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Anterior Clinoidectomy: A Comparative
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ABSTRACT

Objective: To quantify and compare the carotico-oculomotor triangle

(COT) area before and after extradural anterior clinoidectomy (AC). Methods:

Ten cadaveric heads were dissected bilaterally. Before and after an extradural AC,

the following points were measured: (1) the internal carotid artery (ICA)

bifurcation to the tip of the anterior clinoid process (ACP) (A) and to the distal

dural ring (A0), (2) the ICA bifurcation to the point where the oculomotor nerve

becomes obscured by the tentorial fold (B) and to the porus oculomotoris after

incision of the tentorial fold (B 0), and (3) the tip of the ACP to the point where the

oculomotor nerve becomes obscured by the tentorial incisura (C) and from the

distal dural ring to the porus oculomotoris (C0). The area of the COT was

calculated before and after AC (DABC and DA 0B0C 0, respectively). Results: The
mean values were as follows: A: 9.15� 0.93 mm, A 0: 13.45� 0.82 mm; B:

7.80� 1.24 mm, B0: 9.90� 1.21 mm; C: 7.15� 0.99 mm, C 0: 9.3� 1.26 mm;

DABC: 26.26� 6.05 mm2, DA 0B0C 0: 45.06� 8.92 mm2. Conclusions: Extradural

AC enhances the exposure of the COT almost twofold. This increased exposure

can be of significant help during resection of lesions of the parasellar and basilar

apex regions.
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Removal of the anterior clinoid process

(ACP) was initially reported by Hauser and Gass1

and was further refined by Drake2 and Yasargil

et al3 as an intradural procedure. Dolenc4 pioneered

the extradural technique of complete anterior

clinoidectomy (AC) for approaching the caver-

nous sinus for the direct management of carotid-

cavernous fistulas and intracavernous aneurysms.

Later, the application of this technique was ex-

tended for cavernous sinus tumors, basilar tip aneur-

ysms,5–8 craniopharyngiomas, peri- and suprasellar

meningiomas, and giant pituitary adenomas in

selected cases.9–12

Despite the wide use of AC in clinical set-

tings,2,3,11,13–18 few studies have attempted to

quantify the spatial advantages of removing the

ACP.8,13,19,20 The present cadaveric study was con-

ducted to quantify and compare the area of the

carotico-oculomotor triangle (COT) before and

after extradural AC.

MATERIALS AND METHODS

Ten cadaveric adult heads (five males and five

females) were injected and preserved in a solution

of formalin and glutaraldehyde. The same investi-

gator took all measurements bilaterally before and

after AC (total, 20 sets).

The specimens were fixed in a three-point

Mayfield clamp (Ohio Medical Instrument Com-

pany Inc., Cincinnati, OH). The head was rotated

30 degrees to the side contralateral to the incision.

A standard frontotemporal skin incision was per-

formed followed by a craniotomy. The dura was

opened in a semicircular fashion and elevated from

the sphenoid ridge. The sylvian fissure was dissected

carefully, while retraction of the frontal and tem-

poral lobes was held constant. The optic nerve

(CN II), internal carotid artery (ICA), oculomotor

nerve (CN III), and the COT were exposed (Figs. 1

and 2). The in situ pre-AC measurements consisted

of (1) the distance from the ICA bifurcation to the

tip of the ACP (A), (2) the distance from the ICA

bifurcation to the point where CN III becomes

obscured by the tentorial incisura (B), and (3) the

distance from the tip of the ACP to the point where

CN III becomes obscured by the tentorial incisura

(C) (Fig. 2, solid lines).

The ACP was then removed extradurally as

follows. The lateral sphenoid ridge was flattened,

and the dura was separated from the ACP. A

limited posterior orbitotomy, bony decompression

of the superior orbital fissure, and unroofing of the

optic canal were performed. The ACP was removed

by fracturing its last attachment at the optic strut.

Finally, the optic sheath was opened distally to the

annulus of Zinn.

Figure 1 Illustration of the relevant anatomy surrounding

the right carotico-oculomotor triangle. ACP, anterior clinoid

process; DR, distal carotid dural ring; ON, optic nerve; ICA,

internal carotid artery; MCA, middle cerebral artery; PCoA,

posterior communicating artery; III, cranial nerve III; ACA,

anterior cerebral artery. Copyright # 2005 by The Cleve-

land Clinic Foundation, Cleveland, Ohio. Reprinted with

permission.
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After the ACP, the second measurements

were as follows: (1) the distance from the ICA

bifurcation to the distal dural ring of ICA (A0),
(2) the distance from the ICA bifurcation to the

porus oculomotoris (B 0), and (3) the distance from

the distal dural ring of the ICA to the porus

oculomotoris (C0) (Fig. 2, broken lines).

The measurements were made directly using

a microcaliper and recorded in millimeters. The area

of the COT was calculated using Heron’s method

(i.e., area of a triangle in mm2: S¼ 2s(s� a)(s� b)

(s� c); where S is the area of a triangle;

2s¼ aþ bþ c; and a, b, c each represent the length

of each side of the triangle, respectively) before and

after AC. The mean change in area of the COT was

calculated by subtracting the mean values of its area

before and after AC (Table 1).

RESULTS

The mean values and standard deviation (SD) of

each measurement for each cadaveric dissection

are shown in Table 1. The combined mean

values (� SD) of the right and left sides before

and after extradural AC were as follows: (1)

A¼ 9.15� 0.93 mm and A 0 ¼ 13.45� 0.82 mm,

(2) B¼ 7.80� 1.24 mm and B 0 ¼ 9.90� 1.21 mm,

and (3) C¼ 7.15� 0.99 mm and C 0 ¼ 9.3�
1.26 mm, respectively. The area of COT (� SD)

before and after extradural AC was as follows:

DABC¼ 26.26� 6.05 mm2 and DA 0B0C 0 ¼
45.06� 8.92 mm2, respectively.

DISCUSSION

The anatomy of the ACP and surrounding struc-

tures has been studied extensively.4,5,12–14,16,21 The

ACP is located at the medial end of the lesser wing

of the sphenoid bone and forms the lateral wall of

the intracranial end of the optic canal.13 Its average

length is 7.7 mm and its average width is 4 mm.21 A

normal ACP is usually composed of a thin shell of

cortical and inner trabecular bone21; however, it

may contain air cells in communication with the

sphenoid sinus in 6.4 to 14.5% of the cases.12,22 The

AC creates an anatomical space that does not exist

when the clinoid is intact.12,21 The floor of this

space, the clinoid space, is occupied by the clinoid

segment of the ICA. The optic sheath is located

medially, and the superior orbital fissure is located

laterally.

Within the cavernous sinus, the CN III lies

between the two layers of the dura forming the

lateral wall of the cavernous sinus. It pierces the roof

of the cavernous sinus lateral to the posterior clinoid

process and courses in the upper part of the lateral

wall. It exits the cavernous sinus by passing below

the lower margin of the ACP to enter the superior

orbital fissure. This nerve provides a good landmark

for opening the lateral wall of the cavernous sinus.13

The layer of dura that lines the lower margin of the

Figure 2 Illustration of the carotico-oculomotor triangle

before (DABC) and after (DA 0B 0C 0) complete extradural

anterior clinoidectomy (D, triangle). Copyright # 2005 by

The Cleveland Clinic Foundation, Cleveland, Ohio. Re-

printed with permission.
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clinoid and separates it from the CN III and extends

medially to form the lateral part of the lower dural

ring is called the oculomotor membrane.23 The

triangular space between the ICA and CN III,

which is called the COT, has been an important

surgical corridor for accessing neoplastic lesions of

the parasellar, suprasellar, and paracavernous spaces

as well as vascular lesions of the basilar trunk and

apex. An extradural AC, by enlarging the COT

window, enhances access to such locations, enabling

more aggressive tumor removal or easier aneurysm

clipping.

Scant data are available on the morphometric

analysis of extradural AC. We believe that it is

important to support clinical experience with cadav-

eric data. Evans and colleagues19 have demonstrated

that an AC increases the exposure of the optic nerve

two-fold and increases the width of the opticocar-

otid triangle three- to four-fold. They did not

observe a marked increase of ICA exposure, but

opening the distal dural ring enhanced its mobi-

lization. In the present study, extradural removal of

the ACP led to an almost two-fold increase in the

area of the COT. Youssef and associates8 have also

reported a 44% increase in the carotico-oculomotor

distance by adding an AC to the standard pterional

approach. Additional retraction of the CNII

and the ICA, facilitated by an AC during an actual

surgery, can dramatically increase the surgical

window.

CONCLUSIONS

An extradural AC increases the surgical exposure

of the COT by almost two-fold. Enlargement of

this window facilitates not only the management

Table 1 Measurements before (A-B-C) and after (A 0-B 0-C 0) Extradural Anterior Clinoidectomy*

Cadaver A B C

DA-B-C Area

(mm2) A 0 B 0 C 0
DA 0-B 0-C 0 Area
(mm2)

1R 9 6 7 20.98 13 10 9 44.90

1L 10 6 6 16.58 13 9 8 35.50

2R 9 8 6 23.53 15 12 10 59.81

2L 8 6 6 17.89 14 9 9 39.60

3R 10 7 6 20.66 13 9 8 35.50

3L 9 6 5 14.14 13 8 7 24.25

4R 10 10 8 36.66 14 12 9 53.51

4L 9 7 7 24.13 15 9 10 43.61

5R 7 9 8 26.83 14 11 9 49.48

5L 8 9 7 26.83 12 11 10 51.52

6R 10 8 7 27.81 13 10 8 39.98

6L 9 8 8 29.77 13 9 10 44.90

7R 9 8 7 26.83 14 9 12 53.51

7L 8 9 8 29.77 12 11 10 51.52

8R 9 9 8 32.25 14 12 9 53.51

8L 9 7 9 29.02 13 10 12 57.00

9R 9 7 7 24.13 14 9 8 33.67

9L 10 9 7 30.59 14 9 9 39.60

10R 11 9 8 35.50 13 9 10 44.90

10L 10 8 8 31.23 13 10 9 44.90

Mean 9.15 7.80 7.15 26.26 13.45 9.90 9.30 45.06

SD 0.933 1.240 0.988 6.048 0.826 1.210 1.261 8.917

*All measurements are in millimeters (mm). R, right; L, left; SD, standard deviation.
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of parasellar and paracavernous tumors but also

vascular lesions of the basilar artery. This technique

improves the working area, early visualization,

decompression, and mobilization of the structures

that define its borders, and reduces the risk of

intraoperative neurovascular injury.
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Commentary

Removal of the anterior clinoid process

improves exposure of the parasellar and suprasellar

regions and of the area in front of the upper brain

stem. However, the extent of this exposure has not

been quantified. The authors did so in 10 cadaveric

specimens and concluded that the narrow space

between the carotid artery and oculomotor nerve

is almost doubled by drilling away the entire ante-

rior clinoid process. When dealing with tumors in

this area, surgeons often must use multiple avenues

to access this region because a single path may have

an unanticipated impediment. In the case of the

carotico-oculomotor triangle, the posterior commu-

nicating artery, anterior choroidal artery, and their
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perforating branches can be draped over and pushed

laterally by a suprasellar tumor. Enlarging the space

between the optic nerve and the carotid artery can

be achieved by opening the optic nerve sheath and

mobilizing the optic nerve, providing a different

trajectory to this area.
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