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Abstract
The lateral supraorbital (LSO) approach is a minimally invasive modification of the pterional approach. The authors assess the
surgical indications and esthetic benefits of the LSO approach in comparison with the pterional approach for parachiasmal
meningiomas. From April 2013 to May 2017, a total of 64 patients underwent surgery for parachiasmal meningiomas.
Among them, tumor resection was performed with the LSO approach for 34 patients and pterional approach for 30 patients. A
retrospective analysis was done on tumor characteristics, surgical outcome, approach-related morbidity, and esthetic outcome
between the two approaches. Gross total resection was achieved in 33 of 34 patients (97.1%) with the LSO approach. There were
no differences in tumor size, origin, consistency, internal carotid artery encasement, cranial nerve adhesion, and optic canal
invasion between the two approaches. The most common tumor origin was the tuberculum sellae for both the LSO and pterional
approaches. For tumors with preoperative visual compromise, immediate visual outcome improved or remained stable in 76%
and 80.9% with the LSO and pterional approaches, respectively. Surgery time, surgical bleeding, hospital length of stay, and
esthetic outcome were significantly shorter and superior with the LSO approach. There were no differences in surgical morbidity
and brain retraction injury between the two approaches. The LSO approach can provide a safe, rapid, and minimally invasive
exposure for parachiasmal meningiomas compared with the pterional approach. Surgeons must consider tumor size, origin, and
extent in determining the resectability of the tumor rather than the extent of exposure.
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Introduction

The standard pterional approach is the most basic, familiar,
and widely used approach to neurosurgeons. It offers a wide
surgical field and access to vascular and neoplastic lesions in
the parachiasmal region. However, the pterional approach for
parachiasmal tumors can be extensive, invasive with a long
surgery time, and postoperative cosmetic problems [6,
23–25]. Temporalis muscle atrophy and facial nerve dysfunc-
tion from extensive manipulation of the temporalis muscle
have been suggested with the pterional approach [1, 3, 4,
12]. In the era of minimally invasive approaches, several sur-
gical alternatives have been proposed to overcome these is-
sues [2, 12, 13, 22, 31]. The lateral supraorbital (LSO) ap-
proach described by Hernesniemi et al. [14] is one such ap-
proach that is a less invasive modification of the pterional
approach without the temporal extension. This modified tech-
nique can access vascular and neoplastic lesions located in the
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sellar, parasellar, suprasellar, and retrosellar regions. The ap-
proach has also shown its possibility as a reasonable alterna-
tive to the pterional approach for meningiomas with
parachiasmal origin and location such as the tuberculum
sellae, olfactory groove, planum sphenoidalis, and anterior
clinoid process [23–25]. The main advantages of an LSO ap-
proach compared with a pterional approach would be in a
shorter, less invasive skin incision that causes less trauma to
the temporalis muscle and facial nerve. This, in turn, leads to a
shorter surgery time and bleeding for the surgeon, and reduced
hospital length of stay and incision scar for the patient [6, 19,
23–25, 27].

The purpose of this study was to assess the indications,
surgical outcome, approach-related morbidity and esthetic
outcome, and limitations of the LSO approach in comparison
with the standard pterional approach for parachiasmal
meningiomas.

Methods

Patient population

From April 2013 to May 2017, 64 consecutive patients
underwent surgery for meningiomas with parachiasmal origin
and location by two neurosurgeons (C.K.H and J.H.C) with
extensive experience in the surgical management of meningi-
omas. The inclusion criteria of the patients enrolled in the
study were as follows: (1) meningiomas with parachiasmal
origin including the tuberculum sellae, anterior clinoid pro-
cess (ACP), olfactory groove, planum sphenoidalis, frontal
base, and the dorsum sellae, (2) parachiasmal meningiomas
located anterior and above the Sylvian cistern without exten-
sion into the middle cranial fossa, (3) patients with a postop-
erative follow-up period of more than 12 months, and (4)
patients with data regarding approach-related esthetic out-
come, surgery time for approach, surgery time from skin-to-
skin, surgical bleeding, and hospital length of stay. Thirty-four
patients were underwent surgery with the LSO approach and
30 patients with the standard pterional approach. The LSO
approach was first introduced to our institution in 2016.
Before the advent of the LSO approach, parachiasmal menin-
giomas were resected by pterional or subfrontal interhemi-
spheric approaches. Medical records and tumor registry of
the patients were reviewed for demographic data, tumor char-
acteristics, intraoperative surgical data, surgical outcome,
approach-related esthetic outcome, preoperative and postop-
erative imaging, and postoperative morbidity. The data was
analyzed retrospectively after obtaining informed consent
from every patient. The study was approved by the institution-
al review board and conducted in accordance with the ethical
guidelines of the Declaration of Helsinki.

Surgical technique and indication

Lateral supraorbital approach

The lateral supraorbital (LSO) approach was performed in the
same manner as described by Hernesniemi et al. [14]. The
patient is positioned in supine and the head fixed with a
three-pin Mayfield head holder, elevated above the heart,
and rotated to the contralateral side by 30–45°. The skin inci-
sion is located right behind the hair line, starting above the
pinna and extending medially within the hairline towards a
mid-point between the superior temporal line and midline
(Fig. 1). After the skin incision, only a small portion of the
superior and anterior temporalis muscle is cut and retracted to
expose the bone. Then, a small burr hole is drilled on
McCarty’s keyhole that simultaneously exposes the anterior
cranial fossa floor and the orbit. The burr hole is extended
posteriorly towards the sphenoid ridge with a match head drill
tip. The posteroinferior margin of the bone flap does not ex-
tend beyond the sphenoid ridge. A small, semilunar shaped
bone flap with the keyhole at the center of the inferior margin
is made with a craniotome. The anteroinferior margin of the
bone flap can be tailored according to the extent of surgical
viewing required on the contralateral side, but does not extend
beyond the supraorbital notch. After the craniotomy, the or-
bital roof is flattened with an acorn drill tip. Extradural ante-
rior clinoidectomy can be performed as needed. The dura is
opened in a semilunar shape and the Sylvian cistern can be
opened for cerebrospinal fluid (CSF) drainage. For tumors
with optic canal invasion, opening of the falciform ligament
is done in every case to remove the tumor at the entrance of the
optic canal. Unroofing of the optic canal is performed with a
diamond drill, only when tumor extension into the optic canal
is evident after opening the falciform ligament. Extradural
anterior clinoidectomy is performed in selective cases to gain
additional corridor into the carotid-optic space. After tumor
resection, cranial mini-plates can be used to fix the bone flap
back into its place with minimal craniectomy defect.

Indication of LSO approach

The range of microscopic surgical view of the LSO approach
for normal anatomic structures is as follows: anteriorly, the
olfactory groove, planum sphenoidalis, and tuberculum sellae;
laterally, the ipsilateral internal carotid artery (ICA), optic
nerve, and ACP, medially, the contralateral optic nerve, and
posteriorly, the pituitary stalk (Fig. 2). The microscopic surgi-
cal window of the anterior cranial fossa with an LSO approach
resembles the window of a pterional approach. In general, the
LSO approach is a good candidate for (1) neoplastic lesions
located anterior and above the Sylvian cistern, (2)
parachiasmal meningiomas originating from the tuberculum
sellae, olfactory groove, and ACP, (3) parachiasmal
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meningiomas without cavernous sinus (CS) invasion, and (4)
pituitary stalk lesions requiring biopsy (Fig. 3) [6, 23–26]. The
LSO approach is a reasonable alternative to the standard
pterional approach for lesions located at the anterior cranial
fossa without significant temporal extension.

Data interpretation

All patients underwent a complete radiologic workup
with thin-sectioned computed tomography (CT) and
magnetic resonance imaging (MRI) scans including T2-

Fig. 2 A visual comparison of the microscopic operative view of a left
LSO (a–d) and pterional approach (e–h) for a tuberculum sellae
meningioma. The following normal anatomic structures can be seen
after opening the Sylvian cistern (SC) for CSF drainage (a and e):
Anteriorly, the olfactory groove (OG), planum sphenoidalis (PS), and

tuberculum sellae (TS) (b and f). Laterally, the ipsilateral internal carotid
artery (ICA), optic nerve (ON), and anterior clinoid process (ACP) (c and
g). Medially, the contralateral optic nerve and posteriorly, the pituitary
stalk (black arrow) (d and h)

Fig. 1 Step-by-step procedures of a left lateral supraorbital (LSO) ap-
proach. The skin incision of the LSO approach is shorter than the
pterional approach and does not extend towards the midline or below
the pinna. The incision is always hidden behind the hairline. The bone
flap of the LSO approach has the McCarty’s keyhole (black dot) at the
center of the inferior margin and does not extend beyond the sphenoid
ridge (black triangle) (a). After the skin incision, only a small portion of
the superior and anterior temporalis muscle is cut and retracted to expose

the bone. Then, a small, semilunar shaped bone flap with the keyhole at
the center of the inferior margin is made. The posteroinferior margin of
the bone flap does not extend beyond the sphenoid ridge (b). After the
craniotomy, the orbital roof is flattened with a drill to minimize brain
retraction (c). The dura is also opened in a semilunar shape (d). To reduce
further brain retraction, the Sylvian cistern can be opened for cerebrospi-
nal fluid (CSF) drainage (e)
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weighted and gadolinium-enhanced T1-weighted axial,
coronal, and sagittal images acquired at 3-mm or 1-
mm intervals. The imaging studies were obtained before
surgery, within 48 h after surgery, annually for the first
2 years, and every 2 to 3 years thereafter. All performed
images were interpreted by two neuroradiologists who
were blinded to patient information. Tumor size was
defined as the largest diameter on an axial MR image.
Extent of resection (EOR) was classified into gross total
resection (GTR), subtotal resection (STR), and biopsy.
GTR was defined as grossly complete tumor removal
with no evidence of residual tumor on immediate post-
operative MRI. STR was defined as the presence of
residual tumor on immediate postoperative MRI. The
intention of the surgery was GTR if the tumor was fully
visible and under control by the surgeon. Intentional
STRs were performed for tumors with CS invasion.
Preoperative brain edema and postoperative brain retrac-
tion injury were determined by comparing the change of
white matter signal intensity adjacent to the tumor on
T2-weighted MR images. Surgery time for the approach
was defined as the time from skin incision to dural
opening and from dural closure to skin closure.
Surgery time from skin-to-skin was defined as the time
from skin incision to skin closure. Surgical bleeding

included the total amount of blood lost by the patient
during the entire surgery. Hospital length of stay was
defined as the number of in-hospital days from the
day of surgery to the day of discharge. For patients
with preoperative visual compromise, visual outcome
was interpreted as improved, stable, or aggravated de-
pending on the change of visual acuity and visual field
as previously described [21]. Approach-related esthetic
outcome entailed an outpatient clinic survey on the pa-
tient’s incision site and mastication discomfort, supraor-
bital hypoesthesia, facial nerve palsy, temporalis muscle
atrophy, bony defect, visible scar outside the hairline,
and cosmetic satisfaction. The mean follow-up period
was 24.1 months (range, 12.3–56.2 months).

Statistical analysis

Characteristics of the patients, tumors, and surgical outcome
between the LSO and pterional approaches were compared by
usingMann-WhitneyU test. A Fischer’s exact test was used to
compare categorical variables. Data analyses were performed
using SPSS software version 18.0 for Windows (SAS
Institute, Inc.). Two-tailed and p values of p ≤ 0.05 were con-
sidered statistically significant.

Fig. 3 The surgical range (yellow circles) andmaximal border (red dotted
lines) of the LSO approach shown on T2 axial (a), sagittal (b), and
coronal (c) magnetic resonance (MR) images. Preoperative and 1-year
postoperative gadolinium-enhanced T1-weighted axial, sagittal, and cor-
onal MR images: Simpson resection grade I was achieved with a left LSO
approach for a tuberculum sellae meningioma with bilateral optic canal
invasion and optic nerve adhesion (d–i). Simpson resection grade I was

achieved with a left LSO approach for a large, olfactory groove menin-
gioma with moderate consistency and bilateral olfactory nerve adhesion
(j–o). Simpson resection grade I was achieved with a right LSO approach
for an ACP meningioma with ipsilateral ICA encasement and optic canal
invasion (p–u). All, three tumors did not extend beyond the Sylvian
cistern
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Results

Patient and tumor characteristics

There were 50 female (78.1%) and 14 male (21.9%) patients
with a mean age of 53 years (range, 29–80 years). The most
common presenting symptom was visual impairment
(48.4%), followed by incidentally found on health check-up
(26.6%). The mean largest diameter of the tumors was 2.7 cm
(range, 1.0–5.5 cm). The local disease status at the time of
surgery was primary in 62 patients (96.9%), recurrent after
surgery in 1 patient (1.6%), and residual after surgery in 1
patient (1.6%). The most common meningioma histology
was meningothelial (60.9%), followed by transitional
(28.1%), psammomatous (4.7%), atypical (3.1%), and secre-
tory (1.6%).

Tumor resection was performed with the LSO approach for
34 patients (53.1%) and with the standard pterional approach
for 30 patients (46.9%). The most common tumor origin for
the LSO approach was the tuberculum sellae (70.6%), follow-
ed by ACP (11.8%), olfactory groove (5.9%), planum
sphenoidalis (5.9%), frontal base (2.9%), and dorsum sellae
(2.9%). The tuberculum sellae (66.7%) and ACP (30%) were
the most common tumor origin for the pterional approach.
There were no differences in preoperative brain edema; CS
invasion of the tumor; local disease status at the time of sur-
gery, tumor size, origin, histology, and consistency; and ICA
encasement, cranial nerve adhesion, and optic canal invasion
of the tumor between the two approaches (Table 1).

Surgical outcome

The mean surgery time for the approach was significantly
shorter with the LSO (106.9 min) compared with the pterional
approach (147.6 min) (p < 0.01). This subsequently led to sig-
nificant differences with the mean surgery time from skin-to-
skin (274.9 min for the LSO and 390.6 min for the pterional
approach) (p < 0.01), surgical bleeding (356 mL for the LSO
and 537 mL for the pterional approach) (p = 0.014), and hos-
pital length of stay (9.9 days for the LSO and 13.1 days for the
pterional approach) (p < 0.01) between the two approaches.
Gross total resection was achieved in 33 of 34 patients
(97.1%) with the LSO approach and in 29 of 30 patients
(96.7%) with the pterional approach. The Simpson resection
grades were a mean 1.4 ± 0.8 and 1.5 ± 0.7 (median grade 1
with interquartile ranges of grade 1) for the LSO and pterional
approaches, respectively. There were no differences in the
GTR rate (p = 0.722) and the Simpson resection grade (p =
0.137) between the two approaches. For tumors with visual
compromise, vision improved or remained stable before dis-
charge in 76% and 80.9% of the patients with the LSO and
pterional approaches, respectively (p = 0.722). There were no
differences in brain retraction injury observed on

postoperative T2-weighted MR images (p = 0.757) and surgi-
cal morbidity (p = 0.616) between the two approaches.

Transient surgical morbidity occurred in 3 patients (8.8%)
with the LSO approach. All 3 patients had complications re-
lated to severe tumor adherence with the cranial nerves. One
patient had anosmia from olfactory nerve dysfunction, another
patient had bitemporal hemianopsia from optic nerve dysfunc-
tion, and the last patient had incomplete ptosis from
occulomotor nerve dysfunction. All 3 patients recovered
promptly after short-term administration of oral prednisolone.
There was transient surgical morbidity in 2 patients (6.7%)
with the pterional approach. One patient had CS invasion of
the tumor with consequent occulomotor nerve palsy from the
manipulation of the tumor inside CS. Another patient had
incomplete ptosis from severe tumor adhesion with the
occulomotor nerve. The 2 patients also recovered soon with
short-term oral prednisolone administration. There were no
tumor regrowth or recurrences, regardless of the surgical ap-
proach during the study period.

Approach-related morbidity and esthetic outcome

For approach-related morbidity, CSF leak, wound infection/
dehiscence, supraorbital hypoesthesia, mastication discom-
fort, and facial nerve palsy occurred in none of the patients
with the LSO approach and in 0%, 3.3%, 3.3%, 6.7%, and 0%
of the patients with the pterional approach (Table 2). There
was 1 patient (2.9%) in the LSO group with inadvertent frontal
sinus opening and 2 patients (6.7%) in the pterional group.
Incision site discomfort other than numbness occurred in 2
(5.9%) and 5 patients (16.7%) with the LSO and pterional
approaches, respectively. For approach-related esthetic out-
come, none of the patients with the LSO approach had
temporalis muscle atrophy, bony defect, or visible scar outside
the hairline and 94.1% of the patients were completely satis-
fied with their cosmetic outcome. There were mild, moderate,
and pronounced temporalis muscle atrophy in 3 (10%), 2
(6.7%), and 1 patients (3.3%) with the pterional approach,
respectively. Bony defect from skull depression and protru-
sion also occurred in 2 (6.7%) and 1 patients (3.3%) with the
pterional approach, respectively. Twenty-five out of 30 pa-
tients (83.3%) in the pterional group had a visible scar outside
the hairline, in front of the tragus. Consequently, only 66.7%
of the patients with the pterional approach were fully satisfied
with their esthetic outcome.

Discussion

The pterional approach was first described by Dandy [8, 9] in
1938, and later perfected and popularized by Yarsargil in 1984
[28–30]. The approach offers a wide surgical field and access
to vascular and neoplastic lesions of the anterior and middle
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cranial fossa. It can also be modified and extended for various
skull base approaches such as the orbitozygomatic and ante-
rior petrosal approaches. The authors also used the pterional
approach for various sellar, suprasellar, and retrosellar neo-
plastic lesions for over 20 years. However, the standard
pterional approach for parachiasmal meningiomas limited in
the anterior cranial fossa can be extensive and invasive with a
long surgery time and postoperative cosmetic problems [6,
23–25]. Temporalis muscle atrophy, dysfunction of the tem-
poral branch of the facial nerve, and tedious reconstruction of
the temporal base are also drawbacks of the approach related
to the exposure of the temporal lobe [1, 3, 4, 12]. In the era of
minimally invasive surgery, supraorbital approach [22, 31],
extended endoscopic endonasal approach [16, 17], mini-

pterional approach [12], and LSO approach [6, 23–26] can
be reasonable alternatives for parachiasmal tumors limited in
the anterior cranial fossa. Unfortunately, the supraorbital ap-
proach has a narrow corridor requiring specially designed
tube-shaft instruments with the risk of a postoperative scar
on the face and damage to the facial nerve [29]. The extended
endoscopic endonasal approach is becoming very popular, but
requires a dedicated learning period to get used to an endo-
scope and the burden of a postoperative CSF leak [18, 20].
The skin incision of mini-pterional approach is similar to the
LSO approach, but the bone flap is centered around the sphe-
noid ridge and smaller than the LSO approach [22]. On the
contrary, the LSO approach is easy and can be done by any
neurosurgeon with the knowledge and instruments adequate

Table 1 Characteristics of patients, tumors and surgical outcome*

LSO approach Pterional approach p

Patients 34 30
Age (years) 53.3 ± 11.8 52.5 ± 10.9 0.997
Sex, M/F 4/30 10/20 0.067
Tumor size (cm)+ 2.8 ± 0.7 2.6 ± 0.9 0.646
Disease status 0.722
Primary 33 (97.1%) 29 (96.7%)
Residual 1 (2.9%) 0 (0%)
Recurrent 0 (0%) 1 (3.3%)

Preoperative brain edema 5 (14.7%) 6 (20%) 0.742
Tumor origin 0.165
Tuberculum sellae 24 (70.6%) 20 (66.7%)
Anterior clinoid process 4 (11.8%) 9 (30%)
Olfactory groove 2 (5.9%) 0 (0%)
Planum sphenoidalis 2 (5.9%) 0 (0%)
Frontal base 1 (2.9%) 1 (3.3%)
Dorsum sellae 1 (2.9%) 0 (0%)

Meningioma histology 0.284
Meningothelial 19 (55.9%) 20 (69%)
Transitional 13 (38.2%) 5 (17.2%)
Psammomatous 1 (2.9%) 2 (6.9%)
Atypical 1 (2.9%) 1 (3.4%)
Secretory 0 (0%) 1 (3.4%)

Tumor consistency 0.056
Hard 17 (50%) 9 (30%)
Moderate 13 (38.2%) 10 (33.3%)
Soft 4 (11.8%) 11 (36.7%)

ICA encasement 9 (26.5%) 13 (43.3%) 0.193
Cranial nerve adhesion 17 (50%) 9 (30%) 0.130
Optic canal invasion 20 (60.6%) 11 (36.7%) 0.079
Cavernous sinus invasion 1 (2.9%) 1 (3.3%) 0.722
Surgery time for approach (minutes) 106.9 ± 24.2 147.6 ± 32.3 < 0.01
Surgery time from skin-to-skin (minutes) 274.9 ± 58.3 390.6 ± 118.1 < 0.01
Surgical bleeding (mL) 356.4 ± 162.6 537.4 ± 292.7 0.014
Hospital length of stay (days) 9.9 ± 1.4 13.1 ± 3.0 < 0.01
Extent of resection 0.722
Gross total 33 (97.1%) 29 (96.7%)
Subtotal 1 (2.9%) 1 (3.3%)

Simpson resection grade 1.4 ± 0.8 1.5 ± 0.7 0.137
Brain retraction injury 6 (17.6%) 7 (23.3%) 0.757
Visual outcome before discharge 0.722
Improved 11 (44%) 10 (47.6%)
Stable 8 (32%) 7 (33.3%)
Aggravated 6 (24%) 4 (19%)

Transient surgical morbidity 3 (8.8%) 2 (6.7%) 0.560

ICA internal carotid artery, LSO lateral supraorbital

*Values shown are mean ± SD or number
+ Tumor size was defined as the largest diameter

Neurosurg Rev (2020) 43:313–322318



for the pterional approach. Among several minimally invasive
approaches for parachiasmal meningiomas, the authors fo-
cused on the surgical indications, strengths, and weakness of
the LSO approach in comparison with the standard pterional
approach.

The main benefits of the LSO approach over the standard
pterional approach are in the shorter surgery time and less
intraoperative blood loss. It took the authors a mean
106.9 min from skin incision to dural opening and from dural
closure to skin closure with the LSO approach, compared with
a mean 147.6 min with the pterional approach. In capable
hands, surgery time excluding tumor resection has been re-
ported to take less than 30 min [23–25]. A shorter skin inci-
sion within the hairline and a smaller bone flap of the LSO
approach not only help reduce surgery time, but also reduce
intraoperative blood loss by more than one-thirds of the
pterional approach. This, in turn, contributes to a significantly
faster recovery, shorter hospital length of stay and satisfactory
cosmetic results as shown by the results of this study [6, 19,
23–25, 27]. None of the patients with the LSO approach had
an approach-related morbidity such as CSF leak, wound in-
fection/dehiscence, supraorbital hypoesthesia, and mastica-
tion discomfort. Other than the 2 patients with mild incision
site discomfort, 94.1% of the patients with the LSO approach
were satisfied with their esthetic outcome without any
temporalis muscle atrophy, bony defect, or visible scar outside
the hairline. On the other hand, a small number of patients
with the pterional approach had approach-related morbidities

that consequently led to a lower cosmetic satisfaction rate of
66.7%. A longer skin incision that extends outside the hair-
line, in front of the tragus, temporalis muscle manipulation,
bigger bone flap, and sphenoid ridge drilling were the proce-
dures that contributed to a lower functional and esthetic satis-
faction. The temporalis muscle can sustain injury during mus-
cle manipulation and split which can lead to direct muscle
fiber injury, denervation, and vascular disruption [1, 3, 4,
12]. Consequent injury results in mastication discomfort, fa-
cial nerve palsy, delayed temporalis muscle atrophy, and un-
satisfactory cosmetic results. Various surgical tips had been
proposed to avoid temporalis muscle injury, which have sig-
nificantly reduced the incidence of facial nerve palsy [1, 5, 7,
10–12, 15]. However, even in capable hands, mild to pro-
nounced temporalis muscle atrophy occurred in up to 20%
of our patients with the pterional approach [27]. Significant
temporalis muscle manipulation is inevitable with the
pterional approach, whereas the LSO approach reduces the
risk of muscle atrophy by only splitting the superior and an-
terior part of the muscle, preserving the nerve and vascular
supply.

Then, aside from a shorter surgery time, less intraoperative
blood loss, and satisfactory cosmetic results, what are the in-
dications of the LSO approach? Experienced surgeons know
that tumor-related factors are crucial in determining the resect-
ability of the tumor rather than the extent of exposure. In this
series, there were no differences in the local disease status at
the time of surgery, tumor origin, histology, and consistency,

Table 2 Approach-related
morbidity and esthetic outcome LSO approach (n = 34) Pterional approach (n = 30)

CSF leak 0 0

Frontal sinus opening 1 (2.9%) 2 (6.7%)

Wound infection/dehiscence 0 1 (3.3%)

Supraorbital hypoesthesia 0 1 (3.3%)

Incision site discomfort 2 (5.9%) 5 (16.7%)

Mastication discomfort 0 2 (6.7%)

Facial nerve palsy 0 0

Temporalis muscle atrophy

Mild (on close inspection) 0 3 (10%)

Moderate (at a facing distance) 0 2 (6.7%)

Pronounced (at a distance) 0 1 (3.3%)

Bony defect

Depression 0 2 (6.7%)

Protrusion 0 1 (3.3%)

Visible scar outside the hairline 0 25 (83.3%)

Cosmetic satisfaction

Good 32 (94.1%) 20 (66.7%)

Average 2 (5.9%) 6 (20%)

Poor 0 4 (13.3%)

CSF cerebrospinal fluid, LSO lateral supraorbital
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and ICA encasement, cranial nerve adhesion, and optic canal
invasion of the tumor between the LSO and pterional ap-
proaches. And yet, no differences could be found in postop-
erative brain retraction injury, surgical morbidity, and visual
outcome for tumors with visual compromise between the two
approaches. Excessive brain retraction could be anticipated
with a smaller bone flap and surgical window, but there was
no difference between the two approaches. The authors be-
lieve that the LSO approach can enhance its benefits when it is
used accordingly. In general, the LSO approach is a good
candidate for (1) neoplastic lesions located anterior and above
the Sylvian cistern, (2) parachiasmal meningiomas originating
from the tuberculum sellae, olfactory groove, and ACP, (3)
parachiasmal meningiomas without CS invasion, and (4) pi-
tuitary stalk lesions requiring biopsy. The surgical field of the
LSO approach provides access to the olfactory groove,
planum sphenoidalis, and tuberculum sellae, anteriorly; the
ipsilateral ICA, optic nerve, and ACP, laterally; the contralat-
eral optic nerve, medially; and the pituitary stalk and dorsum
sellae, posteriorly. For tumors with optic canal invasion, the
LSO approach did not hinder performing surgical procedures
such as unroofing of the optic canal or extradural anterior
clinoidectomy. The GTR rate was comparable between the
LSO (97.1%) and pterional approach (96.7%). The LSO ap-
proach showed its possibility as a reasonable alternative to the
pterional approach for parachiasmal meningiomas excluding
those, in which the intention of the surgery was STR from CS
invasion of the tumor. The microscopic surgical window and
resectability of an LSO approach for parachiasmal meningio-
mas was feasible as a pterional approach without the need for
temporal lobe or middle cranial fossa exposure.

It is true that the simple observation of an anatomic struc-
ture does not correlate with the resectability and maneuver-
ability on the same structure. According to a study with ca-
davers, the volume and shape of the surgical exposure were
more favorable to the extent of resection with the pterional
approach than the LSO approach [26]. There are even more
factors to consider such as tumor characteristics and surgeon’s
ability when it comes to in vivo operability. Among tumor-
related factors, tumor origin and extent were the most impor-
tant aspects in deciding whether the LSO approach could be
used. Tumors originating or extending lateral or beneath the
Sylvian cistern and tumors with CS invasion were not good
candidates for the LSO approach. With tumor size, it was not
easy to define an indication for the LSO approach. In this
study, there was no difference in tumor size between the
LSO and pterional approaches. A tumor with the largest di-
ameter of 5.5 cm could be resected completely with the LSO
approach. The cisterns can be opened for CSF drainage to
minimize brain retraction in large tumors with preoperative
brain edema. However, the Sylvian exposure of the LSO ap-
proach after opening the dura is limited only to the level of
limen insula which requires gentle retraction of the frontal

lobe at the beginning. The suprachiasmatic and carotid cis-
terns need even more frontal lobe retraction which could be
difficult for large tumors with significant preoperative brain
edema.

For tumors with visual compromise, there was no differ-
ence in visual outcome before discharge between the LSO and
pterional approaches. However, it is still disturbing to find that
visual field and acuity aggravated among 24% and 19% of the
patients with the LSO and pterional approaches, respectively.
The authors have found out that abnormal and thin preopera-
tive retinal nerve fiber layer thickness induced by compressive
optic neuropathy in parachiasmal meningiomas was responsi-
ble for the postoperative visual deterioration in all of these
patients, and not the approach itself [21].

There were 3 patients with transient surgical morbidity af-
ter tumor resection with the LSO approach. Each deficit was
related to severe tumor adherence with olfactory, optic, and
occulomotor cranial nerves. The authors feel that olfactory
and optic nerve dysfunctions would have been the same, re-
gardless of the surgical approach, but different for
occulomotor dysfunction. The LSO approach can access the
optico-carotid corridor as equally as the pterional approach,
but not so with the carotid-occulomotor corridor [26]. The
LSO approach has a cylindrical work space with a surgical
access directed more anteriorly compared with a pyramidal
work space of the pterional approach with a more lateral sur-
gical trajectory. In addition, the pterional approach has a larger
working space, increased operability, and early access to the
Sylvian and carotid cisterns than the LSO approach.
Nevertheless, an LSO approach can have a reasonable opera-
tive view and resectability as a pterional approach without
unnecessary temporal lobe exposure and temporalis muscle
manipulation if it is used according to appropriate surgical
indications.

Limitations

The limitations of this study are in the small number of pa-
tients which makes it difficult to draw a definitive surgical
indication for the LSO approach. In addition, the follow-up
period of the patients may not have been long enough to seek
the difference in surgical outcome between the two ap-
proaches. There are also several clinical papers and cadaveric
studies [26] in literature highlighting the advantages of the
LSO approach over the standard pterional approach for ante-
rior circulation aneurysms [19, 27] and parachiasmal tumors
[6, 23–25]. These papers provide valuable data on what,
when, how, and why the LSO should be used. However, none
of reported studies directly compare the surgical outcome,
approach-related morbidity, and esthetic outcome between
the LSO and pterional approaches for parachiasmal meningi-
omas. The main purpose of this study was to find out if the
LSO approach could be an alternative to the pterional
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approach without the esthetic compromise for parachiasmal
meningiomas. The strengths and weaknesses of the two ap-
proaches were explored through an apples-to-apples compar-
ison to summarize and suggest the tumor-related factors that
can influence the selection of the surgical approach. The au-
thors believe that one surgical approach cannot be superior to
another. Instead, a surgical approach should be tailored and
selected according to the characteristics of the tumor. The
ability to choose the LSO approach appropriately will only
be established after exploring the surgical indications and lim-
itations of the approach.

Conclusion

The LSO approach can provide a safe, rapid, and minimally
invasive exposure for parachiasmal meningiomas. It can be a
reasonable alternative to the pterional approach for neoplastic
lesions located anterior and above the Sylvian cistern without
CS invasion. Instead of using a “one size fits all” craniotomy,
surgeons must consider tumor-related factors in determining
the resectability of the tumor rather than the extent of
exposure.
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