cranial fossa 
tumor (not proven to be meningioma) resected via “frontal 
craniectomy” [16]. The first TS meningioma was reported as 
an autopsy finding in 1899 by Stewart [17]. The most salient 
early experience with PS and TS meningiomas was published 
in detail by Cushing and Eisenhardt in 1929 where they catego-
rized these lesions as “parasellar” meningiomas [10]. Cushing 
reported the first removal of a TS meningioma in 1916 [18]. 
His preferred approach to anterior skull base meningiomas 
was unilateral frontal craniotomy [18]. Dandy’s work evolved 
this approach to bifrontal and transbasal approaches while he 
described them as requiring resection of the frontal lobe to 
gain access to the skull base [19]. Tönnis described a bifrontal 
approach to anterior communicating artery aneurysms without 
the need for resecting the frontal lobes [20]. Orbital osteoto-
mies were later added to bifrontal approach by Chi et al. [21].

Use of lateral approaches to anterior skull base men-
ingiomas was started after Yaşargil’s description of the 
frontotemporal (pterional approach) based on the pio-
neering works of Heuer and Dandy [22, 23]. Hassler and 
Zentner reported the first resection of anterior skull base 
meningiomas via a pterional approach [24]. Later, addi-
tion of orbital rim and zygoma resection to the pterional 
craniotomy was used to improve the unilateral exposure 
of anterior skull base meningiomas (and other lesions). 
Works of many pioneer surgeons during the twentieth cen-
tury contributed to this evolution. McArthur and Frazier 
added the removal of the supraorbital ridge to frontal cra-
niotomy in 1912 and 1913, respectively, for resection of 
pituitary tumors [25, 26]. Jane et al. revived this approach 
by integrating the orbital rim resection into the frontotem-
poral bone flap as a single piece [27]. During the 1980s, 
Perellin [28] and Hakuba [29] described the full fronto-
orbito-zygomatic-malar approach after which multiple 
modifications were described for [30–35].

Minimally Invasive Supraorbital Approaches

In 1908, Fedor Krause reported the first supraorbital, sub-
frontal approach for resection of a skull base meningioma 
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[36]. In 1971, Wilson published a paper on the efficiency 
of surgical approaches to deep cerebral lesions with smaller 
craniotomies or as he called it “Limited Exposure” [37]. 
The idea of being able to see (and possibly access) the 
entire “room” through a “keyhole” was adopted by Emery 
et al. (“Cone d’Approach”) [38] and Honeybul et al. (win-
dow of access) [39]. Brock and Dietz introduced a “small 
frontolateral” approach to minimize the dissection of tem-
poralis muscle while providing ample access to the ante-
rior circulation aneurysms [40]. During the 1990s, Axel 
Perneczky and his co-workers were working on efficient 
usage of a supraorbital keyhole craniotomy for various 
intracranial lesions including but not limited to anterior 
skull base meningiomas in Germany [8, 9]. This approach 
has been subsequently used by many other authors as a 
robust and efficient method for successful resection of TS/
PM meningiomas among other lesions.

Endoscopic Endonasal Approach

The EEA for transsphenoidal resection of pituitary tumors has 
a rich history thanks to the works of giants such as Herman 
Schloffer [41], Theodor Kocher [42], Oskar Hirsch [43], Albert 
Halstead [44], Harvey Cushing [45], Norman Dott [46], Gerard 
Guiot [47], and Jules Hardy [48]. However, the extension of 
the usage of EEA to the skull base lesions involving parasellar 
and suprasellar areas was probably pioneered by Martin Weiss 
who described the “extended” transsphenoidal approach via a  
sublabial incision [49]. Weiss described the essential technique  
of removing the parasellar bony regions (such as TS and 
PS) to provide access to tumors extending to the parasellar, 
suprasellar, and cribriform plate extension. Combination of 
endoscopy, stereotactic neuronavigation, and extended trans-
sphenoidal approach led to the birth of expanded EEA during 
the early 2000s [50–52].

Use of Transcranial and Endonasal 
Approaches for TS/PS Meningiomas

While the details of the technical steps of these approaches 
are beyond the scope of this piece, relative advantages and 
limitations with regard to resection of TS/PS meningiomas 
will be highlighted.

Subfrontal Approach

The unilateral subfrontal approach (SFA) was probably the 
first approach used to resect anterior skull base meningiomas 
[10]. Many authors reported their results with unilateral sub-
frontal approach [53–58]. One of the earlier notable reports 

of the use of this approach for suprasellar meningiomas is 
by Symon and Rosenstein in 1984 [58]. They reported 101 
suprasellar meningiomas undergoing resection using uni-
lateral subfrontal approach in 92 patients (91%). They used 
operating microscope in less than a third of the patients and 
reported a total resection rate of (78%). The unilateral SFA 
provides several advantages such as a short surgical corridor 
and the ability to manage the hyperostotic skull base and to 
unroof the optic canal. It could be designed to avoid opening 
the frontal sinuses and ligation of the superior sagittal sinus. 
This approach is, however, associated with the retraction 
of the ipsilateral frontal lobe and may not provide optimal 
exposure of the contralateral optic nerve or vascular struc-
tures. Removal of the orbital bar might improve exposure 
and minimize brain retraction [59].

On the other hand, bifrontal approach (first described by 
Tönnis [20]) provides a wide bilateral view of the anterior 
cranial base, bilateral optic nerves, and the anterior circle of 
Willis. It provides equal opportunity to unroof and decom-
press both optic canals and is advantageous in enabling the 
surgeon to visualize both optic nerves from either side and to 
remove the tumor from the undersurface of the medial aspect 
of the optic nerve in the first 6–8 mm of optic canal [60]. 
This approach could be extended to a transbasal/subcranial 
approach [61–63], or to include the orbital resection bar 
uni- or bilaterally [64, 65]. Disadvantages of this approach 
include the necessity to open the frontal sinuses, possible 
need for superior sagittal sinus ligation, and retraction of 
bilateral frontal lobes. The bilateral SFA has been and con-
tinues to be one of the workhorse approaches for tackling 
TS/PS meningiomas [1, 56, 66, 67].

Frontotemporal (Pterional) Approach

Many pioneer and recent surgeons reported their experience 
with pterional approach for TS/PS meningiomas [1, 55, 68–77]. 
The pterional approach and its orbitozygomatic extension pro-
vide an anterolateral angle of attack as opposed to SFA which 
offers a direct anterior view of the tumor. It allows early rec-
ognition and control of the ipsilateral internal carotid artery 
(ICA) as well as the intradural optic nerve and proximal optic 
canal and may prove especially useful in cases of more later-
ally located tumors. Sometimes, an orbital rim osteotomy is 
added turning it into an orbitopterional approach [77]. Sylvian 
fissure dissection reduces the depth of the surgical bed and 
improves illumination and visualization. The frontal sinus could 
be avoided during craniotomy. On the other hand, there is still 
need for some degree of frontal lobe retraction, and although 
the superolateral aspect of the ipsilateral optic nerve/canal 
is easily exposed, the inferomedial aspect of the optic nerve, 
pituitary stalk, and undersurface of the optic chiasm are poorly 
visualized and even their suboptimal exposure requires some 
degree of optic apparatus manipulation which may contribute 
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to relatively poor visual outcomes (10–20% of visual deteriora-
tion) associated with this approach [68, 71, 78–80]. Unfortu-
nately, such worsening does not tend to improve [71]. Needless 
to say, the contralateral optic-carotid complex is exposed after 
the majority of tumor is removed which could be a disadvan-
tage especially for larger TS/PS meningiomas.

Supraorbital Approaches

The supraorbital approaches (SOA) use an exposure ave-
nue to tackle TS/PS meningiomas similar to the unilateral 
subfrontal corridor. As stated before, the idea of minimally 
invasive approaches to these meningiomas through an SOA 
is to minimize brain exposure while keeping a robust deep 
exposure of the tumor; i.e., the keyhole concept. Anatomical 
evaluation of this approach in comparison to the classic pte-
rional approach has shown its non-inferiority [81]. Various 
modifications of this approach have been described [3, 40, 
82–84], and many authors have reported favorable outcomes 
using this approach for resection of TS/PS meningiomas 
[85–91, 92•, 93–96]. Additionally, SOA has the advantages 
of being cosmetically more favorable, with shorter hospital 
stays while providing outcomes comparable to traditional 
TCAs [85, 93, 97–99]. While the addition of orbital oste-
otomy to SOA has been advocated by some authors [100], 
it is not necessarily advantageous for exposure according to 
some others [81, 101].

Endoscopic Endonasal Approach

Specifically for TS/PS meningiomas, EEA offers several 
advantages: there is no brain retraction and potentially the 
entire dural base of the tumor and hyperostotic bone are 
exposed and could be resected. Additionally, EEA pro-
vides optimal panoramic view of the skull base, bilateral 
optic nerves, and the carotid arteries. The exposure of the 
inferomedial aspect of the optic canals allows early optic 
nerve decompression and removal of the intracanalicular 
tumor without the need to manipulate the optic apparatus. 
Also, a perfect view of the inferior aspect of the optic 
chiasm and pituitary stalk is provided. Additionally, the 
EEA allows good visualization and protection of infra-
chiasmatic perforators while debulking and dissecting the 
tumor from inferiorly [102]. The major downside of the 
EEA is the relatively high rate of CSF leakage which has 
dramatically decreased after the introduction of advanced 
skull base reconstruction techniques, most notably the 
nasoseptal flap [103–105]. Risk of olfaction loss is par-
ticularly high with EEA when the tumor involves the 
cribriform plates and/or extends anterior to the level of 
posterior ethmoidal arteries [102, 106]. Another potential 
disadvantage posed by some authors is that the exposure 
of the entire area of dural tail is difficult with EEA if the 

tumor is large [107]. Additionally, dissection of tumor off 
the vessels of the anterior circle of Willis (i.e., ICA, ante-
rior cerebral and anterior communicating arteries (ACoA)) 
in the “narrow corridor” of EEA exposure could be chal-
lenging and potentially dangerous [107]. Another concern 
with EEA is that when the tumor extends anterior to crista 
galli/fovea ethmoidalis and makes contact with the poste-
rior wall of the frontal sinus, the angle of attack becomes 
too steep and both resection and reconstruction become 
extremely difficult [107, 108].

Parameters Affecting Approach Selection

While most of the series of TS/PS meningiomas report 
favorable outcomes with all approaches, some authors com-
pared their results with regard to rates of GTR, complica-
tions, and visual outcomes and correlated those outcome 
measures with certain patient/tumor characteristics. These 
studies help us determine which approach might be a better 
fit for a certain tumor.

Tumor Characteristics

1.	 Size
	   Tumor size is usually a major determinant factor for 

approach selection regardless of location and pathology. 
Typically, for superficial meningiomas, the craniotomy 
size positively correlates with the size of the tumor; i.e., 
the larger the tumor, the larger the craniotomy needs to 
be. This is especially important because if a Simpson I 
resection grade is planned; i.e., the craniotomy should 
encompass the dural tail region as well. However, for 
skull base meningiomas, a Simpson I resection is not 
always attainable nor is it always the goal of surgery 
(especially considering the availability of radiosurgery). 
Also, from a surgical maneuverability perspective, the 
size of the craniotomy does not necessarily need to cor-
relate with the size of the tumor—as suggested by the 
idea of “keyhole surgery.” Regardless, it has been sug-
gested that a larger size of a TS/PS meningioma makes 
the surgery more difficult irrespective of the approach 
[57, 58, 60, 79, 109], making GTR more difficult [110–
112], though this idea has been questioned by some [14, 
106, 113]. A TCA (typically bilateral SFA) with a large 
bone flap may be a good choice for a large PS/TS men-
ingioma, especially with lateral extension over the optic 
canals and/or orbital roof (i.e., > 1 cm lateral to lamina 
papyracea) or lateral to the cavernous carotid artery [74, 
90, 114–116]. Mallari et al. suggest that tumors larger 
than 21.5 mm in diameter favor the SOA versus EEA 
[92•]. It has been suggested that tumors larger than 3 cm 
may not have an intact arachnoid plane which might 
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increase the risk of intra-operative vascular injury and 
post-operative visual impairment [58, 68].

	   On the other hand, with smaller tumors being amena-
ble to both supraorbital and transnasal approaches, the 
size becomes a critical factor. With larger tumors, EEA 
becomes more problematic as the transnasal exposure 
of a large area of the anterior cranial base and its recon-
struction after tumor resection would be challenging 
[110–112]. In a report on 21 TS meningiomas, Fatemi 
et al. recommended TCA over EEA for tumors larger 
than 30–35 mm [88]. Others recommend a TCA for 
tumors > 3 cm in diameter as it significantly affects the 
ability to obtain GTR via EEA [92•, 117].

2.	 Tumor height
	   Craniocaudal extension of the tumor relative to the 

axial plane of the TS was not a significant factor affect-
ing extent of resection (EOR) in one study [1]. However, 
others have posited that if a tumor has deep intrasellar 
extension, SOA would be suboptimal and EEA would 
be more favorable [14, 88].

3.	 Lateral extension
	   Lateral extension of the tumor should always be stud-

ied as it could make one approach more favorable than 
others. EEA provides suboptimal exposure for tumors 
extending > 5 mm lateral to lamina papyracea (or mid-
dle orbital line) [14, 93, 113, 115, 118]. Anterior clinoid 
process is a likely location for residual tumor [119], and 
if the tumor extends over the clinoid process, a TCA is 
preferred [93]. Youngerman et al. found that complete 
extension of the tumor (i.e., 100%) over either optic 
nerve is a major restrictive parameter in achieving GTR 
via EEA [121•].

4.	 Tumor calcification and skull base hyperostosis
	   Heavy tumor calcification can make resection invari-

ably difficult, but a tumor with this feature may be more 
manageable via a TCA [120, 121•], although this has 
been questioned by others [14, 106]. Presence of hyper-
ostotic PS may make EEA more favorable as it may 
facilitate drilling the hyperostotic bone [92•].

5.	 Optic canal involvement
	   Involvement of the optic canal in the case of TS men-

ingiomas is extremely common (66–100%) with infero-
medial involvement of the proximal optic canal being 
the most common pattern [14, 60, 96, 108, 122]. Exten-
sion of the tumor into the optic canal may be underesti-
mated by pre-operative MRI [123]. Such invasion makes 
GTR a challenge [60]. It is important to note that many 
TS meningiomas present early in their course with visual 
presentation because of early involvement of the optic 
canal. Safe and efficient decompression of the optic 
canal and removal of the intracanalicular portion of 
the tumor are important in achieving a favorable visual 
outcome and minimizing the risk of recurrence [14]. 

Koutourousiou et al. reported 25% involvement of the 
medial aspect of the optic canal in a series of 75 TS/PS 
meningiomas [117]. Many authors have reported favora-
ble visual outcomes with EEA and more recent series 
show better visual outcomes with EEA, especially in 
patients with optic canal involvement [14, 74, 124]. EEA 
enables 270° decompression of the optic canal and safe 
opening of the inferomedial aspect of the optic nerve 
dura to resect the intracanalicular tumor [115]. Of note, 
some authors advocate a TCA for TS/PS meningiomas 
because it enables decompression of the optic canal 
early during the operation [76, 77]. On the other hand, 
a TCA necessitates some degree of optic nerve manipu-
lation to access the inferomedially located tumor in the 
optic canal which might contribute to its inferior visual 
outcomes compared to EEA [117, 124]. However, when 
the tumor extends laterally and involves the superolateral 
optic canal, EEA may be less than ideal, and a TCA may 
provide better exposure and control over the optic canal 
and its contents [14, 107, 108]. A prefixed optic chiasm 
could make a TCA extremely difficult [106].

6.	 Vascular encasement
	   Encasement of surrounding vessels poses a technical 

challenge for resection of meningiomas leading 
to failure to achieve a GTR or complicating the 
procedure [1, 60, 90, 106, 108, 110–112, 117, 121•]. 
According to Koutourousiou et al., the prevalence of 
vascular encasement was 25% in a series of 75 TS/PS 
meningiomas [117]. Typically, to avoid vascular injury, 
the surgeon needs to continue dissection in the plane 
between the arachnoid membrane and tumor capsule. 
However, undertaking this strategy is sometimes 
difficult and requires ample surgical freedom and 
maneuverability which might be compromised when a  
“minimally invasive” approach or EEA is selected. In the  
case of TS/PS meningiomas, the vulnerable surrounding 
vessels include the cavernous and intradural ICA, 
and the ACoA complex. When the tumor invades 
the cavernous sinus and abuts or encases the ICA, 
EEA may not be the ideal to achieve a GTR [14, 108, 
121•]. In fact, some authors recommend a TCA for 
tumors with extension lateral to the ICA or ACoA 
complex, or any cavernous sinus invasion [14, 93, 
113, 115, 118]. It should however be noted that even 
if a tumor is significantly extending laterally, the EEA 
may not be totally contraindicated as a GTR may not 
be attainable via a TCA either. Therefore, the goal of 
surgery may not be GTR in such cases and a subtotal 
resection and favorable decompression of the optic nerve  
through EEA may be perfectly achievable [114].

7.	 Cortical cuff and cerebral edema
	   When using EEA, some authors state that to safely 

dissect the vessels off the tumor, a “cortical cuff” 
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should be present between the tumor and the vessels 
[108, 125, 126]. Also, the presence of edema in the 
adjacent brain may indicate pial invasion requiring 
complex vessel dissection and hemostasis techniques 
that may not be easily performed during EEA [108, 
113, 116, 125]. However, several studies showed that 
“cortical cuff” and brain edema are not significant fac-
tors affecting GTR rate in modern series [113, 121•]. 
In our opinion, the issue of cortical cuff does not 
really apply to TS meningiomas since these tumors 
will invariably make contact with the optic chiasm 
and ACoA complex without intervening brain as they 
get larger due to the regional anatomy. Cortical cuff 
may be a more applicable entity (if at all) for olfactory 
groove and PS meningiomas.

Anatomical Relationships

1.	 Sellar anatomy
	   The suprasellar notch angle (SNA) represents the 

relative depth of the recess formed between superior 
aspect of the sella and the declining part of the planum 
sphenoidale. It is measured between 2 lines: (1) a line 
perpendicular to the cribriform plate passing through the  
center of TS and (2) a line connecting limbus sphenoi-
dale to TS [127]. De Notaris et al. proposed a wider SNA 
(> 138°) to be more favorable for EEA [127]. Henderson  
et al. did not find a relationship between the SNA and 
GTR of TS/PS meningiomas via EEA although based 
on personal experience believed that an acute SNA 
(< 118°) would make EEA more challenging [14]. On 
the contrary, Mallari et al. proposed that an acute tuber-
cular angle (< 135°) and presence of hyperostosis make 
EEA more favorable [92•]. Also, when a tumor has deep 
sellar extension or extends significantly above the level 
of the PS, EEA may be a better choice [92•], a point that 
is not agreed upon by Henderson et al. [14], who posit 
that the lateral extension of the tumor is more important 
in predicting outcome.

2.	 Anatomy of the sphenoid sinus
	   During EEA, ample pneumatization of the sphenoid 

sinus is paramount to a seamless exposure of the tumor 
along and across the floor of the anterior cranial fossa. 
In a pre-sellar or conchal-type sinus [128], recogni-
tion of landmarks is very difficult if not impossible, 
hence a contraindication to EEA. Additionally, with a 
very small sella, the coronal distance between the optic 
nerves and between the carotid arteries (kissing carot-
ids) may be too small and make the EEA risky [106, 
118]. A pneumosinus dilatans may theoretically require 
more brain retraction during a TCA but Kong et al. did 

not find this parameter to be impacting GTR via TCA 
versus EEA [1].

Clinical Outcomes

1.	 Visual outcome
	   Visual symptoms (and the classic chiasmal 

syndrome [129]) are very common (up to 85%) 
in TS/PS meningiomas [14, 122, 130], and early 
post-operative visual improvement seems to be an 
important factor in long-term visual outcomes [72]. 
Resection of TS meningiomas has been associated 
with an 8–42% risk of post-operative visual 
impairment which is attributed to manipulation of 
the optic apparatus or its vascular supply [68, 72, 
78, 80, 96, 115, 122, 131]. Although some authors 
have reported tumor size to significantly affect the 
visual outcome, it seems that the pattern of optic 
nerve compression is more important. Koutourousiou 
et al. did not find the size of the tumor (< 2.5 cm 
vs > 2.5 cm) to be statistically significant in predicting 
the visual outcome [117]. Others have found pre-
operative duration and extent of visual impairment, 
age, and tumor invasion of the optic canal and its 
effective decompression to be more determining 
of the visual outcome after tumor resection [122]. 
Although some series show excellent visual outcomes 
using TCA [77], multiple studies have shown the 
superiority of EEA over TCA for achieving better 
visual outcomes, especially when optic canal is 
involved with tumor and decompressed early [1, 
76, 96, 102, 115, 122–124, 132]. More recent meta-
analyses showed EEA superiority over TCA regarding 
visual outcomes [133, 134]. Such superiority was not 
shown in a previous meta-analysis [135].

2.	 Endocrine outcome
	   Pre-operative endocrine dysfunctions are less common 

and usually subtle in TS/PS meningiomas (e.g., decrease 
libido, amenorrhea, and hypothyroidism) [102]. Post-
operative endocrine dysfunction is reported at a rate of 
0–33% after EEA surgery for TS/PS meningiomas [102, 
107, 136, 137]. With TCA, the post-operative pituitary 
dysfunction is reported at 0–13% [68, 138].

3.	 Tumor recurrence
	   According to Fahlbusch and Schott, 4 main fac-

tors impact the risk of tumor recurrence: (1) EOR, 
(2) histological grading of the tumor, (3) length of 
the post-operative follow-up period, and (4) mode 
and quality of the assessment of tumor recurrence 
[68]. Therefore, achieving a GTR has a significant 
role in reduction of tumor recurrence rate. Two meta-
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analyses have compared this outcome between TCA 
and EEA. In 2012, Komotar et al. meta-analyzed 60 
eligible studies and found that the rate of GTR with 
TCA is significantly higher [135]. Later in 2018, 
Muskens et al. meta-analyzed 64 studies and con-
cluded that neither approach is superior regarding 
the rate of GTR [133].

Approach Selection Strategy

Relative Benefits and Limitations

Authors generally report favorable results with every and 
each surgical approach but these results are obviously 
biased because of arbitrary patient selection criteria. A 
few systematic reviews and meta-analyses have reported 
the trends with approach selection and compared reported 
outcomes [133–135]. It seems that with smaller tumors 
that tend to have inferomedial optic canal invasion, a EEA 
may be preferred. The meta-analysis by Komotar et al. 
concluded that EEA is associated with higher risk of CSF 
leak but TCA has probably a higher rate of GTR. How-
ever, the visual outcomes were not different between the 2 
approaches [135]. On the other hand, 2 more recent meta-
analyses showed that EEA provides superior visual out-
comes and that GTR rates were not significantly different 
between approaches [133, 139•].

Proposed Classification Scales for TS/PS Meningiomas

Cushing and Eisenhardt were the first to propose a sim-
ple staging framework for TS meningiomas primarily 
based on the following post-mortem parameters: tumor 
size, chiasmal deformity, and clinical presentation: I, ini-
tial stage; II, probably presymptomatic; III, early stage 
of syndrome, still surgically favorable (10–18 g); and IV, 
surgically unfavorable (> 20 g) [10]. This staging system 
nicely represents the growth stages of TS meningiomas 
but fails to include other important parameters such as 
vascular encasement and optic canal invasion and was 
not used in clinical series afterwards. Yaşargil focused on 
tumor size for these tumors (< 2 cm, 2–4 cm, and > 4 cm) 
and believed that tumors > 4 cm pose a greater surgical 
challenge [140].

Mortazavi et al. proposed a classification system to 
predict resectability and surgical complexity and also 
to assist with approach selection based on 6 parameters: 
(1) prior surgery, (2) prior radiation, (3) brain invasion 
(i.e., FLAIR signal in MRI), (4) vascular encasement, (5) 
optic canal invasion, and (6) tumor size. They categorize 

TS/PS meningiomas into 3 classes and suggest that the 
operative complexity increases progressively with class. 
Their system is not able to predict EOR but they propose 
EEA for class I and TCA for class III tumors; class II 
tumors are amenable to both EEA and TCA (Table 1) 
[77]. Of note, patients in their series were mostly oper-
ated on using TCA.

Youngerman et al. attempted to revise Magill et al.’s 
scoring system tailored for EEA approach for resection 
TS/PS meningiomas [121•]. They further elaborated on 
the pattern of vascular encasement by suprasellar menin-
giomas and added a new score for “optic nerve laterality 
score” (Table 1), based on the maximal lateral extension 
of the tumor relative to the optic nerve as well as the max-
imal anterior extension of the tumor beyond the limbus 
sphenoidale. Their multivariate analysis showed that prior 
surgery, complete ICA encasement, and extension > 100% 
lateral to the optic nerve significantly affected resectabil-
ity [121•]. Surprisingly, and possibly because of excel-
lent surgical technique and careful approach selection, 
no independent risk factor was found for lack of visual 
improvement. On the other hand, absolute size of the 
tumor, medial optic canal involvement, anterior cerebral 
artery or partial ICA encasement, and brain edema did 
not impact resectability via EEA [121•]. GTR rates in this 
study approached those obtained with TCA [133, 139•]. 
EEA was advantageous over TCA regarding visual out-
comes in keeping with previous studies.

Ottenhausen et  al. proposed their decision-making 
strategy for anterior skull base meningiomas (including 
olfactory groove, TS, and PS meningiomas) in 2019 [93]. 
Their strategy is based on several parameters including (1) 
anterior sagittal extension of tumor, lateral extension of 
tumor, (3) invasion of cribriform plate, and (4) status of 
olfaction. Using these parameters, they stratify lesions into 
7 groups and provide choice of approach recommendation 
for each group.

Our Strategy

Our strategy for TS/PS meningiomas is based on (1) 
tumor size (< 3 cm versus > 3 cm), (2) pattern of optic 
canal invasion/position of optic nerve displacement, 
(3) relationship of the anterior extent of the tumor with 
sphenoethmoidal suture, and (4) lateral extent of tumor 
relative to the optic nerve and lamina papyracea. Larger 
tumors that extend beyond the lamina papyracea and may 
be harder to resect via EEA. We reserve EEA for smaller 
midline tumors that may have inferomedial optic canal 
invasion and inferomedial position to the prechiasmatic 
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optic nerves, but do not extend too anteriorly to the sphe-
noethmoidal suture. In these cases, EEA allows optimal 
view of the base of the tumor and favorable decompres-
sion of the optic nerve without manipulation of the optic 
apparatus and without compromising olfaction. Repair 
of the skull base defect after resection of these small 
tumors is relatively easy. When midline tumor extends 
laterally beyond the optic nerve and lamina papyracea, 
or is extended anteriorly beyond the sphenoethmoidal 

suture, a TCA (uni- or bilateral) provides ample expo-
sure of the medial and lateral aspects of the optic canal. 
With large tumors, we usually use the orbitopterional or 
bilateral SFA (transbasal). If the tumor invades the cav-
ernous sinus or encases the cavernous ICA, we usually 
do not chase the tumor in the cavernous sinus. However, 
if the tumor encases the intradural ICA and/or anterior 
cerebral artery, we select a TCA (usually orbitopterional 
or transbasal) since we believe in obtaining adequate 

Fig. 1   Proposed algorithm for selection of surgical approach to TS/
PS meningiomas. * may choose EEA if GTR is not the goal. # may 
be chosen from a variety of approaches mostly transbasal and orbitop-

terional. EEA, endoscopic endonasal approach; SES, sphenoethmoidal 
suture; SOA, supraorbital approach; TCA, transcranial approach
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proximal and distal control of the points of encasement 
in the event a vascular injury occurs and direct vascular 
repair and potential microanastomosis are required. It 
is much more feasible to perform direct vascular repair 
when the cranium is opened than in a narrow EEA cor-
ridor. It should be noted that we may still opt for EEA 
in the case of vascular encasement or lateral optic canal 
involvement if GTR is not set as the goal of surgery. 
Figure 1 shows our proposed decision-making algorithm. 

With small lateral tumors that do not invade the medial 
aspect of the optic canal and do not have vessel encase-
ment, a minimally invasive SOA may be advocated in 
the hands of the experienced surgeon. If the tumor is 
asymmetric displacing one optic nerve, a contralateral 
unilateral TCA can be considered since there is less optic 
nerve manipulation and risk of injury when coming from 
the contralateral side to the affected nerve. Case illustra-
tions are provided in Figs. 2 and 3.

Fig. 2   Resection of a TS meningioma via EEA. Sagittal (A), coronal 
(B), and axial (C) magnetic resonance images of the tumor. D Visual 
field examination showing compromise of the left optic nerve. E–N 
Expanded transtuberculum transplanum EEA for tumor resection. 
E Tumor (Tu) exposure with abutment of the frontal lobe (FL), F 
internal debulking of tumor, G dissection between the tumor capsule 
and the arachnoid (*) of the chiasmatic cistern, H, I recestion of the 
major bulk of the tumor, J, K opening the dural sheath (DS) of the 
left optic nerve to resect the intracanalicular portion of the tumor and 
inferomedial decompression of the optic nerve. Note the ophthalmic 

artery (double arrow) and the last part of the tumor in the optic canal 
(arrow) being removed. The A1 and A2 segments of the anterior 
cerebral artery, optic chiasm (OC) and optic nerve (ON) are shown. 
L Final view of the resection bed after total removal of the tumor. 
Pituitary stalk (PS) is visible. M, N Reconstruction with on-lay 
fascia lata over the resection cavity boosted by nasoseptal flap (NSF) 
marked with yellow dashed line. VP, vascularized pedicle. O–R 
Post-operative images showing GTR. S Visual field examination at 
3-month follow-up
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Fig. 3   Transcranial resection of a large TS meningioma with vascular 
encasement. Sagittal (A), axial (B), and coronal (C) magnetic reso-
nance images of the tumor showing encasement of the branches of 
the anterior cerebral artery (yellow arrows) and extension towards the 
left cavernous sinus. D, E Left orbitopterional craniotomy (* = orbital 
contents). F Extradural anterior clinoidectomy is performed. Black 
arrow shows the last portion of the anterior clinoid process. Yel-
low arrowhead shows the greater sphenoid wing. FL, frontal lobe; 
TL, temporal lobe. G Dura is opened and optic nerve (ON) and left 
internal carotid artery (ICA) are visualized. Arrowhead points to the 
region of anterior clinoidectomy. H A ventriculostomy (black arrow) 
helps with brain relaxation. I Tumor (Tu) is seen engulfing the optic 
nerve (ON), arrowheads show the falciform ligament. J Falciform 
ligament is opened to decompress the optic canal. K Extension of 

the tumor (Tu) towards the left cavernous sinus is shown. Identifica-
tion of the critical neurovascular structures is critical (III, oculomo-
tor nerve; AChA, anterior choroidal artery; PCoA, posterior com-
municating artery; ON, optic nerve; ICA, internal carotid artery). 
L–N Continued resection of the tumor (Tu) towards the contralateral 
(right) optic nerve. Right ICA is also visualized. O Exposure of the 
tumor in the interoptic and perichiasmatic area shows encasement of 
the anterior cerebral artery complex (ACoA, anterior communicating 
artery). P After removal of the perichiasmatic portion of the tumor, 
the sellar portion and pituitary stalk (PS) are exposed. Q Final view 
after completion of resection with the basilar artery (BA) exposed. R 
Closure of craniotomy. S, T Post-op contrasted MRIs showing near 
total resection with minimal residue in the left cavernous sinus
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Conclusions

TS/PS meningiomas are challenging lesions and proper 
approach selection significantly impacts the ability to 
achieve GTR and favorable outcomes. Major approaches 
include the classic TCA, minimally invasive SOA, and EEA. 
Goals of resection must be set based on patient and tumor 
characteristics. Sometimes, a specific approach might pro-
vide superior outcomes with regard to tumor control, visual 
outcomes, cosmetic results, and complication profile. Skull 
base surgeons must familiarize themselves with these vari-
ous approaches and be able to use them efficiently in a tai-
lored fashion to specific patient pathoanatomy.
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