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MY AND TECHNIQUE

THREEDIMENSIONAL AND 2-DIMENSIONAL
EnDOSscoPIic EXPOSURE OFMIDLINE CRANIAL
BASETARGETSU SING EXPANDED ENDONASAL
AND TRANSCRANIALAPPROACHES

OBJECTIVEENdoscopic endonasal approaches provide an accessethod to the mid-

line cranial base. To integrate these approaches to neurosurgical practice, the extent
of their anatomic exposure must be compared with tlat provided by more traditional

transcranial approaches.

METHODS: Ten fresh cadaver heads were studied. Both endonalsand transcranial
approaches to the midline cranial base were perforrad. The midline cranial base was
divided into several areas, and the relative expose provided by each approach was
described and presented in both 2-dimensional and 3limensional images. Limitations
and advantages of each approach are discussed.

RESULTSThe endonasal approaches achieved a direct and widexposure of the mid-
line extracranial and intracranial cranial base an&domy. The main lateral limitations of
the endonasal approaches were the optic nerves, latal cavernous sinus, vidian nerve,
internal carotid artery, abducens nerve in Dorello€canal, jugular tubercle, and hypoglos-
sal canals. Limitations of the transcranial approdtes were the neurovascular structures
which lie in the operative corridor and create narrow working spaces.

CONCLUSION: The endonasal approaches achieve a direct and widexposure of the mid-
line cranial base bilaterally. Lateral exposure, bgond the cranial nerves and carotid artery,
are challenging. Transcranial approaches are limite by the narrow corridors provided
by the cranial nerves, and they do not visualize tle contralateral paramedian cranial base
very well. Three-dimensional endoscopes augment thepatial orientation and may improve
patient safety and the learning curve for endoscojgiapproaches to the midline cranial base.

KEY WORDS:Cranial base, Endonasal, Endoscopic, Minimal accesdinimally invasive, Skull base,

Stereoscopic, 3-dimensional, Transcranial
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re becoming increasingly applied in the

anagement of various intracranial pathol-
ogies along the midline cranial base. On one
end of the complexity spectrum lie lesions such
as pituitary adenomas and encephaloceles of
the cribriform plate, which can be more easily
approached through the endonasal corridor (5,

Eended endoscopic endonasal approaches

ABBREVIATIONS: BAbasilar artery;CN, cranial
nerve; ICA, internal carotid artery; OCR, optico-
carotid recess;ON, optic nerve; OZ, orbitozygo-
matic; PS planum sphenoidale; 3D, 3-dimen-
sional; TS tuberculum sellae; 2D, 2-dimensional;

VA, vertebral artery
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13, 16, 39, 43). On the other end, increasingly
challenging lesions such as chordomas, menin-
giomas, esthesioneuroblastomas, and suprasel-
lar craniopharyngiomas are more demanding
to the endoscopic approaches, as they often
require extensive drilling of the cranial base and
can surround or invade neurovascular struc-
tures (12, 14, 15, 17, 22, 25D28, 30, 31, 33, 42, 4
However, these same challenges face the sur-
geon using open transcranial approaches to
similar lesions. Despite the availability of both
endonasal and transcranial corridors, little
work has been performed to directly compare
their applicability and limitations in reaching
cranial base targets (6D8).
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BEnpDoscopric EXPOSURE OFMIDLINE CRANIAL BASETARGETS

At present, standard state-of-the-art endoscopes povide
high-resolution 2-dimensional (2D) images. When the surgeon
is working in extremely delicate intracranial space s, where neu-
ral and vascular structures are often separated by millimeters,
depth perception is crucial to reduce the risk of i njury to these
structures (21). With 2D scopes, depth perception 5 based on
the surgeonOs knowledge of the spatial orientationand dis-
tances between various anatomic structures, size dscrepancies
between these structures, light and dark shadows, as well as
visual and tactile feedback during the various surg ical maneu-
vers. However, despite these visual and tactile serses, these
cues can be misleading (21, 49). Most neurosurgeongerform
surgical approaches transcranially using a microscope, which
enables 3-dimensional (3D) visualization. Even experienced
surgeons face a steep learning curve using the 2D adoscope
(21). In such a setting, use of 3D endoscopy couldchelp facilitate
the transition from a stereoscopic microscopic view to endo-
scopic visualization (48). In this study, we perfor med a range of
well-described transcranial cranial base approachesand com-
pared the view with the corresponding extended endo nasal
endoscopic approaches. We then compared the transcanial and
endonasal approaches using both a 2D endoscope andi novel
3D endoscope.

MATERIALS AND METHODS

Ten fresh cadaver heads, injected with blue and red latex to the
venous and arterial systems, respectively, were usel for anatomic dis-
section. The endonasal approaches were performed ugng 2D 0-degree
and 30-degree endoscopes (4-mm diameter, 18-cm lenth; Telecam ccu
20233103, Telecam camera head 20212134 (single-chiparge-coupled
device); Karl Storz, Tuttlingen, Germany) and 3D 0-degree and 30-
degree endoscopes (4.9-mm diameter, 30-cm length; \sionsense,
Petach Tikva, Israel). The 3D endoscope uses a propetary technol-
ogy, incorporating a pair of pupils, a single lens, and a single chip
mimicking a compound eye. Similar to an insect eye, the 3D image is
fractionated by a matrix of microlenses to right and left images on a
pixel level. The electronic data composing the multiplexed right and
left channels are separated by the video processorand displayed using
a standard 3D display. The camera (including lens and chip) is about 3
mm in diameter and about 15 mm long and is fixed at the tip of the

endoscope shaft (3, 21, 48). The image is projecteds a fusion of left and
right images on a screen placed directly in front of the surgical team,
who are required to wear stereoscopic glasses to vew the 3D image.
Images were recorded and stored by the Karl Storz Aida system and by
the Visionsense software (version 1.6.03.01).

Transcranial approaches were performed using standard neurosur-
gical techniques with microscopic visualization. A Zeiss NC4 micro-
scope (Carl Zeiss, Inc., Oberkochen, Germany) was sed for dissec-
tions. Images were recorded and stored by the sameendoscopes and
recording systems mentioned above.

RESULTS

The anatomic regions of the cranial base and the caresponding
endonasal and transcranial approaches are detailedin Table 1.

Endonasal Dissections

The endonasal approaches all began similarly, as decribed in
previous publications (10, 41D43). In the cadaverit is often use-
ful to remove the turbinates to provide more exposu re, since
the fixed tissues are firm and not easily compressed or manip-
ulated. However, we attempt to avoid resecting the t urbinates
whenever possible during our surgical approaches in patients.
In brief, using a bilateral approach, the natural ostia of the
sphenoid sinus are enlarged in a medial and inferior direction
with curettes, sphenoid punches, and Kerrison rongeurs
(Codman/Johnson & Johnson, Raynham, MA). Approximat ely
2 cm of the posterior nasal septum is removed to create a large
cavity and to facilitate binostril access to the sphenoid sinus.
The entire anterior face of the sphenoid sinus is removed. This
provides exposure to the sella, tuberculum sellae (TS), planum
sphenoidale (PS), and intrasphenoidal clivus in the midline.
Often, the posterior ethmoids must be removed to fu lly expose
the anterior extent of the PS.

Areas A and B

Endoscopic Approach to Area A

The sellar floor is immediately identified in the ¢ enter of the
field of view. Visualization of the lateral and med ial optico-

TABLE 1.Endonasal and transcranial corridors used to approab each region of the cranial base

Area Anatomic area Endonasal approach Transcranial apmach
A Sella, prechiasmatic cistern, Transsphenoidal, trasplanum, 1. Pterional
suprasellar cistern, lamina terminalis transtubercuim 2. Supraciliary
B Postchiasmatic cistern Transplanum, transtuberculum 1. Pterional
with pituitary transposition 2. Supraciliary
(03 Basilar tip, interpeduncular cistern Transsphenoidatranssellar, 1. Subtemporal
removal of posterior clinoids 2. Orbitozygomatic
Prepontine cistern, basilar artery Transsphenoidatransclival Middle fossa with anterior petrosectomy
Cavernous sinus, trigeminal nerve Transethmoidalignssphenoidal Orbitozygomatic
F Lower two-thirds of clivus and Transnasal, transafal 1. Presigmoid retrolabyrinthine, transpetrosal
cervicomedullary junction 2. Far lateral
NEUROSURGERY VOLUME 65 | NUMBER 6 | DECEMBER 2009 [1117
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carotid recesses (OCRs) bilaterally aids in the identification of the medial OCRs is removed, and the PS is also remwed
the course of the optic nerves (ONs), as well as tle parasellar between the lamina papyracea. Lateral exposure is cefined by
and paraclival course of the internal carotid arteries (ICAs). the lamina papyracea forming the lateral borders of the PS, the
The TS and PS are also identified (Fig. 1A). The déar floor is medial OCR forming the lateral borders of the TS, and the cav-
drilled off, and the dura is thereby exposed. The TS connecting ernous sinuses forming the lateral borders of the sella. The supe-

FIGURE 1.A and B, 2-dimensional (2D) endoscopic imagessphenoid
sinus anatomy. 1, lateral opticocarotid recess (DGR medial OCR; 3,
internal carotid artery (ICA); 4, optic nerve (ONJ; intersphenoid septum
insertion on sellar floor; 6, planum sphenoidal&)HB, sphenoid sinus
after opening of the dura of the PS, tuberculunaee(TS), and over the
pituitary gland (PG). 1, PG; 2, superior intercaveus sinus (cut); 3, optic
chiasm; 4, gyrus rectus; 5, lateral OCR; 6, lampagyraceaCbE 3-dimen-
sional (3D) endoscopic images.left side of sphenoid sinus after drilling o
the optic strut. 1, gyrus rectus; 2, olfactory nens, ON; 4, clinoid and
proximal supraclinoid internal carotid artery; Splathalmic artery; 6, resid-
ual optic strut. D, suprasellar area. 1, pituitary stalk; 2, optidasm; 3,
superior hypophyseal arteries; 4, right posteriommunicating artery
(PComA); 5, left P1 segmerit, suprasellar area. 1, optic chiasm; 2, lamir
terminalis.
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rior intercavernous sinus is identified, and the du ra is opened
both above and below the intercavernous sinus (Fig. 1B).
Anatomic structures exposed in this region include the anterior

aspect of the optic chiasm and the medial aspect ofthe ONs, the
proximal supraclinoid ICA as well as the several of its branches,
such as the ophthalmic, superior hypophyseal, and proximal

posterior communicating arteries (Fig. 1, C and D). Beneath the
chiasm, the pituitary stalk is exposed. Above the chiasm, the
anterior communicating artery complex, including A1 , the ante-
rior communicating artery, and A2 are visualized, a s is the lam-
ina terminalis, enabling a suprachiasmatic approach to the third

ventricle (Fig. 1E). The exposure is symmetrical; hus, bilateral
structures are easily approached. The caudal extentof the olfac-
tory nerves is visualized, as are the gyri rectus. This approach
exposes and enables treatment of pathologies invohing the

gyrus rectus, prechiasmatic cistern, suprasellar cstern, medial
aspect of both ONs, medial supraclinoid ICA, stalk, and sella.

Endoscopic Approach to Area B

Full exposure of the postchiasmatic cistern requires addition
of the pituitary transposition. The diaphragma sell ae is tran-
sected, and the pituitary gland is dissected free from the lateral
dura of the sella (medial wall of the cavernous sinus). The infe-
rior hypophyseal arteries are transected (Fig. 2A). This enables
transposition of the pituitary gland superiorly, pr oviding access
to the postchiasmatic cistern (29). The superior hypophyseal
arteries are preserved with this technique, and the gland is redi-
rected anterosuperiorly. This provides exposure to the suprasel-
lar area behind the pituitary stalk. The posterior boundary of
this region is defined by the dorsum sellae (Fig. 2B).

FIGURE 2.A andB, 2D endoscopic images, 1, pituitary gland; 2, right
inferior hypophyseal artery; 3, diaphragma sellifece. B, anterosuperior
transposition of the pituitary gland. 1, pituitargland; 2, pituitary stalk; 3,
dorsum sellae; 4, supraclinoid ICA; 5, superiordpipyseal arteryC andD,

3D endoscopic images, view via a left pterional approach. 1, ONs; Zjop
chiasm; 3, supraclinoid ICA; 4, Al; 5, lamina teralis; 6, CN3; 7, proxi-
mal M1. D, left opticocarotid triangle. 1, ON; 2, ICA; 3, gerior hypophy-
seal artery; 4, pituitary stalk.
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Transcranial Approach to Areas A and B

To reach both areas, a pterional and supraciliary (eyebrow
incision) approach are performed (37). Generally, both
approaches yield similar exposures and working space, pro-
ducing a wide exposure of the PS, TS, both ONs, prehiasmatic
and suprasellar cisterns, both ICAs, including supr aclinoid
segments (the medial ipsilateral supraclinoid segment is
obstructed by the ipsilateral ON, and the contralat eral ICA is
obstructed by the contralateral ON from above the supraclinoid
segment to just proximal to the bifurcation), both Als, lamina
terminalis, and anterior communicating arteries (Fi g. 2C). The
suprasellar area is typically approached anteriorly between

both ONs. Thus, a more frontal approach is needed, such as in
the supraciliary approach, or when the pterional ap proach
includes a more medial subfrontal component. A post fixed chi-
asm enables a larger exposure of the suprasellar aga, whereas
a pre-fixed chiasm limits this approach, and a more lateral cor-
ridor, such as through the opticocarotid or carotic o-oculomotor
triangle, is needed. Additionally, lesions immediat ely posterior
and inferior to the TS may not be visualized well i f there is a
steep angle between the TS and the sella, necessitiag endo-
scopic assistance or drilling of the TS.

The interpeduncular cistern and the stalk may be approached
through the opticocarotid triangle or the carotico- oculomotor

»

_ . . i 8
FIGURE 3.ABD, 3D endoscopic images, 1, basilar tip and interpedun-
cular cistern area; 2, incidental right superioreieellar artery (SCA)
aneurysm; 3, SCA,; 4, P1 segments of posterior @ratieries (PCAs); 5,
PComAs with perforators; 6, right A1 segment ofeaidr cerebral artery; 7,
mamillary bodies; 8, CN3; 9, pituitary stalk; 1@per cinereumB, left-side
structures. 1, CN3; 2, PComA and perforators; Jyrsielinoid ICA; 4, ante-
rior choroidal artery; 5, superior hypophyseal gité, temporal uncus; 7,

”

P1 segment of PCA; 8, mamillary bodi€s.interpeduncular cistern andg
basilar tip as seen via the right carotico-oculamttangle. 1, CN3; 2, ICA;
3, ON; 4, mamillary bodies; 5, dolichoectatic lzasitery (BA); 6, P2 seg
ment of PCA; 7, SCA,; 8, anterior petroclinoid fdld, interpeduncular cis-|
tern and basilar tip seen through the left carotico-oculomotor triangle.
the partial obstruction of the BA by the dorsumasel 1, dolichoectatic BA;
2, SCA; 3, pituitary stalk; 4, dorsum sellae.

1120 | VOLUME 65 | NUMBER 6 | DECEMBER 2009
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BEnpDoscopric EXPOSURE OFMIDLINE CRANIAL BASETARGETS

triangle, depending on the relative maneuverability of these
structures (Fig. 2D). In comparison to the endonasd approach,
the transcranial approach exposes the prechiasmaticand supra-
sellar cisterns and the lamina terminalis with an e xtensive addi-
tional lateral space. The medial side of the ipsilateral supra-
clinoid ICA, however, is exposed better via the endonasal
approach, especially in pre-fixed chiasms. Similarly, approaching
the stalk is much easier using the endonasal approah, which
yields a panoramic view of the suprasellar area. Additionally,

with the use of the endonasal approach, the laminaterminalis is
exposed with no brain retraction, as opposed to the transcranial
approaches. The main limitation of the endonasal approach, as
demonstrated in our dissections, is exposure of the lateral
aspects of the ONs and ICAs.

Area C

Endoscopic Approach

After exposure of area B, the inferior intercavernous sinus is
transected, and the posterior clinoids and the superior part of

the clivus are removed. The dura on the posterior aspect of the
clivus is then opened. This exposes the basilar tip mamillary
bodies, interpeduncular cistern, origin of cranial nerve (CN) 3,
proximal posterior cerebral arteries (P1), and superior cerebel-
lar arteries bilaterally. The lateral boundaries of the exposure
are CN3 and the posterior communicating arteries (Fig. 3, A
and B).

Transcranial Approach

Two approaches to the basilar tip and interpeduncular cis-
tern are performed: subtemporal and orbitozygomatic (OZ). In
the subtemporal approach, temporal lobe retraction is needed
to achieve sufficient exposure over the tentorial edge, thus
exposing P2, CN3, CN4, the ICA and its bifurcation, and the
posterior communicating artery. Working through the carotico-
oculomotor triangle exposes the interpeduncular cistern from
the stalk anteriorly to the brainstem posteriorly. The upper
exposure is the third ventricular floor (tuber cine reum), includ-
ing the mamillary bodies, while the lower limitis bordered by
the anterior petroclinoid fold and CN3 (Fig. 3C).

NEUROSURGERY
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FIGURE 4.A, 2D endoscopic image; panoramic view after remaiveie
dorsum sellae. 1, basilar tip; 2, SCA,; 3, P1 segrmERCA; 4, PComAs anc
perforators; 5, superior hypophyseal arteriesypraclinoid ICA; 7, Al seg-
ment of anterior cerebral artery; 8, mamillary le=di9, pituitary stalk; 10,
optic nerves, chiasm, and tracts; 11, CB33D endoscopic image of basilar
tip and interpeduncular cistern are&, 2D endoscopic image using &n
angled endoscope, looking laterally to the lefoheyhe clival opening. 1
CN3; 2, P2 segment of PCA; 3, SCA; 4, tentorialeedg CN5; 6, CN6; 7,
petrosal vein; 8, CN4D, 3D endoscopic image of same are@.&andF,
3D endoscopic imagds, middle fossa approach, right anterior petrosegto
1, tentorial edge; 2, CN4; 3, CN 5; 4, CN&.right anterior petrosectomy. 1,
tentorial edge; 2, PComA,; 3, CN3; 4, CN4; 5, CNSSEA.G, middle fossa
approach, left anterior petrosectomy. 1, VA; 2eaninferior cerebellar arten’
(AICA); 3, CNB6; 4, inferior petrosal sinus.
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the fifth nerve origin is difficult to perform via
(Fig. 4, C and D).

this exposure

Transcranial Approach

A subtemporal anterior petrosectomy approach is per-
formed, including incision of the tentorium. This a pproach
exposes the lateral pons and midbrain, with panoramic expo-
sure of CN4 along the lateral side of the brainstem up to the
cavernous sinus and the lateral aspect of CN5 fromits origin
along the lateral pons to the cavernous sinus and foramen
ovale (Fig. 4, E and F). CN6 is exposed from the pm-
tomedullary junction, in the prepontine cistern, en tering
DorelloOs canal along the clivus, toward the cavermus sinus.
With removal of the petrous apex, CN6 in DorelloOs canal
serves as a medial limit of the exposure. Caudal exposure is
limited by the inferior petrosal sinus (Fig. 4G). M ore caudal and
medial exposure is possible if the pathology creates a wide cor-
ridor (such as occurs with a large petroclival meni ngioma).
Midline structures are exposed to a limited degree. Clivus
drilling is limited by CN6, and the lateral aspect of the BA is

exposed. CN3 to CN5 limit the medial exposure, providing a

narrow working space between the nerves and along the upper

part of the approach. The ICA is exposed along its petrous and

lacerum segments and along the superior and lateral aspects of
the intracavernous segment.

Area E

Endoscopic Approach

To fully expose the cavernous sinus and the adjacern branches
of CN5, as well as CN3 and CN4, a more lateral expasure of the
sphenoid sinus is facilitated by removing more of t he ethmoid
sinuses. The bone over the anterior and inferior agpects of the
cavernous sinus is removed while preserving the dura. The
bony borders of the cavernous sinus are: anteriorly, the lamina
papyracea and the posterior ethmoidal cells; inferiorly, the
pterygoid bone; and superiorly, the optic canal. Care must be
taken while removing this bone, which may be extrem ely thin
or even absent. This is followed by a dural opening and removal
of the venous latex surrounding the ICA. At this st age, CN6 is

NEUROSURGERY
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FIGURE 5.A andB, 2D endoscopic images of the lateral cavernouss sin dural rings, and the supraclinoid segment (5). Diphthalmic artery (6) is
before &) and after B) skeletonization of the nerves. The typical O8@esh seen, todE, 3D endoscopic image of the exposed ICA; siniéartoD. The
as described by Cavallo et al. (8) is marked (dbites)). 1, cavernous ICA;  proximal and distal dural rings (*) and ophthaln@igery (**) are indicated
2, CN V2; 3, CN6 just medial to CN V1; 4, CN8, 3D endoscopic image F, 2D endoscopic image of lateral wall of cavermsiuss. 1, supraclinoid
of a skeletonized lateral wall of right caverndnss Similar view toB. D, ICA; 2, tentorial edge; 3, CN3; 4, CN4; 5, gasseganglion; 6, CN6; 7, cli-|
2D endoscopic image after removal of medial walkeérnous sinus and noid triangle; 8, oculomotor triangle; 9, infratfdear triangle; 10912,
medial and lateral OCR. The ICA is exposed, inelgdhe cavernous seg- V1BV3 branches of CN5; 13, anteromedial triang®sing sphenoid sinug;
ment (1), the clinoid segment (2), limited by thieximal (3) and distal (4) 14, anterolateral triangle; 15, superior orbitasiire (circled).
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dural segments of CN6 (DorelloOs canals); and at t@ lower
clivus, the hypoglossal canals (9). The dura is opaed in an
OHO fashion to prevent injuring of neurovascular structures
(mainly the vertebral artery [VA], BA, and CNG6).

Intradurally, a panoramic view of the VA, lower two -thirds
of the BA, and proximal anteroinferior cerebellar a rteries is
achieved. The intradural segment of CN6 is the lateral border
of the intradural working field at the level of the middle clivus
(Fig. 6, A and B). In the lower clivus, the jugular tubercle
obstructs the jugular foramen and exiting CNs; thus it needs to
be drilled to gain access to the jugular foramen. The anterome-
dial parts of the occipital condyles are drilled up to the
hypoglossal canals, serving as the lateral limits of the expo-
sure in the lower clivus (Fig. 6, CBE). The correspnding brain-
stem exposure from rostral to caudal is the anterior pons (lim-
ited laterally by CN6), pontomedullary junction, an d medulla.
CN9BCN11 and CN12 are seen exiting the brainstem; bwever,
the jugular tubercle and hypoglossal canal need to be drilled, as
mentioned, to gain access to their contents.

NEUROSURGERY
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FIGURE 6.ABD, 2D endoscopic image&.and B, views after removal o°
clivus down to the foramen magnu); Magnification of the lower expao-
sure @), the lateral limit being CN6. 1, BA; 2, VAs; 3,I8A; 4, CN6; 5,
lower CNs.C, lateral view to the left after removal of the dowlivus. Note
that the jugular tubercle (JT) obstructs the vievGN9DCN11. 1, JT; 2
CN9BCNL11; 3, ascending branch of CN11; 4, CN1®A56, posteroinferior
cerebellar artery (PICA); 7, CN7DCN8 complex armliate arteryD, right
side of lower exposure after partial drilling of T VA; 2, CN12 rootlets
accompanied by PICA; 3, CN 9DCN11 with adjacentaitioplexus; 4,
CN7BCN8 complex with arcuate artery; 5, AICA; 6, €, 3D endoscopic
image of same areal@sF andG, 2D endoscopic imagéds.view via a pre-
sigmoid retrolabyrinthine posterior petrosectomy.CIN5; 2, CN6; 3,
CN7BCN8 complex accompanied by the arcuate ate@IN9DCN11 over-
riding the JT.G, anterior view via a right far lateral approachheTlower
CN9BCN11 (1) override the JT; 2, CN12 rootlets; 3, PICA; 4, VA; 5, asc2nd-
ing branch of CN11.
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epicenters are lateral to the CNs and ICA will be more easily
exposed through transcranial approaches. If the pathology cre-
ates a large working corridor, it is often possible to reach farther
than expected, as the pathology may provide a dissection corri-
dor around the normal anatomy. In addition, staging the
removal of large tumors may capitalize on combined approaches
that use both endonasal and transcranial corridors. In such a sit-
uation, the medial extent of the tumor can be removed though an
endonasal approach, while the lateral extent removed through a
transcranial approach, with the choice of initial a pproach based
on the patientOs symptoms and the location of the fghest degree
of neurological compression. Although our cadaveric dissections
provide views of the surgical anatomy that support such princi-
ples in patient selection, clinical studies are needed to compare
these corridors in vivo for specific pathologies.

The 3D endoscope provided high-resolution images that
detailed the depth relationships of vital neurovasc ular struc-
tures. Qualitatively, 3D endoscopy also provided sp atial orien-
tation during the cadaveric dissections, making the m easier to
perform. Early preclinical studies with this techno logy support
its use in aiding in depth-oriented tasks (21). In addition, the use
of 3D neuroendoscopy during pituitary tumor surgery  provides
subjectively improved depth perception for both the neurosur-
geon and the otolaryngologist (3, 48). Previous studies in laparo-
scopic surgery demonstrate that a 3D system improves dexter-
ity, decreases errors, and improves the speed of nwice as well
as experienced surgeons (4, 49). This study highlidnts the utility
of 3D endoscopy in appreciating anatomic relationships, which
is useful not only for educational purposes but als o in assisting
in depth perception and manual dexterity during sur gery.

Limitations of the Study

This study describes a qualitative comparison of various
approaches. However, quantitative comparisons were not per-
formed. Future studies should focus on specific quantitative
comparisons, both of the exposure area and of the sirgical lim-
itations, i.e., the actual working space that is achieved by every
exposure. It is important to state that a surgical corridor is dic-
tated not only by the actual visual exposure, but also by the
actual instrumentation and optic system used. The closer the
optical tip to the field (endoscope versus microscope), the
wider and less obstructed the visual exposure is, and by apply-
ing suitable microinstruments, the working space ma y change.

In addition, we focused on the main transcranial ap proaches.
We acknowledge that more complex cranial base approaches may
enable a wider exposure, with additional exposure of the clivus
and anterior cranial base. These include, for examge, the frontal
transbasal transsphenoidal approach to the anterior base includ-
ing the interpeduncular cistern (44); the transcochlear and tran-
sotic approaches to the upper and middle clival area (2, 45); and
a combined subtemporal, presigmoid perilabyrinthine transtento-
rial approach, which provides a wide exposure to th e entire clivus,
from the dorsum sellae down to the foramen magnum ( 23). Other
approaches that provide larger exposures are a trarsotic approach
or a transotic or retrolabyrinthine approach combin ed with a
transtentorial incision for superior exposure (18, 24).

VOLUME 65 | NUMBER 6 | DECEMBER 2009 [1127






BEnpDoscopric EXPOSURE OFMIIDLINE CRANIAL BASETARGETS

36. Rak R, Sekhar LN, Stimac D, Hechl P: Endoscopessisted microsurgery for
microvascular compression syndromes. Neurosurgery 54:876D883, 2004.

37. Reisch R, Perneczky A, Filippi R: Surgical techique of the supraorbital key-
hole craniotomy. Surg Neurol 59:223D227, 2003.

38. Rhoton AL Jr: The cavernous sinus, the cavernousvenous plexus, and the
carotid collar. Neurosurgery 51:S375DS410, 2002.

39. Rudnik A, Zawadzki T, Wojtacha M, Bazowski P, Gamrot J, Galuszka-
Ignasiak B, Duda |: Endoscopic transnasal transspheoidal treatment of
pathology of the sellar region. Minim Invasive Neurosurg 48:1019107, 2005.

40. Sade B, Kweon CY, Evans JJ, Lee JH: Enhanced expos of carotico-oculomo-
tor triangle following extradural anterior clinoide ctomy: A comparative
anatomical study. Skull Base 15:1579162, 2005.

41. Schwartz TH, Anand VK: The endoscopic endonasal transsphenoidal
approach to the suprasellar cistern. Clin Neurosurg 54:226D235, 2007.

42. Schwartz TH, Fraser JF, Brown S, Tabaee A, Kacke¥, Anand VK: Endoscopic
cranial base surgery: Classification of operative gpproaches. Neurosurgery
62:991D1005, 2008.

43. Schwartz TH, Stieg PE, Anand VK: Endoscopic trarssphenoidal pituitary
surgery with intraoperative magnetic resonance imag ing. Neurosurgery
58:0NS44DONS51, 2006.

44. Sekhar LN, Nanda A, Sen CN, Snyderman CN, Janeck IP: The extended
frontal approach to tumors of the anterior, middle, and posterior skull base.
J Neurosurg 76:198D206, 1992.

45. Sincoff EH, McMenomey SO, Delashaw JB Jr: Posteriotranspetrosal
approach: Less is more.Neurosurgery 60 [Suppl 1]:ONS53DONS59, 2007.

46. Solari D, Magro F, Cappabianca P, Cavallo LM, SamiA, Esposito F, Paterno
V, de Divitiis E, Samii M: Anatomical study of the pterygopalatine fossa
using an endoscopic endonasal approach: Spatial reations and distances
between surgical landmarks. J Neurosurg 106:157D163, 2007.

47. Stippler M, Gardner PA, Snyderman CH, Carrau RL, Prevedello DM, Kassam
AB: Endoscopic endonasal approach for clival chordomas. Neurosurgery
64:268D278, 2009.

48. Tabaee A, Anand VK, Fraser JF, Brown S, Singh A, Gwartz TH: Three-
dimensional endoscopic pituitary surgery. Neurosurgery 65 [Suppl 2]:288D
295, 2009.

49. Taffinder N, Smith SG, Huber J, Russell RC, DarziA: The effect of a second-
generation 3D endoscope on the laparoscopic precisbn of novices and expe-
rienced surgeons. Surg Endosc 13:108791092, 1999.

COMMENTS

This article continues the work of previous anatomic studies per-
formed on the same or similar topics by the groups in Gainesville,
Naples, Pittsburgh, and others. The contribution of the ONew YorkersO
is interesting because it emphasizes the increasingrole of endoscopic
endonasal procedures in the management of cranial base lesions and
the need to perfectly understand the same relevant anatomy by com-
paring the upper and the lower views of the same target area.
Furthermore, it stresses the need for technologicalimprovement and
instrument development.

Where | would be more cautious is in bxing the indi cations and the
advantages of the transcranial and/or the transnasal options. The same
progress that is making it useful to have reports such as the present one
is slowly changing dogmas and paradigms of neurosur gical indica-
tions. Therefore, the work produced by KassamOs tem in Pittsburgh
seems very important in extracting concepts from th e anatomophysio-
logical and surgical experience, as, for example: ONver cross the
nerves.O According to such concepts and the actuapossibilities pro-
vided by such contemporary approaches, the surgeon can consider
performing a particular procedure rather than anoth er one. Concepts,
anatomic studies, and technical progress are, again the keys to
advancement.

Paolo Cappabianca
Naples, Italy

NEUROSURGERY

This is another excellent article from this distingu ished cooperative
group of neurosurgeons and otolaryngological surgeo ns. Of special
value is the comparison between transcranial (also, in part, endo-
scopic!) and transnasal approaches to the midline g¢anium and the

evaluation of advantages and limitations of both ap proaches. In recent
years, more and more reports are being published on the advantage of
the extended endonasal approaches in this area. Hovwever, the existing
advantages of OtraditionalO transcranial approacheswhich today are
also performed as Ominimally invasiveO procedures vith neuronaviga-

tion and endoscopic assistance, are often not condlered in these
reports on the OmodernO extended transnasal approdt. But some of
the advantages of transcranial approaches are obviais: the small risk of
cerebrospinal Ruid leakage, which continues to be a signibcant chal-
lenge in intracranial transnasal approaches; no damage to nasal airRow,
with often minimal side effects of precise transcranial approaches using
limited retraction; and, especially, the advantage of binocular stereo-
scopic microsurgery in a more familiar anatomic env ironment for the

neurosurgeon.

Here, this article presents another highlight: the use of 3-dimen-
sional (3D) endoscopy for the preparation, which, h owever, can be
used not only transnasally, but also in transcranial approaches. The
authors have previously reported on the use of 3D endoscopes; in this
study, they used 3D endoscopy in the transnasal aswell as transcranial
approaches, so that the comparison of both ways isquite evident (with
the additional combination of 3D endoscopy and micr oscopy in most
of the transcranial approaches).

This article presents very illustrative bgures of excellent anatomic
preparations in vascular injections of fresh cadaver heads; the 3D endo-
scopic images are given with the Oinsect eyeO Visitsense technology
(Visionsense, Petach Tikva, Israel), whose featuresare briely men-
tioned and are given in greater detail in the autho rsO 3D pituitary study
(1). The results (advantages and limitations) of each approach are
divided into the areas A, B (pre- and postchiasmatic), C (posterior
aspect of the clivus), D (lower clivus, to below th e abducens nerve), E
(lateral to the internal carotid artery), and F (to the cervicomedullary
junction); also, the different possibilities with t he transcranial
approaches in pre- and postPxed chiasms are addressd.

The conclusions are convincing and well illustrated ; the main Ocon-
ceptual differenceO is debned as medial/lateral exposure; thus, lesions
expanding from lateral to medial should be approach ed transcranially,
so this approach retains its value; however, lesions invading the medial
basal structures (such as pituitary lesions, which are OclassicO
transnasal targets, but today extending also to more complex lesions)
are favored for the transnasal route, which has its limitations at the lat-
eral margins, as presented by the internal carotid artery, cavernous
sinus, abducens nerves, and hypoglossus canal. Alspa combination of
both methods (medial parts of the lesion transnasally, lateral parts tran-
scranially) is convincingly described; the limitati ons of such anatomic
studies and the focus on only selected transcranial approaches are
frankly admitted. As the authors stress, clinical studies ultimately must
debne the surgical corridors, and approaches must ke individually tai-
lored for each patient. However, this study is very useful for the indi-
vidual decision; the high-quality Pgures can even be used by the neu-
rosurgeon for the preparation of the clinical opera tion.

Michael R. Gaab
Hannover, Germany

1. Tabaee A, Anand VK, Fraser JF, Brown S, Singh A, &wartz TH: Three-dimen-
sional endoscopic pituitary surgery. Neurosurgery 65 [Suppl 2]:288D295, 2009.
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