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Abstract
Minimally invasive transcranial approaches (MITAs) continue to expand in popularity in neurosurgery. Only few MITAs allow
sufficient sylvian exposure to enable wide use of the transsylvian corridor. In this study, we aim to compare the transsylvian
corridor in two MITAs: the minipterional (MPTa) and the extended supraorbital eyebrow approaches (XSEa). Eight cadaver
heads were used to quantify the surgical exposure and maneuverability along the sylvian fissure and the insular lobe provided by
the MPTa and the XSEa. Surgical exposure was calculated by means of the exposed length of the sylvian fissure and by the area
framed within three extreme points in the insular lobe. Maneuverability was assessed by means of the surgical freedom along the
sylvian cistern. XSEa provides twice the frontal exposure and half of the temporal exposure in comparison to the MPTa
(p < 0.001 and p = 0.02, respectively). No significant differences were found between the two craniotomies in the length of the
exposure of the sylvian fissure, area of insular exposure, or surgical freedom. Both the MPTa and the XSEa afford sufficient
grades of exposure along the sylvian fissure and the insular lobe, although the viewing angle is significantly different between the
two approaches. Such properties allow either to be used for microsurgery deep within the sylvian cistern. The use of additional
corridors, such as the subfrontal route (XSEa) and pretemporal route (MPTa), may influence selection of either the minipterional
or the extended supraorbital approaches according to the origin of the surgical pathology addressed.
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Introduction

The current trend of minimally invasive transcranial approaches
(MITAs) in neurosurgery must balance the advantages of re-
duced approach-related morbidity with the disadvantages of po-
tential limited surgical exposure. Several MITAs have been

proposed as less disruptive alternatives for treating selected le-
sions in the anterior and middle cranial fossae [1, 3, 4, 9, 12, 15,
21, 22, 24]. However, simply minimizing the craniotomy size
does not justify MITA use if the tradeoff is reduced surgical
instrument maneuverability and operative comfort [19].

Sylvian fissure splitting is a microsurgical technique that is
regarded as a key step to address pathologies harbored in the
insular lobe and the middle cerebral artery (MCA), including
MCA aneurysms, insular gliomas, and cavernous
malformations [20]. Sylvian fissure dissection allows
atraumatic brain retraction and improves instrument maneu-
verability and visualization along the sylvian and deep basal
cisterns [5]. Although several clinical series have reported the
suitability of MITA for accessing the sylvian fissure and
treating middle cerebral aneurysms [3, 18, 23, 26], the limited
exposure has raised concerns of its application in the treatment
of large tumoral or vascular lesions [6, 9, 11].

Similar to the minipterional approach (MPTa) [9], the ex-
tended supraorbital eyebrow approach (XSEa) [22] provides
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access to the proximal sylvian fissure by expanding the crani-
otomy limits beneath the pterion [13, 15]. While the sylvian
fissure is accessible in both MPTa and XSEa, little is known
whether different viewing angles afford a quantitative superi-
ority of one over the other in terms of surgical exposure and
instrument maneuverability along the deep basal cisterns,
MCA, and insular region.

The aim of the present study is to quantitatively evaluate
and compare the surgical exposure and instrument maneuver-
ability along the insula and the MCA bifurcation in two
MITAs (MPTa and XSEa).

Methods

The present study was performed in accordance with institu-
tionally approved guidelines for cadaver dissection. Eight un-
identified silicone injected cadaver heads (16 sides) without
any known intracranial pathology were used. A high-
resolution computed tomographic scan was performed on
each specimen and uploaded in a navigation system
(iNtellect - Stryker Inc., Kalamazoo, MI) used for assessment
of the approaches. Then, heads were registered for
neuronavigation using surface recognition, ensuring an error
lower than 0.5 mm.

Heads were positioned in the Mayfield headholder simu-
lating the clinical scenario. Both the XSEa and theMPTawere
performed in all heads (1 approach per side of the head)
through macroscopic and microsurgical techniques, using mi-
crosurgery instruments (KLS Martin Group, GmbH & Co.,
Tuttlingen, Germany) and drills (Stryker-Leibinger Corp.,
Kalamazoo, USA) (Figs. 1 and 2). Once the dura was incised,
dissections were carried out under microscopic visualization
(Carl Zeiss Co., Jena, Germany). Both approaches were equal-
ly distributed among each side of the head (e.g., XSEa and
MPTa were performed in 4 left sides and 4 right sides each).

Surgical approaches

Extended supraorbital eyebrow approach Technical nuances
of this approach have been recently discussed in detail [15]. In
brief, the skin incision of the XSEa has a medial component
consisting on an eyebrow incision lateral to the supraorbital
notch and extending up to the lateral epicanthus, and a lateral
component extending laterally from this point over 15 mm in
the direction of the tragus (Fig. 1). Thereafter, using an
interfascial technique, the temporalis muscle was released
from the orbital rim until exposure of the pterion. The XSEa
is performed with a craniotomy extending from the
supratrochlear notch to the pterion and 2 to 3 cm width
(Fig. 2). Then, the sphenoid ridge is drilled away until
reaching the superior orbital fissure. After dural opening using
a curvilinear incision with the base directed towards the orbit,

sylvian fissure dissection is performed. Sylvian splitting is
done from proximal to distal, using the inside-to-outside tech-
nique [5]. Concurrently, the opticocarotid and parapeduncular
cisterns are dissected to expose the ICA bifurcation and the
proximal M1 segment of the middle cerebral artery. Distal
dissection of the sylvian fissure is carried out until technically
feasible, given the surgical instruments maneuverability
allowed by the approach.

Minipterional approach MPTa has been widely described in
previous reports [9, 17]. Briefly, an arcuate frontotemporal skin
incision extending is carried out and anteriorly reflected (Fig.
1). Then, the periosteum and the superficial layer of the
temporalis fascia are incised 2 cm behind the orbital rim, and
the temporalis muscle is dissected in an interfascial fashion. The
temporalis muscle is inferiorly retracted until the pterion and the
squamous part of temporal bone are exposed. A minipterional
craniotomy centered over the pterion is performed with poste-
rior limit right behind the pterion and the superior limit at the
level of the superior temporal line (Fig. 2). The sphenoid wing
is flattened until exposure of the meningo-orbital band at the
level of the superior orbital fissure. The dura is opened in a
curvilinear fashion and retracted anteriorly. Once the intradural
space is exposed, a proximal sylvian dissection is carried out
anteriorly starting at the anterior sylvian point (ASyP).
Opticocarotid, parapeduncular, and chiasmatic cisterns are then
dissected to expose the internal carotid artery, and optic nerve.

Anatomical observations and quantitative
assessment

The qualitative and quantitative assessments were performed
in each approach (XSEa and MPTa). Stereotactic points (x, y,
z coordinates) were obtained with the neuronavigation system
and were subsequently processed using a dedicated software
(Microsoft Office Excel 2013; Microsoft Corp., Redmond,
WA, USA) that calculates distances (length) and areas from
a spreadsheet of 3D coordinates. Mean values of the variables
studied were used for comparison between the two
approaches.

Temporal and frontal lobe cortical exposure was assessed
by determining the length (mm) from the surface of the
sylvian fissure to the edge of the widest point of the craniot-
omy (either temporal or frontal), following a plane orthogonal
to the fissure.

Depth of the surgical corridor was assessed calculating the
distance from the center point of theMITA craniotomies to the
following 4 points along the sylvian cistern: (1) ipsilateral
bifurcation of the MCA bifurcation; (2) limen insulae; (3)
most distal reachable point along the axis of the insular lobe.

Length of sylvian exposure was calculated as the length (in
mm) of the sylvian fissure that is exposed from the ASyP to
the craniotomy margin.
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Insular exposure was defined as the area (in mm2) of a
triangular-shaped region framed between three extreme points

along the insular lobe: one fixed point, located at the
anteroinferior limit of the insular lobe, or limen insulae; and

a b

c

Fig. 2 Minimally invasive craniotomies. a In the extended supraorbital
eyebrow approach (blue shadow area), the craniotomy extends from the
supratrochlear notch medially, to the pterion inferiorly. b The
minipterional craniotomy (red shadow area) is a pterion-centered

craniotomy entirely located beneath the superior temporal line (dashed
line). c Direct comparisons between the extended supraorbital eyebrow,
minipterional, and pterional craniotomies allow to understand differences
in the viewing angle, as well as their relationships with bony landmarks

a b

Fig. 1 Skin incision in minimally invasive approaches. a In the extended
supraorbital eyebrow approach, the skin incision (blue line) extends
lateral to the supratrochlear notch over the superior third of the
eyebrow, to avoid injuries to the supratrochlear nerve (yellow line). At
the most lateral end of the eyebrow, the skin incision is turned posteriorly,
over 15 to 20 mm, to increase the bone exposure and facilitate the
visualization of the temporalis muscle. b The skin incision in the
minipterional craniotomy is placed one finger breath anterior to the

tragus to avoid damaging of the parietal branch of the superficial
temporal artery (red line). Then, the incision is directed superiorly 1 cm
behind the hairline and is extended up to the vertical pupillary line (white
line). If an interfascial dissection of the temporalis muscle is performed,
such a skin incision is generally enough to expose the anterior third of the
superior temporal line and the pterion, as required in the minipterional
approach. MPT, minipterional; STA, superficial temporal artery; XSE,
extended supraorbital eyebrow; VPN, vertical pupillary line
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two mobile points, one located at the anterosuperior limit of
the insular lobe and at the most distal reachable point within
the insular lobe (Fig. 3).

Surgical maneuverability was assessed by means of the
surgical freedom and Ammirati’s maneuverability scale [2]
at the MCA bifurcation. This scale assesses the degree of
exposure based on the possibility of performing microsurgical
maneuvers on a selected target of interest as follows: 0, target
not visible; 1, target visible, maneuvers are not possible; 2,
target visible, maneuvers are difficult; 3, target visible,

maneuvers are possible; 4, target visible, maneuvers are facil-
itated [2]. The MCA bifurcation was selected as the target of
interest for being the most representative vascular point at the
sylvian cistern. Surgical freedom was determined by calculat-
ing the area (in mm2) framed within a quadrangular-shaped
region delimited by 4 extreme permissible working positions
of the proximal end of a 25-cm endoscopic dissector while its
distal tip was held fixed on a particular target of interest as
previously described [7] (Fig. 3).

Results

Sylvian fissure dissection allowed exposing the MCA bifur-
cation in all specimens. Examples of the intradural view along
the sylvian cistern (proximal and distal) for both approaches
(MPTa and XSEa) are displayed in Fig. 4. Similarly, a graphic
representation of the craniotomy orientation in relation to the
most relevant neurovascular targets in the anterior circulation
is represented in Fig. 5. Table 1 summarizes surgical exposure
and maneuverability along different targets.

Cortical exposure The XSEa provided larger exposure of the
frontal lobe in comparison to the MPTa (36.35 mm, IQR 2.5
vs 16.12 mm, IQR 3.2; p < 0.001), while the MPTa was supe-
rior in terms of exposure of the temporal lobe (12.53 mm, IQR
4 vs 6.5 mm, IQR 2.2; p = 0.02).

Depth of the surgical corridor The distance from the MPTa to
the insular region was approximately half the distance from
the XSEa to the same key points in the insular region
(p < 0.05; see Table 1).

Sylvian and insular exposure No significant differences were
found in the exposure of the transsylvian corridor, by means
of the length of the sylvian fissure exposure (MPTa 10.7 mm,
IQR 1.8 vs XSEa 11.55 mm, IQR 2; p = 0.87), nor by means
of the area of the insular exposure (MPTa 33.65 mm2, IQR 7.5
vs XSEa 31.78 mm2, IQR 9.3; p = 0.7) (Fig. 6).

Surgical maneuverability There were no significant differ-
ences in the surgical freedom provided by the MPTa, as op-
posed to that provided by the XSEa (2256 mm2, IQR 581 vs
2132 mm2, IQR 400; p = 0.57) (Fig. 7). Degree of surgical
maneuverability assessed by means of Ammirati’s score was
similar in both approaches (4, IQR 0 vs 4, IQR 0.5; p = 0.59).

Discussion

Lack of access to the sylvian fissure and the limited maneuver-
ability along deep basal cisterns aremajor limitations ofmost of
the MITA [6]. Sylvian splitting is key to atraumatic brain

a

b

c

Fig. 3 a Cadaver dissection illustrating methods for calculations of the
surgical exposure and maneuverability along the transsylvian corridor. b
The area of exposure of the insular lobe was calculated by the area frame
within a triangle delimited by the following: one fixed point (A′), located
at the anteroinferior limit of the insular lobe, or limen insulae; and two
mobile points, one located at the superoinferior limit of the insular lobe (B
′) and at the most distal reachable point within the insular lobe (C′). c
Surgical freedom was determined by calculating the area framed within a
quadrangular-shaped region delimited by 4 extreme permissible working
positions of the proximal end of a 25-cm endoscopic dissector while its
distal tip was held fixed on the middle cerebral artery bifurcation
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retraction and it is an essential tool in the vascular neurosur-
geon’s armamentarium. However, there is still controversy re-
garding the length of the sylvian splitting needed to safely reach
the deep basal cisterns with minimal brain retraction.

Results of the present study demonstrate that the XSEa and
the MPTa provide good maneuverability through the
transsylvian corridor and may be considered MITA alterna-
tives to access the MCA and the insular lobe. While differing

a

b

c

d

Fig. 4 Comparisons of the intradural view in two minimally invasive
anterolateral approaches. a, b Extended supraorbital eyebrow approach
(a, at the level of the opticocarotid cistern, and b, at the level of the sylvian
cistern). c, d Minipterional approach (c, at the level of the opticocarotid

cistern, and d, at the level of the sylvian cistern). ACA, anterior cerebral
artery; ACP, anterior clinoid process; Bas, basilar artery; Bifurc,
bifurcation; ICA, internal carotid artery; Opt, optic; ON, optic nerve

Fig. 5 Skull base cadaver
dissections illustrating differences
in the viewing angles, as well as
in the reachable targets through
the extended supraorbital
eyebrow (a, b blue shadow area)
and minipterional approaches (c,
d red shadow area)
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in the degree of exposure of the temporal and frontal lobes,
both approaches are equivalent in terms of surgical freedom
and exposure along the sylvian cistern.

The MPTa consists on a pterion-centered craniotomy en-
tirely performed beneath the superior temporal line, so that the
defect is entirely covered by the temporalis muscle, reducing
the cosmetic impact [9, 26]. In their original description,
Figueiredo et al. established the posterior limit of the craniot-
omy at the level of the pterion [9]. Such a landmark corre-
sponds with the ASyP, which permits exposing the anterior
rami of the sylvian fissure and offering the possibility to per-
form a proximal sylvian fissure dissection [9, 14, 16]. Our
work shows that the XSEa is also successful in providing
exposure and good maneuverability along the sylvian cistern,

as long as the inferior limit of the craniotomy reaches the
pterion and ASyP.

Previous studies have pointed out the limitations of middle
fossa reach of the traditional supraorbital approach, consider-
ing it suboptimal to the MPTa for the treatment of MCA
aneurysms. In addition, traditional supraorbital approach has
also been considered a poor option for the treatment of rup-
tured intracranial aneurysms given the restraints to obtain
proximal control [8, 11]. As shown in our previous work,
the XSEa seems to solve most of these limitations by increas-
ing the surgical exposure along the lateral compartment in
61% [13]. The extra bone removal added in the XSEa not only
further enhances the lateral view along the anterior fossa but
also increases the surgical maneuverability below the lesser

Fig. 6 Boxplots showing the
length of exposure of the sylvian
fissure and the area of surgical
exposure in the insular lobe for
the minipterional approach
(MPTa) and the extended supra-
orbital eyebrow approach
(XSEa), respectively. The length
of the boxplot gives an idea of the
dispersion of the sample, as each
extreme represents the 25th and
75th percentiles. The horizontal
line within the box marks the
median value, and each extreme
of the perpendicular line means
the minimum and maximum
value

Table 1 Summary of the surgical
exposure and surgical
maneuverability

MPTa XSEa p value*

Median IQR Median IQR

Cortical exposure

Frontal exposure (mm) 16.12 2.5 36.35 3.2 < 0.01*

Temporal exposure (mm) 12.53 4 6.5 2.2 0.02*

Distance to target points

To MCA bifurcation 24 9 53.7 3.7 < 0.01*

To limen insulae 23 5 52.2 7.25 < 0.01*

To most distal reachable point in the insular gyrus 29 6.7 69.7 1.25 < 0.01*

Exposure of the transsylvian corridor

Sylvian exposure (mm) 10.7 1.8 11.55 2 0.87

Insular exposure (mm2) 33.65 7.5 31.78 9.3 0.7

Surgical maneuverability

Surgical freedom (mm2) 2256 580 2132 400 0.57

Ammirati’s score 4 0 4 0.5 0.59

IQR, interquartile range; MCA, middle cerebral artery; MPTa, minipterional approach; XSEa, extended supraor-
bital eyebrow approach; *Significative for a p value < 0.05, Mann-Whitney U test
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sphenoid wing. These properties allow to dissect the proximal
sylvian fissure and comfortably reach the middle cerebral ar-
tery bifurcation, similarly to the MPTa.

Transsylvian corridor in minimally invasive
transcranial approaches

If both the MPTa and the XSEa afford equivalent degrees of
the sylvian fissure and insular exposures, what are the dispar-
ities that make any of these two approaches more suitable for a
given indication?We found that the frontal exposure provided
by the MPTa is half of the XSEa exposure. The reduced ex-
posure of the frontal lobe by the MPTa hinders the possibility
to retract the frontal lobe and approaching the anterior com-
municating complex and lesions located in the anterior cranial
fossa [14]. However, the subfrontal corridor provided by the
XSEa is a direct route to the midline and the anterior cranial
fossa, as per its shorter distance to this target and the favorably
attacking angle from an anterior perspective [13]. Our results
confirmed, in fact, that the distance from the MPTa to the
insular region was approximately half the distance from the
XSEa to the same key points in the insular lobe. Conversely,
the exposure of the temporal lobe is optimal when using a
MPTa. This surgical exposure is ideal to expand and use the
pretemporal route, along with the transsylvian corridor, to

reach lesions located in the middle fossa floor below the sphe-
noid ridge [17, 25].

Because both approaches expose the insular lobe and the
sylvian cistern in a similar degree, the specific indications for
each MITA are based on the need to address primarily the
anterior or middle fossa. For instance, the MPTa should be
advocated for lesions located primarily in the middle fossa
with secondary extension above the sphenoid ridge, whereas
the XSEa should be planned for anterior fossa tumors with
secondary extension to the middle fossa. Similarly, MPTa is
an effective and a more direct approach for single MCA an-
eurysms, whereas the XSEa seems to represent a reasonable
alternative to access the midline and sylvian fissure (e.g., as-
sociation of aneurysms of the anterior communicating and the
middle cerebral artery).

Esthetically, the XSEa incision is 10 to 15 mm shorter and
it might be preferred over the MPT incision in bald patients or
in those with posteriorly implanted hairline. Moreover, the
MPT requires retracting the skin flap anteriorly, requiring lon-
ger times to achieve full bone exposure for performing the
craniotomy. Additionally, temporalis muscle atrophy, al-
though minimal in comparison to the classic pterional ap-
proach (benefits), is more likely to happen in the MPTa, as
the muscle dissection required to expose the pterion is mini-
mal in the XSEa. Inversely, the MPTa incision is well tolerat-
ed by many patients with an anterior hairline. It may be pre-
ferred in patients with thin eyebrows or young patients in
which the absence of wrinkles does not allow to hide the
lateral extension of the XSEa incision. The XSEa craniotomy
extends above and below the craniotomy, as opposed to the
MPTa that is entirely performed beneath the superior temporal
line. The risk of frontal sinus violation is increased when the
craniotomy extends above this limit [10]. Hence, patients with
a large frontal sinus pneumatization are poor candidates for
performing an XSEa.

Study limitations

This study is limited by the design itself. Although valid
models to assess techniques and surgical approaches, cadav-
eric heads do not fully replicate a clinical scenario. The
amount of brain retraction required to access the sylvian cis-
tern might vary, contingent upon the degree of tissue fixation.
Further clinical studies are warranted in order to confirm our
preliminary results and refine the effectiveness of using the
transsylvian corridor in these two relatively new approaches.

Conclusions

Both the MPTa and the XSEa, while differing in the working
angle and the use of the subfrontal corridor, expose in a similar
degree the sylvian fissure and the insular lobe. Such properties

Fig. 7 Boxplots showing differences in the surgical freedom along the
middle cerebral artery bifurcation (surgical maneuverability) between the
minipterional approach (MPTa) and the extended supraorbital eyebrow
approach (XSEa)
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allow to safely perform delicate maneuvers along the MCA
bifurcation, such as aneurysm clipping. Further clinical stud-
ies are required to compare safety and effectiveness of the
XSEa in comparison to more established techniques, such as
the MPTa.
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