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ABSTRACT

Ten cadaveric heads fixed and injected were dissected in the operative
position. An enlarged subfrontal approach was adopted. The clival bone was
drilled as much as possible under direct microscopic vision. Dissection in blind
angles was avoided until the clival dura was exposed. The rigid 4-mm endoscope
(angled 0 degrees and 30 degrees) was secured in a holder so the surgical cavity
could be inspected. The residual bone was drilled under endoscopic visualization.
The amount of bone removed was measured and compared with that removed
under microscopic view. Blind angles in both microscopic and endoscopic views
were recorded. The additional area of clival bone removed under endoscopic visu-
alization compared with microscopic visualization was 467 mm2 (range, 176 to
753 mm2; standard deviation, 208.8 mm2).The amount of additional bone re-
moved under endoscopy was inversely and significantly related to the minimal
distance between the vertical segment of the two cavernous carotid arteries (p =
0.04). The endoscope is of great value in the removal of clival bone through the
extended subfrontal approach. Its use improves the visualization of angles that
are blind under the microscope.
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and the border of the frontal craniotomy superi-
orly. The first cut in the orbital roof was made bi-
laterally in an anteroposterior direction and then
from lateral to medial while the frontal dura and
periorbita were protected with retractor blades. A
horizontal cut posterior to the cribriform plate joined
the two orbital cuts. Another horizontal osteotomy
through the nasal and ethmoidal bones at the level
of the ethmoidal foramina extended posteriorly to
the anterior ethmoidal foramina arteries. This cut
was connected with the orbital osteotomies on the
orbital roofs. When necessary, the fronto-orbito-
ethmoidal bone flap was removed with the aid of a
chisel and mallet.

A self-retaining retractor was placed under
the frontal lobes in the midline, and the operating
microscope was brought into the surgical field. The
middle and posterior ethmoid cells were removed
to enlarge the exposure. The optic nerves were de-
compressed superiorly, laterally, and medially at the
optic canal. The planum sphenoidale and the ante-
rior wall of the sphenoid were resected, and the mu-
cosa and bony septa were removed. The sella, cav-
ernous sinuses, and carotid arteries were unroofed
with a curved handpiece air drill (Midas Rex Com-
pany, Fort Worth, TX).

The anterior and posterior vertical segments
of the intracavernous portions of the internal ca-
rotid arteries (ICAs) were exposed. The arteries were
followed retrogradely to the point where they en-
tered the cavernous sinus, allowing part of the petrous
apex to be resected (Fig. 1).

Bone resection was continued as much as pos-
sible under the sella toward the posterior clinoid
processes and then proceeded caudally toward the
foramen magnum and occipital condyles. Bone re-
moval was extended as much as possible by chang-
ing the position of the microscope to expose the cli-
val dura from the foramen magnum up to the bone
of the posterior clinoid processes. Drilling ceased
when no more bone could be removed safely under
an unobstructed microscopic view (i.e., the contact
point between burr and bone was clearly visible
during drilling). Three authors confirmed this con-
dition by examining each specimen separately. The

The extended subfrontal approach to the
clivus1 was introduced as a modification of the ap-
proach to the skull base described by Derome in
1972.2 The basic concept of the modification was
to enlarge the cranial bone opening by adding a bi-
lateral fronto-orbital osteotomy combined with an
ethmoidectomy to expose the sphenoclival area. As
a result, less retraction on the frontal lobes is re-
quired and a wider exposure of the clivus is possi-
ble. However, some blind angles remain and removal
of the lateral bone may be difficult in the deep and
narrow operative field. This report describes a new
technique to remove the clival bone under endo-
scopic visualization through a modified transcranial
subfrontal orbitoethmoidal approach.

MATERIALS AND METHODS

Ten adult cadaveric heads (5 males and 5 females)
of unknown age with no pathology of the skull and
brain were injected and preserved in a solution of
formalin and glutaraldehyde. During dissection the
heads were fixated in a three-point clamp and placed
in the same position used during surgery.

A bicoronal skin incision was begun at the
level of the zygomatic arch less than 1 cm in front
of one tragus and extended to the other side, cross-
ing the vertex 4 cm behind the hairline. The skin
flap was elevated from the skull to the supraorbital
rim bilaterally and 1 cm below the frontonasal su-
ture. The supraorbital vessels and nerves were re-
leased from their foramina and preserved. The pe-
riorbita was dissected from the roof of both orbits
at least 3 cm posteriorly to the orbital rim and me-
dially to the anterior ethmoidal artery.

A bilateral frontal craniotomy was performed
just above the supraorbital ridge. The dura of the
frontal lobes was elevated from the orbital roof and
crista galli. The dural sleeves of the olfactory grooves
were cut bilaterally, and the crista galli was removed.
The dura was elevated from the planum sphenoidale.

A bilateral fronto-orbitonasal bone flap was
extended from the frontonasal junction inferiorly
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Figure 1 Microscopic view of the specimen
after microsurgical drilling.

area of clivus exposed under microscopic visualiza-
tion (“M” area) was measured using a millimetric
paper.

A 0-degree- and a 30-degree-angled, rigid,
4-mm diameter endoscope (Karl Storz Endoscopy
America Company, Culver City, CA) connected to
a video recorder was introduced and secured by an
electropneumatic holder (Mitaka Kohki Company,
Toyko, Japan). A 0-degree lens was introduced first

and a 30-degree endoscope was used as a second
step. Drilling was then continued under endoscopic
visualization (Fig. 2). The amount of bone removed
from the clivus was determined by measuring the
area of additional bone removal obtained under the
endoscopic visualization (“E” area).

A CT scan was made after both the micro-
scopic and endoscopic drilling. The areas of bone
removal were compared with particular attention to

Figure 2 Endoscopic view of the specimen
after endoscopic drilling.
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the amount of bone still present in the posterior
clinoid, petrous apex, and condylar areas.

The measurements before and after endo-
scopic drilling were compared and the difference,
range, and standard deviation were calculated. The
percentage of the increased area after endoscopy
from “M” into “E” was defined as “�perc.” The loca-
tion of the blind angles was recorded under both the
microscope and endoscope. To evaluate the safety of
drilling, particular attention was paid to the subsellar,
petrous apex, and condylar areas. Under endoscopic
view the distance between ICAs at the petrous apex
(distance “W”) and the minimal distance between
the vertical posterior segments of the cavernous ICA
(distance “Z”) were measured (Fig. 3).

The following variables considered in the sta-
tistical analysis were performed with SAS software:
(1) the areas of bone removal after microscopic (M)
and endoscopic (E) drilling; (2) the difference be-
tween (M) and (E) expressed as a percentage (�perc);
(3) the distances between the carotid arteries at the
petrous apex (W) and at the vertical segment (Z).
The variables were distributed normally, as demon-

strated by the Shapiro-Wilk statistic. Therefore,
parametric analyses were performed. Pearson’s cor-
relation coefficient and linear regression models were
used to evaluate the relationship among all vari-
ables considered.

RESULTS

The area of clival bone removed under microscopic
visualization ranged from 416 to 616 mm2 (mean,
515.9 mm2; SD, 63.12 mm2). The area of bone re-
moved under endoscopic visualization ranged from
680 to 1353 mm2 (mean, 983.5 mm2; SD, 217.2
mm2).The difference in the amount of bone removed
under endoscopic visualization ranged from 176 to
753 mm2 (mean, 467.6mm2; SD, 208.8 mm2). The
percentage of the amount of additional bone re-
moved under endoscopy compared with under mi-
croscopy ranged from 34.9 to 174% (mean, 92.2%;
SD, 42.2%). The mean distance between the two
ICAs at the petrous apex and the mean minimal dis-

Figure 3 The distance between the two carotid
arteries was measured at two points, “W” and
“Z” ( see text for explanation).



tance in the vertical segment was 19.7 mm (SD ±
2.3 mm; range, 16 to 24 mm) and 15.3 mm (SD, 3.4
mm; range, 10 to 21 mm), respectively.

A significant correlation between “�perc”
and “Z” (r = 0.65, p = 0.04) was found. To further
define the relationship of “�perc” with “Z” and “W”,
linear regression models were calculated. “�perc”
was inversely correlated with “Z” (p = 0.04, r2 =
0.42, b = –0.09 where “b” is the angular coefficient).
No relationship was found between “�perc” and “W”
(p = 0.39) (Fig. 4).

The blind angles under microscopic view were
located (1) at the dorsum sellae and the area imme-
diately under the sella, (2) posterior and lateral to

the vertical segment of the carotid artery, and (3)
above and lateral to the condyles. Under endo-
scopic visualization all these angles were associated
with a residual amount of bone left after the micro-
scopic drilling which could be safely removed under
the endoscope. Under microscopic visualization the
dorsum sellae was never totally removed (Fig. 5),
whereas under endoscopy the dorsum sellae was re-
moved completely in 8 cases (Figs. 6 and 7) and
subtotally in 2.

DISCUSSION

The extended subfrontal approach to the clivus was
proposed as an improvement on the transbasal ap-
proach described by Derome.1,2 The basic idea was
to combine this approach with an orbitonasal os-
teotomy. The aim of the modification was to reduce
traction on the frontal lobes and to improve vision
in a deep and narrow operative field such as the cli-
val area (Fig. 8). The indications for this approach
include infiltrative tumors that involve the clival
bone (e.g., chordomas and chondrosarcomas).3

Compared with transfacial routes, the ex-
tended subfrontal approach has three advantages.
First, it allows closure of the clival dura by reflect-
ing a pedicled pericranial flap packed by fatty tissue
in the operative field. Second, it allows decompres-
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Figure 4 Linear regression model showing the relation-
ship between “�perc” and “Z” (b = –0.09, r2 = 0.42).
Model equation: �perc = 2.2402 + b · Z.

Figure 5 Sagittal CT reconstruction after the
microscopic approach. Residual bone is evi-
dent at the dorsum sellae (arrow).
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Figure 7 3D-CT reconstruction of a speci-
men with a wide space between the ICAs
after the endoscopic approach.

A

B

Figure 6 (A) Sagittal CT reconstruction and (B) 3D-CT reconstruction after the endoscopic approach in the same speci-
men. The dorsum sellae has been removed completely even when (B) the distance between the ICAs is minimal.
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Figure 8 The extended subfrontal approach. The orbital osteotomy (B) increases the exposure of the clivus compared
with the standard frontal craniotomy (A) while brain retraction is minimized. The blind area (C) can be reached with the
help of the endoscope (see Fig. 6).

sion of both optic nerves, which is frequently neces-
sary due to a tumoral extension. Finally, for extensive
tumors, it can be combined with a frontotemporo-
orbitozygomatic or a subtemporo-infratemporo-
transzygomatic approach.

Complete resection of these tumors requires
removing bone beyond the radiological border of a
lesion.1,4,5 Although T2-weighted magnetic reso-
nance imaging shows demarcated margins, know-
ing where and when to stop bone resection during
surgery is difficult. Therefore, it is extremely impor-
tant to have a direct view of the macroscopic ap-
pearance of the clival bone around the lesion.5

Despite the improvement offered by the ex-
tended subfrontal approach, microscopic visualiza-
tion is still limited. Furthermore, the angle of vision
under the microscope must be changed according to
the clival area the surgeon wants to reach.6 Conse-
quently, vision in the deepest area of the field and the
space available to introduce instruments are reduced.
Moreover, a tumoral extension lateral to the petrous
ICA is difficult to reach under microscopic vision.7

Because of the intensity of their light and
high optical quality, only rigid lens endoscopes fixed

in the desired position by a simple mechanical holder
have been shown to be safe and effective during sur-
gery.8,9 Safe drilling requires continuous direct vision
of the drill burr. Therefore, the position of the endo-
scope must be changed frequently. However, the
multiple maneuvers required to move the endoscope
can slow the procedure considerably. The mechani-
cal holder adopted in our study was easy to use be-
cause the electropneumatic control system allowed
delicate and rapid movements. As a result, position-
ing the endoscope in the operative field was precise
and quick. Endoscopy requires little space to work
in deep corridors; compared with drilling under mi-
croscopic visualization, less retraction on the frontal
lobes is needed. This advantage helps to avoid dam-
age to the frontal lobes during surgery.

Both the 0- and 30-degree-angled lens en-
doscopes should be used in two steps. This strategy
makes it easier to understand the anatomy and to
maintain orientation. Our data indicate that the en-
doscope improves vision in a deep, reversed, cone-
shaped operative field and allows safe removal of
bone in areas that are blind under microscopic vi-
sion. As shown by the dissections and confirmed by



CT, the blind angles under microscopy are located
under and behind the sella, lateral and posterior to
the intrapetrous ICAs, at the foramen lacerum seg-
ment, and superoposteriorly to the occipital condyles.
Endoscopy visualizes these angles and allows the
surgeon to work under direct vision, making bone
removal safe and accurate.

Our data suggest that the improvement in
vision offered by endoscopy is more evident in nar-
row corridors because the distance between the
ICAs at the vertical segment (“Z” distance) is min-
imal. In fact, the percentage of additional bone re-
moved under endoscopy was inversely related to that
distance, as the statistical analysis on this small num-
ber of anatomical specimens suggested. To confirm
the significance of this finding, a larger number of
specimens should be dissected. In most of our spec-
imens, the dorsum sellae, typically considered to be
a blind spot unresectable through the transbasal ap-
proach1,2 under microscopic vision, was removed to-
tally under endoscopy.

In our experience, the flat two-dimensional
vision provided by the endoscope does not represent
a problem during dissection. Although the sharp-
ness of the pictures seen on the monitor is still in-
ferior to direct microscopic vision, it is sufficient to
perform the dissection safely.

An endoscopic approach to the clivus in the
attempt to remove a clival tumor was reported early
in the literature. However, it was conducted through
an endonasal trans-sphenoidal route.10 The idea of
using the extended subfrontal approach to reach the
clivus through an endoscopic technique has never
been reported. We removed an extended portion of
the viscerocranium to reduce traction on the brain
and to improve visualization of deeply located areas.
Endoscopy improved visualization to a remarkable
level. This study confirms the value of the endo-
scope for visualizing blind angles compared with the
microscope. Endoscopic visualization improved the
amount of bone that could be removed, thereby en-
hancing the safety and radical removal of some cli-
val tumors.
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Commentary

Combining endoscopic and open craniotomy
techniques to improve visualization deep within the
operative field and around tight angles is not new.
The strategy is most commonly used in the resec-
tion of pituitary and acoustic tumors. These authors
demonstrate yet another instance in which the en-
doscope improves operative exposure and visualiza-
tion, which translates to improved access and to safe
and complete tumor removal. In this particular case,
the blind spots that had impaired visualization were
the dorsum sellae, posterior and lateral vertical seg-
ments of the carotid artery, and the area superior
and lateral to the clinoid.
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The benefits of the extended subfrontal ap-
proach are well documented: decreased retraction on
the frontal lobe and the ability to reach the anterior
clivus, anterior cranial fossa, and nasal ethmoid re-
gions. To further improve access to these areas, we
use a level III transfacial approach, which involves
a bifrontal craniotomy and bifrontal nasal orbital
osteotomy. Osteotomies extend down to the lateral
orbits and the nasal bone, leaving a frontal orbital
bandeau for a plastic surgeon to remove. The addi-
tion of a circumferential cribriform plate osteotomy
preserves olfaction. The lateral orbital osteotomies
allow lateral retraction of the globes without risk of
impairing vision. When a lesion of the clivus must
be resected, other approaches should be considered
based on the size, location, and extent of the tumor,
including the transoral, trans-sphenoidal, infratem-
poral fossa, and transfacial approaches. Overall,
this manuscript is excellent, and the authors should
be congratulated for their contributions to the skull
base literature.

Randall W. Porter, M.D.1

Commentary

The authors reported an anatomical study
based on 10 adult cadaveric heads. The clivus was
exposed through an extended subfrontal approach,
and the additional exposure gained with endoscopic

supplementation after a maximum microsurgical ex-
posure was measured. The results indicated that an
additional area, ranging from 34.9% to 174% more
bone, can be exposed by the addition of the endo-
scope. The authors also concluded that the percent-
age of increased area after endoscopy (�perc) is
greater in the region of the vertical segment of the
internal carotid arteries (ICAs) where these arteries
are closer together. They rightly advocate drilling
only when the drill burr can be visualized, and their
study appears to demonstrate better visualization
of the burr in “blind angles” with the endoscope.

This study confirms what is known intu-
itively about the capabilities of the endoscope and
joins a rapidly growing volume of literature demon-
strating this capability. It has yet to be demon-
strated whether endoscopy can be performed safely
in a patient where visualization would require both
meticulous hemostasis to prevent obscuration of
the lens and careful control of the drill when work-
ing behind the ICA and other critical structures.
Also not yet demonstrated is an improvement in
the length of survival of patients with extensive
giant skull base chordomas. To remove such a le-
sion completely to cure a patient using today’s
technology still seems a Herculean and almost im-
possible task. If the authors use this approach in a
clinical setting, a report of their experience would
be interesting.

William L. White, M.D.1
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