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IMAGE-GUIDED LATERAL SUBOCCIPITAL APPROACH:
PART T—INDIVIDUALIZED LANDMARKS FOR
SURGICAL PLANNING

OBJECTIVE: Being situated close to the transverse and sigmoid sinus, the asterion has
traditionally been viewed as a landmark for surgical approaches to the posterior fossa.
Cadaveric studies, however, have shown its variability in relation to underlying anatomic
structures. We have used an image-guidance technology to determine the precise
anatomic relationship between the asterion and the underlying transverse-sigmoid sinus
transition (TST) complex in patients scheduled for posterior fossa surgery. The applica-
bility of three-dimensional (3-D) volumetric image-rendering for presurgical anatomic
identification and individualization of a surgical landmark was evaluated.

METHODS: One-millimeter computed tomographic slices were combined with venous
computed tomographic angiography in 100 patients, allowing for 3-D volumetric image-
rendering of the cranial bone and the dural vasculature at the same time. The spatial
relationship between the asterion and the TST was recorded bilaterally by using opac-
ity modulation of the bony surface. The location of both the asterion and the TST could
be confirmed during surgery in all of these patients.

RESULTS: It was possible to accurately visualize the asterion and the sinuses in a sin-
gle volumetrically rendered 3-D image in more than 90% of the patients. The variabil-
ity in the anatomic position of the asterion as shown in cadaveric studies was confirmed,
providing an individualized landmark for the patients. In this series, the asterion was located
from 2 mm medial to 7 mm lateral and from 10 mm inferior to 17 mm superior to the
TST, respectively.

CONCLUSION: Volumetric image-rendering allows for precise in vivo measurements
of anatomic distances in 3-D space. It is also a valuable tool for assessing the validity
of traditional surgical landmarks and individualizing them for surgical planning.

KEY WORDS: Asterion, Cranial base, Image-guidance, Sigmoid sinus, Skull base, Surgical anatomy, Three-
dimensional surgical planning, Transverse sinus
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gical planning and intraoperative orien-

tation. The asterion, the junction of the
lambdoid, parietomastoid, and occipitomas-
toid sutures (4, 27), has been used in posterior
fossa surgery to locate the transverse-sigmoid
sinus transition (TST) complex (7, 9, 23-26).
Because cadaveric studies have shown consid-
erable variability in the relationship of the aste-
rion to the underlying venous structures (8, 29,
33), its validity as a surgical landmark has been
questioned (8, 21). Although most experienced
surgeons are aware of the limitations of surgi-
cal landmarks to predict the precise location

S urface landmarks are widely used for sur-
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of hidden intracranial vasculature, neurosur-
geons in training may benefit from new means
by which surface landmarks can be reliably
translated into surgical approaches. Recent
advances in the three-dimensional (3-D) ren-
dering of computed tomographic (CT) images
(10, 15) have made it possible to visualize
minute bone sutures and venous structures of
the posterior fossa at the same time (14, 30). We
hypothesize that this technology may provide
individualized landmarks that allow surgeons
to predict the location of the asterion relating
to the TST. Therefore, we have preoperatively
studied the in vivo relationship of the asterion
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FIGURE 1. A and B, by gradually decreasing the opacity of the cra-
nium, it is possible to visualize the relationship between the asterion and
the transverse—sigmoid transition (blue). For better orientation, the cir-
cle of Willis (red) and a tumor in the cerebellopontine angle (green) are

highlighted.

to the underlying TST complex in patients undergoing surgery
for cerebellopontine angle lesions and have applied this infor-
mation to surgical planning.

PATIENTS AND METHODS

One hundred patients (52 male, 48 female; mean age, 48 yr [range,
11-78 yr]) scheduled for posterior fossa surgery (88 vestibular schwan-
nomas, 10 meningiomas, two epidermoids) underwent high-resolu-
tion CT scans in combination with venous angiography in a multislice
scanner (Somatom Plus 4; Siemens, Erlangen, Germany). Nonionic con-
trast medium (100 ml of 300 mg/ml solution) was injected with a
pump into the cubital vein at a rate of 3.5 ml/s. After a patient-specific
delay determined by a bolus test (28-37 s), 100 to 120 consecutive scans
were obtained in 1-mm thick slices at 1 mm/s table-forward speed
(1024 X 1024 matrix, 120 kV, and 240 mA). The radiation dose was cal-
culated for each patient by using dedicated software (CT-EXPO V 1.2;
Medical University Hannover, Hannover, Germany), resulting in a
mean effective radiation dose of 7.7 to 11.3 mSv.

The slice thickness of 1 mm is routinely acquired in all cases of lat-
eral suboccipital craniotomies, which are referred to our institutions
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FIGURE 2. The asterion (red) and the “inner knee”
of the transverse-sigmoid sinus transition (TST)
junction (orange) are defined, and their distance is
measured in each of the triaxial planes (here the axial
plane) using the capabilities of the workstation.

independent of the purposes of the present study. We preoperatively
evaluate the course of emissary veins in the area of the craniotomy as
well as the height of the jugular bulb on the side of the intended trans-
meatal approach. Moreover, we use these high-resolution images to
analyze the distance of both the posterior semicircular canal and the
crus commune of the labyrinth to the intrameatal tumor extension in
relation to the dorsal wall of the internal auditory canal.

For the purpose of this study, the axial source images were trans-
ferred to the workstation of a surgical navigation system (Image
Guidance Laboratories, Palo Alto, CA). Three-dimensional volumetri-
cally rendered images of the cranium and vasculature were acquired
with a minimum density threshold of approximately 60 to 80 HU and
a maximum density threshold of 300 to 400 HU.

These volumetric 3-D models allowed for visualization of bony land-
marks and venous structures at the same time. The spatial relationship
between the asterion and the underlying TST complex was recorded on
both sides for each patient, yielding a total of 200 evaluated sides. By
varying the perspective of the 3-D model interactively and modulating
the transparency of the bony surface, accurate matching of the
anatomic structures was achieved.

The morphometric measurement of the anatomic distances was per-
formed in two steps. First, two target points, the asterion and the inner
radius (“inner knee”) of the TST, were defined within the triaxial
images and the same 3-D model by opacity modulation of the cranium
bone, allowing for simultaneous visualization of the asterion and the
underlying venous structures (Fig. ). To identify the inner knee of the
TST, the axial images were viewed in a bottom (caudal) to top (cranial)
direction following the course of the sigmoid sinus. As soon as the
first slice revealed a connection to the transverse sinus, the image
viewer was scrolled one slice back. In this last axial image in which the
sigmoid sinus was visible without the transverse sinus, the most pos-
terior and medial part of the sigmoid sinus was defined as the inner
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knee of the TST (Fig. 2, orange crossbar). In the second step, the dis-
tances between the target points were measured in each of the triaxial
planes by using specific features of the image-guidance software (Fig.
2). Thereafter, the imaging findings (the asterion is located above/on
top/below the TST) were used for surgical planning and were com-
pared with the intraoperative findings, which served as the “gold stan-
dard” regarding the spatial relationship of the asterion to the TST. The
accuracy of the image-guidance tool was investigated, calculating the
intraoperative target registration error by comparing the in situ posi-
tion of the navigation probe on a nonregistered fiducial or well-defined
bony landmark with the localization of the corresponding site in the
reconstructed triaxial images. The mean target registration error
amounted to 1.5 mm (* 0.6 mm) over all navigated cases.

RESULTS

Three-dimensional volumetric image-rendering was capable
of accurate in vivo visualization of bony and venous structures
at the same time in individual patients. The spatial relationship
of the asterion and the underlying TST could be determined
91 times on the left side and 92 times on the right side before
posterior fossa surgery. In the remaining patients, the sutures
were calcified and not visible in the 3-D reconstructions.

The variability of the anatomic position of the asterion
shown in cadaveric studies was confirmed in vivo. On the left
side, the asterion was located directly over the TST in 59 (65%),
above the TST in the supratentorial region in nine (10%), and
below the TST complex in 23 (25%) cases, respectively. On the
right side, it was located on top of the TST in 68 cases (75%),
above the TST in six cases (5%), and below in 18 cases (20%).
This information was successfully used for surgical planning of
the suboccipital craniotomy.

During surgery, the identified asterion could be related to the
intraoperative location of the TST. In all of these patients, the
preoperatively image-rendered spatial relationship of the aste-
rion to the TST could be confirmed during surgery regarding
the qualitative classification (above/on top/below the TST)
(Fig. 3; Table 1).

In our series, the asterion was located from 2 mm medial to
7.4 mm lateral and from 10 mm inferior to 17 mm superior to
the TST, respectively. As a result of this range (—2 to 7.4 and
—10 to 17), the calculated mean distances of the asterion to the

FIGURE 3. Illustration depicting the lateral view of
the TST junction (with mastoid contour for orienta-
tion) showing the location of the asterion (91 times for
the left [A] and 92 times for the right [B] side) super-
imposed on it for each side.

TST were 2.3 mm lateral and 2.5 mm superior, although the
asterion was located inferior and medial to the TST in the vast
majority of patients (Table 1). The measurements for the right
and left sides correlated well and did not differ significantly.
The mean distances and standard deviations are shown in
Figure 4. There was no significant difference for any of the dis-
tances with respect to sex, age, or side.

DISCUSSION

Our results confirm the wide variability of the asterion
described in cadaveric studies (Table 1) (8, 25, 29, 33). Day and

TABLE 1. Summary of studies on the anatomic position of the asterion in relation to the transverse-sigmoid sinus transition®?
Location of the asterion (%)
Series (ref. no.) Study type  Total number of studied sides Above TST OnTST Below TST
L R L R L R
Ribas et al., 1994 (25) Cadaver 50 2 78 17
Day and Tschabitscher, 1998 (8) Cadaver 200 9 7 66 61 25 32
Sripairojkul and Adultrakoon, 2000 (29) Cadaver 100 9 2 58 74 33 24
Uz etal., 2001 (33) Cadaver 50 2 54 44
Present study, 2006 In vivo 200 10 5 65 75 25 20

2TST, transverse-sigmoid sinus transition; L, left; R, right.
b 1n the present study, the asterion could be identified in 183 of 200 studied sides.
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FIGURE 4. Mean distances (in millimeters) and stan-
dard deviations shown between the asterion and the
TST in the x-, y-, and z-planes on the left (X1, Y1, Z1)
and on the right sides (Xt, Yr, Zr), respectively. SE,
standard error of the mean.

Tschabitscher (8) found the asterion to be located below the
TST complex in 25 and 32% of their cadavers for the left and
right sides, respectively. Similar results were described by
Sripairojkul and Adultrakoon (29), with the asterion located
infratentorially in 33 and 24% of their cases, respectively. Uz
et al. (33) found this anatomic position of the landmark in 44%
of the cases in their data. With the asterion located below the
TST in 25 and 20% of the patients on the left and right sides,
respectively, our in vivo data correlate well with these studies.

Based on this background, relying solely on the asterion as a
surgical landmark may be hazardous and bears the risk of
damaging the dural sinuses when placing a burr hole directly
at this point (8, 29). Other landmarks have been advocated for
approaches to the posterior fossa (7, 20, 23, 26, 28, 32).

In a cadaver study, Lang and Samii (20) found that if the burr
hole was placed 45 mm behind the suprameatal line and 7 mm
below the Frankfurt horizontal plane, no sinus opened in 92% of
the cases in a series of 37 cases. Rhoton (23) recommended
placement of the initial burr hole 2.0 cm below the asterion,
two-thirds behind, and one-third in front of the occipitomas-
toidal suture to avoid the posterior margin of the sigmoid sinus.

Day et al. (7) advocated the superior nuchal line connecting
the root of the zygoma with the inion as a landmark for the dis-
tal transverse sinus and the transverse-sigmoid junction. From
their studies in 100 crania, Day and Tschabitscher (8) recom-
mended placement of the burr hole inferior to this line and just
behind the ridge that delimits the body of the mastoid bone.

Malis (21) suggested drilling 2 cm medial to the mastoid tip.
Sekhar (28) advised placing the first burr hole inferior and
medial to a line drawn from the inion to the base of the mastoid
process. Tubbs et al. (32) recommended using the insertion of
the semispinalis capitis muscle as a landmark for the proximal
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transverse sinus. They found that the insertion of the musculus
semispinalis capitis corresponded with the transverse sinus in
80 to 93% of cases in a study of 15 cadaveric specimens. Finally,
Ribas et al. (26) suggested the most posterior part of the pari-
etomastoid suture and the occipitomastoid suture at the level of
the mastoid notch as proper initial burr hole sites.

New anatomic studies may bring to light new surface land-
marks with less variability (20, 26, 33). The limitation in these
studies is that their conclusions are derived from statistical data
in a limited number of cadaveric specimens. For clinical prac-
tice, as a result of the wide individual variability of the dis-
tances, patient-specific anatomic information is desirable. For
morphometric investigations with a larger number of cases, it
would be helpful to have an accurate methodology that avoids
cadaveric dissection by hand.

With modern technology, CT and magnetic resonance imag-
ing scans yield reliable morphometric data in individual
patients (7). Current advances in image-rendering have made it
possible to generate precise 3-D models by the reconstruction
of image data (2, 16, 19). Three-dimensional CT angiography
has been developed and applied for diagnostic and therapeu-
tic purposes (6, 13, 31).

Although image-based stereoscopic virtual reality models
are already in use for planning specific surgical procedures and
for teaching purposes in neurosurgery (3, 5, 12, 17, 18), most
studies that evaluate preoperative neurosurgical planning have
focused on 3-D visualization capabilities of the applied soft-
ware (1, 11, 22, 34, 35). Although several 3-D models simultane-
ously showing the surface of the cranial bone and venous vas-
culature of the posterior fossa have been published (14, 30),
the gradual, interactive modulation of opacity used to detect
minute bone sutures in this study and their relationship to the
underlying dural sinuses is a new feature.

By using this technique, the spatial relationship of the aster-
ion and the underlying TST complex was clearly identified in
more than 90% of the cases. It was the basis for precise anatomic
measurements that can be performed in vivo with the option of
generating individualized patient-specific morphometric data in
a clinical setting. When validated with these data, the asterion
can still be used for surgical planning by determining the
patient-specific coordinates of this landmark. Alternatively, the
sinuses themselves may be turned into landmarks that are pro-
jected onto the surface of the cranium by intraoperative image
guidance. This would allow the use of CT angiogram rather
than magnetic resonance angiogram, thereby avoiding x-ray
exposure. With respect to surgical training, however, it must be
kept in mind that the new technology cannot replace hands-on
anatomic study.

CONCLUSION

Volumetric 3-D image-rendering appears to be a valuable tool
for the validation of surface anatomic landmarks in individual
patients and for basic morphometric investigations. More
specifically, a simultaneous visualization and interactive modu-
lation of bony surfaces and vascular structures is a suitable
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method for determining the relationship of the asterion to the
underlying TST complex, thereby providing an individualized
landmark for surgical planning. Using this imaging technique,
the asterion may be revived as a surgical landmark, provided
that its individual relationship to the dural sinuses is known to
the surgeon from previous imaging. Interactive opacity modu-
lation in volumetrically rendered 3-D images offers new options
for anatomic research and morphometric investigations.
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COMMENTS

harabaghi et al. have used a new concept that is very clever and

will improve surgical flow and safety: they present a novel way of
using individual landmarks and apply it to the asterion. The findings
confirm previous cadaveric data regarding the variability of the rela-
tionship between the sinus and the asterion. The main point is, how-
ever, a completely new way of approaching this kind of surgical land-
mark. The authors determined the relationship between the asterion
and the sinus in each individual patient (which was possible in 90% of
the patients). The surgeon gets a totally renovated means of knowing
how to optimize the craniotomy; in posterior fossa surgery, the optimal
placement of the craniotomy is even more sensitive than in other loca-
tions. Now it becomes much easier to place the craniotomy in perfect
relation to the surgical corridor.

However, I disagree with the authors’ interpretation and the inter-
pretation of the success rate as the present technique was applicable in
90% of all patients and should not then be regarded as a 99% success-
ful means of identifying the landmark. In addition, the identification of
the pre- and intraoperative findings seem to be slightly repetitive as
radiological data and navigation were used in both instances.
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The conclusion still remains that this technique is clever and creative;
the invention is seemingly simple. Even though the technology and
patients have been available, nobody else thought of this technique.

Tiit Mathiesen
Stockholm, Sweden

he authors deal with an issue as old as neurosurgery itself—how

does one approach the posterior fossa safely and what landmarks
does one use for orientation? The asterion has been defined tradition-
ally as such a landmark, even though, as the authors thoroughly
demonstrated, multiple studies have proven a variance in relative loca-
tion between asterion and underlying risk structures. To record the
spatial relationship of these structures individually, the authors evalu-
ated the usefulness of combined three-dimensional volumetric render-
ing of the skull and venous structures in this study. The authors could
demonstrate that the method presented was feasible for locating the
asterion in more than 90% of the patients evaluated and reconfirmed a
wide variability of its relative anatomic location. The visualization soft-
ware used by the authors allows for the gradual modulation of opac-
ity of the skull, facilitating the detection of bone sutures. This feature
obviously enhanced the localization of the asterion and relates to the
high detection rates of this landmark in their series.

The documented anatomic variability, the related risks of pure land-
mark-orientation, and the detrimental effects of severing the sinus,
leading to air embolism, should propel any efforts that reduce surgical
morbidity. As a result, this article offers further proof that image guid-
ance is an essential tool to circumnavigate risk to structures while
approaching the actual region of interest in the posterior fossa, whether
it may be simply in the planning phase or preferentially intraopera-
tively, by use of a neuronavigation system.

Thomas Gasser
Volker Seifert
Frankfurt, Germany

INDIVIDUALIZED SURGICAL LANDMARKS

he authors add to the extensive literature indicating that the aster-

ion is an unreliable surface landmark for the transverse sinus. I use
the bump of bone formed by the intersection of the ridge behind the
mastoid groove and the superior nuchal line (understanding this term
to mean the superior border of the insertion of the cervical muscula-
ture) as a rough landmark for the burr hole for this approach. In my
mind, angling the perforator so that the hub of the drill is posteroinfe-
rior to the bit is at least as important as the precise location of the burr
hole. This angling allows the initial penetration of the bit through the
bone (and the potential dural laceration) to be most likely over the
posterior fossa dura rather than over the sinus.

I am not sure from where the misconception about the value of the
asterion as a surface landmark for safe burr hole placement arose.
Neither the early descriptions of trephining for septic throm-
bophlebitis of the lateral sinus (1, 2) nor Dandy’s publications on uni-
lateral suboccipital craniotomy (3, 4) mention the asterion explicitly.
The illustrations in these influential publications do sometimes show
the asterion as located inferior to the sinus (2, 4); perhaps this is the
source of the mistaken belief. The same error can be found in modern
illustrations as well (5).

Fred G. Barker II
Boston, Massachusetts
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