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Abstract

The efficacy of a neurosurgical navigation system using three-dimensional composite computer graph-
ics (CGs) of magnetic resonance (MR) and computed tomography (CT) images was evaluated in skull
base surgery. Three-point transformation was used for integration of MR and CT images. MR and CT
image data were obtained with three skin markers placed on the patient’s scalp. Volume-rendering
manipulations of the data produced three-dimensional CGs of the scalp, brain, and lesions from the MR
images, and the scalp and skull from the CT. Composite CGs of the scalp, skull, brain, and lesion were
created by registering the three markers on the three-dimensional rendered scalp images obtained from
MR imaging and CT in the system. This system was used for 14 patients with skull base lesions. Three-
point transformation using three-dimensional CGs was easily performed for multimodal registration.
Simulation of surgical procedures on composite CGs aided in comprehension of the skull base anatomy
and selection of the optimal approaches. Intraoperative navigation aided in determination of actual
spatial position in the skull base and the optimal trajectory to the tumor during surgical procedures.
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Introduction

Safe resection of lesions in the anatomically
complex region of the skull base ultimately depends
on the skill and experience of the surgeon, but
intraoperative guidance systems utilizing mechani-
cal articulated arms, free-floating probes, or naviga-
tional microscope can be useful in skull base
surgery.?4-68) Neither brain nor soft tissue shifts
reduce the accuracy of the navigation system in the
skull base area. A navigation system is helpful even
for large cranial base lesions.? The use of a naviga-
tion system was evaluated in a series of 325 cases,
finding that the navigation system was most useful
during resection of skull base lesions.?

We have developed a neurosurgical navigation
system using three-dimensional composite com-
puter graphics (CGs) derived from magnetic
resonance (MR) and computed tomography (CT) im-
ages.”) These three-dimensional composite CGs of
the scalp, brain, skull, and lesions allow preopera-
tive simulation of the surgical procedures and in-
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traoperative navigation. This system was used dur-
ing open brain surgery for 85 patients, including 14
patients with skull base lesion.

Materials and Methods
I. System design
The system (EVANS; Tomiki Medical Instrument
Co., Ltd., Kanazawa) was reported in detail previ-
ously.”) Briefly, the arm-based frameless stereotactic
system provides real-time anatomical and position
information to the surgeon. The articulated arm has
six degrees of freedom and carries an interchange-
able probe shaped like a bayonet on its tip (Fig. 1).
The axis of the terminal joint is aligned with the
direction from the holder of the arm to the probe
tip, so no rotation of this joint can alter the tip posi-
tion. Therefore, the surgeon can observe the actual
spatial position of the tip and direction of the probe
in relation to the images of the patient. The bayonet
probe can be passed through narrow openings and
does not obstruct the view of deep structures dur-
ing microscopic neurosurgical procedures. Further-
more, the arm is provided with a counterbalancing
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Fig. 1 Photograph of the articulated arm with six
degrees of freedom and an interchangeable
bayonet probe.

weight, so the surgeon can easily hold and manipu-
late the probe in one hand and surgical instruments
in the other hand.

II. Imaging protocol

Imaging studies were performed a few days before
the surgical procedure. Fiducial markers were ap-
plied to the scalp using 3-mm cotton balls soaked in
oil, or recently clofibrate capsules, for MR imaging,
and 3-mm acrylic balls for CT. At least five markers
were placed on region surrounding the surgical
field. These sites were labeled with India ink for use
in image registration at surgery. In addition, three
markers were placed on the nasion and in the mea-
tus of the bilateral ears to determine reference coor-
dinates for the MR and CT images. MR imaging was
performed with the following parameters for T;-
weighted images: volumetric gradient echo pulse
sequence; flip angle, 40 degrees; repetition time,
40 msec; echo time, 5 msec; 256 X 256 image
matrix; field of view, 270 mm; and 120 contiguous
sagittal slices of 1.5 mm thickness. The imaging pro-
tocol for CT used 2-mm thick slices with table incre-
ments of 3 mm.

ITI. Image integration _
The MR and CT image data were entered in the
graphic workstation and subjected to volume-

Table 1 Clinical entities

Disease No. of cases

Pituitary adenoma
Meningioma
Neurinoma
Epidermoid cyst
Rathke’s cleft cyst
Chordoma
Hemifacial spasm
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rendering and surface-rendering manipulations to
produce three-dimensional CGs of the skin, brain,
and lesions from the MR images, and of the skin and
skull from the CT images. Three-point transforma-
tion was used for integration of the MR and CT im-
ages. Spatial matching of the MR and CT images
used the three fiduciary points at the nasion and in
the meatus of the bilateral ears on the three-dimen-
sional CGs of the skin reconstructed from the MR
and CT images. This process easily provided compo-
site three-dimensional CGs of the MR and CT im-
ages, which were used for preoperative simulation
of the surgical procedures and intraoperative navi-
gation of the scalp, brain, lesion, and skull.

Results

This system was used for 14 patients with skull base
lesions (Table 1). The bayonet probe could easily be
placed in narrow surgical fields without obstructing
the microscopic view of deep structures. Six trans-
sphenoidal procedures were performed on four
cases of pituitary adenoma, one of Rathke’s cleft
cyst, and one of clival chordoma, including two re-
operations and one for poor pneumatization of the
sphenoid sinus.

The three-dimensional composite CGs were easily
be created using the three-point transformation
process. No distortion of the MR images was recog-
nized with the imaging parameters used in this sys-
tem, and there was no effect on the accuracy of the
spatial matching of MR and CT images. The three-
dimensional CGs of the scalp reconstructed from
MR and CT images required only 5 minutes to create
using the three-point transformation process.
Preoperative reconstruction of the three-dimen-
sional composite CGs required about 1 hour, includ-
ing data transfer and segmentation of the brain,
vessels, lesion, and skull. The composite CGs were
useful for understanding the skull base anatomy.

Figure 2 shows a working display and a magnified
intraoperative view via the anterior transpetrosal
approach in a patient with trigeminal neurinoma.
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Fig. 2 Working display and magnified intraopera-
tive view in a patient with trigeminal neuri-
noma. The position of the probe tip (cross-
hairs) and the trajectory (red and green lines)
are monitored on the three-dimensional
composite color graphics of magnetic
resonance and computed tomography im-
ages (upper leftf) and also on the three
reformed images (right). Asterisk indicates
the petrous bone and the arrow indicates the
probe tip in the magnified intraoperative
view (lower left).

The probe tip could easily be placed in the narrow
surgical field and pointed at the tumor. The position
of the probe tip was monitored on the three-dimen-
sional composite CGs and on the three reformed
planes (axial, coronal, and sagittal) of the MR and
CT images as well. Our system provided useful in-
formation concerning expansion of the tumor in the
skull base and optimal approaches, and was helpful
in determining the adequate extent of resection of
the petrous bone and the optimal trajectory to the
tumor during the surgical procedures.

Figure 3 shows a working display and a magnified
intraoperative view via the transsphenoidal ap-
proach in a patient with pituitary adenoma. The
position of the probe tip was monitored on the
triorthogonal reconstruction (Fig. 3A) and the three-
dimensional composite CGs of the MR and CT im-
ages (Fig. 3C). We could safely confirm the appropri-
ate trajectory to the sella and locate the midline. The
system was useful for confirming the trajectory to
the sella and locating the anatomic midline, espe-
cially for patients requiring reoperation, in whom
the landmarks had been destroyed, and for the
patient with poor pneumatization of the sphenoid si-
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Fig. 3 Working display and magnified view in a
patient with pituitary adenoma. A: Trior-
thogonal reconstruction showing the posi-
tion of the probe tip. B: Magnified in-
traoperative view. The arrow indicates the
probe tip on the floor of the sella. C: Three-
dimensional composite color graphics of
magnetic resonance and computed tomog-
raphy images showing the tumor in blue,
and the bilateral internal carotid arteries
in red.

Fig. 4 Preoperative (A) and postoperative (B) mag-
netic resonance images in a patient with
clival chordoma.

nus.

Figure 4A shows a preoperative MR image in a
patient with clival chordoma. The patient under-
went transsphenoidal removal of the tumor under
guidance with the present system. No osteolytic
change could be recognized on the clival bone. We
could accurately determine the location of resection
of the clival bone using the navigational system
(Fig. 5A). After resection of the clival bone, we could
easily and safely remove the tumor. Figure 5B is a
three-dimensional CT image showing the location of
the clival bone resection. Postoperative MR imaging

NI | -El ectronic Library Service



The Japan Neurosurgical Society

338 N. Hayashi et al.

Fig. 5 The same patient as in Fig. 4. A: Trior-
thogonal reconstruction showing the posi-
tion of the probe tip and magnified in-
traoperative view. The arrow indicates the
probe tip. B: Three-dimensional computed
tomography image showing the location of
clival bone resection (arrow}.

revealed total removal of the tumor (Fig. 4B).

Discussion

The articulated arm of our navigation system has an
interchangeable bayonet probe, which can be used
in deep structures through narrow openings, and a
counterbalancing weight system so that the surgeon
can hold and easily handle the probe.” Our naviga-
tion system could be conveniently used in skull base
procedures without interfering with surgical proce-
dures or limiting the operative field. The easy han-
dling and unhindered microscope view permitted by
our system are comparable to those achieved by an
armless system and a microscope-based system.
Most mechanical arm-based systems have accura-
cies of 1.5 to 3 mm.¥ The technical precision of our
system was 1.4 mm, and was sufficiently accurate
for intraoperative localization in our series of 85
cases. The sources of error in the use of mechanical
arm-based systems are attributable to the registra-
tion process and to movement of the patient’s head
relative to the navigational system during the
craniotomy, even when the mechanical arm is affix-
ed to the operating table or the Mayfield clamp.¥ Us-
ing percutaneous bone screws or approximation of
multiple randomized scalp surface points instead of
fiducials can reduce the error during the registration
process.? The reference points should be rereg-
istered and the error corrected, if movement of the
patient’s head occurs relative to the navigational sys-
tem or accuracy is reduced during the operation.

Recently, intraoperative guidance systems have
been employed for transsphenoidal surgery. Such
systems can provide continuous three-dimensional
information on localization and surgical trajectory
and obviate the need for intraoperative fluoroscopy.
The intraoperative guidance system can be used for
transsphenoidal surgery with minimal additional
cost and time requirements.? Surgical landmarks
are often difficult to determine in patients requiring
reoperation or with poor pneumatization of the
sphenoid sinus. However, we could safely confirm
the appropriate trajectory to the sella and locate the
anatomic midline using our system even in such
cases. Continuous three-dimensional information
on localization during intraoperative dissection pro-
vides constant awareness of the position of the sur-
gical instrument and its relationship to the vital ex-
trasellar structures when tumors extend laterally or
superiorly beyond the sella.

Our system produces integrated three-dimen-
sional MR and CT images, allowing simulation of
the surgical procedures and intraoperative naviga-
tion using composite CGs of the scalp, brain, skull,
and lesions. Preoperative assessment of the images
obtained with our system aided in comprehension of
the skull base anatomy and helped to select the op-
timal approaches. Intraoperative navigation helped
to determine the actual spatial position in the skull
base, the trajectory to the tumor, and the proximity
of important anatomical structures. Image-guided
surgery with three-dimensional composite CGs of
MR and CT images effectively supported the sur-
geon in planning and performing skull base surgery,
and may thus improve the quality and reduce the
risks of complex skull base surgery.
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Commentary

The report is rich in general statements such as “safe
resection of lesion in the anatomically complex area
of the skull base...” What does such a statement really
mean? The authors claim that they have developed a
neurosurgical navigation system using three-dimen-
sional composite computer graphics (CGs) obtained
from magnetic resonance (MR} and computed
tomography (CT) images, and they also claim that
“these three-dimensional composite CGs of the scalp,
brain, skull, and lesions allow preoperative simula-
‘tion of the surgical procedures and intraoperative
navigation.” I do not like to comment on the neuro-
navigation in their 85 patients on whom the system
was used during open brain surgery. However, the
navigation used during surgery in 14 patients with
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skull base lesions is a completely different issue. In
transsphenoidal surgery, in those with neuro-naviga-
tion, it is possible to get the orientation regarding the
depth —and regarding the pneumatized bony com-
partment, the ICA location on either side as well as
the bony prominences ACPs, PCPs, and other struc-

“tures — visualized on the images of the MR and/or

CT. A completely different issue is when one is operat-
ing on the lesions in the parasellar region in cases
where the lesions are engulfing the cranial nerves. In
such cases — where no imaging technique can visual-
ize the course of individual cranial nerves through the
lesion —navigation cannot help in preserving these
structures. The navigation only has its value in orien-
tating how far surgeon is from the ICA or from the
bony structures. However, according to my ex-
perience with skull base surgery, this is not the issue.
The issue is how to preservé the cranial nerves. It is
strange (or understandable!) that throughout the
report there is not a single statement regarding the
cranial nerves. The authors are talking only about
“safe resection.” The authors concluded their discus-
sion by saying that: “Image-guided surgery with
three-dimensional composite CGs of MR and CT im-
ages effectively supported the surgeon in planning
and performing skull base surgery, and may thus im-
prove the quality and reduce the risks of complex skull
base surgery.” The real explanation is missing —i.e.
how may the quality be improved? Objective analyti-
cal data are missing. Once again, I have to emphasize
that navigation has its value in small intra-axial le-
sions; but by contrast, in extra-axial lesions its value
is much; much less, and so far cannot be a substitute
for knowledge of the anatomy, and in particular not
for pathological anatomy of the cranial nerves.
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