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Abstract

Objective The suboccipital lateral or retrosigmoid approach is
the main neurosurgical approach to the cerebellopontine angle
(CPA). It is mainly used in the treatment of CPA tumors and
vascular decompression of cranial nerves. A prospective study
using navigation registered with anatomical landmarks in
order to identify the transverse and sigmoid sinuses junction
(TSSJ) was carried out in a series of 30 retrosigmoid
craniotomies. The goal of this study was to determine the
accuracy of this navigation technique and to establish the
relationship between the location of the asterion and the TSSJ.
Methods From March through November 2008, 30 patients
underwent a retrosigmoid craniotomy for removal of CPA
tumors or for surgical treatment of neurovascular syn-
dromes. Magnetic resonance imaging (MRI) T1 sequences
with gadolinium (FSPGR with FatSst, 1.5 T GE® Signa)
and frameless navigation (Vector vision®, Brainlab®) were
used for surgical planning. Registration was performed
using six anatomical landmarks. The position of the TSSJ
indicated by navigation was the landmark to guide the
craniotomy. The location of the asterion was compared with
the position of the TSSJ. After craniotomy, the real TSSJ
position was compared with the virtual position, as
demonstrated by navigation.

Results There were 19 cases of vestibular schwannomas, 5
petroclival meningiomas, 3 trigeminal neuralgias, 1 angio-
blastoma, 1 epidermoid cyst and 1 hemifacial spasm. In all
cases, navigation enabled the location of the TSSJ and the
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emissary vein, with an accuracy flaw below 2 mm. The
asterion was located directly over the TSSJ in only seven
cases. One patient had a laceration of the sigmoid sinus
during the craniotomy.

Conclusions Navigation using anatomical landmarks for
registration is a reliable method in the localization of the
TSSJ for retrosigmoid craniotomies and thereby avoiding
unnecessary sinus exposure. In addition, the method proved
to be fast and accurate. The asterion was found to be a less
accurate landmark for the localization of the TSSJ using
navigation.

Keywords Navigation - Skull base - Retrosigmoid
approach - Transverse sinus sigmoid sinus - Suboccipital
lateral approach

Introduction

The suboccipital lateral or retrosigmoid approach is the
most used neurosurgical approach for treatment of neuro-
vascular compression syndromes and removal of vestibular
schwannomas and other CPA tumors. Surface landmarks
may be helpful to identify the transverse sigmoid sinus
junction (TSSJ), whose location is indispensable for a
successful suboccipital lateral approach. The junction of the
lambdoid, occipitomastoid and parietomastoid sutures is the
surface landmark called the asterion, and it is reported to lie
over the TSSJ. Nonetheless, in only 60% of the cases is this
precise relationship found [3, 6, 16]. The variation of
asterion location may lead to potential sinus laceration
during burr hole placement and mastoid drilling.
Image-guided navigation systems are widely used for
surgical planning and intraoperative orientation. Several
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approaches to the posterior-lateral portion of the skull base
involve exposure of the transverse and sigmoid sinuses [2].
The use of computer tomography (CT) navigation as a
guiding tool for craniotomies in this region is useful to
correctly drill the burr hole and thus avoid dural sinus
laceration and venous bleeding [7-9]. We report a prospec-
tive study of 30 retrosigmoid craniotomies in which
surgical planning using MRI navigation registered with
anatomical landmarks was used to identify the transverse
and sigmoid sinuses. The accuracy of this navigation
technique and the relationship between the position of the
asterion and the TSSJ were studied.

Material and methods

From March through November 2008, 30 patients under-
went retrosigmoid craniotomies for removal of CPA tumors
and surgical treatment of neurovascular conflicts as follows:
19 (63.3%) cases of vestibular schwannomas, 5 (16.7%)
petroclival meningiomas, 3 (10%) trigeminal neuralgias, 1
(3.3%) epidermoid cyst, 1 (3.3%) angioblastoma and 1
(3.3%) hemi-facial spasm. Twenty-one patients were
female, and the mean age was 58.3 years, range 21—
74 years. For surgical planning, MRI scans using T1-
weighted FSPGR (fast spoiled gradient-recalled echo) with
FatSat gadolinium-enhanced 1.5-T sequences (MRI, 1.5-T
GE® Signa) were performed. The images were uploaded
onto a Brainlab® workstation with PatXfer® 5.2 software.
The registration points, the transverse and sigmoid sinuses
and object creation were captured with Brainlab iPlan®
Cranial 2.6 software. Six skin surface anatomical landmarks
were used for the navigation registration: nasion, anterior
nasal spine, medial and lateral angles of the ipsilateral eye,
ipsilateral tragus and ipsilateral ear helix (Fig. 1). In the

Fig. 1 Six anatomical landmarks were used for navigation registration
(indicated by arrows)

@ Springer

object creation, the transverse and sigmoid were highlight-
ed from the torcullae down to the jugular bulb ipsilaterally
to the surgical site using axial, coronal and sagittal images
(Fig. 2). The three-dimensional reconstructed object and its
projection on the head were represented in the visualization
mode (Fig. 3). All surgeries were performed in supine
position with the ipsilateral shoulder and hip slightly
elevated to allow easy rotation of the neck to the opposite
side. Mayfield clamps were used in all cases, with the head
positioned in such a way that the temporal squama would
remain parallel to the floor. Special care to avoid occlusion
of jugular venous outflow was taken. Intra-operative
monitoring of the cranial nerves (VII, VIII and IX, X, XI)
and brainstem-evoked potentials were carried out in all
cases. A linear skin incision was placed 2 inches posterior
to the ipsilateral mastoid tip, 1/3 above and 2/3 below the
external auditory canal.

The navigation system used was the Brainlab® Vector
Vision® Compact Image Guided Surgery System. The files
were imported from the workstation to the navigator with a
USB flash memory drive. The navigation system was
registered with a pre-calibrated pointer using the six
anatomical landmarks described above. After the skin
incision and bone exposure, the virtual position of the
TSSJ determined by the navigation was used as a landmark
for the burr hole placement and craniotomy. The asterion
position was compared with the virtual TSSJ position
indicated by the navigation. When not coincidental, the
distance between these two points (asterion and virtual
TSSJ) was measured in millimeters using two coordinate
axes (Fig. 4). The x axis was parallel and the y axis was
perpendicular to the transverse sinus. The burr hole was
placed about 1 cm medially and inferiorly from the virtual
location of the TSSJ to avoid unnecessary sinus exposure.
After craniotomy, the real position of the inferior margin of
the TSSJ was identified and compared with the virtual
location showed by the navigation (Fig. 5). The distance
obtained (mm) between the position of the real TSSJ and
the TSSJ position given by the navigation tool corre-
sponded to the accuracy of the system. An accuracy within
2 mm or under was acceptable for a reliable navigation. In
all cases, the same surgeon performed both the surgical
planning and registration for the navigation tool.

Results

An accurate localization of the real position of the TSSJ, as
well as the mastoid emissary vein, was possible in all cases
in this series. The comparison between the virtual and real
position of the TSSJ had an accuracy flaw below 2 mm.
The asterion was located directly over the TSSJ in 7 of the
30 cases. In our series, the asterion location varied from
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Fig. 2 Object creation with right transverse and sigmoid sinuses

13 mm medial to 15 mm inferior to the virtual position of
the TSSJ (Table 1). In none of our cases was the asterion
situated laterally or superiorly to the TSSJ. The average
time spent with surgical planning on the workstation was
12 (range 8-20) min.

The location of the mastoid emissary vein was demon-
strated by navigation in 24 cases. For instance, the emissary
vein was absent in six cases, findings that were confirmed
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during surgery. Sigmoid sinus injury and emissary vein
bleeding during craniotomy occurred in one case. The
sigmoid sinus was repaired with polypropylene sutures, a
muscle plug and biological glue. There were no other
complications related to the retrosigmoid craniotomies in
the present study. There were no cases of head shifting,
reference star dislocation or registration loss during the
procedures.

Fig. 3 Three-dimensional reconstructed object (left) and its projection on the head (right). a Dural sinuses; b: TSSJ; ¢: skin incision
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Fig. 4 Comparison between the asterion (a) and virtual TSSJ position
indicated by navigation (b)

Discussion

The retrosigmoid craniotomy is the most used neurosurgical
approach to gain acess to the cerebellopontine angle (CPA). It
is usually performed to remove CPA tumors such as vestibular
schwannomas, meningiomas, epidermoid cysts and others,
and also in the treatment of neurovascular syndromes.

The retrosigmoid approach is limited by the position of
the transverse (superiorly) and sigmoid sinuses (inferiorly).
The correct burr hole placement for craniotomy has been

Sk Owerview

extensively studied, being essential to avoid venous injury
[1, 11, 17].

The asterion is located at the junction of the lambdoid,
occipitomastoid and parietomastoid sutures and is com-
monly used as the main skull anatomical landmark for
TSSJ localization. Day et al. [3] studied the asterion
position in 100 dry human skulls and found its localization
over the TSSJ in 61% of cases on the right side and 66% on
the left side. Ribas et al. [16, 17] showed in a study of 50
dry human skulls that the asterion position over the TSJJ
was accurate in 78% of cases; in 17% of the cases the
asterion was below the TSSJ. Garabaghi et al. [8]
demonstrated in 200 in vivo cases that the asterion was
located over the TSSJ in 65% of cases on the right side and
75% of cases on the left side. In the present study, we found
the asterion to lie directly over the TSJJ in only 23.3% of
cases and directly over any point of the inferior margin of
the transverse sinus in 63.3% of cases. In the present series
virtual and in vivo parameters were compared.

The superior nucal line can also be used as a parameter
to identify the inferior border of the transverse sinus, and
the posterior edge of the mastoid process correlates well
with the posterior margin of the sigmoid sinus [1, 11].
[lumination of mastoid air cells is also described as a
technique employed to locate the venous sinuses in the
retrosigmoid approach [19].

Neuronavigation has become a standard tool in intracra-
nial and spinal procedures [18]. It minimizes surgical
trauma through a more accurate definition of the target
area. Localization of the venous sinuses, TSSJ and emissary
vein is of utmost importance in the retrosigmoid approach

Fig. 5 Comparison between virtual TSSJ location (left) and real TSSJ location (right) after craniotomy. TS: Transverse sinus; SS: sigmoid sinus
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Table 1 Relationship between asterion and TSSJ position indicated
by navigation

Patient no. Asterion and virtual TSSJ Accuracy flaw
1 10 mm M, 15 mm I 1
2 10 mm M, 15 mm I 1
3 Over TSSJ 0
4 Over TSSJ 0
5 5 mm M 0
6 Over TSSJ 0
7 13 mm M,5 mmI 0
8 Over TSSJ 1
9 19 mm M 0
10 25 mm M 0
11 15 mm M,5 mm I 0
12 12 mm M, 4 mmlI 1
13 5 mm M,2 mml 1
14 10 mm M, 10 mm I 0
15 10 mm M,2 mm I 1
16 10 mm M, 4 mm I 0
17 5 mm M, 4 mml 1
18 12 mm M,3 mm]I 1
19 13 mm M 0
20 Over TSSJ 0
21 2 mm M,5 mml 0
22 10 mm M 1
23 12 mm M, 2 mm I 1
24 10 mm M, 10 mm I 0
25 10 mm M, 15 mm I 0
26 Over TSSJ 1
27 7 mm M, 6 mml 1
28 Over TSSJ 0
29 Over TSSJ 0
30 10 mm M, 2 mml 0

to avoid damage to the venous structures of the region.
Gharabaghi et al. [8] reported a systematic clinical study
focused on image-guided retrosigmoid approaches with CT
venography, with a 4% incidence of venous injury and 8%
air embolisms in the image-guided group compared with a
15% incidence of venous injury and 19% air embolisms in
the non-image-guided group. Hamasaki et al. [9] described
30 cases of image-guided retrosigmoid craniotomy based
on CT surgical planning in order to avoid venous injury. In
our series, a single case (3.33%) of venous sinus injury
occurred with no morbidity. Although both authors dem-
onstrated the importance of navigation in the retrosigmoid
approaches, their registration method and navigation accu-
racy were not clearly presented. In the present study, the
virtual position of TSSJ, indicated by the MRI navigation,
determined the burr hole placement.

CT scan imaging is superior to MRI to study bone
structures, but the T1 FSPGR with FatSat MRI sequence
was effective in demonstrating the intracranial venous sinuses,
which was helpful for the surgical planning [10, 14]. In our
service, the surgical planning with CT scan images is
complemented with MRI images to obtain optimal definition
of intra- and extracranial structures. In the workstation, the
venous sinuses are highlighted, and anatomical landmarks
are used for registration.

Three types of registration methods for navigation are
described in the literature [4, 5, 12, 13, 15]: (1) anatomical
landmarks: uses anatomical points such as the nasion, eyes
angles and tragus, (2) fiducials (adhesive or skull
implanted): requires an image scan before surgery and (3)
surface matching: consists of a laser registration of the
patient's face. The accuracy among these methods differs
according to the reports in the literature. Skull-implanted
fiducials seems to be the gold standard with an accuracy
flaw below 2 mm [13]. This method is invasive and adds
extra time and extra costs.

Wolfsberger et al. [20] compared two registration
methods and found an accuracy flaw of 2.9 mm with
anatomical landmarks and 3.2 mm with adhesive fiducials.
The nasion, the posterior wall of the external acoustic
meatus, the medial and lateral eye angles were the
anatomical landmarks used. Hill et al. [10] described 6
surgical cases using 6 to 12 anatomical landmarks for
registration with CT, with a preference for points located
close to the area of interest to avoid accuracy errors due to
image distortion. Mascott et al. [13] described 30 surgical
cases with CT navigation, comparing various registration
methods. The bilateral tragus, bilateral medial eye angle
and nasion were used as anatomical landmarks; the
accuracy flaw was 5.4 mm. Adhesive fiducials had an
accuracy flaw of 4.1 (with five adesive fiducials) and 3.9
(with ten adesive fiducials). Surfacing matching registration
obtained an accuracy flaw of 4.4 to 4.9 mm. Skull
implanted fiducials resulted in an accuracy flaw of
1.4 mm. With all registration methods an accuracy
impairment was observed for deep structure localization.
Pfisterer et al. [15] compared anatomical landmarks with
adhesive fiducials and with surface matching registration in
30 surgical cases. He observed a similar efficacy with the
three methods, with an accuracy flaw of about 3.5 mm. In
our series, all 30 cases with anatomical landmarks
registration had an accuracy flaw below 2.0 mm.

The option of anatomical landmark registration in our
service is part of meticulous surgical planning before the
operation, which, nonetheless, has not added extra surgery
time. With adhesive fiducials, this delay is often unavoid-
able [15]. We perform surface matching registration in
craniofacial or transnasal surgeries only. Anatomical land-
marks registration is the fastest of the three methods and
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offers a simple and reliable navigation planning method in
retrosigmoid craniotomy. This navigation planning method
is operator-dependent, which significantly increases speed
and safety in the retrosigmoid approach and decreases
venous sinus injuries. An accuracy flaw below 2 mm in the
identification of the TSSJ position demonstrated the
reliability of MRI navigation registration using anatomical
landmarks in all cases of our series. In our department, we
also use intraoperative registration, with anatomical land-
marks acquired after skull base and spine exposure for
posterior fossa midline approaches.

Conclusion

MRI navigation using well-defined anatomical landmarks for
registration as described in this paper is an easy, fast and safe
method for the localization of TSSJ for retrosigmoid
approaches. It also may improve the localization of craniot-
omy placement and may reduce injuries to the venous sinuses.
Although useful for spatial orientation, the asterion is less
accurate than navigation to localize the TSSJ.

Disclosure The authors do not have any further financial interest in
the subject or materials under discussion.
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