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Modern Stereotactic Neuro-
surgery is dedicated
posthumously to Lars Leksell, one
of the great innovators and
investigators in modern
neurological surgery. Professor
Leksell died suddenly on January
12, 1986, at the age of 78, after
completing a morning walk in the
Swiss Alps. Characteristically,
earlier that day he had
telephoned his son and proposed
another clinical study designed to
further expand the usage of
stereotactic surgery. He was
buried in Rome next to his
beloved wife, Ludmila, and is
survived by five children and
many grandchildren, all
successful in their own right.
Lars Leksell was born in
Fissberg, Sweden, on November
23, 1907. He completed his
medical studies at the Karolinska
Institute. In 1935, he began his
neurosurgical training with
Professor Herbert Olivecrona at
the Serafimer lasarettet, a nesting
place for many other
neurosurgical pioneers. His 1945
Ph.D. dissertation, under the
direction of 1967 Nobel Lanreate
Ragnar Granit, described the
gamma motor system. Forty years
later (1985), Professor Granit de-
livered the first “Lars Leksell
Lecture” at the Karolinska
Institute. Lars Leksell was
Professor of Neurological Surgery
at Lund between 1958 and 1960
and then Professor of
Neurosurgery at the Karolinska
Institute from 1960 until his
“retirement” in 1974. For the
next 12 years, Lars remained
actively involved in the research
and clinical activities of the
Karolinska, continuing daily

Dedication

visits and monitoring all types of
stereotactic surgery performed
there.

His accomplishments include the
combination of multiple imaging
modalities with guided brain
surgery: encephalography in
1949, echoencephalography in
1955, computed tomography in
1976, and magnetic resonance
imaging in 1983. He was
convinced that all forms of
energy could be devoted to the
ablation of tumors or the creation
of therapeutic brain lesions.
Perbaps the most creative
invention of this brilliant mind
was the development of stereot-
actic radiosurgery (the gamma
knife), a technique in which
multiple cobalt sources are
focused stereotactically in the
brain to ablate brain tumors
without the need for a surgical
incision.

Honored internationally by many
surgical and neurological societies
and decorated by many
governments, Lars Leksell
remained a man always available
to his peers, bis patients, his
family, and even to the unknown
visitors who streamed to bis side.
He left a legacy of friends and
trainees throughout the world.
Foremost a scientist, he was a
linguist (Swedish, English,
German, French, Italian), an
adventurer (he often traveled to
the Karolinska by motorcycle or
boat), and a gregarious
raconteur. In his later years,
those who had the opportunity to
spend many hours in conversation
with him at the Diplomat Tea
House can testify to bis wide-
ranging interests. He was a

perfectionist: Each of his scientific.

xi
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papers was remarkable for its
succinct presentation, clarity, and
literacy; regardless of the
language in which he wrote, each
punctuation mark was important.
The stereotactic instrument over
which he labored remained in
evolution, as Lars continued to
make even seemingly minor
changes designed to perfect the
device. He vociferously
campaigned against the
aggrandizement of bibliographies
by the inclusion of inconsequen-
tial papers; bis concern was
quality, not quantity. His
sparkling humor was manifest in
his personal writings:
Hjirnfragment (a play on the
Swedish double entendre Hjarn
meaning both “brain” and
“tron”) is an antobiographical
sketch ostensibly intended as a
family memoir. He was a
passionate humanist, intimately

DEDICATION

xiii

involved in the Swedish
controversy over the definition of
brain death, which culminated
with his coauthorship (with
Gerda Antti) of Hjirn dod?,
published in 1985.

Lars Leksell trained in the
infancy of neurological surgery, a
time when families lined up
outside the operating-room door
to donate blood, lest exsanguina-
tion terminate the removal of a
relative’s brain tumor. He was
convinced that all areas of the
brain could be explored safely if
only the proper tools were avail-
able. He lived to see one of bis
fondest dreams realized: the full
integration of safe and effective
stereotactic instrumentation into
its rightful place in the field of

neurological surgery.

L. Dade Lunsford
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PREFACE

When I was first approached by the publisher
of this volume, Martinus Nijhoff, Boston, I
explored the possibility of writing a personal
monograph on contemporary stereotactic
surgery. After a review of available literature,
several aspects became apparent. First, no cur-
rent, readily accessible, multiauthored text de-
signed to survey the field was available. Those
books that were available tended to heavily
emphasize theory, physiology, and anatomy.
Second, stereotactic surgeons were considered
abstruse and for too long were relegated to a
status outside of the mainstream of neuro-
surgery. This attitude probably reflected the
insufficient explanation of the practical uses
and advantages of stereotactic technique.
Third, in recent years, the field has expanded
so rapidly that it has become a major compo-
nent of any active neurosurgical teaching prog-
ram. For example, at some centers, stereotactic
technique may be used in 25%-30% of all
neurosurgical procedures. My goal, therefore,
changed to one of editing a general textbook
designed to emphasize the practical role of
stereotactic technique in the daily routine.

Modern Stereotactic Neurosurgery is di-
vided into four sections. Section I, Basic Tech-
niques, identifies and explains many, but cer-
tainly not all, of the currently commercially
available stereotactic instruments. Section II,
Morphological Surgery, discusses the use of
these devices in the diagnosis and treatment of
structural mass lesions of the brain. Section 111,
Functional Surgery, describes the role of
stereotactic technique in the treatment of phys-
1ologic disorders of the brain. Section IV,
Stereotactic Radiosurgery, introduces a quickly
growing field that combines stereotactic preci-
sion with powerful radiotherapeutic treatment
modalities.

As in any multiauthored textbook penned by
writers of diverse backgrounds and interests,
Modern Stereotactic Neurosurgery to some
extent suffers from incompleteness. Future
volumes no doubt will include many additions
from other authors who also are important
specialists in the field. Because not all authors
write in the same style (or even language), we
have attempted to achieve a more cohesive text
in the editorial process. Each chapter has been
subdivided into pertinent headings for easier
reference. Because of my own background,
some readers will note an Americanization (as
opposed to anglicization) of the chapters.
While many chapters comprise primarily sum-
maries of the authors’ work within the field,
each author was encouraged to review the liter-
ature in that discipline if appropriate. In most
chapters, the bibliography purposely was kept
small so that interested readers might know
precisely those references regarded as impor-
tant by recognized authorities in the field.

The practice of stereotactic surgery prog-
resses—new indications, new devices, and
new techniques. Few specialities more suc-
cessfully have combined the advantages of
tremendously advanced imaging tools, compu-
ter technology, and therapeutic devices. In the
process, the goal of reduced patient morbidity
has been maintained in an era in which the
preservation or improvement of neurological
tunction after surgery has become a major
achievement. Stereotactic surgery is firmly in-
tegrated within the neurosurgical armamentar-
ium and, no doubt, future investigators will
further expand its uses.

L. Dade Lunsford, M.D.
Pittsburgh, Pennsylvania
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1. GENERAL CONCEPTS OF
STEREOTACTIC SURGERY

Philip L. Gildenberg

Stereotactic surgery is that field of neuro-
surgery in which an apparatus is employed to
direct an electrode or probe to an intracerebral
target with minimal damage to overlying struc-
tures. Stereotactic procedures are used to alter
the function of deep structures within the
brain, to treat various lesions, or to obtain
tissue for study.

Before the advent of stereotactic surgery, it
was necessary to incise the brain to visulize the
target area in order to approach any target. If
an anatomical structure were the target, it
might not be identifiable by direct vision. If the
lesion were deep and small, it might be difficult
to locate, resulting in extensive damage to the
surrounding brain. If the lesion underlay a
functional area, it might not be possible to
approach the target without causing an un-
acceptable neurological deficit. If a target lay
near or beneath arteries, it might not be
approachable without significant injury to
blood supply. These considerations made most
deep-seated targets off limits to the surgeon.

Even prior to the development of stereo-
tactic surgery, neurophysiological information
had been available to theorize how abnormal
brain function might be alleviated by interrupt-
ing various pathways. Techniques that were
devised to interrupt extrapyramidal fibers in
the peduncle, for instance [28, 29], or infarct
extrapyramidal structures by ligating an artery
[6] had inconsistent results and unacceptable
risk, so they did not become widely acepted
and later became supplanted by stereotactic
procedures. Stereotactic surgery made it possi-
ble to approach deep targets safely and accu-
rately, leading to a new subspecialty of neuro-
surgery.

The principles of stereotactic surgery depend
on a Cartesian coordinate system. Descartes

FIGURE 1-1. The Cartesian coordinate system on
which stereoencephalotomy is based is related to
landmarks about the third ventricle. Reprinted with
permission from Gildenberg PL: Functional neuro-
surgery. In Schmidek H and Sweet H (eds): Opera-
tive Neurosurgery (2nd ed). New York: Grune &
Stratton, 1987.

observed that it is possible to define the loca-
tion of an individual point in space by relating
it to three planes intersecting at right angles to
each other (figure 1-1) [9]. Therefore, to
define a point, one must state three coordin-
ates, each corresponding to the distance be-
tween the point and one of the planes. There is
only one point that corresponds to each defini-

L.D. Lunsford (ed.) MODERN STEREOTACTIC NEUROSURGERY. Copyright ©) 1988. 3
Martinus Nijhoff Publishing. Boston/Dordrecht/Lancaster. All rights reserved.



4 I. BASIC TECHNIQUES

tion. For instance, only one point can be 4 mm
to the right of the midsagittal plane, 6 mm
above a horizontal plane at right angles to the
first, and 8 mm anterior to a vertical plane at
right angles to the other two. If the three
planes are related to the brain, (e.g., if they
intersect at the posterior commissure, with the
sagittal plane in the midline and the horizontal
plane passing through both commissures), the
defined target point will lie at a specific loca-
tion within the brain. If it is determined what
anatomical structure ordinarily lies at a particu-
lar set of coordinates, it becomes possible to
use those coordinates to define the location of
the anatomical structure.

Let us proceed one step at a time. Three such
reference planes were originally defined for
experimental animals. One is the midsagittal
plane (a logical choice). The horizontal or basal
plane in animals is defined as a plane at right
angles to the first, running through both exter-
nal auditory meatus and the inferior orbital
rims. This plane can be related approximately
to the Frankfort plane used in anthropology
for measurements of the skull, which is defined
as a plane through both external auditory ca-
nals and one inferior orbital rim. Such reference
avoids inconsistencies caused by asymmetry.
By defining the planes in this manner, there
is an additional advantage in that animal
stereotactic apparatus are designed to secure
the animal’s head with earplugs and with tabs
resting on the inferior orbital rim, automatical-
ly aligning the head with the basal and interau-
ral planes. Because the basal plane, defined by
the bony landmarks, ordinarily lies entirely be-
low the brain, a parallel plane 10 mm higher 1s
often taken for convenience as the stereotactic
basal plane. By aligning the head in the center
of the apparatus, the midsagittal plane is de-
fined, as well.

Stereotactic Apparatus

The above original and revolutionary principle
was described in 1908 by Horsley and Clarke
in a classic paper, “The Structure and Func-
tions of the Cerebellum Examined By a New
Method” published in Brain [19]. Their amaz-
ing contribution, which should be read by
any surgeon or neurophysiologist engaging in
stereotactic surgery, is divided into five parts,
although the title refers only to the physiologic
study of the cerebellum presented in one part

of the paper. To study the cerebellum, lesions
were made at specific places, which required
the development of a stereotactic apparatus.
The general principles of the device are de-
scribed in exquisite detail along with a descrip-
tion of the first stereotactic brain atlas. One
part of the paper involves the production of
electrolytic lesions with a direct current, a
study that has not been improved upon in the
80 years since it appeared. The animal
stereotactic device was so inventive and suc-
cessful that it continues to be used to the pre-
sent day with some mechanical modifications
or revisions but no refinements in its basic
principles.

Horsley and Clarke made these essential
points:

1. Any irregular solid may be divided by three
section planes in three dimensions into eight
segments, in each of which the three internal
surfaces are those of a cube.

2. In any solid body, a constant point (which
can be measured from plane surfaces and
represents the three dimensions of a cube)
can be identified by three perpendiculars of
correct length dependent from those sur-
faces, and it is the only point where those
perpendiculars can meet.

3. A needle may be substituted for any of
these perpendiculars, and in order for it to
be directed mechanically to any required
point in any of these rectilinear segments, an
instrument is necessary that will introduce it
in a direction perpendicular to one surface,
and therefore parallel to the other two, to
any required distance from the first surface,
any required distance from the others, 1e.,
the needle must have a regulated movement
in three dimensions [19].

Even as early as 1918, an adaptation of the
Horsley and Clarke apparatus for humans was
made by Mussen [31], but we do not know
whether it was ever used.

Attempts to apply the experimental animal
system to humans met with difficulty. Because
there is great variability between landmarks on
the skull and anatomical structures within the
cerebrum of humans, the accuracy of the sys-
tem did not approach that required for clinical
use. Inaccuracies in electrode placement in
experimental animals caused by anatomical
variability were dealt with by using a number
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of animals, sectioning the brains at the conclu-
sion of the experiment to examine the precise
electrode placement, and using data from only
those animals with satisfactory electrode place-
ment. Obviously, this could not be done in
humans, where every electrode placement had
to be accurate.

In 1947, Spiegel and Wycis reported a tech-
nique to improve accuracy sufficiently to allow
the adaptation of stereotactic surgery to hu-
mans [41]. They related the coordinate system
not to landmarks about the skull but to inter-
nal cerebral landmarks as seen on anteroposte-
rior (AP) and lateral roentgen films. Originally,
they took as their basal plane a line (on lateral
pneumoencephalography films) between the
foramen of Monro and the pineal gland. The
coronal plane passed through the pineal gland
at right angles to the basal and midsagittal
planes. They named their new technique
stereoencephalotomy, a three-dimensional sys-
tem based on encephalographic coordinates.
The original Horsley and Clarke apparatus in-
volved a translational system, that is, the elec-
trode was moved longitudinally along a system
of slides to move the vertically oriented elec-
trode in the AP or lateral direction individual-
ly. Once the electrode was adjusted to lie im-
mediately above, and pointing to, the target, it
was lowered by a microdrive to the target.
Later modification allowed angular adjust-
ments so the electrode might be tilted to
approach the target along a predetermined
trajectory, but the major adjustments remained
AP and lateral, performed by sliding the elec-
trodes.

The original Spiegel-Wycis human appar-
atus, Model I, resembled the original Horsley
and Clarke apparatus in that it contained only
translational, and not angular, adjustments
[41]. It was fixed not to the skull but to the
scalp by a plaster cap manufactured for each
individual patient, from which a base ring was
suspended. The adjustable part of the apparatus
was attached to the base ring. Later models of
the Spiegel-Wycis apparatus incorporated
angular adjustments and fixation to the skull
but sull depended primarily on translational
movements for aiming the electrode (figure 1-
2).

As the field has developed, most currently
used stereotactic apparatus can be assigned to
one of four categories, (a) the translational sys-
tem; (b) burr-hole mounted; (c) the arc type;

FIGURE 1-2. The four basic types of stereotactic
apparatus are (a) the translational system, (b) burr-
hole mounted, (c) the arc type, and (d) a system
with interlocking arcs. Reprinted with permission
from Gildenberg PL: Functional neurosurgery. In
Schmidek H and Sweet H (eds): Operative Neuro-
surgery (2nd ed). New York: Grune & Stratton,
1987.

and (d) a system with interlocking arcs (figure
1-2).

Some early systems were actually aiming de-
vices that attached to a burr hole. The only
adjustments possible were angular, in order to
point the electrode at the target; possibly a
microdrive was added to advance the electrode
to a given depth. Lines were drawn on both the
AP and the lateral roentgen ray films from the
target through the fulcrum of the burr-hole-
mounted apparatus. The AP and lateral angles
of the apparatus were adjusted to correspond
to the angles demonstrated on the films. It is
very difficult to make angular adjustments
accurately, because the error of even a fraction
of a degree may produce an error of several
millimeters at target depth, so there is an inher-
ent inaccuracy in these devices. In addition,
firm fixation to the burr hole is frequently
suboptimal, and even the slightest movement
can cause a great mechanical inaccuracy. More
recent varieties of burr-hole-mounted stereo-
tactic apparatus employ a base plate screwed
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to the skull for greater stability and use
a phantom to adjust the angles with greater
accuracy [4].

A major contribution to stereotactic surgery
was the development of arc systems, such as
the Leksell apparatus [25, 26]. These types of
apparatus contain a semicircular arc on which
an electrode carrier is mounted so that it al-
ways points to the center of the semicircle. In
some systems, the arc is attached to a frame,
which 1s attached to the patient’s head in an
adjustable measured manner so that the target
lies in the center of the arc system. In other
systems, the patient’s head is moved within the
arc system so that the target point lies at the
center of the apparatus, as in the Todd-Wells
system [49].

A modification of this apparatus relies on an
arc system that is not centered on the 'target,
such as that used in the Riechert device and its
modifications [33]; instead, the arc is adjusted
with a phantom. A head ring is applied to the
patient and radiographs taken to define the
target point in relation to the head ring. The
arc system, or target bow, is applied to a simi-
lar head ring (a phantom) on which a device
indicates the relative position of the target, and
the arc is adjusted to advance the probe to the
target. The arc system can then be transferred
to the head ring on the patient’s ‘skull, and a
probe can be advanced to the target without
turther adjustment.

The recently introduced Brown-Roberts-
Wells apparatus uses a system of interlocking
arcs to point the probe to the target [3, 17].
The target coordinates are determined in rela-
tion to a head ring. A computer is used to deter-
mine the four angular adjustments to direct the
probe either from the location of a burr hole or
along a specific angle and declination.

Other systems, such as the Talairach appa-
ratus [45], use a grid system to introduce the
electrode or multiple electrodes from a given
angle to the target. Although such devices do
not allow as much flexibility for the introduc-
tion of single electrodes, they allow the intro-
duction of an array of electrodes, which is par-
ticularly useful for exploring an area for
epileptiform activity or for the implantation of
multiple radioisotope sources.

Atlases

In order to know at which coordinates a spe-
cific anatomical structure can be found, it is

>

necessary to have a “road map,” or atlas. To
produce an atlas, a brain is fixed by a technique
to minimize distortion and shrinkage. It is sec-
tioned through planes parallel to, and a mea-
sured distance from, one of the three reference
planes [38]. Most frequently, the sections are
related to the coronal plane, but more recently,
the horizontal plane has become more popular
because of its relationship to images seen by
computed tomography (CT) scanning. For in-
stance, in an atlas involving coronal sectlons, it
is indicated how far each plate lies anterior or
posterior to the coronal plane, providing the
AP coordinates. Along the top or bottom is a
scale with the zero at the midsagittal plane, and
along the side of the plate is a scale relating it
to the basal plane, so that all three coordinates
can be derived from measurement on the plate
that bears the desired anatomical structure
(figure 1-3).

After the original description of a human
stereotactic apparatus in 1947, Spiegel and
Wycis published the first human stereotactic
atlas in 1952 [38]. It consisted of photographs
of a sample brain along with coordinates relat-
ing it to the coordinate system then employed,
based on a plane between the pineal gland and
the foramen of Monro. The atlas contained
several variability tables, derived from the
measurements of a number of brains; the tables
indicated the distribution of measurements
between key structures in a limited sample
population so that corrections might be esti-
mated in very large or very small brains. Addi-
tional variability tables appeared in articles
throughout the next 15 years, gradually adding
to the statistical accuracy of the measurements.

Later atlases were also based on individual
sample brains, but generally were related to the
intercommissural plane, which passes through
the center of the anterior and posterior com-
missures at right angles to the midsagittal
plane. Often, these atlases included transparent
overlays on which outlines of the nuclei and
subnuclei were drawn [34]; finely detailed en-
larged drawings of limited anatomical areas,
such as the thalamus and brain stem [1, 50];
information about the location of major blood
vessels [45]; and a host of physiological and
anatomical data [48], concentrated on the cere-
bellum. All were based on the principle origin-
ated by Horsley and Clarke and elaborated on
by Spiegel and Wycis.

As technology has advanced, however, we
are entering a new generation of computer-
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FIGURE 1-3. Each page in a stereotactic atlas provides all three coordinates of a visualized target. In coronal
sections, the anteroposterior coordinate is obtained from the location of the image; the lateral and vertical
coordinates are obtained from measurements made on the illustration.

based stereotactic atlases. They generally con-
sist of graphic illustrations derived from a pre-
viously published atlas. These illustrations can
be artifically distorted to fit the configuration
of key structures of the individual patient’s
brain as demonstrated on radiographs or com-
puted tomographic (CT) scans [22], or they can
be magnified and manipulated in the operating
room to provide information and views of
value to the surgeon [15]. They provide a re-
pository for anatomical and clinical informa-
tion obtained in the operating room regarding
the anatomical structures enabling correlation
of physiological data and clinical results with
specific foci [15, 47].

Radiography Requirements

Stereoencephalotomy requires the intraopera-
tive roentgenographic visualization of anato-
mical landmarks upon which the coordinate
system is based. Originally, the stereotactic
surgeon required a pneumoencephalogram to
visualize the foramen of Monro. Because it is

difficult to demonstrate posterior structures
with air, the pineal gland was taken as the
posterior landmark. Later, ventriculography
was employed, at first with air as the contrast
medium. Better radiographic techniques made
localization of the anterior commissure reli-
able, and its structure made it 2 more accurate
landmark than the foramen of Monro. By in-
stilling the air under controlled pressure, it was
possible to demonstrate the posterior commis-
sure, and that was adopted as the posterior
landmark. This enabled the surgeon to have far
more accuracy than using the pineal gland,
which varies greatly in size and demonstrabil-
ity.

The development of positive-contrast media
improved demonstration of the landmarks even
further. Pantopaque (iodophenylundecanoate)
allowed excellent visualization when adminis-
tered through a ventricular cannula, but since it
is very hyperbaric, it could only be used with
the patient in the sitting position, when the
patient’s head could be first flexed and chen
extended to enable visualization of both ante-
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rior and posterior commissures. Use of water-
soluble contrast media made it possible to
visulize the entire third ventricle along with
both commissures accurately and reliably. This
has become the technique of choice. Gains are
being made, however, in using coordinates de-
rived from landmarks visualized by CT or
magnetic resonance imaging (MRI) scans, and
that technique promises to be the future method
of choice.

Consistent and precise placement of AP and
lateral x-ray tubes is imperative to the accuracy
demanded by stereotactic surgery. The central
beam should reliably pass through the center of
the apparatus and/or target point in both AP
and lateral films to prevent image distortion by
parallax; thus, each stereotactic system must
have incorporated into it a2 method for align-
ment of roentgen x-ray sources [39].

Magnification must be controlled so that
measurements taken on roentgenograms can be
accurately related to actual distances. There are
generally two basic techniques to compensate
for roentgen x-ray magnification. The first in-
volves using a standard tube-to-cassette dis-
tance to determine the magnification factor.
Because magnification increases as one moves
further from the central beam, the magnifica-
tion factor will vary in different parts of the
film. This problem can most easily be over-
come by the use of a variable ruler, which can
be either spiral-shaped [26] or linear [14]. The
second way to control for magnification is to
use very large-tube-to-cassette distances, so-
called teleradiography, so that magnification is
negligible. This, however, may require building
an extra-large dedicated operating room, pos-
sibly with a dome two stories high to house
the AP x-ray tube.

CT Stereotaxis

Stereotactic surgery recently has entered a new
era [10]). There is a natural affinity between
stereotactic surgery and CT, because both are
concerned with the accurate definition of inter-
nal cerebral structures in a three-dimensional
array. The marriage was consummated with the
development of devices and techniques that
allow the insertion of a probe into any target
that can be seen by CT or MRI scanning,
whether a specific anatomical structure or mass
lesion.

If one looks carefully at a CT image, one can

see that the picture is made up of a grid of
numerous squares organized in lines and rows,
pixels arrayed as a natural coordinate system,
as each has a specific position or address. The
CT sections are piled upon each other to form
a three-dimensional organized stack. When
considered in three-dimensional volume, each
address is referred to a voxel, and the organiza-
tion of voxels in a scan represents a Cartesian
coordinate system similar to that used with
stereotactic coordinates.

One must be cautious in naming the coor-
dinates because disparate routines have been
adopted. It is common among stereotactic
surgeons to refer to the AP coordinate as the
“X” coordinate, the vertical coordinate as the
“Y” coordinate, and the lateral coordinate as
the “Z” coordinate. The radiologists, however,
have adopted a different nomenclature, which
may lead to considerable confusion.

The AP and lateral stereotactic coordinates
can be demonstrated on an individual CT im-
age, and various methods can be used to define
a zero point from which measurements can be
made. The difficulty lies, however, in defining
the exact position of the image in relation to
the head and/or the stereotactic apparatus, and
several solutions have been employed.

One simple technique can be used with any
CT scanner that demonstrates a translational
image, such as the GE ScoutView® (General
Electric Medical Systems, Milwaukee, W1) and
with any stereotactic apparatus [13]. The AP
and lateral coordinates are taken from the im-
age bearing the target by measuring from the
center of the head. The position of the target-
bearing image is obtained by relating the target
position in the images on the electronic sagittal
radiograph (ScoutView®) to the target position
on the lateral roentgenogram taken 1n the oper-
ating room. Those images that pass through
identifiable landmarks at the base of the skull
are drawn on the operating room roentgeno-
gram, and the distance to the target image is
measured taking magification into account.

Other techniques require the stereotactic
apparatus or head ring to be attached to the
scanner table; the distance the table moves be-
tween the scan of the head ring and the target
represents the vertical coordinate.

Perhaps the most accurate system involves a
localizer dev1ce, which is attached to the head
ring and is included in the scan of each slice.
The most common of these involves three N-
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shaped arrangements of three carbon rods each.
As the CT slice cuts through a set of three
rods, the relative distance between the center
rod and the other two rods is proportionate to
the height the slice lies above the base ring.
Because the distance is determined at three
separate points, it 1s possible to define the slice
as a plane in space, even if the slice is not
parallel to the base ring [17].

Simple aiming devices can be attached to a
burr hole and the probe inserted under CT
guidance, but this trial-and-error method
leaves much to be desired.

Finally, the stereotactic apparatus can be
built into the CT scanner and the position of
the image and target indicated directly in
stereotactic coordinates [23]. Such a system can
be elegant and accurate, and the procedure can
be monitored with the patient’s head in the
scanner, but it is elaborate and too costly for
most stereotactic surgeons.

Indications

Indications for stereotactic surgery can be di-
vided roughly into two groups, functional and
CT-directed. In functional procedures, that is,
procedures designed to change the function of
the nervous system, specific anatomical sites or
structures are the targets [11, 36, 39]. In CT-
directed procedures the target is a lesion seen
by CT or similar imaging techniques [10, 17].
Functional procedures may require the inter-
ruption of pathways by production of a lesion,
stimulation of a region or anatomical structures
(keeping in mind that electrical stimulation
may actually cause a temporary inhibition or
disruption of physiological activity), or phar-
macological manipulation of an area. Often,
electrical techniques are combined with record-
ing of physiological activity. Ablative proce-
dures generally employ a radiofrequency elec-
trical current to heat a controlled volume of
tissue to the point of denaturation [8], although
controlled cutting with a leukotome and con-
trolled freezing have been used [7].

The classic reason for ablative stereotactic
operations has been the interruption of basal
ganglion pathways for the alleviation of move-
ment disorders, particularly tremor [11]. In
the late 1950s and early 1960s, functional
stereotaxy reached its peak in the treatment of
Parkinson’s disease, as many neurosurgeons
ablated various targets, such as the ventral

lateral nucleus of the thalamus [36], the globus
pallidus [37], or the intervening pathways in
the ansa lenticularis (ansotomy) or Forel’s field
H (campotomy) [39, 42]. Although there has
been a sharp decline in this use since the intro-
duction of r-dopa, there is still a role for
surgery in those patients whose primary symp-
tom is tremor [12] (see chapters 23 and 25).
Other types of tremor such as intention or post-
traumatic tremor may respond to similar le-
sions. An occasional patient with dystonia
musculorum deformans may have a dramatic
response to ventral lateral lesions, and half can
be helped to some extent [5]. Whether spasmo-
dic torticollis responds to stereotactic ablation
is still under consideration [16], but the re-
sponse may be partial or long delayed [24].

Ablative stereotactic procedures can be used
for the treatment of pain, primarily cancer
pain. The major targets are the lemniscal
pathways in the midbrain [30, 43, 44, 46] or the
extralemniscal pathways within the thalamus
[11, 43, 44] or at the cervicomedullary junction
[18, 35].

Although the original intention of Spiegel
and Wycis was to develop stereotactic surgery
as a refinement of psychosurgery (which then
consisted of prefrontal lobotomy), that has
become only a minor use for stereotactic tech-
niques. Nevertheless, cingulotomy or dorsal
median thalamotomy can be an invaluable
treatment for patients with intractable depres-
sion or obsessive-compulsive behavior [2, 36].

There have been numerous attempts to em-
ploy ablative stereotactic surgery in the treat-
ment of epilepsy, with targets in Forel’s field
or associated pathways [21, 36, 39, 40] or other
basal ganglia areas. Theoretlcally, such proce-
dures were designed to prevent propagation of
abnormal cerebral activity, but they have not
supplanted the more classic approaches to abla-
tive epilepsy surgery. However, stereotactic
insertion of recording electrodes has been an
important part of the evaluation of epilepsy
patients who may be considered for surgical
resection of seizure foci. Indeed, depth re-
cordings can be done whenever an electrode is
stereotactically inserted for any reason, and in-
formation thus obtained has been the basis for
our understanding of human neurophysiology
36, 39].

The development of implantable stimulating
devices, such as those used for dorsal spinal
cord stimulation, has further led to the de-



10 I. BASIC TECHNIQUES

velopment of implantable brain-stimulating
electrodes that can be used with such stimula-
tors. Stimulation of the somatosensory areas of
the internal capsule is useful for denervation
pain [20], and chronic stimulation of the peria-
queductal or periventricular gray regions can
inhibit chronic pain or cancer pain [32].
Today, neurosurgeons can insert a probe
into any lesion seen by CT or other imaging
techniques; stereotaxis thus can be used for the
biospy of mass lesions, aspiration of abscesses
or cysts, evacuation of intracerebral hemato-
mas, insertion of radioisotopes, instillation of
antibiotics or chemotherapeutic agents [10],
and soon, for the insertion of tissue sources of
neurotransmitters or embryonal tissue [27].

Stereotactic vs. Stereotaxic

There has been considerable disagreement
about the proper usage of stereotactic versus
stereotaxic. The latter term, used originally,
involves the Greek root words for three-
dimensional and system. However, at its 1973
meeting, the International Society for Research
in Stereoencephalotomy voted to change the
name of the organization to the World Society
for Stereotactic and Functional Neurosurgery.
The spelling was derived from the Greek work
stereo for three-dimensional and the Latin
word tactus, to touch. The feeling was that
stereotactic surgery involved more than merely
displaying the brain in three dimensions, but
actually using a three-dimensional system to
touch a structure deep within the brain.
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2. THE IMAGING-COMPATIBLE
RIECHERT-MUNDINGER SYSTEM

Fritz Mundinger
Walter Birg

The Riechert-Mundinger stereotactic system
[36, 37] as updated by Mundinger and Birg is
compatible with computed tomography (CT)
and magnetic resonance imaging (MRI) (figure
2-1) [1—4, 6]. Clinical experience with 9,000
operations in Freiburg, West Germany led to
the development of this device, which offers
some unique advantages. Any target within the
brain can be reached from any site of the face
or skull. After the base ring is attached to the
patient’s skull, it is coinpletely unmovable,
even by involuntary movement of the patient.
The ring is attached to a holder that can be
fixed anywhere, which allows the operation to
be performed with the patient either sitting,
prone, or supine. If necessary the device can be
removed easily from the table holder, as when
epileptic seizures occur. It can be fixed in a
position that does not correspond exactly to
the anterior commissure—posterior commissure
line without affecting precision in reaching the
target. A special version of the base ring is
avalable for MRI. For CT and MRI
stereotaxy, the ring can be fixed in position to
the imaging devices by means of an especially
adapted holder, making coordinate calculations
unnecessary. The stereotactic coordinates are
taken directly from the CT or MRI images [5,
7, 21].

The arc with the electrode holder can be
attached to the patient’s skull in 16 different
positions, detailed later in this chapter. The

roentgen-ray techniques for target determina-
tions, long distances between the roentgen-ray
source and target are desirable but not manda-
tory, as an lmage converter can be used for
radiography [30, 34]. No special operating
room is needed for use of the apparatus; it can
be used in any operating room or radiology
suite (figure 2-2).

Various parts of the device are stored in a
special box containing sterilizable insets, which
enables the device to be used in a variety of
clinical situations. The stereotactic base ring
and target arc and some probes and electrodes
are sufficient basic equipment. This equipment
can be augmented modularly as warranted.

Theory

This stereotactic system works according to the
polar coordinate principle (figure 2—3). Details
of the mathematical deduction of the five
setting parameters—alpha, beta, phi, psi, and
NT—are described elsewhere [2, 3]. The final
formulas for the determination of the param-
eters are as follows:

Alpha = arctan (W2/gx)
Beta = arctan (gz/gy)
Psi = arctan (W1/sqr [w2 * w2 — wl * wl])

Phi = arctan (sqr [1 — w1l * wi/w2 * w2

electrode or probe position can be checked — ex * ex]/ex) — alpha (if ex () 0)
radiographically, because the brain and skull . v
structures of interest are not covered by any Phi = PI/2 - alpha (ifex=0)
parts of the device. Using conventional NT = 3125 - L1

L.D. Lunsford (ed.) MODERN STEREOTACTIC NEUROSURGERY. Copyright © 1988. 13

Martinus Nijhoff Publishing. Boston/Dordrecht/Lancaster. All rights reserved.
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FIGURE 2-1. The Reichert-Mundinger stereotactic device in its computer-compatible version, designed by
the authors. The target arc is fixed on the base ring by a segmental arc. For radiographic imaging, the ring is
positioned on a fixation device on the operating table.

FIGURE 2-2. An operation in progress. The electrode path is calculated by a computer. The target arc and the
electrode holder with vernier scales can be seen.
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FIGURE 2-3. Mathematic principle of the stereotactic device. The four setting parameters are (a) alpha, (B)
beta, () phi, and (¥) psi. Plane E is the plane of the base ring; plane E’ is the (effective) plane of the target
arc. T = the trephination point;
Z = the target. The position of the target arc is determined by the B angle, the position of the electrode holder
by the a angle. The direction of the electrode is marked by the two polar coordinate angles, ¢ and ¥. The
needle depth corresponds to the distance GL. — Z, denoted “NT.”

The abbreviations are:

T
y4

L}

€X

€y

€z

gx
gy
gz
W1
W2

(tx, ty, tz) the trephination point
(zx, zy, zz) the target point
Radius of the target arc

sqr [(t = z) * (t — 2z)]

(tx — zx)/L1
(ty — zy)/L1
(tz — zz)/L1

—(z*e)+sqr((z*e)*x(z*xe) —z*2z
+r*r)

zx + L > ex

zy + L ey

zz + L ez

ey * gz — ez * gy

sqr (gy * gy + gz * gz)

The coordinates also can be determined
without mathematically calculating the setting
parameters by means of the phantom device. A
ring marking the burr-hole point is set to the
planned trephination point on the patient’s
head with a holder fixed to the base ring. In the
same position, the holder is transferred to the
base ring of the phantom device. The target
marker of the phantom device then is set to the
target point by means of a holder that can
move in three axes. The target arc is adjusted
empirically so that the introduced electrode
hits precisely the predetermined target point.
The angles and needle depths are documented,
and the target arc with preset target parameters
is transferred to the base ring on the patient’s
head.

Using mathematical calculations instead of
the phantom, however, offers several advan-
tages. Sterility problems resulting from the
transfer procedure can be avoided. Also, this
method 1s less time-consuming. Above all, the
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need for different or additional target points
sometimes is not apparent until the operation is
In progress; in such cases, it is much easier to
determine the new setting with a computer
than with the phantom. Cases in which exact
predetermination of the trephination point is
intended and procedures using CT and MRI
also call for computer calculation.

Accuracy

The mechanical accuracy of the current
Riechert-Mundinger device is very high (ap-
proximately +£0.1 mm) because of the limit-
ed setting precision. The effective accuracy,
which takes into consideration slight electrode
distortions, is approximately =0.5 mm. Errors
in target placement can result from intraopera-
tive transfer of the radiography or CT coordi-
nates. Errors that may result from roentgeno-
gram transfer have been examined by Mundin-
ger and Uh1 [34], who studied the accuracy in
transferring CT coordinates using a modified
stereotactic phantom device secured directly to
the CT scanner. In this study, the preset phan-
tom coordinates were compared with the coor-
dinates actually measured on the CT image.
The accuracy was =0.3 mm. For MRI, such
results have not yet been established. However,
the accuracy range probably will be approx-
imately +0.6 mm.

Modes of Fixation

As stated earlier, the stereotactic device can be
fixed to the patient’s head in any of 16 posi-
tions, which vary according to both the chosen
height angle and the orientation of the target
arc. The height angle (beta) can be set at approx-
imately 45°, 135° 225°, and 315°, and each
angle has two possible target arc orientations.
Additionally, the head fixation screws can be
attached either above or below the base ring
plane, making possible the 16 different place-
ments. Thus, the optimal approach can be
used, even in highly complicated surgical situa-
tions (e.g., an approach through the posterior
cranial fossa or when patients are in the lateral
position). The ability to fix the screws in two
ways is a great advantage, because the base ring
can be placed above or below the operation
site.

Two of these 16 fixation modes are of special
Interest: target arc in a normal or rotated posi-

tion. In both cases, the choice of coordinate
axes is important. Usually, we direct the X axis
toward the right ear, the Y axis toward the
nose, and the Z axis toward the vertex. Use of
these coordinates produces the correct setting
parameters when the normal fixation modes are
selected. With the target arc rotated, however,
Y must be replaced with —Y in the computer
calculations.

Range of Application

COMPUTED TOMOGRAPHY

Although the stereotactic device can be used
independently, it frequently is combined with
other diagnostic and therapeutic techniques,
notably CT [5, 12, 13, 21—25] and MRI [7] as
well as brachy Curietherapy or Curietherapy
[18, 20].

To use our apparatus with CT (figures 2—4
through 2-6), we attach a holder to the CT-
scanner bed. The base ring of the stereotactic
device, attached to the skull in either a high
cranial or low basal position, and thus can be
adjusted precisely in the center of the CT gan-
try (see figures 2—4, 2-6). With the device
fixed in this way, the same X and Y coordi-
nates apply to both the stereotactic device [5,
21] and the CT image. Tumor implantation
coordinates for Curietherapy can be determined
on the CT images and calculated with the soft-
ware of the CT scanner. The coordinates sub-
sequently can be entered in the computer to
calculate the final stereotactic coordinate set-
tings.

It is also possible to choose the trephination
point and the approach angle for the probe
directly on the CT monitor. In this way, we
have determined all parameters required for the
operation immediately after the CT examina-
tion. For optimal documentation and for com-
parison with the intraoperative roentgeno-
grams, the target and trephination points taken
from the CT images also are transposed to the
corresponding  stereotactic  roentgenograms
(electronic radiographs).

MAGNETIC RESONANCE IMAGING

To adapt our stereotactic device for MRI
(figure 2—7) [7], the base ring had to be mod-
ified. The metal alloy of the apparatus was
replaced by a plastic material, because ferrous
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FIGURE 2-4. CT stereotactic surgery. By means of an electronic sagittal radiograph, the levels of the CT
images are selected. The zero point of the ring coincides with the zero point of the CT system; the scan planes

must be parallel to the ring plane.

metal parts in the examination area of the MRI
scanner can produce artifacts. So it can be pre-
cisely located, the plastic base ring contains a
concentrically arranged reservoir on the inside,
filled with a paramagnetic liquid. This leads to
projection of light “spots” on the sagittal and
coronal images; these “spots” are used to
define the coordinate axes. As with CT, coor-
dinates corresponding to those of the stereo-
tactic device can be obtained directly from the
MRI image. The surgeon takes the required
target and trephination coordinates directly
from the MRI monitor and calculates the
stereotactic coordinates as it has with the CT
the stereotaxy (several thousand successful op-
erations), this has proved to be a great advan-
tage to us.

Clinical Indications

The stereotactic apparatus can be utilized with-
out restriction for all current clinical indica-
tions [10, 19, 27, 29, 33, 35]. Because any point
in the cranial cavity can be targeted precisely
from any entry point of the face or skull,
approaches ranging from frontal to occipital
and parietal to temporal are possible. Ap-
proaches through the face are also possible, for
example, transnasally for hypophysectomies,
transbuccally for clival lesions, transorbitally
for retroorbital lesions or for lesions in the
facial region.

Using the transcerebellar approach, the cere-
bellum and cerebellopontine angles and the
brain stem as far as the medulla area can be
reached for both functional and nonfunctional
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FIGURE 2-5. The stereotactic device inside the scanner gantry. If the zero point of the stereotactic device is in
the origin of the CT scanner and the ring plane is parallel to the scan plane, the Cartesian target-point
coordinates of the stereotactic device will be identical to the coordinate of the CT scanner.

stereotactic surgery. With ventral or dorsal and
lateral-cervical approaches, lesions or struc-
tures in the region of the cervical vertebral
column and the cervical region of the spinal
cord can be reached. Clinical indications for
functional and nonfunctional stereotactic
surgery at our center are listed in tables 2-1
and 2-2.

Operative Technique
NONFUNCTIONAL NEUROSURGERY

As a rule, patients are given local anesthesia;
general anesthesia is used only for children

under six years of age or when the transcere-
bellar approach has been chosen. The operation
is performed in an operating room adjacement
to the CT scanner. In the operating room, the
base ring is fixed to the patient’s head in either
a low or high position, and depending upon
the location of the tumor, with screws either
cranial or basal. After two roentgenograms are
obtained, the patient is taken to the scanner
room. With the aid of the laser-positioning
system and by adjustment of the scanner table,
the base ring is positioned so that its center
corresponds to the center of the CT scanner
and so that the scanning planes and base ring
plane are parallel. The coordinates of the



2. THE IMAGING-COMPATIBLE RIECHERT-MUNDINGER SYSTEM 19

FIGURE 2-6. CT image on the zero level (Z =

0 mm). With the grid feature, coincidence of the coordinate

systems of the scanner and the stereotactic device can be verified.

stereotactic system should coincide with those
of the scanner; this is confirmed with the grid
feature (see figure 2-6). After the necessary
CT images are obtained, the area of the target
structure is measured with the aid of the grid
and circle features of the scanner software. For
example, the tumor radius and the coordinates
can be measured by means of the region-of-
interest indicator. The tumor size parameters
can be determined more precisely with the use
of sagittal and coronal reformations; the direc-
tion of an approach is determined with a
second (trephination) point (figures 2—8 and
2-9). The coordinates thus obtained are trans-
ferred to the original roentgenograms, and the
coordinates for the stereotactic device are
calculated. This calculation is performed using
a separate personal computer, which also calcu-
lates the dosimetry.

The calculated parameters (four angles and

the needle depth) are set and verified, and a
6-mm burr hole is made in preparation for the
biopsy. After the dura is coagulated, the biopsy
forceps are led slowly through the outer can-
nula. The first biopsies are taken before the
tumor surface is reached; in cases where peritu-
moral edema or reactive gliosis is suspected,
this is especially important for the demarcation
of the tumor and for the dosimetry. Subse-
quent biopsies are performed every 1-2 mm
until the target and, in many cases, until the
other side of the tumor, is reached. Altogether,
five to 20 tumor samples are taken for analysis
(paraffin embedding and special staining) by
the neuropathologist(s). Intraoperatively, a dif-
ferential diagnosis of the tumor is carried out
immediately, based on smear preparations and
staining with methylene blue; thus, if neces-
sary, radiotherapy of the tumor can follow
immediately.



FIGURE 2-7. MRI stereotactic device developed by Mundinger and Birg et al. [7]. The sterectactic ring and
the fixation screws are made from a special plastic material. Small steel pins which do not disturb the MRI

process are attached to the tip of the screws.

TABLE 2-1. Clinical Indications for Stereotactic Radiotherapy at the University of Freiburg

Type of Therapy

Clinical Indications

Brachy Curietherapy + external irradiation
{xchemotherapy)

Brachy Curietherapy alone

Curietherapy alone

Curietherapy plus external irradiation

External irradiation (including neuroaxis)

Anaplastic glioma (grade III), astrocytoma, glioblastoma,
malignant ependymoma, melanoma, medulloblastoma,
sarcoma, metastatic tumors

Small-volume malignant tumors that recur as malignant tumors
after external irradiation

Cyst; small-volume glioma; glial (grades I, II), nonglial, and
extracerebral tumors; pituitary adenoma recurrences,
ependymoma; dysontogenetic tumors; extracerebral benign
or invasive tumors; malignant midline tumors

Anaplastic glioma (grades II, III); germinoma; pinealoblastoma
and pinealtoma

Inoperable large-volume anaplastic glioma; multiple metastases;
medulloblastoma; germinoma; malignant extracerebral
tumors; primitive neuroectodermal tumors
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TABLE 2-2. Indications for CT-Stercotactic
High-Dose-Rate Brachy Curietherapy
(*?Ir or '%°T) of Intracranial Malignant Turmors®

Type of Therapy  Indications

Primary Small volume hemispheric
tumors
Tumors in functionally
important regions (central,
temporal, parietal)
Nonresectable deep-seated
tumors
Secondary Tumors recurring after
operation and external beam
irradiation®

2 Temporary implantation technique after obligatory biopsy.
b Not indicated in lesions involving midline cerebral structures.

If radiotherapeutical measures are chosen,
the following techniques may be used accord-
ing to the type, grade, and location of the
tumor; (1) permanent implantation of a
radioisotope  (iodine-125['*’I] or iridium-
192[1%21r] [8, 9, 14—17, 19, 26, 28, 31] or (2)
irradiation of the tumor using the afterloading
technique (‘?°I catheter or 'Ir contact radi-
ation device GammaMed®) [17]. Tables 2-1
and 2-2 show our criteria for using both
methods. When permanent implantation of
125T is planned, the radioactivity to be im-
planted and the configuration of the implanted
sources first are calculated. Afterwards, the im-
planted cannula is placed at the predetermined
parts of the tumor, and the seeds are implanted
(figure 2-10).

FIGURE 2-8. CT coronal reconstruction of brain tumor in figure 2-9, used to obtain the X coordinates of

the implantation and trephination points.
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FIGURE 2-9. CT sagittal reconstruction of the brain tumor traced by the electronic trace feature of the CT
scanner. The first implantation point and the trephination point are marked. Because the coordinate systems
coincide, the coordinates measured by this procedure are the same as for the stercotactic device.

FUNCTIONAL NEUROSURGERY
Although we developed a method for deter-
mining the functional target points using CT
[5, 21] or MRI, in most cases we still use
contrast ventriculography. A regression tech-
nique is used to calculate the approximate coor-
dinates for the foramen of Monro from the
skull height and length on the sagittal and fron-
tal films [11, 32]. Ventriculography then is
performed. After calculating the foramen of
Monro and posterior commissure locations
and determining the target point from a stereo-
tactic atlas, the target point coordinates are
obtained through computer “streching” of the
atlas topography [1, 4, 6, 36, 37].

A suitable trephination point 65° sagittal to
the base line and 10° coronal to the midsagittal

plane is determined. The coordinates of the
trephination and target points are entered in
the computer, which calculates the device
parameters. After the stereotactic device is
adjusted accordingly, the burr hole is drilled

The coagulation electrode is introduced to
the target point, and physiological stimulus
checks are performed to confirm that the target
has been reached. Using the appropriate
coagulation parameters, temperature-regulated
coagulation is performed with the side-exit
electrode, which is adapted to the structure to
be ablated.

Tables 2—3 and 2-4 list the indications for
which we have performed stereotactic opera-
tions.
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FIGURE 2-10. The computer-calculated isodose curves are transposed onto the roentgenogram.

TABLE 2-3. Stereotactic Operations Performed
at University Hospital, Freiburg, West Germany?

Surgical Indication

No. of Operations

Parkinsonism
Hyperkinesia
Curietherapy
Biopsy only®
Intractable pain
Psychiatric surgery
Epilepsy
Angioma
Combined stereotactic/
open pituitary surgery

Other

Total

3,890
1,331
1,665
1,005
415
174
111
17
107

473
9,188

2 1950—Dec. 31, 1985
b After 1965

TABLE 2-4. Indications for Stereotactic
Operations for Extrapyramidal Disorders
Performed at University Hospital,

Freiburg, West Germany, (1950—March 7, 1986)

Indication No. of Operations
Parkinsonism 3,900
Choreoathetosis 215
Torsion dystonia 214
Spasmodic torticollis 231
Ballismus 26
Myoclonus 52
Gilles de la Tourette syndrome 18
Intention tremor (essential or 340

hereditary) and action
myoclonus (multiple sclerosis,
trauma)
Mixed and spastic hyperkinesia 172
Total 5,168
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Summary

The Riechert-Mundinger system has been used
extensively at our center since 1950 (more than
9,000 stereotactic operations). Recent modifica-
tions have adapted this device to advances in
computer and imaging capabilities. The versa-
tility of this device has been shown in cases of
both functional and morphological (tumor)
neurosurgery of the brain.
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3. THE LEKSELL SYSTEM

L. Dade Lunsford
Dan Leksell

Impressed by the work of Spiegel and Wycis in
Philadelphia in 1947 [13], Lars Leksell returned
to Stockholm with the goal of developing a
stereotactic apparatus that was “‘easy to handle
and practical in routine clinical work” [5]. The
first Leksell instrument was reported in 1949
[5], and all succeeding versions of this device
have remained constant to the goals of practi-
cality, accuracy, and versatility (figure 3-1).
Leksell was one of the first to recognize the
role of stereotactic surgery in both functional
and morphological neurosurgery and was also
one of the first to apply stereotactic technique
to the diagnosis and treatment of brain lesions.
In 1951, he introduced what has since been
called stereotactic radiosurgery, the production
of intracerebral lesions by means of stereotacti-
cally guided ionizing radiation. Intracavitary
treatment of cystic craniopharyngiomas with
radioactive phosphorus-32 was reported in the
same year [9]. At about the same time, Leksell
suggested that stereotactic surgery be used to
retrieve bullet fragments from the brains of
soldiers injured in combat.

The principle of the Leksell stereotactic in-
strument is simple (figure 3-2):

Essentially, it consists of a semicircular arc with a
movable electrode (probe) carrier. The arc is fixed to
the patient’s head in such a manner that its center
corresponds to the selected cerebral target. The elec-
trodes are always directed towards the center and
hence to the target. Rotation of the arc around the
axis rods in association with lateral adjustment of
the electrode carrier enables any convenient point of
entrance of the electrodes to be chosen, independent
of the site of the target [6].

For the operation, the arc is attached to a
coordinate frame fixed to the patient’s head.
The frame is used to define the target by var-

ious radiological techniques. Frame modifi-
cations over the past 37 years have been
concomitant with advances in neuro-imaging,
beginning with pneumoencephalography and
proceeding to angiography, computed tomog-
raphy (CT), and magnetic resonance imaging
(MRI). Paralleling the leaps in imaging tech-
nology, each generation of the instrument has
expanded the role and the advantages of
stereotactic surgery. The Leksell stereotactic
system is used at more than 350 neurosurgical
centers in 60 countries world-wide.

General Description of the Device

The modern Leksell stereotactic instrument
(all-imaging-technique-compatible Model D) is
fully compatible with all currently available
imaging techniques. The device consists of a
cubical rectilinear coordinate frame, 180 mm in
each dimension, and a semicircular arc, which
is attached to the frame at the chosen coordi-
nates after target selection is completed. The arc
has a sliding instrument carrier to hold the
probes necessary for the planned surgical in-
tervention. The Y (anterior-posterior) and Z
(superior-inferior) coordinates are set on the
frame by means of two side bars. The X (right-
left) coordinate is set on one of the axes of the
arc frame (figure 3-3).

The X, Y, and Z axes of the coordinate sys-
tem conform with the X, Y, and Z nomencla-
ture used in CT and MRI scanning. The frame
origin (X, Y, Z = 0) is outside the upper pos-
terior corner on the right side of the frame
(hgure 3-4).

Depending upon the imaging tool selected,
one of three pairs of indicator plates is attached
to the left and right sides of the frame (figure
3-5). When conventional radiography is used,
the coordinates of the targets are selected in

L.D. Lunsford (ed.) MODERN STEREOTACTIC NEUROSURGERY. Copyright © 1988. 27
Martinus Nijhoff Publishing. Boston/Dordrecht/Lancaster. All rights reserved.
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FIGURE 3-1. First Leksell stereotactic instrument, 1949 (A); Mark 1, 1951 (B); Model D (all-imaging-
technique-compatible) instrument (C).
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FIGURE 3-2. The arc principle of the instrument.

reference to the coordinate scales of the frame.
In CT or MRI scanning, they are derived from
fiducials generated by the coordinate indica-
tors. To reach the target, the arc is attached to

the frame at the chosen coordinates, an anatom-
ically and functionally safe trajectory is selected,
and the probe is advanced through the brainto a
depth corresponding to the radius of the arc
(190 mm). When the probe stop on the instru-
ment carrier of the arc is set at zero, the tip of
the probe hits the target with an accuracy of
+0.25 mm. The instrument is made of alu-
minum and weighs 1.8 kg.

Application of the Coordinate Frame

The coordinate frame is attached to the pa-
tient’s head by means of four stainless steel
drill bits. In most cases, application is per-
formed with the patient in a sitting position.
The skin at the proposed drill site is infiltrated
with a local anesthetic.

Premedication with an anticholinergic and an

FIGURE 3-3. Setting the X, Y, and Z coordinates with the side bars and arc.
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FIGURE 3-4. Origin of the coordinate system and
the rectilinear X, Y, and Z coordinate system.

anxiolyticdrug, occasionally supplemented by a
narcotic, provides sufficient sedation in pa-
tients with mild to moderate anxiety. When
necessary, the frame can be applied easily with
the patient under general anesthesia and supine,
the head supported by a suitable headrest [10].
Routine prepping of the entire head with alco-
hol prior to frame application ensures sterility
and does not risk the image degradation seen
when iodine preparation solutions are used
with CT localization.

The position of the frame on the head 1s
adjustable by means of ear plugs placed in
the unanesthestized external auditory canals.
Generally, the midline of the head should cor-
respond to the midline of the frame. A steel
sleeve containing the drill bit is used to punch
through the scalp, after which bits 3.2 mm in
diameter are drilled 3.5 mm into the outer table
of the skull. The drills should be inserted di-
agonally to ensure proper tension of the frame
against the skull. Standard drill bits are 110 mm
in length, but longer bits (130 mm) are avail-
able for pediatric patients. Only those patients
with the most severe macrocephaly are not able
to fit satisfactorily within the frame. If CT 1s
the imaging tool, the steel bits are replaced by
carbon-fiber pins (materials of low atomic

FIGURE 3-5. The three different coordinate indica-
tor plates for radiography, CT and MRI.

number are superior for CT imaging). Short
fiberglass pins are used for MRI localization.
The tips of these pins fit snugly into the pre-
viously made holes in the skull. Prior to imag-
ing, the pins are checked serially to ensure
proper tension and location within the drill
holes. Secure attachment of the frame is tested
by lifting the frame from above to verify that
head and frame move together. Because the
frame is light in weight, delays between frame
application and imaging portions of the proce-
dure are tolerated well by the patient.

Conventional Roentgenographic
Target Localization

The x-ray-indicator side plates contain radio-
graphically visible coordinate scales (tungsten);
with the appropriate set attached to the frame,
target coordinates can be obtained with plain
film roentgenography, in cases with visible
targets, or by means of encephalography and
an%iography. Both anterior-posterior and later-
al films are necessary. The films are kept paral-
lel to the coordinate frame by a coupling arm
connecting the x-ray tube head to the frame
(figure 3-6). A short-distance radiography
unit, which maintains the frame in a constant
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FIGURE 3-6. The table-mounted, short-distance radiography unit.

relationship to both tube head and cassette,
considerably simplifies the target localization.
It also ensures the repeatability of roentgeno-
gram exposures, which can be exactly superim-
posed on each other. Leksell’s ingenious con-
struction of a geometric spiral diagram permits
target-coordinate determination without the
need for magnification, because of the short-
distance roentgenogram exposures. His text
eloquently discusses the usage of the spiral dia-
gram [6]. Other localization methods include
a graphic scale technique [12] and a desk-top
stereotactic computer program. Both provide
accurate coordinate determination, and neither
requires anything more than the ability to
visualize the target on the same film as the
proximal and distal frame. With these methods,
magnification becomes irrelevant, and any dis-
tance between tubg head and film can be
chosen. These methods for coordinate deter-
mination are particularly useful in combination
with angiography.

CT Target Localization

The Leksell instrument is compatible with
any advanced-generation CT scanner. Various

frame adapters are available; their design de-
pends on the CT manufacturer (figure 3-7).
These adapters anchor to the scanner bed and
keep the coordinate frame perpendicular to the
gantry, which is not angled during imaging.
The frame is attached to the magnetic adapter
by iron footplates, which allow both rapid de-
tachment and secure fixation.

Head fixation is maintained by the carbon-
fiber pins, and then the CT-coordinate indica-
tor plates are attached to the frame. Embedded
in the indicator plates are three metallic bars,
two vertical and one diagonal. These bars
generate the necessary fiducial markers for
target determination from axial CT images.
The diagonal indicator descends from post-
erior-superior to anterior-interior and deter-
mines the height of the CT scan within the
frame, which is the Z coordinate of the target
(hgure 3-8) [7].

CT imaging is performed with a technique
that is appropriate for the size of the target and
the type of surgery. Most brain lesions under-
going stereotactic biopsy can be visualized well
with 5-mm images incremented by 5-mm table
movement. Three-millimeter images (5-mm
thick, 3-mm table movement) increase detail as
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FIGURE 3-7. The CT adapter for anchoring the frame to the CT table.

FIGURE 3-8. The diagonal indicator defines the Z
coordinate.

well as quality of subsequent reformatted mul-
tiplanar images but are more time-consuming.
Thicknesses of either 3 mm or 1.5 mm are used
‘or functional procedures. Intravenous contrast
infusion is performed in all patients except

those with extreme contrast allergies. Both in-
dicator plates have an additional short diagonal
bar in the inferior-posterior corner that can be
seen on the inferior CT images. These are used
to confirm that the frame is perpendicular to
the scanner gantry and that the two plates are
correctly positioned on the frame. An axial CT
image is obtained of sufficient reconstruction
size (24 cm) to include both the head and the
frame. Target coordinate determination can be
performed on any axial CT image using one of
the three possible techniques outlined below.

MANUAL GRID TECHNIQUE

A semitransparent scale placed on a viewing
light box 1is used for manual coordinate deter-
mination. The scale, which is printed on a plas-
tic disk, is magnified to correspond to the CT-
film size preferred by the surgeon. As a rule, a
large image is better than a small one. The
fiducials on the CT film are aligned with the
scale, whereupon the X, Y, and Z coordinates
of the target are read directly (figure 3-9). This
manual localization procedure is fast and accu-
rate. It allows the target to be localized or
modified in the operating room, and it safe-
guards the surgical procedure against computer
malfunctions.
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FIGURE 3-9. Manual target-coordinate determination is performed with a scale over a CT image placed on an
roentgenogram viewbox. The dotted line intersecting the middle fiducials reveals the Z coordinate to be 125
mm. The X coordinate (123 mm) and Y coordinate (88 mm) are also read directly from the scale.

STANDARD CT-SCANNER SOFTWARD
TECHNIQUE

Virtually all commercially available advanced-
generation CT scanners include standard soft-
ware with optional functions such as “deposit
cursor” and “‘measure distance.” These func-
tions are used to determine the X, Y, Z coor-
dinates of the selected target on the CT image.
The cursor is deposited on each of the four
vertical (e.g., corner) fiducials in a diagonal
fashion, and lines are generated along the cur-
sor’s diagonal path (measure distance); the
intersecting point of these two lines defines
the center of the frame (figure 3-10A). The
cursor is repositioned onto the frame center;
the diagonal lines are erased by “‘erase graph,”
and the deposit cursor is depressed again. This
procedure 1s repeated with the cursor placed on
the target. When the measure-distance key is
depressed, the computer software (GE 8800 or

9800) will display the X and Y coordinates of
the target and the frame center (figure 3—10B).
The actual stereotactic coordinates repre-
sent the sum of, or differences, between these
values. When the signs of the two values are
the same, the actual coordinate is represented
by the difference of these two values (regard-
less of the sign); whereas, if the sign of the X
coordinate of the target and that of the frame
center are different, the actual stereotactic
coordinate is represented by the sum of these
two coordinates, whatever their signs. The
reason for this is quite simple: The GE CT-
scanner coordinate system is assigned nu-
merical signs in four quadrants: upper right
18 posmve/posmve, lower right is positive/
negative, lower left is negative/negative, and
upper left is negative/positive. This technique
mathematically defines the distance, right-left
or anterior-posterior, between the target and
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A

FIGURE 3-10. The frame center is defined with a CT computer cursor used to connect the vertical fiducial
markers seen on the axial CT image (A). The CT X and Y coordinates of the frame center and the target are
displayed on a GE scanner console; the actual stereotactic coordinates are the difference between these two
values (B). The CT Z coordinate is determined by measuring the distance between the posterior vertical

fiducial and the descending diagonal fiducial (C).

the frame center. Other scanners can provide
the same information using measure-distance
functions alone.

The Z coordinate (scan plane) is determined
by measuring the distance between the pos-
terior vertical fiducial and the center of the di-
agonal, which is the middle fiducial (figure
3-10C).If the distance measured is less than
60 mm, it is subtracted from 60, in which case
the target is positioned in a CT plane superior
to the frame center (Z = 10). The result repre-
sents the number of millimeters above the
frame center at which the scan lies, and this is
also the actual stereotactic Z coordinate. If the
target plane is inferior to the Z = 10, the
measured distance will be greater than 60, and

60 should be subtracted from it. This figure
indicates the number of millimeters inferior to
the Z = 10 and again represents the actual
stereotactic Z coordinate. Other standard soft-
ware features include multiplanar reformatted
images based on the axial scans used for target
selection. The target position can be displayed
on the reformatted images, and different

trajectories to the target also can be displayed
(figure 3—11).

STEREOTACTIC SCANNER SOFTWARD
PROGRAMS

Special stereotactic software options have been
developed for the GE 8800 CT scanner [12] as
well as the Siemen’s CT and MRI scanners [8].



3. THE LEKSELL SYSTEM 35

B
FIGURE 3-10. (cont.)

When the cursor is placed upon the target,
these programs automatically display its X, Y,
and 7 coordinates (figure 3—12). They also
permit the preoperative display of phantom
probe trajectories on the axial CT images
(Agure 3-13) and determine the arc angles
necessary to set such trajectories. The target
and the pathway of the probe are equally well
displayed both on the sagittal or the coronal
electronic radiograms (figure 3-14) and on
sagittal or coronal MRI scans (figure 3—15). In
addition, the stereotactic programs can be used
to display a millimeter grid on each potential
target image such that the coordinates can be
manually determined or the targets modified at
any time, even when access to the computer is
no longer available (figure 3-16). Ideally, a
computer terminal dedicated to surgery is in-
stalled in the operating room (figure 3-17);
this is particularly beneficial in centers where
the radiological department lies at some dis-

tance from the operating room or where access
to the scanners is limited.

MRI Localization

In contrast to CT, target selection with MRI
can be performed from direct axial, coronal, or
sagittal scans (figure 3—18). The Leksell coor-
dinate frame has been modified to eliminate
artifacts caused by eddy currents. Plastic feet
replace the standard iron feet used for CT and
for fixation of the frame; pins of fiberglass are
used instead of carbon-fiber pins. The square
coordinate frame fits within the diameter of
most standard MRI radiofrequency coils. Spe-
cial adapters have been designed to keep the
frame in position during imaging. To localize a
target from MRI scans, the coordinate indica-
tor plates contain channels filled with a liquid
having suitable magnetic properties. A vertex
plate is used to permit coordinate determina-
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C
FIGURE 3-10. (cont.)

tion from sagittal images [8]. The fiducials can
be seen on both T;- and T,-weighted images.
MRI-guided stereotactic surgery has several
advantages, including significant reduction in
image artifacts (the frame gives no nuclear
magnetic resonance signal) and improved con-
trast resolution. Lesion definition can be
accentuated by variation in the emphasis of
Ty and T, relaxation times (figure 3-19).
Although this will probably change in the fu-
ture, current acquisition times are considerably
longer with MRI than with CT. Therefore it 1s
particularly important that the frame be pre-
vented from moving in the axial direction dur-
ing imaging. This is ensured by the MRI adap-
ter desigh. Increased distortion of the image
during selection of targets peripheral to the
frame center (i.e., RF coil center) has not been
noted in the GE 1.5 tesla unit (General Electric
Sigma, Milwaukee, WI) at the University of
Pittsburgh. White matter tracts and deep-brain

nuclei for functional intervention are visualized
well with MRI (figure 3-20).

Target coordinates are determined from
axial, coronal, and sagittal MRI images in the
same manner as previously described for CT.
Techniques for both the computer-based (stan-
dard and special stereotactic software) and
manual localization (with a transparent plastic
scale) are available also for MRI.

General Information

APPROACHES USED

The versatility of the Leksell stereotactic in-
strument 1s demonstrated by the remarkable
freedom that the surgeon has to select various
approaches or trajectories to the target. It is
necessary only that the target be enclosed with-
in the coordinate frame and that the fiducials
be visible for the coordinate derivation. Trans-



FIGURE 3-11. Paraxial reformatted CT images demonstrate the plane of the probe and biopsy sites (glioblas-
toma multiforme).

FIGURE 3-12. Display of the Siemen’s stereotactic software application for localization.
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FIGURE 3-13. Three potential converging probe pathways are displayed at the cortical entry site, (A), level of
the lateral ventricles, (B), just superior to the target, (C), and at the target, (D). The actual stereotactic frame
coordinates are displayed on the CT image (cf. [12]).
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FIGURE 3-14. Saggital electronic radiograph (Scoutview®, General Electric Medical Systems) demonstrating
the probe entry sites shown in figure 3-13 (A), and the target. Coronal electronic radiogram demonstrating
the entry site for a probe and the target (B).



FIGURE 3-15. A coronal MRI (T;-weighted) scan demonstrating a small acoustic tumor.

FIGURE 3-16. A grid can be displayed over the CT image containing the target by means of a special
software package. The coordinates can be read directly.
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FIGURE 3-17. The integration of the imaging and the localization with the operation increases surgical

flexibility.

FIGURE 3-18. Small left-sided acoustic tumor visualized in three orthogonal planes with stereotactic MRL

sphenoidal, suboccipital, and direct lateral
approaches through the rings of the sidebars
are possible. Patients undergoing posterior fos-
sa procedures, such as transcerebellar biopsies,
can be operated upon in either the sitting or
prone positions. By reversing the semicircular
arc on the coordinate frame, supraorbital

approaches are readily performed. Transsphe-
noidal approaches are made equally easy by
swinging the arc anteriorly over the face.

ACCESSORIES
A variety of instruments for both morpho-
logical and functional neurosurgery are avail-
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FIGURE 3-19. Stereotactic T;-weighted coronal MRI of a mixed glioma (A). T,-weighted image shows the
tumor to advantage (B). (Biopsy site displayed).
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able for the Leksell instrument (table 3—1). The
Backlund biopsy kit [2] includes needles for
corkscrew spiral and aspiration biopsies.
Transcranial access for the probe is obtained
either by the conventional burr-hole technique
or by the use of a percutaneous drill set. Lek-
sell performed the first operation designed
to stereotactically reconstruct the occluded
aqueduct of Sylvius. Backlund subsequently
designed an instrument for this procedure.
Other available instruments in this stereotac-
tic system include a hematoma evacuator [3]
and a guide holder that permits intraoperative
CT imaging with the arc removed (figure 3—
21) [11]. A lesion generator with monopolar or
bipolar thermocouple electrodes is also avail-
able. The design of the instrument makes it

easily adaptable to other technologies, such as
fiberoptics and lasers. Accessories for intersti-
tial irradiation, including special dose-planning
software, are under development.

CARE OF THE INSTRUMENT

After gentle washing with a soap solution, ster-
ilization with steam autoclaving is recom-
mended for all aluminum parts of the unit
Blood and debris should be removed from all
instruments to ensure that they function
smoothly and do not stick. All carbon-fiber or
fiberglass pins should be gas-autoclaved. These
pins wear out after approximately ten to 20
uses and must be replaced periodically. Stereo-
tactic biopsy for suspected slow virus infec-
tions is not recommended, because the neces-

FIGURE 3-20. Sagittal stereotactic MRI anatomic (T;-weighted) image, demonstrating the intercommissural

line prior to thalamotomy.
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TABLE 3-1. Accessories for
the Leksell Stereotactic System

Functional Surgery
1. Short distance radiography units
a. Ceiling-mounted
b. Table-mounted
2. Leksell radiofrequency brain-lesion generator
3. Thermocouples and electrode system
a. Monopolar
b. Bipolar
4. Desktop Hewlett Packard calculator and printer
with stereotactic software for radiographic
localization

Morphological Surgery
. Backlund biopsy kit

. Salcman/Leksell percutaneous drill kit

. Leksell/Bunge biopsy needle

. Backlund hematoma evacuator kit

. Lunsford intraoperative CT guide holder

. Special stereotactic CT and MRI scanner software
(or “computer programs’’)

Other

1. Universal CT and MRI adapters

2. Mayfield headrest adapter and adjustable
headrests

3. Stereotactic operating chair

oA R e

sary sterilization process requires the use of
hypochlorite solutions, which react unfavor-
ably with the anodized aluminum parts.

Conclusions

For more than 37 years, the Leksell stereotactic
system has proved to be practical, understand-
able, and accurate. The term system is used to
stress the idea of a complete range of inter-
changeable and compatible components, which
together form a self-contained independent
unit for all kinds of stereotactic procedures,
regardless of the imaging technique used.
Minor modifications have made the instrument
compatible with all modern imaging modalities
including CT and MRI. Continued clinical re-
search has accompanied the progressive de-
velopment of this stereotactic system. Practical
surgical aspects are given great attention in the
design of its various components. When eval-
uating a stereotactic device, users might well
ask the following questions to ensure that the
system selected meets their goals and needs:

FIGURE 3-21. CT guide holder that replaces the semicircular arc for surgery performed under CT control.
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Is it a complete system?
Is it simple?

Is it dependable?

Is it versatile?

Is it accurate?

. Is it compatible with multiple-imaging mod-

alities?

. Is it both computer-compatible and inde-

pendent?

. Is its development keeping pace with de-

velopments in other related technologies?

Experience with the Leksell stereotactic sys-

tem indicates affirmative answers to all these
questions. Although many stereotactic devices
are now available, few have proved as versatile
or as simple to understand and operate as the
Leksell stereotactic instrument.
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4. THE HITCHCOCK SYSTEM

Edward Hitchcock

The Hitchcock System developed from the
need for an accurate, versatile stereotactic in-
strument for use in spinal procedures [1, 2].
The instrument also can be used for a wide
variety of posterior fossa and intracranial
procedures. Ideally, a stereotactic instrument
should be extremely accurate and practical for
a variety of patient postures yet simple, to re-
duce operator error. Many systems require ex-
pensive additional equipment for fixed-beam
radiography or image intensification. Although
the Hitchcock apparatus can accommodate
their use, they are not essential for the system,
which uses a standard portable roentgen
machine or computed tomography (CT) scan.

When conventional radiography is used,
simplicity is achieved by teleradiography,
which greatly reduces magnification (0.96 mag-
nification factor at 3 m); a radioopaque ruler
adjusted to the target plane makes exact centra-
tion unnecessary. The principle 1s that with
parallel rays, parallax equally affects all objects
in the same plane; radiological distortion is
therefore eliminated if the reference measure-
ments can be made in the same plane as the
target. Thus, the apparatus need not be set
exactly 90° in relation to the x-ray source, and
any obliquity or magnification in the target
plane is mirrored exactly in the ruler. With the
elimination of time-consuming centration and
magnification correction, target coordinates are
obtained directly by projection of lines onto the
radio-opaque ruler. For teleradiography, the
distances between the x-ray source and film
should be 4.0 m (magnification factor: 0.98);
short-distance radiography also can be used, in
which case the magnification factor is deter-

I am grateful to W. Mitchell (Senior Technician) for
help in development and to the Photography De-
partment, (A. Rose), especially for photographs.
My particular thanks to Veronica Turner for typing
and checking the manuscript.

mined from the radiopaque ruler. (In practice,
teleradiography at 3 m has proven satisfactory.)
If the target is localized by a proportional
system, (e.g., two-thirds down the anterior
commissure—posterior commissure line) or
directly visualized (foreign body), no correc-
tion is necessary. An arc 1s then attached to the
rectilinear system so that the target point is at
the center of the spherical system and can be
approached by any route.

The square base is rigid, strong, and simple,
which enables it to be interfaced easily with
any imaging system: conventional radiography,
including angiography, as well as CT and nu-
clear magnetic resonance (NMR). In conven-
tional radiography, target coordinates are
obtained by direct reading from the radiopaque
ruler; in stereotactic CT or NMR scanning, the
coordinates are directly read from the video
display unit without further calculation. The
simple skull-fixation device facilitates “open”
stereotactic procedures, including craniotomy
and posterior fossa exposures; self-retaining re-
tractors and instrument racks can be anchored
to points on the square. A full range of ancil-
lary equipment, such as radiofrequency elec-
trodes, deep-brain stimulating or recording
electrodes, can be used together with biopsy
aspiration needles, forceps, or endoscopes.
Laser-beam variable-focus systems can be
attached directly to the arc or to a primary
laser arc.

We believe that the design and construction
of this device make it one of the most accurate,
adaptable, and simple modern stereotactic in-
struments.

Components
CARRYING CASE

All components are secured in an aluminum
alloy case with adjustable vents for gas or auto-
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FIGURE 4-1. Grid/block holder is shown being applied to frame.

clave sterilization. Gas sterilization is recom-
mended, but the instruments have been steril-
ized by heat autoclaving many times without
damage. After sterilization, the vents are
closed, and the instrument is ready for use.

SQUARE

The hollow “square” (26 square cm) of 15-
square-mm cross-section is constructed with-
out joints from a single plate of anodized alu-
minum alloy. The outer surface of each side of
the square is engraved at 1-, 5-, and 10-mm
intervals from the midpoint of the square,
which is the center of the horizontal plane
(figure 4-1). Either the top or bottom edge of
the square or any point between can be used
for the vertical plane zero; usually, the bottom
edge is selected. Each corner and the center of
one side holds “fixation pins” of interchange-
able steel or CT-compatible aluminum. Exten-
sion pieces of CT-compatible aluminum can be
fitted to the corners. The fixation pins are
screwed to the skull by removable “bolts” with
2-mm scales; the depth of fixation can be noted
for subsequent reproduction. After skull fixa-

tion, the patient’s head and the square can be
placed on the operating table without external
fixation, but it is more convenient (especially if
the sitting or semisitting position is used) to
secure the square to the operating table by
“fixation bars.” The patient then can be placed
in either the sitting or supine, or (the less com-
fortable) prone position.

CASSETTE HOLDER

The cassette holder (figure 4-2) can be
attached to any side of the square and is adjust-
able to various heights. It is arranged so that,
with conventional lateral radiography, the
horizontal and vertical portions of the L-grid
appear on the radiograph.

L-GRID

The L-grid is an L-shaped bar (2-cm-square
cross-section) constructed from a single alumi-
num plate without joints (figure 4-3). Hori-
zontal and vertical radiopaque markings are at
1-, 5-, and 10-mm intervals from the horizontal
and vertical plane zero (see figure 4-3). The
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FIGURE 4-2. Cassette holder; holes permit adjustment of height.

grid is usually fixed on the right or left side at
zero for the anteroposterior (AP) picture of the
third ventricle. This assumes that the third ven-
tricle lies in the lateral zero plane. If a lateral
radiograph reveals that it does not, the grid is
placed at the anterior or posterior distance
from the zero that corresponds to the struc-
tures, and another AP view is taken. In prac-
tice, this is rarely necessary; for targets very far
anterior or posterior, such as the pituitary fossa
or fourth ventricle, a careful estimate of target
position in respect to the frame enables accu-
rate positioning of the L-grid. A line projected
at right angles from the AP target to the hori-
zontal ruler gives the lateral offset of the image

(Zs). The grid is then fixed at this lateral offset

and at the zero setting on the vertical arm of
the grid. Lines projected at right angles to the
horizontal and vertical rulers of the grid indi-
cate the anterior/posterior (Xs) and superior/
inferior (Ys) coordinates. (NB: To avoid con-
fusion of stereotactic and CT coordinates, it is
advisable to use an identifying subscript thus:
Xstereo = Yimage; Ystereo = Zimage and zstereo =

image/+

GRID/BLOCK HOLDER

This device can be attached to any side of the
square. It is used to hold the vertical limb of
the L-grid or the cylinder block of the arc
assembly at the chosen horizontal or vertical
plane as shown in figure 4-1.
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FIGURE 4-3. L-grid in place for AP view during a cisternal puncture for stereotactic cordotomy.

ARC ASSEMBLY

The “cylinder block™ is anchored by the grid/
block holder to any side of the square (figure
4-4). Ir is engraved at vertical intervals of 1, 5,
and 10 mm and at 5° intervals on the cylinder
hole. The grid/block holder secures the cylin-
der block at the desired Xs and Ys (horizontal
and vertical planes) or Zs and Ys (lateral and
vertical planes) coordinates. The “arc cylinder”
fits into the block and can be rotated 360°.
Along its length, it is engraved at 1-, 5-, and
10-mm intervals with numerals indicating the
distance of the target from the square’s central
zero. If the cylinder is arranged on the right or
left side of the square, its length is the lateral
offset of the Zs coordinate. If (less commonly)

it is applied to the anterior or posterior side, its
length is the anterior/posterior plane. A trans-
parent ““glass sighting rod” with a central hole
fits into the cylinder. The length of the elec-
trode or other ancillary instrument is con-
firmed or adjusted by advancing the instrument
until the tip appears at the sight hole. The
“quadrant arc” is marked in degrees and can be
fixed to the cylinder at the selected Zs or Xs
coordinate. Its eccentric construction ensures
correct attachment of the slide assembly. As
the cylinder revolves, the quadrant describes a
hemisphere at the center of which is the target
point. The “slide assembly” slides along the
quadrant so that an instrument can be intro-
duced through it at any desired trajectory. Un-
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FIGURE 4-4. Cylinder block secured to grid/block holder.

approachable areas are limited to the thickness
of the square (15 mm) and can be avoided by
fixing the square well above or below the pre-
sumed target. The assembly has a graduated
“electrode holder” (with a 0.1-mm vernier
scale), that is advanced by a wheel that drives a
rack and pinion. The electrode holder is de-
signed to accept a variety of electrodes (figure
4-5). Very fine electrodes are stabilized by
cannulas or by “stops” held in the “extension

i3]

arm.

ALIGNMENT PLATES

Made of aluminum alloy with a thin steel fidu-
cial marker, the “alignment plates” fasten to
the side of the square at selected heights. CT

alignment is verified by squaring the pillars as
they appear in axial CT images. For large
targets, such as tumors, fixation to the CT
gantry is unnecessary after the head and square
are placed securely on the table by means of a
bean-bag support and the alignment beam is
centered. Xj, Yy, and Z; coordinates then can
be obtained by simple calculation.

For more precise measurement, the square 1s
fixed to the CT gantry by a “gantry attach-
ment” (figure 4—6). The laser alignment beam
of the scanner is zeroed to the chosen vertical
plane (usually the inferior edge of the square)
and the horizontal coronal plane of zero. The
superior laser alignment light then will be ad-
justed to the midline zero. Thereafter, all coor-
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FIGURE 4-5. Arc assembly fixed to cylinder with electrode in slide assembly.

FIGURE 4-6. Gantry attachment; alignment plates fixed to square.
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FIGURE 4-7. SCID with alignment plates and gantry fixation.

dinates are directly related to the stereotactic
square at the X, Y, and Z coordinates, which
are found in the usual way with the scanner
computer.

STEREOTACTIC CT SCAN INTERFACE
DEVICE (SCID)

The SCID can be fixed temporarily to the head
by nasion rests and meatal plugs; skull fixation
is also possible. The meatal and nasion mea-
surements are noted and the device fixed to
the gantry attachment (figure 4-7). After the
scanner 1s zeroed to the SCID zeros, all coor-
dinates are directly related to the SCID, and
the X, Y, and Z coordinates can be displayed
by the scanner computer. The SCID may be
reattached at a later date and fixed to the
stereotactic square (figure 4-8). The SCID is
removed; the coordinates are transferred to the
stereotactic instrument and the height is ad-
justed. The device permits outpatient and re-
peat scanning and eliminates the need for fixa-
tion of the stereotactic instrument by pins.

ADDITIONAL ATTACHMENTS
A sighting mirror can be attached to the base
to enable exact centering of laser alignment

beams. The glass sighting rod may be replaced
with a multiple-electrode holder, which facili-
tates direct perpendicular insertion of a record-
ing electrode for epilepsy. A nasion rest and
meatal plugs can also be attached to the base;
they are not needed for fixation generally, but
are useful for CT-guided stereotaxy that em-
ploys the SCID. A series of self-retaining re-
tractors, instrument trays, etc., are available for
use with stereotactic open surgery and cra-
niotomy. A fixation and cassette-holding plat-
form that attaches to the floor is available for
operating rooms with two-plane fixed-beam
radiography or for use with primary laser arc
surgery.

Method

CONVENTIONAL RADIOGRAPHY USAGE
The patient is placed in the semisitting posi-
tion, appropriate fixation points are chosen,
and local anesthesia 1s injected. The anterior
fixation pins are pressed into the frontal bone
midline while the square is held parallel to the
interpupillary line; the fixation pins are tight-
ened. The fixation bars are attached to the
square and fixed to the table (figure 4-9).
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FIGURE 4-8. Square attached to SCID at appropriate height.

FIGURE 4-9. Patient is in a sitting position with the L-grid placed for the AP view and the square fixed to the
table.
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FIGURE 4-10. AP ventriculogram; the 90° projection from the middle of the third ventricle indicates

laterality.

Next, the L-grid is secured in the grid block
holder on the patient’s right side in the refer-
ence plane (zero is chosen for the third ventri-
cle). The cassette holder is attached to the post-
erior side and the cassette is inserted. The light
beam or laser beam of the x-ray source is
directed 3 m to zero of the square. (A light-
beam box or laser-alignment mirror aids in
centralization.) The light beams and the square
should be parallel to the floor. A contrast agent
is introduced and an AP image is obtained
(figure 4-10). The line should be projected at
right angles from the reference point (third
ventricle) to the horizontal ruler. The lateral
offset of the Zs coordinate (right or left) is
noted.

The L-grid is fixed posteriorly at Zg coor-
dinate and the zero vertical marks at the in-
ferior edge of the square. The cassette holder is
moved to the side square so that a lateral image
can be obtained. The lines are projected at right
angles from the selected target to the horizon-

tal and vertical rulers (figure 4—11). The X and
Y coordinates are noted. (If the reference point
is more that 10 mm from the estimated plane,
the L-grid is placed at the correct plane for the
second AP image. Theoretically, this procedure
could be repeated ad infinitum, providing
progressive improvement of accuracy. In prac-
tice, one AP and one lateral ventriculogram are
sufficient.)

The lateral coordinate of the target is
selected from an atlas plus or minus the Zg
already determined. The cylinder block is fixed
at the X and Y coordinates, and the arc cylin-
der, arc quadrant, and sighting rod are assem-
bled. The arc is moved to the calculated Zs.
The electrode 1s advanced toward zero until its
tip appears at the sight hole; the electrode then
1s fixed at zero on the vernier scale, and the
electrode holder and electrode are removed.
Next, the arc assembly is secured to the cylin-
der block (figure 4-12). The trajectory is ad-
justed by the rotating cylinder and moving the
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FIGURE 4-11. Lateral ventriculogram with 90° projections to horizontal and vertical arms of L-grid.

slide assembly along the quadrant until the
electrodes can pass through the burr hole.
Alternately, the cylinder rotation and arc de-
grees can be set in advance, and the burr hole
placed at the trajectory point on the skull. The
electrode now is advanced to the target, and its
position is confirmed radiographically (figure
4-13).

STEREO CT SCANNING

The square is attached to the skull with either
CT-compatible pins for three-point fixation or
with extension pieces for four-point fixation.
After the alignment plates are connected to the
side of the square, the square is secured to the
gantry attachment. The laser alignment light is
used to align the zeros for the vertical and
horizontal planes (the zero mark on the square
and its inferior edge, respectively). The supe-
rior laser alignment should be zero. All coor-

dinates are now in reference to the reference
points of the square. Selected CT images are
performed and the square is removed from the
scanner.

Next, the cursor is moved to diagonally
opposite pillars of the alignment plate and a line
is drawn from one to the other. This step is re-
peated for the opposite diagonal. The cursor is
moved to the point at which the diagonal lines
cross (center of square) and the X, Y, and Z
coordinates are obtained. The cursor is moved
next to the target and the X, Y, and Z coordin-
ates are determined conventionally. Selected re-
formatted images can be displayed with the
target coordinates (figure 4—14). Alternatively,
a selected section of a large film can be used,
and the X; and Y; coordinates obtained by
direct measurement from the superimposed
grid (figure 4-15). If the square or SCID is
fixed to the scanner gantry, the height is calcu-



FIGURE 4-12. Close-up view of block and arc assembly.

FIGURE 4-13. Roentgenogram shows position of target electrode.



FIGURE 4-14. Reformatted image of the target and display of target coordinates.

FIGURE 4-15. Composite of grid and reformatted images of intracerebral tumor.
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FIGURE 4-16. Open stereotactic surgery. The flat plane of the stereotactic square permits wide exposure for
craniotomy.
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FIGURE 4-17. Open craniotomy for lesion localized by stereotactic CT scan.

lated by the computer (Zs); otherwise, it can be
read from the fiducial points.

SCID USAGE

The meatal plugs are inserted with comfortable
pressure to equal depths in the external audi-
tory meatus. The plugs are then secured, and
the nasion rest is adjusted to a comfortable
pressure. When complete, the nasion and meat-
al readings are recorded.

Next, the SCID is secured to the gantry
attachment. The laser alignment light is used to
align zeros for the vertical and horizontal
planes (center of meatal plug and inferior edge,
respectively). The superior laser alignment
should be zero. All coordinates are now in
reference to the SCID reference points. The
selected section 1s scanned, and both the SCID
and the patient are removed from the scanner.

The square is attached to the SCID by the
aligned plates at the selected distance “D”
above the SCID zero. The nasion rest and
meatal bars, at previous readings are used to
apply the SCID to the skull. The fixation pins
then are inserted in the skull and both the
SCID and the alignment plates are removed.

The AP (Ys), and lateral (Xs) SCID targets
are also those for the square. The target will be
above or below the vertical zero of the square.
The target height “T” can be determined as
follows: if T is greater than D, then true height
is T minus D above the square. If T is less than
D, the true height is D minus T below the
square.

OPEN STEREOTACTIC SURGERY

If a large craniotomy is required, the square
should be fixed as low on the skull as possible,
with the extension pieces, if necessary.
Whenever possible, the simple three-pin fixa-
tion should be used (figure 4-16) to take
advantage of the small single plane of the
square, which presents fewer obstructions
(hgure 4-17).

Conclusions

Improvement in imaging has encouraged
surgeons, including the author, to use only the
coordinates obtained from CT scans in per-
forming functional stereotactic procedures.
SCID scanning is convenient because the coor-
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dinates can be obtained before the frame is
applied, and it interferes less with scanning an
operating room schedules. Although less pre-
cise than stereotactic CT scanning, SCID scan-
ning is perfectly adequate for tumors.

The whole system has been in use for several
years and has been employed in a large variety
of procedures. Some of the recent develop-
ments described have improved the fun-
damental use of this instrument, which requires

no more calculations than addition or subtrac-
tion.
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5. THE BROWN-ROBERTS-WELLS
SYSTEM

Micheal L.J. Apuzzo
Craig A. Fredericks

The Brown-Roberts-Wells (BRW) stereotactic
system is the result of collaborative efforts be-
tween the Division of Neurosurgery at the
University of Utah and the biomedical en-
gineering developer, Trent Wells, in South
Gate, CA. This system materialized from con-
ceptual goals defined and elaborated by mathe-
matician and medical student Russel Brown
and neurosurgical director Theodore Roberts.
These objective included [5-9]:

1. Location of a three-dimensional (X, Y, Z)
point in space by using two dimensions (X,
Y) defined by imaging studies and adding of
a vertical coordinate (Z).

2. Provision of an infinite number of positions
from which a three-dimensionally defined
point in space could be reached directly
with a probe.

3. Development of a methodology for verify-
ing those established points and positions
before surgery.

To transform two dimensions to three
dimensions, a system was devised in which a
reference plane 1s fixed with two vertical rods
and a connecting diagonal rod (forming an N-
shaped localizing system). The height above
the reference plane is a function of the ratio of
the constant distance between the two vertical
rods to the variable distance between them and
the diagonal rod. The final system is composed
of three sets of N’s around or within the refer-
ence plane, which fix the position and allow
determination of X, Y, and Z coordinates for
any point in that plane.

This configuration permits flexibility in pa-
tient positioning within the computed tomo-

graphic (CT) scanner gantry. It also makes re-
mote computation and derivation of target
coordinates possible, independent of the scan-
ner computer. Because the localizing system 1s
fixed to the patient only, the BRW apparatus
can be used with a variety of CT scanners, and
the surgeon has the freedom to complete the
procedure in a separate operating room.

A previously designed general stereotactic
arc system defined basal midline structures
with the target at the center of the arc. This
required moving the arc until the target was at
the center and necessitated either a very large
arc or remote placement in reference to the
skull unless the target was midline. That design
limited the approach to lesions not in the basal
midline. The ultimate design of the BRW arc
guidance system allows selection of any skull
entry site for any intracranial target. Infinite
probe tract versatility was accomplished by
two movement parameters, which were in-
corporated into an arc system and allowed
both vertical and horizontal rotation and pivot.
Two vertical parameters (called alpha and beta)
define 360° of rotation about the base ring and
40° of pivot,respectively. This feature allows
the vertical matching of any entry point with
its corresponding target. The horizontal coun-
terpart is defined by gamma and delta move-
ments. Gamma indicates 200° of rotation of the
radial slide along the arc; delta is 110° of pivot
about the radial slide itself.

A phantom base simulator was developed as
a method for verifying the accuracy of the
target computation and the frame setting. The
user can establish the precision of all coordi-
nates in relation to a phantom point that is iden-
tical to the real anatomical target.
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Components of the BRW System

In its final form, the BRW stereotactic gui-
dance system (Radionics, Inc., Burlington,
MA) consists of a head ring, a localizer unit, an
arc guidance system, and a phantom base simu-
lator [9-11].

The head ring 1s composed of nickel-plated
aluminum and is fixed to the cranium at four
points by graphite epoxy posts with nylon and
steel pins. It provides the base for the N-
localizer which is used during imaging studies,
and the arc guidance system which is applied
during the invasive part of the procedure.

The localizing unit contains two rings con-
nected by nine graphite rods arranged in the
three N-shaped configuration’s described ear-
lier. It is applied to the head-ring platform
during imaging for calculation of the X and Y
coordinates. The relative positions of the ver-
tical and diagonal rods seen on different CT
images are mathematically correlated to the
intracranial target point.

The arc guidance system consists of a base
ring that attaches to a rotatable ring and to a
perpendicular arc with a radial slide. This
assembly can be affixed firmly to the patient’s
head ring or to the phantom base by three
mounting balls. The rotatable ring defines the
alpha and beta movements in the vertical arc.
The radial slide (gamma) on the perpendicular
arc has a pivotable sleeve (delta). This sleeve
accepts various bushings that act as carriers and
direct the trajectory of the surgical instruments
to the target point.

The combination of the four angle settings
(alpha, beta, gamma, delta) are computed in a
programmable calculator, allowing the user to
choose entry points to reach intracranial target
points anywhere within the sphere of the gui-
dance arc.

The phantom base includes a base ring
(equivalent to the head ring) and a movable
pointed tip, designated a “phantom target.”
This tip can be set to any precalculated (with
the arc system) X, Y, and Z coordinates for
either target or entry points. The scan coordin-
ates and entry point data derived from the
phantom are entered in the portable computer
which then calculates the arc frame settings and
the distance to the target. The target coordi-
nates are set in the phantom. Trajectory coor-
dinates are designated on the arc and confirmed
on the phantom target. The arc system on the

phantom ring bears the same relationship to
the phantom target as it will to the intracranial
target when it 1s affixed to the patient base
ring. This provides an extracranial check of the
target settings, arc coordinates, and distances
for the intracranial instrument placement.

The software for the system utilizes data
from the X and Y coordinates of the central
CT or magnetic resonance imaging (MRI) pixel
of each of the nine localizer rods and the
target. The program transforms the two-
dimensional (X and Y) coordinates to three-
dimensional coordinates (X, Y, and Z) and re-
lates the position of the localizer rods and the
targets to the image plane, which indicates the
vertical height from the base ring. With the X,
Y, and Z coordinates of the target thus derived,
the arc system allows the user to plot a course
and distance between any two points in space,
the entry point (scalp or dura) and the target.
The software permits selection of multiple
targets, entry points, and parallel transits in
each scan plane.

Steps in Target Point Access

The time required to complete all steps from
initiation of base ring application to target
point access is 60 minutes (table 5-1).

APPLICATION OF BASE RING

(Figures 5—1 through 5-5)

The scalp is prepared and with the patient in
the sitting position, and appropriate post and
pin positions are selected. This step is achieved

TABLE 5-1. Average Time to Accomplish Steps
Toward Target Point Access Using the BRW System

Average Time

Step (minutes)
1. Base ring assembly and application 10
2. Target scanning 10°
3. Data collection and processing 15
4. Entry point selection 5
5. Arc setting 5
6. Phantom base target confirmation 5
7. Instrumentation (infiltration, 10
incision, drill, cannula introduction)
Total (point access) 60"

*Exact time depends on number of images obtained.
bDoes not include time required to transport patient to and from
CT scanner.
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FIGURE 5-1. A disassembled base ring unit with
carbon-fiber posts; an adjusting tool is at the lower
right.

easily if the patient is on an operating room
table in an anesthesia preparation room [1, 2,
4]. In many cases (i.e., lesions in the third
ventricular region), the base ring is positioned
in a plane defined by the tip of the nose and
the inion. The ring is secured during placement
fixation by a Velcro strap. Observers at the
foot of the operating table and at the patient’s
side monitor ring position during placement.
The assistant on the side of the patient assesses
ring position and manually maintains the sagit-
tal suture parallel to the floor. The neuro-
surgeon is free to direct and to infiltrate the
scalp at the four fixation points with 1% lido-
caine with epinephrine. The nylon drive pins
are advanced to the scalp, the tracks adjusted,
and the four carbon-fiber posts are advanced to
secure the pins to the pericranium. Generally,
intravenous contrast medium is infused during
the early stages of this procedure. The patient
is transported to the scanner, accompanied by
the anesthesiologist.

SCAN TARGET (Figures 5—6 through 5-9)

With the patient in the CT scanner, the localiz-
er unit is applied to the base ring. Because
detailed imaging studies have been performed
previously, an abbreviated study defining

FIGURE 5-2. The operating room setting prior to application of base ring; an assembled ring unit is at lower

right.
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FIGURE 5-3. Local anesthetic is infiltrated for application of base ring unit while the patient’s head and ring
unit are stabilized by two assistants and the aid of a Velcro strap.

FIGURE 5-4. Final placement of ring with localizing unit attached. Note ring position in relation to the nose
and mouth.
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FIGURE 5-5. The anesthesiologist initiates the patient is transfer to CT suite.

FIGURE 5-6. With the patient in the scanner gantry, the surgeon marks the proposed entry site for reference
during imaging.
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FIGURE 5-7. Cardiovascular and neurological status are monitored during scanning.

desired aspects of the target region should be
adequate. Afterwards, the patient is returned to
the operating room and prepared for the for-
mal surgical aspect of the procedure. The
surgeons then study the CT images, select one
for use in targeting, and derive and record pixel
coordinates for the nine localizer rods and the
targets.

ENTRY POINT SELECTION

Entry points and trajectories are not standar-
dized; they are selected individually with re-
gard to the certain variables. Entry points are
selected according to the target position. A
well-chosen entry point is critical to establish a
safe trajectory. Considerations in choosing an

entry point are: the location, size, and sus-
pected composition of the lesion; the interven-
ing neural and vascular structures; the target
point; and the objective of the procedure.

Once a point on the scalp is selected, the arc
system is attached to the base ring, and the
entry point is marked by a probe directed to
the point and rigidly fixed in the arc system.
The arc is detached from the head ring and
applied to the phantom base, where the X, Y,
and Z coordinates are derived from the three
appropriate scales (anteroposterior [AP], later-
al, vertical, figure 5-10). The coordinates are
recorded.

Optimal entry point selection may be
attained within the scanning unit. Given the
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FIGURE 5-8. The nine rods of the localizer unit appear as dots around the target image, serving as external
reference fiducials.

FIGURE 5-9. The surgeon selects the target and derives coordinates for the fiducials and target.
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FIGURE 5-10. The phantom base is used to determine X, Y, and Z coordinates for the entry point (selected

by the surgeon).

appropriate scanner software, an entry site can
be marked during imaging, and planes of tran-
sit can be reconstructed to the target point.
This technique, used concurrently with rapid
bolus contrast infusion to define vascular struc-
tures, will increase the safety and control of the
entry.

DATA PROCESSING

All X, Y imaging coordinates obtained from
the nine localizer rods, the target(s), and the
entry point(s) are entered in the programmable
computer, which determines appropriate alpha,
beta, gamma, and delta settings for the arc sys-
tem. Data describing the depth of the target
from the arc slide bushing also are indicated.

Finally, coordinates for localization of the
phantom are calculated (figures 5-11, 5-12).

ARC SETTINGS AND PHANTOM

The settings for the arc are entered and initially
verified on the phantom base, using the X, Y,
and Z coordinates for the phantom entry point.
The target coordinates in the vertical, lateral,
and AP planes (X, Y, Z) are placed on the
phantom, thereby defining the phantom target.
The probe is used to confirm the arc coordi-
nates and the distance to the phantom target
point, thus providing the preoperative (ex-
tracranial) assessment of the arc settings,
trajectories, and target depth. Additionally, in-
struments to be introduced to the true target
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FIGURE 5-11. Fiducial, target, and entry coordinates are entered into the microcomputer system.

point can be calibrated precisely to the phan-
tom target (figures 5—13, 5-14).

FINAL ACCESS TO INSTRUMENTATION AT
TARGET POINT
At this point, various surgical procedures can
be performed. For a biopsy, 13-gauge can-
nula with a blunt stylet and flexible broncho-
scopy-cup biopsy fofceps are used. In prepara-
tion for introducing this instrument to the
target point, the biopsy forceps are advanced
through the cannula, and the distance to the
emergence of the cups is carefully marked with
sterile tape.

Next, the arc system is attached to the pa-
tient’s head ring. The scalp entry point is infil-
trated with 1% lidocaine with epinephrine and

a 7- to 10-mm incision is made. A guide tube
suitable for stabilizing a long 4.5-mm twist
drill is advanced and secured within the arc
slide bushing (figure 5-15). The skull is pene-
trated with the twist drill. The patient feels
minimal discomfort as the dura is entered. A
2.7-mm guide tube replaces the drill guide tube
in the slide bushing, and a sharp probe is in-
serted to penetrate the dura. The blunt 13-
gauge cannula then is advanced to the target
site through the rigid fixation of the arc gui-
dance system (figure 5-16). The inner stylet is
removed, and the biopsy forceps are advanced
to the tape marker; the forceps are opened to
obtain specimens at various rotations of the
cup and, if appropriate, at various depths. An
assistant opens and closes the cups while the
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FIGURE 5-12. Target coordinates, arc settings, and depth of target in relation to arc bushing are calculated by
a portable computer.

FIGURE 5-13. Arc settings are entered on the phantom base.
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FIGURE 5-14. Trajectory and depth settings are checked against the target as set in phantom.

neurosurgeon palpates the barrel of the flexible
forceps, monitoring resistance and changes in
tissue texture. Aspiration for fluid drainage and
analysis also can be undertaken.

After using several devices for tissue retriev-
al, we have found the flexible bronchoscopy
biopsy forceps to be the best universal instru-
ment. These forceps have afforded satisfactory
tissue samples with very low morbidity,
whereas the slotted and coiled instruments de-
pend on minimal tissue resistance for removal
of satisfactory samples.

For insertion of a permanent drainage con-
duit, we have used a 22-cm (working length)
catheter (2.5 mm in diameter) with a rigid
stylet. The catheter is connected to a large
Rickham reservoir. The technique is similar to

that for biopsy, except that a 3-cm curvilinear
scalp flap is made, and the arc-directed twist-
drill perforation is followed by the use of a
Cushing perforator to form a cone-shaped de-
pression in the calvaria to accept the Rickham
device.

Catheter placement for interstitial brachy-
therapy is expedient with this method [3, 4].
The available software facilitates the implanta-
tion of parallel arrays of brachytherapy cathe-
ters at CT-derived target points. The basic
method is the same as that for biopsy and
conduit placement, except that multiple planar
targets are used. Each target and trajectory i1s
planned separately and verified on the phan-
tom. Although a “shortcut” grid method is
available, we prefer individual targeting and
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FIGURE 5-15. Following local anesthetic infiltration and scalp incision, the calvaria is perforated with a
one-fourth-inch twist drill set in a guide tube with a trajectory to the target. A drill stop prevents dural
dissection from the inner table.

FIGURE 5-16. A 13-gauge cannula is introduced to the target.
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target-point checks. Four to six catheters can
be placed precisely in parallel array in less than
two hours from the time of base ring applica-
tion.

Endoscopy also is possible with the BRW
system. We have used a 6.2-mmdiameter endo-
scope (Karl Storz Endoscopy, Tuttlingen, West
Germany) with a 20-cm barrel both within the
brain and the ventricles.

Experience and Critique

Because of the potential capabilities and value
of the BRW instrument, it was readily assimi-
lated into the neurosurgical armamentarium at
the University of Southern California Medical
Center Hospitals in 1981.

Since that date, the BRW system has been
used in more than 600 procedures. Thus far,
the system has been used almost exclusively to
evaluate and manage mass lesions. Indications
for our use of the device have included:

1. A deep, intrinsic cerebral lesion that could
be approached by open surgery only with
high risk of adverse functional sequelae (i.e.,
lesions of the basal ganglia and deep cerebral
centrum).

2. An intracranial lesion that was poorly de-
fined in imaging studies and for which
either surgical or nonsurgical management
was considered (i.e., deep midline and cer-
tain pineal region masses).

3. An intracranial lesion for which the value of
open surgery was considered debatable (i.e.,
invasive intrinsic neoplasms without mass
effect or lesions of possible infectious etiol-
ogy).

4. An intrinsic cerebral lesion in a patienr
whose general medical condition made
craniotomy an inordinately high risk (i.e.,
elderly patients or those with fragile car-
diovascular or pulmonary status). -

5. Patients for whom imaging stereotactic gui-
dance techniques offered potentially lower-
risk alternatives to craniotomy (i.e., colloid
cysts, lateral ventricular cysts, suprasellar
and primary or recurrent parasellar cystic
craniopharyngiomas).

6. Patients for whom imaging/stereotactic
methods offered the only feasible mode of
surgical management (i.e., cerebral lesions
less than 1 cm in diameter, deep intra-axial
cerebral or pontomesencephalic masses,

potential candidates for brachytherapy by
contemporary methods).

Target regions of our first 400 cases are
shown in figures 5-17 to 5-19. No false
targeting was noted and no instrument failure
was encountered.

The system has proven to be elegantly sim-
ple, mechanically rapid, and safe. Although
concentration and attention to detail are re-
quired to ensure fluid utilization of the system,
complications (0.8%) have not been related in
any way to the system or its inherent metho-

FIGURE 5-17. Schematic axial diagram of target
points in initial 400 cases from the University of
Southern California Medical Center hospitals.

FIGURE 5-18. Schematic sagittal diagram of target
points in initial 400 cases.
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FIGURE 5-19. Lateral (A) and frontal (B) views of
third ventricular outline. FM = foramen of Monro;
circles = target site; numbers = frequency in 127
cases harboring lesions near or within the third ven-
tricle.

dology. The phantom unit adds a vital element
of protection against operator or mechanical
error. The system is sturdy and generally has
withstood the rigors of sterilization and hand-
ling throughout a 600-case series. The carbon-
fiber posts do require frequent inspection and
occasionally have fractured at the base; also,
threading the nylon fixation pins is sometimes
troublesome. The instrument has been easy to
use in all supratentorial targets, including those
with transtemporal and occipital entry points.
We have not used a transcerebellar approach,
favoring transtentorial trajectories to the
cerebellum and transaxial or transincisural
trajectories to central posterior fossa targets.
During craniotomy or craniectomy, target
points have been localized with the base ring
used as a head-holder; subsequent precision
localization of vascular elements was per-
formed in functionally treacherous regions.
Of great practical importance has been the
capability for rapid and accurate transmission
of imaging data to the neurosurgical operating
suite where the setting, material resources, and
personnel are appropriate for a neurosurgical
procedure. Scanning sessions usually last 15

minutes or less, placing little demand on busy
imaging-facility schedules.

The Epson HX-20 (Epson-American, Inc.,
Torrance, CA) is a reliable, compact data-
processing unit with software that provides
target data for both single and multiple
trajectories. However, the program does not
allow computations when a target is at the
base-ring level, a limitation that must be consid-
ered during initial base-ring fixation. In addi-
tion, software for rapid multiplanar trajectory
definition and volume determination of target
masses in brachytherapy is not adaptable to all
imaging facilities. This is an important gap in
an otherwise cohesive system.

Investigators at the University of Utah re-
cently developed an improved methodology
for data processing that is applicable to the
BRW system in concert with the General Elec-
tric and Siemens imaging devices (M.P. Heil-
brun, personal communication, April 1986).
The system takes advantage of microcomputer
development to enhance the capabilities of the
BRW CT stereotactic guidance system. A
Digital Equipment Corporation (DEC) Micro-
vax II performs all standard BRW computa-
tions for localizing the target and determining
frame settings. The stereotactic computations
then are translated into a computer graphics
display with multiple capabilities. Develop-
ment and expansion of such an economically
feasible and technically flexible methodology
will provide the major effort for improvement
in this system.
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6. MODIFICATION OF TODD-WELLS
SYSTEM FOR IMAGING DATA
ACQUISITION

Patrick J. Kelly
Stephen ]. Goerss
Bruce A. Kall

The incorporation of computed tomography
(CT) into stereotactic surgery brought about
a renaissance in methodology. CT scanning
provides a precise three-dimensional database,
which can easily be incorporated into a stereo-
tactic coordinate system. As a result, many
neurosurgeons began rethinking their ap-
proaches to traditional surgery. New diagnos-
tic and therapeutic stereotactic procedures have
been developed that were not practical before
CT.

Two approaches to CT-directed stereotactic
procedures have been described. Some advo-
cate performing surgery in the CT scanning
unit, where CT images 1dentify targets directly
and confirm probe placement [9, 18, 23].
Others recommended the transfer of the CT
database into the coordinate system of a
stereotactic instrument located in the operating
room [1-8].

Our group has favored the latter approach
for several reasons. First, CT scanning suites
lack a sterile environment and are ill-equipped
to manage a complication, should it occur.
Secondly, performing surgery in the CT scan-
ner precludes use of other databases, such as
magnetic resonance imaging (MRI), arteriogra-
phy, standard teleradiography, neurophysiolo-
gical information, and ultrasonography, all of
which can increase the accuracy with which
stereotactic procedures are performed. Third,
except in unusual circumstances, CT scanners
are controlled by radiologists who must con-
sider their busy diagnostic work loads. As a
result, surgery performed in a diagnostic CT

scanning unit will be hurried and limited to the
expedient positioning of probes intracranially.
Few significant advances in technique can
occur in this environment. However, the oper-
ating room is the surgeon’s domain; new
stereotactic procedures can be developed and
refined there.

Various methods for transposing CT data
into stereotactic space have been reported.
Reconstructed CT data can be transposed onto
anteroposterior (AP) and lateral roentgeno-
grams relative to respective coronal and mid-
line cranial landmarks. Alternatively, stereotac-
tic coordinates can be determined from the
scout view and inherent software packages
available on most newer-generation CT scan-
ners [6].

However, several systems for the convenient
and accurate utilization of CT data in stereo-
tactic procedures have been developed. Some
were designed exclusively for CT scanning [5,
9, 18, 20, 22]. Others represent modifications
of stereotactic frames developed in the pre-CT
era that render them CT-compatible [2, 3, 7,
19]. Although it is probably unimportant
which system a surgeon selects, there is a phil-
osophical advantage to modified pre-CT-era
systems: the surgeon is reminded that CT scan-
ning is just another database. Stereotactic
accuracy and progress will depend on the in-
corporation of other databases into the coor-
dinate system of the instrument being used.
Further-more, devices such as the Leksell,
Talairach, Mundinger-Riechert, and Todd-
Wells were developed, modified, and refined to

L.D. Lunsford (ed.) MODERN STEREOTACTIC NEUROSURGERY. Copyright © 1988. 79
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FIGURE 6-1. Todd-Wells stereotactic frame. Guide tube held in slide on arc is directed perpendicular to the

tangent of sphere described by arc and collar.

perform specialized tasks. All can be modified
to incorporate CT data as well as new imaging
databases that become available.

We began using CT data with the Todd-
Wells device in 1978 [17]. First, AP and lateral
x-ray scatter films obtained during CT scan-
ning, and demonstrating the level and inclina-
tion of each CT image, were superimposed on
stereotactic radiographs. Then, sagittal and
coronal reconstructions were used, as CT scan-
ning units provided this capability [12]. Final-
ly, the Todd-Wells head frame was modified
for CT compatibility, and a localization system
was developed for rapid and convenient cal-
culation of target points and reconstructed
volumes in stereotactic space by an operating
room computer system [7, 10, 13-16]. This
chapter describes our modifications of the
Todd-Wells stereotactic frame for the incor-
poration of CT and other databases as well as

subsequent developments in the surgical instru-
mentation.

The Todd-Wells Stereotactic System

The Todd-Wells system is rugged, versatile,
and accurate and is the most popular stereotac-
tic instrument in the United States. It employs
the arc-quadrant principle: the patient’s head in
a rigid head holder is moved with three ortho-
gonal degrees of freedom to position an in-
tracranial target point at the focal point of a
fixed sphere that is defined by the arc quadrant
(figure 6-—1). All approaches to the target point
are described by two angles: collar (the angle
from the horizontal plane) and arc (the angle
from the vertical plane). The arc quadrant has a
fixed radius (135 mm). One need only measure
this distance on a probe (plus the length of the
guide tube extending outside of the arc), and
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FIGURE 6-2. Components of the Todd-Wells system. (A) Base unit. (B) Horizontal arc quadrant. The
micrometer advance fits onto the guide tube. (C) Top view of horizontal arc quadrant. (D) Guide and

reducing tubes.

the probe will always arrive at the desired in-
tracranial target point, which has been moved
into the focal point. Thus, there are six simple
mechanical adjustments: three axes (X, Y, and
Z), two angles (collar and arc), and a probe

depth.

Instrument Components

BASE UNIT AND XYZ STAGE

The base unit secures to the operating-room
floor by a vacuum attachment. In another ver-
sion, the base unit can attach to the operating
table. The head holder attaches to a receiving
yoke on the base unit. A reference mark on the
head holder base ring must align with a refer-
ence mark on the receiving yoke. The receiving
yoke is moved with three degrees of freedom
by racks and pinions (superior-inferior and

anterior-posterior) and slide (right-left) on the
base unit (figure 6—2). Vernier scales for each
axis display the position of each. Arc quadrants
index into tracks on the base unit. Cassette
holders attach to the base unit for performing
lateral radiographs. Anterior posterior x-ray
cassettes slide into a slot beneath the AP zero-
reference reticle.

ARC QUADRANTS

Reference marks on the arc quadrants must be
aligned with reference marks, which are in-
scribed on the tracks of the base unit. A slide
on the arc of the arc quadrant directs guide
tubes perpendicular to the tangent of the
arc quadrant. Right and left reticles fit onto the
arc quadrant for radiographic collimation. The
center of the cross on the reticle indicates the
focal point of the frame. A lateral-approach
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FIGURE 6-3. (A) Original head holder with metal vertical supports and skull fixation pins. (B) CT-
compatible vertical supports with fixation sleeves and carbon-fiber pins secured by caps.

micropositioner is used for lateral targets when
an orthogonal approach is desired.

GUIDE TUBES

The guide tubes insert into a slide on the arc
and are used to direct stereotactic instruments
to the focal point of the instrument. Several
reducing tubes insert into the lumen of the
guide tube to dilate it to the approximate diam-
eter of the stereotactic probe in use. A micro-
meter also fits onto the guide tube for control-
led advancement of instruments to the focal
point of the arc quadrant (figure 6-2).

HEAD HOLDER

The head holder consists of a metal base ring
and four metal vertical supports. Four metal
fixation screws extend from each vertical sup-
port to the outer table of the patient’s skull
(fhigure 6-3).

MODIFICATIONS FOR CT COMPATIBILITY
Only two changes must be made in the Todd-
Wells head frame to render it CT-compatible.
First, the metal vertical supports and fixation
screws on the head holder must be replaced
with CT-compatible materials. Secondly, a CT
localization system that creates reference marks
on CT images is used to facilitate accurate cal-
culation of stereotactic coordinates.

If the standard head holder is placed low
enough on the patient’s skull, the metal fixa-
tion screws and vertical supports may be below
the CT image of interest, and no artifacts will
be noted. However, images obtained below
these metal components will be completely
distorted by artifact. To have an efficient and

versatile stereotactic system, the metal vertical
supports and fixation pins should be replaced.

We used molybdenum disulfide to construct
CT-compatible vertical supports which have
the same dimensions as the original metal sup-
ports and attach to the base ring of the head
holder (see figure 6—3). This material is struc-
turally strong and results in no discernible CT
artifact (figure 6-4). A collet in each vertical
support holds the skull fixation system, which
consists of a sleeve and a fixation pin.

The sleeves are hollow nylon cylinders,
which extend through and are secured by the
collet on the vertical supports. They maintain a
fixed distance between the depressed scalp and
each vertical support. A carbon-fiber fixation
pin will be inserted through these hollow
cylinders and held in place by a cap, which
screws onto and crimps the end of the fixation
screw.

The fixation pins are 3 mm in diameter and
are constructed of molded carbon fiber. Four
millimeters from the tip, the diameter narrows
to 2.5 mm (figure 6—5). This creates a flange
that will rest on the outer table of the patient’s

skull.

Miscellaneous Head Holder
Modifications

AIRWAY WINDOW

The carbon-fiber fixation system relieves the
base ring from the distracting forces produced
when the metal fixation screws of the original
device were tightened against the patient’s
scalp. With the new fixation system, it is possi-
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FIGURE 6-4. Stereotactic CT image demonstrating an absence of artifact when molybdenum disulfide vertical

supports are used.

FIGURE 6-5. Carbon-fiber fixation pin. A skin punch over a drill is advanced to the proper depth for pin

placement.

ble to incorporate a removable segment in the
anterior part of the base ring to provide the
anesthesiologist with convenient access to the
patient’s airway (figure 6—6).

ROUND HEAD FRAME
The original oval head frame is adequate for
procedures performed with the patient in the

supine position. However, it is cumbersome
for procedures in which patients are in the
prone or lateral positions. A round base ring
was therefore developed to allow a 360° rota-
tion of the patient’s head for any desired sur-
gical approach. With the round base ring, the
patient may undergo CT scanning or other stu-
dies in the most comfortable position (i.e.,
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FIGURE 6—6. Removable segment for airway access (top). Micrometer attachments to vertical supports for

reproducible frame replacement (bottom).

supine). Computer software will allow rotation
of target points and volumes and recalculation
of stereotactic frame settings that take into
account rotation of the patient.

MICROMETER ATTACHMENTS

These connect conveniently with the vertical
supports and allow precise measurement of the
distance between the carbon-fiber pins and the
vertical supports (figure 6—6, figure 6—7). This
system provides a mechanism for accurate re-
placement of the frame if the data acquisition
and surgery are not performed on the same day
or if further stereotactic procedures are con-
templated.

CT LOCALIZATION SYSTEM

A localization system attaches to the base ring
of the stereotactic head holder during stereo-
tactic CT scanning and MRI. This creates refer-
ence marks on each CT/MRI image from
which the stereotactic coordinates of points on
the image can be calculated. In principle, the
known positions of the reference elements in
the localization system establish a coordinate
system in reference to the base ring of the
stereotactic head holder. Our localization sys-
tem consists of nine carbon-fiber rods in three

sets of three rods each, arranged in the shape of
the letter N (figure 6—8A, 6—8B). This attaches
to the base ring of the stereotactic headholder
such that a set of three N-shaped rods is lo-
cated on either side of the head and anteriorly.
The localization system produces nine refer-
ence marks on each CT image from which
three vertical heights above the base ring are
calculated, three points in space derived there-
by, and the position and inclination of the CT
image plane above the base ring established.
The zero point of the coordinate arcs (defined
by the localization system) is related to mechan-
ical adjustments of the stereotactic instrument
by bias factors.

The zero point of the localization system is
defined on the point at which all three of the
rods on each N set are equidistant. To derive
the biases, the head holder, with localization
system attached, is positioned in the Todd-
Wells frame such that the oblique bars intersect
in the reticles upon visual inspection (figure
6-8C) and by radiographic confirmation
(figure 6-8D). The X, Y, and Z frame settings
are recorded and included as parameter con-
stants within the computer program, which
calculates future stereotactic coordinates by the
use of equations 1-14 in the appendix to this
chapter.



6. MODIFICATION OF TODD-WELLS SYSTEM FOR IMAGING DATA ACQUISITION 85

FIGURE 6-7. Setting the carbon-fiber pin. (A) The drill is advanced to the hub of the skin punch. (B) The
carbon-fiber pin is tapped into place. (C) The pin is secured to the sleeve by the cap. (D) The micrometer
records the distance from the end of the carbon-fiber pin to vertical support.

FIGURE 6-8. Localization system consisting of nine carbon-fiber rods. (B) System attaches to the CT head
holder. The zero point of the localization system is identified visually (C) and by radiograph (D). X, Y, and Z
frame settings are read from vernier scales on the stereotactic frame and retained in the computer as bias
factors.



86 I. BASIC TECHNIQUES

Procedural Aspects

APPLICATION OF THE HEAD FRAME
Patients are sedated with neuroleptic analgesia.
The patient’s head is rested on a support unit,
and the CT-compatible head holder is placed
over the patient’s head. A nose support is ad-
justed to obtain the desired frame height anter-
iorly and posteriorly. Lateral ear bars, which
fit into the external auditory canals, are ad-
justed to position the frame to the right or left.
The inclination of the base ring with respect to
the cantho-meatal line is adjusted by a slide on
the nose support. The fixation sleeves are then
advanced to depress the scalp at four points
and are secured by tightening the collet on the
vertical support. The scalp then is infiltrated
at these four points with a 1% lidocaine-
bupivacaine hydro-chloride mixture.

A power drill with a 7/64-inch bit is used as
follows: The length of the bit is set so as to
penetrate the skull the precise distance of the
flanged end of the carbon-fiber pin. A skin
punch that fits through the fixation sleeves may
be used to facilitate this step (see figure 6-5).
The measurement from the end of the skin
punch to the shoulder of the drill bit should be
identical to the distance from the end of the
carbon-fiber pin to its flange.

The skin punch is advanced through the
hollow fixation screw to the outer table of the
skull, thereby removing a small plug of scalp.
The measured drill bit 1s inserted into the skin
punch and advanced until the bit rests on the
outer table of the skull. A hole is drilled in the
outer table of the skull to the diploe as the
chuck of the drill is advanced to the skin punch
(see figure 6—7A). The drill and skin punch are
removed, and the carbon-fiber pin is gently
tapped into place with a nylon hammer (see
figure 6-7B). After placing all four pins, the
collets are tightened with a special wrench, and
the fixation caps are applied to secure the pins
(see figure 6-7C).

Micrometers are attached to the vertical sup-
ports and advanced to the end of the carbon-
fiber pin (see figure 6~7D). These measure-
ments are entered on the patient’s record.

Reapplication of the frame is simple: The
surgeon taps the four fixation pins into the
previously drilled holes, slides the sleeves over
them, and secures the sleeves with the collets
and caps after reproducing the micrometer
measurements.

Frame Application for Posterior Fossa
Procedures. Posterior fossa procedures are
performed with the patient in the prone posi-
tion and with the round stereotactic head
holder applied in the inverted position (figure
6—9). This makes unobstructed access to the
posterior fossa possible.

STEREOTACTIC CT SCANNING

A CT-scan table adaptation plate attaches to
the table of the GE 8800 or 9800 scanning unit
(figure 6-10). This device is similar to the re-
ceiving yoke on the Todd-Wells base unit and
has a slot in which the base ring of the
stereotactic head holder is - fixed. Reference
marks on the head frame are aligned on the
adaptation plate as they are to the receiving
yoke of the stereotactic base unit during the
surgical procedure.

The localization system described previously
is attached to the base ring of the head holder.
This creates nine reference marks (A-I, figure
6-11) on each CT image from which the
height and inclination of the image above the
base ring can be measured [7, 11, 15]. Follow-
ing CT scanning, the stereotactic calculations
can be determined by a program on the CT
computer (which is identical to the computer
located in the operating suite), or the archived
CT data tape can be entered into the operating-
room computer system. The computer pro-
grams are for stereotactic target calculations
based on the equations in the appendix of this
chapter.

STEREOTACTIC MRI

Stereotactic MRI examinations are performed
on a Picker .15 tesla Resistive unit or a General
Electric Signa 2.0 tesla superconducting
system. An MRI-compatible base ring, con-
structed of molybdenum disulfide, utilizes the
same vertical support and fixation system
described previously (figure 6-12A). The
transverse localization system resembles that
designed for CT (figure 6—12B). It consists of
nine capillary tubes filled with copper sulfate
(CuSQy,) solution. These create nine reference
marks on each image (figure 6—12D). A mul-
tiplanar localization system calculates stereo-
tactic coordinates from coronal, sagittal, and
transverse images (figure 6—12C). Following
the MRI scan, the archived data tape is also
loaded into the operating-room computer sys-
tem for stereotactic target calculations.
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FIGURE 6-9. Frame placement for posterior fossa procedures.

FIGURE 6-10. CT scan table adaptation plate receives stereotactic headholder.
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FIGURE 6-11. CT localization system (left) creates nine reference marks (A-I) on each CT image (right).

FIGURE 6-12. (A) MRI compatible head holder. (B) Transverse MRI localization system. (C) Multiplanar
localization system. (D) (Stereotactic) MRI demonstrating nine reference marks.
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FIGURE 6~13. (A) Head frame secured on DA table by adaptation device. Fiducial reference plates for ARS.
(B) DA lateral mask image demonstrating 18 reference marks created by ARS.

STEREOTACTIC DIGITAL ANGIOGRAPHY
(DA)

Patients undergo DA examination with their
heads fixed in the CT/MRI-compatible stereo-
tactic head holder as previously described. A
DA table adaptation system for the General
Electric DF 3000 or 5000 units receives the
head holder. An arteriographic reference sys-
tem (ARS) fits onto the head holder (figure
6-13A). The ARS contains arrays of nine
points suspended in radiolucent reference
plates, which attach to each side of the base
ring of the head holder. The reference plates
are positioned bilaterally, anteriorly, and pos-
teriorly. These create 18 reference marks on
each DA image (figure 6—13B). The reference
marks define coordinate axes of the ARS and
provide grids for computer calculation of x-ray
magnification at any three-dimensionally de-
fined point in space. A computer program
transforms X, Y, and Z points in space (from
stereotactic CT and MRI calculations) as a
function of distances from the central x-ray
beam and ARS reference plates and interpolates
the magnification factor for the correct annota-
tion of that point on the DA images.

THE STEREOTACTIC OPERATING ROOM

Two adjoining operating rooms are equipped
for stereotactic surgery (figure 6—14). A com-
puter system (Data General Eclipse S-140 with

192 megabytes disk storage and Ramtek raster
display console) is located directly above the
operating rooms. Display consoles are located
in the treatment-planning computer room and
in an induction room between the operating
rooms. Computer display monitors are sus-
pended in both stereotactic operating rooms
for display of stereotactic CT, MRI, and DA
images; biopsy trajectories; angiograms; scaled
stereotactic atlas sections; tumor volumes;
and reformatted images. X-ray tubes for 4-m
teleradiography are suspended on wormgear,
servomotor-controlled slide systems for col-
limation with the stereotactic frame. HE-NE
laser beams coaxial with the central x-ray beam
AP and lateral tubes facilitate collimation.

DATA INPUT

The archived data tapes from the CT, MRI,
and DA examinations are transferred to the
operating-room computer system. Decoding
programs for CT, MRI, and DA images for-
mats make possible the display of each on the
central Ramtek console, affording convenient
calculation of stereotactic coordinates and
treatment planning. The surgeon communicates
with the operating-room computer by means
of an alphanumeric keyboard, a trackball that
manipulates a cursor on the display screen, and
a deposit key. User-friendly programs allow
rapid calculations of stereotactic targets and
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FIGURE 6-14. Stereotactic operating suite with computer treatment planning facility on upper level and the
display console in the induction room between two stereotactic operating rooms.

cross-correlation of target points among CT,
MRI, DA and a computer-resident stereotactic
atlas. Probe simulations, radionuclide-source
isodose configurations, and tumor-volume dis-
plays and reconstructions can be viewed with
respect to the MRI, CT, and DA databases.

The surgeon selects target points from CT or
MRI, utilizing the cursor and trackball subsys-
tems (figure 6-15). A computer program de-
termines screen coordinates for the target point
(Xs/Ys) and converts these to stereotactic
mechanical adjustments on the frame (Xaq,
Yaq, Zaq) (see chapter appendix).

NOMENCLATURE

Tridimensional coordinates in stereotactic
surgery have varied from one surgical system
to another. Since the incorporation of CT scan-
ning and MRI into stereotactic surgery, most
centers have adopted the coordinate system
defined by these imaging modalities.

X = right (+), left (-)
Y = anterior (+), posterior (—)

Z = superior (+), inferior (—)

The frame adjustments are calculated instan-
taneously, displayed on the computer screen
or a line printer, and then duplicated on the
stereotactic instrument, bringing the target
points selected on CT or MRI into the focal
point of the stereotactic arc quadrant. The
measured accuracy of this system for CT is

+500 microns in the X and Y planes and with-
in one-half the image thickness in the Z planes.
The treated accuracy of the MRI localization
system is 1.1 mm in X and Y and within one-
half the image thickness in Z.

The DA images are displayed on the screen.
The surgeon digitizes all of the 18 reference
marks, using the cursor and trackball subsys-
tem. This establishes reference points within
a three-dimensional computer-image matrix,
which can be related to the coordinates estab-
lished for CT and MRIL

POINT IN SPACE

The surgeon selects the target from displayed
CT or MRI images, using the cursor and the
deposit key. The mathematical manipulations
for the simple translation of a point selected on
a CT image to mechanical adjustments in a
stereotactic frame can be accomplished with a
hand-held calculator or an inexpensive micro-
processor-based computer. However, many
more useful options exist when a more capac-
lous microcomputer or minicomputer is avail-
able. The surgeon can simulate probe tra-
jectories on arterial and venous phases of the
arteriogram (figure 6-16). After the optimal
trajectory has been selected, the computer
calculates arc and collar settings that represent
these approach angles on the stereotactic
instrument. Probe trajectories through con-
tiguous CT and MRI images, given the calcu-
lated target coordinates and trajectory angles,
can also be displayed (figure 6~17).
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FIGURE 6-15. Digitizing target point on stereotactic MRI in patient with grade III astrocytoma in right
medial central area.

FIGURE 6-16. Selection and computer simulation of probe trajectories during stereotactic biopsy procedures.
Cross cursors show position of target point digitized from CT or MRI. The surgeon manipulates cursor to
select an entry point on the skull. The computer calculates and displays approach angles (collar and arc).
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FIGURE 6-17. The computer demonstrates a probe tract on the contiguous CT images of a patient with a

low-grade astrocytoma in the left frontoparietal region.

VOLUME IN SPACE
Multiple points digitized around the boundary
of a lesion visualized on CT images or MRI are
deposited into a three-dimensional computer-
image matrix in precise relationship to their
stereotactic coordinates, according to the cal-
culations described in the appendix. The com-
puter connects the points, forming a series of
closed contours, and then interpolates in-
termediate contours at 1-mm intervals (figure
6-18). A volume within the image matrix is
created when each of the digitized and interpo-
lated contours are filled with 1-mm”’ voxels.
The volume is seen as a shaded surface
display, a stereo pair, or a series of two-
dimensional images scanned orthogonal to a
viewline specified by arc and collar angles on
the stereotactic frame. Stereotactic reconstruc-
tion of image volumes is useful for simulating

isodose contours against tumor margins in pa-
tients who have intracranial neoplasms that will
be treated by interstitial radiation. Computer
reconstruction of volumes is also necessary for
computer-assisted ~ stereotactic resection of
deep-seated intra-axial lesions and for selective
stereotactic resection of the amygdala and hip-
pocampus in patients with medically intract-
able partial-complex seizures.

Subsequent Modifications
The Todd-Wells frame is ideal for functional

procedures, stereotactic biopsies, and posterior
tossa approaches. However, as the number and
variety of our cases increased, certain limita-
tions became apparent. First, all adjustments
on the frame were manual and cumbersome
during procedures requiring more than one
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FIGURE 6-18. (A) The computer suspends CT and MRI images in a three-dimensional image matrix, then
interpolates these at 1-mm intervals and creates volume for CT and MRI. (B) Display of volumetric information
is shown as shaded graphics or as stereo pairs (stereotactic coordinate axes shown). (C) Images orthogonal to the
viewline are specified by arc and collar angles for simulation of radionuclide source placements. (D) Position of
laser (cursor) and stereotactic retractor (circle) are shown in relationship to the image of the tumor defined by
stereotactic CT and MRI data in computer-assisted stereotactic resection.

target point. For example, in the implantation
of multiple afterloading catheters for interstitial
irradiation or in computer-assisted stereotactic
laser resections of larger tumor volumes, multi-
ple adjustments on the frame were needed to
access different target points or different re-
gions within a tumor volume. Second, the ver-
nier scales for the X, Y, and Z mechanical
adjustments on the frame were difficult to read,
especially if the patient were draped during an
operation; indeed, stereotactic frame settings
were confirmed by a surgeon wielding a
flashlight under the drapes: Third, convenient

access to lateral targets was limited, due to the
relatively small radius of the arc quadrant.
Finally, the arc quadrant and base assembly
were obstacles during the opening of a
stereotactic craniotomy. For these reasons, we
developed a new frame that utilizes the arc
quadrant principle and many of the accessories
of the old Todd-Wells instruments.

The basic system consists of a three-
dimensional servomotor-controlled slide sys-
tem attached to a large base plate, which is
secured the a special operating table (figure
6-19). A recéiving yoke (to which the stereo-
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FIGURE 6-19. Stereotactic servomotor-controlled three-dimensional slide system demonstrating inner and
400-mm arc quadrants. Control panel for stereotactic frame with computer monitors, keyboards, and digital
readout of (stereotactic) frame positions (right side of photograph).

tactic head holder attaches) is fixed to the
three-dimensional slide. Fork assemblies con-
taining tracks and index marks for 135-mm and
160-mm radius arc quadrants secure to the base
plate. The fork assemblies can be attached or
removed at any time during the surgical proce-
dure. The stereotactic positions of the three-
dimensional slides are detected by three-axis
optical encoder systems (Bausch and Lomb,
Accu-Rite II) and relayed to a digital display
on a control panel. Finally, a 400-mm arc
quadrant, which holds an operating microscope
and laser manipulator apparatus, slides and

locks into place on a track assembly, which is
also attached to the base plate. The 400-mm arc
quadrant is used during stereotactic tumor re-
sections.

System Utilization

The system described has been employed in
more than 600 stereotactic operations (table
6~—1). It has proven to be versatile and accurate
in performing a wide variety of stereotactic
procedures. In addition, multiple databases can
be used in treatment planning and in the sur-
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TABLE 6-1. Stereotactic Procedures Performed
with Custom Arc Quadrant Stereotactic System

Procedure No. of Patients
Stereotactic biopsy 352
Stereotactic craniotomy 146
Third ventriculosotomy 31
Ventrolateral thalamotomy 40
Stereotactic resection of 9
hippocampus and amygdala
Cyst aspirations 9
Interstitial irradiation 11
Ommaya reservoir placements
32P instillation ‘ 2
Total 605

gical procedures. Furthermore, this system can
be used conveniently and efficiently in a busy
stereotactic neurosurgical practice.

In our practice, we frequently perform four
to five stereotactic procedures per day and
occasionally as many as 12. To accommodate
the work load, we fabricated 12 stereotactic
base rings, to which the vertical supports are
attached for each use. A series of head frames
are applied to patients requiring database ac-
quisition the same day. Frames are reapplied to
other patients for whom a database has been
required, treatment planning completed, and
stereotactic coordinates calculated, and who are
to have surgery that day.

The ability to attach the stereotactic head
frame for data acquisition and to remove and
replace it for surgery becomes more necessary
as the demand for the stereotactic operating
room increases. With this system, the database
acquisition and surgery can be done on sepa-
rate days, and an operating room does not have
to be held vacant until a patient returns from
CT scanning, MRI, and angiography.

Treatment planning can take place at the
surgeon’s leisure on a nonoperating day in the
room in which CT, MRI, and DA images are
viewed; target points selected; probe trajec-
tories simulated; and volumes reconstructed.
Thus the surgical approach can be carefully
considered without the pressure of attending to
a patient already on the operating table. A
computer-resident stereotactic atlas can be su-
perimposed on reformatted CT slices to aid in
treatment planning and target selections for
functional procedures [11].

During the surgical procedure, the computer
system is used interactively to display actual
and reformatted images relative to the
stereotactic frame settings. New target selec-
tions can be displayed rapidly on the preopera-
tive database. For instance, points selected on
CT or MRI can be displayed on arteriograms,
and new entry points and probe trajectories
will be selected quickly. In addition, the com-
puter can display the position of surgical in-
struments relative to lesional volumes digitized
from stereotactic CT and MRI to guide aggres-
sive resection.

The future development of stereotactic
surgery to its true potential will depend on the
capacity, availability, and versatility of compu-
ter systems and software. The computer 1s a
stereotactic surgical instrument as indispens-
able to the stereotactic surgeon as the micro-
scope is to the aneurysm surgeon. In summary,
the critical factor in our setup is not a particu-
lar stereotactic instrument but the computer,
which has become essential to all phases of our
procedures: data acquisition from a number of
sources, treatment planning, and interactive
surgery.

Appendix

METHOD OF COORDINATE
TRANSFORMATION

A series of screen coordinates (X—Y pixels
converted to millimeters) are entered for each
of the CT/MRI localization system reference
marks (A—I) as Xa, Ya, Xb, Yb ... Xi, Yi
The target point is selected, and its two-
dimensional screen coordinates (Xs, Ys) are de-
termined. The computer then instantaneously
transforms this screen point into the three-
dimensional coordinate system of the arc
quadrant device (XAQ) YAQ’ ZAQ)

1. The zero points (origin) of the localiza-
tion (Xo, Yo, Z image) are calculated:

_ Xa+ Xg+ Xc + Xi

Xo 3 (6.1)
+ Yg+ Yc+ Yi
y, = Ya g c 1 62)
4
I\ +Z,+7Z
Z image = 1—?2——3 (6.3)
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where Z,, Z,, and Z; are vertical heights above
the base ring for each N-locator set of fidu-
cials, and A is the angle between the vertical
and oblique reference bars.

(Xc — Xb)? + (Yc — YbY?

Z1 = tan (A)
.G Xd)? + (Ye — Yd)?
2 tan (A)
(Xh — Xi)? + (Yh — Yi)?
23 =

tan (A)

2. The angular tilts (alpha = right-left) (beta
= anteroposterior) in reference to the stereo-
tactic frame axis and the rotation of the image
on the screen (gamma) are then determined.

Alpha = tan™! [(Z; — Z;)/2X0] (6.4)
Beta = tan™! [(2Z,) — Z; — Z5/2Y0] (6.5)
Gamma = tan~ ' [(Ya — Yi)/Xa — Xi)] (6.6)

3. The screen coordinate is translated in
relation to the screen origin, adjusted by the
screen rotation (equations 6.7-6.8) and ad-
justed for lateral and anteroposterior tilts
(equations 6.9-6.11) to place the point in
three-dimensional space (X3p, Yip, Zsp).

Xrel = (Xs — X0) % cos (gamma)

+ (Ys — YO0) * sin (gamma) (6.7)
Yrel = (Ys — Y0) % cos (gamma)

— (Xs — X0) # sin (gamma) (6.8)
X3d = Xrel * cos (alpha) (6.9)
Y3d = Yrel * cos (beta) (6.10)
Z3d = Z slice + Yrel # sin (beta)

+ Xrel # sin (alpha) (6.11)

4. These three-dimensional points are then
placed in the coordinate system of the arc
quadrant device (Xag, Yaqs Zaq):

Xag = X3d + Bx (6.12)
Zaq =Z3d + Bz (6.14)

where Bx, By, Bz are the bias factors relating
the focal point of the stereotactic arc quadrant
to the zero point of the-localization system.
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7. THE LAITINEN SYSTEM

Lauri V. Laitinen

The Laitinen stereotactic system consists of
the Stereoguide and the computed tomography
(CT)/magnetic resonance imaging (MRI) adap-
ter. This chapter provides a detailed description
of the system and its use with all currently
available imaging modalities.

The Stereoguide

The Laitinen Stereoguide [4] consists of an oval
base ring with four screwholders for bony fixa-
tion, two symmetrical cylinder components,
and a semicircular arc with an electrode carrier
(figure 7—1). Four holes lie parallel to, and in
the midplane of, the base ring: one anterior,
one posterior, and two lateral holes at right
angles. The anterior and the posterior holes

form the sagittal midplane of the base ring, to
which the lateral coordinate (X) of the target is
related. The lateral holes form the origin of the
anteroposterior (Y) and superior-inferior (Z)
coordinates.

The cylinder components are positioned at
the lateral aspects of the base ring according to
the Y and Z coordinates of the target, which
will lie at the common axis of the cylinders.
Cogwheel mechanisms permit positioning of
the cylinder components. A vernier ensures an
accuracy of +0.25 mm. The semicircular arc is
positioned on the cylinders according to the X
coordinate (figure 7—-2). The brain target is lo-
cated now at the midpoint of the spherical
system of the Stereoguide and can be reached
from any suitable direction.

FIGURE 7-1. Laitinen Stereoguide. The left panel shows the view from above; the right panel, the anteropos-
terior view. The parts shown are: the base ring (1), the cylinder components (6, 7, 8), the semicircular arc (10),

and the four origin holes (3).

L.D. Lunsford (ed.) MODERN STEREOTACTIC NEUROSURGERY. Copyright © 1988. 99
Martinus Nijhoff Publishing. Boston/Dordrecht/Lancaster. All rights reserved.
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FIGURE 7-2. The target (T) lies at the midpoint of the spherical system of the Stereoguide and can be reached

from any practicable direction.

The Stereoguide can be used for transnasal
hypophysectomy (figure 7-3), and, when
turned upside down, can be used for stereotac-
tic surgery in the posterior fossa and upper
cervical spinal canal (figure 7—-4). The depth of
a probe 1s determined using the semicircular
arc with the probe carrier fixed to an arc stand
(figure 7-5). The probe is advanced as far as
the cone tip of the stand. The position of a stop
screw is locked and read. The cone tip corres-
ponds to the midpoint of the spherical system of
the instrument.

Determination of a Brain Target
Using Contrast Ventriculography

Previously, when brain targets were deter-
mined by contrast-enhanced ventriculography,
a special floor stand and a teleradiographic
system were needed in the operating room.
Although CT or MRI study now is believed to
permit more accurate localization of brain
targets than does ventriculography [4], the lat-
ter will be described.

The floor stand is mounted firmly to the
floor of the operating room but can be de-
tached and remounted easily. An x-ray tube is
fixed to the ceiling and another to the wall of

the operating room in a position so that a
central x-ray beam passes through the anterior,
posterior, and lateral holes, respectively, of the
base ring locked on the stand (figure 7-6).
These holes form the origin of the Cartesian
rectilinear coordinate system; the brain target,
defined in relation to ventricular landmarks,
can be coordinated with the holes (figure 7-7).
The target is projected onto the X and Y axes,
respectively, and the three coordinates X, Y,
and Z are read directly. The distance between
the floor stand and the two x-ray tubes is
chosen so that the x-ray magnification coef-
ficient is the same for both the anteroposterior
(AP) and lateral radiographs. A special ruler
with a corrected millimeter scale directly indi-
cates real coordinate values.

Recent evidence demonstrated that CT de-
termination of brain targets is more accurate
than ventriculographic technique [6]. These
advances promise to save considerable time and
money and to increase the accuracy of surgery
while reducing its risks.

The CT/MRI Adapter

The CT/MRI adapter (U.S. patent 4, 617, 925)
permits all stereotactic surgery to be performed
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FIGURE 7-3. Transnasal approach.

FIGURE 7-4. Posterior fossa approach.
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FIGURE 7-5. Determining the depth of the electrode.

FIGURE 7-6. The detachable floor stand (F) and the
rigidly fixed x-ray tubes at the ceiling (C) and on the
wall (W) of the operating room.

without contrast-enhanced ventriculography
and without x-ray apparatus in the operating
room. The adapter can also be used in stereo-
tactic angiography, stereotactic irradiation of
brain targets with a linear accelerator, and in
stereotactic location of subcortical brain tumors
scheduled for open surgery.

The adapter consists of an aluminum and
plastic frame (figure 7—8). It is mounted to the
patient’s head in a noninvasive way by means
of two ear plugs and a nasion support. A
threaded lever at the nasion support serves to
press the ear plugs steadily against the external
auditory canals. Two cogwheel screws press
the nasion support against the bridge of the
nose. Both posterior “laterality” indicators are
fixed by hooks at the posterior ear arms and
strapped against the scalp with an elastic band.
An aluminum pin between the nasion support
and a connector plate at the vertex functions
as the frontal “laterality” indicator. These
“laterality”” indicators form the midplane of the
adapter, to which the “laterality” coordinate
(X) is related. The anterior margins of the
posterior ear arms form the reference plane for
the AP (Y) coordinate. Four transverse arms
perpendicular to the posterior ear arms form
the reference plane for the superior-inferior (Z)
coordinate. The uppermost transverse arms lie
at the average level of the anterior cingulum; the
second pair at the level of the intercommissural
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B

FIGURE 7-7. The AP (A) and the lateral (B) ventriculograms show the origin holes (0) of the base ring. The
brain target (t), related to ventricular landmarks, is projected onto the X and Y axis of the frame. The
stereotactic coordinates, X, Y, and Z are directly measurable using a “corrected” ruler.
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FIGURE 7-8. The CT/MRI adapter mounted to the author’s head: f, frontal laterality indicator; n, nasion
support; e, ear plug; é—e, posterior ear arm; p, posterior laterality indicator; i, immobilization device; ¢, plastic

cushion.

line; and the third pair at the average level of the
hypophysis, amygdala, and dentate nucleus.
This arrangement reduces the distance between
the most common surgical targets and the
nearest reference plane. The distance between
two transverse arms, 25 mm, can also be used to
verify the accuracy of the longitudinal move-
ments of the CT and MRI tables.

An experimental study in 12 healthy volun-
teers showed that repeated mountings of the
adapter to the head are easily accomplished
(A.T. Eriksson, M.1. Hariz, unpublished data).
The maximal difference between two mount-
ings extrapolated to the thalamic level was 0.61
mm for the X coordinate, 0.53 mm for the Y
coordinate, and 0.96 mm for the Z coordinate.
The corresponding mean values were 0.07,
0.16, and 0.17 mm. Although this experimental
study showed a very high degree of repro-
ducibility, we recently studied two elderly

patients with rigid necks and a shallow nose
bridge. During the CT study, their heads ro-
tated around the interaural axis in a retroflexed
direction, and the nasion support slipped
downwards along the nose. To completely pre-
vent such rotation, we added a rigid band that
is strapped between the posterior ear arms and
the occiput.

The adapter can be mounted quickly to the
head. It is reasonably well tolerated by unse-
dated patients. Using the CT adapter, only one
of 120 patients required that the adapter be
removed. This patient had a painful cancer in-
filtration of the external ear. Sedation with in-
travenous diazepam is needed in patients with
Parkinson’s disease who have major tremors of
the trunk and head. The adapter can be used
for patients of any age. The youngest child we
studied was seven years old.

In seven patients who underwent thalamo-
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tomy or posteromedial hypothalamotomy, a
fairly high correlation was found between the
length of the intercommissural line as measured
from the ventriculogram and from the CT
study [6]. The ventriculography-based mea-
surement produced an intercommissural line
slightly longer than did the CT: the mean
difference was 0.7 mm, with a range of 0-1.5
mm. The largest discrepancy may have been at
least partially due to a dilatation of the ventri-
cle by the insufflated air.

In the same study, a fairly high correlation
was also found between the coordinates of
the posterior commissure [6]. The mean differ-
ence for the Y coordinate was 0.6 mm (range
0-1.5 mm), and for the Z coordinate, 0.6 mm
(range 0-3 mm), whereas the X coordinate
showed a measurable difference of only 0.5 and
0.25 mm in two of the seven patients. We
believe that the current model of the adapter is
more accurate than that used in our earlier

study [6].

CT Technique

The adapter is mounted to the head with the
patient in a sitting position. The ear plugs are
pressed against the external auditory canals.
The threaded lever at the nasion support is
tightened until the ear plugs are pressed steadi-
ly against the ear canals so that the adapter can
rotate around the interaural axis. To press the
nasion support against the nose bridge, the
cogwheel screws are wound symmetrically.
The cogwheels and the nasion lever are
tightened until the adapter remains steady
and immobile; stability is confirmed by grasp-
ing the adapter at the connector plate and
trying to rotate it around the interaural axis.
The rigid band is strapped between the pos-
terior ear arms and the occiput after which the
posterior “laterality” indicators are mounted at
a suitable and symmetrical level. Once the con-
nector plate at the vertex is tightened until the
posterior ear arms are fixed against the scalp on
both sides, the positions are locked. The posi-
tions of the cogwheel cases, the connector
plate, and the posterior “laterality” indicators
are recorded.

A plastic plate with a head support cushion
is placed on the CT table exactly parallel to the
long axis of the table. The patient lies down on
the table with the occiput resting on the

cushion (see figure 7—8). The long axis of the
head should be roughly parallel to the long axis
of the table. The head should not be forced
into such a flexed position that it would tend
to extend during the CT scan. The adapter then
is locked to the plastic plate.

On a sagittal electronic radiograph (Topo-
gram® or Scoutview®) a cursor line 1s drawn at
the level of, and parallel to, the uppermost
transverse arms (figure 7-9, left). If a parallel
relationship is obtained, the full length of one
or both transverse arms will be visible. During
CT-assisted thalamotomy, 2-mm-thick slices
are scanned in a ventral direction in 2-mm
steps (figure 7-9, right). The height level of the
most ventral part of the foramen of Monro is
recorded; the anterior commissure lies, on the
average, 4 mm below that level. Scanning is
resumed until the left and right second trans-
verse arms and the rostral aqueduct have been
imaged. The adapter can then be detached.

Magnified images are made of the slices be-
tween the level of the foramen of Monro, and
the most ventral level scanned. The anterior
margin of the posterior commissure is marked
with a fine-tipped pen on the film that is most
ventral without showing the aqueduct. To
verify that the marking corresponds to the
posterior commissure and not an anterior part
of the aqueduct, the film is superimposed on
the next dorsal film on which the posterior
wall of the third ventricle is marked; this is
done by placing the posterior ear arms on each
other. Usually, the anterior and posterior com-
missures are visible at the same level. If they
are not, the angle between the slice and the
intercommissural line is measured, after which
the length of the intercommissural line can be
measured.

The surgical target in the ventrolateral thala-
mus is marked on the film containing the target
level (figure 7-10). The AP target for tremor
usually corresponds to a distance that is one-
third the length of the intercommissural line
anterior to the posterior commissure. Because
the lateral site of the target must be chosen in
relation to the width of the thalamus, two or
three images at and above the target level are
superimposed; this technique improves the
visualization of the internal capsule. A lateral
coordinate 14—15 mm from the midline of the
third ventricle is usually correct.

A line is drawn between the anterior lateral
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FIGURE 7-9. A cursor line drawn at the height of, and parallel to, the uppermost transverse arms (A). For
thalamotomy, 2-mm-thick slices are then scanned at 2-mm steps until the second transverse arms and the
aqueduct are visible (B).
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FIGURE 7-10. A slice at the thalamic level. The target (t) has been chosen in relation to the midline of the third
ventricle and the anterior and posterior commissures. a—m, midplane of the adapter; b—b, binaural plane, s—b,
cylinder axis of the Stereoguide; a—d, line perpendicular to s—b; a, frontal laterality indicator; p,p, posterior

laterality indicators.

6.0

FIGURE 7-11. The height (Z) coordinate is obtained from a chart on which each line represents the midplane
of the 2-mm-thick slices scanned 2 mm apart. The thick line indicates the target level; the dotted line shows
the plane of the second transverse arms, the position marked on the right (R) and the left (L) side. The
distance between the two lines at the target’s distance from the midline (ML) is the Z coordinate of the target.

indicator and the midpoint of the posterior
lateral indicators. The distance from this line to
the target is the lateral coordinate (X). Another
line is drawn between the anterior margins of
the posterior ear arms. The distance from this
line to the target is the AP (Y) coordinate. The
ventral coordinate (Z) is measured easily from
a chart on which the positions of the left and

right second transverse arms are marked in
relation to the target level (igure 7-11).

MRI Technigue

The same adapter is used for MRI stereotactic
surgery. Plastic tubes (2-mm inner diameter)
filled with 2 mMol copper sulfate solution are
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FIGURE 7-12. MRI with the adapter. Determination of the target coordinates is similar to that of a CT study.
Fluid-filled plastic tubes attached to the reference structures of the adapter are clearly visible. The arrows

indicate the anterior and the posterior commissures.

attached to the reference structures of the
adapter. Immobililization of the patient and
scanning are carried out as described for the
CT technique. The reference structures are
visible on the horizontal films (figure 7-12);
no reconstructions are needed. For functional
stereotaxis, the MRI technique still has some
disadvantages relative to the CT technique: the
slices are too thick (5 mm), the scanning time is
long, and some patients become claustropho-
bic. However, the resolution of MRI is supe-
rior to that of CT. We believe that when the
MRI slice thickness is reduced to 2 mm, MRI
technique will completely replace the usage of
CT, even in functional stereotactic surgery.

The Laitinen stereotactic system permits
surgery to be performed at any appropriate
time, even months after the CT scan. Because
the CT scan already contains all information
needed to localize the surgical target, additional
radiography may increase possible target errors
because of x-ray distortion and magnification.
Because some neurosurgeons still prefer to use
an x-ray study in the operating room, a de-
scription of the method to transfer the CT or
MRI coordinates to conventional radiography
follows.

Stereotactic Surgery with
Radiography

The adapter is remounted to the patient’s head
as described previously. The Stereoguide is
mounted around the adapter and fixed rigidly
to the skull after local anesthesia has been
administered (figure 7-13). The Stereoguide
has neither a contact nor a given relation to the
adapter. Instead of the frontal and posterior
“laterality” indicators constructed from alumi-
num pins, similar steel-pin indicators are used
to improve visualization on the radiographs.

AP and lateral radiographs show, respective-
ly, the adapter and the base ring of the frame
(figure 7—14). The CT target is marked on the
radiographs in relation to the three reference
planes of the adapter and projected onto the X
and Y axes of the frame. The stereotactic X, Y,
and Z coordinates thus are obtained directly.
The distances measured with a corrected ruler
are real. The adapter is detached and the
stereotactic procedure is performed.

The position of an electrode is checked with
radiography. Additionally, the correct position
of an electrode must be confirmed by elec-
trophysiology. Recording the electrical impe-
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FIGURE 7-13. The adapter and the base ring of the
Stereoguide mounted to the patient’s head. Note
that the patient is in a sitting position and has been
given local anesthesia. The adapter and the frame
have no contact with each other.

dance of brain tissue is a reliable method [5].
The impedance of gray matter is about 25%
less than that of white matter. The impedance
of cerebrospinal fluid (CSF) is only 25% that
of gray matter. Recordings of spontaneous or
evoked cellular activity from the target area are
widely used [1] but requires a sophisticated
time-consuming technique. We believe that
direct electrical stimulation of the target area is
simple and very reliable [2]. In patients with
Parkinson’s disease and tremor, the existing
tremor may be aggravated by low-frequency
stimulation and stopped by high-frequency
stimulation. These responses offer proof that
electrocoagulation will stop the tremor. A
capsular response, (lL.e., flexion contraction in
the arm and the face) signifies that the elec-
trode is close to, or in, the internal capsule.
Electrical sumulation is also necessary during
posteromedial hypothalamotomy, cingulo-
tomy, capsulotomy, and dentatotomy.

Electrocoagulation should be carried out
carefully, with continuous observation of both
beneficial and harmful effects. If side effects
occur, electrocoagulation must be stopped im-
mediately. If necessary, the electrode can be
repositioned, and electrocoagulation continued
until a desired volume of tissue is destroyed.

Postoperative radiographic assessment of the
lesion size usually demonstrates that two to
three months elapse before the lesion reaches
its final size and shape (figure 7-15). Post-
operative radiographic studies are conducted
after the adapter has been remounted to the
patient’s head to confirm the size and the site
of the lesion and to demonstrate the accuracy
of target localization.

Stereotactic Surgery Without
Radiography

Stereotactic surgery can be performed accurate-
ly without radiography in the operating room.
After remounting the adapter as previously
described, the base ring of the Stereoguide 1s
mounted to the skull by means of a hanging
brace and a frontal, an occipital, and two lateral
supports (see figure 7—13). The base ring must
be parallel to the transverse arms of the adap-
ter. It is also important to have lateral and AP
symmetry between the base ring and the adap-
ter; this is easily achieved when the transparent
plates of the lateral supports are positioned
symmetrically on the left and right sides of the
adapter. After the area is anesthetized, the four
skull screws of the base ring are tightened
against the skull.

The patient reclines on the surgical table.
The cylinder component is mounted onto the
left side of the base ring by means of a cylinder
block with an axial steel pin. This steel pin hits
the origin of the Y-Z axis of the adapter, that
is, the intersection of the second transverse arm
and the anterior margin of the posterior ear
arm (figure 7-16). The Y and Z positions of
the cylinder components are determined. This
procedure is repeated on the right side. Some
difference between the cylinder positions of the
two sides is often noted. The difference be-
tween the Y coordinate readings is marked on
the CT image containing the target (see figure
7-10), where line (b-b) illustrates the interau- -
ral plane of the adapter, and line (s—b) illus-
trates the cylinder axis of the Stereoguide. A
line (a—d) is drawn from the anterior laterality
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FIGURE 7-14. (A and B). Stereotactic surgery with radiography in the operating room. The CT target (t) is
marked on the radiograph in relation to the midplane of the adapter (f ), the binaural plane (B), and the plane
of the second transverse arms (T) and projected onto the X and Y axis of the Stereoguide. The stereotactic
coordinates, X, Y, and Z can be read directly with a “corrected” ruler.
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FIGURE 7-15. Postoperative CT study confirms the final size and the site of the lesion as well as the
reproducibility of remounting the adapter. The arrow points to a spherical lesion in the ventrolateral nucleus
of the thalamus, close to the internal capsule.

FIGURE 7-16. Stereotactic surgery without radiography in the operating room. The base ring is mounted
parallel to the transverse arms of the adapter. By means of a cylinder block (C) with an axial steel pin, the.
cylinder component is positioned on the base ring so that its axis coincides with the Y-Z origin of the
adapter. The position is read on the Y and Z scales of the frame.
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FIGURE 7-17. The Y and Z coordinates from the CT study are added to the Y and Z readings of the frame,
respectively, and the cylinder component is positioned accordingly. A similar procedure is performed on the
other side of the frame. When the cylinder positions of the two sides have been aligned in relation to the
lateral site of the target, the target will lie at the common cylinder axis.

pin perpendicularly to line (s—b). The distance
between line (a—d) and the target (t) is the final
laterality coordinate (X).

On both sides of the Stereoguide, the CT
coordinates Y and Z are added to the mm-scale
reading of the origin positions. The means of
the readings for coordinates Y and Z indicate,
respectively, the final position of the cylinder
components, and the surgical target will be lo-
cated on the common axis of the cylinders
(figure 7—17). If the surgical target lies far from
the midline (e.g., the amygdala), the laterality
must be taken into account; the mean of the
left and right readings of the Y and Z coordi-
nates alone will not be accurate.

With the electrode carrier at a 90° angle, the
semicircular arc is mounted on the cylinders
(hgure 7-18). An electrode is introduced
through an electrode-guiding cannula, and the
arc is moved along the cylinders until the elec-
trode hits the frontal laterality indicator. This
position of the arc corresponds to line (a-d) in
figure 7-10, from which the final laterality
coordinate X, (d-t), is measured. The arc is
moved to this position and locked. Now the
surgical target is at the midpoint of the spheri-
cal system of the Stereoguide and can be
reached from any suitable direction.

Stereotactic Angiography

Stereotactic angiography can be conducted on a
conventional angiography table, with the CT/
MRI adapter mounted to the patient’s head. To
assess the x-ray magnification of any plane of
the brain, a 10-mm-long lead or steel pin is
embedded in the ear plugs. A similar pin is
attached to the front of the scalp. The patient is
immobilized on the angiography table as pre-
viously described for CT or MRI imaging. AP
angiography is performed with the central x-
ray beam at the highest level of the vascular
target and parallel to the transverse arms of the
adapter (higure 7-19). The x-ray magnification
can be calculated for any AP images from the
magnification noted on the frontal pin, the ear
plug pins, and the posterior laterality indicator
pins. Lateral angiography is taken at an angle
90° to the AP exposure (figure 7-20). The cen-
tral x-ray beam is directed to the Y-Z origin of
the adapter that is nearest to the target level.
From the lateral angiograms, the Y and Z coor-
dinates of the target are measured. The x-ray
magnification for any “laterality” level can be
calculated from the distance between two
transverse arms on the left and the right side.
The actual distance between two arms is 25
mm.



7. THE LAITINEN SYSTEM 113

FIGURE 7-18. The semicircular arc with the electrode carrier at a 90° angle is positioned on the cylinders so that
an electrode (e) hits the frontal laterality indicator. The position of the arc that is indicated on the cylinders
corresponds to line a—d in figure 7-10. From this point, the final laterality of the target (d—t) is measured, and
the arc is positioned accordingly. The target lies now at the midpoint of the spherical system of the Stereoguide.

To determine the laterality of the lesion on
the AP angiograms, a special chart is used
which indicates the actual direction of the
lateral and AP central x-ray beams (figure
7-21).

Stereotactic Irradiation with Linear
Accelerators

The CT/MRI adapter permits stereotactic irra-
diation of brain targets with a conventional
linear accelerator equipped with a rectilinear
horizontal and vertical laser beam system. The
movement of the arc-holding beam source and
the rectilinear movements of the table must be
accurate, yet not all commercial accelerators
can ensure the necessary precision.

With the adapter remounted to the head in

the position used for the diagnostic procedure,
the patient is immobilized on the accelerator
table. The table is positioned so that the left
laser beams hit the Y-Z origin of the adapter.
The Y and the Z coordinates of the table are
recorded. The same procedure is repeated on
the right side. For a cerebral target in or near
the midline of the brain, the means of the left
and right Y and Z coordinates are calculated;
the values of the diagnostic coordinates Y and
Z are added, respectively. The accelerator table
is moved to this position. The brain target now
corresponds to the common axis of the two
lateral laser beams.

To determine the laterality of the target, a
chart similar to that used in stereotactic angiog-
raphy (see figure 7-21) is used. The accelera-
tor table is moved sideways until the sagittal



FIGURE 7-19. AP angiogram showing the ear plugs (B), the frontal laterality indicator (f), the frontal
magnification pin (a), and the posterior laterality indicators. (p,p).

FIGURE 7-20. Lateral angiogram showirg the binaural plane (B) and the plane of the second transverse arms
(T), to which the vascular target (dot) is related with Y and Z coordinates. The x-ray magnification rate for
any laterality level can be measured from the magnifications of the left (T;) and the right (T,) transverse arms.
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FIGURE 7-21. A chart used for correcting the x-ray
beam direction (s/b) in relation to the binaural plane
of the adapter (b—b). The position of the ear plugs
(b,b) is obtained from the AP angiogram. The dot-
ted line perpendicular to line s—b indicates the direc-
tion of the central beam of the AP angiogram. The
final X coordinate is the laterality distance of the
target (T) from line - d f, frontal laterality indica-
tor; m, midpoint of b—b

vertical laser beam hits the frontal laterality
indicator pin. The table is then moved in a
lateral direction corresponding to the laterality
X coordinate obtained from the chart. The
brain target is centered now at the intersection
of the three laser beams and can be irradiated
from appropriate directions.

Sterotactic Location of Brain
Tumors for Open Surgery

The CT/MRI adapter permits accurate location
of subcortical brain tumors in relation to the
scalp and the skull of the patient. The CT or
MRI study is conducted with the adapter
mounted to the patient’s head as previously
described; and the X, Y, and Z coordinates of
the center of the tumor are recorded (figure
7-22). The depth of the tumor from the dura is
measured also. The adapter is detached and
remounted on the day of surgery. The tumor
center and its margins are drawn on the scalp
in relation to the adapter (figure 7-23), after
which the adapter is removed. The skin inci-
sion and the craniotomy thus can be placed

FIGURE 7-22. A small parietal tumor related to the midplane of the adapter (a—m), the binaural plane (b—b)
and the plane of the uppermost transverse arms (not visible).
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FIGURE 7-23. The tumor coordinates from figure 7-22 have been transferred to the patient’s scalp. A
minimal skin incision and craniotomy are needed for tumor removal.

accurately. The center of the tumor is marked

on

the bone, dura, and finally on the cortex.

Only a small cortical incision is needed to find
the tumor.
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8. THE PATIL SYSTEM

Arun-Angelo Patil

The ability to visualize intracranial structures
using computed tomography (CT) has led to
the increased popularity of stereotactic proce-
dures among neurosurgeons. Both the adapta-
tion of existing stereotactic systems to the CT
scanner and the introduction of entirely new
systems have been reported in the literature
[1-16]). To make them CT-compatible, most
systems have utilized special computer prog-
ramming.

Principles of the Patil System

As a standard feature, all CT scanners can mea-
sure the distance from one point to another
on any CT image. This permits measurements
of the X coordinate (lateral distance from
the midline) and the Y coordinate (posterior-
anterior distance) using the cursor of the scan-
ner, if the reference markers of these coordi-
nates are visible on the CT images. Scanners also
can identify any given plane of scanning by
means of their positioning light. If the plane of
the stereotactic system can be aligned with a
given plane using the positioning light, the
need to calculate or measure the Z coordinate
(the distance of the target from the base image)
is eliminated. The Patil System has its movable
probe carrier mounted on a rotatable arc
(figure 8-1) and uses these standard CT-
scanner features to obtain coordinate measure-
ments and to place the target at the center of its
arc, eliminating the need for calculations or
special computer programming.

The System

The system (Terhorst Technologies, 615 Bur-
dick Expressway East, Minot, ND 58701) has
the following components: a base platform; a
movable headholder that is mounted on the
base platform; a movable and detachable arc
carrier that is mounted on the base platform by

FIGURE 8-1. Diagram showing the coordinates of
the system.

means of two vertical bars and two circular
attachments; a movable arc mounted on the arc
carrier; and a probe carrier (figure 8—2). The
base platform has a midline groove, one edge
of which serves as the center marker for the X
coordinate. The top surface of the base plat-
form is the marker for the Y coordinate,
which, in this system, is measured from the top
of the base platform. The sides of the base
platform are marked by indicators. The adjust-
able vertical bars are mounted on the sides of
the base platform. Circular attachments con-
nect the arc carrier to the vertical bars. The top
portion of the circular attachment is detach-

L.D. Lunsford (ed.) MODERN STEREOTACTIC NEUROSURGERY. Copyright © 1988.
Martinus Nijhoff Publishing. Boston/Dordrecht/Lancaster. All rights reserved.
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FIGURE 8-2. The stereotactic system.

able, allowing removal of the arc carrier if
necessary. The arc carrier rotates around an
axis formed by the line joining the centers of
the two circular attachments (see figure 8—1).
On this axis also lies the center of the arc. The
arc can be extended so that even a trajectory of
90° from the vertical is possible.

The movable probe carrier is mounted on
the arc. Its inner cylinder has a central hole,
and it is interchangeable with cylinders having
holes of various diameters, including one cylin-
der that can accommodate an endoscopic de-
vice. The radius of the arc from the top of the
probe carrier is 21 cm and requires a probe 21
cm in length. The probe can be moved vertical-
ly in the probe holder within a distance of *1
cm via a rack-and-pinion system (figure 8-3).
All other movements of the system also work
by rack and pinion. A vernier scale incorpo-
rated in the system permits movement in incre-
ments of 0.1 mm. The headholder slides along

llustration
shows probe holder
|— set at 0" which
is 21 cm from
centerline.

o Turn clockwise
to lower probe
read upper scale.

© Turn counter-clockwise
to raise probe
read lower scale.

FIGURE 8-3. The fine adjustment of the probe
carrier.

the length of the base platform and stops at any
required position. Four chromium-plated brass
pins are used for head fixation. The head-
holder, the base platform, the circular attach-
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FIGURE 8-4. Alignment of the laser positioning
light with the middle of the circular attachment.

ments, and the probe carrier are composed of
plastic (acetyl resin). The vertical bars, the arc,
and the arc carrier are made of anodized alumi-
num. The system connects to the scanner with
a special table attachment.

Technique for Using the Patil
System

After the base platform is fitted on the top of
the CT table perfectly parallel to its length, the
patient’s head is placed in the headholder. CT
images are taken with the gantry perfectly ver-
tical in the target region. If the headholder is
visible on the CT image in which the target is
localized, the headholder is moved to another
position to avoid artifact. After the head pins
are attached, another image is taken in the CT
plane of the target. The laser positioning light
is then activated. The circular attachments are
moved along the length of the platform by
adjusting the vertical bars until the laser posi-
tioning light coincides with the vertical line in
the middle of the circular attachments (figure
8—4). During this part of the adjustment, the
arc (together with the arc carrier) is detached
from the system to avoid artifact. The X and Y
coordinates are measured from a single image
on which the target is localized. Using the cur-

sor of the scanner, the perpendicular distance
measured from the center marker of the base to
the target is the X coordinate (figure 8-5A),
and the distance measured from the top surface
of the base platform to the target i1s the Y
coordinate (figure 8—-5B). The Y coordinate is
adjusted by moving the circular attachment
to the required height (figure 8-6A); the X
coordinate is adjusted by moving the middle of
the arc a distance equal to the X coordinate
(figure 8—6B). Next, the arc carrier is reattached
to the system, where it can be rotated to any
desired angle, and the probe holder on the arc
likewise can be rotated to any angle required to
reach the target through any point on the
skull.

The burr hole can be made before the patient
is brought to the CT scan room at any time
considered to be safe. The burr hole should be
as close as possible to the target. Alternatively,
a twist-drill hole can be made in the CT room
or after measurements are taken; the patient
and the system then can be moved together to
the operating room for burr-hole placement.
During biopsy, the probe can be moved to
different depths to obtain tumor specimens at
various levels. For greater accuracy, the smaller
diameter of scanning is preferred. Generally a
25-cm scan diameter is best.

HEAD POSITION

Because the coordinates are measured using
reference markers on the base platform, the
position of the head does not have to be sym-
metrical. We have performed this procedure
with patients” heads in lateral and even prone
positions. For occipital and suboccipital
approaches, the prone position is required.

TRAJECTORY DETERMINATION

Coronal (figure 8~74) and sagittal (figure 8—78)
reconstructed images can be used to determine
the safest trajectory. The trajectory can be
adjusted in the coronal plane by moving the
probe carrier on the arc, and in the sagittal plane
by adjusting the arc carrier around its axis of
rotation.

ACCURACY OF THE SYSTEM

Accuracy of the system depends on the slice
thickness of the CT images and the diameter of
scanning. The thinner the slice and smaller the
diameter of scanning, the greater the accuracy.
Using a slice thickness of 1.5 mm and a scan
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FIGURE 8-5. Measurements of the coordinates: X coordinate (A); Y coordinate (B).
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FIGURE 8-6. Adjustment of the coordinates: Y
coordinate (A); X coordinate (B).

diameter of 25 mm, accuracy can be obtained
up to 0.3 mm for the X and Y coordinates and
up to 0.6 mm for the Z coordinate.

Uses of the Patil System

NUCLEAR MAGNETIC RESONANCE (NMR)
SCANNING

Because nonferromagnetic material is used in
its construction, the system can be used with-
out any structural modification in the NMR
scanner. A thin layer of mineral oil applied to
the top surface of the base platform makes the
X and Y coordinate markers visible on the scan
image and allows direct measurement of these
coordinates, The Z coordinate can be measured
using the laser positioning light. This light will
mark the zero starting point of scanning on the

indicators on the sides of the base platform.
The distance of the target from this point to
the target is determined by multiplying the
number of scan images (from the starting image
to the image showing the target) by the scan
thickness. The middle of the circular attach-
ment then is moved to this point. Another
method for determining the zero image plane is
to use one surface of the head holder to mark
this plane by coating it with oil. This point will
be visible on the midsagittal scout picture. The
brass head pins do not cause any significant
artifact.

FUNCTIONAL NEUROSURGERY

Because this system uses axial images for coor-
dinate measurement, the target must be iden-
tified on an axial image. Fortunately, with
high-resolution imaging, direct target visualiza-
tion on the axial scan is possible, especially
when the NMR scan shows individual nucler.
In cases in which coordinates still must be de-
fined in relationship to midline intracranial
landmarks such as the intercommissural line,
the surgeon may first construct a sagittal im-
age, using thin slices (e.g., 5 mm). The target
then can be marked directly, using the cursor
on this image (figure 8-8A, 8-8B, 8-8C).
Next, the distances are measured from the
target to both the posterior outer bony surface
(Agure 8-8D) and the zero starting image
(figure 8—8E). The latter distance divided by
slice thickness indicates the axial image on
which the target is located. The former distance
can be measured in the midline on the axial
image of the target (figure 8—8F). To mark the
target site, lateral distance in the appropriate
side is then measured form the central end of
this line (figure 8-8G).

INDICATIONS FOR USE
The Patil system can be used for the following
purposes:

1. Biopsy of intracranial lesions: brain tumors,
inflammatory and parasitic lesions, other
unknown lesions

. Aspiration of cysts

. Aspiration of brain abscesses and instillation

of antibiotics

Functional neurosurgery

Intracavitary and interstitial irradiation

Stereotactic radiosurgery

w N

Suve
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FIGURE 8-7. Trajectory in the coronal plane (A). Trajectory in the sagittal plane (B).

7. Stereotactic transsphenoidal chemical hypo-
physectomy
8. Stereotactic laser microsurgery

Clinical Experience

This system has been employed in more than
60 cases. The most common use has been in
diagnosis of deep intracerebral lesions, espe-
cially brain tumors, including one case of a
brain-stem tumor. In all biopsies the procedure
was performed using a 16-gauge needle. If, on
gross examination, the removed tissue appeared
to be normal, frozen sections were obtained
while the patient was still in the system,
and, when necessary, another biopsy was
performed. A nondiagnostic biopsy on first
attempt was usually caused by aspiration of the
necrotic center of the tumor. This problem can
be overcome by obtaining biopsies at different
depths. A 3-ml syringe was used to aspirate the
tissue.

We have also used the system for implanting
permanent and temporary interstitial radiation
sources and for intracavitary irradiation, aspi-
ration of intracranial cysts,. stereotactic focal
radiation therapy using the linear accelerator,
aspiration of intracerebral clots, aspiration of
brain abscesses, and instillation of antibiotics.
Since we began using this technique, no pa-
tients with brain abscesses have needed an open
craniotomy.

Unless the patient was restless or uncoopera-
tive, only local anesthesia was needed. In the
majority of cases, the entire procedure was per-
formed in the CT room, using a twist-drill
opening. Some patients were brought to the
CT room- after a burr hole was made in the
operating room. When NMR stereotaxis or
stereotactically guided microsurgery was per-
formed, the remainder of the procedure took
place outside the CT room, after measurements
were obtained in the scanner.
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FIGURE 8-8. Marking of the target (thalamotomy for dyskinesia) for functional neurosurgery on an axial
image. The targéet is 11 mm anterior to the posterior commissure and is 2 mm above and 10 mm lateral to the
intercommissural (IC) line. (A) The IC line is drawn on the sagittal reconstructed image. (B) A point 11 mm
anterior to the posterior commissure is drawn. (C) The target is marked 2 mm above the IC line. (D) The
perpendicular distance of the target from the posterior outer surface of the skull is measured. (E) The vertical
distance of the target from the base of the image is measured. This distance is divided by the slice thickness of
the CT image to find the slice number of the axial image on which the target is located. (F) The axial image of
the target. The distance from the target to the posterior surface of the skull is transposed in the midline. (G)

The target is marked 10 mm lateral to the midline.

Results

To date, all stereotactic surgical procedures
that we have performed using this system have
been free of complications. Each biopsy per-
formed with this sytem has resulted in a cor-
rect diagnosis.

Comments

The planar image produced by the CT scanner
makes it possible to locate the plane of the
target using the laser positioning light. Thus, if
the target can be approached in this plane, it is

necessary only to determine the X and Y coor-
dinates. Based on this principle, simpler
stereotactic systems were designed initially [13,
15]. Modifications were then made to allow a
center-of-the-arc technique [12, 14]. In the
Patil system, the center of the arc coincides
with the target as a result of adjusting the X
and Y coordinates and bringing the axis of
rotation of the arc into the CT plane of the
target, using the laser positioning light. "With
the target thus centered, the target will always
be reached with a needle that has a length equal
to the radius of the arc, regardless of the posi-



124 I. BASIC TECHNIQUES

tion of the probe holder on the arc and regard-
less of the position of the arc on its axis. An
infinite number of trajectories are thus possi-
ble, and the surgeon can choose the optimal
trajectory.

Because the system is composed of plastic
and nonferromagnetic material, it can be used
in NMR scanners without modification. Since
the head holder is mobile, it is possible to keep
it outside the CT plane of the target, eliminat-
ing artifact, despite the use of metal head pins.
In NMR-guided stereotaxis, the metal head
pins do not cause significant artifact. During
measurements of the coordinates, only the base
platform with the patient’s head in the head
holder is used, so that no metal parts are in the
CT plane of the target, and thus, artifacts are
eliminated. The base platform serves as the re-
ference marker both for the X and Y coordi-
nates. With the X coordinate at the center of the
base platform, one can perform scans of small
diameters, significantly improving the accuracy
of the stereotactic procedure. The use of refer-
ence markers that can be seen on the CT image
allows direct measurments of the X and Y
coordinates from a single image without the
need for calculations, special computer pro-
gramming, or integration of the stereotactic
system with the scanner. Adjustment of the Z
coordinate is simple, because all CT scanners
have a positioning light that indicates the diffe-
rent imaging planes. Of course, the accuracy of
the Z coordinate depends upon the accuracy of
the positioning light. Theretore, it is important
that this light be inspected at regular intervals.

Incorporation of a vernier scale and a rack-
and-pinion system permits fine, accurate, and
quick adjustments of the coordinates. Because
the arc itself moves on the arc carrier, laterally
placed targets can be reached without using a
large arc. This feature also makes the system
compact and easy to use. Additionally, an ex-
tension system that permits extreme lateral
trajectories has been added to the arc; poten-
tially, one can use a trajectory 90° to the vertic-
al. Downward drift of the head end of the table
can be a problem, especially when stereotactic
systems are attached at the end of the table. To
minimize this problem, we have chosen to fix
the system on the top of the table.

The thickness of the CT scan slice 1s an
important factor in any stereotactic system.
Not only the Z coordinate but also the X and
Y coordinates are subject to errors, because the

image is a composite picture of a slice of a
given thickness. Pixel size is another factor that
affects the accuracy of the system. The smaller
the diameter of the scan, the smaller the pixel
size, and thus the greater the accuracy. Most
intracranial lesions can be reached fairly accu-
rately with a 5-mm slice thickness. For targets
less than 5 mm in diameter, it is better to use a
2-mm slice thickness. One disadvantage of
thinner slices is the extra time needed for scan-
ning.

The Patil system provides the option of plac-
ing the burr hole before, during, or after the
scanner 1s used, depending on the preference of
the surgeon and the availability of scanner
time. The base platform can be lifted very easi-
ly from the table, if the patient has to be taken
to the operating room. No simulator or in-
termediate frame for calculation is needed. If
the probe is positioned in the CT room, direct
confirmation on a CT image can be obtained.

Normally, the trajectory is visible on the CT
image when using a system in which the trajec-
tory lies in the CT plane of the target [13].
Using off-axis reconstructed images, it is possi-
ble to see the trajectory in both coronal and
sagittal planes. The Patil system offers the op-
tion of choosing a trajectory visualized in both
of these planes.

Summary

The Patil stereotactic system is a relatively sim-
ple, accurate, and comparatively inexpensive
system with straightforward methodology. The
system requires no calculations or special com-
puter programming. It is free of artifact. Later-
ally placed targets can be reached with ease,
and calculations or measurements of the Z
coordinate are not necessary. This device needs
no intermediate frame or simulator for calcu-
lating coordinates and can be used before, dur-
ing, or after scanning. Direct visualization of
the trajectory on CT images is possible. It has
the capability of approaching the target from
any point on the head, and it is compatible
with both NMR and any total body scanner.
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9. RELIABILITY OF STEREOTACTIC
BRAIN TUMOR BIOPSY

Christoph B. Ostertag

Every decision regarding brain tumor therapy,
especially radiotherapy, is based on knowing
the precise histological type of the tumor. Even
the most refined imaging techniques cannot
provide a histological diagnosis. In recent
years, stereotactic biopsy increasingly has
been used to identify the nature of intracranial
lesions. With the advancement of computed
tomography (CT) and magnetic resonance
imaging (MRI), very small tumors and other
lesions (less than 5 mm in diameter) can be
located precisely, and tissue samples can be
obtained from sites inaccessible to open
surgery. However, the size and number of
stereotactic biopsy samples are limited and re-
quire a specialized histopathological approach.

This chapter reviews (1) the technical factors
that influence the quality of stereotactic biopsy
samples; (2) the processing of samples for cyto-
logical (smear) and histological examination;
(3) the morphological basis for the interpreta-
tion of stereotactic biopsy samples; and (4) the
diagnostic potential and the limitations of
stereotactic brain tumor biopsies.

CT Stereotactic Biopsy with the
Riechert Stereotactic System

CT scans provide a rough indication of the
configuration and composition of a tumor. In
addition, when the tumor is scanned, target
coordinates for stereotactic biopsy can be
obtained. To solve the problem of interfacing
CT and stereotactic surgery, many different
approaches have been proposed within recent
years [6, 7, 12, 14, 15, 22-26, 30, 33, 34, 39, 41,
44, 46, 50, 52, 53, 55, 59].

Using standard CT and stereotactic equip-
ment, CT stereotaxy takes advantage of the fact

that most stereotactic devices use rectilinear
coordinates for indexing. The Riechert stereo-
tactic system {(Neuromedix, Umkirch, W.
Germany) is used at our institution [48, 49].
Ideally, the axes of the stereotactic frame coin-
cide with the CT-gantry axes, which are repre-
sented by cross-hairs on the CT image. The
accuracy of target coordinate determination de-
pends on this geometry. In the image contain-
ing the target, X and Y coordinates are deter-
mined relative to the image cross-hairs and,
hence, to the stereotactic frame. Table incre-
mentation defines the Z coordinate, which cor-
responds to the longitudinal axis of the patient.
(For a detailed description, see [6] and [39].)
The precision of target coordinates generally is
correlated to the image matrix. In the direction
perpendicular to the CT image, usually refer-
red to as the Z coordinate, variation is directly
related to the thickness of the CT “slice.” (The
maximum error of Z is approximately equal to
the slice thickness.) For the X and Y coordi-
nates, the magnitude of error is related to the
pixel size. The prerequisites for accurate target
point determination are highly accurate table
incrementation and scanner geometry (*0.5
mm). The tools used for the stereotactic in-
tervention (biopsy probes, cannulas, forceps,
etc.) are inaccurate by at least 0.5 mm because
of their inherent lack of rigidity. Currently,
precision greater than 0.5 mm seems impossible
to achieve.

Sample Processing

The optimal pathway for serial biopsies usually
is selected with computer-reformatted images,
which define the shape and geometry of a le-
sion [17, 58]. Depending on the size and loca-
tion of the lesion, two to ten tissue samples are
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taken serially at 3- to 10-mm intervals along
the puncture tract (hence the term serial bio-
psy). We use two different types of specially
designed forceps with shafts 0.8 mm and 1.2
mm in diameter, respectively. The forceps are
advanced through an outer cannula [47]. The
mouth of the forceps holds tissue samples of
approximately 1-4 mm® per biopsy site. The
extremely small mouth tip yields very small
samples, to which the neuropathologist must
get accustomed. With this technique, small le-
sions can be biopsied without pushing or dis-
placing normal anatomical structures, such as
the hypothalamus. A smear diagnosis is made
immediately by the neuropathologist [5, 21, 37,
40]. The biopsy material, usually three to six
specimens, is placed on glass slides, gently
spread, and slightly pressed and stained with
Loeffler’s methylene blue. Loeffler’s methylene
blue stain is a saturated alcohol solution of
methylene blue (30 parts) and potassium hy-
droxide (1:10,000 aqueous solution, 100 parts).
Specimens are stained routinely for two mi-
nutes. Microscopic examination of the tissue is
performed in the operating room, after which
the samples are photographed for documenta-
tion. The stereotactic sources of the tissue sam-
ples are marked on the slides, which then are
embedded in paraffin and processed for routine
microscopy. Plastic embedding (Araldite) is

used for semithin sections and electron micro-
scopy.

In all cases, the final neuropathological di-
agnosis is the result of two different diagnostic
procedures: intraoperative cytological analysis
of smear preparations and postoperative histo-
logical examination of the additional paraffin-
embedded material. The smear preparations
microscopically show features that are different
from those of the paraffin preparations. (For
detailed descriptions, see [1, 27-29, 43].) When
tumors are defined and immediate local inter-
stitial radiotherapy is planned, a therapeutic
decision is made on the basis of the smear di-
agnosis, provided the diagnosis is unequivocal.
If the diagnosis is uncertain, the center of the
biopsy site is marked with a silver cap, and any
therapeutic decision is postponed until the his-
tological diagnosis is available. At our institu-
tion, the incidence of transient complications
after stereotactic intervention is in the range of
3%, and the mortality is 1% or less (table
9-1).

Tumor Classification and Garding

We use the histological classification of central
nervous system (CNS) tumors published by
the World Health Organization (WHO) [61].
This scheme has proven to be very useful and

TABLE 9-1. Stereotactic Serial Biopsy: Complications

Year No. of
Author Reported Cases Complications (%) Mortality (%)
Pecker et al. [45] 1979 25 8.0 0.0
Ostertag et al. [43] 1979 302 3.0 23
Bosch et al. [9] 1980 100 4.0 2.0
Edner [20] 1981 345 23 1.0
Sedan et al. [57] 1981 770 1.4 1.0
Colombo et al. [16] 1982 125 1.6 0.0
Mundinger [41] 1982 582 3.0 14
De Divitiis et al. [19] 1983 64 0.0 0.0
Broggi et al. [10] 1984 200 3.0 1.0
Sedan et al. [56] 1984 318 45 0.6
Willems et al. [60] 1984 128 0.0 0.0
Apuzzo etal. [3] 1984 100 2.0 0.0
Sceratti et al. [54] 1984 68 29 1.4
Kelly et al. [30] 1984 86 0.0 0.0
Coffey and Lunsford [14]* 1985 13 0.0 0.0

* Brain-stem cases only.
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has standardized considerably the terminology
of CNS tumors. A unified terminology is par-
ticularly important when results of various
therapeutic measures are compared in mul-
ticenter studies. We have adopted the grading
system proposed in the WHO classification,
becuase the tumor biology as estimated by
grading is important in the selection of surgery
and adjuvant radiation and/or chemotherapy.

In recent years, considerable progress has
been made in the use of immunohistochemical
techniques to localize cell and tumor markers
[8, 36, 51]. In the nervous system, the presence
of glial fibrillary acidic protein (GFAP) has
been used to estimate the extent of glial dif-
ferentiation and to distinguish differentiated
gliomas from intracranial nonglial and metasta-
tic tumors [18]. The significance of detecting
GFAP in gliomas is, however, severely reduced
by the presence of this protein in both reactive
and neoplastic astrocytes. In addition, GFAP-
positive neoplastic glial cells may possess sur-
face antigens, which can be detected immuno-
histochemically by monoclonal antibodies [11].
Specific markers have been developed for ana-
plastic gliomas [13]. Identification of sarcomas
and metastatic carcinomas has become possible
by the use of monoclonal antibodies to their
cytoskeleton proteins [42]. Determination of
the replicating cell fraction with an antibody
that reacts with a nuclear protein expressed in
the Gy, G, Ss and M phases of the cell cycle
could become an additional criterion for pre-
dicting the biologic behavior of nervous system
neoplasms [12]. Future advances in immuno-
histochemical detection of specific marker pro-
teins will reduce greatly the limitations im-
posed by the small samples obtained by
stereotactic brain tumor biopsies.

Diagnostic Potential and Validity of
Stereotactic Brain Tumor Biopsies

From the clinical point of view, is stereotactic
biopsy a reliable method? The results of large
published series (several hundred cases) indi-
cate that stereotactic biopsy gives pathological
information as reliable as that achieved by
specimens obtained at craniotomy. This di-
agnostic potential is illustrated by data derived
from a combined series of 1,236 consecutive
stereotactic biospy cases performed by the de-
partments of stereotactic neurosurgery at the
Universities of Freiburg and Homburg/Saar

[2]. This study, which updates previous reports
[31, 32, 43] is a retrospective analysis based on
autopsy cases, specimens from craniotomies,
and, in the majority of cases, patient follow-up
studies. The majority of biopsies were taken
from supratentorial lesions. Most were in the
cerebral hemispheres (52.5%), with a marked
predilection for functionally important areas,
such as the central region and the speech areas.
Lesions were located close to midline struc-
tures, such as the basal ganglia in 16.8% of
cases, the hypothalamus in 8.2%, the mid-
brain-pineal region in 9.6% and the pons me-
dulla 1n 5.4%. Rarely encountered were intra-
ventricular tumors and extracerebral lesions
at the base of the skull. There was a distinct
prevalence of neuroepithelial tumors (50%),
particularly pilocytic (11.3%) and grade II
astrocytomas (22.8%); these occurred approx-
imately three times more frequently than in a
comparable series of patients treated by open
surgery [31]. We noted a relatively high inci-
dence of pineal germinomas (2.5%), whereas
meningiomas were rare (1.4%). No cases of
neurinomas were diagnosed, as these lesions
occured in easily accessible extracranial loca-
tions.

Validity of Stereotactic Brain Tumor
Biopsies

After combined cytological and histological ex-
amination, a definitive tumor diagnosis (includ-
ing tumor type and approximate grade) was
made in 1,008 (81.5%) of 1,236 cases (table
9-2). In 164 cases (13.3%), a clinically sus-
pected neoplastic lesion was excluded by the
combination of both procedures. In 41 cases
(3.3%), a glioma was diagnosed, but precise
grading was not possible. In 23 cases (1.9%),
the presence of a tumor was confirmed, but
tissue samples were insufficient for histopatho-
logical classification.

TABLE 9-2. Results of Stereotactic
Serial Tumor Biopsies in 1,236 Cases

Histological Classification % Cases

Tumor + tumor type + 81.5
approproximate grading

Clinically suspected tumor excluded 13.3

Glioma, no grading possible 33

Unclassified tumor 1.9
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TABLE 9-3. Accuracy of Stereotactic Diagnosis in 87 Cases

Diagnostic

Radiation Diagnostic
Methods of Assessment Confirmation Necrosis Discrepancy
Subsequent open surgery 20 1 4*
Additional open surgery for recurrent tumor 7 1 2b
Additional stereotactic biopsy for recurrent tumor 23 5 3¢
Autopsy 17 2 2

* Necrotic tissue/anaplastic ependymomaj astrocytoma [l/astrocytoma III-1V; gliosis, no tumor/craniopharyngioma; oligodendroglioma

I1/astrocytoma II.

b Necrotic tissue/astrocytoma I[I-1V; astrocytoma [l/astrocytoma III-1V,
¢ Necrotic tissue/astrocytoma I11; astrocytoma Il/astrocytoma III; germinoma/gliosis (first diagnosis was correct).
4Pilocytic astrocytoma/cystic necrosis with reactive gliosis and Rosenthal fibers (old hemorrhage); astrocytoma [Il/metastatic

hemangiosarcoma.

Data verified by pathological examination
after craniotomy or by autopsy (87 cases)
are summarized in table 9-3. In 67 cases,
stereotactic diagnoses were confirmed by sub-
sequent craniotomies and resections, by addi-
tional biopsies of recurrent tumors, or by
autopsies. [n nine cases, radiation necrosis was
found after interstitial radiotherapy of pre-
viously diagnosed neoplastic lesions. Diagnos-
tic discrepancies were found in 11 cases; five
were obviously a result of sampling errors, that
is, the initial or subsequent stereotactic biopsy
had shown only gliosis or necrotic tissue. In
three cases, the clinical follow-up revealed a
tumor with a higher grade of malignancy;
whether this was caused by a sampling error
or tumor progression with increasing dedif-
ferentiation and anaplasia is unknown. In three
cases, the discrepancy proved to be the result
of diagnostic error, mainly because the sample
was so small.

To evalute the relative importance of cytolo-
gical analysis, the diagnoses obtained from
smear preparations were correlated with the
diagnoses reported with paraffin-embedded
sections (table 9-4). The initial cytological
diagnosis was confirmed by subsequent his-
tological (paraffin-section) examination of
additional samples in 962 cases (77%). The
cytological diagnosis was modified in 128 cases
(10.5%), of which discrepancies were related
to tumor type or grading in 9%. A diagnostic
error in smear preparations concerning the
presence of tumor tissue occurred in 20
cases (1.6%). In 146 cases (11.8%), histological
verification by a single procedure was not
possible. This was predominantly because of
sampling errors: the biopsy material of one of
the two methods employed contained only a

TABLE 9-4. Correlation of Diagnoses
Obtained from Smear Preparations
and Paraffin Sections in 1,236 Cases?

Confirmation of smear diagnosis by paraffin section
diagnosis

Tumor type and grade confirmed 60.0
Absence of tumor confirmed 10.0
Tumor type confirmed 4.5
Tumor presence confirmed 25

Total 77.0

Discrepancy between smear diagnosis and paraffin
section diagnosis

Tumor type discrepancy 5.0
Tumor grade discrepancy 4.0
Tumor presence discrepancy 1.5
Total 10.5

No confirmation by either smear or paraffin
section® 12.5

*From the Universities of Freiburg and Homburg/Saar [2]. Values
are given as percentage of cases.

®Final diagnosis obtained from smear in 11.5% and from paraffin
section in 1,0%.

border zone of the lesion or consisted of only
necrotic or hemorrhagic areas. In these cases,
the final diagnosis was usually based on the
intraoperative smear preparation.

To achieve a rapid intraoperative diagnosis,
supravital staining techniques have been used
since 1930 [21]. An alternative to the smear
technique is the frozen section technique,
which is the most widely used means of
obtaining a rapid surgical diagnosis. Large firm
pieces of tissue are required for this method,
which makes it rather unsuitable for serial
stereotactic biopsies. The principal advantages
of the smear technique are its technical simplic-
ity, the ease with which multiple tiny tissue
probes can be examined, and the distinct cyto-
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TABLE 9-5. Stereotactic Serial Biopsy: Overall Diagnostic Accuracy Rate
(Cytological Diagnosis and Paraffin Sections)

Year No. of

Author Reported Cases Accuracy (%)
Edner [20] 1981 345 91
Colombo et al. [16] 1982 125 70
De Divitiis et al. [19] 1983 64 92
Willems et al. [60] 1984 112 87
Monsaingeon et al. [38] 1984 207 77
Sedan et al. [56) 1984 309 91
Kleihues et al. [32] 1984 600 93
Anagnostopoulos [2] 1986 1,236 95

logical appearance of most tumor entities [35].
The information instantly available from in-
traoperative smear proparations guides the tis-
sue sampling for paraffin-embedded sections.
The final pathological diagnosis results from
an analysis of patient data (age, duration of
symptoms, lesion location), radiographic
findings (CT, MRI, ventriculography, and
angiography), intraoperative findings (whether
the tumor is cystic, necrotic, solid, calcified,
or vital), and the histological examination.
Depending on the physiciun’s experience, the
overall rate of obtaining an accurate diagnosis
by stereotactic technique exceeds 90% (table
9-5).

Diagnostic Problems and
Limatations

Sample size remains a potential problem in
stereotactic biopsy of intracranial neoplasms.
The sample volume of 1 mm® proved to be
sufficient for diagnostic evaluation of tumors
that have a homogeneous tissue architecture
(pilocytic astrocytomas, grade II astrocytomas,
oligodendrogliomas). However, the samll sam-
ple size can cause diagnostic errors in tumors
with various tissue components (e.g., anaplastic
gliomas, craniopharyngiomas, teratoid and
metastatic tumors). In cases of large hemis-
pheric gliomas, a larger biopsy sample can be
obtained with larger forceps or with other de-
vices, such as the biopsy needles designed by
Backlund [4] or Sedan [56].

However, in functionally important deep-
seated structures (basal ganglia, hypothalamus,
brain stem), the removal of larger samples
carries the risk of postoperative neurological

deficits. The disadvantages of the small sample
size can best be compensated by careful target-
ing of the biopsy site. To that end, the com-
bination of rapid smear preparations with
tissue embedding has proven valuable. Smear
preparations often enable the immediate recog-
nition of tumor borders and thus can be used
to guide the removal of samples for subsequent
paraffin or plastic embedding. We believe that
the neuropathologist must be present during
the operation.

The distinction between reactive gliosis and
the infiltration zone of gliomas presents
another difficulty that is not unique to stereo-
tactic samples. The careful estimation of tumor
borders is of great importance in calculating
tumor volume when interstitial radiotherapy is
planned. At present, no reliable morphological
criteria can distinguish reactive astrocytes from
neoplastic cells in the periphery of a differen-
tiated astrocytoma.

Conclusions

CT-guided stereotactic serial biopsy 1s an
acceptably safe and accurate procedure that
avoids major brain trauma. It offers a logical
alternative to craniotomies for lesions of neo-
plastic, developmental, or infectious origin.
The primary objective of stereotactic biopsy is
to achieve a morphological, as opposed to a
radiographic, diagnosis.

With the use of intraoperative smear prepa-
rations and routine stains after paraffin embed-
ding, a correct diagnosis is obtained in more
than 90% of cases. Errors result from failures
to distinguish between infiltrative gliomas and
reactive gliosis, from inappropriate grading of
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inhomogeneously composed tumors, and from
sampling errors. Future advances in immuno-
histochemical staining techniques will further
facilitate accurate tumor diagnoses by reducing
the impact of small sample size obtained by
stereotactic technique.
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10. BIOPSY TECHNIQUES USING
THE BROWN-ROBERTS WELLS (BRW)
STEREOTACTIC GUIDANCE SYSTEM

M. Peter Heilbrun

Neurosurgeons have been using stereotactic
techniques to localize tumors for more than
20 years. Stereotactic systems such as the
Talairach frame refined the technique by com-
bining data from angiography and ventricu-
lography. These systems defined tumor loca-
tion by relating the position of midline brain
structures to the position/displacement of
major vessels [12, 20, 24].

By 1979, as computerlzed tomography (CT)
scanning revolutionized imaging, compati
stereotactic methods were developed, Wthh
could define tumor location by directly trans-
forming two-dimensional CT-image data into
three-dimensional  stereotactic ~ coordinates
[1-4, 6-9, 11, 14-16, 19, 21, 22] With the
1mproved resolution of magnetic resonance
imaging (MRI), stereotactic systems have been
adapted to transform MRI data into stereotac-
tic coordinates [9]. The accuracy of CT-guided
stereotaxy in defining tumor position for tissue
specimens has been widely reported [10, 18,
23]. Stereotactic guidance is the method of
choice in the biopsy of small, deep brain
lesions [12, 13]. In addition, stereotactic
approaches through relatively small skull open-
ings appear to reduce the morbidity associated
with the larger craniotomies necessitated by
freehand approaches [1, 5, 13]. Stereotactic
localization also provides important informa-
tion about vascular structures so that the
surgeon can select approaches that avoid these
structures. This technique also permits more
precise management of arteriovenous mal-
formations (AVM). Surgical planning for many
lesions, regardless of size and depth, benefits
from information provided by stereotactic
localization [5, 17].

This chapter describes our experience over a
five-year period utilizing the Brown-Roberts-
Wells (BRW) CT stereotactic guidance systems
for applications ranging from a technique of
biopsy alone to a localization system enhanced
by a wide spectrum of neurosurgical instru-
ments.

Owerview of System

The BRW guidance system is described in
chapter 5. A unique feature of this system is
the independence of its reference plane for the
transformation from two to three dimensions.
This reference plane is a head ring which is
fixed only to the patient’s head. No portion of
the BRW stereotactic frame attaches to the CT
scanner table or gantry. As long as the CT
image contains the target lesion along with the
images of the nine localizing rods, a hand-held
calculator or microcomputer can easily trans-
form the two-dimensional CT-scan data set
into the three-dimensional BRW stereotactic
coordinate set. Because all patients undergoing
stereotactic biopsy have already had a diagnos-
tic CT scan, only 10 to 15 minutes of addition-
al scanner time is required to collect the frame-
image data prior to the surgical procedure.
Thus, patient discomfort is minimized because
rigid fixation to the table is unnecessary, and
valuable scanner time is saved. Reduced scan-
ner dependency is important if stereotaxy is to
be performed in a hospital with a fully sche-
duled scanner. The actual surgery is performed
in the operating room.
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University of Utah Medical Center
Experience

From 1979 through 1985 196 stereotactic loca-
lization procedures were performed at the Uni-
versity of Utah Medical Center and its affili-
ated hospitals. By 1984, the majority of surgery
for intra-axial brain lesions was performed
with stereotactic localization. Moreover, inter-
stitial brachytherapy has accounted for an in-
creasing number of stereotactic procedures
over the past two years.

The majority of lesions were tumors; the
remainder were infectious, vascular, or degen-
erative ‘lesions. Lesions were categorized as
nondiagnostic when microscopic examination
revealed that the tissue was either normal or
otherwise unclassifiable, yet the target point of
the biopsy was confirmed by postoperative
CT. Seven of the 196 cases were classified as
nondiagnostic.

Actual false-negative biopsies occurred in an
additional seven cases, primarily in lesions that
were relatively rigid compared to the normal
brain. This disparity occasionally resulted in
displacement of the target point by blunt-
ended biopsy instruments; the biopsy then ex-
cised normal brain tissue that had been moved
into the stereotactically defined target. We have
learned to minimize this possibility by slightly
enlarging the probe track so that the border
between normal tissue and the lesion is ex-
posed, after which biopsy tissue is obtained
using direct visualization. In our first 100 cases,
five biopsies were false-negative. In the follow-
ing 96 cases, two false-negative biopsies and
one false-positive biopsy were obtained. All
were related to displacement of the lesion.

Serious complications in the first 100 cases
included two deaths, both related to postbio-
psy brain swelling associated with malignant
tumors. Hemorrhage into the lesion was ruled
out in both cases. Moderate morbidity (hemi-
paresis) occurred in one case when a clot eva-
cuation followed by biopsy of the wall resulted
in hemorrhage from an arteriovenous mal-
formation (AVM). Preoperative angiography
did not show an AVM, but postoperative
angiography enhanced by electronic subtrac-
tion and reversal techniques demonstrated a
small AVM in the anterior wall of the clot
cavity. One patient had an infection. In the
subsequent 96 cases, no mortality or serious
neurological sequelae occurred; one patient de-

veloped aseptic meningitis following a radia-
tion implant.

General Considerations

Once the neurosurgeon decides upon stereo-
tactic localization, several strategies are avail-
able: a procedure of closed biopsy alone with
either twistdrill or perforator openings, or
open biopsy followed by partial or complete
resection through a small-to-moderate-sized
craniotomy Or craniectomy.

Choosing an approach depends on several
factors in addition to the location and size of
the lesion. The most obvious of these are the
structure and apparent cause of the lesion, that
1s, whether the lesion appears to be circum-
scribed with a border or infiltrating without
demarcation; whether it appears to be hetero-
geneous with cystic components, enhancing
borders, and surrounding edema as with glio-
blastoma; whether it seems to be homogeneous
and of low density or homogeneous and of
high density, (e.g., a highly vascular lesion such
as a metastatic tumor or a vascular angioma);
whether there may be an associated mass effect
on the surrounding brain with midline shifts,
transtentorial herniation, or ventricular en-
largement; and whether the lesion appears to
be resectable. Under our protocol, all intra-
axial lesions, with the exception of large life-
threatening hematomas, are managed with
stereotactic localization.

Stereotactic Techniques Using the
BRW System

BIOPSY ALONE

The minority of lesions, those judged unresect-
able because of location, size, or appearance of
infiltrative characteristics, are usually consi-
dered for biopsy alone, provided that there are
no characteristics indicating that hemorrhage
might be a problem and there is no significant
mass effect suggesting that decompression
should be considered. These cases are usually
performed under local anesthesia with either a
twist-drill or perforator opening.

SMALL CRANIOTOMY

In our experience the majority of patients have
lesions that can be potentially resected partially
or completely. These lesions are approached
through a small craniotomy.
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ANTICIPATING HEMORRHAGE

Lesions with a heterogeneous appearance on
the CT scan, particularly those with cystic
components and enhancing borders, carry a
significant risk of hemorrhage. A biopsy per-
formed by targeting the central area of the
lesion in an attempt to minimize hemorrhage
will often yield necrotic tissue or fluid that will
be nondiagnostic even with cytology. To reach
an appropriate tissue diagnosis, biopsies of
these lesions must include samples of the en-
hancing border, thus increasing the risk of
hemorrhage. The neurosurgeon must be pre-
pared to open the biopsy instrument track to
control the bleeding under direct vision in the
event that it cannot be controlled with gentle
irrigation through the biopsy cannula. Al-
though this more extensive procedure can be
done with the patient under local anesthesia,
general anesthesia provides time-saving flexibil-
ity in the event of hemorrhage.

AVOIDING DISPLACEMENT

Of particular note are lesions that are small,
that appear on CT scan to be so firm that they
might be displaced by standard biopsy instru-
mentation, or that lie within or protrude into
the ventricular system. These are best handled
with a small craniotomy and a modified open
approach.

Localization Procedure Using the
BRW System

After standard premedication is administered,
the patient is transported to a room adjacent to
the CT scanner. Both the induction room and
the CT scanner suite contain appropriate oxy-
gen, suction, and resuscitation equipment. If
general anesthesia will be used for the proce-
dure, the patient must be intubated before the
head ring is placed, because the head ring is
positioned at nose level to avoid artifact on the
scan. Once positioned, the head ring is fixed to
the skull by tightening its four stainless steel
pins with a standard hex wrench.

Due to the geometry of the BRW system,
the head ring does not have to be fixed with
exact symmetry; it can be higher either pos-
teriorly or anteriorly or on either side. Thus,
the surgeon is free to approach a lateral lesion
in a plane parallel to the CT scan image.

Once the head-ring component is fixed, the
picket-fence localizer is attached to it, and the

patient is positioned centrally in the scanner
gantry to ensure that the scan image contains
all nine localizing rods. If the scan image con-
taining the target contains artifact from any of
the stainless steel fixation pins, the scanner
gantry 1s tilted just enough to eliminate the
artifact without affecting the position of the
lesion (usually close to the fulcrum of the gan-
try’s tilt).

When the scan is completed, the patient is
transported to the operating room, moved to
the operating table, and positioned with either
the floor stand or the standard Mayfield head-
ring adapter. The scalp then is prepared for
surgery.

While the patient is moved and prepped, the
neurosurgeon reviews the localizing scan.
Utilizing the feature of CT scanners that
identifies the X and Y coordinates of any pixel,
the X and Y coordinates of each of the nine
localizing-rod images and any desired number
of targets are recorded. This can be done with
any scan slice; we generally choose one or two
different targets on up to three slices. These
data sets then are taken to the operating
room.

We enter the data sets into the standard
programs of the Epson HX 20 microcomputer,
which calculates three-dimensional anteropos-
terior (AP), lateral (LAT), and vertical (VERT)
BRW stereotactic target coordinates. Next, we
determine an entry point on the scalp or skull
that will provide a safe trajectory to the target.
If the target is deep, we choose points on the
skull used for standard approaches to the
anterior or posterior part of the ventricular
system, that is, a coronal or parietooccipital
position in a paramedian plane about 2 cm
from the midline. These positions are termed
standard because they traverse relatively silent
areas of the cortex through watershed zones
away from proximal branches of major vessels.

Determining the stereotactic coordinates of
the entry point is simple. We place the BRW
arc on the patient’s head ring and position a
probe at a selected entry point on the skull.
AP, LAT, and VERT coordinates are read
from the vernier scales and recorded. The ap-
propriate program on the computer is chosen,
and the entry-point coordinates are entered.
From this information, the computer calculates
the four settings for the BRW arc and the
distance from a reference point on the arc to
the target. Alternatively, the entry point can be
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chosen from a CT scan image that displays the
vertex region of the skull. On this image, a
target on the bone can be selected for the entry
point, be transformed into a three-dimensional
coordinate, and then entered into the computer
program. Both of these techniques can be used
to derive the BRW coordinates of a known
burr hole if the neurosurgeon decides that it
would be advantageous to use a prior skull
opening for an entry point.

The BRW system can also identify the most
efficient probe trajectory to the target within a
specific quadrant of the skull. This feature is
practical if the target is on or close to the
surface of the brain; it eliminates the possibility
of choosing an entry point that would result in
an inefficient oblique probe trajectory to the
target. For example, to obtain frame settings
for a lesion in the high right frontal area, the
neurosurgeon simply enters into the computer
settings that place the arc and the radial slide in
the approximate right frontal region. The com-
puter then determines exact arc settings and the
shortest path in that quadrant from the probe
to the target. This probe track will generally be
perpendicular to the target.

Once the arc settings are established by the
computer, the accuracy of the computations
can be confirmed on the phantom, which
allows visualization of the computer targets.
Although the phantom is not fundamentally
necessary to the procedure, it does provide a
reassuring safety check. The concept of using a
phantom was developed after our experience
with the first BRW prototype. We found that a
phantom check significantly increased our con-
fidence in the computed target approach.

Finally, after the scalp has been properly
prepared and draped, the arc system is reat-
tached to the head ring. Of the various draping
systems available, we prefer a large plastic
opaque drape that allows us to isolate but still
see the whole head up to the level of the head
ring. When the sterilized arc system is attached
to the unsterile head ring, any break in the
sterile field can be covered easily with a small
adhesive plastic drape.

Closed Biopsy Through a Twist-
Drill or Perforator Opening

OPENING THE SKULL
The neurosurgeon now is ready to make a
scalp incision and skull opening. In the case of

a low-density homogeneous lesion with little
risk of hemorrhage, a twist-drill opening is
appropriate. With the arc in place, standard
fittings are utilized. We generally use a 1/4-
inch drill bit for the twist-drill opening, be-
cause this size opening allows us to see and
open the dura and the cortex before advancing
the biopsy instrument. Alternatively, a stan-
dard perforator opening can be made. The arc
system can be pivoted or rotated to the side
without breaking sterility. Once the perforator
opening is completed and the dura and the
cortex opened, the arc is moved back to the
appropriate position.

BIOPSY PROCEDURE

We have found two types of instruments to be
most useful. The first is a Nashold side-cutting
instrument, which provides a core of tissue 10
mm in length and 2 mm in diameter. If we
cannot obtain satisfactory tissue for diagnosis
with this instrument, we use a 2-mm cup for-
ceps: we place a cannula containing an obtur-
ator within a few millimeters proximal to the
target site, remove the obturator, and then ex-
tract tissue specimens with the cup forceps,
which fit through the cannula.

Using both systems, we can obtain tissue at
various points along the probe track. In some
cases, multiple sampling is important in de-
fining lesion borders.

If bleeding occurs after the biopsy, it is
usually seen as a backflow of blood through
the cannula of both instruments. A slow flow
of blood usually can be controlled with gentle
irrigation through the cannula. However, if the
bleeding does not stop quickly with irrigation,
the twist-drill opening must be enlarged to a
small craniotomy to allow direct control.

ULTRASOUND ADAPTATION

In an attempt to develop a real-time monitor,
which might aid in the recognition of signi-
ficant hemorrhage, we placed a second slide
onto the BRW arc and attached an ultrasound
probe, which fits into a standard perforator
opening. An ultrasound probe placed directly
on the arc automatically sets the ultrasound-
image plane in the plane of the probe trajectory
that contains the target. Although this orienta-
tion is different than that of the scan plane, it
offers an advantage: as the probe travels to the
target, one can see changes occur in cyst size as
fluid is removed and can monitor potential
hemorrhage. To date, this system has been
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used infrequently because of the poor resolu-
tion of compatible ultrasound probes.

Open Biopsy and Resection Through
a Small Craniotomy

We generally use a small craniotomy for the
skull opening because of the potential for
hemorrhage from heterogeneous lesions. The
localization technique is the same as for twist-
drill openings. Once the central point for the
craniotomy 1s established stereotactically, the
arc system can be pivoted away or removed
during the craniotomy and then replaced.

At this point, all of the alternatives for op-
erative neurosurgical manipulation are avail-
able. First we obtain a biopsy specimen from
the target lesion. If we decide to inspect the
biopsy area with an endoscope, we use a small
cannula with an obturator large enough to
accommodate an endoscope 7.5 mm in diam-
eter. Our initial probe track is gradually
dilated to the appropriate diameter with soft
probes before the endoscope is placed. Dilata-
tion must be extremely gentle; otherwise the
brain may be displaced and a false-negative
biopsy obtained. Although in low-grade
astrocytomas the transition from normal brain
to tumor is not visible, the endoscope is useful
in higher grade astrocytomas, particularly
those with cysts. In such cases, biopsies can be
obtained under direct vision, and bleeding
generally can be controlled with direct cauter-
1zation. In addition, either the argon or neody-
mium YAG laser can be directed through a
fiber-optic “cable passed through the endo-
scope.

If the opening to the lesion is to be larger
than 7.5 mm, we prefer to make a cortical
incision and to use standard retractor blades
rather than a cylindrical cannula, because the
blades provide better exposure and seem to
result in less brain distortion. All standard re-
tractor blades are attached easily to either the
head ring, arc, or special posts that fit into the
system. After the lesion is exposed, the tumor
can be resected by standard methods.

Recently, we have built special adaptors to
attach the operating microscope to the arc if
magnification is necessary. In addition, we are
trying CO; laser tumor resection, utilizing a
Sharplan microscan attachment for manual de-
finition of the tumor border and the area of
resection. We have also developed a computer
software system that emulates the physician’s

console of the Siemens Somatome CT scanner.
We currently utilize this system to redefine
tumor borders orthogonal to an identified
probe tract and to place parallel catheters and
radiation sources for interstitial brachytherapy.
This software system should enable neuro-
surgeons to automatically resect tumors layer
by layer along the probe track in a manner
similar to that described by Kelly [11, 13].

Case Reports

CASE 1

A 39-year-old woman presented with a two-
month history of fatigue, memory loss, blurred
vision, and difficulty in writing. Neurological
examination revealed a mild right-arm drift and
impaired writing ability. A left thalamic lesion
thought to be an astrocytoma was apparent
on CT scan. Stereotactic biopsy showed in-
flammatory tissue with no evidence of tumor.
A postoperative CT scan 11 months later de-
monstrated complete resolution of the lesion.
Most of her symptoms have cleared (figure
10-1).

Comment. This case demonstrates the im-
portance of tissue diagnosis before undertaking
radiotherapy treatment of unresectable deep
lesions.

CASE 2

A 58-year-old woman presented with sudden
onset of headache, followed by progressive dif-
ficulty with short-term memory and “blackout
spells” suggestive of seizures. Her neurological
examination was normal. A CT scan indicated
a heterogeneous lesion deep in the right post-
erior thalamus, possibly crossing the corpus
callosum. CT stereotactic biopsy posterior to
the border of the enhancing lesion showed
only a few tumor cells. An additional specimen
taken at a target 7 mm anterior to the first
target contained pleomorphic cells, endothelial
proliferation, and necrosis characteristic of a
glioblastoma (figure 10-2).

Comment. CT scans exhibiting hetero-
geneous lesions may indicate the need to sam-
ple tssue at several targets in close proximity
to obtain a satisfactory diagnosis.

CASE 3
A 67-year-old woman presented with a single
seizure and a history of breast carcinoma five
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FIGURE 10-1. Localization CT scan demonstrates ring enhancing deep left thalamic lesion (left). Eleven
months later, CT scan shows resolution of the enhancing area surrounding the lesion (right).

FIGURE 10-2. CT stereotactic biopsy at the posterior contrast-enhancing border of the lesion (left) demons-
trated a few tumor cells classified as anaplastic astrocytoma (arrow). An additional biopsy (right) taken 7 mm
anterior to the first target (arrow) revealed pleomorphic cells, endothelial proliferation, and necrosis character-

istic of a glioblastoma.

years earlier, which had been treated with mas-
tectomy and radiation. She had no previous
evidence of metastases. A CT scan showed a
small surface lesion in the left parietal area,
which was thought to be either a metastatic
lesion or a meningioma. Following CT
stereotactic localization, the meningioma was
removed through a small craniotomy. The pa-

tient was discharged from the hospital on the
first postoperative day (figure 10-3).

Comment. Stereotactic localization of surface
lesions allows biopsy and removal through
small bone openings slightly larger than the
lesion. Small craniotomies may reduce morbid-

1ty.
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FIGURE 10-3. CT scan localizing the small surface meningioma (arrow).

MRI Localization

Early experience suggests that we see structural
detail better on MRI than on CT images, parti-
cularly with Ty-weighted images. Occasionally,
we saw lesions on T,-weighted images that we
did not see on CT scans through the same
region. In addition, images can be constructed
in the coronal, sagittal, and axial planes. The
versatility available with additional coronal and
sagittal planes allows the surgeon to establish
approaches that may better avoid structures
such as the internal capsule. We previously re-
ported our initial experience with a new BRW
localizer that allows localization of the target in
all three planes [9].

Adapting the BRW system for MRI data
required reconstruction with nonferrous mate-
rials that would neither degrade nor distort the
image. To date, we have found the MRI system
useful for localization of lesions in the brain

stem and for biopsy of lesions seen only on
MRI. The MRI localization system can be
combined with CT localization for image com-
parison. Present limitations of the MRI system
are the longer data-acquisition time and the
inability to use general anesthesia. However, in
certain cases, MRI stereotactic localization is
essential.

Summary

Experience in several large series has demon-
strated the efficacy and safety of image-guided
stereotaxy and the apparent reduction in
morbidity in comparison with standard large
craniotomies. Although some lesions may be
considered, by imaging techniques alone, to be
inaccessible, biopsies can be taken before
adjunctive radiation and chemotherapy treat-
ments are instituted. Stereotactic biopsy pro-
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vides a more accurate histological definition of
heterogeneous lesions, and stereotactic loca-
lization of small subcortical and surface lesions
allows complete resections through small skull
openings.
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11. DTIAGNOSIS AND TREATMENT
OF MASS LESIONS USING THE
LEKSELL STEREOTACTIC SYSTEM

L. Dade Lunsford

The Role of Stereotactic Surgery

Because of the increasing number of patients
harboring small or critically located intracranial
mass lesions, and because frequently such le-
sions are revealed relatively soon in the course
of disease by noninvasive imaging methods,
modern neurosurgeons have established
stereotactic surgery as a prominent technique
in the diagnosis and treatment of neurological
disease. Stereotactic surgery has become a stan-
dard tool in neurosurgery in the same way as
the ultrasonic aspirator, the laser, and (in mic-
rosurgery) the operating microscope. In some
centers, stereotactic technique has been used in
as many as 30% of all patients with intracranial
mass lesions. The choice of a particular
stereotactic device has reflected the training,
goals, and experience of the individual surgeon.
This chapter details our experience using the
Leksell stereotactic system at the University of
Pittsburgh and Presbyterian-University Hos-
pital between February 1981 and January 1986.

Table 11-1 demonstrates the indications for
stereotactic surgery at our center. Despite the
major advances in neurological diagnosis pro-
vided by advanced imaging devices such as
computed tomography (CT) and magnetic re-
sonance imaging (MRI), histological diagnosis
has remained mandatory. In a prior review of
our first 102 stereotactic cases, we found that
in 26% of the cases, stereotactic surgery re-
sulted in a new diagnosis that was either not
considered or considered unlikely based on
preoperative clinical, laboratory, or radiolog-
ical testing [14]. In other published series,
stereotactic surgery resulted in an accurate
diagnosis in between 91%-96% of cases and

often led to major changes in postoperative
treatment [14].

When precise treatment is mandatory, for
example, when a patient is undergoing intracav-
itary irradiation or interstitial brachytherapy
for tumor, therapeutic stereotactic surgery is
required [3, 6]. No other technique permits
1-mm precision. In other cases, such as brain
abscesses, stereotactic aspiration with or with-
out catheter drainage has proven to be a supe-
rior method of treatment, obviating the need for
craniotomy and major surgical resection [16].
We advocate stereotactic surgery when brain
lesions are small, deep, or multiple, or when
lesions are located in critical brain structures
and thus not amenable to surgical resection. In
the treatment of malignant cerebral gliomas, we
reserve major cytoreductive surgery for those
lesions located in the poles of the cerebral
hemispheres or for patients whose neurological

TABLE 11-1. Indications for Stereotactic Surgery

Why?
1. Accurate histological diagnosis is mandatory
2. Precise treatment is planned
When?
1. Lesions are small, deep, multiple, or not
amenable to surgery
2. Despite lesion size, patient’s symptoms or
signs are insignificant or likely to be
exacerbated by conventional craniotomy or
resection
3. Lesions are multiple
4. Adverse medical conditions or advanced
patient age exist

Where? Lesions of the cerebrum, brain stem, or
cerebellum

L.D. Lunsford (ed.) MODERN STEREOTACTIC NEUROSURGERY. Copyright © 1988. 145
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A

FIGURE 11-1. Architectual drawing (A) of the stereotactic operating suite at Presbyterian-University Hospital,
Pittsburgh, PA. The scanner is reversed from its normal position in a radiological imaging suite to allow
wide access to the head. (Reprinted with permission from Neurosurgery 15: 559-561, 1984.) The operating
suite (B) is equipped with a high-resolution CT scanner (GE 8800, General Electric Medical Systems,
Milwaukee, WI) and an integrated C-arm fluoroscopic imaging intensifier with 100-mm angiographic
capabilities (Phillips Medical Systems). (Reprinted with permission from Swurg Neurol 22:222-230, 1984.)

symptoms resulting from major mass effect
might render them unable to undergo postop-
erative adjuvant therapies such as radiation and
chemotherapy. In some patients, radiological
imaging will disclose a lesion of considerable
size, yet these patients exhibit few significant
clinical signs or symptoms. In cases in which
conventional craniotomy and resection are
deemed likely to induce unacceptable post-
operative neurological deficits, stereotactic
surgery achieves diagnosis and guides post-
operative treatment. When multiple lesions are
present, usually due to central nervous system
(CNS) infection or tumors, or when adverse
medical illness or advanced age exists, stereo-
tactic surgery is valuable. Lesions of the cere-
brum, cerebellum, and brain stem are all amen-
able to stereotactic intervention.

Safety of Stereotactic Surgery

In contrast to the adverse outcomes reported
after brain biopsies were performed in an era
when imaging tools were less sophisticated, re-
cent series of stereotactic surgery have demon-
strated the remarkable safety of this procedure.
Mortality after stereotactic surgery has been
reduced to between 0% and 3%, and morbid-
ity to between 5% and 10% [14].

The Site for Stereotactic Surgery

Stereotactic surgery dependent upon advanced
imaging methods can be performed in several
ways. First, stereotactic localization can take
place in a diagnostic CT or MRI radiological
suite after which surgery itself is conducted in
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B
FIGURE 11-1 (cont.)

a conventional neurosurgical operating room
[13]. Second, both the imaging and surgical
portions of the procedure can be performed in
a radiological suite equipped with appropriate
anesthesia life support systems, if the appro-
priate sterile environment is maintained [19].
At Presbyterian-University Hospital and the
University of Pittsburgh we have chosen a
third possibility: the installation of a dedicated
resolution CT scanner in the operating room
itself (figure 11-1) [8, 9, 17, 18, 20].

Procedures and Techniques

Between 1981 and 1985, 322 patients had
stereotactic surgery at Presbyterian-University
Hospital. The number of stereotactic proce-
dures has continued to increase each year
(figure 11-2). Owing to the nature of our re-
ferral pattern and the needs of our community,
240 cases (74.5%) underwent diagnostic brain
biopsy or aspiration of various brain lesions
(hgure 11-3). In 40 cases (12.4%), specific
therapeutic intervention was performed. In an
additional 42 cases (13%) functional neurosur-
gical intervention was performed using CT
stereotactic technique alone (figure 11-4).

Functional neurosurgical procedures included
thalamotomy for movement disorders, place-
ment of deep brain electrodes for deep brain
stimulation recording or in epileptic patients,
internal capsulotomy for pain or affective dis-
orders, and pituitary alcohol injection.

DIAGNOSTIC SURGERY TECHNIQUE
In elective cases, the patient was seen the even-
ing before surgery by the surgeon and the
anesthesiologist. A hexachlorophene shampoo
was performed that evening. Immediately prior
to surgery, the patient was premedicated with
an anxiolytic agent (i.e., hydroxyzine, 50-100
mg), an antlchohnerglc, and a boost in corti-
costeroids as indicated. Whenever possible, the
patient sat in a chair during application of the
stereotactic frame. A supplemental intravenous
narcotic (fentanyl) was administered under the
direction of the anesthetist in attendance. After
the entire head was prepped with isopropyl
alcohol, the frame was centered on the head by
means of ear bars placed into the unanesthe-
tized external auditory canals. Steel sleeves
were inserted through the scalp after local scalp
infiltration with 1% lidocaine.

The position of the pins was selected in ad-
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FIGURE 11-2. The role of stereotactic surgery at
Presbyterian University Hospital, Pittsburgh, PA,
has increased ecach year between 1981 and 1985.

FIGURE 11-3. Usage of CT stereotactic technique
in 322 cases that underwent surgery at Presbyterian-
University Hospital between 1981 and 1985.

vance, after the preoperative CT or MRI was
reviewed. For skull base or posterior fossa
lesions, all four pins were placed high (two in
the posterior and two in the anterior vertex of
the skull). For mesencephallc or dlencephahc
lesions, the posterior pins were set low in the

FIGURE 11-4. The usage of CT stereotactic tech-
nique in functional neurosurgical cases at Presby-

terian-University Hospital, Pittsburgh, PA.

suboccipital area, and the anterior pins were
placed high in the frontal region. For lesions in
the cerebral hemispheres above the level of the
third ventricle, all four pins were placed as low
as possible in the supraorbital and suboccipital
regions. During CT imaging, this technique
tended to minimize image artifacts produced
by the plastic pin holders and the carbon-fiber
pins. For MRI, specific location of the pins was
not critical, as neither the frame nor pins have a
nuclear magnetic resonance signal. The MRI
fiberglass pins had to be very short so that the
entire coordinate frame fit within the MRI
radiofrequency coil.

Distortion of the frame on the ear canal bars
caused some patients to experience discomfort
during frame application. This problem was
reduced by inserting the ear bars less deeply
within the ear canals and by supporting the
frame during placement and as the pins were
drilled. Application of the coordinate frame
took approximately five minutes. The patient
then rested supine upon the CT scanner pallet
with the head coordinate frame fixed to the
magnetic coordinate frame adapter, which, in
turn, was attached precisely to the CT scanner.
Intravenous contrast enhancement was per-
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formed during the application of the frame.
Patients with a known 1odine allergy were pre-
medicated with corticosteroids, thereby elimi-
nating significant contrast reactions in our
series. Our radiological technique consisted of
serial axial CT images performed parallel to the
coordinate frame base. The location of the axial
images was selected from the electronically
generated lateral skull radiograph (Scout-
view®). For most mass lesions, serial 5-mm-
thick slices scanned in 5-mm increments (by
table movement) provided more than adequate
accuracy and delineation. For smaller lesions
we used 5-mm-thick slices imaged at 3-mm
table intervals by table movement (figure 11—
5). The use of very narrow slices (1.5 mm) was
reserved for functional neurosurgical interven-
tion, because this time-consuming technique
increased spatial resolution at the expense of
contrast resolution and increased radiation ex-
posure [7, 10]. Stereotactic coordinates for the
target were chosen by one of the three methods
outlined in chapter 3. Reformatted CT imaging
in coronal, sagittal, or paraxial images proved
valuable in depicting probe trajectories. Usage
of special software for the GE 8800 CT scanner
to determine targets and preselect probe
trajectories was also advantageous.

After radiological imaging was complete, the
scalp was shaved surrounding the selected en-
try point for the probe. The entire head, hair,
and coordinate frame were prepped again with
alcohol. More than 90% of our operations
were performed using local anesthesia supple-
mented by intravenous sedation, provided by
the the anesthetist in attendance. We reserved
general anesthesia for patients who are ex-
tremely anxious or who were undergoing
transsphenoidal or occipital approaches to the
cerebellum or brain stem in the prone position.
Target trajectories were selected in advance and
were designed to avoid the most critical func-
tional areas of the brain and to enable serial
stereotactic biopsies to be made throughout the
tumor volume (figure 11-6). Frontal, supra-
orbital, lateral, vertex, occipital, and subocci-
pital transcerebellar approaches were selected
according to the location of the lesion [5, 9].
We now perform transcerebellar stereotactic
surgery with the patient in the semisitting posi-
tion, after moving the patient from the CT
scanner pallet to a standard operating-room
table; immediate postoperative CT imaging
takes place after the patient has been returned

to the CT scanner pallet. Open stereotactic
approaches are performed after conventional
burr-hole placement, opening of the dura, and
inspection of the pial surface, if the probe
trajectory seems likely to pass near or through
important vascular pial structures. Percu-
taneous twist-drill approaches with the
stereotactic arc are used preferentially when
suboccipital, occipital, frontal, or coronal
probe entry sites are selected. In general, we
have continued to place burr holes followed by
inspection of the pial surface when planning
lateral trajectories through the temporal lobe or
trajectories through the sylvian fissure or
parietal lobe.

Immediately after completing the procedure,
postoperative CT images are performed. If the
lesion is evacuated (e.g., colloid cysts, brain
abscesses, or hematomas), intraoperative CT
imaging is obtained. A probe-guide holder is
used to secure the probe at the target site, and
then the stereotactic arc is removed [11]. The
probe-guide holder is attached to the vertex of
the frame and permits virtually artifact-free im-
aging of the brain while the probe actually is at
the target site. This device also has a vernier
stop, which allows advancement or retraction
of the probe in the preselected trajectory after
the arc has been removed and during intra-
operative CT imaging.

DIAGNOSTIC SURGERY RESULTS

Of 240 patients undergoing diagnostic stereo-
tactic surgery, a diagnosis was achieved in 230
(95.8%) (table 11-2). In three patients, a histo-
logical diagnosis was reached after a second
stereotactic biopsy procedure. Glial neoplasms
were identified in 129 cases (53.8%). Seventy
cases (29.1%) had histological criteria (marked
anaplasia, mitoses, necrosis, and vascular en-
dothelial proliferation) that confirmed a di-
agnosis of glioblastoma; 34 cases had anaplastic
astrocytomas. In all procedures, CT was used

" as the primary localization method. More re-

cently, we have also used MRI in a select group
of patients to define the tumor and to attempt
to accurately assess tumor volume [15]. Such a
case is demonstrated in figure 11-7. Although
MRI provided graphic delineation of the neo-
plasm and offered contrast resolution superior
to CT, variation in relaxation time emphases
(T, and T,) failed to correlate significantly with
histological samples obtained at specified sites
within the tumor. In both malignant gliomas
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FIGURE 11-5. Intraoperative CT scan (A) demonstrating a low-attenuation mass in the right frontal region of
a 33-year-old woman with seizures. The center of the frame and target are identified. A stereotactic coronal
MRI (T,-weighted) (B) demonstrates the lesion and surrounding brain No artifacts from the frame are
identified. The frame center and target are identified. Stereotactic axial MRI (T,-weighted) (C) demonstrates a
much larger lesion than CT. CT- and MRI-derived targets are identical.

and well-differentiated astrocytomas, we iden-
tified neoplastic cells in the periphery of lesions
well beyond the mass delineated by either CT
or MRI. Histological sampling remains the
only way to validate actual tumor margins,
especially in preparation for subsequent ad-
juvant treatments such as intersitial brachy-
therapy.

Preoperative confusion resulting from the
similar appearance of glial neoplasms and
metastatic tumors was resolved by stereotactic
surgery. We confirmed metastatic cancer in 22
patients (9.1%) in our series, the majority of
whom had no known primary source for the
tumor. Conversely, a number of patients with
“multiple lesions” on CT scans proved to have
malignant gliomas. Detailed intraoperative im-
aging usually disclosed that the lesions were
contiguous, although portions of the tumor
were not enhanced significantly.

Primary (CNS) lymphomas were identified
in 16 patients, all of whom subsequently were
treated with external-beam radiation therapy.

The CT appearance of primary CNS lympho-
mas frequently mimicked that of malignant
gliomas, but the pattern of contrast enhance-
ment tended to be substantially more uniform
and much denser in lymphoma cases. CNS
lymphomas frequently involved the corpus
callosum and were spread diffusely throughout
the brain. Clinical symptomatology often
seemed quite insignificant in comparison to the
extensive evidence of disease demonstrated by
CT.

Stereotactic biopsy and aspiration of brain
abscesses were performed in 14 patients; eight
also had catheter drainage of the abscess for a
period of two to four days. All patients re-
covered after prolonged (two to four weeks)
intravenous antibiotic treatment; no patient re-
quired multiple drainage procedures. In three
patients who had germinomas, postoperative
radiation therapy was used as the primary
treatment following stereotactic biopsy; no
patient subsequently required craniotomy.

Neuroepithelial cysts of the thalamus and
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FIGURE 11-6. Precise stereotactic biopsies are obtained using the Backlund Spiral (A). This instrument

retrieves a “core” specimen (B) by rotating the spiral between the thumb and forefinger (C) until the
specimen is extruded on the thumb or forefinger (D).
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FIGURE 11-6. (cont.)
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FIGURE 11-7. Stereotactic axial CT image of a patient with glioblastoma after intravenous contrast enhance-
ment (A). Stereotactic axial MRI (T,-weighted) of the same patient provides greater detail of the tumor and
surrounding brain as well as reduced artifact (B). Histological sampling revealed anaplastic astrocytoma in the
low-attenuation area on CT; glioblastoma is identified in the contrast-enhancing margin and centrally (C).
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TABLE 11-2. CT Stereotactic Surgery at
Presbyterian-University Hospital, Pittsburgh, PA:
Survey of Diagnoses Obtained in 240 Cases

TABLE 11-3. CT Stereotactic Surgery at
Presbyterian-University Hospital, Pittsburgh, PA,
1981-1985: Diagnostic Surgery in 240 Cases

Diagnosis No. Cases  Percentage Lesion Location No. Cases Percentage
Glioblastoma 70 29.1 Cerebral hemisphere 149 62
Anaplastic astrocytoma 34 14.1 Basal ganglia 27 11
Astrocytoma 25 104 Thalamus 12 5
Metatastic tumor 22 9.1 Third ventricle 11 5
Lymphoma 16 6.7 Corpus callosum 10 4.1
Brain abscess® 14 5.8 Pons 10 4.1
Hematoma 9 3.8 Pineal region 7 29
Encephalitis 7 29 Cerebellum 5 21
Vascular malformation 6 2.5 Midbrain 4 1.7
Colloid cyst 5 2.1 Suprasellar 4 1.7
Germinoma 4 1.7 Intrasellar 1 0.4
Neuroepithelial cyst 4 1.7 Total 240 100
Degenerative disease 4 1.7
Epidermoid tumor 3 1.3
Other” 7 2.9 patients had masses in the pons, and four had
Nondiagnostic 10 4.2 them in the midbrain. Our technique for
Total 240 100 stereotactic surgery of the midbrain and pon-

?Eight cases had catheter drainage; three cases had acquired
immune deficiency syndrome (AIDS).

b Includes one case each of infarct, porencephaly,
leukoencephalopathy, neurosarcoid, vasculitis, granuloma and
progressive multifocal leukoencephalopathy.

midbrain are low-attenuation lesions associated
with local mass effect but no surrounding cere-
bral edema [1]. These thin-walled cysts fre-
quently were not recognizable by histological
technique but were identified by the lack of
any evidence of neoplastic tissue in the biopsy
specimen. Injection of metrizamide into the
neuroepithelial cyst delineated the entire struc-
ture and confirmed the absence of communica-
tion with the ventricular system. These benign
cysts were decompressed by simple aspiration;
no patient with a diagnosis of a neuroepithelial
cyst required more than a single aspiration to
achieve long-term remission symptoms.

The vast majority of lesions in our series
(table 11-3) were located in the cerebral
hemispheres, usually subcortically (149 cases,
62%). Lesions primarily were within the basal
ganglia in 27 cases (11%) or the thalamus in 12
cases (5%). Corpus callosum lesions proved to
be either malignant gliomas (eight cases) or
primary CNS lymphomas (two cases).

Five patients underwent stereotactic proce-
dures for mass lesions in the cerebellum; ten

tine lesions has been described [5]. We used a
transcerebellar route to the pons when the le-
sion was located at the level of, or slightly
inferior to, the middle cerebellar peduncle.
Midbrain lesions were reached through a trans-
frontal, transventricular approach along the
long axts of the brain stem. In small lesions of
the brain stem such as these, fine-needle aspira-
tion was used as the primary technique,
because large samples frequently were impos-
sible or too risky to obtain. Transcerebellar
approaches were performed under general
anesthesia with the patient either in the prone
position on the CT scanner table or in the
semisitting position on a separate operating-
room table. Plastic plates that supported the
occiput in normal positions were removed, and
the frame was attached by tape to the magnetic
footplates to achieve fixation with the patient
in the prone position. Intraoperative imaging
was performed during or after the procedure
without obtaining a new localizing scan, be-
cause the relationship of the frame to the scan-
ner table remained the same in both the prone
and supine positions. Postoperative CT imag-
ing was performed in all patients; those pa-
tients undergoing surgery in a sitting position
were returned to the CT scanner table in the
operating room.

Histopathological specimens were obtained
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by either of two techniques, both described by
Backlund [2]. Serial 10-mm spiral corkscrew
biopsies were performed by inserting a needle
2.1 mm in outer diameter through the lesion at
sampling sites that included: tissue surrounding
the contrast-enhancing portion of the tumor,
the contrast-enhancing portion itself; and the
center of the tumor, whether of low attenua-
tion or not. These sampling sites were marked
on the CT images for subsequent demonstra-
tion to the neuropathologist (figure 11-8). In
addition, at least one aspiration or biopsy was
performed by advancing and retracting a sharp-
tipped needle 1.9 mm in diameter into the
lesion to a depth of 10 mm, while 2.5 ml of
gentle suction was applied with a syringe.

If at any time bleeding occurred from the
needle, no additional biopsy specimens were
obtained. The biopsy needle was left at the site
of bleeding, and the stylette was replaced inter-
mittently to eliminate occlusion of the needle
and to allow blood to egress. At the conclusion
of the procedure, the biopsy needle was placed
at the deepest biopsy point and then gradually
withdrawn, while the surgeon ascertained that
there was no further bleeding from the needle.
If bleeding was noted at any point, the needle
was kept there until bleeding ceased.

Each histological specimen was immediately
placed in a 10% buffered formalin solution.
Frozen-section diagnoses were not performed,
except in cases of suspected brain abscess or
encephalitis [9, 14]. We have found that a
frozen-section diagnosis of either primary or
metastatic tumors may be unreliable and un-
necessary, occasionally leading to frustration
on the part of both the neuropathologists and
the surgeons [9]. This frustration leads to an
attempt to extract larger amounts of tissue,
sometimes at the expense of producing a brain
hemorrhage. We decided that a negative biopsy
was preferable to an operative complication.
All specimens were collected from the operat-
ing room by the neuropathology technician.
On the day following the stereotactic proce-
dure, the surgeon and the neuropathologist re-
viewed the permanently stained biopsy speci-
mens in conjunction with the intraopearative
CT or MRI Such an approach led to a non-
pressured, amiable relationship between neuro-
surgeons and neuropathologists and fostered a
very acceptable diagnostic rate (95.2%).

Because only small samples were obtained
by stereotactic technique, histological diagno-

sis was occasionally difficult. We found
that formalin-fixed preparations, subsequently
stained by hematoxylin and eosin (H&E) or
other appropriate stains, provided the greatest
chance of reaching an accurate diagnosis. Other
centers have used a smear technique for cytolog-
ical preparations. Obtaining a highly positive
biopsy rate required the skill of neuropatho-
logists with experience in the technique as well
as skilled histological technicians capable of
dealing with very small tissue fragments. Cli-
nical and radiographic features of the lesion
were often indispensable in reaching a correct
diagnosis. Nondiagnostic or equivocal biopsies
were obtained in several situations: (1) when
the histological samples were minute, a feature
which usually occurred when the lesions them-
selves were small or were located in critically
important brain areas; (2) when cystic lesions
had thin walls (the cyst collapsed after punc-
ture, changing the stereotactic target); the cyst
wall 1self often was millimeters thick; and (3)
when the preoperative differential diagnosis
was excessive or a variety of clinical possibili-
ties existed, any one of which could have ex-
plained the patient’s illness. In such instances,
brain biopsy occasionally failed to provide the
answer [14].

THERAPEUTIC SURGERY ‘
Increasingly, the goals of stereotactic surgery
reflect the importance of therapeutic interven-
tion rather than simply diagnosis of brain le-
sions. CT stereotactic surgery was performed
solely for therapeutic intervention in 40 cases
at our center (figure 11-9). In four cases, ven-
tricular drains were placed for periodic cyst
aspirations or for external ventricular drainage
in patients with “slit” ventricles. Figure 11-9
does mnot include our patients with brain
abscesses or intracerebral hematomas, all of
whom also underwent diagnostic brain biopsy
at the time of evacuation or drainage of the
lesion. Stereotactic craniotomy with lesion re-
section was performed in three cases with the
Leksell stereotactic device and in seven addi-
tional cases, with a CT-compatible head holder
designed for intraoperative imaging.

Interstitial Brachytherapy

Long used in European centers for the treat-
ment of both well-differentiated and malignant
astrocytomas [4], interstitial brachytherapy has
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FIGURE 11-8. Axial (A) and coronal reformatted (B) stereotactic CT images display the pathway of a probe
through the tumor. The targets can be displayed on coronal magnetic resonance (C, Ti-weighted) and axial
magnetic resonance images (D, T,-weighted). These sites are correlated with the histology during review with
the neuropathologist.
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CT STEREOTACTIC SURGERY
1981-1985
THERAPEUTIC INTERVENTION
40 CASES

Interstitial
Brachytherapy
N=24 (60%)

125I

Intracavitary
32

Irradiation P

N=12 (30%)

FIGURE 11-9. CT stereotactic therapeutic surgery
was performed in 40 cases at Presbyterian-
University Hospital, Pittsburgh, Pennsylvania, be-
tween 1981 and 1985.

undergone cautious clinical trials in the United
States. Gutin and co-workers performed ther-
apeutic implants using 1odine-125 in more
than 100 cases. Gutin’s reports have indicated
a trend towards improved survival and an
increase in the symptom-free interval after im-
plantation [6]. Many questions remain about
the role of interstitial brachytherapy in the
treatment of malignant gliomas: What is the
proper target? What is the proper dose? Who is
the proper patient? What grade of neoplasm
should be treated? How does it compare to
other multimodality treatments such as chemo-
therapy?

Our technique of interstitial brachytherapy
was essentially similar to Gutin’s [6]. As of
January 1, 1986, 24 patients were treated. Our
primary group of patients (previously un-
treated) had a clinical diagnosis of glioblastoma
or anaplastic astrocytoma. We used the enhanc-
ing margin of the tumor, demonstrated by CT
scan, as the target volume; it received 5,000
6,000 cGy by afterloading technique over a 5-
to-6-day period (figure 11-10).

Reports of multimodality therapy indicate
that approximately 50% of patients with malig-

nant gliomas survive one year and 25% survive
18 months [21]. It should be recalled that to be
eligible for a randomized study designed to
evalute multimodality therapies a patient must
have a sufficient performance scale (Karnov-
sky) rating. Furthermore, significant variables,
such as the patient’s age at time of diagnosis
and the extent of surgical resection, have not
been well controlled in previous studies. It is
probable that the actual results of treating
glioblastoma and anaplastic astrocytoma are far
worse than published results. The confounding
variables have been well defined by Shapiro
[21].

Our results (median postdiagnosis survival
rate) for interstitial brachytherapy (glioblasto-
mas and anaplastic astrocytomas treated
without adjunctive chemotherapy) equaled or
surpassed published results for multimodality
treatment that included chemotherapy. We
consider these findings preliminary but pro-
mising, warranting further investigation in
multicenter, randomized, controlled trials. No
patient undergoing interstitial brachytherapy
developed an increased neurological deficit or
postoperative hematoma; one patient had a su-
perficial burr-hole infection. Since we switched
to a twist-drill percutaneous insertion tech-
nique, we have had no patient with subsequent
infection even though the catheters were left
implanted through the skin for five to seven
days. Postimplantation, cerebral swelling and/
or radiation necrosis occurred in approximately
30% of all cases. Three patients subsequently
required a craniotomy, “debulking” of the
necrotic tumor mass, and a prolonged course
of corticosteroid medication. Histological sam-
ples taken at the time of cytoreductive surgery
following interstitial brachytherapy revealed
features of both radiation necrosis and con-
tinued tumor growth, indicating the need for
further efforts in the treatment of malignant
gliomas.

INTRACAVITARY IRRADIATION

Cystic neoplasms of the brain were treated
with intracavitary implantation of a beta-
emitting isotope designed to provide a lethal
radiation dose to the secreting cells of the cyst
wall. Since 1971, this approach has been advo-
cated by Backlund [3], who has treated more
than 100 cases of solitary or multicystic cran-
iopharyngiomas. Backlund’s results surpassed
those reported for conventional irradiation



FIGURE 11-10. Intraoperative CT scan of a patient undergoing implantation of ®Iodine seeds for
brachytherapy (A). Brachytherapy dosimetry (B) for a solitary catheter implanted from a left temporoparietal
trajectory. Four '*°I seeds were implanted (total mCi = 37.2) 1,000 ¢Gy per day were delivered to the
enhanced tumor margin. Postoperative CT scan 11 months after '?I brachytherapy (C).
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C
FIGURE 11-10. (cont.)

and/or surgical resection. Beta-emitting iso-
topes used for intracavitary irradiation include
yttrium-90 rhenium-186 and phosghorous—32
(®**P). In the United States, only *’P chromic
phosphate in colloidal suspension is available
for intracavitary irradiation.

The dosage of **P was calculated to provide
a total cyst-wall dosage of 25,000 ¢cGy adminis-
tered over five half-lives of the isotope (70.2
days). Because the half-value tissue penetration
of the beta-emitting energy of *?P is 1.1 mm,
the radiation effects virtually were limited to
the cyst wall. Accurate calculation of the cyst
volume was mandatory for dosimetry. We used
two techniques for volume calculations and
performed an experimental analysis of both.

The technique reported by Backlund [3], who
used intracystic technetium-’m to measure
cyst volume, remains the bench mark. More
recently, we have used CT scanning alone; the
standard computer software of the CT scanner
has enabled us to measure the area of the cyst
on each slice in square centimeters and to
multiply the summed areas by the slice thick-
ness to obtain the volume. We found no signi-
ficant variation in cyst-volume estimation or
dosimetry when we compared the isotope dilu-
tion technique described by Backlund with the
CT technique [12].

After the stereotactic frame was applied, we
performed high-resolution CT imaging of the
brain to measure the cyst volume. The cyst was
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punctured by a 0.9-mm sharp needle designed
to make the smallest possible hole in the cyst.
Because the cyst had to kept at its preoperative
volume, we removed only enough fluid to
allow the introduction of the **P. The minimal
amount of aspirated cyst fluid was sent for a
microscopic analysis that included an examina-
tion for the presence of cholesterol grystals.

All nine patients with solitary cystic cranio-
pharyngiomas demonstrated cyst regression,
stabilization of preexisting endocrinological
deficits, and stabilization or improvement in
visual field defects (figure 11-11). Three pa-
tients with cystic glial neoplasms were treated.
Cyst regression occurred in all cases, but
subsequent growth of the solid portions of the
tumor ultimately resulted in the death of all
three patients. Stereotactic implantation of
intracavitary irradiation with a beta-emitting
isotope should be the primary treatment of
solitary cystic or multicystic craniopharyn-
giomas. We believe that microsurgical resection
should be limited to patients with solid cranio-
phayrngiomas.

Complications and Concerns:
Diagnostic and Therapeutic
Stereotactic Surgery

POSTOPERATIVE COMPLICATIONS

Postoperative complications in our 240 patients
are summarized in table 11-4. Cerebral hema-
tomas occurred in eight patients. In three pa-
tients (1.3%), postoperative CT scans demon-
strated either an intratumoral hematoma (one
case) or an intraventricular hemorrhage (two
cases of lesions involving the choroid plexus).
Five additional patients had major intracerebral
hematomas that required craniotomy and
evacuation; none suffered an operative mortal-
ity because the hematomas were evacuated
promptly. However, all five patients who re-
quired hematoma evacuations had increased
neurological deficits in comparison to their

preoperative status. Only one patient with a

malignant glioma suffered an intracerebral
hematoma. Postoperative hematomas occurred
in two patients with brain abscesses, both of
whom had very large abscesses that were vigor-
ously drained by stereotactic technique. Brain
abscesses are friable lesions with extensive
neovascularization and blood vessel fragility.

Based on these two complications, we recog-
nized that minimal aspiration (followed by
catheter drainage in large abscesses) was suf-
ficient for clinical cure when coupled with
appropriate long-term intravenous antibiotic
therapy.

In one patient with a pontine CNS lympho-
ma, a postoperative cerebellar hematoma de-
veloped six hours after surgery; this patient
had an unrecognized bleeding diathesis. One
patient developed a frontal lobe hematoma at
the site of a biopsy performed in the course of
an evaluation for dementia. This patient had
poorly controlled hypertension during surgery.
Of the eight cases of hematoma, six were rec-
ognized on the immediate postoperative CT
scan; three required immediate craniotomy and
evacuation.

Two patients developed wound infections at
the site of the burr hole, and one developed a
wound seroma in the incision site. Preoperative
vigilance for possible clotting abnormalities,
strict control of systemic hypertension both
during and after surgery, and avoiding vigor-
ous drainage of brain abscesses would have
prevented most of these complications.

Among our patients, we identified no cor-
relation between the contrast-enhancement
pattern or the preoperative angiographic de-
monstration of tumor vascularity and the risk
of postoperative hemorrhage. Two patients
with glial neoplasms developed postoperative
hematomas, one of whom required a cranio-
tomy and evacuation. The source of bleeding in
this latter patient was found to be a small Jac-
eration of a subcortical artery.

Concerns and Cautions

Stereotactic biopsy and therapy are safe and
effective techniques to diagnose and to treat
lesions throughout the brain. Although it has
been used advantageously to eliminate diagnos-
tic confusion, stereotactic surgery still must
be regarded as a potentially risky procedure.
When the preoperative differential diagnosis is
extensive, brain biopsy may not answer the
clinical question and should not precede a
thorough and extensive evaluation for possible
systemic causes of a brain lesion. We do not
advocate stereotactic biopsy in cases of demen-
tia unless an appropriate lesion can be iden-
tified by CT or MRI. In the evaluation of an
apparent brain metastasis, we perform a brief
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FIGURE 11-11. (A, B, and C) Preoperative and postoperative CT images of nine cases with intracranial cystic
neoplasms, all of whom underwent stereotactic *?P placement. Cyst repression was observed in all cases.
(Reprinted with permission from Appl Neurophysiol 48:146—150, 1985.)
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B
FIGURE 11-11. (cont.)
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C
FIGURE 11-11. (cont.)
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TABLE 11-4. CT Stereotactic Surgery at
Presbyterian-University Hospital, Pittsburgh, PA,
1981-1985: Postoperative Complications in 240
Diagnostic Cases

Complication No. Cases Percentage
Mortality 0 0
Intracerebral hematoma
With clinical 5 21
symptomatology®
Without clinical 3 1.3
symptomatology®
Wound
Infection (burr-hole 2 0.8
site)
Seroma 1 0.4
Total 11 4.6

*Required craniotomy and evacuation.
b Demonstrated by postoperative CT scan.

series of screening tests to search for a primary
lesion before proceeding directly to stereotactic
biopsy. These tests include a chest x-ray and
CT scans of the chest and abdomen.

Because of the risk of contamination of the
stereotactic instruments and the subsequent
need for extensive sterilization procedures in-
volving hypochlorite solutions, we do not per-
form stereotactic biopsies in cases of suspected
slow viral infections. Despite the advances in
both CT and MRI radiological techniques, we
currently do not believe that either technique
provides a sensitive indication of actual
histological tumor margins; thus, these tools
should be carefully assessed as a means to deter-
mine subsequent interstitial brachytherapy dose
planning.

Our experience with the Leksell stereotactic
system has demontrated that it is a versatile,
practical, and simple device for the diagnosis
and treatment of lesions located throughout the
brain and brain stem. Stereotactic surgery is
integrated firmly within the field of modern
neurosurgery.
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VOLUMETRIC STEREOTAXIS
AND COMPUTER-ASSISTED
STEREOTACTIC RESECTION OF
SUBCORTICAL LESIONS

Patrick J. Kelly

Intracranial tumor volume can be defined in
stereotactic space by computed tomography
(CT), magnetc resonance imaging (MRI), or
serial stereotactic biopsies [2, 18, 21]. The de-
fined volume can be treated by stereotactically
implanted interstitial radionuclide sources,
which create a therapeutic isodose configura-
tion geometrically fitted to the defined tumor
volume [24, 26, 27]. Alternatively, the tumor
volume can be interactively resected by the

computer-assisted stereotactic laser procedure
described in this chapter [14, 17, 25].

System Development

Volume stereotaxis was first utilized in
attempts to more accurately plan interstitial
radionuclide source placements in deep-seated
neoplasms. Life-sized clay models of the
lesions were built from contour templates
derived from enlarged CT axial images and
reconstructions. These models could be sliced
perpendicularly to the intended implantation
angles. Simulated radionuclide sources and
resultant isodose contours were superimposed
to derive an optimal placement of the sources,
which delivered a lethal dose of radiation to the
global tumor volume while maintaining safe
radiation levels in surrounding brain tissue.
Many lesions were too complex geometrical-
ly to permit fitting to the lesional volume a
precise isodose configuration produced by a
finite number of radionuclide sources. Other
lesions were too large to consider interstitial
irradiation as a safe therapeutic option. In addi-

tion, some tumors grew so rapidly that they
were too large to be successfully treated by
acceptable amounts of radiation by the time the
therapeutic dose level had been accumulated
[9]. Therefore, some other means of reducing
tumor burden had to be developed.

Unfortunately, the deep location of most of
the subcortical tumors in our patients pre-
cluded conventional surgical resection because
of localization problems during an open opera-
tion: a surgeon risked getting lost while
attempting to find a subcortical tumor. This
risk was increased the deeper the procedure
extended below the cortical surface. Therefore,
to localize these subcortical tumors, stereotac-
tic techniques were incorporated into conven-
tional craniotomies.

We performed our first stereotactic craniot-
omies using a standard Todd-Wells frame, an
operating microscope, and a carbon dioxide
laser directed from a microslad on the micro-
scope [15 16]. Tumor targets were represented
as a series of contours on anteroposterior (AP)
and lateral stereotactic teleradiographs, and the
progress of these procedures was monitored by
serial radiographs. However, intraoperatively
defining tumor margins from edematous brain
tissue and maintaining orientation within com-
plex three-dimensional tumor volumes re-
mained a problem.

Independently, we had begun using an
operating-room computer system to model and
display a computer-resident stereotactic atlas
during functional stereotactic surgery [5, 13,
22]. Digitized outlines of the atlas substruc-
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tures, suspended in a three-dimensional com-
puter-image matrix, could be displayed along
any arbitrary plane usually parallel or ortho-
gonal to a probe trajectory. Tumor outlines
also could be digitized from contiguous CT
slices, suspended in the same image matrix, and
similarly reformatted.

In our initial system, atlases and tumor sec-
tion images were transferred by data link to a
microprocessor (Apple II with Tektronix simu-
lator board) in the operating room. The
stereotactic head holder was modified for CT
compatibility, and a localization system for the
Todd-Wells stereotactic frame was developed
[6, 17]. The reference marks created by the
localization system and multiple points around
the boundary of the lesion on each CT image
were digitized manually with a digitizing tab-
let. A computer program interpolated a tumor
volume and calculated the mechanical adjust-
ments on the Todd-Wells frame, which cen-
tered the interpolated volume in its focal point.
Next, we attempted to relate the position of
the surgical laser beam to the reformatted
tumor outlines.

A 400-mm-radius arc quadrant holding the
operating microscope was constructed. This
mounted on the base unit of the standard
Todd-Wells frame such that the focal points of
the 400-mm and the standard 135-mm arc
quadrant were the same. The carbon dioxide
laser beam, delivered to a manipulator box
(microslad) on the operating microscope, was
deflected into the surgical field by a mirror
controlled by a joystick. A double-gimballed
attachment, fitted onto the joystick, transmit-
ted the joystick’s movements to potentiometers
mounted on the X and Y axles of the gimbals.
The potentiometers converted the joystick’s
movements to voltages, which were transferred
to the game-paddle ports of the Apple II
microprocessor; the microprocessor then posi-
tioned a cursor on the display screen in cali-
brated relationship to the position of the laser
in the surgical field [17]. This was displayed
along with the tumor outlines generated by the
computer. Thus, the surgeon received real-time
feedback on the spatial position of the surgical
instrument (laser) in relationship to the stereo-
tactically positioned target volume [24].

Many changes in hardware and software and
refinements in methodology have taken place
since the development of these first interactive
surgical procedures. The stereotactic frame was

modified significantly, and the software was
expanded to increase the efficiency and accura-
cy of data input and surgical interaction [12].
MRI and digital angiography are now incorpo-
rated into the surgical data base [14, 25].

As technology evolved, clinical experience
with a variety of subcortical and deep-seated
lesions was gathered. This chapter describes
the current instrumentation and methodology
for computer-assisted stereotactic laser micro-
surgery and summarizes clinical experience
with the procedure at the Mayo Medical
School.

Instrumentation

STEREOTACTIC FRAME

The instrument currently used for computer-
assisted stereotactic laser microsurgery is de-
scribed in chapter 6 and elsewhere [12, 23, 28].
A servomotor-controlled three-dimensional
slide system positions an intracranial target
point into the focal point of the arc quadrants
attached to the instrument’s base plate. A 400-
mm-radius arc quadrant indexes into position
when stereotactic control is required during a
craniotomy. Smaller arc quadrants (135-mm
and 160-mm radii) are used to direct intracra-
nial biopsy probes and to hold the stereotactic
retractors through which tumors are exposed
and removed (figure 12-1).

A microscope and laser-manipulator appa-
ratus (microslad) travel per-pendicular to a tan-
gent to the 400-mm arc quadrant and are thus
directed to the focal point of the arc quadrant,
regardless of the arc or collar angles selected.
The focal distances of the microscope and
microslad from the focal point of the arc quad-
rant are controlled by a servomotorized drive
system on the carriage. Optical encoders
(Bausch & Lomb Acu-Rite II, Rochester, NY)
on the microscope/microslad carriage and on
the three-axis slide system record the distances
of the microscope and laser foci from the focal
points of the arc quadrant and the X, Y, and Z
stereotactic coordinates, respectively, and relay
this information to digital display units on the
control panel. The microscope/microslad drive
system 1s controlled by foot pedal; the X, Y,
and Z frame coordinates are set by switches on
the control panel, which is operated by a tech-
nician.
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FIGURE 12-1. Instrumentation for computer-assisted stereotactic laser microsurgery: The operating micro-
scope and microslad are suspended from a 400-mm arc quadrant; the stereotactic retractor is directed to the
tumor by internal arc quadrant. A computer display terminal shows slices of tumor volume defined by CT
and MRI at the level of retractor insertion. The laser’s position in the surgical field is indicated by a cursor on

screen.

MICROSLAD

The carbon dioxide laser and HE-NE aiming
beam are delivered to the microslad from a
Sharplan 743 surgical laser (Sharplan 743, Laser
Industries, Tel-Aviv, Israel) by an articulated
optical arm. The beams pass through a variable
focus lens system (which changes the focal
length and thus the spot size) and then are
reflected by two mirrors which ultimately
direct the laser beams into the surgical field.
These mirrors are mounted on the shafts of
galvanometers which have a pitch related to
a voltage supplied by the digital-to-analog
(DAC) board of the operating-room computer
system. Specific voltages supplied by the DAC
to the galvanometers deflect the laser beam in a
precise and reproducible manner at a given
focal length in the surgical field.

A joystick, controlled by the surgeon, trans-
mits the desired positions of the laser beam in
the surgical field to the computer system by
optical encoders within the joystick assembly.
The digital pulses from the encoders are instan-
taneously converted to voltages related to gal-
vanometers in the microslad; these galvanom-

eters position the laser beam at the required
location in the surgical field. On an operating
room display monitor, the cursor displays the
position of the laser beam in an X-Y grid
centered on the surgical viewline. Reconstruc-
tion of the CT and MRI-defined tumor
volumes, scanned perpendicular to the viewline
at the focus levels of the microscope and laser,
are also displayed on the monitor in rela-
tionship to this grid. In addition, the computer
can supply voltages to the microslad galvano-
meters by preset patterning programs for auto-
matic sweeping of the laser beam during tumor
vaporization.

STEREOTACTIC RETRACTORS

Cylindrical retractors attach to the 135-mm or
160-mm arc quadrants and are secured by a
collet. Retractors 140-mm long and 1, 2, or 3
cm in diameter are available. During surgery,
the depth of stereotactic insertion is calculated
by measuring the length of the retractor por-
tion extending outside its mounting bracket on
the arc quadrant. The following equation is
used: depth = 140 — (M — R), where depth is
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the distance of the retractor along the surgical
viewline to or beyond the focal point of the arc
quadrant, M is the distance measured between
the retractor mount on the arc and the extend-
ing end of the retractor, and R is the radius of
the arc quadrant used.

During surgery, a dilator, inserted through
the retractor, separates a subcortical incision
made by the laser. After this, the retractor may
be advanced over the dilator to a deeper loca-
tion.

ACCESSORY INSTRUMENTS

When stereotactic retractors are used, extra-
long bipolar forceps (Radionics Inc., Burling-
ton, MA) with a shaft length of 150-mm are
required to control bleeding in the surgical field.
Suctions, tips, dissectors, and alligator scissors
150- to 160-mm long are also used.

Database Acquisition

Patients undergo stereotactic CT scanning or
MRI with their heads secured in the CT/MRI-
compatible head holders [6, 12, 14, 17-25].
Slices 5-mm thick are gathered through the
target lesion with the use of medium body
format on the General Electric 8800 CT scan-
ning unit. Axial magnetic resonance images 5-
mm thick are obtained on the Picker resistive
system or the General Electric 2 Tesla system.

Stereotactic stereoscopic cerebral angiogra-
phy is also performed on General Electric DF
3000 or 5000 digital angiographic systems. To
localize major sulci, the deep vessel segments
(apparent on the stereoscopic view) are marked
on the orthogonal arterial and venous phases of
the stereotactic angiogram [30].

Tumor Volume Interpolation
The archived data tapes from the CT and MRI

examinations are transferred to the operating-
room computer system. (Independent Physi-
cian’s Diagnostic Console [IPDC] for General
Electric 8800 CT Scanning Unit, General Elec-
tric Medical Systems Division, New Berlin,
W1.) The surgeon views each of the CT and
magnetic resonance images that demonstrate
the target lesion, then digitizes the boundary of
each on contiguous CT and magnetic reson-
ance images, using the display unit’s cursor,
trackball subsystem, and deposit key, as de-
scribed in chapter 7. In addition, a point in the

approximate geographical center of the lesion
on one of the CT images is digitized as the
reference target point. The interpolated CT and
MRI-defined volumes will be constructed
about this point, and calculations will be given
that center this point in the focal point of the
stereotactic arc-quadrant frame. The CT- and
MRI-defined volumes may then be sliced per-
pendicular to any specified viewline that is
expressed in arc and collar angles on the
stereotactic instrument. This data also will be
reformatted for any desired surgical position
and expressed as patient rotation (0 = supine,
90° = right shoulder down, lateral decubitus,
180° = prone, etc.). The actual numbers for
patient rotation and arc and collar angles are
determined from surgical planning.

Surgical Planning

Ideally, tumors should be approached from the
closest possible cranial entry point along the
long axis of the lesion, with a trajectory that
traverses nonessential brain tissue in a direction
parallel to major white-matter projections. This
approach trajectory or viewline is specified to
the computer as arc and collar angle settings on
the stereotactic instrument.

However, in many instances, not all of these
conditions are possible, and the selected
approach will be a compromise designed to
preserve the patient’s neurological function by
preventing injury to essential neurological tis-
sue. Thus, the stereotactic relationship of im-
portant neural and vascular structures to the
tumor volume must be established, and the
surgical approach planned to circumvent them.
For instance, the precentral convolution cannot
be traversed if a neurological deficit is to be
avoided. Therefore, deep precentral lesions are
approached anteriorly through a microsurgical-
ly split precentral sulcus. Posterior approaches
are used for lesions located behind the central
sulcus. On the other hand, lesions that extend
to within a few millimeters of the cortical sur-
face can be approached directly with an inci-
sion in the crown of the overlying an nonviable
gyrus.

Anterior thalamic lesions are exposed by a
retracted incision through the anterior limb of
the internal capsule; unilateral lesions should
be well tolerated. Posterior thalamic lesions are
approached through a transcortical incision at
the temporal occipital junction, with the pa-
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tient prone (180° rotation) or semiprone (135°
rotation for left-sided lesions, 225° for right-
sided lesions). Dorsal thalamic lesions are ex-
posed and resected through the lateral ven-
tricular floor.

Midline posterior fossa lesions are exposed
through the vermis; lateral lesions are exposed
through the cerebellar hemisphere. Midline
pontine lesions that elevate and extend to the
floor of the fourth ventricle are resected
through a midline incision in the floor of the
ventricle. In these cases, the head holder is
rotated 30° on the receiving yoke of the base
unit toward the surgeon to provide a comfor-
table working situation; an arc angle of 30°
returns the surgical approach to the midline.
Computer software recalculates the target
point for any patient rotation so that the
derived frame adjustments continue to place
the target point in the focal point.

Lateral pontine lesions are exposed through
the middle cerebellar peduncle. In this case, the
patient is prone (180° rotation) and the arc
angle is approximately 30° to 40° on the side of
the lesion.

As is evident, the surgical approach is ex-
pressed in terms of patient rotation (which de-
pends on the working position most comfor-
table for the surgeon) and arc and collar angles
(which depend on the safest line of attack to
the lesion). It is advisable to simulate the arc
and collar settings on an arc quadrant after the
patient is positioned in the stereotactic frame.
This will ensure that the determined angles
provide the best working situation. During the
surgical procedure, the computer continuously
displays the patient rotation, the arc and collar
angles, and the stereotactic frame settings,
along with the image displays (figure 12-2A,
B).

Surgical Procedure

The patient is given general endotracheal anes-
thesia, and the stereotactic head frame is re-
placed; the pin placements and micrometer set-
tings used during the data acquisition phase are
again utilized. The patient is positioned in the
stereotactic frame such that index marks on the
receiving yoke line up with the marks on the
headholder that indicate the desired rotation.
After the head is prepped and draped, the 135-
mm-radius arc quadrant is installed, and the
patient’s head is moved to position the target

point onto the focal point. The arc and collar
angles are selected and secured.

To monitor possible intracranial shifts in the
tumor after the skull and dura are opened,
the following procedure is recommended: The
skull is opened with a stereotactically directed
1/8-inch drill, and the tumor is traversed with a
biopsy cannula. A series of stainless steel balls
(0.5-mm in diameter) are deposited at 5-mm
intervals along the viewline (figure 12-3). The
position of these markers on AP and lateral
stereotactic teleradiographs provide reference
points for any subsequent intracranial shifts
that are detected. If a shift of the reference
markers is detected (which is extremely un-
common in our experience), the position of the
tumor volume is shifted in the computer image
matrix in order to take this into account in the
subsequent image displays. Next, the scalp 1s
opened with a linear incision, and the skull is
opened with a 1%, to 2-inch cranial trephine
centered on the twist-drill hole through which
the reference balls were deposited. The dura is
opened in a cruciate fashion. At this point, the
procedure varies depending on whether the
lesion 1s superficial or deep.

SUPERFICIAL LESIONS

The computer displays the configuration of the
trephine in relationship to the reformatted
tumor outlines (see figure 12—-2A). This keeps
the surgeon oriented during removal of the
tumor. A section of the cortex the same size
and configuration as the most superficial tumor
image is removed with bipolar forceps and scis-
sors. A plane is then created around the tumor
with bipolar forceps or stereotactically directed
laser. The surgeon should refer frequently to
the computer monitor during the resection
while isolating the lesion from surrounding
brain tissue. With this technique, high-grade
gliomas can be removed intact. A plane of dis-
section is always found around these tumors
corresponding to the contrast-enhancing
margin on CT scan. After the specimen 1is
removed, the “tumor bed” appears to be ede-
matous white matter, which a biopsy will
confirm. Unfortunately, biopsies also disclose
isolated tumor cells within this edematous
white matter.

DEEP TUMORS
The display monitor shows the position of the
cylindrical retractor as a circle on the CT image
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B

FIGURE 12-2. (A) The computer displays the configuration of a 5-cm trephine superimposed on reformatted
slices of superficial tumor sliced perpendicular to viewline. Different gray levels indicate CT and MRI-defined
limits. A “lookahead” sequence displays serial tumor sections at specified intervals. The circle indicates the
position of the cylindrical retractor. (B) Computer displays arc and collar settings; patient rotation; and the X,
Y, and Z frame settings corresponding to the surgical situation displayed on the screen.

of the tumor. The surgical laser position is
shown by the cursor. A “lookahead” option
displays deeper tumor images along the view-
line so that the surgeon can anticipate the con-

figuration of the tumor as it will be encoun-
tered during the procedure (see figure 12-2A).
Using the computer display as a guide, the
surgeon creates a plane of dissection around
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FIGURE 12-3. A lateral teleradiograph documents the position of stainless steel reference balls that have been

deposited stereotactically along surgical viewline.

the lesion with the laser, advances the retractor,
and deepens the incision circumscribing the
tumor. Tumor within the retractor is then re-
moved with 65-85 watts of defocused laser
power in either the manual or automatic mode.
(In the automatic mode, the computer sweeps
the laser beam by specified programmed se-
quence, based on the CT- or MRI-defined tumor
limits.) Thus, the tumor is removed slice by
slice, from the most superficial to the deepest.
The surgeon monitors the surgical field view
through the operating microscope, as well as
the display screen, which indicates the loca-
tions of the laser and retractor relative to the
CT- and MRI-defined tumor boundaries. AP
and lateral teleradiographs are obtained to
document the progress of the procedure and
record possible movements of the reference
balls (which are removed as they are encoun-
tered during the procedure) (figure 12-4).
Hemostasis is achieved with the extra-long-
bipolar forceps.

Results

Since 1980, 146 computer-assisted stereotactic
craniotomies have been performed on 140 pa-
tients. Five patients underwent repeat proce-

dures for residual (three patients) and recurrent
(two patients) tumors, and one of these pa-
tients underwent a third procedure for recur-
rent tumor. Patients ranged in age from 2 to 78
years, with an average age of 46.8 years. Lesion
locations are illustrated in figure 12-5, and
histologies are listed in table 12—1. In neurolog-
ical examinations performed one week after
the procedure, 67 patients had improved
neurologically, and 59 patients were neurologi-
cally unchanged (39 had been normal preoper-
atively and remained normal postoperatively;
20 patients had preoperative neurological de-
ficits that did not improve postoperatively).
Seventeen patients were neurologically
worse: seven patients developed superior-
quadrant visual-field deficits following pos-
terior temporal approaches to medial temporal
or thalamic lesions, one patient had a complete
homonymous hemianopia following an occipi-
tal approach to a posterior thalamic lesion, and
nine patients experienced worsening of neuro-
logical deficits noted preoperatively. Three
deaths occurred within one month after
surgery: one from massive brain-stem edema
following removal of a ventral thalamic astro-
cytoma with brain-stem infiltration apparent
on MRI, one from a ventricular infection after
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FIGURE 12-4. Lateral teleradiograph shows retractor position during resection of posterior thalamic astrocy-

toma.

TABLE 12-1. Tumor Histology in
140 Patients Undergoing Computer-
Assisted Stereotactic Resections

Type of Lesion No. of Patients

Astrocytoma grade IV 32
Astrocytoma grade III 12
Astrocytoma grade II 23
Metastatic 38
Oligodendroglioma 9
Vascular 14
Miscellaneous™ 12

Total 140

* Lymphoma (2), Tuberous Sclerosis (2), Meningioma (3), Abscess
(1), Choroid Plexis Papilloma (1), Colloid Cyst (1), Ganglioglioma
).

resection of a previously irradiated teratoma
from the third ventricle, and one from a mas-
sive pulmonary embolus two weeks after resec-
tion of a thalamic cavernous hemangioma.
From this overall experience, we have been
able to draw some conclusions about the ex-
pedience of computer-assisted stereotactic laser
microsurgery in specific lesions. In addition,
we have derived certain technical maneuvers

that are useful in the stereotactic removal of
various lesions, depending on histology and
anatomical location.

High-Grade Glial Tumors

Computer-assisted stereotactic resection can
remove all CT-defined contrast-enhancing por-
tions of glioblastomas from neurologically im-
portant subcortical areas, with acceptable levels
of mortality and morbidity (figure 12-6).
However, the mean postoperative survival of
our patients harboring grade IV astrocytomas
and treated with postoperative external-beam
radiation therapy was only 38 weeks [23]. Even
though postoperative CT studies in our series
demonstrated the absence of contrast enhance-
ment around the surgical defect, new areas of
contrast enhancement developed within low-
density areas close to and remote from the
surgical defect within six to nine months after
the procedure. Death in the majority of these
cases was therefore due to tumor “recurrence”
and progression.

Nevertheless, the survival times in our pa-
tients who had tumors in central and deep-
seated locations (historically associated with
poor survival and high surgical morbidity and
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FIGURE 12-5. Tumor location in 146 computer-assisted sterzotactic laser craniotomies.

mortality) [4, 8] is similar to those quoted in
other series [3, 4, 8, 10, 11, 29, 31]. It should be
noted, however, that a high percentage of the
patients in these series had lesions in the frontal
and temporal lobes, which are more amenable
to radical surgical resection by lobectomy.
Preoperative stereotactic MRI (especially the
T2-weighted image) always demonstrated
much larger areas of abnormality than were
indicated by CT scanning. It is likely that re-
section of the MRI-defined volume (technically
feasible with our instrumentation) would re-
move a much more significant portion of the
neoplasm, thereby increasing survival. How-
ever, examination of specimens from regions of
CT contrast enhancement and CT hypodensity
in patients with high-grade gliomas revealed
that a large area of intact edematous brain
parenchyma infiltrated by aggressive isolated
tumor cells surrounds the mass of tumor tissue
represented by CT contrast enhancement [1, 2,
18]. This edematous, infiltrated parenchyma
appears to extend as far as the area of signal-
prolongation abnormality on the T2-weighted
MRI [18]. Theoretically, resection of the
volume defined by the MRI abnormality
would prolong postoperative survival [9].
However, unacceptable neurological deficits
would result from removal of the intact,
although infiltrated, parenchyma. Therefore,
computer-assisted stereotactic resection of the
volume of tissue defined by contrast enhance-
ment on a CT scan permits reducing the tumor

burden as aggressively as possible while still
preserving neurological function in the major-
ity of patients with grade IV astrocytomas.

A similar problem exists for patients with
grade III astrocytomas and oligodendroglio-
mas. Although these tumors do not grow as
rapidly as glioblastomas, isolated tumor cells
infiltrate intact and surrounding edematous
parenchyma [18]. Computer-assisted stereotac-
tic resection does not cure these patients;
tumors recur later in the patient’s postoperative
course than with glioblastomas, but generally
in the same spatial pattern. However, as with
glioblastomas, the procedure can remove all of
the solid tumor tissue component of the neo-
plasm, which is defined by the contrast-
enhancing volume on stereotactic CT scanning
[23]. The surrounding low density on CT
scans, and regions of prolonged signal abnor-
mality on MRI again represent infiltrated,
edematous but intact parenchyma [18].

Low-Grade Astrocytomas

The resectability of these tumors depends on
the degree of histological circumscription. In
adults, the tumor usually is manifested by an
area of low density on the CT image and pro-
longation of signal on MRI. Stereotactic serial
biopsy studies of these so-called fibrillary
astrocytomas reveal that the tumor is com-
posed almost entirely of infiltrated intact
parenchyma, with little tumor tissue proper



178 II. MORPHOLOGICAL SURGERY: DIAGNOSIS AND TREATMENT

FIGURE 12-6. Preoperative and postoperative CT scans in three patients who underwent computer-assisted
stereotactic laser resections: top—grade IV astrocytoma, deep-right parietal area; middle—grade IV astrocyto-
ma in corpus callosum; bottom—grade III astrocytoma in basal ganglia.

[2, 18]. Therefore, resecting the tumor by
stereotactic craniotomy involves resecting in-
tact but infiltrated parenchyma, defined by the
low-density areas on CT images and signal
prolongation on MRI. In important brain
areas, this results in a postoperative neurologi-
cal deficit [14, 23].

On the other hand, pilocytic astrocytomas,
which tend to occur in children in spite of the
fact that many are located in the thalamus, are
histologically circumscribed. They can be com-
pletely resected by computer-assisted stereo-
tactic technique with excellent postoperative

results (figure 12-7) [23]. The borders of these
lesions are accurately defined by contrast en-
hancement on CT images [2, 18]. Occasionally,
adults may develop pilocytic astrocytomas, but
this is so unusual that we generally perform a
confirmatory stereotactic biopsy before con-
sidering the patient for computer-assisted
stereotactic laser resection.

Pontine astrocytomas are usually fibrillary
and not well circumscribed. However, radia-
tion therapy seems to demarcate these lesions
from pontine parenchyma, creating a zone of
neovascularity between the central necrotic
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FIGURE 12-7. Preoperative and postoperative contrast-enhanced CT scan in a five-year-old girl with a
pilocytic astrocytoma in the left thalamus, removed from the posterior approach (top). CT scan of an
eight-year-old boy with a pilocytic astrocytoma resected by the anterior approach (bottom).

tumor and the peripheral edematous (usually
infiltrated) parenchyma. The area of central
necrosis can be resected stereotactically with-
out inherent neurological risk, if the zone of
contrast enhancement on CT images extends to
the floor of the fourth ventricle or far laterally
into the middle cerebellar peduncle, either of
which will facilitate the approach (figure
12-8).

Metastatic Tumors

Metastatic tumors are usually located in the
gray-white junction subcortically. They can
occur at the crown of a gyrus superficially. On
the other hand, they can lie at the gray-white

junction in the depths of a deep sulcus and
seem quite deep and difficult to find during a
conventional craniotomy. Most surgeons have
had the unsettling experience of trying to lo-
cate deep subcortical metastatic lesions during
a conventional craniotomy. In addition, the
tumor may be deep to the insular cortex, deep
to the mesial occipital cortex, or under the
cortex of the interhemispheric fissure.

Solitary metastases in patients with stable
disease can be completely resected stereotacti-
cally, with more favorable levels of postopera-
tive morbidity than are associated with conven-
tional craniotomy for these lesions [7, 28].
Metastatic tumors are histologically circum-
scribed and can be completely resected (figure
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FIGURE 12-8. Metastatic tumors: top—left precentral tumor (approached through the precentral sulcus);
middle—left subinsular tumor (resected through the sylvian fissure); bottom—left middle cerebellar peduncle

(transcerebellar approach).

12-9). Nevertheless, in all of our patients,
surgery has been followed by external-beam
radiation therapy to treat possible microscopic
metastatic lesions not visible on CT images. In
our six-year experience with computer-assisted
stereotactic resection of intracranial metastases,
there has not been a single local recurrence of
the tumor. However, one patient with adeno-
carcinoma (lung) developed a second metastatic
lesion in the other hemisphere four years after
stereotactic resection of the first.

Stereotactic technique can be advantageous
in resecting superficial as well as deeply situ-
ated lesions. Stereotactic localization helps cen-

ter small cranial trephines directly over super-
ficial lesions (the trephine need be no larger
than the cross-sectional area of the neoplasm).
The approach is therefore selective, direct, and
exposes no more brain than is absolutely neces-
sary.

Postoperative neurological deficits can arise
from damage to cortical and subcortical white
matter during the approach to deep-seated
lesions. The surgical results, thus depend on
knowledge of the tumor’s relationship to the
overlying cortex and on a well-planned surgical
approach.

We have found the following technical
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FIGURE 12-9. Preoperative and postoperative CT scans in a left thalamic mass with associated hemorrhage.

points useful: lesions located in the subcortical
tissue at the depths of a sulcus are best
approached by first microsurgically splitting
the sulcus and then gently retracting the adja-
cent gyrl to insert the stereotactic retractor.
Medially located lesions should be approached
through the interhemispheric fissure; the cor-
tical incision is made in the mesial cortex
directly over the lesion. In this situation,
stereotactic placement of reference balls prior
to trephine craniotomy, as described previous-
ly, is advisable. Subsequent radiographs thus
can detect movement of the tumor that could
occur during retraction of the hemisphere.
Subinsular tumors can be approached by split-
ting the sylvian fissure directly over the neo-
plasm, inserting the stereotactic retractor, and
making a vertical incision in the cortex to ex-
pose the tumor.

The smallest trephine necessary to remove
the metastasis 1s used, so that a minimal
amount of brain tissue is exposed: The trephine
is placed in order to approach the tumor by
a preplanned oblique trajectory that passes
through a sulcus; the position of the sulcus
can be established by stereoscopic stereotac-

tic arteriography during the data-acquisition
phase. The computer display provides the
surgeon with useful information on the global
configuration of the neoplasm when the mar-
gins between neoplasm and brain tissue are
unclear. Thus, complete resection always can
be achieved.

Vascular Malformations

The surgeon should be reluctant to perform a
biopsy of superficial or deep-seated circum-
scribed lesions that demonstrate intense con-
trast enhancement on CT images. Although
arteriograms may not demonstrate vascularity
consistent with an arteriovenous malformation
(AVM), postoperative hemorrhage could occur
if the biopsy revealed a cryptic AVM or caver-
nous hemangioma. Certainly, the clinician
could observe the lesion with serial CT scans
to exclude malignant astrocytomas and oligo-
dendrogliomas, which would enlarge with
time.

Computer-assisted stereotactic microsurgical
resection provides an alternative to either
closed stereotactic biopsy or observation.
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Cryptic AVM and cavernous hemangioma are
well-circumscribed lesions that can be com-
pletely removed stereotactically with relatively
low risk. A by-product of establishing the his-
tology is that seizures, when present, usually
stop or diminish significantly.

The following procedure is employed for
the resection of these lesions: The three-
dimensional configuration of the lesion is
established by stereotactic CT scanning.
Guided by the displayed reformatted slices,
the surgeon cuts around the lesion with a
slightly defocused, stereotactically directed,
and computer-monitored carbon dioxide laser.
Alternatively, the lesion can be resected
through the stereotactic retractor with the use
of extra-long aspirators and bipolar forceps.

Small, deep-seated active AVM’s can also be
resected by similar techniques. The positions
of the feeding vessels are established in the
three-dimensional surgical-planning matrix and
approached and clipped or coagulated before
the remainder of the lesion is dissected from
the surrounding parenchyma.

Intraventricular Lesions

Many surgeons operate on lesions within the
lateral ventricles without utilizing stereotactic
control. Instead they use intraventricular land-
marks to maintain orientation while trying to
locate the lesion. This is usually a satisfactory
method in patients with large lateral ventricles;
however, small or normal sized ventricles may
present difficulty in locating the lesion and
maintaining orientation. A more limited but
direct approach to intraventricular lesions can
be made stereotactically. Brain and ventricular
incisions need to be just large enough to re-
move the lesion. A 1.5-inch trephine and 1-cm
or 2-cm cylindrical retractors are used (figure
12-10).

Lesions of the third ventricle are approached
through the right lateral ventricle. One fornix
is incised to extend the stereotactic retractor
into the lesion. An internal decompression of
the lesion is performed with the laser until only
a thin rim of the capsule remains. The compu-
ter display of the cross-sections of the digitized

tumor volume are extremely useful during this.

phase; the surgeon can be quite aggressive
within the tumor, with no risk of extending
through the capsule and damaging the ventricle
walls. Next, the retractor is withdrawn to the

level of the ventricle roof, and the capsule is
carefully dissected from the ventricle walls.
The tumor capsule can be contracted with the
defocused laser, which facilitates the dissection
of the capsule from the wall of the third ventri-
cle.

Large Lesions

Deep-seated tumors 5 cm in diameter or larger
can be removed with the technique and instru-
mentation just described, even though the
largest retractor is only 3 cm in diameter. The
surgeon approaches and removes different
parts of the tumor sequentially as they are
positioned in the focal point of the stereotactic
frame where they are under the retractor open-
ing. First, the cross-sectional image of the
tumor on the display screen is translated so
that the current target lies within the circle
designating the cylindrical retractor as viewed
by the surgeon. The computer calculates new
frame coordinates, which are then duplicated
on the frame. A technician activates the
switches that control the servomotors of the
three-dimensional slide system until the desired
coordinates appear on the digital display panel.
Thus a new target point is positioned in the
focal point of the stereotactic arc-quadrant sys-
tem.

In resecting large lesions, a plane of dissec-
tion is developed around the borders of the
tumor to isolate it from surrounding brain us-
sue before any of the lesion is removed. This
maneuver prevents shifting of the neoplasm
within the intracranial compartment caused by
tumor decompress10n, which could render the
stereotactic coordinates inaccurate. Very large
lesions can be resected at two, or in some cases
more, successive operations (see figure 12—10).
Repeat procedures are performed easily after
acquisition of a new database that represents
the tumor volume (reduced after the first pro-
cedure) as a new target volume in space. The
skin and trephine cranial openings and the
white matter incision to the lesion that were
made during the initial procedure are utilized
for the second procedure.

Conclusion

Computer-assisted stereotactic laser micro-
surgery 1s used to maintain a surgeon’s three-
dimensional orientation during the approach to
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FIGURE 12-10. Preoperative and postoperative CT scans in intraventricular lesions: top—meningioma;

bottom—Ilarge ganglioglioma removed in two stages.

intracranial lesions of the subcortex. In addi-
tion, computer reconstruction and interopera-
tive display of CT and MRI data provide
orientation to the global lesional volume and
precise feedback regarding the location of sur-
gical instruments (stereotactic retractor and
carbon dioxide laser) in relationship to planar
contours of the lesion displayed on a monitor
in the operating room. With this method and
instrumentation, aggressive resection of sub-
cortical lesions with minimal damage to sur-
rounding brain tissue is possible. Thus, lesions
can be resected from neurologically important
areas with acceptable levels of morbidity and
mortality [14, 23, 24].

The procedure described in this chapter
more clearly benefits patients who have histo-
logically circumscribed lesions, such as pilocy-
tic astrocytomas, metastatic tumors, intra-
ventricular lesions, and vascular lesions [23].
Postoperative results have depended more on
the degree of histological circumscription than
on the location of the lesions. For patients with
high-degree glial neoplasms, gains in long-term
survival appear small when compared with the

results of more conventional surgical methods.
However, for centrally located and deep-seated
lesions, a maximal reduction of tumor burden
and better postoperative neurological results
can be achieved with computer-assisted
stereotactic resection than with conventional
procedures.
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13. COMPUTERIZED
MICROSTEREOTACTIC
NEUROSURGICAL
ENDOSCOPY UNDER DIRECT
THREE-DIMENSIONAL VISION
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Computerized tomography (CT) and magnetic
resonance imaging (MRI) have given neuro-
surgeons the opportunity to visualize intracra-
nial lesions much earlier than was heretofore
possible with more invasive techniques. Con-
tinued improvement in image resolution has
led to the diagnosis of intracranial lesions that
are too small to be located and removed by
conventional methods. In this chapter, we de-
scribe our stereotactic method, including car-
bon dioxide laser vaporization, for the removal
of small central nervous system (CNS) lesions
under three-dimensional visual control.

With the development and refinement of CT
and MRI, small CNS lesions can be detected
by noninvasive scanning methods that incor-
porate computer-processing of the data. In
conjunction with engineers at the California
Institute of Technology, multiple computer
programs have been developed to enhance re-
gions of interest on CT and MRI scans by
magnification, digital processing, and three-
dimensional color reconstruction techniques
[4]. These data are then used to calculate a
stereotactic approach. A new head-fixation sys-
tem enables information transfer from a CT or
MRI scan to a stereotactic surgical system [2,
4]. Newly developed instruments are mounted
on a micromanipulator for guidance at the
operative site.

Description of Instrumentation

The tumor “resectoscope,” available in various
sizes, consists of a tubular piece of aluminum
alloy; the distal end is tapered and has tulip-
like blades which can be opened and closed
(hgure 13-1). Side vents allow easy entry
for newly designed roto-dissector instruments
(figure 13-2). Other instruments, including
microforceps and instruments for hemostasis,
also can be inserted through this side port.
Initial entry is obtained with specially designed
tissue expanders, which are of similar shape
and sized sequentially to approximate the size
of the tulip-sized resectoscope. The resecto-
scope subsequently is introduced into the brain
with the tulip-like blades closed (see figure
13-1, right). After following the precalibrated
Z-axis target, the blades are opened, exposing
the lesion. The blades are activated by an inner
tubular sleevelike mechanism which, when
moved distally, separates the blades. A newly
designed plastic tip for the larger resectoscope
now makes the entire distal portion of the
apparatus disposable (figure 13-3). Opening
the blade expands the tissue and stretches sur-
rounding tissue sufficiently to prevent bleeding
into the air-filled cavity. As the resectoscope is
opened, the optical system moves distally along
the sleeve as the blades open. When the blades
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B

FIGURE 13-1. Standard (top) and small-sized tumorscopes; tulip is in open position (A). Tulip is in closed
position (B).



13. COMPUTERIZED MICROSTEREOTACTIC NEUROSURGICAL ENDOSCOPY 187

FIGURE 13-2. Roto-resector for use with Shelden tumorscope is battery operated.

are fully opened, the tip of the optical system is
moved distally to a point that corresponds to
the focal length of the lens system.

The original design provided for visulization
of lesions through a monocular scope; how-
ever, it soon became apparent that three-
dimensional vision was essential for accurate
dissection of small lesions deep in the brain.
Because no such system was commercially
available at the time, the following binocular
system was designed.

Optical System

Modern-day endoscopy has been highly re-
fined for use in many body cavities having an
air-filled or fluid-filled opening, such as the
bladder, knee, or intestines. Because neuro-
surgery involves brain tissue, the requirements
are quite different.

When an endoscope is inserted into brain
tissue, both light and vision are blocked as soft
tissue gathers in front of the instrument. We
found 1t essential to provide some means of
forming a cavity around the area of interest, in
this case, a small tumor. It further became
apparent that monocular vision was inadequate

for this application because of the lack of land-
marks and other monocular clues. An author-
ity on stereoscopic vision, imaging, and photog-
raphy developed our optical system; he felt
that a three-dimensional stereoscopic system
must be developed as an essential part of sur-
gical endoscopy. Requirements for such an in-
strument include these factors:

Small size

Short focal-length optics

High resolution

Self-contained fiberoptic illumination

Wide angle of view

. Stereoscopic view with normal convergence
. Parallel optics of rod lens

. A method of retracting tissue to form an
air- or fluid-filled chamber in front of the
objective lenses.

PNV RN

We wanted to be able to work through an
average-sized burr hole (approximately V2—%s-
inch diameter). We tested several endoscopes
and found the Storz Pediatric Endoscope to be
the smallest instrument of good optical quality.
It has both a superior optical system and a
good fiberoptic illumination system. The endo-
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FIGURE 13-3. Large Shelden-Jacques tumorscope for laser adaptation, mounted on phantom ring with stereo
endoscope in place.
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scope has a focal length of 20 mm and, there-
fore, has nearly universal focus (from infinity
to about 2 mm) in front of the objective lens
face. This provides a very versatile system: ob-
jects at 20 mm appear normal in size; at 10 mm
they are magnified by a factor of two; and at 5
mm, by a factor of four. This would appear to
be a very convenient way to obtain magnifica-
tion; unfortunately, an object of unknown size
at an unknown distance from the lens has no
basis for size comparison. Because size is a
function of distance, and distance is not pre-
cisely known or controllable, the surgeon is
likely to become confused. These limitations
do not occur with endoscopy in other parts of
the body. Although our initial proposal for
stereoscopic presentation was met with skep-
ticism, we procured two identical endoscopes
and designed a special device to hold the tubes
so that they would be at the same angle of
convergence and so that the surgeon’s eyes
would have about 9 inches working or viewing
distance when the object of regard was exactly
20 mm from the entrance pupil of the objective
lens.

Thus, a stereoscopic or three-dimensional
view of the object is produced 2.1 in size, and
the object is visible despite the “window
effect” created by the lens tubes. If the object
is moved nearer, it becomes magnified and
appears to project through the window toward
the viewer. If the object is moved away, 1t
becomes smaller and appears behind the win-
dow. This provides a precise method for judg-
ing size. In addition, objects or instruments
used during surgery can be placed on the visual
target with full control with the use of stereop-
sis, the highest form of visual distance judg-
ment. As with any other stereoscopic device,
this technique requires that the viewer have
normal binocular stereoscopic vision.

With a monocular instrument, depth and
distance can be judged only by secondary clues
(known size and distance, texture, overlapping
contours, parallax, apparent motion of an ob-
ject, etc.). We believe that the development of
stereoscopic endoscopy permits the control
and visulization necessary to minimize tissue
damage during surgery for small brain tumors
and opens the possibilities of precise enhanced
vision to many other fields of surgical en-
deavor.

A basic principle of illumination states that
front or flat lighting (in which all shadow areas

are filled with light) causes an object to appear
to have very little texture and roundness. Side
lighting produces increased texture and con-
tour. The illuminating system of an endoscope
provides flat front light, so the object is bright-
ly illuminated but has little texture, except that
provided by color contrast of tissues. Stereo-
scopic vision provides all the benefits of a
monocular system with the outstanding advan-
tages of normal two-eyed viewing: a more
natural view and less visual fatigue.

A complete design drawing was submitted to
the Karl Storz Endoscopy Company for manu-
facture and eventually a unit was developed
(figure 13—4). It consists of a dual stereoscopic
system with parallel optics of Hopkins rod
lenses, which have 3.5-mm interaxial separation
and a working distance of 20-mm focal length.
Eyepieces are adjustable for interocular dis-
tances of 55—-68 mm. The convergence required
is equal to that needed for an object at 16
inches working distance with normal vision,
and the object of regard appears normal size at
20 mm from the distal end of the scope. When
an object is moved to 10 mm, it is magnified by
a factor of two; at 40 mm, an object appears
half its size. Thus, linear perspective changes
rapidly at a very high angle. A 4:1 size change
is equal to an object at 8 inches being moved to
32 inches. To become accustomed to this un-
usual ratio, some practice is necessary. Close-
up viewing of stereo pictures in a hand-held
stereoscopic viewer offers good practical train-
ing.
A tissue-dilating, expandable tulip-shaped
unit was developed to complete the Shelden-
Jacques tumorscope (see figure 13-1). This
unit houses the stereo endoscope and provides
a means of attachment to the stereotactic sup-
port system as well as a side port for introduct-
ing special surgical instruments (figure 13-5).
During stereoscopic viewing, the blades create
a plane of reference causing the tumor to
appear as if through a window. Objects appear
to be in front of, even with, or behind the
window plane. Objects which appear even with
the window or blades are doubled in size, pro-
viding a ready size control.

The ability to perceive size, texture, and
perspective in stereoscopic relief reduces the
possibilities for errors of visual judgment by
enabling the surgeon to use binocular vision
during placement of dissecting instruments.
Precision of placement is thus improved.
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FIGURE 13-4. Monocular pediatric scope (top) and stereo endoscope.

FIGURE 13—5. Small tumorscope tulip in open operating position with stereo endoscope in place.

Currently, we are using three tumorscope the Z axis. Proper tension of the blades on
sizes (see figure 13—1): standard (15.5 mm in brain tissue stretches tiny vessels and pre-
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