
Enhanced Reality For
Neurosurgical Guidance

P.L. Gleason, M.D., R. Kikinis, M.D., W.
Wells, Ph.D., W. Lorensen, M.S., H. Cline,
Ph.D., G. Ettinger, Ph.D., Peter McL. Black,
M.D., Ph.D., E. Alexander, III, M.D., F. Jolesz,
M.D.

Localization of tumors in brain surgery is one of
the most challenging aspects of the field. The
poor tolerance of surrounding normal tissue to
disruption necessitates accurate and precise
targeting. In difficult cases involving small or
deep tumors localization has traditionally been
achieved using a stereolactic frame rigidly fixed to
the patient’s skull. We have developed an
enhanced reality technique that simplifies tumor
localization in brain surgerys. The technique
involves merging three dimensional (3D)
computer reconstructed preoperative medical scans
with live peri-operative video images of patients.
This image fusion combines the information from
the pre-operative study with the operative field in
a medium readily accessible to surgeons. In
contrast to "virtual reality" in which the operator
is immersed in a 3D computer graphics world,
"enhanced reality" visually combines the spatial
information contained in the computer
reconstructions with the readily perceived world,
enhancing the surgeon’s understanding of the
patient’s anatomy. The background and details of
this technique, along with its problems and future
possibilities will be discussed.

IMAGE PROCESSING
Data acquisition
The technique requires three dimensional
renderings of medical images that can be
manipulated in real time on computer
workstations 1. Optimized imaging techniques are
used to gather the original data in order to
simplify the computer reconstruction process. In
the case of magnetic resonance imaging (MRI)
maximal contrast between the brain, cerebrospinal
fluid and the tumor simplifies the segmentation
process, so the choice of magnetic resonance pulse
sequences is critical. Ideally isotropic voxels
(volumes of pixels) would be used, in which the
thickness equals the resolution within each slice,
generally about 1 ram. However most scanners
do not have 1 mm slice thickness capabilities and
in any case the time required to obtain such
images would be prohibitive. Therefore we use
anisotropic voxels measuring 0.975 by 0.975 by
1.5 nun. We have found that 1.5 nun post-

gadolinium coronal, SPGR images of the head are
best for providing contrast between the skin,
brain, tumor, arteries and cerebrospinal fluid. In
the spine because of the particular clinical interest
in the boney anatomy we have used 4 mm spiral
CT slices after the administration of IV contrast.

Data transfer and filtering
After data acquisition the image is Wansferred from
the scanner’s console over an Ethernet computer
network to a SUN Sparc 10 workstation (Sun
Microsystems, Mountain View, California) in our
laboratory. The first image processing step is
noise reduction to reduce scan artifacts and
highlight real anatomic borders. An anisotropic
diffusion triter accomplishes this without blurring
important morphologic details~.

Segmentation
Next the surgically important elements contained
in the data must be classified. We approached this
problem using initially supervised tissue
identification followed by a statistical multivariate
analysis (parzen windows algorithm) to calculate
tissue classifiers 4. ~2. The operator first isolates
the intracranial cavity (ICC) by training on the
different intracranial tissues (i.e., brain, CSF,
tumor, and vessels) as a single tissue class, along
with the background and skin as separate classes.
A parzen map is then calculated for each tissue
class based on the statistics of the samples and by
applying that map to the entire data set a
segmented image of each slice is created. The
operator reviews this initial segmentation to check
that the inWacranial cavity is correctly represented.
If not additional points can be selected and the
parzen map re-calculated and re-applied to the data.
The operator then studies the slice images once
more to see if further changes are required. A
mask of the ICC is then formed by eroding the
intracranial tissue class to break the narrow, soft
tissue bridges crossing the skull (e.g., blood
vessels and cranial nerves) followed by dilation to
make up for the eroded volume.

The next step involves creating a detailed
segmentation of the intracranial cavity. The
operator produces a second segmentation of the
head by training for each of the various
intracranial tissue classes (e.g., gray and white
matter, tumor, CSF, vessels, etc.). Again this
map can be edited by selecting additional points as
needed. The ICC mask is then applied to this
second segmentation to yield a detailed
segmentation of the ICC only. A connectivity
algorithm is then used to define various subsets of
each class, such as intraventricular CSF verses
subarachnoid CSF. The skin can be segmented by
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re-setting the ICC tissue value to that of the skin
and segmenting the head as a solid volume, since
only the surface will be rendered ultimately.
Some manual editing is necessary to close off
aerated openings to the external world, such as the

and nose.

Rendering
Once segmented the computer-reconstruction must
be presented in a readily appreciated virtual form
to study the possible surgical approaches. In our
software the reconstructed image is rendered in a
virtual environment using the dividing-cubes
surface rendering algorithm 5. 6.

Surgical planning and video registration
The surgical team first studies the patient’s
reconstrtgted anatomy on the graphics workstation
to determine the optimal surgical trajectory. The
3D reconstruction is then displayed to align the
perspective with that approach trajectory. The
high resolution RGB computer output is then
converted to standard NTSC video format using a
scan converter (CVS-980 NTSC scan converter,
YEM, Okada, Japan). A video camera is then
trained on the patient from approximately the
same perspective angle. The images from the
scan converter and the camera are then combined
with a video mixer (Panasonic WJ-AVES). This
video editor varies the two input images’ intensity
so that 100% of either or 50% of each or any ratio
in between can be displayed. Thus, like a
photographic double-exposure, the two images are
superimposed.

The position of the patient or the computer model
or both are then fine tuned until the two images
are identically scaled, positioned and rotated on the
video mixer’s output monitor. This alignment is
achieved by matching various surface landmarks
such as the ears, eyes and nose. In some areas
such as on the back of the head or over the spine
capsules placed on the skin prior to MR or CT
scanning serve as fiducials ~4. We are currently
developing automated, computerized ways of
adjusting the 3D reconstructed image to fit the
video image including the use of a laser range
scanner to create a patient surface model
corresponding to the video image with which the
computer reconstruction can be automatically
aligned 9.

After alignment of the surfaces the computer
image of the skin is selectively deleted leaving the
computer reconstruction of the underlying cranial
or spinal contents superimposed on the camera
image of the patient’s skin. The surgeon outlines
the tumor or important brain landmarks or spinal

anatomy on the patient with indelible markers.
These drawings help the surgeon to design an
adequate opening while minimizing the exposure
of nearby delicate sln~ctures. Using this technique
intraoperatively facilitates definition of tumor
margins and can be used for localization of
subcortical tumors using sulci as registration
landmarks (see Figure 1).

Figure 1: Registration of Live Video
and Computer-Generated 3D Recon-
structions s

Figure 1: Video registration of 3D reconstructions
from MRI’s. Application of different registration
techniques: a) visualization of cerebral surface in a!
normal volunteer b) 31) reconstruction overlaid on 
slice from the original gray scale image in a patient
with a tumor c) preoperative overlay with video
image in the same patient e) & 0 intra-operative
overlay of predicted and actual tumor location.

RESULTS
We have used reality enhancement pre-operatively
to help plan the surgical approach in nearly
twenty cases, In addition in over a dozen cases we
have used the technique intra- as well as pre-
operatively. Our experience suggests that this
technique has several advantages over other image
guidance techniques. The ability to see the entire
tumor rather than having only "point in space"
navigation is distinct from most other systems,
with the exception of those that display image
data in the operating microscope H, ~5. Another
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advantage is the lack of any need for a device
between the surgeon and the patient, thus
eliminating the intrusiveness as well as the
infection potential of a frame, arm or wand 2, 3,10,
13. 16

The original image data resolution stands as the
principle barrier to obtaining higher quality three
dimensional segmentations. Ideally neuro-
surgeons would like to be able to identify small,
essential anatomic structures, such perforating
arteries measuring a millimeter in diameter. The
segmented image resolution is limited to the
resolution of the original two dimensional data,
and thus advances in this field will demand
increased scanner resolution.

Fully automated segmentation are needed to make
these techniques practical outside of research
settings. One possible solution involves
registering the original data sets with a digitized
anatomic arias. This could eliminate our initial
manual tissue classification.

There are several technical problems particular to
the video registration technique that should be
specifically addressed. While the image
registration process is taking place it is essential
that neither the patient nor the video camera move
with respect to one another. Such immobilization
can be achieved by performing the video
registration after induction of general anesthesia or
application of a headholder. It should be possible
to devise automated, ongoing re-regisWation in the
future 9.

The exact perspective selected for the registration
is critical because of potential parallax effects. If
the operation were carried firom another perspective
the borders of the tumor projected on the scalp
would be misplaced for that angle, though still
correct for the angle at which the registration was
performed.

Finally, one must remember that the image data
obtained pre-operatively may not be valid once
surgical steps such as resection or retraction have
been taken. Advances in inLra-operative image
updating are needed to overcome this problem,
either through actual intra-operative imaging or by
developing elasticity deformable computer
reconstructions. This latter possibility presents a
tremendous software engineering challenge.

In summary, we have developed an enhanced
reality technique for image-guided neurosurgery by

registering computer reconstructed 3D medical
images with live patient video images. This
technique permits easy surgical localization
without the need for cumbersome equipment
between the surgeon and the patient.
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