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Abstract The transsphenoidal approach is the preferred

access used in surgical treatment of most sellar region

pathologies. The use of endoscopy is advantageous, and it

is considered a good alternative to the traditional micro-

surgical technique. The purpose of this study is to recog-

nize and describe anatomical variations of the sphenoid

sinus and the sellar region, mainly describing the anatomy

of the posterior wall of the sphenoid sinus and analyzing

intercarotid distances in 3 regions. Thirty sphenoid blocks

treated with formaldehyde were injected and dissected.

Using endoscopy, anatomical variations were studied and

the intercarotid distances were measured at the tuberculum

sellae, sellar floor and clivus. The types of sphenoid sinus

found were: conchal in 1 (4.76 %), pré-sellar in 2 (9.52 %)

and sellar in 19 (85.7 %) specimens. The mean distance

found from the sphenoid sinus ostium to the sella turcica

was 19 mm (±6.5) mm. The mean intercarotid distances

found at the tuberculum sellae, sellar floor and clivus were

respectively 13.32, 18.00 and 18.90 mm. Endoscopy, with

its magnification and lighting provide a panoramic view of

deep fields. The anatomical variations described in this

study support the need for a careful evaluation of preop-

erative images in each case.
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Introduction

Transsphenoidal surgery (TS) has been the favorite

approach to most intrasellar lesions since it was popular-

ized by Dott [1], Hamlin [2], Guiot [3] and Hardy [4]. It

provides excellent visualization of the lesions involving the

pituitary gland, avoiding brain retraction, and is considered

the least traumatic route to the sella [5, 6].

In the time from the first procedure performed in 1907

up to the present TS underwent an evolutionary process.

The introduction of fluoroscopy, microscopy and, recently,

endoscopy, and their technical advantages increased pro-

cedure safety [7].

Endonasal endoscopy was developed and disseminated

during the last 20 years, and it is currently considered a

safe, effective alternative to microsurgery in the treatment

of pituitary tumors [8–10].

The main advantages described for its used are, besides

the absence of a sublabial incision comparing with some

conventional approaches, the availability of resources such

as modern optics providing high magnification, excellent

lighting and a greater angle of view than the microscope

[11–14]. The use of angulated optics makes it easier to

inspect the lateral parasellar spaces, suprasellar and retro-

sellar regions, and allows removing tumor residues under

visual control [5, 15–17].

The relationship between SS and vital structures such as

the carotid artery, optic nerve and hypophysis renders this

surgery challenging and difficult. Anatomical variations of

the SS have been studied since the last century [18] and in

recent decades there has been a renewed interest [19–23].
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Anatomical studies of the sphenoid sinus and sellar

region are relevant because they can improve spatial ori-

entation to the landmarks helping the surgeon to avoid

transoperative complications.

The general purpose of this study is to describe the

endoscopic anatomy of the sellar region and its variations

in 30 cadavers. The specific purpose is to measure the

following distances:

Distance between internal carotid arteries at the tuber-

culum sellae, sellar floor and paraclival segment.

Materials and methods

We evaluated 60 sides of 30 sphenoids blocks in the

Department of Anatomy of the Federal University of Rio

Grande do Sul. All blocks had been previously embalmed

in a formaldehyde solution.

Both carotids were injected with Batson (940 ml

monomer base, 2 9 100 ml catalyst, 50 ml promoter, 10 g

pigment red (red pigment), 10 g pigment blue (blue pig-

ment) Polysciences, Inc. Warrington, PA.

To study the sellar region we used an 18-cm long 4 mm

diameter rigid microscope with an angled lens. A xenon light

source and a single CCD digital video camera (Stryker) were

connected to the endoscope. Digital pictures were printed by

coupling the video images to a videocapture system.

For endoscopic dissection we used endoscopic sinus

instruments and for bone resection a high- speed drill.

Each sphenoid block was inspected before dissection due

to lack of uniformity of the coronal slices. In fact, the anterior

wall of the SS had been previously removed in some cases,

and they were excluded from part of the analysis.

The dissection was performed in three stages: nasal,

sphenoid and sellar. The sphenoid ostium sinus is generally

found 1.5 cm above the choana just below the superior

turbinates [5]. After identification and enlargement of the

ostium we inspected and recorded the extent of sinus

pneumatization [24]. Therefore, when feasible or possible

we measured the distance between the ostium and the

nearest part of the sella (depth of the sphenoid sinus).

After, posterior part of the septum, anterior wall of the

sphenoid sinuses and inter sinus septa were removed,

allowing the widest possible endoscopic view of the

sphenoid sinus.

Then the inspection of the posterior and lateral wall

began, aiming to identify highlights of the anatomical

landmarks: sellar floor, clival indentation, carotid protuber-

ances, optic nerve protuberances and opto-carotid recesses.

The next step was drilling the bone of the walls,

tuberculum, upper clivus and removing dura mater

exposing pituitary gland and cavernous segments of the

carotid arteries. Afterwards the following measurements

were performed utilizing plastified milimeter paper and

under endoscopic visualization: Between the carotid

arteries in the following regions:

A Tuberculum sellae

B Parasellar: sellar floor

C Paraclival. (trigeminal segment)

Data were analyzed using SPSS, comparing means

found in present study with previous reports. Statistical

significance was defined as a probability value \0.05.

Results

In 22 specimens we performed a step by step dissection

reaching the sphenoethmoidal recess, lateralizing the

middle turbinate and finding the sphenoidal ostium

(Fig. 1b, c). After detaching the posterior region of the

nasal septum we identified the anterior all of the sphenoid

sinus (Fig. 1d).

Using plastified milimeter paper as a marker we measured

the distance between the sphenoid sinus ostium and the

nearest part of the sella turcica. The distance from the OS to

the nearest part of the sella was measured in 21 heads. Mean

depth found was 19 mm SD:6.5 mm (range 11–23 mm).

According to the Hammer and Radberg sphenoid sinus

classification, we found in our study two (9 %) pre-sellar

type, 19 (86 %) sellar type and one (5 %) conchal type

[20]. In the sphenoid sinus, the septa and mucosa were

removed allowing the identification of the consistent bony

landmarks found in the midline of the posterior wall. In

eight heads the sphenoidal anterior wall had been previ-

ously removed and septa intersinus disrupted, so they were

included only to study the posterior wall as follows:

The posterior wall of the sphenoid sinus can be subdi-

vided into five vertical compartments (Fig. 2b): Midline,

bilateral paramedian and bilateral lateral. The planum

sphenoidale, sella turcica and clivus are located in the

midline compartment [25] while paraclival ICA, parasellar

ICA and medial optic canal belong to the paramedian

compartments. The maxillary branch of the trigeminal

nerve (V2), cavernous sinus apex, carotid-opto recess and

lateral portion of the optic canal belong to the lateral

compartment (Fig. 2c) [25].

After identifying and recording the bony landmarks, the

bone of the posterior wall of the sphenoid sinus was removed

exposing the duramater (Fig. 3a). Once the dura was

removed, the following structures were exposed: Pituitary

gland and cavernous carotid artery (Fig. 3d). The cavernous

segment of the carotid artery has two distinct divisions from

the endoscopic perspective: paraclival and parasellar

(Fig. 3d). The paraclival segment can be further subdivided

into two segments: trigeminal and lacerum (Fig. 4b).
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The parasellar segment of the ICA is C-shaped with the

convexity of the C facing anterolaterally when it is viewed

from the medial aspect. It is subdivided into four parts in

caudal-rostral order: The hidden segment, horizontal infe-

rior, vertical anterior and horizontal superior (Fig. 4b) [25].

Then we performed the measurements. The mean dis-

tance found at the tuberculum sellae was 13.32 (range

8–17 mm) while at the sellar floor it was 18 mm (range

11–24 mm). The mean distance found at the paraclival

segment was 18.90 mm (range 15–24 mm). Results are

shown in Tables 1 and 2.

Discussion

The transsphenoidal approach has been the favorite

approach to the sella turcica in the last 50 years [3, 26, 27].

With the introduction of the microscope in transsphenoidal

surgery it became a procedure with low mortality and

morbidity rates, and it provides enough exposure of the

pituitary gland with the least amount of brain retraction

[4, 28, 29].

The introduction of the endoscope together with intra-

operative neuronavigation are considered important

advances in pituitary surgery [30].

Anatomical variations of the sphenoid sinus were

described in anatomical studies already during the first half

of the twentieth Century [18, 31].

In the Sixties and Seventies the neurovascular relation-

ships of the sphenoid sinus and sellar region were widely

studied in anatomical studies that are still used as refer-

ences [32–35].

When endoscopy was introduced, the sphenoid sinus

and its important neurovascular relationships gained new

attention. The panoramic view of the endoscope, together

with the excellent magnification and lighting, more readily

help the surgeon to recognize anatomical variations. This

allows changing the technique or the approach according to

the specific anatomical presentation [36].

Our series presents a significant number of endoscopic

dissections compared to recently published anatomical

studies [36–38]. However, the lack of data such as sex, age

and race, prevented the comparative analysis of anatomical

variations of the sphenoid sinus.

Considering Hammer and Radberg’s classification

[[24],] the sellar sinus is most frequently found (70 %)

[19]. It is characterized by the presence of an extensive

pneumatization where the air cavity extends through the

sphenoid body below the sella and may reach the clivus.

The pre-sellar sinus is the second most frequent (10–27 %)

Fig. 1 a Endoscopic anterior view of a coronal section through the

nasal cavity exposing the cartilaginous septum, middle turbinate and

inferior turbinate. b Removal of left middle turbinate and tail of

superior turbinate allowing exposition of left ostium sphenoidal sinus.

c Closed view of left SS after removal of middle and tail of superior

turbinate. d Removal of cartilaginous septum and exposure of vomer

and anterior sphenoid wall. IT inferior nasal turbinate, MT middle

nasal turbinate, NS nasal septum, SO sphenoid ostium, SsAW
sphenoid sinus anterior wall, ST superior turbinate, VM vomer
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and it presents an air cavity that does not extend posteriorly

to a plane perpendicular to the sellar wall. In the conchal

sinus, the area below the sella is occupied only by bone,

and there is no air cavity. The incidence found in our study

of sellar, pre-sellar and conchal type sinuses agrees with

the results from the literature.

The sphenoid sinus presents a variable antero-posterior

dimension [35].

In our study, the depth of the sinus, considering the

distance from the sphenoid sinus ostium to the sella

turcica, presents a mean with a significant difference

from previously described studies (Table 3), except for

Fuji et al. (19 vs. 17.1) and Unlu et al.(19 vs. 20.6 mm)

studies where the difference found was not significant

[35, 36].

The relevance of this measure is that it indicates the

extent of the route to be travelled within the sphenoid sinus

until the sella turcica is reached [35].

The mean distance found between the internal carotids

at the level of the 18 mm sellar floor can be considered a

‘‘safe zone’’ to access the hypophysis.

The value is similar to those reported by Fuji et al.

(18 vs. 17 mm, p = 0.202) and Abuzayed e cols. [41]

(18 vs. 18 mm, p = 0.952) (Table 4) [35, 38].

The minimum distance found in this region was 11 mm

(Fig. 4f), different from Bergland [32] and Renn and

Rhoton [33] who found a minimal intercarotid distance of

4 mm. In 23 cadavers (73.3 %) the mean distance observed

in our study was between 15 and 20 mm. (Table 2).

Neither anatomical variations, such as kissing intracra-

nial carotid arteries, where the medialization of the arteries

promotes their physical encounter [39, 40], nor ‘‘tongue-

like’’ projection of the pituitary gland were observed in this

study [[41].].

The close anatomical relationships between the cav-

ernous segment of the ACI and the hypophysis explain the

Fig. 2 Endoscopic view of sphenoid sinus. a Panoramic view of

posterior wall exposing the sellar floor, optic and carotid protuber-

ances, optic carotid recess, and clivus. b Subdivision of posterior wall

of the sphenoidal sinus in five vertical compartments by two lines
drawn vertically along the medial and lateral carotid protuberances:

midline (m), paramedian right and left (pm) and lateral right and left
(l). c Closed view of midline and the left side showing sphenoid

planum, sella, clivus (midline), median optic protuberance, clival-

parasellar carotid protuberances (paramedian compartment) and

lateral optic protuberance, cavernous sinus apex, opto-carotid recess

and trigeminal maxillary protuberance (lateral compartment). d Right
side enlarged and angled view of posterior wall showing sella, clivus

(median compartment), paraclival carotid protuberance (paramedian

compartment) and maxillary protuberance (lateral compartment). a-
Cs cavernous sinus apex, C clivus, ICA pc internal carotid artery

paraclival, ICA ps internal carotid artery parasellar, mP maxillary

protuberance, OCR opto-carotid recess, OP optic protuberance, mOP
medial optic protuberance, lOP lateral optic protuberance, SF sellar

floor, SP sphenoid planum
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possibility of vascular (carotid) lesion during transsphenoi-

dal surgery [42]. Considering that the rate of carotid-lesion

type vascular complications is 1.1 % in transphenoidal sur-

gery [[28],] it is essential to study preoperatively, not only the

anatomy of the paranasal sinuses of the base of the skull, but

also of the anatomical relations between the carotid and the

hypophysis [43]. Patients with acromegaly and SAH deserve

more attention, since, besides having a statistically signifi-

cant reduction of the distance between the carotid sulci [44],

they may develop severe vascular ectasis, with the risk of

protrusion into the sella [45, 46].

The anatomical distortion found in patients who have

undergone a previous surgical procedure or radiation

therapy increases the risk of losing the midline reference,

with a consequently increased chance of vascular lesion

[46].

In the region of the tuberculum sellae we find the

shortest mean distances between the internal carotid

arteries in this study (mean:13.3 mm). The value does not

present a statistically significant difference in relation to

the means described by Fuji et al. (13.3 vs.13.9 mm,

p = 0.153) and Lang et al. (13.3 vs. 14 mm, p = 0.102).

[21, 35].

The maximum distance found in this region in the study,

17 mm, is identical to that found by Fuji et al., but differ-

ent from Lang et al., whose largest measure was 24 mm.

[21, 35]. The fact that the internal carotid arteries in this

segment are fixed by the bone and by the distal dural ring

increases their vulnerability in this region during trans-

sphenoidal surgery [47].

It is crucial to analyze this measure when planning

access extended into the region of the tuberculum sellae

and sphenoid plane, especially in patients with a normal-

sized or small sella turcica [6, 48, 49] (Table 5).

As regards the distance of the internal carotids in the

paraclival segment, the mean distance found in our study,

18.9 mm (variation: 15 and 24 mm) presents a significant

difference from Fuji et al. findings (18.9 vs. 17.1 mm,

Fig. 3 a Removal of sellar floor and upper portion of carotid

protuberance exposing periosteal duramater of sella and medial wall

of cavernous sinus. b Removal of duramater exposing pituitary gland

and the transition segments between paraclival and parasellar regions

of the cavernous internal carotid artery. c Endoscopic view of

pituitary gland, superior hypophyseal artery, pituitary stalk and optic

nerve. d Removal of bone and dura exposing pituitary gland and both

paraclival and parasellar segments of the ICA. C clivus, CP carotid

protuberance, DM dura-mater ICA pc internal carotid artery paracli-

val, ICA ps internal carotid artery parasellar, SHA superior hypophy-

seal artery, PG pituitary gland, PS pituitary stalk, OA ophthalmic

artery, ON optic nerve
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p = 0.038), but no significant difference from the study by

Wang et al. (18.9 vs. 17.5 mm, p = 0.135) and Unlu et al.

(18.9 vs. 19.7 mm, p = 0.063) [35, 36, 50].

The paraclival intercarotid distance is the lateral limit of

the clivus opening, and it is an anatomical reference for

accesses extended into this region. [51]. The window made

A

ICA ps

ICA pc
VI

ls

ts

ihs
avsPG

C
DM

PG

ICA ps

C

C4 

C5

PG

ON

VI

V2

PG

shs
B

C D

C

PG

ICA
pc

ICA 
ps VI

V2

E F
PS

PG

C

ICA ICA

Fig. 4 a endoscopic view of under 0-degree lens. Exposure of two

segments of ICA: paraclival (pc) and parasellar (ps) segment. A

opening in the lateral wall of the cavernous sinus allows exposure of

VI nerve and sympathetic plexus (arrow head). b endoscopic view of

paraclival ICA (pc) two divisions: trigeminal (ts) and lacerum

(ls)segments and C-shaped ICA parasellar (ps) four divisions

:superior segment horizontal (shs), anterior vertical segment (avs),

inferior horizontal segment (ihs) and hidden segment (arrow head).

c endoscopic view of medial wall of cavernous sinus and the

parasellar (ps) segment of ICA. When the adeno hypophysis is

displaced medially the inferior hypophyseal artery is visualized

(arrow head). d endoscopic view of ICA segments,VI nerve and

second branch of trigeminal nerve. e closed endoscopic view of ICA

segments,VI nerve and second branch of trigeminal nerve. f endo-

scopic view of intercarotid distance in sella region. The short distance

found in sellar region in our study was 11 mm. C clivus, DM dura-

mater, ICA pc paraclival segment of ICA, ICA ps parasellar segment

of ICA, VI abducens nerve, V2 second branch of the trigeminal nerve,

ON optic nerve, PG pituitary gland, PS planum sphenoidale, C4
fourth segment of ICA, C5 fifth segment of ICA

256 Pituitary (2013) 16:251–259

123



in the clivus to expose the tumor obeys the lateral distance

of 16 mm in its upper portion, 20 mm at the level of the

abducens nerves and 34 mm between the two hypoglossal

canals [51] (Table 6).

In our series, generally, we find the shortest distance

between the carotids in the tuberculum sellae region in

86.6 %, in the sellar floor, 10.1 %, and in the clival region,

3.3 % of the specimens studied.

When the sphenoid sinus is highly pneumatized, there

may be an anatomical distortion, making it difficult to

identify the points of reference of the posterior wall, and

increasing the risk of a neurovascular lesion [43].

The relations between the sphenoid sinus walls and

major neurovascular structures lead the surgeon to value

the clear identification of the midline and keep to this path

until the sella turcica is reached [55]. The importance of

recognizing the midline in transsphenoidal surgery has

been emphasized since the beginning of last century [53].

Techniques, such as partial preservation of the vomer,

location of the middle point between the carotid protu-

berances and the opto-carotid recess [54] and the identifi-

cation of the dural filum in the sellar phase [52] help the

surgeon maintain this reference and increase the safety of

the procedure.

It is crucial to perform a careful evaluation of preoper-

ative images, evaluating the course and distance between

the internal carotid arteries, especially to plan anterior and

posterior extended accesses [55].

The endoscopic visualization, with excellent magnifica-

tion and lighting, allows the surgeon to perform an easier

identification of the posterior wall structures, diminishing the

risk of spatial disorientation and associated complications.

Conclusion

Considering that the sphenoid sinus reflects anatomical

relationships in its walls, it is essential for the surgeon to

recognize these structures, as well as their anatomical vari-

ations. Endoscopy provides a panoramic view of the sphe-

noid sinus and sellar region, and thus, with other tools, helps

perform less invasive procedures, safely and effectively.
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São Paulo (USP), São Paulo

20. Elwany S, Elsaeid I, Thabet H (1999) Endoscopic anatomy of the

sphenoid sinus. J Laryngol Otol 113(2):122–126

21. Lang J (1989) Clinical anatomy of the nose, nasal cavity and

paranasal sinuses. Thieme Medical Publishers, New York

22. Tan HK, Ong YK (2007) Sphenoid sinus: an anatomic and

endoscopic study in Asian cadavers. Clin Anat 20(7):745–750

23. Lazaridis N, Natsis K, Koebke J, Themelis C (2010) Nasal, sellar,

and sphenoid sinus measurements in relation to pituitary surgery.

Clin Anat 23(6):629–636

24. Hammer G, Radberg C (1961) The sphenoidal sinus. An ana-

tomical and roentgenologic study with reference to transsphenoid

hypophysectomy. Acta Radiol 56:401–422

25. Alfieri A, Jho HD (2001) Endoscopic endonasal cavernous sinus

surgery: an anatomic study. Neurosurgery 48(4):827–836. Dis-

cussion 36–7

26. Grosvenor AE, Laws ER (2008) The evolution of extracranial

approaches to the pituitary and anterior skull base. Pituitary

11(4):337–345

27. Leach P, Abou-Zeid AH, Kearney T, Davis J, Trainer PJ,

Gnanalingham KK (2010) Endoscopic transsphenoidal pituitary

surgery: evidence of an operative learning curve. Neurosurgery

67(5):1205–1212

28. Ciric I, Ragin A, Baumgartner C, Pierce D (1997) Complications

of transsphenoidal surgery: results of a national survey, review of

the literature, and personal experience. Neurosurgery

40(2):225–36. Discussion 36–37

29. Powell M, Gnanalingham KK (2007) Endoscopic trans-sphenoi-

dal pituitary surgery: is it here to stay? Br J Neurosurg 21(4):

315–317

30. Joshi SM, Cudlip S (2008) Transsphenoidal surgery. Pituitary

11(4):353–360

31. Congdon ED (1920) The distribution and mode of origin of septa

and walls of the sphenoid sinus. Anat Rec 18(2):97–123

32. Bergland RM, Ray BS, Torack RM (1968) Anatomical variations

in the pituitary gland and adjacent structures in 225 human

autopsy cases. J Neurosurg 28(2):93–99

33. Renn WH, Rhoton AL Jr (1975) Microsurgical anatomy of the

sellar region. J Neurosurg 43(3):288–298

34. Rhoton AL Jr (2002) The sellar region. Neurosurgery. 51(4
Suppl):S335–S374

35. Fujii K, Chambers SM, Rhoton AL Jr (1979) Neurovascular

relationships of the sphenoid sinus. Microsurgical study. J Neu-

rosurg 50(1):31–39

36. Unlu A, Meco C, Ugur HC, Comert A, Ozdemir M, Elhan A

(2008) Endoscopic anatomy of sphenoid sinus for pituitary sur-

gery. Clin Anat 21(7):627–632

37. Catapano D, Sloffer CA, Frank G, Pasquini E, D’Angelo VA,

Lanzino G (2006) Comparison between the microscope and

endoscope in the direct endonasal extended transsphenoidal

approach: anatomical study. J Neurosurg 104(3):419–425

38. Abuzayed B, Tanriover N, Ozlen F, Gazioglu N, Ulu MO,

Kafadar AM et al (2009) Endoscopic endonasal transsphenoidal

approach to the sellar region: results of endoscopic dissection on

30 cadavers. Turk Neurosurg 19(3):237–244

39. Gobbato PL, Pereira Filho GA, Silva SB, Kraemer JL (2007)

Intracranial intrasellar kissing carotid arteries: case report. Arq

Neuropsiquiatr 65:355–357

40. Sacher M, Som PM, Shugar JMA, Leeds NE (1986) Kissing

intrasellar carotid arteries in acromegaly: CT demonstration.

J Comput Assist Tomogr 10(6):1033–1035

41. Harris FS, Rhoton AL (1976) Anatomy of the cavernous sinus. A

microsurgical study. J Neurosurg 45(2):169–180

42. Cavallo LM, Briganti F, Cappabianca P, Maiuri F, Valente V,

Tortora F et al (2004) Hemorrhagic vascular complications of

endoscopic transsphenoidal surgery. Minim Invasive Neurosurg

47(3):145–150

43. Hamid O, El Fiky L, Hassan O, Kotb A, El Fiky S (2008)

Anatomic variations of the sphenoid sinus and their impact on

trans-sphenoid pituitary surgery. Skull Base 18(1):9–15

44. Ebner FH, Kuerschner V, Dietz K, Bueltmann E, Naegele T,

Honegger J (2009) Reduced intercarotid artery distance in

acromegaly: pathophysiologic considerations and implications

for transsphenoidal surgery. Surg Neurol 72(5):456–460. Dis-

cussion 60

258 Pituitary (2013) 16:251–259

123



45. Hatam A, Greitz T (1972) Ectasia of cerebral arteries in acro-

megaly. Acta Radiol Diagn 12:410–418

46. Raymond J, Hardy J, Czepko R, Roy D (1997) Arterial injuries in

transsphenoidal surgery for pituitary adenoma; the role of angi-

ography and endovascular treatment. AJNR Am J Neuroradiol

18(4):655–665

47. Romano A, Zuccarello M, van Loveren HR, Keller JT (2001)

Expanding the boundaries of the transsphenoidal approach: a

microanatomic study. Clin Anat 14(1):1–9

48. de Divitiis E, Cavallo LM, Cappabianca P, Esposito F (2007)

Extended endoscopic endonasal transsphenoidal approach for the

removal of suprasellar tumors: part 2. Neurosurgery. 60(1):

46–58. Discussion-9

49. Wang Q, Lan Q, Lu XJ (2010) Extended endoscopic endonasal

transsphenoidal approach to the suprasellar region: anatomic

study and clinical considerations. J Clin Neurosci 17(3):342–346

50. Wang J, Bidari S, Inoue K, Yang H, Rhoton A Jr (2010)

Extensions of the sphenoid sinus: a new classification. Neuro-

surgery 66(4):797–816

51. Almefty O, Kadri PA, Hasan DM, Isolan GR, Pravdenkova S

(2008) Anterior clivectomy:surgical technique and clinical

applications. J Neurosurg 109:783–793

52. Zada G, Kim AH, Governale LS, Laws ER (2010) Midline filum

of the sellar dura: a useful landmark during endoscopic trans-

sphenoidal pituitary surgery. Neurosurgery 67(2 Suppl

Operative):391–394

53. Broeckaerta J, Nourse C (1913) A contribution to the surgery of

the hypophysis. J Laryngol Otol 28:340–352

54. Jane JA Jr, Han J, Prevedello DM, Jagannathan J, Dumont AS,

Laws ER Jr (2005) Perspectives on endoscopic transsphenoidal

surgery. Neurosurg Focus 19(6):E2

55. Zada G, Agarwalla PK, Mukundan S, Dunn I, Golby AJ, Laws

ER (2011) The neurosurgical anatomy of the sphenoid sinus and

sellar floor in endoscopic transsphenoidal surgery. J Neurosurg

114(5):1319–1330

Pituitary (2013) 16:251–259 259

123


	Endoscopic anatomy of sellar region
	Abstract
	Introduction
	Materials and methods
	Results
	Discussion
	Conclusion
	References


