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Endoscopic Endonasal Trans-
sphenoidal Approach to the
Sellar Region: Results of
Endoscopic Dissection on

30 Cadavers

Sellar Bolgeye Endoskopik
Endonazal Trans-sfenoidal Yaklasim:
30 Kadavranin Endoskopik
Diseksiyon Sonuclari

ABSTRACT

AIM: To recognize the endoscopic anatomy of the surgical corridor along the nasal cavity,
sphenoidal sinus and the sellar area to delineate the pure endoscopic endonasal trans-
sphenoidal approach (EETSA) to the region of the pituitary gland.

MATERIAL and METHODS: The endoscopic anatomy of the nasal cavity, sphenoid sinus and
the sellar region was studied in 30 fresh cadavers (mean age 42.1 / range 18-66) and dissections
were performed in a stepwise manner to simulate EETSA to the sellar region.

RESULTS: The sphenoid ostium, located 14.9 mm superior to the choana, was identified at the
midpoint between the nasal septum and the superior turbinate in 23 specimens. The shape of
the sphenoid ostium was linear (35%), fusiform (30%), oval(22%) or circular (13%). The mean
width of the pituitary gland was 14.3 mm and the average minimum distance between the
internal carotid arteries on both sides ranged between 13 to 22 mm. Following total
hypophysectomy in 12 specimens, the width and length of diaphragma sellae was measured
10.83 and 5.83 mms respectively.

CONCLUSION: This study documents that variations are common in nasal, sphenoidal and
sellar phases of the trans-sphenoidal approach. Detailed knowledge of the basic anatomical
relationships through the view of the endoscope and performing endoscopic dissections in large
number of specimens will facilitate the endoscopic surgical procedures and decrease the rate of
surgical complications.

KEY WORDS: Endoscopic approach, Pituitary tumour, Transsphenoidal surgery, Skull-base
surgery, Surgical anatomy
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AMAC: Nazal kavite, sfenoidal siniis ve sellar bolge boyunca uzanan cerrahi koridorun
endoskopik anatomisini incelemek ve pituiter bez bolgesine endoskopik endonazal
transfenoidal yaklagimi (EETSY) uygulamak.

YONTEM ve GEREC: Nazal kavite, sfenoid siniis ve sellar bélge endoskopik anatomisi 30 taze
kadavrada (ortalama yas 42.1 / aralik: 18-66) calisildi ve asama agsama diseksiyon yapilarak
sellar bolgeye EETSY uygulandi.

BULGULAR: Sfenoid ostiumun kohanann ortalama 14.9 mm superiorunda oldugu gériildii ve
23 spesimende nazal septum ve superior turbinatin arasinda orta noktada tespit edildi.Sfenoid
ostiumun sekli lineer(%35), fuziform(%30), oval(22%) veya sirkiiler(%13) olarak yorumlandu.
Pituiter bezin ortalama genigligi 14.3 mm’di ve her iki tarafta internal karotid arterler arasindaki
minimum ortalama mesafe 13 ila 22 mm arasinda degismekteydi. 12 spesimene uygulanan total
hipofizektomi sonrasinda diafragma sella’nin ortalama geniglik ve uzunlugu sirasiyla 10.83 ve
5.83 mm olarak olgiildii.

SONUC: Bu c¢alisma, transnazal transsfenoidal yaklasimin nazal, sfenoidal ve sellar
asamalarinda anatomik varyasyonlarin sik oldugunu gostermektedir. Endoskopik bakis
agisindan temel anatomik iliskilerin detayli bir sekilde bilinmesi ve ¢ok miktarda spesimen
tizerinde endoskopik diseksiyonlarin uygulanmas: endoskopik cerrahi uygulamalar:
kolaylagtiracak ve cerrahi komplikasyon yiizdesini de diigtirecektir.

ANAHTAR SOZCUKLER: Endoskopik yaklagim, Pituiter tiimér, Transsfenoidal cerrahi, Kafa
tabani cerrahisi, Cerrahi anatomi
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INTRODUCTION

Since the seminal work of Jho and Carrau at the
University of Pittsburgh Medical Center, the
endoscopic endonasal trans-sphenoidal approach
(EETSA) has been a major advancement in the
management of numerous sellar region pathologies
(16,33,34). The approach provides exceptional
exposure of the extra- and intradural components of
the lesions in and around the region of sella, along
with neighbouring structures, providing a
controlled surgical manipulation in every step of
surgery due to well-documented advantages of the
endoscope (8,11,12-15,17,18,20,22,23,24,26,27,30,31,
35,36,43,47,48,49,52,55). ~ EETSA  can even
superimpose many traditional microscopic skull
base approaches with its minimal invasiveness and
superior visualization in skilled and experienced
hands (1-6,9,17,18,19,23,25-28,35,36,39,42,43,51,54).
However, before the surgeon embarks on EETSA
with two-dimensional and somewhat distorted
images, it is ideal that the surgical anatomy of the
region as seen through an endoscope and its
variations be clearly understood by thoroughly
mastering the approach in cadaveric dissections.

The aim of this study was to demonstrate the
anatomical variability in bone structures, natural
openings of the sinuses, degree of aeration and
septations within the sinuses and alterations in
localization of neurovascular structures from an
endoscopic view. Endoscopic dissections were
performed in a stepwise manner to simulate the
pure EETSA, so that the results obtained along the
surgical path to the sellar region could be
appreciated from a practical view of the endoscopic
skull base surgery.

MATERIALS and METHODS

The endoscopic anatomy of the nasal cavity,
sphenoid sinus and the sellar region was studied in
Morgue Specialization Department of Forensic
Medicine Institution, in Istanbul. Thirty fresh
cadavers (mean age: 42.1 / range 18-66) with no
history of head trauma or craniofacial surgery were
dissected following the initial autopsy examination
and approval of the forensic medicine team. EETSA
to the sellar region was performed in a stepwise
manner and the variations in the bone and
neurovascular structures along the surgical path
were recorded and surgically important anatomic
measurements documented. Total
hypophysectomy was performed in 12 of the 30

were
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specimens to delineate the endoscopic anatomy of
the diaphragma sellae.

A rigid rod lens endoscope (Karl Storz and Co.,
Tuttlingen, Germany) with diameters of 4.0 mm (18
cm in length) and angles of 0 and 30 degrees were
used. The endoscope was connected to a light source
via a fiberoptic cable and to a camera, and the images
were viewed on a 21-inch monitor. The scope was
held by the primary surgeon in all dissections.

RESULTS

The cadavers were placed supine, with the head
in neutral position and adducted approximately 10-
15 degrees toward the left shoulder. With the
endoscope in the left and the suction in the right
hand, the endoscope was introduced to the right
nostril nearly parallel to the floor of the nasal cavity.
Nasal septum medially and the inferior and middle
turbinates laterally were initially exposed (Figure 1A
and B). By gently retracting the middle turbinate
medially and introducing the endoscope to the
middle meatus, the uncinate process anteriorly,
ethmoid bullae posteriorly and the maxillary ostium
between both structures within the hiatus
semilunaris were identified (Figure 1 C and D). The
choana was identified at the posteroinferior end of
the nasal cavity by following the medial edge of tail
of the inferior turbinate and by recognizing the
medial location of the vomer at this point (Figure
1E). The endoscope was then directed superiorly
approximately 15 degrees from the floor of the nasal
cavity and the sphenoethmoidal recess was reached
(Figure 2A). The middle and superior turbinates
were lateralized by a dissector to expose the
sphenoid ostium. The sphenoid ostium could be
identified at an average distance of 14.9 mm superior
to choana in 23 of 30 specimens and it was located in
the midway between the nasal septum and superior
turbinate (Figure 2B and inset). This measurement,
along with all other measurements in this study has
been performed via a paper ruler introduced
through the nostril. The mean angle of the telescope
to the hard palate was 15 degrees, when the
sphenoid ostium was located at the center of the
endoscopic view during the nasal phase of the
dissection and this finding was confirmed by
checking the position of the endoscope with
fluoroscopy (Figure 2C). The shape of the sphenoid
ostium was linear in shape in 8 of 23 specimens,
fusiform in 7, oval in 5 and circular in 3 specimens
(Figure 2D).
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Figure 1: A and B. Endoscopic view of a cadaveric dissection
into the right nostril. The inferior and middle turbinates have
been exposed along the surgical route. C and D. The endoscope
has been introduced to the middle meatus, lateral to the middle
turbinate, and the turbinate has been retracted medially (in 1D)
to expose, from anterior to posteriot, the uncinate process, hiatus
semilunaris, ethmoid bullae and the ostium of the ethmoidal
sinus. E. The choana has been exposed by following the medial
edge of the tail of the inferior turbinate. EB: ethmoid bullae, EO:
ostium of the ethmoidal sinus, ET: table for endoscopic
instruments, EU: endoscopic unit, Hiat.: hiatus, Inf: inferior,
IT: inferior turbinate, Meat.: meatus, Mid.: middle, MT: middle
turbinate, NS: nasal septum, P: cadaver, UP: uncinate process,
S: surgeon, Semil.: semilunaris.

A vertical incision 1 cm long was performed
along the nasal septum medial to the sphenoid
ostium using an endoscopic knife. The posterior part
of the nasal septum was pushed to the left side
separating it from the rostrum and septal mucosa of
the left nasal cavity was then visualized. The
dissector was passed between the rostrum and the
fractured nasal septum and the mucosa is dissected
laterally and medially on both sides exposing the
anterior wall of the sphenoid sinus and both ostiae
(Figure 2E). The anterior wall of the sphenoid sinus
was resected either with high-speed drill or an
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Figure 2: A. The sphenoid ostium has been identified in the right
spheno-ethmoidal recess. The configuration of the sphenoid
ostium in this case is oval. B. The mean distance between the
sphenoid ostium and the choana (blue interrupted line) is
approximately 15 mm. C. The mean angle of the telescope to the
hard palate was 15 degrees, when the sphenoid ostium was
centered at the endoscopic view during the nasal phase of the
dissection. D. The shape of the sphenoid ostium was appreciated
as linear (35%), fusiform (30%), oval (22%) or circular (13%)
in this study. E. The fractured nasal septum and the mucosa has
been dissected lateraly to the left side exposing the anterior wall
of the sphenoid sinus and the sphenoid ostia on both sides. MT:
middle turbinate, NS: nasal septum, R: rostrum, SO: superior
turbinate, ST: superior turbinate

angled Kerrison rongeur. According to the degree of
aeration, the sphenoid sinus was considered as sellar
in 24 specimens (80%) and presellar in 6 (20%). The
variations in orientation and location of the septae in
the sphenoidal sinus were recorded at this stage of
the dissection. The average number of septae within
the sphenoid sinus was 2 (range 1 to 5), and most of
them were vertically oriented. The septae within the
sphenoid sinus and sinus mucosa were removed,
exposing the sellar floor and other anatomic
landmarks in the sinus (Figure 3A and B). At the
center of the exposure, sellar floor was identified,
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along with carotid and optic protuberances on both
sides. The opticocarotid recesses, which represent
the optic strut and the anterior clinoids, were located
between the optic and carotid protuberance (Figure
3C). The intrasphenoidal septae were extending
towards the opticocarotid recesses in 9 specimens
(30%).

The floor of the sella was fractured by a sharp
dissector and widened with an angled 2-mm
Kerrison rongeur to expose the sellar dura (Figure
3D). We used a high-speed drill to open the sellar
floor in all 6 specimens with a presellar type
sphenoid sinus. After opening the dura, the pituitary
gland was visualized and gentle elevation of the
gland exposed the posterior lobe of the gland (Figure
3E). The width of the pituitary gland and the
minimum distance between both internal carotid
arteries were measured and documented at this
stage of the dissection (Figure 3F). The medial wall
of cavernous sinus and inferior hypophyseal artery,
arising from the posterior bend of the cavernous
segment of the ICA could be exposed by retracting
the pituitary gland medially (Figure 4A and B). Total
hypophysectomy was performed in 12 of the 30
specimens in order to expose the diaphragma sella
and measure its dimensions. The width of
diaphragma sellae was measured as 10.83 mm
(range 5-16 mm) and its length ranged between 4 to
10 mm (mean 5.83) (Figure 4C). Table I summarizes
the results of this study in 30 endoscopic dissections.

DISCUSSION

The trans-sphenoidal midline route is the
shortest surgical pathway to the sellar region,
provides sufficient exposure with the least amount
of brain retraction and offers low mortality and
morbidity rates (7,10,21,22,29,32,38-42,44-47,52-55).
Introduction of the endoscope for the sellar region,
following functional endoscopic sinus surgery, has
been a major advancement not only for pituitary
surgery but also for skull base surgery (16,32-34, 37).
Indeed, performing and mastering EETSA to sellar
region has been the first revolutionary step in
introducing the extended endoscopic skull base
approaches (8,15,51). Although there has been a
significant number of studies on surgical anatomy of
the endoscopic endonasal approach to the sellar and
parasellar region, the number of specimens in these
studies were limited (1,2,18,19,20,50,52). Due to
problems and expense involved in obtaining
specimens for research in surgical anatomy, there
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Figure 3: A. Endoscopic view of sphenoid sinus. The septae within
the sphenoid sinus and sinus mucosa have been removed exposing the
sellar floor and other anatomic landmarks in the sinus, including the
optic and carotid protuberances. B. Enlarged view of right side of
sella. The optic protuberance, sellar and clival carotid protuberances
have been exposed on the right side. The sellar floor, tuberculum
sellae between the optic protuberances, and the planum sphenoidale
have been exposed. The anterior bend of the cavernous segment of the
ICA could be seen through the extremely thin transparent bone.
C. Optico-carotid recess on the left side, located between the optic and
carotid protuberances, corresponds to optic strut and the anterior
clinoid more posteriorly. The superior orbital fissure has been
identified anterolateral to the anterior bend of the cavernous ICA.
D. The bone on the sellar floor, tuberculum sellae and part of the
planum have been removed to expose the dura over the pituitary
gland and the superior intercavernous sinus. E. The dura has been
opened and the anterior lobe of the pituitary gland has been elevated
with a dissector to show the posterior lobe. The posterior clinoids
have been exposed just medial to the posterior bend of the ICA within
the cavernous sinus. F. The safe surgical zone between the two ICAs,
where the pituitary gland is located, was approximately 18 mm in
this study. However, the minimum intercarotid distance may be as
short as 13 mm. The nearest point between both ICA at the sellar
region is the posterior bend of the cavernous segment of the ICA in
almost all cases. Adenohyp.: adenohypophysis, Ant.: anterior, C:
clivus, Cav.: cavernous, Clin.: clinoid, CPc: carotid protuberance
(clival part), CPs: carotid protuberance (sellar part), GL: gland,
ICA: internal carotid artery, Int.: intercavernous, Neurohyp.:
neurohypophysis, OCR: Optico-carotid recess, ON: optic nerve, OP:
optic protuberance, Pit.: pituitary, PS: planum sphenoidale, TS:
tuberculum sellae, Post.: posterior, Seg.: segment, SE: sellar floor,
Sin.: sinus, SOF: superior orbital fissure, Sup.: superior.
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Figure 4: A. The pituitary gland has been retracted medially to
expose the medial wall of the cavernous sinus and the cavernous
segment of the left ICA. B. The endoscope has been further
advanced anteriorly to expose the inferior hypophyseal artery,
arising from the posterior bend of the cavernous ICA and
passing to the posterior part of the pituitary gland. C. The
pituitary gland has been removed via the endoscopic endonasal
approach to expose the opening of the diaphragma sellae. The
average width of diaphragma sellae (blue interrupted line) was
11 mm and its length (green interrupted line) ranged between
4 to 10 mm (mean 5.83) in our study. C: clivus, CSm: medial
wall of cavernous sinus, D: dura, DS: diaphragma sellae, Gl.:
gland, H: pituitary gland, ICA: internal carotid artery, IHA:
inferior hypophyseal artery, Pit.: pituitary PS: planum
sphenoidale.

has been a tendency to dissect a limited number of
specimens during research on skull base endoscopy.
However, the limited number of specimens may
cause significant differences between the results of
similar studies. Close collaboration with Forensic
Medicine may be a partial solution to this problem,
especially if minimally invasive techniques are being
used in the study. Our study presents the largest
endoscopic skull base dissection series to date,
which may overcome some of the limitations of the
previous studies.

This study, similar to the previous reports,
documents that the standard EETSA without
removing any turbinates creates a sufficient corridor
with full exposure to the sellar region. The surgeon
should be aware of the variations of different
anatomical structures along the surgical corridor
and the target region from the endoscopic view to
perform a standard EETSA to the sellar region. One

Table I: The summary of the results in 30 cadaveric
dissections.
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Abbreviations: C-O: choana-ostium distance, SW: width of the
sellar floor, HW: width of the pituitary gland, ICD: intercarotid
distance, ST: the aeration of sphenoid sinus, DS: diaphragma
sella opening - dimensions, O-P: optic canal - posterior
ethmoidal artery distance, P-A: posterior ethmoidal- anterior
ethmoidal artery distance, O: shape of the sphenoid ostium,

S: orientation of septae within the shenoid sinus.

of the critical surgical maneuvers during the initial
phase of the EETSA is to accurately identify the
sphenoid ostium. The surgeon will identify the
sphenoid ostium about 15 mm superior to the
posterior aperture, the
approximately 77% of the cases. In the remaining 10-
15%, most often a well-pneumatized sphenoid sinus,
with a relatively narrow sphenoethmoidal recess
and/or a prominent superior turbinate can be
expected. It should be noted that the mean angle of
the telescope to the hard palate is about 15 degrees,
when the sphenoid ostium is targeted at the center of
the endoscopic view and this can easily be confirmed
by checking the position of the endoscope with
fluoroscopy. One of four types of the shape of
sphenoid ostium can be appreciated during
endoscopic surgery and the most common type is a
linear configuration, which has the smallest opening
among others. The circular ostium is larger than the
other three types and only occurs in approximately
13% of the cases. In our study, one out of five
cadavers had a presellar type of sphenoid sinus and
contrary to surgery, all were discovered during the

nasal choana in
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endoscopic dissection. We were able to identify the
sphenoid ostium in all presellar sphenoid sinuses,
but one.

During endoscopic dissection within the
sphenoid sinus, the surgeon may expect 1 to 5
sphenoid septae, most of which would be oriented
vertically. In our study, we found a tendency of the
septae to extend into both opticocarotid recesses. All
septal variations within the sphenoid sinus should
be carefully evaluated prior to endoscopic surgery in
order to prevent surgical complications. An average
safe area of 18 mm exists between the two internal
carotis arteries (ICA) to open the sellar floor and
expose the pituitary gland. However, this distance
may be as short as 13 mm and the posterior bend of
the cavernous segment of the ICA represents the
nearest point between both ICA in most cases. The
diaphragma sellae, a fold of dura with a central
defect, forms an incomplete roof above the pituitary
gland and can be endoscopically visualized
following total hypophysectomy or removal of
macroadenomas. The width of the diaphragma
sellae is approximately 11 mm and its antero-
posterior length is 6 mm. We were able to locate the
diaphragma sellae in all 12 specimens following
total hypophysectomy and the diaphragm separated
the anterior lobe of the pituitary gland from the
overlying optic chiasm in all of these dissections.

Inability to recognize important anatomical
structures, such as the optic and carotid
prominences, along the surgical path due to arterial
or venous blood obscuring the surgical field may
disturb the endoscopic manipulations and extend
the time of surgery. This difficulty can be overcome
by precise knowledge of the surgical anatomy
related to the endoscopic surgical corridor and, also,
with careful preoperative planning to determine
neurovascular structures that would be encountered
during each step of the endoscopic procedure. We
believe that both of these factors play major role for
the success of any endoscopic skull base surgery,
especially if performed without image guidance.

The standard EETSA to the sellar region, the most
widely used endoscopic surgical pathway to the
skull base, is similar to the microsurgical trans-
sylvian approach to the basal cisterns in several
ways. Both of these approaches are the best
gateways to a wide target area, provide a sufficient
surgical corridor in order to access a broad range of
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intra- and extracranial lesions and may be extended
in multiple directions. However, we believe that the
should not
importance of training in surgical anatomy for either
of these well-described, surgical corridors. Skull base
endoscopy training through cadaveric dissections
may be an important step to overcome some of the
difficulties encountered during EETSA, such as
handling profound bleeding with endoscopic
manipulations. The dissections in the training
laboratory offer increased familiarity with the
instruments and manipulations through a narrow

neurosurgeon underestimate the

corridor, thereby facilitating performing an accurate
and safe surgery. Furthermore, the research on
surgical anatomy of the endoscopic approaches to
the skull base will lead to; 1) more popularized use
of the endoscope in neurosurgery, 2) definition of
novel endoscopic approaches and modifications, 3)
extension of indications for the endoscopic
approaches and 4) more developed endoscopic tools.

CONCLUSIONS

This study documents that variations are
common in nasal, sphenoidal and sellar phases of the
EETSA to the sellar region. A detailed knowledge of
the basic anatomical relationships through the view
of the endoscope and performing endoscopic
dissections in a large and cumulative number of
specimens will facilitate endoscopic surgical
procedures and decrease the rate of surgical
complications.
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