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Abstract

Introduction

The aim of this paper is to analyze the extended transcavernous – pet-
roapical subtemporal approach by microanatomical dissection for expo-
sure of structures in the petroclival region with a maximum drilled of the 
petrous apex.

Materials and Methods

Ten cadaver heads (20 specimens) fixed in formalin were dissected for 
this study. With the aid of the operating microscope an extradural and 
intradural dissection was carried out identifying the main anatomical 
landmarks for this approach.

Results

The superior petrosal sinus and the tentorium were cut before approach-
ing the cavernous sinus. The average measurements of the area of bone 
drilled were length (parallel to the longitudinal axis of the petrous bone) 
22.39±2.5 mm, width (perpendicular to the longitudinal axis petrous 
apex) 11.25±3.5 mm, depth or height 8.96±1.8 mm.

Conclusions

The surgical view obtained by this ¨extended¨ drilling of the petrous apex 
simplifies the removal of difficult lesions located in the posterior cavern-
ous- petroclival area.

Key Words: Anatomical Study;Cavernous Sinus; Petrous Apex; Tran-
spetrosal Approach.

Introduction

The approach of the cavernous sinus and the petroclival area remains 
a great challenge for neurosurgeons. This region was considered 
inaccessible for a long time due to anatomical complexity. 

The difficulties of surgical injuries within this area are due to the location, 
bony and neurovascular structures surrounding them.

Removal of the tip of the petrous bone, dissection of the sylvian fissure 
and cut of the cerebellum tent are essential steps for the approach of the 

petroclival lesions.

Surgical approaches include the transcavernous-transsellar [1], the sub-
temporal [2], combined posterior petrous – anterior petrous transpetrosal 
– transtentorial approach [3], the petrosal [4], transcavernous[5] and 
ultimately endoscopic avenues such as the transcavernous endonasal 
approach [6]. 

The anterior transpetrous approach first described by Kawase [7] and 
later modified by these authors[8], by Harsh and Sekhar[9], Xinru Xiao 
et al. [10] and Manjul Tripathi, et al [11], have contributed greatly to the 
surgical approach of the posterior cavernous sinus and petroclival area.

The aim of our study was to describe the anatomical bases of this 
approach in order to facilitate its understanding thus increasing its use by 
neurosurgeons that are facing tumors in such a difficult region.

Material and Methods

Ten formalin soaked fixed heads (20 specimens) were dissected for this 
study. They were placed in a Sugita head frame rotating the head 45° 
from the side of the dissection, simulating the actual surgical position. 
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A curvilinear incision was made through the skin over the region of the 
pterion using the dissection approach described by Yasargil [12].

Frontotemporal craniotomy, osteotomy of the major wing of the sphenoid 
and zygomatic arch cut are performed.

A lateral dissection of the medial fossa floor was performed through a 
micro surgical view across the lateral, medial, and anteroposterior planes.

Anatomic    reference    points    were   identified for this approach, including 
the middle meningeal artery (MMA), the mandibular branch of the 
trigeminal nerve (V3), the arcuate eminence (AE), and the major 
superficial petrosal nerve (MSPN).

The MMA was cut above the level of the foramen spinosum to avoid the 
small branches that supply both the MSPN and the geniculate ganglion.

The drilling of the tip of the petrous bone was performed in three ways:

1. Extradural Paratrigeminal: After V3 and Gasser’s ganglion (GG).

2. Sub trigeminal Extradural: Trigeminal impression.

3. Intradural Transcavernous: Through the posterior area of the Parkinson’s 
triangle of the lateral wall of the cavernous sinus.

All anatomic microsurgery data were then recorded, completing the 
dissection of the skull base to study the relationship of the drilled zone 
with its surrounding structures.

Anatomical Observations

The distance from the foramen spinosum to the lateral margin of the 
foramen ovale was 2.11 ± 0.5mm. And to the arcuate eminence 28.75 ± 
2.14 mm. MSPN identification is easier at the facial hiatus level.

Due to its thinness the dural sheath covering it can be confused with the 
strings of the dura mater of the lower middle fossa. 

The MSPN has two segments; a lateral one embedded in the bone from 
the facial hiatus to the geniculate ganglion (length of 3.72 ± 1.36 mm) 
and medial that is superficial from the facial hiatus towards the lateral 
border of V3 (length of 11.62 ± 2.2 mm). In one specimen there was no 
bone covering the MSPN and geniculate ganglion. MSPN is an important 
point in the anatomical identification of the horizontal segment of the 
intrapetrous internal carotid artery (iICA), with the two structures in a 
parallel course.

The distance from the foramen spinosum to the MSPN taking a line 
perpendicular to the path of the nerve was 7.35 ± 1.39mm. Behind the 
border of the third branch of the trigeminal nerve, the iICA was covered 
by a thin bone plate in 75% of the samples and by thin periosteum in 
the remaining 25%. In cases where the iICA is not covered by bone, it 
was called “Carotid Window” (CW). The length of this window was 3.1 ± 
0.7mm and its width was 3.25 ± 0.9mm. In this area MSPN is running on 
the medial third of the artery in 60%; on its middle third in 20% and more 
of its lateral third in 20% of the cases. In those cases where there is no 
window, the thin bone plate that covers the iICA next to the mandibular 
branch is easy to remove.

At this stage of extradural dissection, the dura is tense due to its strong 
fixation to the foramen ovale and lateral aspect of the antero-superior 
aspect of the petrous bone. To obtain a greater extradural exposure, the 
dura can be relaxed in two ways. One, cutting the dura adjacent to the 
foramen ovale, facilitating dissection along V3 and GG. The other way 
is to cut the dura mater adjacent to the middle third of the upper border 
of the posterior part of the petrous bone and lateral to the Meckel cavum 
(MC). In doing so, it is able to completely expose the anterior face of the 
petrous bone.

Resection of the Petrous Portion Apex

After an accurate recognition of the anatomical landmarks, the drilling 
of the bone was carried out using three approaches: Paratrigeminal, sub 
trigeminal and transcavernous.

Paratrigeminal Route

In this stage, the drilling was performed in the Kawase area, taking into 
account the longitudinal axis of the petrous bone, the limits of this area is: 
anteriorly the lateral border of V3 and the GG, posteriorly a line parallel 
to the anterior limit drawing an area of   13.5 ± 0.61 mm posterior to it. 
According to the transverse axis of the petrous bone, the medial boundary 
is given by its upper border, which contains the superior petrous sinus 
(SPS).  The lateral limit is the horizontal segment of the iICA and the 
MSPN (Figure 1).  The cochlea is posterior to this zone and care must be 
taken not to damage it.

The drilling began at the lateral edge of V3 and continued posteriorly. The 
tip of petrous bone in this area was relatively soft and easy to remove. 
Variable degrees of pneumatization were found in some specimens. Close 
to the cochlea the bone hardens and the surgeon should be aware of the 
possibility of damaging this organ if the drilling extends further posterior 
to this region (Figures 1-2). It is preferable to leave a thin plate of bone on 
the iICA to avoid accidental trauma during the drilling procedures. At the 
end of the perforation, the inferior petrosal sinus (IPS) was identified in 
some specimens (Figures 4).

Figure 1: Top view of the anterosuperior face of right petrosal bone. Note 
the close relationship of these structures to the tip of the petrous bone 
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that will be removed (AP). SPS:Superior petrous sinus; AP: Petrous apex; 
VC:Carotid window; FE: Foramen spinosum; M: Hammer; Black short 
arrow: Facial nerve (tympanic segment); Long black arrow: Facial nerve 
(labyrinth segment); Arrowhead: Geniculate ganglion; Curved arrow: 
Superior vestibular nerve; Open short arrow: Upper semicircular canal; 
Open long arrow: Cochlea; Star: Tympanic tensor muscle; Point: Major 
superficial petrosal nerve; V: Fifth cranial nerve; PL (sc): Lateral wall of 
the cavernous sinus; Scale in millimeters

Figure 2: Top view of the anterosuperior face of the left petrosal bone. 
Exposure of bone after extradural dissection of the anatomical structures 
of the petrous, tentorium and elimination of the dura mater of the Meckel 
cavum and paratrigeminal drilled of the tip of the petrous bone. A.C.I.i. 
Intrapetrous internal carotid artery in its horizontal segment; R.T.: 
Trigeminal nerve root; G.G.: Gasser’s ganglion; R.M.: Mandibular branch 
of the trigeminal nerve; A.P.: Residual petrous apex; C.:Cerebellum; T.: 
Tentorium; Long thin arrow: Tympanic tensor muscle; Thin short arrow: 
Major superficial petrosal nerve; Thick short arrow: Semicircular ducts; 
Curved arrow: Internal auditory canal with the auditory segment of the 
facial nerve and vestibular nerve; Black spot: Cochlea; Diamond: Facial 
nerve tympanic segment; Star: Geniculate ganglion; Scale in millimeters.

Subtrigeminal Route

The area of bone to be drilled corresponds to the bone impression of the 
trigeminal nerve. In order to gain access to this region, the lower and 
posterior surfaces that limit MC must be sectioned at the extradural facet 
to allow the mobilization of the trigeminal root. The root was displaced 
anteriorly and superiorly to the drilling below and posteriorly until 
removal of the near the cavernous sinus, but without entering it (Figure 3). 
 
The bone was soft in this region with abundant venous channels. The IPS 
and petroclival confluent venous were in the immediate vicinity of the 
drilled zone (Figures 4-5).

 
Figure 3: Top view of the anterosuperior face of the right petrosal bone. 
Exposure of the floor of the middle fossa after extradural dissection of the 
anatomical structures of the petrous, tentorium and elevation of the dura 
mater of the Meckel cavum together with the ganglion of Gasser. Observe 
the space left after the tip of the petrous bone is drilled by the subtrigeminal 
line (line points). A.C.I.i: Intrapetrous internal carotid artery in its 
horizontal segment; P.F.M .: Floor of the middle fossa; D.M .: Dura mater 
of the posteroinferior face of the petrous bone after the removal of much 
of the tip of the petrous; A.P.r .: Residual petrous apex; VI: Sixth cranial 
nerve; Star: Petrolingual ligament; Arrowhead: Major superficial petrosal 
nerve; Black spot: Gasser’s ganglion; Scale in millimeters.

Figure 4: Superolateral view of the right petrosal apex after bone removal 
through the paratrigeminal, subtrigeminal and resection of the dura 
mater in the petroclival region. Observe the origin of the anteroinferior 
cerebellar artery (Long black arrow). G.G .: Gasser’s ganglion; R.P .: 
Posterior root of the trigeminal nerve; P: Pons; A.B .: Basilar artery; 
Short black arrow: Upper cerebellar artery; VI: Sixth cranial nerve in its 
cisternal segment; IV: Fourth cranial nerve; Black spot: Entrance of the 
inferior petrous sinus.
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Figure 5: Superolateral view of the posterior part of the lateral wall of the 
cavernous sinus after resection of the Meckel cavum and the tentorium 
(right side). Take into account the area of drainage of the tip of the 
petrous bone through the transcavernous(A.P.i) pathway, as well as the 
subtrigeminal (Curved arrow) and paratrigeminal (A.P.p) areas. G.G.: 
Gasser’s ganglion; R.T.: Trigeminal nerve root; A.C.I.i: Intracavernous 
internal carotid artery; P.S.: Upper cavernous sinus wall; D.M.: Dura mater 
of the petroclival region; A.B.: Basilar artery; A.C.S.: Upper cerebellar 
artery; P.: Pons; VI: Sixth cranial nerve; III: Third cranial nerve; Point: 
Fourth cranial nerve; Star: Petrolingual ligament; Long black arrow: 
Anastomosis of the sympathetic trunk with the IV cranial nerve.

Transcavernous Route

This stage was carried out using an intradural route. The dura was opened 
on the sylvian fissure downwards, that is, towards the dura mater of the 
base of the skull. Here the incision bifurcated toward the floor of the 
frontal and temporal fossa, leaving a broad 3 cm strip of the dura mater 
parallel to the base. The temporal extension posteriorly reaches AE. The 
SPS was cut intradural approximately 10 mm behind the trigeminal root 
and the cerebellum tent parallel to the fourth cranial nerve.

It is introduced into the cavernous sinus by the posterior part of the 
Parkinson’s triangle and the remnant of the tip of the petrous bone is 
drilled.

The main anatomical structures presenting in this area were the ICA on 
its exit from the torn hole behind the petrolingual ligament and the IV 
cranial nerve in its cavernous segment (Figure 5). This transcavernous 
route exposes the posterior vertical segment and the posterior curve of 
the intracavernous ICA and the meningohypophyseal arterial trunk. 
After drilling, the dura was cut from the medial part of the poster inferior 
side of the petrous bone adjacent to the IPS, allowing visualization of the 
petroclival venous confluent, Dorello’s canal (Figure 5).

After completion of the drilling of the tip of the petrous bone, the average 
measurements of the bone drilled area were: parallel to the longitudinal 

axis of the petrous bone (medially corresponding to the medial border of 
the GG and trigeminal root to the cochlea and Internal auditory canal - 
IAC- laterally) 22.39 ± 2.5mm; perpendicular to this axis (corresponding 
previously ICA in its intra petrous horizontal segment and MSPN until 
the SPS posteriorly) 11.25 ± 3.5mm and 8.96 ± 1.8mm of depth that 
corresponds from the surface of the floor of the middle fossa in the 
Kawase triangle to the petroclival fissure.

When the tip of the petrous bone has been drilled through the three 
aforementioned pathways, the exposed neurovascular structures included 
the fourth cranial nerve in its cisternal course; motor and sensory root 
of the trigeminal nerve; the IV cranial nerve in its cisternal segments, 
interdural within the petroclival venous confluent; Dorello’s canal and 
intracavernous segment in its posterior part, middle portion of the basilar 
artery (Figure 4-5); the origin of the anteroinferior cerebellar artery, 
the superior cerebellar artery at the pontomesencephalic junction, and 
the upper middle portion of the protuberance (Figure 4). If the bone 
perforation extends posteriorly, it is possible to expose the dura of the 
internal auditory canal and its contents (Figure 1-2) 

Figure 6: Posterior view of the right petrosal apex after complete removal 
through the three routes (white dashed line). Take into account the 
three drilled areas the same that are separated by two parallel vertical 
intersecting lines, that initiate medial and lateral of the dural pore of the 
trigeminal nerve respectively. Paratrigeminal drilled area (Three white 
stars); subtrigeminal (Two white stars),transcavernous(a white star); D.M.: 
Periostic duramater of the petroclival region; R.P.: Posterior root of the 
trigeminal nerve, T.: Tentorium; H.T.: Lateral temporal bone to the apex 
region removed; C.:Clivus; White point: Sulcus of inferior petrous sinus; 
Short white arrow: Vestibular nerve, Long white arrow: Facial nerve; Black 
short arrow: Gruber’s ligament; Black star: Sixth cranial nerve; Scale in 
millimeters.

Discussion

The petroclival region lies deep in the base of the skull and surgical 
approaches in this area are hampered by the complexity of the 
neurovascular and bony structures. This region is divided into two areas: 
superior corresponding from the level of the posterior clinoid processes 
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to the dural foramina of the trigeminal nerve and inferiorly corresponds 
to the lower limit of the aforementioned area to the holes of the internal 
auditory canal. The anterior transpetroapical sub temporal approach 
allowed us to reach the lower region of the petroclival area [13].  But, 
with the approach described here we can also access the upper part of this 
region.

The modification of this approach in relation to the approach of Kawase 
consists of the exposition of the posterior part of the cavernous sinus, 
greater mobilization of the trigeminal root, allowing a greater drilling of 
the tip of the petrous bone.    

In 1992 Harsh and Sekhar describe the transpetrous transcavernous 
subtemporal approach that allows to expose the superior part of the 
brainstem, the tip of the petrous is removed intra dural mobilizing the 
trigeminal nerve and exposing the posterior part of the cavernous sinus. 
The area of   bone resection obtained in this approach measures 1.5 x 1 cm 
[9].

Fukushima Takanori, et al., Describes the extradural approach for 
total resection of the petrous apex with translocation of the trigeminal 
nerve, improving the exposure of the posterior cavernous sinus and the 
petroclival region to extradural exposition of iICA in the foramen lace 
rum region [14].

Ali Krisht, describes the transcavernous approach for lesions anterior 
to the superior third of the posterior fossa, emphasizing resection of the 
anterior and posterior clinoid process, exposure in the MC region and 
lateral wall of the cavernous sinus for apex resection petrous, which allows 
visualizing areas such as: interpeduncular fossa, prepontine cistern and 
lesions that cover the upper part of the protuberance [5].

Our work describes three consecutive pathways: Para trigeminal, sub 
trigeminal and transcavernous, the first two are performed by extradural 
route and the third is intradural.

During the extradural dissection, anatomic references such as foramen 
ovale, AE and MMA are taken into account when entering the foramen 
spinosum.

This last anatomical structure was found without bony cover in a specimen 
in our specimens. Paullus, et al., Found MSPN and geniculate ganglion in 
30% and 16% of cases, respectively, without bone coverage [15]. Maina, et 
al found the geniculate ganglion without bone cover in 17% [16].Mortini, 
et al., In his study “Exposure of the petrous segment of the internal carotid 
artery of the extradural sub temporal middle cranial fossa approach: A 
systematic anatomical study” found in 14% of the specimens studied 
the partial or totally uncovered geniculate ganglion of The length of the 
MSPN from its origin in the geniculate ganglion up to the lateral border 
of V3 was 14.68 mm, that is to say 0.66 mm less than in the specimens 
of this study [17]. Maina, et al, found that the MSPN bone segment had 
a variability of 3.84 mm ± 2.33 mm (16), with little difference from the 
present findings 3.72 mm ± 1.36 mm. These two anatomical structures 
are used as reference points for the identification of IAC as described by 
Ming Ying Lan[18].

The preservation of MSPN is particularly important in patients in whom 
the ophthalmic branch of the trigeminal nerve is involved by the tumor, 
because it may be injured during surgery. Inadvertent MSPN damage can 
result in severe postoperative keratitis, and facial paralysis at this stage of 
the procedure may be the result of injury to the geniculate ganglion by 
inadvertent traction of the MSPN during the extradural exposure of the 
floor of the medial fossa. Rhoton noted that the presence of postoperative 
late facial paralysis in this approach is due to late edema caused by surgical 
manipulation of the geniculate ganglion [19].

The bone defect found on iICA after V3 has already been described by 
other authors such as Leonetti, et al, Paullus, et al., Maina, et al. [15,20,16]. 
This anatomical finding allows an easy identification of the iICA through 
this CW, being also an important anatomical point in the drilled of the 
petrous apex.

The limits of bone drilling in the Para trigeminal area have been described 
by authors such as Harsh, et al, Kawase, et al [9,21]. The posterior limit 
was not clearly defined due to the lack of a precise anatomical reference 
point, in the dissections of this work it was determined that it can be 
safely drilled 13.51 ± 0.64 mm posteriorly and parallel to V3. Within 
this distance the integrity of the cochlea is preserved. In contrast to the 
findings of Jonathan A. Forbes, et al, who describes that outside a radius 
of 12.5 mm seems to be associated with a low degree of risk of injury to 
the cochlear organ [22].

In order to maintain the correct direction during the drilled it has been 
found useful to carry out the positioning of the bone removal with 
perforation perpendicular to the sagittal plane and parallel to the floor of 
the medial fossa, varying the angulation of the hand piece up to 35° to drill 
the Para trigeminal area and up to 75° posteriorly to the sub trigeminal 
zone, this area corresponds to the Kawase triangle. For other authors such 
as Mortini it corresponds to a pentagonal area whose limits are: anterior 
iICA and MSPN, anterolateral cochlea, posterolateral IAC, medial GG and 
trigeminal nerve root and posterior SPS [17]. It is necessary to take into 
account that the bone around the cochlea is more solid and when moving 
away from it becomes more trabeculated and sometimes pneumatized.

The progressive medial mobilization of the GG and trigeminal nerve root 
allows to fully identifying the petrolingual ligament that corresponds to 
the beginning limit of the intracavernous portion of the internal carotid 
artery, being also the previous limit to carry out the sub trigeminal area 
(trigeminal impression).

The intradural drilled of the petrous apex through the transcavernous 
approach has been described by Harsh and Sekhar in the cases of 
basilar artery aneurysms and petroclival lesions without extension to 
the cavernous sinus [9]. The latter stage is performed by dissection 
between the two lateral wall membranes of the cavernous sinus through 
the Parkinson’s triangle [23], identifying anatomical elements such as: 
intracavernous ICA in its posterior curve, VI cranial nerve, Dorello’s canal 
and the residual petrous apex to be drilled.

The tip of the residual petrous bone is very small and difficult to drill in 
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this way, so it may be considered to omit this step in case it is not necessary 
to fully drill it.

The average measurements obtained from the drilled of the tip of the 
petrous bone by these three routes in our study were: Length 22.39 ± 
2.5mm, width of 11.25 ± 3.5mm, and depth or height of 8.96 ± 1.80mm 
(Figure 6).

A study of the area of the Kawase triangle, Hsu et al describes an average 
area of 62 ± 43 mm2 in 11 specimens (24), Maina et al reported an average 
of 106.72 ± 19.44 mm2 in 18 specimens (16) , Watanabe et al reported an 
average of 81.7 ± 23.3 mm2 in 12 specimens (25), Arėstegui et al reports 
an average of 84.2 mm2 (26), and in our group we have a mean of 113.07 
± 33.65 mm2 considering part of this measure the drilled of the petrous 
apex by the transcavernous route.

Conclusions

The surgical approach described here improves the area of exposure in the 
petroclival region, allowing better visual control of important anatomical 
structures.

This micro anatomical study demonstrates the possibility of widening the 
drainage of the petrous apex especially by the Para trigeminal and sub 
trigeminal pathways covering most of the bone resection of the petrous 
apex. The transcavernous approach allows a better visualization of the 
anatomical structures located in the upper third and middle of the clivus.
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